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Abstract
Purpose  Magnetic resonance imaging (MRI) findings of subchondral bone marrow edema (SBME) in osteochondral lesions 
of the talus (OLT) after arthroscopic microfracture are associated with poor clinical outcomes. However, the relationship 
between SBME volume change and clinical outcomes has not been analyzed. It was hypothesized that clinical outcomes 
correlated with SBME volume change and extent of cartilage regeneration in patients with OLT.
Methods  64 patients who underwent arthroscopic microfracture for OLT were followed up for more than 2 years. SBME 
volume change was measured by comparing preoperative and 2-year follow-up MRI. Clinical outcomes were assessed using 
the visual analogue scale (VAS) and the American orthopedic foot and ankle society ankle-hindfoot scale (AOFAS) at the 
2-year and final follow-up. To compare clinical outcomes, patients were categorized into two groups: decreased SBME 
(DSBME) group (cases without SBME on either MRI or with a decreased SBME volume between the MRIs) and increased 
SBME (ISBME) group (cases with new SBME on postoperative MRI or with an increased SBME volume between the 
MRIs). Additionally, the effects of age, sex, body mass index, symptom duration, OLT size, OLT location, containment/
uncontainment, preoperative subchondral cysts, pre- and postoperative SBME volumes, and MRI observation of cartilage 
repair tissue score on clinical outcomes were analyzed.
Results  The DSBME group included 45 patients, whereas the ISBME group included 19. The mean age was 40.1 ± 17.2 years, 
and mean follow-up period was 35.7 ± 18.3 months. Preoperative SBME volume was significantly higher in the DSBME 
group, while the ISBME group had higher volumes at the final follow-up. In both groups, the VAS and AOFAS scores sig-
nificantly improved at the final follow-up (p < 0.001, < 0.001). The VAS scores were significantly lower in the DSBME group 
at the 2-year and final follow-up (p = 0.004, 0.011), while the AOFAS scores were significantly higher (p = 0.019, 0.028). 
Other factors including cartilage regeneration did not affect clinical outcomes.
Conclusion  SBME volume change correlated with clinical outcomes after arthroscopic microfracture for OLT. Clinical 
outcomes were worse in patients with new postoperative SBME and increased postoperative SBME volume. In patients with 
an unsatisfactory clinical course that show decreased SBME via postoperative MRI, an extended follow-up in a conservative 
manner could be considered.
Level of evidence  Level III.

Keywords  Osteochondral lesions of the talus · Arthroscopic microfracture · Magnetic resonance imaging · Subchondral 
bone marrow edema

Introduction

Osteochondral lesions of the talus (OLT) involve the artic-
ular cartilage and subchondral bone, causing deep ankle 
pain, edema, and stiffness and resulting in impaired daily 
and sports activities. The treatment of symptomatic OLT 
depends on the severity and location of the lesion [12]. Of 
the various surgical treatments, arthroscopic microfracture 
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is the most commonly used for smaller lesions owing to its 
limited invasiveness, technical simplicity, and cost-effec-
tiveness; moreover, excellent clinical outcomes have been 
reported [13, 14, 31].

Radiological imaging plays a crucial role in the diagnosis 
and evaluation of OLT [23, 25]. Simple radiography and 
computed tomography (CT) can be used to visualize bony 
components [25]. However, these imaging modalities have 
a limited efficacy for evaluating the conditions of the carti-
lage and subchondral bones; therefore, magnetic resonance 
imaging (MRI) is primarily used for these evaluations [23, 
25]. In OLT, subchondral bone marrow edema (SBME) is 
commonly found on MRI scans preoperatively [6]. Follow-
ing surgery, SBME volume may decrease or disappear alto-
gether. However, several patients have developed new SBME 
or the volume of the existing SBME has increased. Although 
it has been reported that SBME observed on MRI scans after 
arthroscopic microfracture is associated with poor clinical 
outcomes [10, 29, 30], the relationship between quantitative 
changes in SBME volume and clinical outcomes has not 
been examined. A few studies have reported that the extent 
of cartilage regeneration is associated with clinical outcomes 
based on MRI findings after arthroscopic microfracture for 
OLT [18, 20, 30].

Therefore, this study primarily aimed to analyze the 
relationship between perioperative MRI changes in SBME 
volume and clinical outcomes of OLT patients after arthro-
scopic microfracture. Secondarily, this study aimed to 
investigate the association of clinical outcomes with several 
patient factors, including the extent of cartilage regeneration. 
It was hypothesized that the clinical outcomes correlated 
with the SBME volume change and the extent of cartilage 
regeneration in patients with OLT. The results of this study 
are expected to provide further information on how to iden-
tify patients with unsatisfactory clinical course after surgery.

Materials and methods

This study was approved by the institutional review board 
at the Kyung Hee University Hospital (KHUH 2020-02-
003). This case–control study was conducted using data 
of patients diagnosed with symptomatic OLT who under-
went arthroscopic microfracture between February 2013 
and June 2017 and were followed up for at least 2 years. 
Arthroscopic microfracture was indicated for patients with 
a lesion size < 1.5 cm2 on MRI and for whom nonoperative 
management for a minimum of 3 months had failed. Only the 
primary lesion was included. Patients with bipolar (tibial and 
talus) lesions; those who required concomitant lateral ankle 
ligament repair; and those who had inflammatory arthropa-
thy, severe malalignment, failed surgical repair, or ankle 
arthritis were excluded. Patient characteristics and clinical 

information [age, sex, body mass index (BMI), and symptom 
duration] were evaluated using a retrospective chart review.

Operative techniques and rehabilitation

One surgeon performed all the arthroscopic microfracture 
procedures. Arthroscopic microfracture was performed 
under general or spinal anesthesia with a tourniquet. A non-
invasive ankle distractor with a sterile ankle distractor foot 
strap was used. Meticulous debridement and curettage of 
the unstable cartilage and fibrous tissues were performed. 
A microfracture hole was created at 3- to 4-mm intervals 
with 3-mm depths using an arthroscopic awl. If a subchon-
dral cyst was present, the inside of the cyst was debrided. 
After microfracture of the cyst wall was performed, no addi-
tional procedures, such as bone grafting, were performed. 
The tourniquet was released to determine appropriate bone 
bleeding and the presence of marrow fat droplets. For 
2 weeks after the operation, a splint was used for immobili-
zation. Active range of motion and weight-bearing was initi-
ated at 2 and 4 weeks after the operation, respectively. The 
weight bearing was gradually increased from the 4th week 
after the operation, and if it was possible to bear without 
pain, full weight bearing was allowed. The patients were not 
regularly referred to a physiotherapist.

MRI assessments

MRI was performed with the ankle in a neutral position 
using a 3.0 T-MRI scanner (Achieva®; Philips Medical Sys-
tems, Best, The Netherlands) preoperatively and at 2 years 
after surgery. MRIs were conducted in accordance with the 
OLT treatment protocol of our hospital. MRI scan sequences 
and parameters were identical in all patients. For the assess-
ment of SBME, fat-suppressed proton density-weighted 
sequence images were acquired in the sagittal and coronal 
section planes. Maximal craniocaudal (CC) and maximal 
anteroposterior (AP) lengths were measured in the sagittal 
image, and the maximal width (W) was measured in the cor-
onal image (Fig. 1). The volume of SBME was subsequently 
determined using the following standard equation for the 
volume of an ellipsoid: V = 4/3π × (CC/2 × AP/2 × W/2) [5]. 
OLT size was determined by calculating the surface area (A) 
with the following ellipse formula based on the maximum 
diameter measured in the sagittal and coronal images of the 
preoperative MRI scans: A = abπ = coronal length × sagittal 
length × 0.79 [8]. The extent of cartilage regeneration after 
arthroscopic microfracture was assessed on MRI scans using 
the magnetic resonance observation of cartilage repair tis-
sue (MOCART) score [22]. In all cases, MRI scans were 
reviewed by a board-certified orthopedic surgeon and a sen-
ior musculoskeletal radiologist who were blinded to patient 
information and clinical outcomes (Fig. 1). An orthopedic 
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surgeon and musculoskeletal radiologist performed all meas-
urements. Measurements were recorded as the mean value 
measured twice at 4-week intervals. To quantify the propor-
tion of variance, an intraclass correlation coefficient (ICC) 
was evaluated by examining the inter- and intra-observer 
reliabilities. All numbers were calculated to the first decimal 
place.

Association between SBME volume change 
and clinical outcomes

To examine the relationship between the pre- and post-
operative SBME volume change and clinical outcomes, 
cases were categorized into two groups as follows: (1) the 
decreased SBME group (DSBME group), which included 
cases with no SBME on both pre- and postoperative MRI 
scans or those with a decreased SBME volume postopera-
tively, and (2) the increased SBME group (ISBME group), 
which included cases with SBME present in postoperative 
MRI scans but not in preoperative the MRI scan or those 
with an increase in SBME volume postoperatively. Clinical 
outcomes were evaluated using the visual analogue scale 
(VAS) and American orthopedic foot and ankle society 
ankle-hindfoot scale (AOFAS) 2 years after the microfrac-
ture and at the final follow-up.

Statistical analyses

All statistical analyses were performed using IBM statistical 
package for social sciences 22.0 (version 22.0; SPSS Inc., 
an IBM Company, Armonk, NY, USA). A paired t-test was 
conducted to compare clinical outcomes before and after 
surgery. The Mann–Whitney U test was used to compare 
postoperative clinical outcomes between the two groups. 
When a significant difference was found between the two 
groups, a post hoc analysis was performed. The Spearman 
correlation coefficient analysis was performed to evaluate 
the correlation between other factors and clinical outcomes 

including: (1) age; (2) sex; (3) BMI; (4) symptom duration; 
(5) OLT size; (6) OLT location; (7) containment or uncon-
tainment; (8) the preoperative presence of subchondral cysts; 
(9) preoperative SBME volumes; (10) postoperative SBME 
volumes; and (11) the MOCART score. p < 0.05 was consid-
ered statistically significant for all analyses. The strength of 
the correlation was described using the following absolute 
values of r: 0–0.19 was regarded as very weak, 0.20–0.39 
as weak, 0.40–0.59 as moderate, 0.60–0.79 as strong, and 
0.80–1.00 as very strong. An ICC was assessed by examin-
ing the inter- and intra-observer reliabilities to quantify the 
proportion of variance for the SBME volume measurements, 
OLT size, and the MOCART score. ICCs were interpreted 
using a previously established protocol and by referring to 
Koo et al. methodology [17]. An ICC of < 0.5 indicated a 
poor agreement, 0.50–0.75 indicated a moderate agreement, 
0.75–0.90 indicated a good agreement, and > 0.90 indicated 
an excellent agreement.

Using the G*power program (version 3.1.9.7), post hoc 
power analyses with significance levels set to an alpha of 
0.05 were performed to determine whether the sample had 
sufficient power to detect significant differences. A power 
level of more than 80% was considered sufficient, and all 
variables that were significantly different met this criterion. 
Thus, the current number of cases (64) yielded a statistically 
significant power.

Results

95 cases that underwent microfracture for OLT were identi-
fied. Of these 95 cases, five with an OLT size of ≥ 1.5 cm2, 
five with observed arthritic changes, 17 that had simul-
taneously undergone an arthroscopic all-inside anterior 
talofibular ligament repair, and four that did not undergo 
postoperative MRI, because they were lost to follow-up, 
were excluded. Thus, a total of 64 patients were included in 

Fig. 1   Volume measurement 
from a fat-suppressed proton 
density-weighted MRI scan of 
the osteochondral lesion of the 
talus. a Sagittal and b coronal 
views. The maximum cranio-
caudal (CC) and anteroposterior 
(AP) lengths were measured 
within the sagittal section 
image, and the maximum width 
(W) was measured within the 
coronal image
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this study. Patient demographics and clinical data are shown 
in Table 1.

The mean duration between preoperative MRI and sur-
gery was 26.6 ± 20.5 days (range 1–60 days), and the postop-
erative MRI was performed, on average, 25.3 ± 2.7 months 
(range 24–34 months) after surgery. Postoperatively, the 
mean SBME volume of the total cohort had decreased com-
pared to the preoperative volume (p < 0.001). In four cases, 
SBME was absent preoperatively but present postopera-
tively, whereas in 11 cases, SBME was present preopera-
tively but not postoperatively. The mean MOCART score 
based on postoperative MRI was 65.1 ± 15.8 points (range 
36–105 points). Clinical outcomes significantly improved 
at the 2-year and final follow-up postoperatively compared 
to those before surgery. The mean VAS score was 4.4 ± 1.2 
preoperatively, 1.1 ± 1.1 at the 2-year follow-up (p < 0.001), 
and 0.8 ± 1.1 at the final follow-up (p < 0.001). The mean 
AOFAS score was 71.3 ± 12.2 preoperatively, 93.0 ± 7.4 at 
the 2-year follow-up (p < 0.001), and 94.2 ± 7.4 at the final 
follow-up (p < 0.001).

Comparison of clinical outcomes 
between the DSBME and ISBME groups

There were no significant differences between the DSBME 
(n = 45) and ISBME (n = 19) groups in terms of demo-
graphic variables, except for sex. The preoperative SBME 
volume was significantly higher in the DSBME group, and 
the ISBME group had higher volumes at the final follow-up 
(Table 1). Improvements in clinical outcomes were signifi-
cant in both groups. At the 2-year and final follow-ups, the 
VAS and AOFAS scores of both the DSBME and ISBME 
groups showed improvement (all p < 0.001). Between-group 
comparisons of clinical outcomes revealed that at the 2-year 
and final follow-ups, clinical improvements in the VAS 
(p = 0.004, p = 0.011, respectively) and AOFAS (p = 0.019, 
p = 0.028, respectively) scores were significantly greater in 
the DSBME group than those in the ISBME group (Table 2).

After adjusting for age, sex, BMI, symptom duration, 
OLT size, OLT location, containment or uncontainment, and 
the preoperative presence of subchondral cysts for the two 

Table 1   Preoperative demographic characteristics of the study population

Data are presented as mean ± standard deviation unless otherwise indicated
DSBME group: decreased SBME (subchondral bone marrow edema) group, which included cases with no SBME in both pre- and postoperative 
MRIs or those with a decreased SBME volume postoperatively
ISBME group: increased SBME, which included cases with SBME present in postoperative MRIs but not in preoperative MRIs or those with an 
increase in SBME volume postoperatively
BMI body mass index, n.s. not significant, p > 0.05
a Statistically significant difference (p < 0.05)

Total cohort DSBME group (n = 45) ISBME group (n = 19) p value

Age, years 40.1 ± 17.2 39.5 ± 17.0 41.4 ± 17.9 n.s
Sex, n 0.015a

 Male 32 27 5
 Female 32 18 14

BMI (kg/m2) 24.9 ± 4.4 24.4 ± 4.0 26.0 ± 5.3 n.s
Symptom duration, months 23.3 ± 28.8 25.6 ± 30.8 17.8 ± 27.4 n.s
Postoperative MRI timing, months 25.3 ± 2.7 25.3 ± 2.4 25.7 ± 3.3 n.s
Postoperative follow-up duration, months 35.7 ± 18.3 32.6 ± 16.7 43.3 ± 20.0 n.s
Lesion size (mm2) 85.8 ± 43.4 87.6 ± 46.5 81.6 ± 35.6 n.s
SBME volume (mm3)
 Preoperative 1031.7 ± 1231.9 1253.9 ± 1349.7 505.5 ± 665.6 0.007a

 Last follow-up 520.0 ± 689.1 334.6 ± 484.0 958.9 ± 894.4  < 0.001a

Lesion location n n.s
 Medial 55 37 18
 Lateral 9 8 1

Containment type, n n.s
 Contained type 53 39 14
 Uncontained type 11 6 5

Cystic, n n.s
 With a cyst 36 25 11
 Without a cyst 28 20 8
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groups, multivariate regression models showed that cases 
with decreased SBME volume had a 1.2 and 0.9-point lower 
score on the VAS (p = 0.001, p = 0.004) and a 6.7 and 4.2-
point higher score on the AOFAS (p = 0.001, p = 0.042) than 
those with increased SBME volume at the 2-year and final 
follow-ups, respectively.

Relationship between other factors and clinical 
outcomes

Age, sex, BMI, symptom duration, OLT size, OLT loca-
tion, containment or uncontainment, preoperative presence 
of subchondral cyst, pre- and postoperative SBME volumes, 
and MOCART score did not significantly affect the VAS 
score or the AOFAS score (all p, n.s). In particular, nei-
ther the pre- nor postoperative SBME volumes correlated 
with final clinical outcomes. Each item contributing to the 
MOCART score (filling of defect, integration to border 
zone, surface of repair tissue, structure of repair tissue, sig-
nal intensity of repair tissue, subchondral lamina, subchon-
dral bone and adhesions, and synovitis) did not significantly 
influenced the VAS or AOFAS scores.

Reliability of BME volume, OLT size, 
and the MOCART score measurements

Regarding pre- and postoperative SBME volumes, inter-
observer reliability was 0.91 and the intra-observer reli-
abilities were 0.87 and 0.93, indicating good-to-excellent 
levels of agreement. Regarding the preoperative OLT size, 
the inter-observer reliability was 0.83 and the intra-observer 
reliabilities were 0.85 and 0.89. In contrast, the level of 

agreement of the MOCART score was poor to moderate, 
with an inter-observer reliability of 0.31 and intra-observer 
reliabilities of 0.47 and 0.65.

Discussion

The most important finding of the present study was that 
the clinical improvements in the DSBME group were better 
than those in the ISBME group. Accordingly, these results 
strongly supported our hypothesis that SBME volume 
change after arthroscopic microfracture correlates with OLT 
clinical outcomes. Secondly, we could not detect a correla-
tion between the extent of cartilage regeneration determined 
by the MOCART score and clinical outcomes.

Numerous studies have attempted to identify factors 
related to the outcomes of patients with OLT after arthro-
scopic microfracture [3, 8, 9, 11, 13, 16, 19, 24]. Clinical 
outcomes after arthroscopic microfracture for OLT are 
reportedly associated with the initial OLT size, and poor 
outcomes are correlated with an initial OLT size of > 1.5 
cm2 [3, 8, 9, 24]. Becher et al. [4] showed that BMI had 
negative effects on clinical outcomes. Shimozono et al. 
[28] and Choi et al. [7] found that clinical outcomes after 
arthroscopic microfracture were worse in uncontained OLT 
lesions than in contained lesions. Moreover, Lee et al. [19] 
and Jung et al. [16] reported that the presence or absence of 
subchondral cysts did not influence outcomes after arthro-
scopic microfracture.

The presence of SBME on MRI scans has been reported 
as an influential factor in regard to clinical outcomes [10, 29, 
30, 34]. Cuttica et al. [10] found that clinical outcomes were 
poor in the presence of SBME and were worse in patients 
with moderate or severe SBME signal intensities. Tao et al. 
[30] concluded that postoperative reduction of SBME could 
improve clinical outcomes in patients. Shimozono et al. [29] 
found that the presence of SBME or the SBME grade did not 
significantly influence clinical outcomes at a 2-year follow-
up; however, the clinical outcomes were worse in patients 
with SBME than in those without at a 4-year follow-up. 
Additionally, persistent SBME after arthroscopic microf-
racture was pathological and associated with poor clinical 
outcomes [2, 29].

Previous reports have mostly indicated that a more 
severe SBME signal intensity and greater SBME volume 
on postoperative MRI scans are associated with worse clini-
cal outcomes [10, 29, 30]. However, in the present study, 
we encountered patients with varying clinical outcomes, 
despite having similar SBME signal intensities or volumes. 
In particular, patients with favorable postoperative clinical 
outcomes, despite having a large postoperative SBME vol-
ume, mostly experienced a decrease in SBME volume after 
surgery, whereas patients with newly observed SBME or 

Table 2   Clinical outcomes of the two groups

Data are presented as mean ± standard deviation unless otherwise 
indicated
a Statistically significant difference (p < 0.05)
VAS, Visual Analogue Scale; AOFAS, American Orthopedic Foot and 
Ankle Society ankle-hindfoot Scale
n.s. not significant, p > 0.05

Group, no p value

DSBME group 
(n = 45)

ISBME group 
(n = 19)

VAS
 Preoperatively 4.4 ± 1.2 4.1 ± 1.2 n.s
 2-year follow-up 0.8 ± 1.0 1.7 ± 1.2 0.004a

 Final follow-up 0.8 ± 1.0 1.3 ± 1.0 0.011a

AOFAS
 Preoperatively 69.8 ± 13.3 74.6 ± 8.8 n.s
 2-year follow-up 94.4 ± 6.8 89.8 ± 7.9 0.019a

 Final follow-up 95.4 ± 6.8 91.5 ± 8.0 0.028a
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postoperative increases in SBME volume had poor clini-
cal outcomes. By comparing clinical outcomes between 
the groups based on SBME volume at the 2-year and final 
follow-ups, we confirmed that the DSBME group had sig-
nificantly better clinical outcomes than the ISBME group. 
The preoperative SBME volume was significantly different 
between the two groups. Nevertheless, there was no clinical 
difference between the two groups. Individually, the SBME 
volumes on the pre- or postoperative MRIs did not corre-
late with clinical outcomes through statistical analysis in 
our study which differed from the findings reported in previ-
ous studies [10, 29, 30]. Tao et al. [30] revealed that SBME 
reduction was associated with improved clinical outcomes, 
but their analysis was conducted using a different groups of 
patients at different postoperative time points. We did not 
use the classification based on the SBME signal intensity 
by Cuttica et al. [10], because this classification is a subjec-
tive grading based on the brightness of the edema signal 
and thus, was determined to be inappropriate for objective 
assessment. Clinical outcomes were not affected by patient 
age, sex, BMI, symptom duration, OLT size and location 
on MRI scan, containment or uncontainment, or the pre-
operative presence of subchondral cysts in this study. The 
preoperative size of OLT, which is associated with clini-
cal outcomes after arthroscopic microfracture [8, 11], did 
not correlate with clinical outcomes, suspectedly due to the 
strict inclusion of patients with an OLT size < 1.5 cm2.

The MOCART score is primarily used to evaluate car-
tilage repair in the knee joint after surgery [1, 21, 22, 33]. 
Previous studies, however, have reported that the MOCART 
score does not fully reflect clinical outcomes after arthro-
scopic microfracture for OLT, unlike that for the knee joint 
[1, 20, 32]. In this study, the MOCART score did not cor-
relate with postoperative clinical outcomes of OLT and 
the inter-observer reliability was low. Likewise, Albano 
et al. [1] reported that inter- and intra-observer agreements 
for the MOCART score in surgically repaired OLT were 
not sufficiently reproducible to be applied for postopera-
tive evaluation. Given the low reliability issues with the 
MOCART score, Schreiner et al. [26] and Shimozono et al. 
[27] reported on how to compensate for it; however, the lit-
erature on this topic is still scarce. Although this study did 
not correlate MOCART score with clinical results, it was 
difficult to gain conclusive evidence regarding the correla-
tion between the extent of cartilage regeneration and clinical 
outcomes due to the aforementioned problems associated 
with the MOCART score. Additional research is required 
in this regard. Limitations of this study include its retro-
spective design, the small study sample, and observation of 
clinical outcomes during a mid-term follow-up only. Future 
studies should examine clinical outcomes in a larger num-
ber of patients over a longer follow-up period. Addition-
ally, although in this study the SBME volume was measured 

using MRI conducted at the 2-year follow-up and compared 
with the SBME volume on preoperative MRI scans, it is 
necessary to observe the SBME volume change over time 
by conducting a series of MRI scans at different time points 
after surgery. More segmented prospective surveys will pro-
vide further information on this subject. In addition, while 
the AOFAS scoring system is widely used, it does not prop-
erly reflect the patient’s level of activity and is not fully vali-
dated [15]. Thus, occupational characteristics of the patients 
were not reflected in this study.

Despite these limitations, the strengths of this study 
are that it is the first study to quantitatively analyze pre- 
to post-operative SBME volume changes with a medium 
sized study cohort and the first to demonstrate an association 
between SBME volume change and clinical outcomes. Clini-
cally, it will be more meaningful to identify a reduction in 
SBME volume via follow-up MRI rather than the presence 
of SBME after surgery. When decreased SBME volume is 
indicated via postoperative follow-up MRI in patients with 
an unsatisfactory clinical course, an extended follow-up in 
a conservative manner could be considered.

Conclusion

SBME volume changes correlated with clinical outcomes 
after arthroscopic microfracture for OLT. Clinical outcomes 
were worse in patients with new postoperative SBME and 
increased postoperative SBME volume.
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