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Background: Reports detailing the rates of radiographic healing after treatment of talar osteochondritis dissecans (TOCD) remain
scarce. There is also a paucity of data characterizing treatment outcomes and the risk factors associated with poor outcomes in
children with TOCD.

Purpose: To identify factors associated with healing, assess treatment outcomes, and develop a clinically useful nomogram for
predicting healing of TOCD in children.

Study Design: Case-control study; Level of evidence, 3.

Methods: This was a retrospective review of all patients �18 years of age with TOCD from a single pediatric institution
over a 12-year period. Surgical treatment was left to the discretion of the treating surgeon based on standard treatment
techniques. Medical records and radiographs were reviewed for patient and clinical data, lesion characteristics, and
skeletal maturity. Radiographic healing was evaluated at the 1-year follow-up, and patients with complete versus
incomplete healing were compared using multivariable logistic regression models to examine the predictive value of the
variables.

Results: The authors analyzed 92 lesions in 74 patients (mean age, 13.1 ± 2.7 years [range, 7.1-18.0 years]; 61% female). Of these,
58 (63%) lesions were treated surgically (drilling, debridement, microfracture, bone grafting, or loose body removal), and the rest
were treated nonoperatively. Complete radiographic healing was seen in 43 (47%) lesions. In bivariate analysis, patients with
complete healing were younger (P ¼ .006), were skeletally immature (P ¼ .013), and had a lower body mass index (BMI; P < .001)
versus those with incomplete healing. In a multivariate regression model, the factors that correlated significantly with the rate of
complete healing were age at diagnosis, BMI, and initial surgical treatment. The lesion dimensions were not significantly associated
with the likelihood of healing. A nomogram was developed using the independent variables that correlated significantly with the
likelihood of complete radiographic healing.

Conclusion: Complete radiographic healing of TOCD lesions was more likely in younger patients with a lower BMI. The effect of
initial surgical treatment on potential healing rate was greater in older patients with a higher BMI.
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Osteochondritis dissecans (OCD) is a condition whereby the
subchondral bony support for a localized segment of adja-
cent articular cartilage is compromised. It has been hypoth-
esized to occur through a combination of decreased vascular
supply and repetitive microtrauma to a particular site. If
the subchondral bony support is not restored, the overlying
cartilage may be lost, leading to an osteochondral lesion.
The talus is the third most commonly involved location for
these lesions after the knee and elbow,1 occurring most
often in the medial or lateral aspect of the talar dome.19

Depending on the clinical findings and radiographic fea-
tures, these lesions can be treated operatively or nonopera-
tively. Stable lesions with intact overlying cartilage are

often managed nonoperatively with immobilization, pro-
tected weightbearing, and/or activity modification for at
least 6 months before considering surgery. Surgical treat-
ment is usually recommended for large, unstable lesions or
lesions failing initial nonoperative treatment.2,28

Despite following aggressive treatment protocols, com-
plete radiographic healing of talar OCD (TOCD) lesions is
thought to occur at a significantly lower rate than OCDs
located in other joints. In addition, the clinical response to
treatment is seemingly variable, with some patients expe-
riencing no pain despite radiographs showing persistent
lesions, and others continuing to experience significant
pain despite radiographic healing.9,13,15,23 Furthermore,
while some osteochondral lesions of the talus presenting
in adulthood are related to trauma,25 it is hypothesized that
most of these lesions diagnosed in adults may represent
incompletely healed adolescent TOCD lesions. Given that
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the majority of the current literature on TOCD has com-
bined adult and pediatric cohorts, there is a paucity of infor-
mation available on outcomes of TOCD specifically in
pediatric populations.k

Patient and lesion characteristics have been used to pre-
dict full radiographic healing for OCD of the knee.27 We
sought to evaluate the rate of complete radiographic heal-
ing after treatment of TOCD lesions in children and to
determine predictive factors associated with radiographic
healing to develop a statistical model for estimating the
probability of complete radiographic healing. We hypothe-
sized that younger children and those with surgical fixation
were more likely to heal completely.

METHODS

After obtaining approval from the institutional review
board at our institution (Children’s Hospital of Philadel-
phia, Philadelphia, Pennsylvania), we retrospectively eval-
uated patients younger than 18 years who were diagnosed
with OCD of the talus between January 1, 2003, and June
30, 2015. Patients with a diagnosed structural or metabolic
condition that could have influenced the healing of their
lesions were excluded. Patients who underwent additional
concomitant procedures were also excluded. Patients were
included if they had at least 1 year of follow-up or demon-
strated complete radiographic evidence of healing before
1 year. Radiographic images of a representative patient
with a medial talar dome OCD lesion are demonstrated in
Figure 1.

Treatment Procedures

All patients were cared for by 1 of 3 fellowship-trained pedi-
atric orthopaedic sports surgeons. The choice of treatment
was left to the discretion of the treating physician in con-
sultation with the patient/family and was based on the clin-
ical symptoms, imaging studies, and findings at the time of
surgery. Nonoperative treatment included immobilization
in a short-leg cast or controlled ankle motion boot with
restricted weightbearing for 6 to 8 weeks, or at least until
pain free, followed by a gradual return to weightbearing
and weaning from immobilization. Impact activities and
sports were limited for at least 6 months.

All surgical cases included an ankle arthroscopy. Fluo-
roscopy was used, if required, to locate lesions during

retrograde or transarticular drilling. The drilling was per-
formed using a small (1.1 or 1.6 mm) Kirschner wire with
the drill holes placed several millimeters apart. Unstable
lesions were removed and debrided back to a stable rim of
cartilage and a base of bleeding cancellous bone. For lesions
with less than 2 to 3 mm of subchondral bone loss, micro-
fracture was performed at the base of the lesion at 3- to 4-
mm intervals using an awl. Iliac crest bone grafting was
performed for deeper lesions.

Data Collection

Patient characteristics such as age, sex, and body mass
index (BMI) were extracted from medical records. The
width, length, and depth of the lesions were determined
from the initial radiographs. The radiographs were mea-
sured by a medical student who had been thoroughly
trained by an attending orthopaedic surgeon. The location
of the lesion was recorded as medial, central, or lateral in
the anteroposterior view, and as anterior, middle, or poste-
rior in the lateral view. The status of the distal tibia physis
was recorded as either open or closed based on appearance
on plain radiographs.

Radiographs at each follow-up visit were evaluated, and
a comparison was made with the initial radiographs to
determine radiographic healing of the lesions. Complete
radiographic healing was defined as the reossification of
the lesion with no differences in radiodensity on plain
radiographs. For patients who underwent nonoperative

Figure 1. Representative radiographic appearance of patient
with a medial talar dome osteochondritis dissecans lesion (A)
before treatment and (B) 1 year after surgical arthroscopy and
drilling.
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treatment alone, the lesion status at the 1-year follow-up
visit was used to categorize the patient as having complete
or incomplete healing. For patients who were initially trea-
ted with surgery, the lesion status at the 1-year follow-up
from the time of surgery was used to categorize the patient
as having complete or incomplete healing of their TOCD
lesions. Patients treated with surgery all underwent a pro-
cedure within 6 months from the date of diagnosis. In addi-
tion, the Berndt and Harty outcome3 assessment was
recorded at the 1-year follow-up. In brief, this assessment
categorizes the ankle as good (occasional symptoms without
loss of function), fair (decreased symptoms but with persist-
ing pain), or poor (no change in symptoms).

Statistical Analysis

All statistical analyses were performed using Stata 15
(StataCorp). Descriptive statistics (means, standard devia-
tions, and ranges) were used to report continuous variables,
and frequencies and percentages were used for the reporting
of categorical variables. To compare the differences between
complete or incomplete radiographic healing, the indepen-
dent t test was used for parametric variables and the
chi-square test/Fisher exact test and Mann-Whitney U test
were used to compare groups for nonparametric variables.

In univariate analysis, we considered characteristic and
measured factors—age, BMI, and skeletal maturation—as
risk factors to the radiographic healing. Multivariable anal-
ysis was conducted using factors with statistical signifi-
cance (P < .05). A nomogram was then created using the
variables that demonstrated significant association with
the rate of complete healing. The final model’s predictive
accuracy was assessed using the C statistic and was
checked for multicollinearity. Significance was set at a
2-sided alpha level of P < .05.

RESULTS

We identified 81 patients who were diagnosed with TOCD
within the study period. Of these patients, we excluded 3
patients with juvenile idiopathic arthritis; 1 patient with a
tarsal coalition; 1 patient with renal transplant; 1 patient
with factor VIII deficiency; and 1 patient with club foot. The
final cohort included 74 patients (92 TOCD lesions) who
met our inclusion criteria. The mean age of the patients
at treatment was 13.1 ± 2.7 years (range, 7.1-18.0 years),
with 60.8% female participants. The average BMI was
22.8 ± 5.7 kg/m2 (range, 14.6-44.0 kg/m2). Of 92 TOCD
lesions, 47 (51.0%) were in skeletally mature patients at
the time of diagnosis. Five (6.8%) patients had bilateral
TOCD lesions, whereas 13 (17.6%) patients had 2 or more
unilateral lesions with no underlying cause identified.
According to Berndt and Harty criteria,3 23 (25.0%) lesions
were stage 1, 29 (31.5%) were stage 2, 26 (28.3%) were stage
3, and 14 (15.2%) were stage 4 at the time of evaluation. The
patient and lesion characteristics are summarized in
Table 1.

About one-third (34/92; 37.0%) of the lesions were treated
nonoperatively, while about two-thirds (58/92; 63.0%) were

treated surgically. The median time to surgery from the
date of diagnosis was 1.5 months (range, 0.3-5.9 months).
Fine guidewire drilling was used in 23 of the surgically
treated patients (23/58; 39.7%); of those patients, 3 (3/23;
13.0%) underwent retrograde drilling and the remainder
underwent transarticular drilling. Surgical fixation was
performed in 5 patients (5/58; 8.6%). Debridement and
microfracture were performed in 21 of the surgical cases

TABLE 1
Patient and Lesion Characteristicsa

Variable Overall

Radiographic Healing
at 1-y Follow-up

PComplete Incomplete

No. of patients 74 40 (54) 34 (46)
No. of TOCD lesions 92 43 (47) 49 (53)
Sex .615

Female 56 (61) 25 (45) 31 (55)
Male 36 (39) 18 (50) 18 (50)

Age, y 13.1 ± 2.7 12.4 ± 2.1 13.7 ± 2.6 .006
BMI, kg/m2 22.8 ± 5.7 21.0 ± 5.9 24.1 ± 6.1 < .001
Laterality of the lesion .383

Left 40 (44) 19 (48) 21 (53)
Right 52 (57) 20 (39) 32 (62)

Lesion size, mm
AP 7.0 ± 2.4 7.1 ± 2.7 6.9 ± 2.1 .115
Lateral 9.3 ± 3.6 9.0 ± 3.9 9.6 ± 3.3 .057
Depth 4.9 ± 2.2 4.5 ± 1.8 5.2 ± 2.6 .112

Location on coronal
plane

.040

Medial 60 (65) 26 (43) 34 (57)
Lateral 20 (22) 3 (15) 17 (85)
Central 14 (15) 10 (71) 4 (29)

Location on sagittal
plane

.702

Anterior 3 (3) 1 (33) 2 (67)
Posterior 4 (4) 2 (50) 2 (50)
Middle 84 (91) 36 (43) 48 (57)

Physeal status .013
Open 45 (49) 27 (60) 18 (40)
Closed 47 (51) 16 (34) 31 (66)

Initial Berndt and
Harty stage

.899

1 23 (25) 11 (48) 12 (52)
2 29 (32) 15 (52) 14 (48)
3 26 (28) 11 (42) 15 (58)
4 14 (15) 6 (43) 8 (57)

Initial treatment type .413
Nonoperative 34 (37) 14 (41) 20 (59)
Operative 58 (63) 29 (50) 29 (50)

Berndt and Harty
clinical grade at
1-y follow-up

.003

Poor 20 (22) 4 (20) 16 (80)
Fair 32 (35) 13 (41) 19 (59)
Good 40 (44) 26 (65) 14 (35)

aData are reported as mean ± SD or n (%). Bolded P values
indicate a statistically significant difference between study groups
(P < .05). AP, anteroposterior; BMI, body mass index; TOCD, talar
osteochndritis dissecans.
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(21/58; 36.2%). Debridement with or without loose body
removal was performed in 6 cases (6/58; 10.3%). Bone graft-
ing was performed in 3 cases (3/58; 5.2%): 1 with fixation
and bone grafting, 1 with microfracture and bone grafting,
and 1 with an osteochondral injection.

Overall, less than half of the lesions (43/92; 46.7%) dem-
onstrated complete radiographic healing. Patients who
healed completely were younger than those in the incom-
plete healing group (12.4 ± 2.1 vs 13.7 ± 2.6 years, respec-
tively; P ¼ .006) and had lower BMI (21.0 ± 5.9 vs 24.1 ± 6.1
kg/m2, respectively; P < .001). Additionally, a significantly
higher percentage of patients with open physes achieved
complete radiographic healing compared with the patients
with closed physes (60% vs 34%, respectively; P ¼ .013).
Patient sex, initial Berndt and Harty stage, type of initial
treatment, lesion dimensions, and lesion location on sagit-
tal plane were not significantly different between the
groups (Table 1).

The Berndt and Harty outcome tool was used to assess
clinical outcomes at the 1-year follow-up visit. More than
90% of the TOCD lesions that demonstrated complete
radiographic healing had either good or fair clinical out-
comes. In comparison, 67.3% of the lesions with incomplete
radiographic healing had achieved good or fair clinical out-
comes (P ¼ .007). Univariate and multivariate regression
analyses were unable to identify any other variables that
correlated significantly with Berndt and Harty clinical
grade (including age, sex, BMI, lesion dimension, lesion
location on sagittal and coronal planes, initial Berndt and
Harty class of the lesions, and treatment type).

Different predictive models that included clinically rele-
vant factors were considered to examine the predictive
effects of independent variables on the rate of complete
radiographic healing. A multivariable model that included
age at diagnosis, type of treatment (operative vs nonoper-
ative), and BMI reached significance for each of these 3
variables. This model was predictive of healing status with
a C statistic of 0.81. Figure 2 represents the area under the
receiver operating characteristic curve for this model. Of
the 3 variables included in the final nomogram, initial
treatment with surgery had the greatest impact on the odds
of achieving complete radiographic healing (OR, 11.44; 95%
CI, 2.30-56.85; P ¼ .003). Figure 3 represents the nomo-
gram predicting the probability of radiographic healing on
the basis of age, BMI, and initial treatment type.

DISCUSSION

The evaluation, treatment, and outcomes after manage-
ment of TOCD in children remain poorly described in the
literature. Here we have reported our findings from a ret-
rospective study of 74 children with 92 TOCD lesions who
were treated at our pediatric institution within a 12-year
period. In accordance with other studies involving TOCD,
we found that the majority of patients were girls (60.8%)
and most of the lesions were at the medial talar dome
(65.2%).9,13,15,19 This is in contrast to adult lesions, which
have a male predominance and even distribution between
the medial and lateral talar domes.5,20,22 Approximately

one-third of the patients in our study were treated nono-
peratively, while the remaining two-thirds were treated
operatively. The principal finding of our study is that initial
operative treatment yielded better radiographic healing at
1-year follow-up compared with nonoperative treatment.
However, no difference was observed in clinical outcomes
as assessed by the Berndt and Harty stage. Younger
patients and those with a lower BMI were also more likely
to achieve complete radiographic healing.

Although nonoperative treatment is generally regarded
as the first-line option for stage 1 to 3 TOCD lesions, suc-
cess rates with nonoperative management are highly vari-
able in the literature.3 Perumal et al23 reported on 32
skeletally immature patients and noted that 16% of
nonoperatively managed TOCD lesions exhibited complete
radiographic healing at the 6-month follow-up. Lam and
Siow17 noted that 4 of 6 (67%) nonoperatively treated
TOCD lesions showed good radiographic outcomes. Letts
et al,19 in their series of 23 nonoperatively managed stage
2 lesions, reported a 54.2% failure rate with nonoperative
management. This is similar to our finding that only 41% of
nonoperatively treated TOCD lesions attained complete
radiographic healing. This variability in success rates after
nonoperative management of TOCD is perhaps a reflection
of the variability in treatment protocols among clinicians
and institutions.5,9,17,19,23 Interestingly, we did not find any
correlation between presenting Berndt and Harty stage
and complete radiographic healing in our series.

This study found that more than 95% of surgically trea-
ted patients underwent surgical procedures that included
drilling, microfracture, fixation, or debridement/removal of
loose body. While the overall complete radiographic healing
rate was only 55%, the rate of good or fair clinical outcome
was as high as 82% in our patient population.

Drilling the lesion is a successful technique. The litera-
ture strongly supports its effectiveness for stable OCD
lesions in the knee in skeletally immature children.4,6

There is also support for drilling OCD lesions of the talus
in adults and adolescents.10,16 Good or excellent results

Figure 2. Receiver operating characteristic curve for the mul-
tivariable model that included age at evaluation, body mass
index, and initial treatment approach (nonsurgical vs surgical).
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have been reported in up to 56%19 to 91%15 of TOCD lesions
treated with drilling. In our study, 59% of the lesions trea-
ted with drilling attained complete radiographic healing,
while 82% had either good or fair clinical outcome.

Little research assessing the efficacy of debridement and
microfracture for TOCD lesions has been done in the pedi-
atric population. One study identified recurrence of symp-
toms at the 1-year follow-up in 26% of skeletally immature
children treated with microfracture for OCD of the knee.7

Yet another study reported deterioration of clinical out-
comes between 18 and 36 months after microfracture in
adults with knee OCD.14 Translating these results in the
adult knee to the pediatric talus should be done with cau-
tion as the pathoanatomy is different. In a recent but small
series by Jurina et al11 that included 13 pediatric patients
treated with arthroscopic microfracture combined with
curettage, the rate of good or fair clinical outcome was
reported at 100% during a median follow-up period of 5.6
years. Similarly, 85% of the patients in our series achieved
either a good or fair clinical outcome at 1 year after micro-
fracture. Although we are unable to provide evidence of the
long-term efficacy of this technique, future studies with
larger numbers and a longer follow-up period may be able
to address the concerns surrounding the long-term efficacy
of microfracture in pediatric TOCD lesions.

Internal fixation of the loose fragment has been used as
an alternative treatment approach for large, detached, or
unstable fragments, with 5 patients undergoing fragment
fixation in this study. In terms of radiographic and clinical
outcomes, fixation has been reported to have results

comparable to drilling, ranging from 75% to 100%.12,13,21

Schuh et al26 reported good or fair outcomes in 100% of
their 11 pediatric TOCD patients treated with Kirschner-
wire fixation. Similarly, a high rate of clinical success has
been reported with autologous bone graft. For instance, Lee
et al18 reported 100% good or excellent outcomes at 36
months for 18 TOCD lesions treated with autologous osteo-
chondral grafting from the ipsilateral knee.

Another significant finding of the current series is that
the complete healing group was younger and had a lower
BMI. Kramer et al13 found that neither the physeal status
nor the lesion size affected the clinical, radiographic, or
functional outcomes. In their analysis, age and skeletal
maturity were not related to complete radiographic heal-
ing. However, female sex and elevated BMI were reported
as significant negative predictors for clinical outcomes in
their surgically treated patients. In a series of 77 lesions (67
patients) by Heyse et al,8 61% of 76 nonoperatively treated
lesions failed the initial management. The authors found
older age and grade 3 lesions to be predictive factors for
failure of nonoperative treatment. Similarly, our findings
also demonstrated that increasing BMI and age had a neg-
ative correlation with radiographic healing. However, nei-
ther sex nor lesion stage was found to be a significant factor
for predicting radiographic healing in our series.

Figure 3 represents the nomogram that can be used to
help predict the probability of radiographic healing at 1
year based on the patient’s age, BMI, and initial treatment
type. Figure 4 represents an example of the nomogram-
predicted probability of radiographic healing at 1 year in

Figure 3. (A) Nomogram used to predict complete radiographic healing at the 1-year follow-up on the basis of a patient’s age,
body mass index (BMI), and the type of initial treatment. To calculate the probability of complete radiographic healing, straight
vertical lines should be drawn from the points corresponding to the patient’s age, BMI, and initial treatment types on the respective
row corresponding to the data. Next, record the values that each of these vertical lines provide at their points of intersection on the
row labeled “Score.” All recorded values should be summed. (B) This sum is then matched with a value on the line labeled “Total
Score.” The corresponding percentages on the line immediately above the total score line indicate the patient-specific probability
of achieving complete radiographic healing at the 1-year follow-up.
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a patient from our series. This nomogram can be used as an
aid in clinical decision-making and as a counseling tool for
the patients and their families.

There are several limitations of this study. First, it is
retrospective in nature, which subjects our data to a num-
ber of biases that are inherent to studies of similar design.
Even though an extensive medical-record review was per-
formed, in many cases it was difficult to obtain documen-
tation of a patient’s compliance to nonoperative treatment
protocols. Patients with poor compliance may have con-
tributed to lower rates of healing in the nonoperative
group. Similarly, clinical data that we were able to collect
on symptoms, including the Berndt and Harty clinical
staging, were too heterogeneous to clearly categorize them
into a few distinct categories. Second, the average follow-
up in our study was 13 months. While this was long
enough to ascertain radiographic healing and thus was
adequate for developing a predictive nomogram for this
purpose, a longer follow-up period may provide a better
sense of clinical and functional outcomes. Third, our sam-
ple size of 74 patients (92 lesions), while relatively large
for the diagnosis of TOCD, is small for detecting overall
differences in outcomes associated with various surgical
treatment types. Additionally, the heterogeneity of our
population may have contributed to the lesion stage, size,
and location showing no significant association with the
outcomes in our series. Fourth, while we compared
patients treated nonoperatively with those treated surgi-
cally, there can be large differences between the different
surgical treatments, further contributing to the heteroge-
neity of the groups. Additionally, there were no strict
treatment guidelines, and specific surgical techniques
were left to the discretion of the surgeon.

CONCLUSION

Two-thirds of all TOCD lesions in our series were treated
surgically, while the remaining lesions were managed non-
surgically. The overall rate of complete radiographic heal-
ing at 1-year follow-up was approximately 50% to 60% in
our patient population. In both treatment groups, complete
radiographic healing was more likely in patients with
younger age and lower BMI. On multivariable analysis,
younger age, lower BMI, and initial treatment with
surgery were positively associated with the rate of
radiographic healing at 1 year. Based on our nomogram,
the effects of surgical treatment on healing rate are
potentially greater in older patients with a higher BMI.
Besides its potential role in the treatment decision-
making process, the nomogram presented in this study
can be used to counsel patients and their families
regarding the healing prognosis of TOCD.
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