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Background: Internal fixation of an osteochondral lesion of the talus (OLT) can restore the congruency of the talus and maintain
the subchondral bone and innate hyaline cartilage. However, OLT that is indicated for fixation is rarely encountered; hence, not
many studies report on the results after the procedure.

Purpose: To evaluate the clinical and radiological outcomes after internal fixation of chronic OLT involving a large bone fragment
of at least 10 mm in diameter and 3 mm in depth on computed tomography (CT).

Study Design: Case series; Level of evidence, 4.

Methods: We retrospectively reviewed the data of 26 patients with OLT treated with internal fixation between August 2014 and
April 2018. Of the patients, 15 were male and 11 were female, with a mean age of 16 years (range, 11-29 years). The primary
radiological outcome measurement was bone union assessed on the 6-month postoperative CT scan. Clinical outcomes were
assessed at a mean of 27.7 months postoperatively.

Results: Twenty patients (77%) achieved bone union on postoperative CT scan. The mean 100-mm visual analog scale (VAS)
improved from 30.5 6 8.5 preoperatively to 13.4 6 9.7 postoperatively (P \ .001). The mean Foot Function Index (FFI) improved
from 30.5 6 6.7 preoperatively to 13.7 6 9.8 postoperatively (P \ .001). A malleolar osteotomy was not necessary to approach
the lesion in 88% of patients. A bone fragment with an irregular margin and low density on the preoperative CT scan was significantly
associated with nonunion (odds ratio: 7.67, 95% confidence interval: 2.67 to 22.02, P = .008). The difference in clinical outcomes
between patients with skeletally immature ankles and those with skeletally mature ankles was not statistically significant. Patient age
did not correlate with postoperative 100-mm VAS (Pearson correlation coefficient, r = 20.07, P = 0.72) or the postoperative FFI
(Pearson correlation coefficient, r = –0.05, P = .80).

Conclusion: Internal fixation of an OLT involving a large bone fragment resulted in satisfactory clinical and radiologic outcomes. We
found that patients with skeletally immature and mature ankles attained healing at comparable rates after the internal fixation of OLT.
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Arthroscopic bone marrow stimulation such as a microfrac-
ture is the most commonly utilized surgical treatment for
a symptomatic osteochondral lesion of the talus (OLT).8,9,19

However, it is recommended for small lesions of \107.4
mm2 in area and/or 10.2 mm in diameter.25,26 For large
lesions, replacement surgery such as autologous osteochon-
dral transplantation or osteochondral allografting is
required.1,16,19,23,27 Despite their excellent clinical results,
these replacement procedures are not without risks or com-
plications.28 Autologous chondrocyte implantation can be
considered. However, it is expensive and involves a 2-stage
surgical procedure, with morbidity associated with

harvesting a small portion of the normal articular cartilage.19

This procedure often requires malleolar osteotomy.
In cases of OLT with a large bone fragment, fixation of

the osteochondral fragment can be considered. This proce-
dure has the advantages of restoration of the natural con-
gruency of the talus and maintenance of the subchondral
bone and innate hyaline cartilage. However, OLT with
a bone fragment large enough for healing on the base of
the lesion is rarely encountered; hence, not many studies
have reported on the results after the procedure.10,17,18,21,22

In a study that involved 1,068,215 people aged 2 to 19 years
who were selected from the database of a large health care
system, only 85 patients had ankle osteochondritis disse-
cans, while 206 patients had knee osteochondritis disse-
cans.14,31,33 Among the 85 patients with ankle
osteochondritis dissecans, 27 (32%) required surgery and
only 4 (5%) underwent fixation. This low incidence of fixa-
tion could be attributed to the few cases indicated for
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fixation or the reluctance of surgeons to perform internal
fixation requiring malleolar osteotomy to approach the
lesion, which can injure the growth plate in young patients
with an open growth plate of the distal tibia.11,33 Even for
adults, malleolar osteotomy entails some complications.4

However, unlike the exposure required for autologous osteo-
chondral transplantation and allografting for the placement
of large osteochondral plugs or an allograft block, for frag-
ment fixation, the entire lesion does not have to be exposed
and a malleolar osteotomy is not always required. We devel-
oped a method to approach the lesion without malleolar
osteotomy. The purpose of this study was to evaluate the
clinical and radiologic outcomes after internal fixation of
OLT.

METHODS

Participants

We retrospectively reviewed the data of 26 patients with
OLT treated with the current technique between August
2014 and December 2017 (Figure 1). This study was
approved by Hallym University Institutional Review
Board (IRB No. 2017-11-011) and the patients provided
informed consent. Of the participants, 15 were male and
11 were female, with a mean age of 16 years (range, 11-
29 years). Five patients had bilateral lesions, but contralat-
eral side lesions were asymptomatic and no patients
underwent bilateral fixation.

The indication for the procedure was a large OLT with
a bone fragment of at least 10 mm in diameter and 3 mm
in depth on computed tomography (CT) scan that failed
to attain radiological union after 1 month of non-weight-
bearing in a cast and 3 months of nonoperative treatment.
Lesions with intact overlying cartilage of the osteochondral
fragment on magnetic resonance imaging (MRI) and
arthroscopic examination were indicated for the procedure.

The contraindications were cases with damaged or
ulcerated cartilage on MRI scans and arthroscopic exami-
nation. Cases with the fragmentation of the bone fragment
and cysts on CT scan and cases with osteoarthritis or infec-
tious pathology were not considered for the procedure.

Preoperative Planning

Preoperatively, MRI and CT scans were obtained to assess
the size, location, shape, and morphology of the lesion.

The sagittal length of the lesion was measured as the larg-
est diameter (mm) in the anteroposterior direction on sagit-
tal CT images, and the coronal length was measured as the
largest diameter (mm) in the mediolateral direction on the
coronal CT images. The thickness was measured as the
depth of the lesion on the coronal CT images. The area
was calculated using the ellipse formula of coronal length
3 sagittal length 3 0.79.6 Fourteen lesions were located
on the centromedial talar dome and 12 lesions on the poster-
omedial talar dome. The mean size of the fragment mea-
sured on the CT scan was 12.6 6 1.7 mm in sagittal
length, 8.1 6 1.9 mm in coronal length, 4.4 6 0.6 mm in
depth, and 80.9 6 22.6 mm2 in area. MRI was used to assess
the condition of the cartilage overlying the osteochondral
fragment. Ankle lateral radiographs were obtained with
the ankle in maximal dorsiflexion and plantarflexion to
determine if the lesion could be accessed through arthrot-
omy (Figure 2). When .50% of the lesion could be uncov-
ered from the tibial articular surface either in maximal
dorsiflexion or plantarflexion, it was determined to be acces-
sible through arthrotomy without malleolar osteotomy.

Operative Techniques

After spinal or general anesthesia, the patient was placed
in a supine position. A standard ankle arthroscopic

Figure 1. (A) A large osteochondral fragment on the medial
talar dome was treated with internal fixation. (B) A follow-
up radiography image showed a good union of the lesion.
The arrows indicate the margin of the lesion.
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examination was performed to assess the condition of the
overlying cartilage of the lesion (Figure 3A). Lesions with
damaged or ulcerated cartilage or large fissures over the
osteochondral fragment were not indicated for fixation.
When \50% of the lesion could be exposed even with max-
imal dorsiflexion or plantarflexion of the ankle joint,
medial malleolar osteotomy was performed to approach
the lesion. When .50% of the lesion could be exposed
from the posterior side, the anterior part of the lesion
was cut from the surrounding talus by using an arthro-
scopic knife and chisel to make a sharp osteochondral
flap so that the fragment could later be taken out easily
through posteromedial arthrotomy (Figure 3B).

Then, a longitudinal incision of 3 cm was made on the
posterior border of the medial malleolus between the poste-
rior tibial and flexor digitorum longus tendons (Figure 4A).
The flexor digitorum longus tendon was retracted posteri-
orly to protect the neurovascular structures. Arthrotomy
was performed longitudinally, and the posteromedial part
of the talus was exposed. Maximal dorsiflexion of the ankle
brought the lesion more posteriorly for better exposure.
Flexion of the knee relaxed the gastrocnemius muscle to
enable maximal dorsiflexion of the ankle. The posterior,
medial, and lateral margins of the lesion were detached
with a sharp blade. The anterior part of the lesion could
not be exposed in most cases even with maximal dorsiflexion
of the ankle with posteromedial arthrotomy. However, the
osteochondral fragment could be detached from the talus
and taken out from the ankle because of the previous
detachment of the anterior part of the lesion through
arthroscopy (Figure 4B). Sometimes, anteromedial arthrot-
omy was required to detach the anterior part of the frag-
ment. In this case, maximal plantarflexion increased the
exposure of the anterior part of the lesion. The base of the
defect on the talus was examined, and fibrotic tissue and
sclerotic bone were removed with a curette and bur (Figure

4, C and D). Next, the base of the defect was drilled with
a K-wire. The base of the fragment was examined, and
the fibrous tissue was removed taking care not to break
the fragment (Figure 4E). Cancellous bone was harvested
from the lateral calcaneus and was impacted onto the base
of the defect so that the fragment would not be depressed
during fragment compression by the screw (Figure 4F).
The osteochondral fragment was reduced on the defect (Fig-
ure 4G) and a 3.0-mm Bio-Compression Screw (Arthrex Inc)
was fixed at the center of the lesion (Figure 4H). However,
when the exposure was not sufficient to place the 3.0-mm
bioabsorbable screw on the center of the fragment, one or
two 1.5-mm metal screws were fixed on the posterior part
through the posteromedial arthrotomy and 1 metal screw
was fixed on the anterior part of the lesion through antero-
medial arthrotomy with maximal plantarflexion. When the
fragment was relatively thin (depth \ 4.0 mm), 1.5-mm
metal screws were used as a precaution because 3.0-mm bio-
absorbable screws might break the fragment. Arthroscopy
was performed to check for any step-off of the lesion and
any bone debris left inside the ankle joint (Figure 4G). A
below-knee cast was applied for 6 weeks postoperatively.
After removal of the below-knee cast, a removable splint
or cast boot was applied. Patients were kept non-weight-
bearing, but ankle motion exercises were encouraged.
Weightbearing began 8 weeks postoperatively. The splint
or cast boot was removed 8 to 10 weeks postoperatively.
Metal screws were routinely removed at 6 months postoper-
atively when the bone union was confirmed on CT scan.

Clinical and Radiological Assessments

Clinical results were assessed using a 100-mm visual ana-
log scale (VAS) and the Foot Function Index (FFI)3,5 preop-
eratively and at 6 months, 1 year, and every subsequent
year postoperatively. The FFI is a validated patient-
assessed questionnaire containing 3 subscales as follows:

Figure 2. Ankle lateral radiographs were obtained with the
ankle in (A) maximal plantarflexion and (B) dorsiflexion to
determine if .50% of the lesion could be exposed out of
the tibiotalar articulation from the anterior or posterior side.
The black arrows indicate the margin of the lesion. The white
arrows indicate that the lesion could be approached better
from the posterior side.

Figure 3. (A) Standard ankle arthroscopic examination was
performed to assess the condition of the overlying cartilage.
Cases with severely damaged or ulcerated cartilage were
contraindicated for fixation. (B) The anterior part of the frag-
ment was cut from the surrounding talus using an arthro-
scopic knife and chisel to make a sharp osteochondral flap
so that the fragment could later be taken out easily through
posteromedial arthrotomy. The arrows indicate the margin
of the lesion.
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pain, disability, and activity limitations (total score of 100
points, with 100 being the worst).3 The patients’ medical
records were reviewed to assess the clinical outcomes and
postoperative complications. The bone fragment condition
was assessed preoperatively on the CT scan either as
a well-demarcated margin with an iso-density or an irreg-
ular margin with low-density to the underlying talus. The
primary radiological outcome measurement was bone
union assessed on the 6-month postoperative CT
scan.18,29 When .75% of continuity between the bone frag-
ment and the talus was observed on the sagittal, coronal,
and axial images that showed the largest bone fragment,
bone union was considered to have been attained.12

Data normality was assessed using the Kolmogorov-
Smirnov test. All data are expressed as mean 6 standard
deviation. The association between the condition of the
bone fragment on the preoperative CT scan and radiologi-
cal bone healing on the 6-month CT scan was examined
using Fisher’s exact test. The relationship between
patients’ age and the clinical outcomes was examined
with Pearson correlation analysis. Wilcoxon signed-rank
test was used to compare pre- and postoperative values
using SPSS version 21.0 (IBM Corporation, Armonk, NY,
USA). Differences with P values \.05 were considered sta-
tistically significant.

RESULTS

The results are summarized in Table 1. The mean follow-
up duration was 27.7 months (range, 6-49 months). The
mean 100-mm VAS improved from 30.5 6 8.5 preopera-
tively to 13.4 6 9.7 postoperatively (P \ .001). The mean
FFI improved from 30.5 6 6.7 preoperatively to 13.7 6

9.8 postoperatively (P \ .001). The modified Brostrom pro-
cedure was performed for 3 patients. All the patients
underwent a CT scan at 6 months postoperatively. Of the
26 patients, 20 (77%) achieved a radiological bone union
(Figure 5). Three patients with OLT with an irregular mar-
gin and low density to the underlying talus on the preoper-
ative CT scan failed to attain bone union. The condition of
the bone fragment on the preoperative CT scan was signif-
icantly associated with nonunion (odds ratio, 7.67; 95% CI,
2.67-22.02; P = .008).

No significant difference in outcomes was found
between the patients with skeletally immature ankles
and those with skeletally mature ankles (Table 2). Patient
age did not correlate with postoperative 100-mm VAS
(Pearson correlation coefficient, r = 20.07, P = .72) or post-
operative FFI (Pearson correlation coefficient, r = 20.05, P
= .80). No significant difference in outcomes was observed
between the use of absorbable and metal screws (Table 3).

Figure 4. (A) A 3-cm longitudinal incision was made on the posterior border of the medial malleolus. (B) Maximal dorsiflexion of
the ankle brought the lesion posteriorly for better exposure. The osteochondral fragment was taken out of the talus. (C) The base
of the defect on the talus was examined. (D) A curette and bur were used to remove the fibrotic tissue and sclerotic bone on the
base of the defect on the talus. (E) The fibrous tissue and necrotic bone on the base of the fragment were removed. (F) Cancellous
bone was harvested from the lateral calcaneus and was impacted on the base of the defect so that the fragment would not be
depressed by the screw during fragment compression. (G) The osteochondral fragment was reduced. (H) A bioabsorbable screw
was fixed at the center of the lesion.
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Six patients had a nonunion (Figure 6). Five patients
underwent another surgery with the removal of fragments
and a bone autograft from the lateral calcaneus. For these

5 patients, the clinical outcomes assessed before the reopera-
tion were considered as the final outcomes in the present
study. The other patient with nonunion did not want another

TABLE 1
Details and Results for the 26 Patientsa

Case Sex Age, y Side

Growth

plateb Stagec Location

Size of

fragment (mm)d Approach

Fixation

type

No. of pins

or screws

Bone

graft

Bone

union

Revision

surgery

Follow-

up (mo)

Final 100-mm

VAS

Final

FFI

1 M 13 R Opened III PM 13.2 3 6.2 3 4.1 P AP 2 No No Yes 12 45 34

2 F 20 R Closed III CM 11.1 3 9.0 3 3.4 P AP 2 No No Yes 6 28 30

3 M 18 B(R) Closed III PM 16.5 3 10.1 3 5.2 P AS 1 Yes Yes No 49 6 10

4 F 13 L Opened III CM 14.1 3 6.7 3 4.2 P AS 1 No Yes No 48 11 4

5 M 21 L Closed III PM 10.3 3 8.3 3 3.4 P MS 2 No No Yes 6 24 30

6 M 16 R Closed III CM 10.9 3 10.3 3 4.4 MO AS 1 Yes Yes Yes 24 13 14

7 M 14 B(R) Opened III PM 12.6 3 5.3 3 4.3 P AS 1 Yes No Yes 15 23 22

8 M 23 B(R) Closed III CM 12.2 3 11.3 3 5.2 B AS 1 Yes Yes No 48 9 13

9 F 11 L Opened III CM 11.8 3 6.4 3 4.7 P AS 1 Yes Yes No 36 0 2

10 M 20 L Closed II CM 14.4 3 5.6 3 4.9 P AS 1 Yes No Yes 6 18 18

11 M 17 L Closed III CM 11.1 3 8.8 3 4.4 MO AS 1 Yes Yes No 48 8 9

12 F 15 R Closed III PM 14.1 3 7.2 3 4.3 P MS 2 Yes Yes No 36 7 13

13 M 13 R Opened IV PM 15.7 3 9.6 3 4.9 B MS 3 Yes Yes No 36 14 10

14 M 16 R Closed III CM 11.4 3 6.3 3 3.6 P MS 2 Yes No No 12 28 38

15 F 15 L Closed III PM 13.7 3 6.5 3 3.8 P MS 2 Yes Yes No 35 12 15

16 M 18 L Closed IV PM 14.3 3 7.3 3 5.2 P AS 1 Yes Yes No 36 0 2

17 M 16 R Closed III CM 11.3 3 11.2 3 5.3 B MS 2 Yes Yes No 25 8 6

18 M 14 L Opened III CM 14.1 3 10.2 3 4.8 P AS 1 Yes Yes No 36 9 7

19 F 19 R Closed III CM 10.1 3 9.4 3 4.2 MO AS 2 Yes Yes No 24 6 7

20 M 18 R Closed III PM 10.5 3 6.9 3 3.3 P MS 2 Yes Yes No 24 10 17

21 F 15 R Closed III CM 12.5 3 5.2 3 4.2 B MS 2 Yes Yes No 24 14 13

22 F 29 L Closed III CM 12.6 3 7.2 3 5.3 P AS 1 Yes Yes No 25 8 5

23 F 12 L Opened III CM 11.3 3 8.7 3 3.6 P MS 2 Yes Yes No 36 12 9

24 F 16 B(L) Closed III CM 14.3 3 8.8 3 5.1 P AS 1 Yes Yes No 24 8 10

25 M 18 L Closed III PM 10.4 3 7.6 3 4.2 P MS 2 Yes Yes No 24 13 9

26 M 15 B(L) Closed III PM 13.0 3 11.6 3 4.9 P AS 1 Yes Yes No 24 14 12

aAP, absorbable pin; AS, absorbable screw; B, both from anterior and posterior; B(L), bilateral (operated on left); B(R), bilateral (operated on right); CM, cen-

tromedial; F, female; FFI, Foot Function Index; L, left; M, male; MO, malleolar osteotomy; MS, metal screw; P, posterior; PM, posteromedial; R, right; VAS,

visual analog scale.
bGrowth plate of distal tibia.
cBerndt and Harty Stage.2

dSize of a fragment is presented as sagittal length 3 coronal length 3 depth.

Figure 5. A large osteochondral fragment was present on the medial talar dome on the preoperative (A) coronal, (B) sagittal, and
(C) axial CT scans. (D-F) Bone union was confirmed on the 6-month postoperative CT scans. The arrows indicate the insertion site
of the bioabsorbable screw. CT, computed tomography.
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surgery. However, the patient was lost to follow-up and the
clinical result assessed at 12 months postoperatively was con-
sidered as the final outcome. None of the patients showed
neurological symptoms or other complications.

DISCUSSION

The most important finding of the present study was that
the internal fixation of OLT involving a large bone frag-
ment resulted in satisfactory clinical and radiological out-
comes. A malleolar osteotomy was not necessary to
approach the lesion in 88% of patients.

The natural course of the OLT with a large bone frag-
ment is not well known.30 It can either heal and remain
asymptomatic or progress to fragmentation and degenera-
tion and cause severe ankle pain. Decision making regard-
ing the treatment is difficult especially for lesions
involving a large bone fragment. The removal of the frag-
ment for bone marrow stimulation such as microfracture
can result in a large defect.18 Replacement procedures
such as autologous osteochondral transplantation or osteo-
chondral allografting can be an option, but they are not
without risks or complications.28 These can be too invasive
for young patients with skeletally immature ankles.31

Internal fixation of the large osteochondral fragment to
heal on the underlying talus can restore the natural

congruency of the talar dome and preserve the subchondral
bone and innate hyaline cartilage, which may be the best
option theoretically. However, not many studies report on
the results after the procedure.10,17,18 In a study of 27
patients with OLT, 89% achieved good clinical results after
fixation of the osteochondral fragment. However, the pro-
cedure required malleolar osteotomy.17

Two factors could lead to the reluctance of surgeons to
perform internal fixation for a large OLT. One is the
need for malleolar osteotomy to approach the lesion, and
the other is the possibility of nonunion of the relatively
small chronic bone fragment inside the joint.

Internal fixation of OLT usually requires malleolar
osteotomy.10,17,21,22 However, for young patients with an
open growth plate, malleolar osteotomy may injure the
growth plate. Even for adults, malleolar osteotomy entails
some complications. In a study of 50 biplane medial malleo-
lar osteotomies, 30.0% of cases had a malunion with
a mean incongruency of 2 mm.4 However, for fixation of
OLT, unlike the exposure required for autologous osteo-
chondral transplantation and allografting, the entire
lesion does not have to be exposed and malleolar osteotomy
is not always required. In a cadaveric study, 33% of the
talus in the anteroposterior length and 30% of its mediolat-
eral length could be reached by posteromedial arthrotomy
without malleolar osteotomy.34 Through anteromedial
arthrotomy, 50% of the talus in the anteroposterior length

TABLE 2
Comparison Between Patients With Skeletally Immature and Mature Anklesa

Skeletally Immature (n = 7) Skeletally Mature (n = 19) P Value

Age, y 12.9 6 1.1 18.2 6 3.5 \.001
Sex, male/female 4/3 11/8 .97
Lesion size, mm2 80.3 6 26.4 81.1 6 21.9 .80
Preoperative 100-mm VAS 24.3 6 7.2 31.8 6 8.3 .11
Preoperative FFI 27.2 6 7.3 31.2 6 6.6 .24
Follow-up, mo 31.3 6 12.9 26.3 6 13.3 .29
Bone union 5 (71) 15 (79) .69
Postoperative 100-mm VAS 16.3 6 14.4 12.3 6 7.5 .49
Postoperative FFI 12.4 6 11.6 14.1 6 9.3 .35

aData are given as n (%) or mean 6 SD. Skeletal maturity was determined by whether the growth plate of the distal tibia was opened or
closed. FFI, Foot Function Index; VAS, visual analog scale.

TABLE 3
Comparison of Outcomes Between the Use of Absorbable Screw and Metal Screwa

Absorbable Screw (n = 14) Metal Screw (n = 10) P Value

Age, y 17.4 6 4.6 15.9 6 2.6 .38
Sex, male/female 8/6 6/4 .89
Lesion size, mm2 86.9 6 24.1 74.2 6 21.1 .19
Preoperative 100-mm VAS 31.3 6 8.5 29.6 6 9.4 .67
Preoperative FFI 28.3 6 5.7 31.9 6 6.7 .18
Follow-up, mo 31.6 6 13.5 25.8 6 10.5 .27
Bone union 12 (86) 8 (80) .71
Postoperative 100-mm VAS 9.5 6 6.2 14.2 6 6.7 .09
Postoperative FFI 9.5 6 5.9 15.8 6 10.3 .10

aValues are given as n (%) or mean 6 SD. FFI, Foot Function Index; VAS, visual analog scale.
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and 36% of its mediolateral length could be reached. When
the ankle is placed in maximal dorsiflexion or plantarflex-
ion, more areas can be reached without malleolar osteot-
omy. In the present study, we preoperatively checked if
.50% of the lesion could be exposed out of the tibiotalar
articulation from the posterior or anterior direction by
using ankle lateral radiography with the ankle in maximal
dorsiflexion and plantarflexion. This enabled sufficient
exposure of the lesion for fixation without malleolar osteot-
omy in 88% of the patients. None of the patients with an
open growth plate required malleolar osteotomy.

In our series, 6 patients failed to attain a bone union. In 2
patients, we did not totally detach and remove the fragment,
but only lifted the osteochondral flap from the posterior to
remove the fibrous tissue and necrotic bone and fixed the
fragment with absorbable pins without a bone graft. On the
postoperative CT scan, the sclerotic rim was still observed
surrounding the unhealed fragment (Figure 6, A and B).
The nonunion might have occurred due to insufficient prepa-
ration of the base of the talar defect or a lack of bone graft or
firm fixation of the fragment. When nonunion occurred, we
took out the fragment and removed the sclerotic bone thor-
oughly and impacted a bone graft into the defect created by

the removal of the sclerotic bone and used screws for firm fix-
ation after fragment reduction (Figure 6, E and F). Sclerosis
on the base of the lesion can impede the revascularization
of the fragment, and we believe that thorough preparation
of the base of the talar defect is important for fragment
healing.

Another 3 cases of nonunion occurred in the patients with
poor bone condition of the fragment with an irregular mar-
gin and low density on the preoperative CT scan (Figure 6,
C and D). Although fixation is recommended for OLT with
a fragment size of at least 10 mm in diameter and 3 mm
in thickness,17,18,26 we believe the bone fragment condition
should also be considered to obtain good healing. Nakasa
et al21 studied 18 ankles treated with fixation of the OLT
with different fragment conditions. MRI at 1 year showed
good bone incorporation in all ankles of different preopera-
tive bone fragment conditions including normal, segmenta-
tion, and absorption.21 However, they noted that they
could not confirm bone-to-bone healing, especially in the
absorption group, because CT scans could not be obtained.10

In the present study, when we evaluated the fragment with
a follow-up CT scan after fixation, all 3 cases with poor pre-
operative bone fragment condition resulted in nonunion,
even when the size of the fragment was large (Figure 6, C
and D). The condition of the bone fragment with an irregular
margin and low density on the preoperative CT scan was sig-
nificantly associated with nonunion (odds ratio = 7.67, 95%
CI = 2.67-22.02, p = .008). After experiencing nonunion in
the cases with a poor bone condition on the preoperative
CT scan, we stopped applying fixation for these cases. How-
ever, more cases should be added to confirm this finding.
Successful bone union has been reported after fixation of
a waffle-shaped, small-thickness acute traumatic osteochon-
dral fragment of the talus.24,29 This may also indicate that
the condition of the fragment is important in bone healing
in addition to its size because the healing potential of acute
traumatic cases is expected to be better than that of chronic
cases. Further studies in a larger population are required on
this matter.

In 1 case of nonunion, we obtained preoperative radio-
graphs and MRI scans; nevertheless, we did not perform
a preoperative CT scan to evaluate the osteochondral frag-
ment. We later found cases with fracture lines on the bone
fragment that were not found on the simple radiographs
and MRI scans but were found on the CT scans (Figure
7). The fracture lines were difficult to locate even on
arthroscopic examination or after the fragment was taken
out of the talus and examined. We suspect that there could
have been some fragmentation of the lesion in this non-
union case that was not found preoperatively or intraoper-
atively and may have led to more fragmentation after
screw insertion. This led us to routinely check preoperative
CT scans to assess for fracture lines of the lesion.

After experiencing 6 nonunion cases, we modified the
procedure to a firmer fixation with screws and a bone graft
and excluded cases with fragmentation and poor bone con-
dition of the fragment with an irregular margin and low
density to the underlying talus on preoperative CT scan.
After these modifications, we achieved 100% union for
the remaining 11 consecutive patients.

Figure 6. (A) Preoperative axial CT scan showing thick scle-
rotic bone surrounding the osteochondral fragment. (B) Insuf-
ficient removal of the sclerotic bone on the base of the defect
resulted in nonunion. (C) A large fragment with an irregular
margin and low density was observed on the preoperative
CT scan. (D) Nonunion was observed on the 6-month post-
operative CT scan after the fixation of the fragment. (E) A
large osteochondral fragment with a well-demarcated margin
and iso-density with the talus was surrounded by thick scle-
rotic bone. (F) A 6-month postoperative CT scan showed
good healing after thorough preparation of the base and
internal fixation with a bioabsorbable screw. The black
arrows indicate the sclerotic bone. The white arrow indicates
a large bone fragment with an irregular margin and low den-
sity. CT, computed tomography.
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We found that patients with skeletally immature or
mature ankles heal at comparable rates after internal fix-
ation of OLT, which is similar to patients with osteochon-
dritis dissecans of the knee.32 Patient age at the time of
surgery did not correlate with the postoperative 100-mm
VAS (Pearson correlation coefficient, r = 20.07, P = .72),
or the postoperative FFI (Pearson correlation coefficient,
r = 20.05, P = .80).

The current technique has limitations. A minimally
invasive technique such as arthroscopic fixation has been
reported with good clinical outcomes.13,15,18,20 Compared
with open procedures, the arthroscopic technique can
reduce postoperative swelling and pain and result in fewer
complications and faster recovery time. However, arthro-
scopic fixation can be technically demanding. In the pres-
ent study, of the 23 patients (88%) who did not require
malleolar osteotomy, all showed greater exposure of the
lesion posteriorly by maximal dorsiflexion of the ankle as
compared with anterior exposure by maximal plantarflex-
ion (Figure 2). We believe that the arthroscopic technique
is best indicated for anterior lesions that can be easily
approached from the anterior side. Another routinely per-
formed surgery involves the use of metal screws in rela-
tively thin fragments. Unlike the absorbable headless
screw, we could not fully bury the screw head inside the
small bone fragment, although it was buried inside the car-
tilage. We were concerned about the possibility that this
may later damage the apposed tibial articular cartilage
when the talar cartilage is worn out and the screw head
is exposed. Good clinical and radiological outcomes have
been reported after using bone pegs or bioabsorbable pins
for fixation that do not require removal.7,10,17,21,22 This
can be a good option, but these pegs or pins without
threads can retract into the joint if the fragment does not
heal onto the talus. Firm fixation with fragment compres-
sion is better with screws.1 Small screws of 1.0 mm in size
(Synthes) with a head diameter of 1.6 mm are available.

The study is limited by its retrospective, noncomparative
design and the small number of participants with a short
follow-up period. However, cases of large-sized OLT indi-
cated for fixation are rare. The small number of participants
in this study was inevitable owing to the low incidence of
this condition. The patients with a follow-up period \24
months were those with nonunion who underwent revision
surgery for fragment excision and bone grafting. We consid-
ered it more appropriate to include the outcomes assessed
just before the revision surgery as the latest outcomes of
the internal fixation of OLT in these patients. One patient
with nonunion did not undergo revision surgery but was
lost to follow-up after 12 months postoperatively. We
included the outcomes assessed at 12 months as the latest
outcome in this patient. As the size of the lesion was mea-
sured only for the bone fragment on the CT scan, a direct
comparison with those reported in the previous literature
on OLT measured on MRI may not be appropriate.

Although we cannot recommend this procedure as a pre-
ferred method for OLT involving a large bone fragment,
the outcomes in this case series of 26 patients were encour-
aging. A future study with a larger population and longer
follow-up period with a comparative group may further
confirm these findings.

CONCLUSION

Internal fixation of OLT involving a large bone fragment
resulted in satisfactory clinical and radiological outcomes
that were comparable between the patients with skeletally
immature ankles and those with mature ankles. A malleo-
lar osteotomy was not necessary if .50% of the lesion could
be exposed out of the tibiotalar articulation either from the
anterior or posterior side with maximal plantarflexion or
dorsiflexion of the ankle. A preoperative CT scan is

Figure 7. A large fragment was found on the medial talar dome. However, fragmentation was not suspected on the (A) plain
radiographs and (B) magnetic resonance imaging. However, on the (C) computed tomography scans, fragmentation was evident.
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necessary to assess the condition of the bone fragment
before internal fixation.
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