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Background: There is controversy about whether treatment of chronic lateral ankle instability (CLAI) with osteochondral lesions of
the talus (OLT) can be performed concurrently.

Purpose: To investigate the midterm results of arthroscopic treatment of CLAI combined with OLT in different surgical settings. It
was hypothesized that the outcomes of treating both injuries at the same time would not be inferior to those of staged surgery.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: Included were 103 patients with both CLAI and OLT who underwent arthroscopic microfracture surgery and an open,
modified Broström-Gould procedure for ligament repair from January 2015 to December 2016. The patients were assigned ran-
domly to a staged group (51 patients) and a single-stage group (52 patients). The staged group underwent arthroscopic
debridement of the OLT and microfracture, then rehabilitation for 4 to 6 months before undergoing modified Broström-Gould
ligament repair. The single-stage group underwent both procedures simultaneously. Clinical evaluations were performed on the
day before surgery and at 12-month, 24-month, and final follow-up periods using the Karlsson-Peterson score, American
Orthopaedic Foot & Ankle Society (AOFAS) score, and pain visual analog scale. The Karlsson-Peterson score at 24 months
postoperatively was considered the primary outcome. The predefined noninferiority margin for the primary outcome was �5
points.

Results: At the final follow-up, 50 patients in the single-stage group and 48 patients in the staged group completed the study.
The median lesion size was 0.72 cm2 (interquartile range [IQR], 0.5-1.12 cm2) in the single-stage group and 0.84 cm2 (IQR, 0.7-
1.05 cm2) in the staged group. At 12-month follow-up, the single-stage group had a significantly higher median Karlsson-Peterson
score (79 [IQR, 70-85] vs 75 [IQR 65-80] for staged; P ¼ .024) and median AOFAS score (85 [IQR, 76-89] vs 79.5 [IQR, 70-87] for
staged; P ¼ .045). At 24-month follow-up, the median difference in the Karlsson-Peterson score for single-stage versus staged
surgery was 2 points (95% CI, �2 to 5 points), and the confidence interval was greater than the predefined value.

Conclusion: At midterm follow-up, there was no clinical difference between single-stage versus staged surgery to treat CLAI with
OLT. Single-stage surgery achieved better clinical outcomes than staged surgery at short-term follow-up.
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Ankle sprain is among the most common sports injuries.8 In
the United States, approximately 3 million people seek
medical advice for ankle sprains every year.33 Lateral ankle

sprains are the most common type. A prospective cohort
study has demonstrated that the incidence of chronic lat-
eral ankle instability (CLAI) was 40% within 1 year after
the initiating lateral ankle sprain.7 Most patients fully
recover from acute lateral ankle sprains after nonoperative
treatment. However, approximately 20% of patients may
develop CLAI because of mechanical or functional
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instability.17 Patients with CLAI lose confidence in their
ankle’s ability to support them. They fear walking on
uneven ground and feel discomfort in the ankle joint at the
beginning and end of walking. More seriously, CLAI may be
accompanied by, or secondary to, related intra-articular
lesions, particularly osteochondral lesions of the talus
(OLT).3 The incidence of OLT in patients with acute and
chronic ankle instability ranges from 16% to 63%.5,14,25,31

There is evidence that OLT rarely heals spontaneously.24

The modified Broström procedure has been used widely
in the repair of the anterior talofibular ligament (ATFL),
and the bone marrow stimulation methods such as the
microfracture technique for minor OLT have achieved
encouraging results after midterm follow-up.29 However,
there is still some controversy about the timing of surgical
intervention for patients with CLAI and OLT and whether
CLAI and OLT should be managed concurrently.9,16,38 The
advantages of single-stage surgery lie in the relatively
shorter recovery time, which saves the cost of the second
operation and reduces the risk of complications caused by a
second operation. The advantage of staging surgery is that
it allows arthroscopic exploration and further management
of the talus repair after microfracture surgery and, more
importantly, it avoids the adverse effects that may arise
from different rehabilitation programs for CLAI and OLT.
A 3- to 6-week immobilization (2-3 weeks of casting followed
by 3 weeks in a walking boot) was generally needed after
ligament repair.26,27 Early weightbearing and passive and
active motion are recommended after osteochondral
debridement and microfracture.20,28 So far, there have
been few studies about the timing of surgery for CLAI with
OLT.

The purpose of the current study was to investigate
the results of arthroscopic treatment of CLAI combined
with OLT as a single-stage versus staged procedure. We
hypothesized that the midterm clinical outcome of treating
both injuries at the same time would not be inferior to
staged surgery.

METHODS

Patient Recruitment

After obtaining ethics committee approval and patient
consent, we conducted this randomized clinical controlled
study. The Strengthening the Reporting of Observational

Studies in Epidemiology statement was followed for
patient selection. From January 2015 to December 2016,
a total of 122 patients with both CLAI and OLT underwent
arthroscopic microfracture surgery and an open, modified
Broström-Gould procedure for ligament repair by a senior
sports medicine surgeon (M.W.) at our hospital. Of these
patients, 103 constituted the study cohort. The inclusion
criteria were patients with CLAI who met the Interna-
tional Ankle Consortium standards.10 These patients
reported a history of at least 1 significant ankle sprain,
the initial sprain having occurred at least 12 months pre-
viously, and the most recent injury having occurred more
than 3 months before study enrollment. All patients had a
history of the previously injured ankle joint “giving way,”
recurrent sprain, and/or “feelings of instability.”

All patients were between 18 and 60 years old, had
undergone a detailed history inquiry in the outpatient
clinic, and had a positive result from an anterior drawer
test. OLT was confirmed by radiograph, magnetic reso-
nance imaging (MRI), and physical examination and had
clear clinical symptoms that did not respond after 8 to 12
weeks of nonsurgical treatment (including immobilization,
brace, and rehabilitation). In all cases, the lesion size was
less than 150 mm2 (diameter <15 mm).4,5 Findings from
the foot alignment assessment were normal, without pes
cavus deformity or flatfoot. Exclusion criteria were simul-
taneous osteochondral injury of the tibia (4 patients), OLT
depth greater than 8 mm or requiring bone grafting or
tissue-engineered transplantation (3 patients), concurrent
tibiofibular syndesmosis ligament injury or other ligament
injuries (8 patients), and bilateral lesions (4 patients).1

Patients with only osteochondral lesion and complete and
continuous articular cartilage were also excluded as unsuit-
able for microfracture techniques. Figure 1 shows the flow-
chart of patient enrollment in the study.

Included patients were grouped into the single-stage
surgery group and the staged surgery group using a ran-
dom number table. Enrollment and randomization of all
patients were completed on December 15, 2016. In the
single-stage surgery group, patients underwent arthro-
scopic debridement of the OLT and microfracture fol-
lowed by a modified Broström-Gould ligament repair. In
the staged surgery group, patients underwent arthro-
scopic debridement of the OLT and microfracture sur-
gery, followed by functional rehabilitation training for 4
to 6 months, then modified Broström-Gould ligament
repair.
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OLT Evaluation

During arthroscopic surgery, osteochondral lesions were
classified according to the Ferkel and Cheng system,2

which consists of 6 stages ranging from A (smooth, intact,
but soft or ballotable) to F (displaced fragment). The loca-
tion of the lesion was recorded according to the 9-square-
grid method (Figure 2). The widest point of the lesion in
2 planes was measured under direct arthroscopic vision
using a custom-made probe with a scale (1.0 mm) (Smith
& Nephew), and the lesion size was calculated. Measure-
ments were performed independently by the senior sports
medicine surgeon (M.W.) and another surgeon (Y.W.) and
were rechecked if the difference exceeded 0.5 mm until con-
sensus was reached.36

MRI has been reported to have high sensitivity and spec-
ificity when diagnosing osteochondral lesions in the ankle
joint.6,22 All patients underwent MRI of the affected ankle
preoperatively and at final follow up using a 1.5-T super-
conducting MRI scanner (uMR570; United-Imaging). The
scanning sequence included T1- and T2-weighted imaging
with turbo spin-echo fat suppression. No special coils were
used. Lesions were evaluated and classified according to
the Hepple system (stages 1 [articular cartilage injury] to

5 [subchondral cyst]).13 A panel including the senior sports
medicine surgeon and 2 senior radiologists not involved in
this study came to a consensus for the classification of each
patient.

Surgical Techniques

For OLT treatment, the patient was placed in a supine
position, and the affected limb was disinfected routinely
with iodine and alcohol. A 0.5-cm incision was made on the
site medial to the tibialis anterior muscle and the site lat-
eral to the extensor digitorum longus muscle at the ankle.
The articular cavity was punctured for placement of the
arthroscope, and then routine arthroscopy was performed.
The conditions of other intra-articular injuries (soft tissue
impact, osteophyte formation, lateral malleolus avulsion
fracture, or loose body formation) were documented if pre-
sent. A shaver and coblation wand were used to remove the
hyperplastic synovium and grind the hyperplastic osteo-
phyte. Exploration was performed to confirm the presence
of an OLT. A shaver and curette were used to remove dam-
aged cartilage of the talus and the unstable tissue around
it. The actual area of the talus osteochondral removal was

Figure 1. The Strengthening the Reporting of Observational Studies in Epidemiology study diagram showing the patient enrollment
process.
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recorded, and then a microfracture awl was used to produce
holes.

The modified Broström-Gould procedure was used to
anatomically repair the lateral ankle ligaments. A curvilin-
ear incision was made in the site anterior to the lateral
malleolus. The incision was extended from the anterior dis-
tal lateral malleolus to the level of the peroneal tendon. The
joint capsule interval was then recognized at the anterior
border of the fibula, an ankle arthrotomy was performed,
and the underlying ATFL remnant was identified and
exposed. Two 2.3-mm suture anchors were used instead of
transosseous suture. Then, the proximal extensor retinac-
ulum was exposed and moved from the attachment to the
distal fibula to make sure that the repair of ATFL could be
further reinforced. When the ATFL was sutured, the ankle
joint was kept in neutral dorsiflexion and slight eversion for
a tension-free repair. Finally, range of motion (ROM) was
checked once again, and an anterior drawer test and talar
tilt were assessed to ensure sufficient ankle stability.

Postoperative Rehabilitation Program

The affected ankle was immobilized with a protective brace
after surgery. On the first day after surgery (first day after
initial surgery for the staged group), rehabilitation began
with programs of different intensities. The patients in the
staged surgery group received passive exercises of the
ankle joint and muscle strength exercises, while those in
the single-stage group received the same training but with
half the intensity (see Appendix Table A1). All patients
wore a brace for the first 4 weeks, then progressed to partial

weightbearing for 6 weeks, with gradual removal of the
brace at weeks 11 to 12. After that, patients in both groups
began walking, balance, and mobility training. Patients in
the single-stage group generally resumed daily activities 4
to 6 months after surgery. In the staged surgery group, at 4
to 6 months after the initial surgery, the patients under-
went the modified Broström-Gould surgery. After ligament
repair, patients in the staged group underwent the same
rehabilitation protocol as prescribed for the single-stage
group (phases 1-3 in Appendix Table A1).

Clinical Outcomes and Evaluation

We used the Karlsson-Peterson ankle function scale,18 the
American Orthopaedic Foot & Ankle Society (AOFAS) score
(90-100 ¼ excellent; 80-89 ¼ good; 70-79 ¼ fair;
�69 ¼ poor),19 and a 10-point pain visual analog scale
(VAS; 10 ¼most pain) to clinically evaluate patients on the
day before surgery and at 12-month, 24-month, and final
follow-up periods. The scores were assessed by 2 indepen-
dent observers (J.S. and X.Y.). Surgery-related complica-
tions, including infection, surgical failure (eg, ligament
repair failure or unhealed osteochondral lesion), postoper-
ative ankle stiffness, lower limb nerve injury, and deep vein
thrombosis, were assessed by 2 observers (M.W. and W.Q.)
within the first 6 months postoperatively.

The Karlsson-Peterson score at 24 months postopera-
tively was considered the primary outcome measure.
Secondary outcomes were the proportion of patients who
achieved excellent and good AOFAS scores at 24 months
postoperatively and the incidence of complications.

Statistical Methods

The calculation of sample size was based on a noninferiority
design using the Karlsson-Peterson score at minimum
24-month follow-up. With means and standard devia-
tions from a previous study,3 inferiority was preset to
�5 points.21,32,35,39 If the limit of the 95% CI (for differences
in median in Karlsson-Peterson score between the 2 groups)
was greater than �5, then single-stage surgery could be
considered as noninferior compared with the staged sur-
gery. A power analysis was performed to calculate the min-
imum sample size required given a 95% CI limit at the
1-tailed significance level (P< .05). These calculations, per-
formed using PASS software (NCSS), indicated that 50
patients were needed for each group.

Statistical analysis was performed using SPSS Statistics
22.0 (SPSS). The Kolmogorov-Smirnov test was used to
assessed normality. Normally distributed data were
expressed as means and ranges, and nonnormally distrib-
uted data were expressed as medians and interquartile
ranges (IQRs). Chi-square tests were used to compare dif-
ferences in categorical data (male-to-female ratio, Ferkel
and Cheng classification, and Hepple classification), and
independent-samples t tests were used to compare age,
body mass index, and follow-up times. Two-way repeated-
measures analysis of variance (ANOVA) was used to assess
the within-patient effects of intervention and time. The
Mann-Whitney U test was used to evaluate differences in

Figure 2. Nine-square-grid anatomic schematic of the talar
dome used to define osteochondral lesion location.
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the preoperative lesion size, AOFAS score, Karlsson-
Peterson score, and VAS score between the 2 groups. The
median difference between the Karlsson-Peterson and the
AOFAS scores at each preoperative and postoperative
follow-up time point in the 2 groups was assessed using the
Hodges-Lehmann estimation to verify whether the results
were consistent with our hypothesis. P < .05 indicated sta-
tistical significance. The content of the statistical analysis
was reviewed independently by statistical experts.

RESULTS

Patient Evaluation and Follow-up

In our study, 52 patients (34 men and 18 women) were
included in the single-stage surgery group; the mean age
was 40.9 years (range, 21-59 years). At the final follow-up,
this group included 50 patients (33 men and 17 women).
The staged surgery group consisted of 51 patients (32 men
and 19 women) with a mean age of 40.6 years (range, 18-60
years). At the final follow-up, the group included 48
patients (31 men and 17 women). There was no significant
difference in baseline characteristics between the 2 groups
at the time of enrollment or the last follow-up (Table 1).

There were no postoperative surgical complications (eg,
wound nonhealing, infection, superficial peroneal nerve
injury, or deep vein thrombosis) in any study patient.

In the single-stage surgery group, the average follow-up
period was 57.7 months (48-69 months). In the staged sur-
gery group, the average follow-up period was 57.8 months
(48-69 months). By the time of the final follow-up, 2 patients
(both in military service, 1 in each group) still presented
with a suspiciously positive anterior drawer test result in
the affected ankle joint, but this did not affect their daily
activities. All patients underwent successful rehabilitation
after the surgical procedures and resumed their daily work.
Postoperative ankle stiffness was not reported.

Clinical Outcomes

The 2-way repeated-measures ANOVA showed that the dif-
ferent treatment methods (P ¼ .128) and the cross-effect
between the different treatment methods and postoperative

time (P ¼ .331) were not statistically significant influencing
factors. Therefore, we focused on comparing the differences
between the 2 groups at different follow-up time points.

The median Karlsson-Peterson score increased from 35
(IQR, 30-42) before surgery to 85 (IQR, 80-90) at the last
follow-up in the single-stage surgery group, while it
increased from 39 (IQR, 32-42) before surgery to 84.5 (IQR,
75-89.5) in the staged surgery group. At 12 months after
surgery, the score was 79 (IQR, 70-85) in the single-stage
surgery group and 75 (IQR, 65-80) in the staged surgery,
which was significantly different (P ¼ .024). There was no
significant difference between the 2 groups before surgery,
24 months after surgery, or the final follow-up (Figure 3).
The median difference of Hodges-Lehmann estimation
before surgery was 2 (95% CI, �2 to 5), and the median
difference of each follow-up time after surgery was greater
than the preset value (�5 points), which suggested that our
study hypothesis was valid (Figure 4).

The median AOFAS and VAS scores preoperatively and
at each follow-up point are shown in Table 2. At 12-month
follow-up, there was a significant difference between the
2 groups (P ¼ .045), but there was no significant difference
at any other time point. According to the evaluation crite-
ria, the rates of excellent and good AOFAS scores of the
2 groups were 82% (single-stage group) and 85% (staged
group), which were not significantly different. There were
no significant differences between the study groups in VAS
score improvements at any time point.

Arthroscopic Findings

Intraoperative arthroscopic findings according to the Ferkel
and Cheng system are shown in Table 3. The cartilage of
the talar surface was incomplete or discontinuous in all
patients. The OLT location and other intra-articular lesions
are shown in Table 4. In the single-stage group, the median
lesion size was 0.72 cm2 (IQR, 0.5-1.12 cm2). In the staged
surgery group, the median lesion size was 0.84 cm2 (IQR,
0.7-1.05 cm2). The classifications and lesion sizes were not
significantly different between the 2 groups (P ¼ .398, w2 ¼
2.959;P ¼ .186) (Table 4 and Table 1). All intra-articular dis-
eases were managed with appropriate treatments, such as
soft tissue resection, osteophyte grinding, and loose body
removal.

TABLE 1
Baseline Characteristics of Patients Preoperatively and at Final Follow-upa

Preoperative Final Follow-up

Single Stage
(n ¼ 52)

Staged
(n ¼ 51) P

Single Stage
(n ¼ 50)

Staged
(n ¼ 48) P

Sex, male/female 34/18 32/19 .781 33/17 31/17 .884
Age, y 40.9 (21-59) 40.6 (18-60) .878 41.0 (21-59) 40.9 (18-60) .822
BMI, kg m-2 26.4 (20.1-34.4) 26.7 (20.0-34.3) .618 26.4 (20.1-34.4) 26.6 (20.0-34.3) .755
Symptom duration, mo 13 [11.5-36] 12 [10-24] .446 13 [12-36] 12.5 [10-24] .341
Lesion size, cm2 0.72 [0.5 -1.16] 0.84 [0.7 -1.05] .320 0.72 [0.5 -1.12] 0.84 [0.7 -1.05] .186
Follow-up time, mo — — — 57.7 (48-69) 57.8 (48-69) .942

aData are reported as No., mean (range), or median [interquartile range]. BMI, body mass index. Dashes indicate not applicable.
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MRI Findings

The grading of articular lesions according to the Hepple clas-
sification system is shown in Table 5. There was no signifi-
cant difference in the preoperative MRI grading between the
single-stage and staged groups (w2 ¼ 3.828; P ¼ .281). At the
final follow-up, we obtained MRI scans of the patients within
the previous month. Statistical results showed no significant
difference between the 2 groups (w2 ¼ 0.675; P ¼ .879).

DISCUSSION

The most important finding of this study was that the clin-
ical efficacy of arthroscopic treatment of OLT and modified
Broström surgery to stabilize CLAI under open surgery was
not inferior to that of staged surgery at the midterm follow-
up. Both methods are safe and effective for the treatment of
patients with CLAI and OLT. In fact, AOFAS and Karlsson-
Peterson scores were higher in the patients undergoing

Figure 3. Postoperative Karlsson-Peterson scores for the single-stage and staged groups. IQR, interquartile range; Preop, pre-
operative.

Figure 4. Interpretation of the between-group difference in Karlsson-Peterson scores at different follow-up times. The blue lines
represent the 95% CIs of the median difference (blue dots). Given that the confidence intervals for comparisons at 24-month
follow-up are to the right of the noninferiority margin (D, �5 points) and also include zero, single-stage surgery was considered
noninferior to staged surgery at 24-month follow-up. Dashed yellow line indicates noninferiority margin; shaded region indicates
zone of noninferiority.
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single-stage surgery than in those undergoing staged sur-
gery at the short-term (12-month) follow-up time point.

The ATFL and calcaneofibular ligament are the liga-
ments damaged most frequently in CLAI. If conservative
treatment fails, surgery may be required to repair the lig-
ament. Moreover, lateral ankle instability is often associ-
ated with other intra-articular lesions, among which OLT is
considered an important predictor of poor prognosis after
lateral ankle ligament reconstruction.3 Ankle arthroscopy
is usually performed during ligament repair or reconstruc-
tion to manage possible intra-articular injuries.15 To treat
OLT, arthroscopic microfracture as a bone marrow stimu-
lation technique has also achieved good clinical
results.12,24,28

For patients with both CLAI and OLT, controversy
remains regarding the application of single-stage versus
staged surgery. The controversy mainly concerns the 2 dif-
ferent postoperative rehabilitation training programs and
unfavorable factors such as an unclear surgical field caused
by fluid extravasation during the open procedure after
arthroscopic inspection. A retrospective study of 37 patients
with an average follow-up period of 7.3 years confirmed
that arthroscopy for OLT and open surgery for lateral ankle
ligament repair can be performed safely and effectively at
the same time.9 However, no retrospective or prospective
study was available to provide evidence of a difference
between single-stage surgery and staged surgery during a
middle- to long-term follow-up; filling this gap was our goal
in this study.

TABLE 2
AOFAS and VAS Scores at Each Follow-up Timea

Single-Stage
Group

Staged
Group P

AOFAS score
Preoperative 58 [49-69] 59 [51-65.5] .845
12-mo follow-up 85 [76-89] 79.5 [70-87] .045
24-mo follow-up 87 [76.5-90] 85.5 [80-90] .792
Final follow-up 90 [82-100] 90 [84-98.5] .621

AOFAS grade at 24-mo
follow-up, n

Excellent 28 30 .676
Good 13 11 .758
Fair 8 6 .647
Poor 1 1 .977

VAS pain score
Preoperative 6 [5-7] 6 [5-7] .951
12-mo follow-up 2 [1-4] 1.5 [0-3] .199
24-mo follow-up 2 [1-3] 1.5 [1-3] .561
Final follow-up 1 [0-2] 1 [0-2.5] .595

aData are reported as median [IQR] unless otherwise indicated.
Bolded P value indicates statistically significant difference between
groups (P < .05). AOFAS, American Orthopaedic Foot & Ankle
Society; IQR, interquartile range; VAS, visual analog scale.

TABLE 3
Classification of OLT According to Ferkel and Cheng

Classificationa

Gradeb
Single-Stage

Group (n ¼ 50)
Staged

Group (n ¼ 48) Total

A 0 0 0
B 0 0 0
C 7 6 13
D 24 18 42
E 10 17 27
F 9 7 16

aData are reported as number of patients. OLT, osteochondral
lesions of the talus.

bFerkel and Cheng classification grades: A, smooth, intact, but
soft or ballotable; B, rough surface; C, fibrillation/fissuring; D,
flap present or bone exposed; E, loose, undisplaced fragment;
F, displaced fragment.

TABLE 4
Intra-articular Lesions and Location of OLTa

Single-Stage
Group (n ¼ 50)

Staged Group
(n ¼ 48)

Intra-articular lesions
Soft tissue impingement 35 34
Osteophyte formation 15 20
Ossicles at lateral malleolus 1 3
Loose body formation 3 7

Osteochondral lesion area
Zone 4 32 28
Zones 4 and 1 2 6
Zones 4 and 6 1 3
Zones 4 and 7 5 3
Zones 4 and 2 0 1
Zone 6 7 4
Zone 7 2 2
Zone 9 1 0
Zones 3, 6, and 9 0 1

aData are reported as number of patients. OLT, osteochondral
lesions of the talus.

TABLE 5
Articular Lesions According to Hepple Classification

Preoperatively and at Final Follow-up

Preoperative Final Follow-up

Gradea
Single Stage

(n ¼ 52)
Staged

(n ¼ 51)
Single Stage

(n ¼ 50)
Staged

(n ¼ 48)

Normal 0 0 2 1
Stage 1 0 0 27 25
Stage 2 (2a or 2b) 6 2 18 20
Stage 3 3 7 3 2
Stage 4 10 8 0 0
Stage 5 33 34 0 0

aHepple classification grades: 1, articular cartilage injury; 2,
cartilage injury with bony fracture and edema (2a, acute; 2b,
chronic); 3, detached nondisplaced bony fragment with fluid rim
beneath fragment; 4, displaced fragment and uncovered subchon-
dral bone; and 5, subchondral cyst present.
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An important finding of our study was that the median
difference in the Karlsson-Peterson score (the primary out-
come measure) between the single-stage surgery group and
the staged surgery group was less than the prespecified
value at all postoperative follow-up times, which validates
our hypothesis that single-stage surgery for OLT with
arthroscopy and open, modified Broström surgery to stabi-
lize CLAI was not inferior to staged surgery at midterm
follow-up. In this study of 98 patients, the main focus was
OLT and CLAI; therefore, other lesions were considered
confounding factors. A retrospective study including 64
patients found that inferior tibiofibular ligament and talar
cartilage lesions and lateral malleolar avulsion fractures
are risk factors that affect postoperative satisfaction.3 To
avoid these possible biases, we excluded patients with infe-
rior tibiofibular syndesmosis injury during patient enroll-
ment. Moreover, we carefully recorded intra-articular
lesions in the patients and noted no significant difference
between the 2 groups. No significant differences in
Karlsson-Peterson or AOFAS scores were found before sur-
gery, 24 months after surgery, or at the last follow-up
between the single-stage surgery group and the staged sur-
gery group. Furthermore, no significant difference in VAS
scores was identified between the groups at any follow-up
time point. At the final follow-up, the median AOFAS score
in each group was 90, which is similar to the results
reported by Gregush and Ferkel9 and Jiang et al.16

Different researchers have reported different rates of
OLT associated with CLAI from 23.1% (15/65) to 63%
(19/30).3,25 In a word, surgeons are often tasked with proper
management of OLT when performing lateral ankle liga-
ment stabilization surgery. In recent years, some retrospec-
tive studies conducted on CLAI combined with OLT have
obtained encouraging results. In studies treating these
lesions simultaneously, postoperative AOFAS, VAS, Karls-
son-Peterson, or Tegner scores were similar at the short- to
midterm follow-up between patients with CLAI alone and
those with CLAI combined with OLT.3,15,16,21,37 Even
though the latest consensus has indicated that surgical
procedures can be performed on these 2 types of lesions
simultaneously, the level of evidence is only 2C (weak rec-
ommendation, low level of evidence) because no prospective
study with a large sample size has been performed.30 Our
study provides certain evidence to support such a recom-
mendation from a prospective viewpoint. In the midterm
follow-up results, AOFAS, Karlsson-Peterson, and VAS
scores were similar between the single-stage and staged
groups, and, at the final follow-up, the excellent and good
rates of the 2 methods were 82% and 85%, respectively.
Therefore, we believe that single-stage surgery can be a
safe and effective choice for treatment of these 2 lesions.

Another important finding of our study is that, at
12 months after surgery, the AOFAS and Karlsson-
Peterson scores of the patients in the single-stage surgery
group were significantly higher than those in the staged
surgery group, but no significant differences in VAS scores
were identified. According to the rehabilitation training
program that we provided to the patients, the patients in
the single-stage surgery group had completed all postoper-
ative rehabilitation training 6 months after surgery and

had returned to work 12 months after surgery. However,
in the staged surgery group, the time to the second proce-
dure was around six months, and all postoperative rehabil-
itation was completed 12 months after surgery. The
homogeneity of the enrolled patients convinces us that the
main reason for this result was the choice of surgical tim-
ing. The occurrence of OLT has a significant negative
impact on the overall results of surgery.3 However, the tim-
ing of OLT management between the 2 groups of patients in
this study was similar, which indirectly supports the
results of previous studies and suggests that OLT may be
the major source of pain in patients with CLAI and OLT.

The completely different postoperative rehabilitation
plans between the 2 procedures are the main source of con-
troversy. In postoperative rehabilitation for patients with
CLAI, although the latest consensus suggests that ROM
exercises and partial weightbearing (level of evidence:1C)
should be carried out on the first postoperative day,30 many
orthopaedic physicians are accustomed to performing a
long period of immobilization without weightbearing (wear-
ing a cast for 3 weeks and then changing to orthotic walking
boots for 3 weeks).26,27 For patients with OLT undergoing
microfracture surgery, ROM exercises should be performed
in the early stage (usually the first week) to promote fibro-
cartilage healing, and weightbearing should be relatively
delayed.28,30 However, studies also show that early weight-
bearing and delayed weightbearing lead to similar healing
outcomes after OLT repair.20,34

In the current study, the rehabilitation program was
based on consensus recommendations, with some modifica-
tions. Compared with other studies,16,23 our rehabilitation
training program was designed for earlier exercise and
rehabilitation starting from the first day after surgery,
including passive ROM exercises and isometric exercises.
The difference between the 2 groups was the training inten-
sity rather than the specific protocol. Rehabilitation train-
ing is an important factor in postoperative function. Our
goal was to avoid bias caused by different postoperative
rehabilitation programs. At the final follow-up, only
2 patients had a suspiciously positive anterior drawer test
result (both patients were in military service and required
additional field training and high-intensity physical
strengthening). Moreover, no patients had mobility restric-
tions. This result is better than the results of the study by
Jiang et al16 (23.5%; 8/34 patients in their study), in which
patients were permitted to remove splints or orthoses every
day for continuous passive motion with machines in the
second week after surgery, but the number of patients with
OLT who had postoperative ROM limitations was still
higher than those with CLAI alone. Therefore, we suggest
more active rehabilitation training after microfracture sur-
gery with concurrent lateral malleolar ligament stabiliza-
tion surgery. Early reasonable functional rehabilitation
will not affect the ligament stabilization effect.

Limitations

The present study, although carefully designed and thor-
oughly documented, has certain limitations. First, the
lesion size of OLT may affect postoperative results.
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Previous studies have suggested that microfracture sur-
gery is suitable for lesions with an area less than 150
mm2 (or a diameter less than 15 mm),4,5 but the latest stud-
ies and a consensus have modified these parameters such
that the ideal area of these lesions is less than 100 mm2 (or
107.4 mm2) or less than 10 mm (or 10.2 mm) in diame-
ter.11,29 However, since the patients enrolled in this study
underwent surgery between January 2015 and December
2016, we used the guidelines in effect at the time. It should
also be noted that the median lesion size in the 2 groups
included in our study was relatively small. This suggests
that our conclusions may not be applicable for larger
lesions. More research may be needed to address this issue
in the future. Second, we lack weightbearing radiographs
due to equipment and manpower limitations of the medical
imaging department. However, the detailed preoperative
MRI assessment and intraoperative exploration classifica-
tion results of enrolled patients enabled us to assess intra-
articular lesions well and partially compensate for our
limitations. Third, we lack more detailed subgroup analy-
sis, and owing to the limited sample size, distinguishing
medial and lateral lesions would result in a lack of suffi-
cient data for our study. Finally, the Karlsson-Peterson
function score contains many functional evaluations, so
we do not have a separate rating scale for activity level,
which was a deficiency of our study.

CONCLUSION

During midterm follow-up, no clinical difference was found
between single-stage surgery and staged surgery for the
arthroscopic treatment of OLT and open surgical repair of
the lateral ankle ligament. Our results are consistent with
previous results of OLT treatment. Single-stage surgery
can achieve better clinical outcomes than staged surgery
in the short term. For patients with combined CLAI and
OLT with small defect areas, we recommend single-stage
surgery.
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APPENDIX

TABLE A1
Postoperative Rehabilitation Programa

Postoperative
Timeline Single-Stage Group (Microfracture and Ligament Repair) Staged Group (Microfracture)b

Phase 1
(1 day to 4 weeks)

Passive ankle flexion and extension:
1. Towel stretch: Use a towel to assist the ankle stretch, 20

times per day from postoperative day 1, and then
gradually increased to 300 times per day by week 4 (Note:
ankle joint was stretched in neutral position).

2. Stepping on the hard board: The patient’s foot is
completely stepping on a hard board for isometric
exercise of ankle joint muscle strength, about 10 times
per day from postoperative day 1, and then gradually
increased to 300 times per day by week 4.

Passive ankle flexion and extension:
1. Towel stretch: Same exercise as the single-staged group,

stretching about 20 times per day from postoperative day
1, gradually increasing to 600 times per day by week 4.

2. Stepping on the hard board: Same exercise as the single-
staged group, exercising from postoperative day 1, about
20 times per day, gradually increasing to 600 times per
day by week 4.

Phase 2
(5-12 weeks)

1. Active joint ROM exercise: (a) Active dorsiflexion and plantarflexion, eversion and inversion (circular motion, letters A-
Z movement); and (b) foot treading roller exercise. Passive ROM exercise: same as before.

2. Muscle strength exercise: lower limb muscle strength exercise.
3. Gait training: Start walking by the support of the crutches, and partial weightbearing on affected limbs. Weights

started at 10 kg and increased gradually to 75% of body weight at 8 weeks and 100% at 9-10 weeks. Ankle brace was
removed 11-12 weeks.

Phase 3
(13-24 weeks)

1. Muscle strength training: on the basis of phase 2 action training, heel-lifting training and static squatting training were
added.

2. Balance stability training, including balance pad assisted training.
3. Simple exercise training.

aROM, range of motion.
bAfter ligament repair, patients in the staged group repeated phases 1-3 as prescribed for the single-stage group.
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