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Background: The majority of patients with an acute lateral ankle ligamentous injury are successfully treated nonoperatively with
functional rehabilitation; however, a small proportion of these patients experience persistent chronic instability and may require
surgical intervention. Delayed primary repair of the ruptured ligaments is most commonly indicated for these patients. Optimal
rehabilitation after lateral ankle ligament repair remains unknown, as surgeons vary in how they balance protection of the surgical
repair site with immobilization against the need for ankle joint mobilization to restore optimal postoperative ankle range of motion.

Purpose: To compare early and delayed mobilization (EM and DM, respectively) postoperative protocols in patients undergoing
primary lateral ankle ligament repair to determine optimal evidence-based rehabilitation recommendations.

Study Design: Systematic review; Level of evidence, 4.

Methods: Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, a meta-
analysis using the PubMed/Ovid MEDLINE database was performed (October 11, 1947 to October 16, 2017), searching for articles
involving lateral ankle ligament repair. Postoperative protocols were reviewed and divided into 2 categories: EM (within 3 weeks of
surgery) and DM (more than 3 weeks post surgery). Return to sport (RTS), outcome scores (American Orthopaedic Foot and Ankle
Society [AOFAS] ankle-hindfoot scale and Karlsson score), radiographic outcomes (talar tilt and anterior drawer), and complica-
tions of both populations were recorded and statistically analyzed.

Results: A total of 28 of 1574 studies met the criteria for the final analysis, comprising 1457 patients undergoing primary lateral
ankle ligament repair. The postoperative AOFAS score was significantly greater in the EM versus DM group (98.8 vs 91.9,
respectively; P< .001), as was the postoperative Karlsson score (92.2 vs 90.0, respectively; P< .001). However, the EM group had
significantly greater postoperative laxity on both the anterior drawer test (6.3 vs 3.9 mm, respectively; P < .001) and talar tilt test
(5.1� vs 4.5�, respectively; P < .001). Also, the DM group had significantly lower rates of overall complications (3.1% vs 11.4%,
respectively; P < .001) and skin wound complications (1.3% vs 3.8%, respectively; P ¼ .005). RTS was not significantly different
between groups (P ¼ .100).

Conclusion: Patients with EM postoperative protocols demonstrated improved functional outcomes; however, the EM group
had increased objective laxity and a higher complication rate. Additional randomized studies are needed to definitively
evaluate early versus delayed rehabilitation protocol timetables to optimize functional outcomes without compromising long-
term stability.
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Lateral ankle ligamentous injuries occur frequently in both
athletes and the general population.32 Approximately 40%
of all athletic injuries involve the ankle, and there is an
incidence of 30,000 cases per day in the United States.9 The

anterior talofibular ligament and calcaneofibular ligament
are the most commonly injured ankle ligaments. Without
appropriate treatment and functional rehabilitation, a lat-
eral ankle ligament injury may progress to chronic lateral
ankle instability (CLAI), which may result in either
mechanical or functional ankle instability.34 The diagnosis
of mechanical ankle instability relies on a physical exami-
nation and imaging such as stress radiography, magnetic
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resonance imaging, and possibly even ultrasound. How-
ever, functional ankle instability is considered more clini-
cally relevant. It may be considered when the patient’s
history supports subjective ankle instability and neither a
physical examination nor imaging reliably identify ankle
instability. This is thought to be caused by proprioceptive
disorders that result in the subjective feeling of the “ankle
giving out.”15

Nonoperative management of acute lateral ankle liga-
mentous injuries successfully alleviates symptoms in the
majority of patients; however, if symptoms persist for
longer than 6 months, surgical treatment to restore ankle
stability may be indicated.35 CLAI may be addressed
surgically with anatomic ligament repair or anatomic
ligament reconstruction.33 Anatomic repair has the
advantage of recovering the kinematics and anatomy of
the ankle while also eliminating donor site morbidity due
to autograft reconstruction.28 The Brostrom technique
provides anatomic surgical repair of the anterior talofib-
ular ligament. Brostrom repair has shown excellent out-
comes and has become the gold standard in treating
CLAI.3

The recovery time after a Brostrom procedure varies, but
full recovery usually takes a minimum of 3 to 6 months.4

After surgical incisions fully heal, some authors recom-
mend that patients transition to a cast for immobilization
for 3 to 6 weeks to protect the operative ligament repair
site.4 Ankle immobilization, while protective of the liga-
ment repair site, restricts ankle range of motion, which
may result in diminished postoperative ankle motion as
well as disuse muscle atrophy. To prevent these undesired
adverse effects, surgeons have sought to examine the clin-
ical outcomes of postoperative rehabilitation protocols that
allow early ankle range of motion in the hopes that such
protocols fulfill the goal of optimal postoperative function
without increasing complications or compromising stability
of the ankle.

Postoperative rehabilitation protocols are essential to
fulfilling patient expectations and achieving maximal func-
tional outcomes. The optimal postoperative rehabilitation
for lateral ankle ligament repair remains unknown. The
aim of this review was to provide insight into early and
delayed mobilization (EM and DM, respectively) postoper-
ative protocols in patients undergoing primary lateral
ankle ligament repair to determine evidence-based rehabil-
itation guidelines. We hypothesized that EM postoperative
rehabilitation protocols would have earlier and better

functional outcomes and earlier return to sport (RTS) ver-
sus DM postoperative rehabilitation protocols without hav-
ing an increase in complications.

METHODS

Search Strategy and Study Selection

This study followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guide-
lines.27 Because this study was a systematic review/meta-
analysis of published studies, institutional review board
approval was not required. A systematic literature
review/meta-analysis was conducted on October 16, 2017
using the PubMed/Ovid MEDLINE database; the dates of
publication were limited from October 11, 1947 through
October 16, 2017. The main keywords lateral ankle repair,
lateral ankle ligament repair, lateral ankle ligament recon-
struction, Brostrom, Brostrom Gould Brostrom-Gould, and
modified Brostrom were used in the electronic search. Two
investigators (A.T., P.G.) performed a separate manual
study selection from this list to exclude repetitions and to
select those specifically related to our focus. In case of any
discrepancies in article selection between the 2 investiga-
tors, a third investigator (M.L.V.) was involved. Only stud-
ies published in the English language were included in this
study. The reference lists of all the studies selected were
screened for additional articles.

Eligibility Criteria

Clinical trials that included all of the following criteria
were considered eligible: published in the English lan-
guage, patients undergoing primary lateral ankle liga-
ment repair, a follow-up at least 1 year, reported
outcomes (American Orthopaedic Foot and Ankle Society
[AOFAS] ankle-hindfoot scale, Karlsson score, RTS, talar
tilt, anterior drawer, overall complications, skin wound
complications, or reoperation rate), and reported postop-
erative rehabilitation protocols. Studies were excluded if
they included patients who underwent any of the follow-
ing: lateral ankle ligament reconstruction with an auto-
graft or allograft, suture tape augmentation (internal
brace fixation), revision ligament repair or reconstruction,
concomitant talar chondral or osteochondral repair or
reconstructive procedures, concomitant peroneal tendon
procedures (peroneal tendon debridement or tendon
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repair), concomitant superior peroneal retinaculum
repair, concomitant treatment of hindfoot or forefoot
abnormalities (calcaneal osteotomy for cavovarus recon-
struction or subtalar arthrodesis), and/or syndesmosis
repair or open reduction and internal fixation of ankle
fractures.

Data Extraction and Quality Appraisal

Postoperative protocols in each article were reviewed and
divided into 2 categories: EM, defined as allowing range of
motion therapy and/or weightbearing within 3 weeks of the
date of surgery, and DM, defined as permitted ankle range
of motion after 3 weeks from the date of surgery. Thus, if
patients were allowed to bear weight with a cast or splint
within 3 weeks, they were considered in the EM group.
There was wide variability in the literature on when a
patient was permitted to bear weight and/or allowed range
of motion of the injured ankle postoperatively. The majority
of postoperative protocols seemed to immobilize for at least
1 week postoperatively because of wound healing. Another
large portion of studies immobilized at least 4 to 6 weeks
postoperatively. Hence, 3 weeks is an appropriate cutoff
because this seemed to be the difference in ranges available
in the literature. RTS, talar tilt, anterior drawer, functional
outcome scores (AOFAS and Karlsson scores), and total
complications of both populations were recorded and statis-
tically analyzed. Skin wound complications were further
subdivided from the overall complication rate. Skin wound
complications were defined as either wound dehiscence,
wound infection, and/or wound drainage. This was then
further statistically analyzed. An assessment of methodo-
logical quality was conducted with the Cochrane Collabo-
ration tool.14 This was performed by 2 reviewers (A.T.,
M.H.). A third reviewer (M.L.V.) was designated in the case
of any disagreement.

Statistical Analysis

Categorical variables were summarized by mobilization
group, 1-3 weeks (EM) and >3 weeks (DM), and included
counts and percentages for participants by sex, complica-
tions (skin wounds and reoperations), and RTS. Compari-
sons by group, EM versus DM, were evaluated with 2-sided,
independent, 2-sample proportion z tests. Results were
reported for P values and 95% confidence intervals (CIs)
for the difference in proportions. Continuous variables were
summarized with weighted means and standard deviations
for age and weeks to RTS. Similarly, weighted means and
standard deviations were used to summarize measure-
ments from preoperatively to postoperatively, along with
their differences for anterior drawer, talar tilt, AOFAS
scores, and Karlsson scores. Comparisons by group were
evaluated using 2-sided, independent-sample t tests. Before
conducting t tests, the equal variance assumption was
assessed with the Levene test for each variable. All statis-
tical analyses were performed with SPSS Statistics
(Version 23.0; IBM Corp).

RESULTS

The initial PubMed/Ovid MEDLINE database search
identified 1574 articles. Of these, 1317 articles were
excluded because they did not meet the inclusion criteria
(Figure 1). Of the remaining 257 studies, 69 were selected
for initial screening. Then, 41 articles were critically reas-
sessed, and 28 articles remained after the secondary
screen. Of the 28 articles identified for study inclusion, 8
studies utilized EM8,10,22,23,28-31 for their postoperative
rehabilitation protocol, and 21 studies utilized DM.|| Only
1 study looked at the comparison between EM and DM
postoperative protocols.22

A total of 28 studies met the inclusion criteria, which con-
sisted of 1469 patients undergoing primary lateral ankle lig-
ament repair with at least a 1-year follow-up (range, 1-15
years) (Table 1). The EM group included 264 patients, while
1205patients were in theDMgroup.One study evaluatedEM
versus DM postoperative protocols, and the 2 patient groups
from the study were categorized in the appropriate group in
the current review.22

Patient Demographics

The mean age in the DM group was 27.1 ± 3.4 versus 25.9 ±
3.7 years in the EM group; the DM group was significantly
older than the EM group (P < .001), and the 95% CI of the
difference was –1.73 to –0.74 (Table 1). While not all studies
included mean age or sex, the DM group had 693 male and
500 female patients, with the EM group including 158 male
and 87 female patients.

Quality Bias Assessment

Results from the quality bias analysis can be found in
Figure 2. From our literature review, only 2 studies pre-
sented level 1 evidence.10,22 Also, only 5 studies randomized
their patient cohorts.6,10,16,22,33 One study randomized
their patient cohorts and examined EM versus DM postop-
erative protocols and demonstrated an overall low risk for
bias.22 The majority of studies included in our analysis
were case series, which may skew our study results because
of the risk of overall bias.

Functional Outcomes

AOFAS scores were reported in 7 studies, totaling 301
patients: 283 patients in the DM group and 18 patients
in the EM group.3-5,18,29,33 Preoperative AOFAS scores
were only recorded in 128 patients in the DM group versus
18 patients in the EM group. The mean difference in
AOFAS scores from preoperatively to postoperatively
for the DM group was 25.1 ± 9.2 compared with 31.2 ±
0.0 for the EM group, indicating that the EM group
had a significantly greater increase in their AOFAS score
from preoperatively to postoperatively compared with
the DM group (P < .001; 95% CI, 4.48-7.69) (Table 2).

||References 1-7, 11, 13, 15-22, 24-26, 33.
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There was a statistically significant lower postoperative
AOFAS score in the DM versus EM group, with 91.9 ±
2.6 versus 98.8 ± 0.0 (P < .001; 95% CI, 6.63-7.25),
respectively.

Karlsson scores were reported in 5 studies, consisting of
177 patients in the DM group versus 24 patients in the EM
group.6,8,16,26,33 Preoperative Karlsson scores were only
recorded in 123 patients in the DM group versus 24
patients in the EM group. Preoperative Karlsson scores
were 57.0 ± 12.7 in the DM group versus 43.5 ± 0.0 in the
EM group (P < .001; 95% CI, –15.73 to –11.19). Both
groups’ values saw an improvement postoperatively, with
90.0 ± 2.0 versus 92.2 ± 0.0 (P < .001; 95% CI, 1.91-2.52) in
the DM and EM groups, respectively. A significant differ-
ence between the DM and EM groups was found in the
improvement from preoperative to postoperative Karlsson
scores, with an increase of 33.8 ± 11.7 versus 48.7 ± 0.0
(P < .001; 95% CI, 12.82-17.01), respectively.

Radiographic Outcomes

Talar tilt was recorded in 12 studies, consisting of 287
patients in the DM group versus 108 patients in the EM
group.{ Only 277 patients had their preoperative talar tilt
values recorded in the DM group and 76 patients in the
EM group. Preoperative talar tilt in the DM and EM
groups was found to be 12.9� ± 3.3� and 11.5� ± 2.7� (P <
.001; 95% CI, –2.12 to –0.66), respectively. Both groups
showed an improvement in this measurement postopera-
tively, with a statistically significant difference observed
between the DM and EM groups: 4.5� ± 1.3� versus 5.1� ±
0.8� (P < .001; 95% CI, 0.45-0.87), respectively. Thus, in
studies that reported both preoperative and postoperative
talar tilt, there was a significant difference in overall
improvement between preoperative and postoperative
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Figure 1. Detailed flowchart of the literature search using PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) criteria.
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talar tilt of 8.5� ± 2.8� versus 6.8� ± 2.6� (P < .001; 95% CI,
–2.43 to –1.09) in the DM and EM groups, respectively.

Anterior drawer was evaluated in 14 studies, accounting
for 527 patients in the DM group and 108 patients in the
EM group.# Preoperative anterior drawer values were
recorded in 336 patients in the DM group and 108 patients
in the EM group. Preoperative anterior drawer was mea-
sured as 9.5 ± 2.4 mm in the DM group and 10.0 ± 2.0 mm in
the EM group (P ¼ .023; 95% CI, 0.07-0.98). A significant
difference was found in overall improvement between pre-
operative and postoperative anterior drawer for the DM
and EM groups, with 5.6 ± 2.3 versus 3.7 ± 2.7 mm (P <

.001; 95% CI, –1.75 to –0.61), respectively. Postoperative
anterior drawer was lower in the DM group compared with
the EM group: 3.9 ± 1.8 versus 6.3 ± 0.8 mm (P < .001; 95%

CI, 2.17-2.60), respectively.

Return to Sport

RTS was reported in 20 studies (6 EM, 15 DM, with 1 study
with both EM and DM22).** RTS was reported in 890
patients in the DM group versus 175 patients in the EM
group. No significant difference was found for RTS between
the 2 study groups, with the DM group returning to sport at

TABLE 1
Studies Included in Analysesa

First Author (Year) Procedure Performed
Level of
Evidence

No. of
Patients

Male/Female
Sex, n

Mean
Age, y

Range of
Follow-up, y

Early mobilization
Evans10 (1984) Brostrom 3 50 39/11 24.7 2-2
Karlsson group II22 (1995) Modified Brostrom-Gould 3 20 22/18b 24 2-NA
Keller23 (1996) Brostrom 1 39 NA 33.8 NA
Saragaglia30 (1997) Modified Brostrom-Gould 4 32 14/18 25 1-NA
Schmidt31 (2005) Brostrom 2 32 32/0 NA 1.5-5.1
Petrera28 (2014) Modified Brostrom-Gould 4 49 23/26 25 2-5
Cho8 (2015) Modified Brostrom-Gould 2 24 17/7 23.1 2-3.4
Russo29 (2016) Brostrom 4 18 11/7 21.5 10-15
Total 264 158/87
Delayed mobilization
Gould11 (1980) Brostrom 4 50 34/16 NA 1-NA
Jaskulka17 (1988) Brostrom 4 268 135/133 25.8 2-5
Karlsson19 (1988) Modified Brostrom-Gould 4 148 93/55 23 2-12
Ahlgren2 (1989) Modified Brostrom-Gould 4 76 50/26 28 1-5.8
Karlsson20 (1989) Modified Brostrom-Gould 4 60 35/25 23 2-5
Hamilton13 (1993) Modified Brostrom-Gould 4 27 14/13 28.1 2.5-11
Lofvenberg24 (1994) Modified Brostrom-Gould 2 27 21/6 30 3.5-6.9
Karlsson group I22 (1995) Modified Brostrom-Gould 1 20 22/18b 24 2-NA
Agoropoulos1 (1997) Brostrom 4 75 60/15 NA 1-15
Karlsson group I21 (1999) Brostrom 4 15 9/6 27 2-2
Karlsson group II21 (1999) Brostrom 4 15 9/6 27 2-2
Messer26 (2000) Modified Brostrom-Gould 4 22 10/12 27.2 1.5-6
Jarvela group A16 (2002) Modified Brostrom-Gould 3 15 NA 27 2.1-4
Jarvela group B16 (2002) Modified Brostrom-Gould 3 17 NA 30 2.3-4
Brodsky3 (2005) Brostrom 4 73 29/44 31 1.2-10
Cho anchor6 (2012) Suture anchor fixation 3 20 11/9 30.7 2-2.8
Cho transosseus6 (2012) Modified Brostrom-Gould 3 20 12/8 33.9 2-2.8
Buerer4 (2013) Modified Brostrom-Gould 4 41 16/25 33.7 1-1.6
Burn5 (2013) Modified Brostrom-Gould 4 41 16/25 33.7 1-1.6
Iwao15 (2014) Modified Brostrom-Gould 2 10 5/5 27 1-1
Cho suture anchor7 (2015) Suture anchor fixation 2 24 18/6 22.5 2-3.1
Cho suture bridge7 (2015) Double-row suture anchor fixation 2 21 17/4 32.1 2-3.2
Jeong stress negative18 (2016) Modified Brostrom-Gould 3 10 5/5 29 2-5.8
Jeong stress positive18 (2016) Modified Brostrom-Gould 3 35 14/21 32 2-5.8
Matsui group A25 (2016) Modified Brostrom-Gould 3 18 8/10 28 1-1
Matsui group B25 (2016) Modified Brostrom-Gould 3 19 12/7 25 1-1
Trichine33 (2018) Modified Brostrom-Gould 3 38 38/0 24.2 2.5-7.2
Total 1205 693/500

aNA, not available.
bNumber of patients for sex is for both early and delayed groups.

#References 6-8, 16, 19-22, 25, 26, 30, 33. **References 1, 4-8, 13, 16, 17, 19-22, 24-26, 28-31, 33.
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11.7 versus 11.2 weeks in the EM group (P ¼ .100; 95% CI,
–1.14 to 0.10).

Complications

Overall complication rates between the study groups were
found to be significantly different, with 3.0% (37/1195)
in the DM group versus 11.4% (30/264) in the EM group
(P < .001; 95% CI, 5.0-11.5) (Tables 3-5). Skin wound

complications were the most common complication found
in both the DM and EM groups. Additionally, when look-
ing at only skin wound complications, the DM group had a
significantly lower rate at 1.2% (14/1195) versus 3.8% in
the EM group (10/264) (P ¼ .005; 95% CI, 0.6-4.5). The
reoperation rate was 0.3% (4/1205) versus 0.0% (0/264)
in the DM and EM groups, respectively. However, because
of the low number of reoperations, it was impossible to
statistically analyze the reoperation rate between these
2 groups.

DISCUSSION

These meta-analysis results demonstrate that lateral ankle
ligament repair provided excellent functional outcomes in
most patients participating in either EM or DM rehabilita-
tion protocols. A statistically lower postoperative AOFAS
score was identified in the DM group compared with the
EM group (91.9 vs 98.8, respectively; P < .001). The post-
operative Karlsson score was also statistically significantly
lower in the DM versus EM group (90.0 vs 92.2, respec-
tively; P < .001). However, it should be noted that there
were significantly more patients in the DM group with
recorded AOFAS and Karlsson scores (271 and 177 patients,
respectively) versus the EM group (18 and 24 patients,
respectively). However, when evaluating postoperative sta-
bility, as determined with radiographically measured ante-
rior drawer and talar tilt, the DM group was found to have
significantly greater stability on both the anterior drawer
and talar tilt tests. This poses the question of whether an
EM protocol would place patients at risk for increased
instability clinically in the long term. Complication rates
for EM were found to be significantly higher; however,
within these findings were complications that could have
been directly contributed to the surgical technique instead
of postoperative rehabilitation. Thus, we further tried to
exclude this bias by looking at only skin wound complica-
tions. Nevertheless, there was still a significantly higher
skin wound complication rate in the EM group (3.8%) com-
pared with the DM group (1.3%). This may be because an
EM postoperative protocol may put more stress on the sur-
gical incision, resulting in an increase in wound complica-
tions. Also, no difference was seen in RTS between the 2
protocols.

In a randomized study performed by Karlsson et al,22 DM
versus EM rehabilitation protocols after lateral ankle liga-
ment repair were analyzed. In that study, DM was defined
as patients who were immobilized with a short leg cast for
6 weeks. EM was defined as patients who were given an
ankle brace after 7 to 10 days in plaster. Their results illus-
trated that patients treated with EM had no negative
effects in terms of lateral ankle stability. Additionally,
patients who rehabilitated with EM regained muscle
strength in plantarflexion more rapidly as well as returned
to sport activities sooner.22 However, the results found in
our meta-analysis suggest that patients treated with EM
postoperative protocols had increased laxity on both post-
operative talar tilt and anterior drawer tests. Thus, this
may put patients at risk for increased postoperative
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Figure 2. Quantitative bias analysis results for this study.
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instability. Moreover, this study did demonstrate that
there was a low reoperation rate and higher postoperative
functional scores in the EM group. Hence, this postopera-
tive instability seen on both talar tilt and anterior drawer
tests may not be clinically relevant. They also reported a
similar trend in postoperative function, with our results
showing that postoperative AOFAS and Karlsson scores
were statistically higher in patients with EM. However,
these findings are limited by the few number of patients
in the EM group who had recorded AOFAS and Karlsson
scores. Unlike the study of Karlsson et al22 that found that
patients treated with an EM postoperative protocol
returned to sport at a median time of 10 versus 13 weeks
for patients treated with a DM postoperative protocol (P <
.05), we found no significant difference in RTS between EM
and DM postoperative protocols (P ¼ .100), with both
groups returning to sport roughly around 12 weeks from
surgery.

Even though this study did find statistically significantly
greater AOFAS and Karlsson functional outcome scores for
the EM protocol, both DM and EM consistently

demonstrated significant improvements in both these func-
tional outcomes, with postoperative AOFAS scores ranging
from 85.0 to 92.2 and Karlsson scores ranging from 88.9 to
98.9. Thus, the question remains as to whether this is clin-
ically significant, which may be difficult to interpret
because of the limited number of patients in each group.
It should also be noted that the current study did not sub-
divide the patient population by occupation, athletic sport,
or level of competition. This could limit the clinical rele-
vance of these findings, especially when trying to manage
the patient’s expectations if he or she is either a profes-
sional or recreational athlete. Also, it should not underes-
timate the potential risk of increased instability that
patients treated with EM rehabilitation may have in the
future from their repair in terms of persistent pain and the
risk of arthritis. Thus, long-term clinical studies are needed
to further evaluate how this increase in instability can
potentially affect outcomes for the patient later on in life.

Several limitations are inherent to our study. One limi-
tation is the heterogeneous distribution of patients ana-
lyzed in the DM versus EM arm (21 studies with DM vs 8

TABLE 2
Functional and Radiographic Outcomesa

Early Mobilization Delayed Mobilization

P Value 95% CI for Differencen Weighted Mean ± SDb n Weighted Mean ± SD

Age, y 232 25.9 ± 3.7 1068 27.1 ± 3.4 <.001 –1.73 to –0.74
Anterior drawer, mm

Difference 108 3.7 ± 2.7 309 5.6 ± 2.3 <.001 –1.75 to –0.61
Preoperative 108 10.0 ± 2.0 336 9.5 ± 2.4 .023 0.07 to 0.98
Postoperative 108 6.3 ± 0.8 527 3.9 ± 1.8 <.001 2.17 to 2.60

Talar tilt, deg
Difference 76 6.4 ± 2.6 277 8.4 ± 2.8 <.001 –2.43 to –1.09
Preoperative 76 11.5 ± 2.7 277 12.9 ± 3.3 <.001 –2.12 to –0.66
Postoperative 108 5.1 ± 0.8 287 4.5 ± 1.3 <.001 0.45 to 0.87

AOFAS score
Difference 18 31.2 ± 0.0 128 24.8 ± 9.2 <.001 4.48 to 7.69
Preoperative 18 67.6 ± 0.0 128 67.1 ± 7.9 .472 –0.87 to 1.88
Postoperative 18 98.8 ± 0.0 283 91.9 ± 2.6 <.001 6.63 to 7.25

Karlsson score
Difference 24 48.7 ± 0.0 123 33 ± 11.7 <.001 12.82 to 17.01
Preoperative 24 43.5 ± 0.0 123 57.0 ± 12.7 <.001 –15.73 to –11.19
Postoperative 24 92.2 ± 0.0 177 90.0 ± 2.0 <.001 1.91 to 2.52

Time to RTS, wk 175 11.2 ± 3.9 890 11.7 ± 3.1 .100 –1.14 to 0.10

aResults are from t test. AOFAS, American Orthopaedic Foot and Ankle Society; RTS, return to sport.
bOnly 1 study had reported AOFAS and Karlsson scores; therefore, the weighted SD is 0.0.

TABLE 3
Complicationsa

Early Mobilization Delayed Mobilization

P Value 95% CI for DifferenceN n (%) N n (%)

Complication 264 20 (7.6) 1195 25 (2.1) <.001 5.0-11.5
Skin wound 264 10 (3.8) 1195 14 (1.2) .005 0.6-4.5
Reoperation 264 0 (0.0) 1205 4 (0.3) — —

aResults are from independent, 2-sample proportion z test.
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studies with EM), which could skew our results. Thus, this
resulted in fewer patients in the EM versus DM group. An
additional limitation is that outcome measures were not
standardized across included studies, which limits the sta-
tistical conclusions that can be derived by our study. It
should also be noted that our meta-analysis had only 2
randomized controlled studies that looked directly at post-
operative mobilization after lateral ankle ligament repair,
thus limiting the level of evidence for our study. Moreover,
the patient demographics for both age and sex distribution
were not equal between the 2 groups, which could be
another confounding factor in our results. Additionally, our
study found no difference in RTS between the DM and EM
groups; however, the type of sport played was not recorded.

Hence, this also could limit this finding derived from our
analysis.

Varying surgical repair techniques further limited the
ability to directly compare the 2 groups. Other possible
modifications of the Brostrom technique include the Gould
modification and use of suture anchors, among other tech-
niques. Additionally, we did not separate open versus
arthroscopic techniques, whereas the meta-analysis by
Guelfi et al12 found that this can influence patients’ out-
comes in primary lateral ankle ligament repair. Our
meta-analysis excluded any study that included patients
with a chondral injury; however, as stated previously, not
every study included diagnostic arthroscopic surgery.
Thus, there is the potential that patients with an undiag-
nosed chondral injury may have been included in the final
analysis, which could be another additional confounding
component to our results. Also, our study excluded patients
who underwent revision surgery. However, our study did

TABLE 4
Complications for Each Study

Author (Year) N Complication
Skin

Wound Reoperation

Early mobilization
Cho8 (2015) 24 2 (8.3) 4 (16.6) 0 (0.0)
Evans10 (1984) 50 9 (18.0) 0 (0.0) 0 (0.0)
Karlsson group II22 (1995) 20 0 (0.0) 0 (0.0) 0 (0.0)
Keller23 (1996) 39 7 (17.9) 2 (5.1) 0 (0.0)
Petrera28 (2014) 49 1 (2.0) 2 (4.1) 0 (0.0)
Russo29 (2016) 18 0 (0.0) 0 (0.0) 0 (0.0)
Saragaglia30 (1997) 32 1 (3.1) 1 (3.1) 0 (0.0)
Schmidt31 (2005) 32 0 (0.0) 1 (3.1) 0 (0.0)
Total 264 20 (7.6) 10 (3.8) 0 (0.0)
Delayed mobilization
Agoropoulos1 (1997) 75 0 (0.0) 0 (0.0) 0 (0.0)
Ahlgren2 (1989) 76 0 (0.0) 0 (0.0) 0 (0.0)
Brodsky3 (2005) 73 3 (4.9) 0 (0.0) 0 (0.0)
Buerer4 (2013) 41 0 (0.0) 0 (0.0) 0 (0.0)
Burn5 (2013) 41 0 (0.0) 0 (0.0) 0 (0.0)
Cho anchor6 (2012) 20 2 (10.0) 0 (0.0) 0 (0.0)
Cho transosseus6 (2012) 20 3 (15.0) 2 (10.0) 0 (0.0)
Cho suture anchor7 (2015) 24 0 (0.0) 3 (12.5) 0 (0.0)
Cho suture bridge7 (2015) 21 0 (0.0) 1 (4.8) 0 (0.0)
Gould11 (1980) 50 1 (2.0) 0 (0.0) 0 (0.0)
Hamilton13 (1993) 27 0 (0.0) 0 (0.0) 0 (0.0)
Iwao15 (2014) 10 0 (0.0) 0 (0.0) 0 (0.0)
Jarvela group A16 (2002) 15 0 (0.0) 0 (0.0) 0 (0.0)
Jarvela group B16 (2002) 17 0 (0.0) 0 (0.0) 0 (0.0)
Jaskulka17 (1988) 268 0 (0.0) 2 (0.7) 2 (0.7)
Jeong stress negative18

(2016)
10 0 (0.0) 0 (0.0) 0 (0.0)

Jeong stress positive18

(2016)
35 0 (0.0) 0 (0.0) 0 (0.0)

Karlsson group I22 (1995) 20 2 (10.0) 2 (10.0) 0 (0.0)
Karlsson group I21 (1999) 15 0 (0.0) 0 (0.0) 0 (0.0)
Karlsson group II21

(1999)
15 1 (6.7) 1 (6.7) 0 (0.0)

Karlsson19 (1988) 148 6 (4.1) 0 (0.0) 0 (0.0)
Karlsson20 (1989) 60 3 (5.0) 0 (0.0) 2 (3.3)
Lofvenberg24 (1994) 27 0 (0.0) 0 (0.0) 0 (0.0)
Matsui group A25 (2016) 18 2 (11.1) 0 (0.0) 0 (0.0)
Matsui group B25 (2016) 19 1 (5.3) 3 (15.8) 0 (0.0)
Messer26 (2000) 22 1 (4.5) 1 (4.5) 0 (0.0)
Trichine33 (2018) 38 0 (0.0) 0 (0.0) 0 (0.0)
Total 1205 25 (2.1) 15 (1.3) 4 (0.4)

aData are shown as n (%).

TABLE 5
Specific Complications for Each Study

Author (Year) n Type of Complications

Early mobilization
Cho8 (2015) 6 Skin wound complication (n ¼ 4), anchor

breakage (n ¼ 2)
Evans10 (1984) 9 Sensory deficit (n ¼ 6), tenderness (n ¼ 2),

Sudeck atrophy (n ¼ 1)
Keller23 (1996) 9 Skin wound complication (n ¼ 2); edema

lasting longer than 6 months (n ¼ 6);
continued pain, instability, and
stiffness (n ¼ 1)

Petrera28 (2014) 3 Skin wound complication (n ¼ 2),
superficial peroneal nerve numbness
(n ¼ 1)

Saragaglia30

(1997)
2 Skin wound complication (n ¼ 1),

sympathetic dystrophy (n ¼ 1)
Schmidt31 (2005) 1 Skin wound complication (n ¼ 1)
Total 30
Delayed

mobilization
Brodsky3 (2005) 3 Superficial cast ulcer in fifth metatarsal

(n¼ 1), reflex sympathetic dystrophy
(n¼ 1), tibial sesamoiditis (n¼ 1)

Cho6 (2012) 7 Skin wound complication (n¼ 2), drill hole
fracture (n¼ 3), anchor breakage (n¼ 1),
superficial peroneal nerve damage (n¼ 1)

Cho7 (2015) 4 Skin wound complication (n ¼ 3)
Gould11 (1980) 1 Neuronal compression (n ¼ 1)
Jaskulka17 (1988) 2 Skin wound complication (n ¼ 2)
Karlsson19 (1988) 6 Minor surgical complication (n ¼ 6)
Karlsson20 (1989) 3 Neuroma in scar (n ¼ 3)
Karlsson22 (1995) 4 Superficial wound infection (n ¼ 2)
Karlsson21 (1999) 2 Skin wound complication (n ¼ 1)
Matsui25 (2016) 6 Skin wound complication (n ¼ 3),

temporary superficial peroneal nerve
numbness (n ¼ 3)

Messer26 (2000) 2 Skin wound complication (n ¼ 1),
superficial peroneal nerve deficit
(n ¼ 1)

Total 36
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not differentiate patients who underwent repair for an
acute versus chronic injury, thus resulting in another
potential confounding component to our results. Further-
more, as previously stated, our results demonstrated an
increase in postoperative instability in the EM group in
terms of the anterior drawer and talar tilt tests. However,
long-term studies are needed to see if this correlates to late
degenerative changes. Finally, even though we made a
generalization in the classification between EM and DM
groups, there was variability in the postoperative proto-
cols within each category with no standardization. Thus,
this study makes the assumption that protocols were sim-
ilar in each group. Further studies are needed to elucidate
the differences between rehabilitation protocols in
patients who undergo lateral ankle ligament repair with
standardized outcomes to draw a more accurate conclu-
sion. Additionally, future studies need to compare primary
surgical repair techniques with additional surgical techni-
ques, such as suture tape augmentation, anatomic allo-
graft reconstruction, and arthroscopic techniques.

CONCLUSION

Patients with EM postoperative protocols demonstrated
improved functional outcomes; however, the EM group had
increased objective laxity and a higher complication rate.
Future randomized studies are needed to definitively eval-
uate early versus delayed rehabilitation protocol timetables
to optimize functional outcomes without compromising
long-term stability.
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