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Abstract

Background

Rupture of the deltoid ligament (DL) in acute ankle fracture is very common. However, there
is still insufficient evidence on whether to repair the DL in acute ankle fracture. Therefore, a
systematic review and meta-analysis of comparative studies was performed to report the
outcome of DL repair in acute ankle fracture.

Methods

The PubMed, Cochrane Library, EMBASE and Web of Science databases were searched
from the inception dates to October 31, 2020, for comparative studies. The methodological
quality was evaluated based on the risk-of-bias tool of the Cochrane Collaboration for Ran-
domized Controlled Trials (RCTs) or the Risk-of-Bias Assessment Tool for Non-randomized
Studies (RoBANS). The post-operative medial clear space (MCS), final MCS, American
Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot score, visual analogue scale
(VAS) score and incidence of complications were analysed.

Results

A total of 8 comparative studies involving 388 participants who suffered Weber type B or C
ankle fractures were included in this meta-analysis. The results showed that the post-opera-
tive MCS, final MCS, AOFAS score and rate of complications were statistically superior in
the DL repair group. For the VAS score, there was no significant difference between the DL
repair group and the DL non-repair group.

Conclusions

In this meta-analysis of comparative studies, DL repair offered great advantages in terms of
the post-operative MCS, final MCS, AOFAS score and rate of complications compared with
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non-repair. The repair of the DL in patients with acute ankle fractures might be beneficial to
ankle joint stability and assist in improving the quality of ankle reduction. More high-quality
and prospective studies with long follow-up durations are needed to further demonstrate the
superiority of DL repair over non-repair.

Introduction

Rupture of the deltoid ligament (DL) in acute ankle fracture is very common. The reported
incidence of DL tears in patients with ankle fracture is 40% and 58% on arthroscopy and mag-
netic resonance imaging (MRI), respectively [1, 2]. As a stabilizing component for the medial
structure of the ankle joint, the DL consists of superficial and deep layers [3]. The superficial
DL resists external rotation of the talus and eversion of the hindfoot. In contrast, the main
function of the deep DL is to resist posterior and lateral movement of the talus, as well as pre-
vent valgus angulation [4, 5].

Although the diagnosis of DL rupture is still controversial, most authors agree that a medial
clear space (MCS) >5 mm on stress radiography is an indication of DL rupture [6, 7]. Some
early studies showed no necessity for DL repair because of the lack of a difference in clinical
outcomes between non-repair and repair [8, 9]. With further research on the anatomy, physi-
ology and biomechanics of the DL, the contribution of the DL to the medial stability of the
ankle joint has received increasing attention [10]. The DL may heal with conservative treat-
ment, but its biomechanical function may not be restored if the ligament is in a prolonged or
other abnormal state [11]. Because the deep deltoid ligament is difficult to repair, some authors
believe that fixation of the syndesmosis can also stabilize the ankle mortise instead of repair of
the DL [10]. Other authors have also used transarticular external fixation rather than DL repair
to provide a stable ankle mortise [12]. However, syndesmotic screws and external fixation are
not sufficient for direct repair of the ligament. With the widespread use of suture anchors,
some studies have reported that this approach is superior and beneficial for repairing the DL
[13-15]. There is still insufficient evidence on whether to repair the DL in acute ankle fracture.

Therefore, a systematic review and meta-analysis of comparative studies was performed to
report the outcomes of DL repair in acute ankle fracture.

Methods

This meta-analysis was prepared based on the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines [16]. A PRISMA checklist has been provided
in the S1 Checklist.

Search strategy
We searched the PubMed, Cochrane Library, EMBASE and Web of Science databases from

the inception dates to October 31, 2020, using the keywords “ankle”, “malleolus”, “fracture”,
“deltoid”, and “medial collateral ligament”. In addition, we screened the reference lists of the

included studies for additional relevant studies.

Selection criteria

Studies were selected based on the following inclusion criteria: (1) a target population of adults
over 16 years old with acute ankle fractures; (2) clinical trials comparing surgical repair of the
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DL versus fixation of the syndesmosis or non-operative treatment; and (3) trials reporting the
MCS or the American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot score as
one of the primary outcomes. The exclusion criteria were as follows: (1) conference abstracts;
(2) trials without available data; and (3) studies not written in English.

Study selection and data extraction

Two independent researchers (W.-X.G., W.-].L.) screened the study titles and abstracts
according to the inclusion criteria. The full text of the studies potentially meeting the eligibility
criteria were retrieved for a more detailed read to make a final decision regarding inclusion.
The following data were extracted: lead author; publication year; country of origin; study
design; sample size; age; fracture type; repair technique; outcome measures; and follow-up
duration.

Quality assessment

Two independent investigators (W.-X.G., W.-].L.) evaluated the quality of the included stud-
ies. The risk-of-bias tool of the Cochrane Collaboration for Randomized Controlled Trials
(RCTs) was used by two independent reviewers to assess the methodological quality [17]. The
7 items used to evaluate bias in each trial included the randomization sequence generation,
allocation concealment, blinding of participants and personnel, blinding of outcome assess-
ments, incomplete outcome data, selective reporting, and other biases, such as the baseline
characteristics between different groups. The methodological quality of the non-randomized
studies was assessed using the Risk-of-Bias Assessment Tool for Non-randomized Studies
(RoBANS) [18]. The 6 items used to evaluate bias for non-randomized studies included the
selection of participants, confounding variables, intervention measurements, blinding of out-
come assessments, incomplete outcome data, and selective outcome reporting. The level of evi-
dence was assessed according to the Oxford Centre for Evidence-based Medicine Levels of
Evidence.

Data analysis

All meta-analyses were conducted via Review Manager software (RevMan version 5.4,
Cochrane Collaboration). The mean difference (MD) was used as the effect analysis statistic
for continuous variables; the risk ratio (RR) was used as the effect analysis statistic for categori-
cal variables. The 95% confidence interval (CI) was calculated for each statistic. Statistical het-
erogeneity among summary data was evaluated using the I* statistic. If I°<50%, the
heterogeneity was not significantly different, and a fixed-effects model was used for the meta-
analysis. If there was statistical heterogeneity among studies, the source of heterogeneity was
further analysed. After excluding the obvious source of clinical heterogeneity, a random-effects
model was used to pool the data. When obvious clinical heterogeneity existed, the researchers
performed subgroup or sensitivity analyses or only descriptive analyses. Study-specific and
pooled estimates are graphically depicted by forest plots. P <0.05 was considered statistically
significant.

Results

From the searches for published comparative studies, 1134 potentially eligible records were
identified, and 17 studies were reviewed in full text. Of these studies, 8 trials [10, 12, 15, 19-23]
met the inclusion criteria and were retained, while the others were excluded for various rea-
sons (Fig 1).
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Fig 1. Flow diagram of study searching and selection process.

https://doi.org/10.1371/journal.pone.0258785.9001

Study characteristics

The characteristics of the studies analysed are presented in Table 1. Among the included stud-
ies, 2 trials were randomized controlled trials [10, 20], 1 study was a prospective cohort study

[22], and 5 studies were non-randomized comparative studies [12, 15, 19, 21, 23]. Five studies
[15, 19, 20, 22, 23] compared acute ankle fractures with or without DL repair, 2 trials [10, 21]
compared DL repair and syndesmotic fixation in bimalleolar equivalent ankle fractures, and 1
trial [12] compared transarticular external fixation and DL repair. A total of 388 participants
who suffered Weber type B or C ankle fractures were included in this meta-analysis; among

PLOS ONE | https://doi.org/10.1371/journal.pone.0258785 November 12, 2021

4/13


https://doi.org/10.1371/journal.pone.0258785.g001
https://doi.org/10.1371/journal.pone.0258785

PLOS ONE Comparison of deltoid ligament repair and non-repair in acute ankle fracture

Table 1. Baseline characteristics of the included studies.

Included Country |Study design Sample size Mean age Fracture type Outcomes | Mean follow-up

Studies (years) (months)

Choi 2020 Korea | Retrospective Repair: 19 38.4 Weber type B Olele] 13.6
Non-repair: 15

Gu 2017 China | Prospective Repair: 20 39.1 Not Reported @6 13.1
Non-repair: 20

Jones 2015 USA Retrospective Repair: 12 39.0 Weber type B [©]0I6) 50.3
Syndesmotic fixation: 15

Li2019 China Retrospective Repair: 23 394 Weber type B ®®0G 27.2

Transarticular external
fixation: 20

Sun 2018 China | Prospective cohort study | Repair: 28 35.2 Weber type B OO®G® 417
Non-repair: 13
Woo 2017 Korea Retrospective Repair: 41 40.6 Weber typeBand | O@®®® | 17
Non-repair: 37 c
Wu 2018 China Randomized controlled Repair: 24 39.6 Weber typeBand | @ @® 23.1
trial Syndesmotic fixation: 27 C
Zhao 2017 China | Retrospective Repair: 20 39.5 Weber typeBand | Q@@ ®® | 53.7
C

Non-repair: 54

®Post-operative MCS; @Final MCS; @ AOFAS: American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot score; @V AS: The visual analogue scale;
®Complication.

https://doi.org/10.1371/journal.pone.0258785.t001

them, 191 ankles received operative treatment for the DL, 135 ankles received conservative
treatment for the DL, 42 ankles underwent syndesmotic fixation with screws, and 20 ankles
underwent transarticular external fixation. The mean age of the patients ranged from 35.2 to
41.6 years. The mean follow-up period ranged from 13.1 to 53.7 months. The post-operative
MCS was reported in 4 trials [15, 19, 22, 23], and the final MCS was reported in 5 studies [15,
19, 20, 22, 23]. Six studies [10, 12, 15, 21-23] evaluated the AOFAS ankle-hindfoot score, and 5
studies [10, 12, 15, 21, 23] evaluated the visual analogue scale (VAS) score. Complications,
including malreduction and medial side pain, were reported in all included trials.

Risk-of-bias assessments

Randomized controlled trials. Only 2 studies [10, 20] were described as RCTs. The meth-
odological quality of the RCT's according to the Cochrane Collaboration risk-of-bias criteria is
shown in Fig 2. No trials reported the methods for allocation concealment. Blindness was diffi-
cult to achieve for the participants and personnel because of the nature of the operative inter-
ventions. Blindness for outcome assessments was not reported in either trial. The study
protocols were not found, so it was difficult to assess the reporting bias. Level 1b evidence was
observed for the included RCT's based on the Oxford Centre for Evidence-based Medicine
Levels of Evidence.

Non-randomized comparative studies. The bias of the prospective cohort study and
non-randomized comparative study was assessed by the RoOBANS (Fig 3). One study [23]
reported blinding of the observers to the clinical information of the patients. The protocols
were not found in all studies, so it was unclear whether the published report included all
expected outcomes. Level 2b evidence was observed for all included studies based on the
Oxford Centre for Evidence-based Medicine Levels of Evidence.
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Fig 2. The methodological quality for RCTs.
https://doi.org/10.1371/journal.pone.0258785.9002

Meta-analysis results

Post-operative MCS. The post-operative MCS was reported in 4 included studies [15, 19,
22,23]. Meta-analysis with the fixed-effects model (Fig 4) showed that the post-operative MCS

was statistically superior in the DL repair group (MD, —0.24 [95% CI, —0.39, —0.09]), with

moderate heterogeneity (I*: 39%).

Final MCS. The final MCS was reported in 5 included studies [15, 19, 20, 22, 23]. Meta-
analysis with the fixed-effects model (Fig 5) showed that the final MCS was statistically supe-

rior in the DL repair group (MD, —0.54 [95% CI, —0.71, —0.36]), with no heterogeneity (I:

0%).
AOFAS ankle-hindfoot score. The AOFAS ankle-hindfoot score was reported in 6

included studies [10, 12, 15, 21-23]. Jones et al [21] reported that the mean AOFAS score was
12.7 and 14 in the DL repair group and the syndesmotic fixation group, respectively. Accord-
ing to the other clinical outcomes reported in this article, we considered this score to be unrea-

sonable, so we excluded this article from our analysis. Meta-analysis with the fixed-effects

model (Fig 6) showed that the AOFAS ankle-hindfoot score was significantly superior in the
DL repair group (MD, 1.26 [95% CI, 0.08, 2.43]), with no heterogeneity (1% 0%). Liet al [12]
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Fig 3. The methodological quality for non-randomized comparative studies.

https://doi.org/10.1371/journal.pone.0258785.9003

reported the outcomes of patients treated with external fixation. A sensitivity analysis was per-
formed that excluded the studies by Li et al [12], and the results remained unchanged (Fig 7).

Pain score. The VAS score was reported in 5 studies [10, 12, 15, 21, 23]. Meta-analysis
with the fixed-effects model (Fig 8) showed no significant difference between the DL repair
group and the DL non-repair group (MD, —0.14 [95% CI, —0.50, 0.22]), with no heterogeneity
(I: 0%).

Complications. The total complications were reported in all included studies [10, 12, 15,
19-23]. Meta-analysis with the fixed-effects model (Fig 9) showed that the rate of complica-
tions was significantly higher in the DL non-repair group than in the DL repair group (RR,
0.30 [95% CI, 0.16, 0.57]), with no heterogeneity (1% 0%).

Discussion

There is no consensus regarding the optimal treatment of DL rupture, but a biomechanical
study confirmed that DL repair enhances ankle stability in ankle fractures with both

Repair Non-repair Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Fixed. 95% Cli 1V, Fixed, 95% CI
Choi 2020 32 06 19 33 06 15 13.3% -0.10[-0.51, 0.31]
Sun 2018 41 1 28 4 08 13 6.7% 0.10[-0.47,0.67]
Woo 2017 27 05 41 29 04 37 55.0% -0.20[-0.40, 0.00] 0
Zhao 2017 3.3 0.3 20 3.8 1 54 24.9% -0.50[-0.80, -0.20] .
Total (95% CI) 108 119 100.0% -0.24 [-0.39, -0.09] -
Heterogeneity: Chi? = 4.91, df = 3 (P = 0.18); I = 39% 1 0 s 5 0‘5 1

Test for overall effect: Z =3.18 (P = 0.001)

Fig 4. The forest plot of post-operative MCS.
https://doi.org/10.1371/journal.pone.0258785.g004

Favours [experimental] Favours [control]
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Choi 2020
Gu 2017
Sun 2018
Woo 2017
Zhao 2017

Total (95% CI)

Repair Non-repair Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
3.1 08 19 3.6 0.7 15 12.1% -0.50[-1.00, 0.00] =
21 14 20 28 038 20 6.2% -0.70[-1.41,0.01] ¢
3.7 07 28 42 13 13  54% -0.50[-1.25, 0.25]
32 05 41 3.7 0.6 37 50.6% -0.50[-0.75, -0.25] L
3.2 03 20 3.8 12 54 25.7% -0.60[-0.95, -0.25] -
128 139 100.0% -0.54 [-0.71, -0.36] -
e Ohi2 = - = .12 = 09 } } t }
Heterogeneity: Chi? = 0.45, df =4 (P = 0.98); I = 0% 1 05 0 05 1

Test for overall effect: Z =6.01 (P < 0.00001)

Fig 5. The forest plot of final MCS.
https://doi.org/10.1371/journal.pone.0258785.9005

Favours [experimental] Favours [control]

syndesmotic and deltoid disruption [24]. A lack of meta-analyses and high-quality studies
assessing the reduction of ankle fractures and outcomes of DL repair make it difficult to deter-
mine whether the necessity for and efficacy of DL repair surpass those of conservative treat-
ment. In this meta-analysis, we found that DL repair had significantly superior outcomes in
terms of the post-operative MCS, final MCS, AOFAS ankle-hindfoot score and rate of compli-
cations compared to conservative interventions. Sensitivity analyses that excluded trials that
enrolled patients to compare DL repair with syndesmotic fixation or transarticular external
fixation did not alter these results.

An obvious increase in the MCS on positive stress examination is frequently an indication
of DL rupture [25]. Meanwhile, the MCS is associated with deltoid dysfunction, ankle instabil-
ity, and clinical outcomes after ankle fracture [26]. Zhao et al [15] compared the outcomes of
DL repair and non-repair in 74 patients over a mean follow-up of 53.7. The author reported
that DL repair significantly decreases the post-operative MCS. Gu et al [20] reported that DL
reconstruction played a positive role in restoring the MCS. In our meta-analysis, we found sig-
nificantly superior results in terms of both the post-operative MCS and the final MCS in the
DL repair group. Some authors consider that even small deviations from anatomical alignment
can result in a significant reduction in the joint contact area [23]. Therefore, restoration of the
MCS will allow reconstruction of the ankle mortise, stabilize the ankle joint and delay the
onset of arthritis.

The AOFAS ankle-hindfoot score is widely used to assess clinical outcomes in patients with
ankle fractures [27-29]. Woo et al [23] performed a retrospective comparative study to assess
the clinical outcomes and radiologic findings in 78 patients over a mean follow-up of 17
months. There was no significant difference in the AOFAS score between the DL repair group
and the non-repair group. Wu et al [10] performed an RCT to evaluate clinical outcomes in

Repair Non-repair Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cli IV, Fixed. 95% Cl
Li 2019 92.13 3.494 23 91.3 3.658 20 29.8% 0.83[-1.32,2.98] —
Sun 2018 93.9 6.5 28 933 4.3 13 12.2% 0.60[-2.76, 3.96] -
Woo 2017 92.8 3.9 41 916 4.7 37 36.9% 1.20[-0.73,3.13] I
Wu 2018 87.5 6.03 22 849 733 26 9.6% 2.60[-1.18,6.38]
Zhao 2017 88 58 20 85.9 8.7 54 11.6% 2.10[-1.34, 5.54] -
Total (95% Cl) 134 150 100.0% 1.26 [0.08, 2.43] b

Heterogeneity: Chi? = 1.02, df =4 (P = 0.91); I> = 0%

Test for overall effect: Z=2.10 (P = 0.04)

-2 0 2 4
Favours [control]

-4
Favours [experimental]

Fig 6. The forest plot of AOFAS ankle-hindfoot score.
https://doi.org/10.1371/journal.pone.0258785.g006
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Repair Non-repair Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cli IV, Fixed. 95% Cl
Li 2019 92.13 3.494 23 91.3 3.658 20 0.0% 0.83[-1.32,2.98]
Sun 2018 93.9 6.5 28 933 4.3 13 17.3% 0.60[-2.76, 3.96] -
Woo 2017 92.8 3.9 41 916 4.7 37 525% 1.20[-0.73,3.13] T
Wu 2018 87.5 6.03 22 849 733 26 13.7% 2.60[-1.18, 6.38] =
Zhao 2017 88 58 20 85.9 8.7 54 16.5% 2.10[-1.34, 5.54] b
Total (95% Cl) 11 130 100.0% 1.44 [0.04, 2.83] g

Heterogeneity: Chi? = 0.80, df = 3 (P = 0.85); I = 0%

Test for overall effect: Z =2.01 (P = 0.04)

-4 -2 0 2 4
Favours [experimental] Favours [control]

Fig 7. The forest plot of AOFAS ankle-hindfoot score after sensitivity analysis.
https://doi.org/10.1371/journal.pone.0258785.9007

_Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed. 95% Cl

Repair
Jones 2015 0 0
Li 2019 1.8 1.056
Woo 2017 5.8 4.8
Wu 2018 1.64 1.47
Zhao 2017 1.2 0.8

Total (95% Cl)

3
23
41
22
20

109
Heterogeneity: Chi? = 2.33, df =3 (P = 0.51); 7= 0%

Test for overall effect: Z = 0.75 (P = 0.45)

Fig 8. The forest plot of pain score.
https://doi.org/10.1371/journal.pone.0258785.g008

the syndesmotic fixation group and the DL repair group. The AOFAS score showed no signifi-
cant difference between the groups, which is consistent with Woo’s results. However, some
recent case series have suggested better outcomes after DL repair [13, 14]. Our meta-analysis
showed a significant difference in the AOFAS score between the DL repair group and the non-
repair group, and sensitivity analyses did not change these results. Although there was no sig-
nificant difference in the previously included comparative studies, slightly better results could
be seen in the DL repair group than in the non-repair group. In addition, the sample size of
each study was small, which could have prevented the detection of a significant difference.
When the data were combined for meta-analysis, with the increase in sample size, the results
showed significant differences. The pain score showed no significant difference in our meta-
analysis, but the AOFAS ankle-hindfoot score was also use to assess clinical outcomes, such as
joint function and range of motion. Hsu et al [13] reported the outcomes of DL repair in 14
National Football League (NFL) players. These players returned to the game for an average of
1.6 seasons without complaining of complications. Similarly, patients treated with DL repair
may have better functional outcomes in our study, as the AOFAS score was statistically supe-
rior in the DL repair group even though there was no significant difference in the VAS score
between the two groups.

Zhao et al [15] reported a high malreduction rate in the DL non-repair group, especially in
cases of Weber type C fracture. The total complication rate was significantly higher in the DL
non-repair group in our meta-analysis. The malreduction rate accounts for a large proportion
of complications. Hintermann et al [30] believed that if Weber type C ankle fractures cannot
be completely stabilized after internal fixation, the medial ankle ligament should be recon-
structed carefully. Zhao et al [15] found DL repair could be performed in patients without mal-
reduction, even in patients with Weber type C fractures. Similarly, Mococain et al [24]
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reported that deltoid ligament repair can enhance the stability of ankle fractures with both syn-
desmotic and deltoid ruptures in a biomechanical study. Theoretically, non-anatomic deltoid
ligament healing may result in instability, persistent medial gutter pain and loss of function,
with a risk of early osteoarthritis [31]. Woo et al [23] noted that without DL repair, patients
occasionally suffered from persistent medial pain around the DL even after anatomical healing.
Some authors believe DL repair will prolong the operation and increase the incidence of
wound-related complications [32], and our data analysis shows the same results.

A systematic review and analysis by Dabash et al [33] reported that there may be some ben-
efits to performing DL repair in patients with high fibular fractures, perhaps in combination
with syndesmotic fixation. However, the report by Dabash et al [33] included 5 studies and a
descriptive analysis. A meta-analysis by Salameh et al [32] reported improvements in the early
and late MCS and pain scores. This meta-analysis only included 3 studies and 192 patients, the
small sample size and heterogeneity of included studies might not be able to support their con-
clusion. In addition, the functional outcome of AOFAS did not show any difference between
the two groups in this meta-analysis. In our study, DL repair group showed great advantages
in terms of the post-operative MCS, final MCS, AOFAS score and rate of complications. To
our knowledge, our report is the first meta-analysis to show significant differences in clinical
outcomes.

This study still has several limitations. First, due to the exclusion of articles not written in
English, some articles may have been omitted. Second, we did not assess the influence of inter-
ventions with and without DL repair based on the fracture classification. Third, the mean
duration of follow-up varied from 13.1 to 53.7 months. The relatively short duration of follow-
up limited the current study because it is known that long-term follow-up is necessary to deter-
mine the longevity of the repair technique and the complication rate of ankle osteoarthritis.
Fourth, the moderate heterogeneity was observed in post-operative MCS(I*:39%). The source
of heterogeneity might be from follow-up periods, complications criteria, classification of frac-
ture and operation technique. Therefore, the meta-analysis of post-operative MCS with the
random-effects model was performed. We found the results did not change. Last, of the 8 stud-
ies included, only 2 were RCTs, which were of poor quality; for example, unclear allocation
concealment was used. Therefore, RCT's or prospective studies are needed to reinforce the evi-
dence on the best treatment recommendations for patients with acute ankle fractures and DL
rupture.
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Conclusions

In this meta-analysis of comparative studies, DL repair offered great advantages in terms of the
post-operative MCS, final MCS, AOFAS score and rate of complications compared with no
DL repair. The repair of the DL in patients with acute ankle fractures might be beneficial to
ankle joint stability and assist in improving the quality of ankle reduction. More high-quality
and prospective studies with long follow-up durations are needed to further demonstrate the
superiority of DL repair over non-repair.
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