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Abstract

(MBG) for proven chronic lateral ankle instability (CLAI).

ences (MD) were used in meta-analyses.

comes than MBG in some aspects of CLAI treatment.

Background: This study performed a randomized trial data meta-analysis to assess The Modified Brostrom-Gould

Methods: All published randomized clinical trials comparing MBG and other operations were found by searching the
Cochrane Library, EMBASE, and PubMed databases. The Review Manager 5.4 software was used to compare the two
groups regarding postoperative functional score, ankle stability, and complications. Risk Ratio (RR) and Mean Differ-

Results: 8 experiments are suitable for it, 426 patients were enrolled, and 222 patients underwent other operations
surgery. Among the six outcome indicators, in terms of FAQS scores, the other operations group has an advantage,
6.53 points higher than MBG; others show no significant differences.

Conclusions: Based on this meta-analysis, the authors believe that other surgical groups can achieve better out-

Keywords: Chronic lateral ankle instability, MBG, CLAI, Meta-analysis

Introduction

Ankle sprains are one of the most prevalent sports inju-
ries, accounting for 15% to 20% of all injuries [1]. While
most patients can return to their everyday lives after non-
surgical therapy, some persons suffer CLAI Patients with
sprained ankles often undergo extensive rehabilitation
training before being diagnosed. However, more than half
of the patients will eventually develop CLAI leading to
talar cartilage injury and early ankle osteoarthritis [2].
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The repair of ligaments in postoperative patients
depends on the tissues that have been injured; Such
conditions require surgical treatment to improve clini-
cal symptoms, improve the ability of daily living, and
improve prognosis. MBG is a surgical method for treat-
ing CLAI and has long been the first-line choice. How-
ever, in recent years, for the treatment of this type of
patient, some new surgical methods have emerged,
such as LARS, Suture-tape augmentation, Arthroscopic
suture-tape internal bracing, the Chrisman-Snook proce-
dure, etc. [3—7]. Many scholars have compared these sur-
gical methods with MBG and conducted RCTs for many
years. For example, in 2015 and 2019, Porter M compared
the two surgical methods of LARS and MBG through
randomized controlled trials. Through up to 2 years and
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5 years of follow-up, he found that LARS performed bet-
ter in FAOS and Tenger activity scores [4, 7]; Kulwin in
the 2021 article, showed that through a two-year rand-
omized controlled trial, it was found that the suture tape
can reach preinjury level of activity (RTPAL) faster and
have a lower chance of complications compared with
MBG. In this article, we grouped them into other surgi-
cal groups to explore how these surgical modalities dif-
fered from the MBG group. The specific surgical steps
are shown in Table 1. Many scholars have compared
these surgical methods with MBG and conducted RCTs
for many years. The trial period included in the previous
meta-analysis was relatively long. There is still a lack of
evidence to support whether MBG can be the first choice
for the treatment of CLAI. New randomized controlled
trial evidence has emerged recently, so a new meta-anal-
ysis is needed. Analyze Other operations in-depth to give
evidence-based support for medical decisions.

This study aims to demonstrate that other operations
can achieve better outcomes than MBG in treating cer-
tain CLAIs, not only insisting on the idea that MBG is
the gold standard for treating CLAI To our knowledge,
this is the first meta-analysis to incorporate recent rand-
omized controlled trials evaluating both MBG and many
procedures.

Material and method

Study selection and search strategy

This meta-analysis was implemented by the PRISMA
guidelines (the preferred reporting item for sys-
tematic reviews and meta-analysis) [8]. the ID is
CRD42021248704. As of March 1, 2021, we searched
various electronic databases, including the Cochrane
Library, PubMed, and Embase. Each database was
independently searched by two reviewers (Qifan Yang
and Jing Liu) using the following research methodol-
ogy: ((((((AnklelMESH]) OR (Ankle[Title/Abstract]))
OR (Lateral Ligament, Ankle[MESH])) OR (Lateral
Ligament, Ankle[Title/Abstract])) OR (ankle*[Title/
Abstract] AND (injur*[Title/Abstract] OR joint*[Title/
Abstract] OR ligament*[Title/ Abstract] OR sprain*[Title/
Abstract] OR strain*[Title/Abstract] OR inversion*[Title/
Abstract] OR rupture*|[Title/Abstract] OR tear*[Title/
Abstract] OR torn)[Title/Abstract])) AND ((Ligaments,
ArticularfMESH]) OR (Ligaments, Articular[Title/
Abstract]))) AND  (((((instability[Title/Abstract] OR
unstable[Title/Abstract] OR lax*[Title/Abstract] OR
recurrent[Title/Abstract] OR chronic*[Title/Abstract])
OR (Joint Instability[MESH])) OR (Joint Instability[Title/
Abstract])) OR (Chronic Disease[MESH])) OR (Chronic
Disease[Title/ Abstract])) AND (randomized controlled
trial[Filter]). The senior author will resolve any disagree-
ments (Dong Zhu). We looked at the title and abstract
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of each article we found and then read the complete text
of the studies that fulfilled the criteria. Also, I looked
through the reference list of the included literature to
see whether there was any research that met the criteria.
There are no limitations on the location of study, the type
of research, or the status of publications.

Eligibility criteria

All prospective randomized controlled trials evaluating
the clinical outcomes of other operations vs. MBG in the
treatment of CLAI are included. (1) Randomized, double-
blind, placebo-controlled trials; (2) Studies with at least
one of the following clinical outcomes: Ankle Outcome
Score (FAOS), Ankle Joint Stability, Complications;(3)
Research in full text is available for reading. Studies with
patients who have had any prior ankle surgery, stud-
ies without full text, and studies with more than 20% of
patients lost to follow-up are excluded.

Study quality assessment

Two reviewers (Qifan Yang and Jing Liu) indepen-
dently evaluated the quality of identified RCTs using the
Cochrane Library’s risk of bias [9], which included seven
items: random number generation, concealment of allo-
cation schemes, blinding of experimenters and partici-
pants, non-conforming result data, selective reporting,
and other deviations. The studies were all categorized as
low, unclear, or high risk. The senior author will decide
on any differences between the two reviewers.

Data extraction

Two reviewers (Qifan Yang and Jing Liu) independently
collected all relevant data from the study in a predeter-
mined way. Data in other formats (such as mean and
range) should be translated to mean=+SD using the
Cochrane Handbook Standard Deviation guidelines [10].
The article data includes the first author’s name, the year
of publication, the study title, the sample size, and the
follow-up date. The most prevalent demographic data
points are average age, gender, and diagnosis. Clinical
prognostic indicators include Foot and Ankle Prognosis
Score (FAOS), ankle joint stability and complications.
The senior author decides whether there is a disagree-
ment between the two reviewers.

Statistical analysis

Review Manager (Revman, Version 5.4, The Cochrane
Collaboration) was used to analyze the data. For con-
tinuous data, mean difference (MD) and 95% CI inter-
vals (95% CI) were calculated, whereas, for dichotomous
data, odds ratios (ORs) and 95% CI were used. I? tests
were employed to determine heterogeneity, with I? >50%
and P<0.10 indicating considerable heterogeneity. When
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significant heterogeneity was identified, a random-effect
model was used; otherwise, a fixed-effect model was
used. Statistical significance was defined as a P value of
less than 0.05.

Results

Litterateurs review

After an initial search of relevant databases, 130 papers
meeting the essential screening criteria were found, as
shown in Fig. 1. The inclusion and exclusion criteria were
applied to 22 research, and duplicate papers were deleted.
Then 22 full texts were assessed for eligibility, and 8 RCTs
[4, 5, 7, 10—14] with several 426 patients were included in
this meta-analysis.

Studies characterization

Table 2 illustrates the general information about the stud-
ies that were included. All of the randomized controlled
trials were published between 1994 and 2021, with a
one minimum follow-up time. A total of 426 patients
with CLAI were included in the study, with 222 receiv-
ing other operations treatment and 204 receiving MBG
treatment. The average age of the two groups was not
significantly different (P>0.05). Figure 2 summarizes the
findings of the quality assessment.

Meta-analysis of outcome
FAOS - Pain, symptoms, activities of daily living (ADLs), sport,
quality of life (QOL), and total scores

Pain  The FAOS pain score with SD was studied in
four trials [4, 10, 14, 17], totaling 204 participants. The
results showed that there was no considerable disparity
(P=0.43, I*=0%). Hence the data was analyzed using the
random-effects model. There was a significant difference
in pain ratings between the other operations and MBG
groups (MD=-4.00, 95% CI: -6.08— -1.91, P=0.0002)
in the summary data. The other operations group had a
better clinical score influence; Then, according to follow-
up time, the other operations group had a better clinical
scoring effect. The data was broken down into subgroups
and analyzed. First, 149 individuals in three studies [4,
14, 17]reported the FAOS pain score after being moni-
tored for a year. Since there was no significant hetero-
geneity (P=0.16, 1*=46), the findings were analyzed
using the random-effects model. The pain scores of the
Other operations and MBG groups were significantly
different (MD =-6.24, 95% CI: -9.32- -3.16, P<0.0001);
When the follow-up time was two years, three items were
significantly different. The study [10, 14, 17] included
143 patients who had FAOS with SD pain scores. The
findings show no significant heterogeneity (P=0.31,
[’=13%), and the data analysis is conducted using a
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random-effects model. The Other operations group out-
performed the MBG group (MD =-4.46, 95% CI: -6.90-
-2.02, P=0.0003) (Fig. 3a). The authors believe that the
difference in FAOS scores is due to the use of tendons or
suture tape to mimic the torn ligament’s original physi-
ological role and enhance ankle stability with more mus-
cular tissue or material, thereby causing the difference in
FAOS results.

Symptoms The symptom elements of the FAOS score
were reported as MD £ SD in four studies (204 individu-
als) [4, 10, 14, 17]. Figure 3b depicts the results. Hetero-
geneity is statistically significant (P<0.00001, I*=83%).
The data analysis is completed using the random-effects
model, and there is a distinction between table the two
groups (MD=-7.91, 95%CIL: -15.07- -0.76, P=0.03).
Subgroup analysis based on follow-up time was used to
determine the FAOS symptom score and SD; two stud-
ies [4, 17] with 87 patients reported the FAOS symptom
score and SD at one year. Because there was no significant
heterogeneity (P=1.00, I*=0%), the data were analyzed
using the random-effects model. According to the sum-
mary data, there was a significant difference in symptom
scores between the Other operations and MBG groups
(MD =-9.50, 95%CI: -11.96- -7.03, P<0.00001). After a
two-year follow-up period, 143 patients were involved
in three trials [4, 10, 17]. Because of the substantial het-
erogeneity (P=0.0007, I>=86%), the data were analyzed
using the random-effects model. The Other operations
group had a higher score (MD=-8.20, 95% CI: -14.45-
-1.95, P=0.01) than the MBG group.

ADLs Four articles [4, 10, 14, 17] included 204 patients
and provided the results of the FAOS ADL component
in the form of MD % SD for analysis. Due to the strong
heterogeneity of the results (P=0.003, 1*=66%), the
random-effects model was used in the analysis, and the
results revealed that the difference between the groups
was not statistically significant (MD=-4.29, 95% CI:
-10.29- 1.72, P=0.18). Following that, a subgroup analy-
sis was performed. After a year of follow-up, 88 patients
in two trials [4, 17] revealed no significant heterogene-
ity in the ADLS score of FAOS (P=1.00, I*=0%), and
the data analysis was randomized Effect model. The
ADLS scores of the Other operations and MBG groups
were substantially different (MD=-7.60, 95%CI: -3.89-
-11.71, P<0.00001), according to the summary results.
Three trials [4, 10, 17] involved 143 patients when the
period was two years. Because the data is highly hetero-
geneous (P=0.03, [>=72%), the random-effects model
is used to examine it. According to the summary data,
the difference in ADLS scores between the MBG and
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Potentially relevant RCTS papers identified
n =130

» PubMed n = 37

* Cochrane n = 66

* EMBASE n = 27

l Duplicates excluded n = 32

Titles and abstracts
screened for retrieval
n =298

‘ * Did not fulfill inclusion criteria n = 76

l

Potentially appropriate studies to
be included in systematic review
n=22

Studies excluded n = 14
l * Only abstract available n = 8

* Did not fulfill inclusion criterian = 6

RCTs included in systematic review

n=3§8
RCTs excluded from meta-analysis n =0
l » Data could not be extracted n = 0
RCTs included in
meta-analysis
n=3§

Fig. 1 Study selection pipeline diagram for PRISMA (Preferred Reporting Items for Systemic Meta-Analyses)

Other operations groups was not statistically significant ~ Other operations and MBG groups (MD =7.69, 95%CI:

(MD =-4.26, 95%CI: -10.41- 1.90, P=0.18). (Fig. 3¢).

Sport Data from four studies [4, 10, 14, 17] are provided
for the FAOS sports scores. Because of the consider-
able heterogeneity (P<0.00001, ?=91%), we applied a
random-effects model to examine the data and discov-
ered that there was a statistical difference between the

0.26- 14.93, P<0.00001). For various periods, a subgroup
assessment was conducted. A total of 88 patients in two
investigations [4, 17] reported FAOS exercise scores
after a year of follow-up, with no significant heterogene-
ity in the results (P=1.00, I*=0%). The data were ana-
lyzed using a random-effects model, which indicated
a significant variation in Sports ratings between the
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(a)

Cho BK 2012

Cho BK 2017

Hennrikus WL 1994

Karlsson J 1997

KulWen R 2021

Porter M 2014

Porter M 2019

N [~ |~ ]~ ]|=|=~ = |~ |Alocation concealment (selection bias)

. . . . ' . . ' Blinding of participants and personnel (performance bias)
@ OO ~ @ ~|~|@® |setectve reporting (reporting bias)

~ . . . . . . . Incomplete outcome data (attrition bias)
N @O O @ @~ |Otherbias

N @ O @~ |~ | @@ |Binding of outcome assessment (detection bias)

. ‘ ‘ . ‘ . . . Random sequence generation (selection bias)

Tekin KU 2019

(b)

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

L

25% 50%

o
X

75%  100%

B High risk of bias

. Low risk of bias D Unclear risk of bias

risk of bias item for each included study, and b percentages for each risk of bias item across all included studies

Fig. 2 The Cochrane Library for RCTs'Risk of Bias test was used to assess the quality of the RCTs that were included. a Author judgments on each
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Fig. 3 Between MBG and Other operations, a forest plot of different sections of the Foot and Ankle Outcome Score (FAOS) was created. In
the elements of Pain (a), Symptoms (b), Activities of daily living (ADL) (c), Sports (d), Quality of life (QOL) (e), and Total scores (f), the forest plot

Other operations MBG Mean Difference Mean Difference
1.1.11 Year
Porter M 2014 10.7 576 20 183 596 21 11.9% -7.60[-11.19,-4.01]
Porter M 2019 10.7 576 25 183 596 22 13.0% -7.60(-10.96, -4.24] =
Tekin KU 2019 12 957 31 141 1041 30 7.0% -2.10[-7.12,2.92)
Subtotal (95% CI) 76 73 31.9% -6.24[-9.32,-3.16] ———
Heterogeneity: Tau® = 3.42; Chi® = 3.72, df = 2 (P = 0.16); I = 46%
Test for overall effect: Z = 3.97 (P < 0.0001)
1.1.22 Year
Cho BK 2017 101 9.14 27 112 1013 28  6.8% -1.10[-6.20, 4.00)
Porter M 2014 138 596 20 186 6.32 21 111% -4.80 [-8.56, -1.04]) -
Porter M 2019 138 596 25 196 575 22 13.1% -5.80 [-9.15, -2.45) -
Subtotal (95% CI) 72 71 31.0%  -4.46 [6.90, -2.02 -
Heterogeneity: Tau® = 0.65; Chi® = 2.31, df = 2 (P = 0.31); I = 13%
Test for overall effect: Z = 3.59 (P = 0.0003)
1.1.3 Final Follow-up
Cho BK 2017 101 9.14 27 112 1013 28 6.8% -1.10[-6.20, 4.00)
Porter M 2014 138 596 20 186 6.32 21 11.1% -4.80 [-8.56, -1.04]) -
Porter M 2019 128 599 25 184 624 22 123% -5.60 [-9.11, -2.09] -
Tekin KU 2019 12 957 31 141 1041 30  7.0% -2.10[-7.12,2.92) -
Subtotal (95% Cl) 103 101 37.1%  -4.00 [-6.08, -1.91] -
Heterogeneity: Tau? = 0.00; Chi? = 2.7, df = 3 (P = 0.43); I = 0%
Test for overall effect: Z = 3.76 (P = 0.0002)
Total (95% CI) 251 245 100.0%  -4.84[6.29, -3.39] -
Heterogeneity: Tau? = 1.26; Chi = 11.73, df = 9 (P = 0.23); I* = 23% * —‘—“5 ®
Test for overall effect: Z = 6.55 (P < 0.00001)
Test for subarouo differences: Chit = 1.42. df = 2 (P = 0.49), = 0% Other operations  MBG
Other operations MBG Mean Difference Mean Difference
1 1 Year
Porter M 2014 171 557 20 249 1187 21 11.1% -7.80[-13.43,-2.17) -
Porter M 2019 171 557 25 249 1187 22 11.3% 80 [-13.22, -2.38] -
Subtotal (95% CI) 45 43 224% -7.80[-11.71,-3.89] -
Heterogeneity: Tau? = 0.00; Chi* = 0.00, df = 1 (P = 1.00); I = 0%
Test for overall effect: Z = 3.91 (P < 0.0001)
1.3.22 Year
Cho BK 2017 248 981 27 229 11.15 28 11.2% 1.90 -3.65, 7.45) I
Porter M 2014 178 714 20 252 1168 21 107% -7.40(-13.29,-1.51] -
Porter M 2019 178 714 25 252 11.69 22 11.1% -7.40(-13.03,-1.77) -
Subtotal (95% CI) 72 71 329% -4.26[-10.41, 1.90]
Heterogeneity: Tau® = 21.14; 02,df=2(P=0.03), IF=72%
Test for overall effect: Z = 1.36 ( 18)
1.3.3 Final Follow-up
Cho BK 2017 248 981 27 229 11.15 28 11.2% 1.90 [-3.65, 7.45] ]
Porter M 2014 178 7.4 20 262 11.68 21 10.7% -8.40[-14.29,-2.51) -
Porter M 2019 161 6.89 25 268 117 22 11.1% -10.70[-16.29, -5.11)
Tekin KU 2019 23 1168 31 232 874 30 11.7% -0.20[-5.37,4.97)
Subtotal (95% CI) 103 101 447% -4.29[-10.29,1.72] i
Heterogeneity: Tau? = 29.52; .09, df = 3 (P = 0.003); I = 79%
Test for overall effect: .40 (P = 0.16)
Total (95% CI) 220 215 100.0%  -5.04 [-8.25, -1.83] -
Heterogeneity: Tau? = 16.00; Chi’ 3.80, df = 8 (P = 0.002); I = 66%
. -20 -10 10 20
Test for overall effect: .08 (1 002) Other operations  MBG
Test for subaroun differences: Chi? = 1.42. df = 2 (P = 0.49). I = 0%
Other operations MBG Mean Difference Mean Difference
1.5.11 Year
Porter M 2014 328 527 21 207 475 20 135% 12.10[9.03, 15.17) -
Porter M 2019 328 527 22 207 475 25 13.7% 12.10[9.22, 14.98] ot
Subtotal (95% CI) 43 45 27.2% 12.10[10.00, 14.20] <&
Heterogeneity: Tau? = 0.00; Chi* = 0.00, df = 1 (P = 1.00); I* = 0%
Test for overall effect: Z = 11.29 (P < 0.00001)
1.5.22 Year
Cho BK 2017 39 1237 28 418 1274 27 9.8% -2.80[-9.44,3.84) 1T
Porter M 2014 328 527 21 172 581 20 132% 15.60[12.20, 19.00] -
Porter M 2019 331 52 22 172 581 25 134% 15.90[12.75, 19.05]
Subtotal (95% CI) 7 72 36.5% 10.16 [1.56, 18.75] ——
Heterogeneity: Tau? = 52.24; Chi = 26.80, df = 2 (P < 0.00001); I* = 93%
Test for overall effect: Z = 2.32 ({ 02)
1.5.3 Final Follow-up
Cho BK 2017 39 1237 28 418 1274 27 9.8% -2.80[-9.44, 3.84] 1T
Porter M 2014 331 529 21 172 581 20 13.2% 15.90[12.49, 19.31] x
Porter M 2019 242 557 22 116 58 25 13.3% 12.60 [9.35, 15.85) -
Tekin KU 2019 0 1142 0 423 1215 31 Not estimable
Subtotal (95% Cl) 7 103 364%  9.14[0.87,17.41] ——
Heterogeneity: Tau? = 47.99; Chi = 24.19, df = 2 (P < 0.00001); I* = 92%
Test for overall effect: Z = 2.17 (§ 03)
Total (95% Cl) 185 220 100.0%  10.71 [7.17, 14.25] R 4
Heterogeneity: Tau? = 21.66; 52.34, df = 7 (P < 0.00001); I* = 87% 20 By 10 20
Test for overall effect: 94 (P < 0.00001) Other operations  MBG
Testforsuborouo differences: Chi*= 0.62.df =2 (P = 0.73). = 0%
demonstrates that the summary points are slanted towards other operations

b

Other operations. MBG Mean Difference Mean Difference
1.2.11 Year
Porter M 2014, 123 642 25 218 53 22 119% -950(12:85,-6.15) —
Porter M 2019 123 642 20 218 53 20 116% —
Subtotal (95% CI) 45 42 235% -9.50[11.97,-7.03]

Heterogeneity: Tau® = 0.00; Chit = 0.00, df = 1 (P = 1.00); 1= 0%
Test for overall effect: Z = 7.54 (P < 0.00001)

1.2.22 Year

Cho BK 2017 146 1045 27 148 1091 28 96% -0.20 [-5.85, 5.45] -1
Porter M 2014 124 651 20 255 495 21 11.7% -13.10[-16.65, -9.55] -

Porter M 2019 124 651 25 225 495 22 120% -10.10[-13.38, -6.82]

Subtotal (95% CI) 72 71 333%  -8.20[-14.45,-1.95] ———

Heterogeneity: Tau? = 25.87; Chi* = 14.45, df = 2 (P = 0.0007); I = 86%
Test for overall effect: Z = 2.57 (P = 0.01)

1.2.35 Year

Cho BK 2017 146 1045 27 148 1091 28 96%  -0.20(-5.85545) —_—
Porter M 2014 124 651 20 255 495 21 117% -13.10[-16.65,-9.55) —

Porter M 2019 82 656 25 236 495 22 120% -1540(-1870,-1210)

Tekin KU 2019 206 104 31 223 113 30 98%  -1.70(-7.15,3.75) —
Subtotal (95% CI) 103 101 43.4%  -7.91[-15.07,-0.76] ————

Heterogeneity: Tau? = 47.86; Chi*
Test for overall effect: Z = 217 (P

3.29, df = 3 (P < 0.00001); 1= 91%
.03)

Total (95% CI) 220 214 100.0%  -8.56 [-11.79, -5.33] -

Hele;ogenevly: T:u’ = 19.94; Chi* = 48.34, df = 8 (P < 0.00001); I = 83% o By 2

Test for overall effect: Z = 5.19 (P < 0.00001

Test for subarouo differences: éh? =028 a:= 2(P=087.1=0% Other operations MEG
Other operations MBG Mean Difference Mean Difference

1.4.11 Year

Porter M 2014 328 527 21 207 475 20 121% 1210[9.03,15.17)

Porter M 2019 328 527 22 207 475 25 122% 1210[9.22,14.98]

Subtotal (95% CI) 43 45 24.4% 12.10[10.00, 14.20]

Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 1.00); ! = 0%

Test for overal effect: Z = 11.29 (P < 0.00001)

1422 Year

Cho BK 2012 39 1237 28 418 1274 27 91%  -280(-9.44,3.84) —

Porter M 2014 326 527 21 172 581 20 11.9% 1540(12.00,18.80]

Porter M 2019 334 52 22 172 581 25 121% 1590(12.75,19.05]

Subtotal (95% CI) 7 72 33.0%  10.09[1.54,18.65]

Heterogeneity: Tau® = 51.74; Chi* = 26.56, df = 2 (P < 0.00001); = 92%

Test for overall effect: Z = 2.31 (P = 0.02)

1.4.3 Final Follow-up

Cho BK 2017 39 1237 28 418 1274 27 91%  -280(9.44,384) —

Porter M 2014 334 529 21 172 581 20 11.9% 1590(1249,19.31)

Porter M 2019 242 557 22 116 56 25 120%  1260(9.40,15.80]

Tekin KU 2019 45 1142 30 423 1215 31 97%  270(322,862) -1

Subtotal (95% CI) 101 103 427%  7.59[0.26,14.93]

Heterogeneily: Tau® = 49.74; Chi* = 33.05, df = 3 (P < 0.00001); I*= 91%

Test for overall effect: Z = 2.03 (P = 0.04)

Total (95% CI) 215 220 1000%  9.84[631,13.38]

Heterogeneity: Tau® = 24.47; Chi* = 62.42, df = 8 (P < 0.00001); I = 87% B

Test for overall effect: Z = 5.45 (P < 0.00001

Tt o oo e o~ 8 a1 =2 (= 0481 1= 0% her cperations
Other operations MBG Mean Difference Mean D

1611 Year

Porter M 2014 255 342 21 18 345 20 126%  7.50(5.40,9.60)

Porter M 2019 255 342 22 18 345 25 127%  7.50(553,947)

Subtotal (95% CI) 43 45 253%  7.50[6.06,8.94]

Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 1.00); = 0%

Test for overall effect: Z = 10.23 (P < 0.00001)

1622 Year

Cho BK 2017 224 1075 28 231 1031 27 85%  -0.70(:627,487) —

Porter M 2014 274 354 21 158 459 20 122% 11.30(878,1382)

Porter M 2019 274 354 22 158 459 25 124%  11.30(897,1363)

Subtotal (95% Cl) 7 72 331%  8.05[290,13.20]

Heterogeneity: Tau® = 17.39; Chi* = 16.32, df = 2 (P = 0.0003); I = 88%

Test for overal effect: Z = 3.06 (P = 0.002)

1.6.3 Final Follow-up

Cho BK 2017 224 1075 28 231 1031 27 85%  -0.70(:627,487) —

Porter M 2014 274 354 21 158 459 20 122% 11.30(878,1382)

Porter M 2019 268 527 22 129 482 25 118% 13.90[11.00,16.80]

Tekin KU 2019 244 978 30 244 1042 31 91%  000[507,507) -

Subtotal (95% CI) 101 103 416%  6.53[0.08,12.98]

Heterogeneity: Tau® = 38.85; Chi* = 37.06, df = 3 (P < 0.00001); ' = 92%

Test for overall effect: Z = 1.98 (P = 0.05)

Total (95% CI) 215 220 1000%  7.56[491,10.22]

Heterogeneity: Tau? = 13.40; Chi? = 60.74, df = 8 (P < 0.00001); I = 87% _"D—’— 1

Test for overall effect: Z = 5.59 (P < 0.00001

40 5
) n v
Test for subarouo differences: Chi* = 0.13. df = 2 (P = 0.94). ' = 0% Othr operctions MBS

Other operations and MBG groups (MD=12.10, 95%
CI: 10.00-14.20, P<0.00001). The follow-up period was
two years, with three items. There were 143 patients in
the study [4, 10, 17]. It has significant heterogeneity
(P<0.00001, I>=92%), and data analysis is done using the
random-effects model. The Other operations group out-
performed the MBG group in Sports scores (MD =10.09,
95% CI: 1.54- 18.65, P=0.02), according to the summary
data (Fig. 3d). The authors believe that the difference in
FAOS scores is due to the use of tendons or suture tape

to mimic the torn ligament’s original physiological role
and enhance ankle stability with more muscular tissue or
material, thereby causing the difference in FAOS results.

QOL In four various studies, the FAOS QOL score was
recorded. [4-7] Because the variability was significant
(P<0.00001, I*=92%), a random-effects meta-analysis
was used, which can be seen in Fig. 3e. There was a sig-
nificant difference between the two groups (MD=9.14,
95% CI: 0.87-17.41, P=0.03). After a one-year follow-up
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period, two studies [4, 17]with 88 patients reported the
FAOS QOL score with SD. The data were examined
using a random-effect model because there was no sub-
stantial variation (P=1.00, I*=0%). There was a signifi-
cant difference between the Other operations and MBG
groups in terms of Sports score (MD=12.10, 95%CI:
10.00-14.20, P<0.00001). Three investigations [4, 10,
17] involving 143 patients were conducted after two
years of follow-up. Because of the significant heterogene-
ity (P<0.00001, I*=93%), the data were analyzed using
a random-effect model. The difference in QOL score
between the other operations and MBG groups was
considerable (MD=10.16, 95%CI: 1.56- 18.75, P=0.02),
according to the pooled data.

Total scores Four studies were selected for data synthe-
sis in AFOS Total Scores [4, 10, 14, 17]. We pooled the
data using a random-effect model (Fig. 3f) due to signifi-
cant heterogeneity (P<0.00001, I>=87%) and discovered
a significant difference (MD =6.53, 95% CI: 0.08- 12.08,
P=0.05). After one year of follow-up, two studies [4, 17]
involving 88 people revealed total FAOS scores with SD.
The statistical analyses were conducted using a random-
effect model (P=1.00, I>=0%). Three studies [4, 10, 17]
involving 143 patients found that the difference between
MBG and Other operations groups was significant in
terms of Total scores (MD=7.50, 95%CI: 6.06— 8.94,
P<0.00001) during one year follow-up period. The data
were determined using a random-effect model due to
the substantial heterogeneity (P=0.0003, I*=88%). The
variation scores between the MBG and Other operations
groups were notable (MD=8.05, 95%CIL: 2.90- 13.20,
P=0.002) during a two-year follow-up period.

Ankle stability-talar tilt angle and anterior talar translation

Talar tilt angle The Talar tilt angle was reported in five
investigations [5, 6, 13, 18]. There was no significant het-
erogeneity (P=0.82, ’=0%), and the distinction was
not statistically significant (MD=-0.19, 95%CI: -1.25—
0.87, P=0.72). Figure 4a shows that after a three-month
follow-up term, two investigations [10, 12] involving 95
patients reported the talar tilt angle with SD. Because
there was no significant variation (P=0.28, 1*=13%),
the data were collected using a random-effect model.
Three investigations [4, 10, 14] comprising 156 patients
found no significant variations in Talar tilt angle between
MBG and Other operations groups after a year of follow-
up (MD=-0.08, 95% CI: -2.03— 1.88, P=0.94). The data
were analyzed using the random-effect approach, and
there was no considerable disparity (P=0.54, I>=0%).
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According to the combined results, there was no great
disparity in Talar tilt angle between the MBG and Other
operations groups (MD=-0.13, 95%CI: -1.56— 1.29,
P=0.85).

Anterior talar translation Data on anterior talar trans-
lation was gathered from 193 people in four studies [6, 10,
12, 14]. Considering the lack of heterogeneity (P=0.11,
I=50%), a fixed model was used to merge the data, as
seen in Fig. 4b, and no statistical significance was found
(MD =0.26, 95%CI: -0.98— 1.51, P=0.68). After a three
month follow-up period, two studies [10, 12] involving
95 patients reported a Sports score of FAOS with SD.
There was no considerable disparity (P=0.24, I>=29%).
In terms of anterior talar translation, there was no mas-
sive distinction between the MBG and Other operations
groups (MD=0.72, 95% CL: -0.58— 2.02, P=0.28). After
a year of follow-up, three investigations [4, 12, 14] with
156 participants were completed. Because there was no
significant heterogeneity (P=0.44, I?=0%), the data were
analyzed using a random-effect model. There were no
substantial distinction groups (MD =0.65, 95%Cl: -0.39—
1.68, P=0.22), according to the combined data.

Postoperative complications

For the meta-analysis, four complications were chosen:
infection, recurrence, irritation, and nerve injury. Fig-
ure 5 depicts the final result. We found no significant
discrepancies and completed the meta-analysis using the
fixed model to account for all problems. When assessing
each complication, no statistical significance was identi-
fied between the two groups (MD=1.11, 95% CI: 0.43—
2.88, P=0.83).

Discussion

Lateral ankle sprain (LAS) is a common disease for physi-
cally active people. It also has a high incidence in the
general population. Conservative treatment procedures
such as bracing and plaster fixing can heal about 80%
of acute ankle sprains. CLAI continues to affect 20% of
individuals [19]. The expert panel agreed on five critical
factors in terms of injury diagnosis. The following are
some of them: (1) previous lateral ankle sprain; (2) etiol-
ogy of injury; (3) weight-bearing status; (4)clinical evalu-
ation of ligaments, and (5) clinical evaluation of bones
[20]; Delahunt et al. expanded the under-defined inclu-
sion criteria in CLAI to classify people with mechani-
cally and functionally unstable ankles. They clearly
stated that: to be classified as CLAI, residual symptoms
("withdrawal" and a feeling of ankle instability) should be
present at least one year after the initial sprain [21]. The
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(a)

Other operations MBG Mean Difference Mean Difference
Study or Subgroup _Mean SD _Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.8.1 3 Month
Cho BK 2012 111 446 20 -121 4.26 20 8.1% 1.00 [-1.70, 3.70] -
Cho BK 2017 -11.3 48 27 -10.3 4.56 28 9.7% -1.00 [-3.48, 1.48] ™
Subtotal (95% CI) 47 48 17.8%  -0.08[-2.03, 1.88] ~l—

Heterogeneity: Tau? = 0.25; Chi2=1.14, df =1 (P = 0.28); I? = 13%
Test for overall effect: Z = 0.08 (P = 0.94)

1.8.21 Year

Cho BK 2012 103 425 20 -114 425 20 8.6% 1.10[-1.53, 3.73] — =
Cho BK 2017 98 45 28 91 45 228 19.0%  -0.70 [-2.47,1.07] — 1

Tekin KU 2019 96 1259 30 -96 1259 30 15% 0.00 [-6.37, 6.37]

Subtotal (95% CI) 78 278 291%  -0.13[-1.56, 1.29] -

Heterogeneity: Tau? = 0.00; Chiz = 1.24, df =2 (P = 0.54); I? = 0%
Test for overall effect: Z =0.18 (P = 0.85)

1.8.3 Final follow up

Cho BK 2012 -104 4.46 20 -11.3 424 20 8.2% 0.90 [-1.80, 3.60] -

Cho BK 2017 -10.2  4.69 27 -9 45 28 10.1% -1.20 [-3.63, 1.23] - 1

Hennrikus WL 1994 -6 525 10 9 992 20 2.0% 3.00[-2.43, 8.43] i’
Karlsson J 1997 34 214 18 3 214 19 31.2% -0.40 [-1.78, 0.98] — &

Tekin KU 2019 -8.7 11.39 31 93 124 30 1.7% 0.60 [-5.38, 6.58]

Subtotal (95% CI) 106 117 531%  -0.19 [-1.25, 0.87] -

Heterogeneity: Tau? = 0.00; Chi? = 2.77, df = 4 (P = 0.60); I = 0%

Test for overall effect: Z = 0.35 (P = 0.72)

Total (95% Cl) 231 443 100.0%  -0.16 [-0.93, 0.61] ’

Heterogeneity: Tau? = 0.00; Chi2=5.17, df =9 (P = 0.82); I? = 0% '4 ;2 6 é 4
Test for overall effec.ﬂ: Z2=0.40 (P.= 0.69) Other operations MBG
Test for subaroup differences: Chi? = 0.01. df = 2 (P = 0.99). I? = 0%

(b)

Other operations MBG Mean Difference Mean Difference
Study or Subgroup Mean SD__Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
1.7.1 3 Month
Cho BK 2012 -3.3 2.21 20 -45 1.68 20 17.9% 1.20 [-0.02, 2.42] [— =
Cho BK 2017 -8.8 3.64 27 -86 3.81 28 8.5% -0.20 [-2.17, 1.77] SR [P
Subtotal (95% CI) 47 48 26.4% 0.72 [-0.58, 2.02] —~i——

Heterogeneity: Tau? = 0.28; Chi2 = 1.41, df = 1 (P = 0.24); 1> = 29%
Test for overall effect: Z = 1.09 (P = 0.28)

1.7.21 Year

Cho BK 2012 26 23 20 -3.7 166 20 17.4% 1.10 [-0.14, 2.34] ——
Cho BK 2017 -85 3.64 27 -81 383 28 8.4% -0.40 [-2.37, 1.57] - ) E—
Tekin KU 2019 -8.2 10.94 31 81 1143 30 12% -0.10 [-6.72,5.52] *

Subtotal (95% CI) 78 78 27.0% 0.65 [-0.39, 1.68] R

Heterogeneity: Tau? = 0.00; Chi2 = 1.66, df = 2 (P = 0.44); 12 = 0%
Test for overall effect: Z = 1.23 (P = 0.22)

1.7.3 Final -Follow up

Cho BK 2012 25 241 20 4 165 20 16.7% 1.50 [0.22, 2.78] —
Cho BK 2017 -8.4 3.64 27 -83 381 28 85% -0.10 [-2.07, 1.87] . I
Karlsson J 1997 36 18 18 3 164 19 20.2% -0.60 [-1.71, 0.51] —=1

Tekin KU 2019 -8.2 10.94 31 81 1143 30 12% -0.10 [-6.72, 5.52] *

Subtotal (95% CI) 96 97  46.6% 0.26 [-0.98, 1.51] e

Heterogeneity: Tau? = 0.74; Chi2 = 6.04, df = 3 (P = 0.11); I = 50%
Test for overall effect: Z = 0.41 (P = 0.68)

Total (95% Cl) 221 223 100.0% 0.47 [-0.15, 1.09] -
Heterogeneity: Tau? = 0.17; Chi? = 10.00, df = 8 (P = 0.26); I = 20% t t :
-4 -2 0 2 4
Test for overall effect: Z = 1.50 (P = 0.13) Other operations MBG
Test for subaroun differences: Chiz = 0.31. df = 2 (P = 0.86). 27 = 0%
Fig. 4 The pooled results of ankle stability evaluated with stress radiographs: Forest plot of talar tilt angle (a) and anterior talar translation (b)
showing no significant difference between two groups
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Other operations MBG Odds Ratio Odds Ratio
_Study or Subgroup _ Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random,95%Cl

Cho BK 2012 1 20 1 20 8.5% 1.00 [0.06, 17.18]

Cho BK 2017 3 28 3 27 16.6% 0.960.18, 5.23] I R

Hennrikus WL 1994 12 20 2 10 15.7% 6.00 [1.00, 35.91] [ o=

Karlsson J 1997 4 25 0 23 79% 9.84 [0.50, 193.62] e ’

KulWen R 2021 1 56 4 28 119% 0.1110.01, 1.03] ¢ i

Porter M 2014 2 21 1 20 10.4% 2.00[0.17, 23.96] g

Porter M 2019 3 22 4 25 17.4% 0.83[0.16, 4.19] - "

Tekin KU 2019 1 30 3 31 114% 0.32[0.03, 3.28] "

Total (95% Cl) 222 184 100.0% 1.11 [0.43, 2.88] N

Total events 27 18

Heterogeneity: Tau? = 0.68; Chi? = 11.06, df =7 (P = 0.14); = 37% 0.502 0?1 1 150 550

Test for overall effect: Z=0.21 (P = 0.83)

Fig. 5 Complications

Other operations MBG

diagnostic criteria are the difference between the lateral
ankle joint and the opposite side when the talus is tilted
10° or more. The radiographic criteria for chronic lateral
ankle instability surgery were>15° or a side-to-side dif-
ference > 10° Of tibiotalar tilt angle on varus stress radio-
graphs and > 10 mm or a side-to-side difference of >3 mm
of anteriortalar translation on anterior drawer stress radi-
ographs [22]. Due to the high recurrence rate, patients,
their families, and society need to bear a substantial med-
ical burden [23].

With the improvement of living standards, the num-
ber of people with heavy weights has gradually increased.
After sprained ankle joints, higher requirements for its
stability have been put forward. Ligament repair and
reconstruction, are two of CLAIs ligament repair treat-
ments. MBG surgery refers to suturing the upper bundle
of IER to the lower fibular segment based on the origi-
nal operation; it is one of the most often utilized surgi-
cal procedures to treat CLAI Other operations covered
in this article, such as the LARS » AST » the procedure
as reported by Karlsson et al. and the Chrisman-Snook
procedure.

When the residual ligament of the patient is small, the
use of MBG alone cannot provide satisfactory postopera-
tive results, so other surgical methods can be considered
to meet the needs of the patient. Regarding ligament
reconstruction surgery, such as LARS, AST, etc. In the
study of Hong Li et al., there are no substantial differences
in risk of complications between Suture Tape Augmented
repair and BR surgery; according to the researchers, the
Suture Tape Augmented repair procedure seems to be a
safe and fast option [24]. However, in one study, it was
found that the MBG had less anterior talar displacement
and talar tilting than the Chrisman-Snook or the incised
ligament groups at all forces. Many scholars have recently

compared other surgical methods with MBG to explore
the best treatment method, Tekin Kerem Ulku et al. [14]
found that the lateral ankle ligament suture augmenta-
tion is comparable to arthroscopic MBG, with a shorter
operation and operation time. No casts or braces are
required. William L. Henrik et al. [16] concluded that the
MBG treated group had the lowest morbidity among the
patients observed. The frequently mentioned complica-
tions of nerve entrapment and excessive lateral ankle
tightening were less common. According to Stephen H.
Liu et al. [18, 20], for CIAI with extensive ligamentous
laxity, other procedures augmented with suture tape
are a practical option. Some scholars believe that MBG
provides excessive tension on the repaired ligament
compared with other surgeries, resulting in more sig-
nificant mechanical constraints than other techniques.
As a method to improve the clinical outcome of CLAL
In the treatment of CLAI, various techniques have been
matured. The author believes that different treatment
methods can achieve sound therapeutic effects, and there
is no significant difference in postoperative complica-
tions. Therefore, other surgical techniques also can be
used for treatment, not only MBG.

There is currently no consistent scoring method for
evaluating the prognosis of ankle stabilization surgery
[25]. However, most studies used the American Ortho-
pedic Foot and Ankle Association Ankle Posterior Foot
Scale (AOFAS) score, stress radiographs, the Sefton
Grading system, and patient satisfaction scores, these
scoring methods are covered in relevant randomized tri-
als [4, 5, 7, 10—14]. Using the scoring methods described
above, we compared the results of the other operations
groups and the MBG group. The other operations groups
had significant advantages over the MBG group in all
aspects of the FAOS score. The authors believe that the



Yang et al. BMC Musculoskeletal Disorders (2022) 23:981

difference in FAOS scores is due to the use of tendons or
suture tape to mimic the torn ligament’s original physi-
ological role and enhance ankle stability with more mus-
cular tissue or material, thereby causing the difference
in FAOS results. There was no significant difference
between the two groups in the talar tilt angle and Ante-
rior talar translation, both of which restored the average
angle of the ankle joint. According to the results, other
procedures can obtain better prognostic indicators than
MBG and have a more comprehensive application range
and shorter postoperative fixation time. According to the
authors, other surgeries could be a good option for treat-
ing CLAL

For postoperative ankle stability evaluation, radio-
graphs were used to measure the talar tilt angle under
a 150 N varus stress and the anterior talar translation
under the anterior drawer stress. The Talar Tilt Angle is
the angle created by the distal tibia’s articular surfaces
and the talus’s articular surface while under varus stress,
the method has been proven to be an accurate and prac-
tical method [26]. The mean talar tilt angle and anterior
talar translation of patients in the two groups were over
10° and 10 mm before surgery, indicating lateral ligament
damage in the ankle joint. In both groups of patients, the
talar tilt angle and anterior talar translation dropped to
the normal range after surgery, suggesting that CLAI can
be stabilized. Since Other operations apply to an exten-
sive range of people and have a shorter postoperative
fixed period, they can obtain better prognostic indicators
than MBG. The author believes that other operations can
be a good choice for treating CLAIL

After pooling all the results, the other surgery group
had an advantage in the FAOS score; there are no differ-
ences between the two groups in evaluating ankle sta-
bility and complications. Hence, the authors considered
that the other operation group was better than the MBG
group. In treating CLAI, other suitable surgical methods
can be adopted, and MBG is not stubbornly used as the
only choice.

Study strengths and limitations

For postoperative ankle stability evaluation, radiographs
were used to measure the talar tilt angle under a 150 N
varus stress and the anterior talar translation under the
anterior drawer stress. The Talar Tilt Angle is the angle
created by the distal tibia’s articular surface and the
talus’ articular surface under varus load. Before surgery,
patients in both groups had a mean talar tilt angle of over
10° and anterior talar translation of over 10 mm, indicat-
ing lateral ligament injury in the ankle joint.
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Conclusion

The current meta-analysis found no significant differ-
ences between other operations and MBG operations
regarding postoperative ankle stability evaluation, or
complications. Based on the findings, the author feels
that other operations surgery has clinical advantages
over MBG surgery. While the data is favorable, due to
the low methodological quality of RCTs, it is not conclu-
sive. More high-quality RCTs with a low risk of bias and
adequate sample numbers are needed to demonstrate its
genuine effects.
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