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Background: This study sought to compare the efficacy and surgery complications of the modified
Brostrom procedure and the modified Karlsson procedure in treating patients with chronic lateral ankle
instability (CLAI).

Methods: Full-text publications on the clinical efficacy of Brostrém’s and Karlsson’s procedures were
retrieved from multiple databases. Review Manager 5.0 was adopted for the meta-analysis, sensitivity
analysis, and bias analysis.

Results: Nine studies comprising a total of 643 patients were identified. The meta-analysis suggested
that the American Orthopedic Foot and Ankle Society (AOFAS) scores of patients in the Karlsson group
were higher than those of patients in the Brostrom group [mean deviation (MD) =6.31, 95% confidence
interval (CI): 2.31-10.30, P=0.002; P for heterogeneity <0.00001, I’=58%]. The Tegner scores of patients
in the Karlsson group were higher than those of patients in the Brostrém group (MD =0.72, 95% CI:
0.48-0.95, P=0.24; P for heterogeneity <0.00001, 1’=23%). Operation times in the Brostrém group
were higher than those in the Karlsson group (MD =-15.50, 95% CI: -19.98--11.02, P<0.00001; P for
heterogeneity <0.00001, I’=63%). Patients in the Karlsson group had higher levels of satisfaction than those
in the Brostrém group (MD =0.63, 95% CI: 0.47-0.79, P<0.00001; P for heterogeneity =0.91, I’'=0%). No
significant difference was observed in surgery complications between the Karlsson and Brostrém groups [odds
ratio (OR) =1.71, 95% CI: 0.79-3.71, P=0.18; P for heterogeneity =0.99, I’=0%].

Discussion: Based on the heterogeneity analysis results, this study showed that Karlsson’s procedure was

more efficient and safer than Brostrom’s treatment in the treatment of CLAI patients.
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Introduction calcaneofibular ligament (1-3). If not treated promptly,
The incidence of all sport injuries is 16-21%, and the ankle chronic lateral ankle instability (CLAI) of the joint can
sprain is the most common sport injury (1). An ankle sprain occur, causing repeated sprain, instability, and chronic
causes the rupture of the anterior talofibular ligament and pain (2). The lateral collateral ligaments of the ankle joint
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primarily include the anterior talofibular ligament, the
calcaneofibular ligament, and the posterior talofibular
ligament. The first 2 ligaments form the core structure that
maintain the lateral stability of the ankle joint by limiting
the inversion and forward movement of the talus when
the ankle joint flexes and extends dorsally (4-6). Injury of
the lateral ankle ligament can lead to excessive varus and
forward instability of the ankle joint. Any failure to promptly
treat the injury could lead to repeated sprains of the joint
and secondary intra-articular injuries, such as cartilage
injuries. Previously, several methods of reconstruction have
been shown to restore the lateral stability of the ankle joint.
However, despite some satisfactory results being achieved,
these methods have some drawbacks.

The modified Brostrom and Karlsson procedures are
two repair operations. The modified Brostrom procedure
is the main method used in repair operations to effectively
tighten the tissue. The advantage of this procedure is that
the trauma to the patient’s body is relatively minimal;
however, disadvantages of this procedure include some
damage to the ligament body and the need to repair the
stop point (7-9). Additionally, it is difficult to suture the
remaining ligament tissue to the normal endpoint, and its
stability cannot be guaranteed in a long term. Conversely,
the modified Karlsson procedure alters the way in which
the bone passage is made when reconstructing the original
operation termination point, such that the suture anchor is
used to suture and fix the broken end of the ligament. This
reduces the time required to make the bone passage and
shortens the operation time, thereby make the operation
process convenient (10-12).

Several articles have compared these two methods
in relation to various research designs, the inclusion
and exclusion criteria, and the measurements. In this
study, we conducted a meta-analysis to comprehensively
evaluate the clinical efficacy and surgery complications
of the modified Brostrom and Karlsson procedures.
We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-963).

Methods
Searched databases and strategies

The PubMed, EMBASE, China National Knowledge
Infrastructure, and the Central Register of Cochrane
Controlled Trials databases were searched (without
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language restrictions) for items published after 2010.
Two review team members independently conducted
the preliminary searches, deleted any duplicate records,
screened the titles and abstracts for relevance, checked
the reference lists of all publications of interest for
references to other related publications, and determined
whether the publications should be excluded or required
further evaluation. Next, a review of the full text of each
publication was undertaken to determine if the studies
met the inclusion criteria. The full-text articles designated
for inclusion were then reviewed, and the references of
the retrieved articles and previous reviews were manually
checked to identify any other eligible studies. The manual
review of the reference lists of the retrieved articles and
previous comments on the topics of interest enabled other
relevant research to be collected.

Inclusion and exclusion criteria

Publications were included in the analysis if:

(I) They were randomized trials, retrospective studies,
or case-control studies;

(II) They compared the modified Karlsson procedure
and the modified Brostrém procedure;

(III) The study participants included patients with
CLAL

Conversely, publications were excluded from the

analysis if:

(I) They were case studies, meta-analyses or letters to
editors;

(II) No comparison was made between the modified
Karlsson procedure and the modified Brostrom
procedure;

(III) The study did not include patients without CLAI;

(IV) The publications were duplicates; and/or

(V) Only the abstracts for the publications were
available.

Data extraction and review

After making the selection, the 2 authors analyzed the
selected studies and identified basic information from the
article, including details of the author(s), year of publication,
study location, sample characteristic data (i.e., the number
and age of patients in each study), and intervention type
and analysis results. Then we extract the data. If any issue
arose between the 2 reviewers, the issue was discussed and
resolved with the assistance of a third reviewer. The risk
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Figure 1 Schematic representation of the study identification process and the inclusion and exclusion criteria.

assessment of bias in the study was conducted using a risk
assessment tool recommended by Cochrane Collaboration.
The overall risk of bias assessment for each study was
divided into green (a low risk of bias), yellow (an unclear
risk of bias), and red (a high risk of bias) according to the

standard.

Statistical analysis

The Cochran-Mantel-Haenszel method implemented
in Review Manager (RevMan) version 5.0 (Copenhagen:
Nordic Cochrane Center, Cochrane Collaboration, 2008)
was used for the calculation and analysis. Combined odds
ratios (ORs) and 95% confidence intervals (Cls) were
evaluated. In relation to the continuous variables, the ratios
of the mean = standard deviation of the continuous data
and 95% CI were used. In this study, a P value of <0.05 was
considered statistically significant. To evaluate the existence
and degree of statistical heterogeneity, the Cochran Q-test
and I’ index were used. If there was a I’>50% and/or a Q-test
with a P value <0.05, which indicated large heterogeneity,
the random-effects model was used; otherwise the fixed-
effects model was used. In this study, a funnel chart
was used to assess symmetry to detect the possibility of
publication bias. In addition, a sensitivity analysis was
performed according to the quality and weight of the test,
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and individual tests were excluded.

Results
Search results

In this study, a total of 581 articles were retrieved following
a search of the electronic databases. After comprehensive
reading, a total of 9 articles were found to meet the
inclusion criteria for this study. The remaining 572 articles
were excluded due to duplication, irrelevance, the lack of a
control group, incomplete data or comparison, incomplete
reviews, or only the articles being unavailable. Figure 1
shows a flowchart of the research process and the inclusion
and exclusion criteria.

Main characteristics of the studies

Table 1 sets out the types of studies included in the meta-
analysis and patient information for each group. The
present meta-analysis comprised a total of 643 patients from
9 randomized trials (1,7,8,13-18). The articles included
in this study were published from 2010 to 2018, and the
sample size was between 10 and 110. The present meta-
analysis included 323 patients in the Karlsson group and
320 patients in the Brostrém group.
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Study Year Language Country  Age range (mean) Groups n Years of onset

Ahn (1) 2016 English Korea 28.3+10.8 Karlsson 42 January 2005 and December 2012
Brostrom 54

Cottom (7) 2017 English America 46.1£17.9 Karlsson 75 October 2014 to December 2015
Brostrom 35

Hu (8) 2013 English Korea 33.8+6.1 Karlsson 40 January 2005 to September 2009
Brostrom 41

Behrens (13) 2013 English America 40+12 Karlsson 5 January 2011 to December 2012
Brostrom 5

Cottom (14) 2016 English America 44.6+15.8 Karlsson 23 December 2013 to December 2014
Brostrom 22

Hong (15) 2017 Chinese China 36.8+6.3 Karlsson 44 October 2014 to October 2016
Brostrom 44

Jiao (16) 2013 Chinese China 25.7+6.7 Karlsson 30 November 2001 to September 2008
Brostrom 43

Ventura (17) 2018 English Italy 22.6+9.3 Karlsson 20 1997 to 1998
Brostrom 20

Xu (18) 2016 English Korea 34.8+7.2 Karlsson 44 January 2005 to December 2012
Brostrom 56

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

0%

25%

50%

75% 100%

- Low risk of bias

[ High risk of bias

Figure 2 Red and green indicate high-deviation risk and low-deviation risk respectively.

Quality assessment

Review Manager 5.0 assesses the risk of each study by
assessing related deviations. The risk of bias in this study
is shown in Figure 2. The investigator found almost no
prejudice between the Karlsson and Brostrom groups.
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Results of the meta-analysis

Meta-analysis of AOFAS scores

A total of 9 studies comprising 643 patients included
American Association of Foot and Ankle Surgery (AOFAS)
scores (19). Figure 3 shows a standard map of the AOFAS
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Karlsson Brostrom
r r Mean D Total Mean D T
Ahn 2016 959 10 42 951 12 54
Behrens 2013 842 M 5 85 10 5
Cottom 2016 88.2 10.7 23 84 154 22
Cottom 2017 80.3 9 75 74 10 35
Hong 2017 99.3 6.3 44 831 6.1 44
Hu 2013 703 12 40 642 98 41
Jiao 2013 926 58 30 813 53 43
Ventura 2018 91.4 8 20 90.1 94 20
Xu 2016 94.8 8 44 895 98 56
Total (95% ClI) 323 320

Mean Difference

Heterogeneity: Tau? = 30.04; Chi = 64.96, df = 8 (P < 0.00001); I = 88%
Test for overall effect: Z = 3.09 (P = 0.002)

Mean Difference

|_Weight IV, Random, 95% CI IV, Ran % Cl
11.8% 0.80 [-3.60, 5.20] T
5.6% -0.80[-13.83, 12.23]
9.1% 4.20 [-3.58, 11.98] T
12.2% 6.30[2.41, 10.19] -
13.1% 16.20[13.61, 18.79] -
11.6% 6.10[1.32, 10.88] -
13.1% 11.30 [8.69, 13.91] -
11.0% 1.30 [-4.11, 6.71] T
12.5% 5.30[1.81, 8.79] -
100.0% 6.31 [2.31, 10.30] L 4
20 10 0 10 20
Karlsson  Brostrom

Figure 3 Forest plot for AOFAS scores in the Karlsson and Brostrom groups. AOFAS, American Orthopedic Foot and Ankle Society.

Karlsson Brostrom Mean Difference Mean Difference
Study or Subgroup Mean SD_ Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Ahn 2016 6.6 1.3 42 6 15 54 17.5% 0.60[0.04, 1.16] —
Behrens 2013 6.8 15 5 58 1.6 5 1.5% 1.00[-0.92, 2.92] ]
Cottom 2016 6.6 1.4 23 56 1.5 22 7.6% 1.00[0.15, 1.85] -
Cottom 2017 71 15 75 64 1.3 35 18.3% 0.70[0.15, 1.25] -
Hong 2017 6.5 1.8 44 59 1.8 44 9.7% 0.60[-0.15, 1.35] I
Hu 2013 73 1.7 40 6.7 1.9 41 8.9% 0.60[-0.18, 1.38] T
Jiao 2013 6.2 1.3 30 58 1.2 43 15.9% 0.40[-0.19, 0.99] T
Ventura 2018 55 1.5 20 55 1.6 20 6.0% 0.00 [-0.96, 0.96] -1
Xu 2016 79 1.6 44 6.4 1.5 56 14.6% 1.50[0.89, 2.11] -
Total (95% Cl) 323 320 100.0% 0.72[0.48, 0.95] ¢

Heterogeneity: Chi? = 10.35, df = 8 (P = 0.24); 1> = 23%
Test for overall effect: Z = 6.00 (P < 0.00001)

2 1 0 1 2
Karlsson Brostrom

Figure 4 Forest plot for Tegner scores in the Karlsson and Brostrém groups.

scores. The differences between the scores for the Karlsson
and Brostrom groups were statistically significant. The meta-
analysis suggested that the difference in the AOFAS scores
were as follows: mean deviation (MD) =6.31, 95% CI: 2.31-
10.30, P=0.002; P for heterogeneity <0.00001, I’=58%. The
AOFAS scores of patients in the Karlsson group were higher
than those of patients in the Brostrom group.

Meta-analysis of the Tegner scores

Figure 4 shows a forest plot for a meta-analysis of the Tegner
scores (20) for the 643 patients. The results showed that the
Tegner scores of patients in the Karlsson group were higher
than those in the Brostrom group (MD =0.72, 95% CI: 0.48-
0.95, P=0.24; P for heterogeneity <0.00001, I’=23%).

Meta-analysis of operation times

This meta-analysis included 643 samples with data on the
operation times for patients who underwent surgery to
treat CLAI (see Figure 5). The overall results indicated
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that the operation times of patients in the Brostrém group
were higher than those of patients in the Karlsson group
(MD =-15.50, 95% CI: -19.98—-11.02, P<0.00001; P for
heterogeneity <0.00001, ’=63%).

Meta-analysis of patients’ satisfaction levels

As Figure 6 shows, 9 studies comprising 643 samples were
included in the meta-analysis comparing the satisfaction
of patients. All these studies found statistically significant
differences between the Karlsson and Brostrém groups in
terms of satisfaction. Additionally, the combined results
showed that patients in the Karlsson group had higher
levels of satisfaction that those in the Brostrém group
(MD =0.63, 95% CI: 0.47-0.79, P<0.00001; P for
heterogeneity =0.91, I’=0%).

Meta-analysis of surgery complications
All relevant articles (comprising 643 samples) were
evaluated to examine surgery complications. As Figure 7
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Karlsson Brostrom Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahn 2016 78.3 10.3 42 83.1 105 54 12.7% -4.80 [-8.99, -0.61] ™
Behrens 2013 82.3 105 5 84.1 106 5 6.4% -1.80 [-14.88, 11.28] - T
Cottom 2016 80.1 104 23 101.6 10.5 22 11.3% -21.50[-27.61,-15.39] -
Cottom 2017 82.3 10.5 75 100.2 10.3 35 12.7% -17.90 [-22.06, -13.74] -
Hong 2017 86.3 10.5 44 106.8 14.3 44  11.9% -20.50 [-25.74, -15.26] -
Hu 2013 81.2 10.7 40 103.2 10.9 41 12.3% -22.00 [-26.70, -17.30] -
Jiao 2013 73.3 145 30 915 245 43 9.1% -18.20[-27.17,-9.23] —
Ventura 2018 88.2 10.5 20 99.6 10.6 20 10.9% -11.40[-17.94, -4.86] -
Xu 2016 79.2 106 44 952 105 56 12.7% -16.00 [-20.17, -11.83] -
Total (95% CI) 323 320 100.0% -15.50 [-19.98, -11.02] ‘
Heterogeneity: Tau? = 36.66; Chi? = 46.98, df = 8 (P < 0.00001); I2 = 83% _5‘0 25 0 2‘5 5‘0
Test for overall effect: Z = 6.78 (P < 0.00001) Karlsson Brostrom

Figure 5 Forest plot for operation times in the Karlsson and Brostrém groups.
Karlsson Brostrom Mean Difference Mean Difference

Study or Subgroup Mean SD_ Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Ahn 2016 84 0.6 42 7.7 08 54 33.3% 0.70[0.42,0.98] &
Behrens 2013 84 1 5 76 0.9 5 1.9% 0.80[-0.38, 1.98] ]
Cottom 2016 8.3 1.1 23 7.7 07 22 9.1% 0.60[0.06, 1.14] -
Cottom 2017 84 0.8 75 76 11 35 15.8% 0.80[0.39, 1.21] —
Hong 2017 81 15 44 7.7 08 44 10.3% 0.40[-0.10, 0.90] T
Hu 2013 83 14 40 75 15 41 6.5% 0.80[0.17, 1.43] -
Jiao 2013 76 1.2 30 73 1.8 43 5.5% 0.30[-0.39, 0.99] -1
Ventura 2018 75 11 20 7 15 20 3.9% 0.50[-0.32, 1.32] T
Xu 2016 7.7 08 44 72 14 56 13.7% 0.50[0.06, 0.94] -
Total (95% Cl) 323 320 100.0% 0.63[0.47,0.79] *
Heterogeneity: Chi? = 3.41, df = 8 (P = 0.91); 12 = 0% 2 1 0 1 2
Test for overall effect: Z = 7.60 (P < 0.00001) Karlsson Brostrom

Figure 6 Forest plot for the satisfaction levels of patients in the Karlsson and Brostrém groups.

shows, no significant difference was observed in relation to
surgery complications between the Karlsson and Brostrom
groups (OR =1.71, 95% CI: 0.79-3.71, P=0.18; P for
heterogeneity =0.99, I’=0%).

Sensitivity analysis

As Figure 8 shows, the meta-analysis results revealed that the
heterogeneity of the AOFAS scores was high (I’=88%). The
high heterogeneity of the AOFAS scores may be attributed
to the results of study by Hong (15). Interestingly, when
data from Hong’s (15) study were excluded from the meta-
analysis, the I’ decreased to 72%.

Bias analysis

Funnel plots of the AOFAS scores in the Karlsson and
Brostrom groups were created for all the studies (see
Figure 9). The results of the funnel plot showed medium
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symmetry and little publication bias. However, the results
of the Begg’s test (z=0.54, P=0.423) and Egger’s test
(T=-1.21, P=0.101) did not show any publication bias.

Discussion

The ankle joint is the most commonly injured part of
the human motion system. The most vulnerable part is
the lateral collateral ligament of the ankle joint (21-23).
Reportedly, of patients with ankle joint injuries, 85% have
an injury of the lateral collateral ligament.

For most patients with ankle sprains, satisfactory
results can be obtained after conservative treatment and
some patients can be cured; however, about 20% of the
patients’ injuries gradually worsen, and up to 40% of the
patients eventually present with CLAI (24-26). The typical
symptoms of CLAI include ankle pain while walking,
repeated ankle sprains, weakness of lower limbs, and a fear
of walking on uneven ground.
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Karlsson Brostrom Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ahn 2016 2 42 2 54 16.6% 1.30[0.18, 9.63] I
Behrens 2013 0 5 0 5 Not estimable
Cottom 2016 2 23 2 22 18.5% 0.95[0.12, 7.42] . B
Cottom 2017 3 75 1 35 13.0% 1.421[0.14, 14.12] I
Hong 2017 3 44 1 44 9.3% 3.15[0.31, 31.48] -
Hu 2013 2 40 1 41 9.3% 2.11[0.18, 24.18] -1
Jiao 2013 2 30 1 43 7.6% 3.00 [0.26, 34.68] -1
Ventura 2018 1 20 1 20 9.4% 1.00 [0.06, 17.18] -1
Xu 2016 3 44 2 56 16.3% 1.98[0.32, 12.37] N
Total (95% ClI) 323 320 100.0% 1.71 [0.79, 3.71] L 4
Total events 18 11 . . . .
H . 12 = _— -_— |12 = 0, T T T 1
Sy A b0t o1 1o o0
Karlsson Brostrom

Figure 7 Forest plot for complications in the Karlsson and Brostrém groups.

Karlsson Brostrom Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI 1V, Random, 95% CI
Ahn 2016 959 10 42 951 12 54 13.9% 0.80 [-3.60, 5.20] -
Behrens 2013 842 11 5 85 10 5 4.4% -0.80[-13.83,12.23] I
Cottom 2016 88.2 10.7 23 84 154 22  87% 4.20 [-3.58, 11.98] T
Cottom 2017 80.3 9 75 74 10 35 14.9% 6.30[2.41, 10.19] -
Hu 2013 703 12 40 642 938 41 13.3% 6.10[1.32, 10.88] -
Jiao 2013 926 58 30 813 53 43 17.0% 11.30 [8.69, 13.91] -
Ventura 2018 914 8 20 90.1 94 20 12.2% 1.30 [-4.11, 6.71] -1
Xu 2016 94.8 8 44 895 98 56 15.6% 5.30[1.81, 8.79] -
Total (95% Cl) 279 276 100.0% 5.10 [1.99, 8.21] <
Heterogeneity: Tau? = 13.00; Chi2 = 25.00, df = 7 (P = 0.0008); I2 = 72% —H —
Test fo? over:u effect: Z = 3.21 (P = 0.001) ( ) 20 10 0 10 20

Karlsson Brostrom

Figure 8 Forest plot for the sensitivity analysis of the AOFAS scores in the Karlsson and Brostrom groups. AOFAS, American Orthopedic

Foot and Ankle Society.

SE (MD)

MD

10 :
-20 -10 0 10 20

Figure 9 Begg’s funnel plot of publication bias.

In 1988, Karlsson reported that the distal fibula could
be repaired by an imbricate suture using a multi-drilling
technique. In one study, a total of 152 patients were
followed up for 2-10 years after surgery, and a rate of 87%

© Annals of Palliative Medicine. All rights reserved.

in recovery was reported (27). In 1964, Brostrém reported
60 cases of direct ligament repair. The method of tightening
and suturing the joint capsule is suitable for patients with
CLAI (28-30). However, the incidence of complications
is low and the clinical effect is satisfactory, albeit some
patients’ ankles will remain unstable.

In this study, the difference in the AOFAS scores
between the Karlsson and Brostrom groups was statistically
significant. Further, the Tegner scores and patients’ level
of satisfaction were also significant variables. These results
showed that the clinical effects for patients in the Karlsson
group were better than those for patients the Brostrom
group, which supports the results of Cho ez 4l.’s study on
CLAI The AOFAS scores of patients in the modified
Karlsson operation group were significantly lower than
those of patients in the modified Brostrém group before the
operation. After treatment, the AOFAS scores of patients in

Ann Palliat Med 2021;10(7):7534-7542 | https://dx.doi.org/10.21037/apm-21-963
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the modified Karlsson operation group increased, but not to
a level that was significantly different from those of patients
in the modified Brostrom group. Further, the improved
scores were significantly higher for patients in the Karlsson
group than those for patients in the Brostrém group,
which indicates that the Karlsson treatment effect might be
slightly better than the Brostrom treatment effect (5).

Operation times for patients in the Brostrom group were
not significantly higher than those of patients in the Karlsson
group. Chun ez /. contended that the modified Karlsson
procedure is similar and easier than the modified Brostrém
procedure (6). The modified Karlsson’s procedure alters the
way in which the bone passage is made when reconstructing
the original operation termination point to suture and fix
the broken end of the ligament with a suture anchor at the
ligament termination point, which reduces the time needed
for making the bone passage and shortens the operation time
compared to the modified Brostrom’ method.

It should be noted that the present study had some
limitations. To address these issues, the analysis indicator in
both the Karlsson and Brostrom groups should be analyzed
and evaluated in the future. Further, additional updated
articles from other countries should be investigated in
further research.

Taken together, the results showed that the Karlsson
procedure is better than the Brostrom procedure in
treating CLAI These results support those of previous
studies. In the present study, the meta-analyses had low
heterogeneities, and according to the funnel plots and
Begg’s test, no publication bias was observed, which
provides further evidence in support of these results.
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