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This network meta-analysis aims to evaluate the comparative effectiveness and safety of suture anchors (SA), tendon
grafts (TG), hook plates (HP), Tight-Rope (TR), and EndoButton (EB) in the treatment of acute acromioclavicular joint (ACJ)
dislocation. The Embase, PubMed, and Web of Science databases were searched from their inception date to June
3, 2022. Studies included all eligible randomized controlled trials (RCTs) and cohort studies with the comparison of five
different fixation systems among SA, TG, HP, TR, and EB were identified. All studies were reviewed, performed data
extraction, and assessed the risk of bias independently by two reviewers. The primary outcomes are Constant-Murley
score (CMS) improvement for assessing clinical efficacy, and complications. The second outcomes are visual analog
scale (VAS) for assessing pain relief and the coracoclavicular distance (CCD) for assessing postoperative joint reduction.
Version 2 of the revised Cochrane risk of bias tool for randomized trials (RoB 2) and the risk of bias in nonrandomized
studies of interventions (ROBINS-I) were used to assess the RCTs and non-randomized trials, respectively. The continu-
ous outcomes were presented as mean differences (MD), and risk ratios (OR) were used for dichotomous outcomes,
both with 95% confidence intervals (Cl). Surface under the cumulative ranking curves (SUCRA) results were calculated to
offer a ranking of each intervention. We identified 31 eligible trials, including 1687 patients in total. HP showed less
CMS improvement than TR and EB in both the Network Meta-analysis (NMA) and pairwise meta-analysis. HP also showed
less CMS improvement than SA in NMA. For pain relief, HP performed worse than TR both in pairwise meta-analysis and
NMA. No significant differences were found for the measured value of CCD. Both TR and EB showed a lower incidence of
complications than HP in pairwise meta-analysis. The rank of SUCRA for CMS improvement was as follows: SA, TR, EB,
TG, and HP; for pain relief: TR, EB, TG, SA, and HP; for CCD: HP, TR, SA, EB, and TG. For complications, HP showed the
highest rank, followed by TG, EB, TR, and SA. SA shows better clinical effectiveness and reliable safety in the treatment
of acute ACJ dislocation. Although HP is the most widely used surgical option currently, it should be carefully taken into
consideration for its high incidence of complications.
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Introduction

cute acromioclavicular joint (ACJ) dislocation is the

most common sports-related injury accounting for
more than 50% of cases."” Rockwood’s classification of
AC]J is the most commonly used in clinical practice. It is
based on the degree and direction of clavicle displace-
ment.* Rockwood’s classification suggests that surgery
should be the first choice for some type III and all type
IV-VI dislocations.>*

Given that acromioclavicular and coracoclavicular
(CC) are the most important structures for holding the
stability of the ACJ.” The current main surgery strategy
for unstable acute ACJ dislocation is to reconstruct acro-
mioclavicular (AC) or coracoclavicular (CC). Due to CC
reconstruction being lower in difficulty than that AC
reconstruction, CC reconstruction has become the clini-
cally preferred surgical strategy.® The main surgical pro-
cedures reported for CC reconstruction in the literature
so far include suture anchors (SA), tendon grafts (TG),
hook plates (HP), Tight-Rope (TR), and EndoButton
(EB).6712

Each surgical procedure has its advantages and dis-
advantages, thus a multitude of evaluation methods from
various perspectives was utilized to comprehensively
access postoperative efficacy. Clinically Constant-Murley
score (CMS) is the most commonly used scale to assess
shoulder function." The CMS is a 100-point scale com-
posed of several individual parameters.” It is divided into
four subscales: pain, activities of daily living, strength, and
range of motion.” Although CMS includes a pain assess-
ment component, the visual analog scale (VAS) is still
widely used to rate patients’ postoperative pain. It is one
of the pain rating scales used for the first time in 1921 by
Hayes and Patterson, which is often used in epidemiologic
and clinical research to measure the intensity or frequency
of various symptoms.> Meanwhile, the radiological assess-
ment is evaluated by coracoclavicular distance (CCD). The
CCD is commonly defined as the height as a percentage to
the contralateral shoulder between the upper border of the
coracoid process and the inferior cortex of the clavicle.*
Currently, CMS and VAS are the most important indica-
tors for the evaluation of clinical efficacy, while CCD is
used to access the radiological results.

Although all surgical procedures have been reported to
achieve satisfactory clinical results, there is still debate as to
which one is the best choice. The pairwise meta-analyses
have only directly compared HP with TR,'>'* EB," or other
CC ligament fixation'® previously, whereas the refined direct
or indirect comparisons between the various surgical

procedures are lacking. Therefore, adequate evidence was still
insufficient to ensure which one is optimal for treating acute
AC]J dislocation. Network meta-analysis (NMA) has been
developed to give indirect results of more than two options
based on indirect outcomes and a rank of all the options.'”
Hence, we built an NMA to comprehensively analyze and
rank the five surgical procedures from the aspects of the
Constant-Murley score, visual analog scale, CC distance, and
complications.

Methods
ur study complied with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) and AMSTAR (Assessing the Methodological
Quality of Systematic Reviews) guidelines inclusion and
exclusion criteria.

Types of Studies

In our NMA, we identified relevant studies, including all
RCTs or non-RCT studies, to compare the efficacy and safety
of SA, TR, TG, EB, and HP. For accessing literature quality
assessment, papers with abstracts only and RCT protocols
were excluded. Additionally, the following were all excluded:
review articles, meta-analyses, cadaveric and animal research,
case report, conference paper, and incomplete or missing
data. The study selection process was showed in detail in
Figure 1.

Types of Participants

Participants were adults aged 18 years or older with AC]J dis-
location, without distinction in terms of ethnicity, gender,
and race.

Types of Interventions

The studies which aimed at any comparison of SA, TR, TG,
EB, and HP were included. Each study contained at least two
of the five surgical procedures.

Types of Outcomes

The following four main outcomes were obtained:
Constant-Murley score (CMS), visual analog score (VAS),
coracoclavicular distance (CCD), and complications.

Search Strategy

Embase, PubMed, and Web of Science were searched from
their inception date to June 3, 2022. The following key-
words were used for searching in an electronic database:
acute acromioclavicular dislocation, hook plate, Endo-
Button, suture anchors, tightrope, Bosworth screws, screw,
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FIGURE 1 Flowchart of the study selection process.

tension band wire, and Kirchner wires. Search strategies
were described in detail in “Supplementary files.” Previ-
ously published systematic reviews and meta-analyses were
also screened to search for the relevant trials. Only English-
language articles were screened in our meta-analysis.

Study Selection

After the removal of duplicates, two reviewers independently
retrieved and reviewed the titles and abstracts of all publica-
tions. The full-text papers were obtained to identify the eligi-
bility of studies for inclusion when necessary. Then, the
reviewers selected potentially relevant studies according to
pre-designed criteria. If discrepancies in judgment arose, a
third reviewer was consulted.

Data Extraction and Quality Assessment

The basic information was extracted from each enrolled
study using a specifically designed form. The extracted
data was as follows: (1) general information: lead author,
year of publication, study design, country of study, study
period, and follow-up time; (2) demographic information:
the number and proportion of male or female patients,
age at diagnosis, number of involved patients; (3) surgery
information (intervention and comparison); (4) clinical
outcome information: VAS, CCD, CMS, and complica-
tion. If SD is not available from the publication, we
imputed the SD which used the method from the
Cochrane Handbook. For the assessment of consistency,
the value of the correlation coefficient (0.5 and 1) was
also calculated.
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The Geometry of the Network

The network of four outcomes was presented summarily as
graphs. The size of the circle and the thickness of the edge
represented the number of patients included and the number
of studies, respectively. A qualitative description of network
geometry was provided.

Risk of Bias within Individual Studies

We applied the RoB 2 for randomized trials,'”® and
ROBINS-I for non-randomized trials' to assess methodolog-
ical quality. HY and YY were evaluated independently. The
ROBINS-I checklist included seven main domains: con-
founding, selection bias, classification of intervention,
reporting bias, deviations from intervention, missing data,
and measuring the outcome. According to the general
guideline of the ROBINS-I, each domain contains five levels
of bias judgment: no information (0), low (1), moderate (2),
serious (3), critical (4).The assessment was categorized as
high quality if most of the domains were well-described
and scored low risk of bias. The strength of evidence of
RCTs was evaluated by the five domains (randomization
process, deviations from intended interventions, missing
outcome data, measurement of the outcome, selection of
the reported result) using RoB 2 tool. After the discrepan-
cies in grading was discussed, researchers came to consen-
sus on final rating.

Summary Measures

CMS improvement, VAS, and CCD were measured as
mean difference (MD) with a 95% confidence interval
(CI) individually. And the complications were measured
as odds ratio (OR) with 95% CI. Surface under the cumu-
lative ranking curves (SUCRA) values were calculated to
offer a ranking of all interventions.

Planned Methods of Analysis
The data with treatments as well as clinical outcomes were
extracted. Direct comparisons of the pairwise meta-
analysis were performed using a random-effects model.
MD with 95% CI for CMS improvement, VAS, and CCD
as continuous variables of outcome were provided. And
OR with 95% CI for complications as a dichotomous out-
come was presented. The statistical heterogeneity across
studies was assessed by the y” test and the inconsistency
(). All statistical analyses were carried out using STATA
with Metan package (Version 15.0; STATA Corporation,
College Station, TX). Second, the NMA was built within
the Bayesian framework by the Markov Chain Monte
Carlo algorithm in WinBUGS 1.4.3°° using a random
effect model. Results presented for each model were simu-
lated on three Markov chains for 100,000 iterations, after
a burn-in of 50,000.

The number of thinning intervals was set at 10 itera-
tions. Subsequently, the direct and indirect variances of con-
vergence were obtained through the Brooks-Gelman-Rubin

NMA oF FIVE SURGERIES IN TREATING ACJ DISLOCATION

method.?! The potential scale reduction factor (PSRF)
(approaching or equal to 1.0) indicated that convergence has
been achieved.”’ The NMA results were also presented as
OR or MD with a 95% confidence interval. The results of five
fixation methods, which were calculated by WinBUGS, were
input by STATA to generate the surface under the cumula-
tive ranking curves (SUCRA).** The value of SUCRA was
presented as 0% (the worst treatment) to 100% (the best
treatment).

Assessment of Inconsistency

Risk of Bias Across Studies

The global inconsistency was measured by the consistency
and inconsistency models. Model fit was compared using
the deviance information criterion (DIC) and a reduction
of larger than 3 in DIC shows the inconsistency existed.
The local inconsistency was evaluated by the node-
splitting method.”® If node-splitting analysis showed a
p-value <0.05, inconsistency would be considered statisti-
cally significant.

RESULTS

Documentation Retrieval

A total of 1102 potential titles were screened through the
first search strategy, with 362 excluded for duplications.
Among the remaining 740 studies, 87 potentially qualified
articles were acquired to check eligibility after carefully
screening titles and abstracts. With careful full-text read-
ing, 56 studies were excluded for the reasons shown in
Figure 1. Finally, 31 articles were included in our
study.”*>*

Network Graphs

All the network of comparisons were shown in Figure 2. The
network for CMS included 21 studies, for VAS included
15 studies, for CCD included 13 studies, and for complica-
tions included 27 studies. Lines between two nodes indicate
direct evidence between two interventions, with the thickness
of the line corresponding to the number of studies. The size
of the nodes corresponds to the number of treatments
included.

Characteristics of the Included Trials

A total of 1687 patients were recorded. The network for
CCM included 1252, for VAS included 1000, for CCD
included 615, and for complications included 1539. Three
studies were RCTs and 28 were retrospective studies. We
recorded the characteristics of all included studies in
Table 1.

Risk of Bias and Quality Assessment
According to the ROBINS-I tool analysis, Table 2 pres-
ented the quantification of the risk of bias assessment of
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FIGURE 2 Network of comparisons of HP, TR, TG, EB, and Suture for AC dislocation. The circle means the number of patients, and the edge
thickness means the number of studies. CCD, coracoclavicular distance; CMS, Constant-Murley score; EB, EndoButton; HP, hook plates; SA, suture

anchors; TG, tendon grafts, TR, Tight-Rope; AS, visual analog scale.

retrospective studies. The outcome showed that the over-
all risk of bias in all eligible studies was moderate, indi-
cating all of the studies were of high quality. However,
selection bias was inevitable for none of these studies
were randomized studies. The risk of bias analysis of the
included three RCTs was evaluated by using RoB 2 tool
analysis. The results were listed in Figure 3. Some con-
cerns in the randomization process were mentioned in
two studies, and the bias of measurement of the outcome
was described in detail in one study. No study reported
the deviations from intended interventions, missing out-
come data, and selection. Thus, two domains, the

randomization process and measurement of the outcome,
possibly led to bias.

Figure 4 showed a funnel plot assessing publication
bias, and the results indicated that small studies did not
affect the primary (CMS and complications) and secondary
outcomes (VAS, CCD).

Results of CMS

The results of CMS were shown in Table 3. The lower-left
triangle indicated pairwise meta-analysis, and the upper-
right triangle indicated NMA. The shadows represented
significant differences. HP showed less CMS improvement
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Follow-up

Number of
patients (M/F)

CMS VAS CCD Complications

(months)

Mean age (years)

Region Design Intervention

Year

Author

NR
19.38 + 6.42
16.92 + 4.16

0.7+ 0.6

6

NR
NR
NR
NR
NR
NR
0.9+ 0.7
0.5+ 0.5

79
42
0
0

NR

NR
11.62 + 2.54
16.78 + 5.53

93.7+6
90.19+7
95.31+4

30
40.1 + 23.64

40.2 + 8.7
37.65 + 9.66
34.24 +£9.68
40.83 +£10.2
37.80 £13.9

19(10/9)
27(26/1)
29(28/1)

HP

Germany RCT HP

2018

Thomas

30.75 +£1.41

EB
EB
HP

91.2+7

24

24
39.69 + 7.42
37.86 +£8.23

30(NR)

China

2017

Jun Zhang

89.6 + 4

30(NR)
32(28/4)
28(26/2)
146(45/101)
146(47/99)

NR

NR
87.4+5.2
88.4 +39
96.5 + 4.9
93.3+7.0

34
32

SA

China

2021

Yingliang

EB
HP
EB
TR

96/146

NR

3
3

43.3 +£12.8
62.7 £18.78

40.2

China

2021

Sujie

77/146
6/10

NR
12.51 + 3.48

38.7
433+ 129
50.9 £ 10.4

NR
NR

10(9/1)
8(7/1)

Italy

2015

Alberto

5/8

16.5+ 4.4

TG

Abbreviations: CCD, coracoclavicular distance; CMS, Constant-Murley score; EB, EndoButton; HP, hook plates; NR, not record; R, retrospective study; RCT, randomized controlled study; SA, suture

anchors; TG, tendon grafts; TR, Tight-Rope; VAS, visual analog scale.
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than TR and EB in both pairwise meta-analyses [TR vs.
HP, MD =3.83, 95% CI: (0.99, 6.67); EB vs. HP,
MD = 3.66, 95% CI: (0.30, 7.02)], and NMA [TR vs. HP,
MD = 3.66, 95% CI: (1.47, 5.85); EB vs. HP, MD = 3.57,
95% CI: (0.71, 6.43)]. HP also showed less CMS improve-
ment than SA in pairwise meta-analysis [SA vs. HP,
MD = 5.91, 95% CI: (0.58, 11.24)]. While other than that,
no significant differences were found both in pairwise
meta-analysis and NMA. Based on the results obtained
from SUCRA, close to 100% represents better CMS.
Among them, SA ranked best (88.1%), followed by TR
(66.0%), EB (63.7%), TG (18.2%), and HP (13.9%)
(Figure 5).

Results of VAS

The results of VAS were shown in Table 4. HP showed
less pain relief than TR both in pairwise meta-analysis
[TR vs. HP, MD = —0.39, 95% CI: (—0.65, —0.14)] and
NMA [TR vs. HP, MD = -0.39, 95% CIL (—0.63,
—0.16)]. HP did not differ significantly from EB in the
NMA but showed less pain relief than EB in pairwise
meta-analysis [EB vs. HP, MD = —0.40, 95% CI: (—0.54,
—0.26)]. Other than that, no other significant differences
were found. Based on the results obtained from
SUCRA, close to 100% represents better pain relief.
Among them, TR ranked best (77.2%), followed by EB
(69.4%), TG (58.6%), SA (25.4%), and HP (19.4%)
(Figure 5).

Results of CCD

The results of the CCD were shown in Table 5. TG showed
larger CCD than TR in pairwise meta-analysis [TG vs. TR,
MD = 3.99, 95% CI: (0.26, 7.72)]. But given that there is
only one set of direct comparisons, this result is not credible.
No other significant differences were found between each
other. For the results of SUCRA, close to 100% means better
reduction. Among them, HP ranked best (73.7%), followed
by TR (64.4%), SA (59.2%), EB (32.8%), and TG (19.4%)
(Figure 5).

Results of Complications

The results of complications are shown in Table 6. TR
showed a lower incidence of complications than HP
both in pairwise meta-analysis [TR vs. HP, MD = 0.56,
95% CI: (0.30, 1.00)] and NMA [TR vs. HP, MD = 0.52,
95% CI: (0.31, 0.88)]. EB showed a higher incidence of
complications than TR [EB vs. TR, MD = 0.56, 95%
CI: (0.30, 1.00)] but lower than that of HP [EB wvs.
HP, MD = 0.58, 95% CI: (0.38, 0.88)] in pairwise meta-
analysis. Meanwhile, no significant differences were
found between each other. For the results of
SUCRA, close to 100% means a lower incidence of com-
plications. Among them, SA ranked lowest (81.5%),
followed by TR (75.3%), EB (38.7%), TG (36.9%), and
HP being the highest incidence of complications (17.7%)
(Figure 5).



1951

ORTHOPAEDIC SURGERY NMA oF FIVE SURGERIES IN TREATING ACJ DISLOCATION
VoruMmE 15 + NUMBER 8 « AuGusT, 2023

TABLE 2 Evaluation of the quality of studies with the ROBINS-I

Deviations from

Bias due to Selection Classification intended Bias due to Measurement  Selection of the  Overall risk
Bias Domain confounding  of participants  of interventions interventions missing data of outcomes reported result of bias
Song 2022 Low Low Low Low Low Low Moderate Moderate
Sandesh 2022 Low Low Low Low Moderate Moderate Low Moderate
Pei Yu 2022 Moderate Low Low Low Low Low Low Moderate
Yingliang 2021 Moderate Low Low Low Low Moderate Moderate Moderate
Sujie 2021 Low Low Low Low Moderate Moderate Low Moderate
Si Nie 2021 Low Low Low Low Low Moderate Low Moderate
Michele 2021 Moderate Low Low Low Low Moderate Moderate Moderate
Guangsi 2021 Low Low Low Low Low Moderate Low Moderate
Emre 2021 Moderate Low Low Moderate Low Moderate Low Moderate
Yon-Sik 2020 Moderate Low Low Low Low Low Low Moderate
Omer 2020 Low Low Low Moderate Low Moderate Low Moderate
Murat 2020 Moderate Moderate Low Low Low Moderate Low Moderate
Yu-chen 2020 Low Low Low Low Low Moderate Low Moderate
Klinika 2019 Serious Moderate Low Moderate Low Moderate Moderate Moderate
Ying-Cheng 2018 Low Low Low Low Low Moderate Low Moderate
Hasan 2018 Moderate Moderate Low Low Low Moderate Low Moderate
Guheng 2018 Moderate Moderate Low Moderate Low Moderate Low Moderate
P. Vulliet 2017 Moderate Low Low Low Low Moderate Low Moderate
Jun Zhang 2017 Moderate Moderate Low Moderate Low Moderate Moderate Moderate
Hamid 2017 Low Low Low Moderate Low Low Low Moderate
Alexandre 2016 Moderate Low Low Moderate Low Moderate Moderate Moderate
You-Shui 2015 Moderate Low Low Low Low Moderate Low Moderate
L. Natera 2015 Low Low Low Low Low Moderate Low Moderate
Jong Pil 2015 Moderate Low Low Moderate Moderate Low Low Moderate
Alberto 2015 Moderate Low Low Moderate Moderate Moderate Low Moderate
Frank 2013 Low Low Moderate Moderate Low Moderate Low Moderate
Nasser 2012 Low Low Low Moderate Low Low Low Moderate
Anica 2011 Low Low Low Low Moderate Moderate Low Moderate

We ranked the surgical procedures according to | efficacy with the lowest complication rate. Additionally,
the two dimensions of clinical efficacy and complication | the high loss of reduction rates should be paid more
rate (Figure 6). In general, SA showed the best clinical attention to the groups of EB (21.94%), HP (10.85%),
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effect sizes and comparison-specific summary estimates. yixy is the noted effect size in study i that compares x with y. Ixy is the comparison-specific
summary estimate for x versus y. A, HP; B, TR; C, TG; D, EB; E, SA.

and SA (9.57%). It should also be noted that the HP of HP (34.8%), TG (37.5%), and TR (35.8%) are similar,
group was related to a higher ratio of erosion of the | both more than double that of TR (14.8%) and SA
acromion and stiffness. The total complication incidence (13.0%) (Table 7).

TABLE 3 Results of the pairwise and network meta-analysis of CMS (MD, 95% CI)

SA 2.34 (-3.21, 7.88) 6.26 (—1.52, 14.04) 2.25 (—3.38, 7.88) 5.91 (0.58, 11.24)
N =1, 4.00 (—4.39, 12.39) EB 3.92 (—2.36, 10.20) —0.09 (—3.18, 3.00) 3.57 (0.71, 6.43)
TG —4.01 (-9.79, 1.76) ~0.35 (~6.08, 5.38)
N =2, —0.36 (—1.19, 0.47) N =1, -3.20 (—8.92, 2.52) TR 3.66 (1.47, 5.85)
N = 2, 8.03 (—4.06, 20.12) N = 5, 3.66 (0.30, 7.02) N =1, -1.00 (-5.28, 3.28) N = 9, 3.83 (0.99, 6.67) HP

Note: Upper-right triangle shows the results of the network meta-analysis. Lower-left triangle shows the results of the pairwise meta-analyses. The N represents
the numbers of studies which compared the two interventions directly. For MD with 95%Cl, a negative MD favor the lower-right intervention. For OR with 95%Cl, a
OR >1 favor the lower-right intervention. Statistically significant findings are shaded.; Abbreviations: CCD, coracoclavicular distance; Cl, confidence interval; CMS,
Constant-Murley Score; EB, EndoButton; HP, hook plates; MD, mean difference; OR, odd ratio; SA, suture anchors; TG, tendon grafts; TR, Tight-Rope; VAS, visual
analog scale.
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FIGURE 5 SUCRA of HP, TR, TG, EB, and Suture for AC dislocation. CCD, coracoclavicular distance; CMS, Constant—-Murley Score; EB, EndoButton;
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TABLE 4 Results of the pairwise and network meta-analysis of VAS (MD, 95% CI)

SA 0.32 (~0.26, 0.90) 0.28 (—0.76, 1.32) 0.37 (—0.09, 0.83) ~0.02 (~0.43, 0.40)
EB —0.04 (~1.08, 0.99) 0.05 (—0.40, 0.50) —0.34 (~0.74, 0.05)
TG 0.09 (—0.89, 1.08) ~0.30 (~1.26,0.66)
N =1, 0.00 (~1.39, 1.39) N =1, 0.50 (—0.49, 1.49) TR —0.39 (—0.63, —0.16)
N =2, 0.03 (~0.08, 0.14) N=2,-0.40(-0.54, -0.26) N=1,-0.30(-6.33,5.73) N =8, —0.39 (—0.65, —0.14) HP

Note: Upper-right triangle shows the results of the network meta-analysis. Lower-left triangle shows the results of the pairwise meta-analyses. The N represents
the numbers of studies which compared the two interventions directly. For MD with 95%Cl, a negative MD favor the lower-right intervention. For OR with 95%Cl, a
OR >1 favor the lower-right intervention. Statistically significant findings are shaded.; Abbreviations: CCD, coracoclavicular distance; Cl, confidence interval; CMS,
Constant-Murley Score; EB, EndoButton; HP, hook plates; MD, mean difference; OR, odd ratio; SA, suture anchors; TG, tendon grafts; TR, Tight-Rope; VAS, visual
analog scale.

Inconsistency Analysis Discussion

The results of inconsistency were listed in Table 8. For all To the best of our knowledge, this is the first comprehen-
outcomes, no local inconsistencies were detected sive and integrated NMA to pool data focusing on CMS,
(p values >0.05). VAS, CCD, and complications of five widely applied surgical
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TABLE 5 Results of the pairwise and network meta-analysis of CCD (MD, 95% ClI)

NMA oF FIVE SURGERIES IN TREATING ACJ DISLOCATION

SA ~1.31(-5.12, 2.50) —3.70 (—12.47, 5.07) 0.29 (—4.32, 4.90) 0.59 (—3.14, 4.32)
N =2, —3.23 (~7.47, 1.02) EB —2.39 (-10.79, 6.01) 1.60 (—2.25, 5.44) 1.90 (—1.20, 4.99)
TG 3.99 (—3.47, 11.45) 4.29 (-3.77, 12.35)
N = 1, 0.07 (—0.52, 0.66) N =1, 3.99 (0.26, 7.72) TR 0.30 (—2.74, 3.34)

N = 2, 2.00 (—8.30, 12.30) N = 3, 1.43 (—1.50, 4.35) N = 4, 0.14 (—1.09, 0.80) HP

Note: Upper-right triangle shows the results of the network meta-analysis. Lower-left triangle shows the results of the pairwise meta-analyses. The N represents
the numbers of studies which compared the two interventions directly. For MD with 95%Cl, a negative MD favor the lower-right intervention. For OR with 95%Cl, a
OR >1 favor the lower-right intervention. Statistically significant findings are shaded.; Abbreviations: CCD, coracoclavicular distance; Cl, confidence interval; CMS,
Constant-Murley Score; EB, EndoButton; HP, hook plates; MD, mean difference; OR, odd ratio; SA, suture anchors; TG, tendon grafts; TR, Tight-Rope; VAS, visual

analog scale.

procedures including HP, TR, TG, EB, and SA in the surgical
treatment of ACJ; this information can be used to help sur-
geons choosing the optimal surgical procedure for their
actual situations. The key findings of this systematic review
and NMA here show that: (1) HP have a worse effect on the
CMS improvement than TR, EB, and SA; (2) TR shows bet-
ter pain relief than HP; (3) all of them have a significant
effect in the CCD reduction with no significant difference
between each other; (4) HP has a higher incidence of compli-
cations than TR, meanwhile no significant difference is
observed among the others; (5) the SA has the best clinical
efficacy with the lowest complication rate according to our
primary outcomes.

Ligament Reconstruction for ACJ Dislocation

The CC ligament is one of the most important stabilizing
structures of the ACJ.” CC fracture is a major factor in clavi-
cle displacement; therefore, CC reconstruction is important
for ACJ reduction and maintaining stability.® Since Rock-
wood’s classification of ACJ is based on the degree and direc-
tion of clavicle displacement, reconstruction of the CC
ligament is the most commonly applied clinical surgical
strategy.>* Although Bosworth screws have been reported in
the literature in addition to the five surgical procedures
included in this study, after a careful review of the literature
we found that few studies met the criteria and no valid data

were available.>>>” Notably, in addition to CC reconstruc-
tion, AC reconstruction (tension band wires, Kirschner
wires, or sutures),>*® AC and CC reconstruction (Weaver—
Dunn procedures)™ are also options for surgical treatment.
However, the literature on AC reconstruction is scarce and
valid data are not available. And Weaver-Dunn procedures
were used to treat chronic ACJ dislocation.®® Therefore, our
study only includes TR, HP, EB, SA, and TG of CC
reconstruction.

Results of Clinical Outcome

Regarding the clinical outcome measurements, the CMS is
an effective indicator to evaluate the patient’s functional
recovery. Previous studies have proved that all of them have
a significant improvement in CMS, indicating that all tech-
niques could have sufficient functional recovery.®'™®
Although there is no difference in direct comparisons of SA
and HP, the results of NMA are more plausible considering
that there are only two studies for direct comparisons. Our
results here show that the functional recovery of HP is worse
than TR, EB, and SA. This is consistent with the results of
the published literature head-to-head meta-analyses. Pan
et al.'””> and Qi et al.'* both reported that TR showed an
advantage over HP in terms of improving the function of
ACJ. Arirachakaran et al.®* performed a meta-analysis and
concluded that SA showed better effects in shoulder

TABLE 6 Results of the pairwise and network meta-analysis of complications (OR, 95% CI)

SA 0.53(0.17, 1.70) 0.51 (0.12, 2.14) 0.82 (0.28, 2.43) 0.43 (0.16, 1.14)
N =1, 0.37 (0.01, 10.18) EB 0.96 (0.31, 2.99) 1.55 (0.70, 3.45) 0.81(0.40, 1.62)

N =1,0.76 (0.18, 3.22) TG 1.62 (0.53, 4.98) 0.84 (0.29, 2.46)
N =1,0.28 (0.01, 7.62) N = 2, 4.92 (1.39, 17.44) N=1,1.11 (0.16, 7.51) TR 0.52 (0.31, 0.88)
N = 3, 0.52 (0.24, 1.14) N = 4, 0.58 (0.38, 0.88) N =2, 0.83 (0.23, 3.00) N = 12, 0.56 (0.30, 1.00) HP

Note: Upper-right triangle shows the results of the network meta-analysis. Lower-left triangle shows the results of the pairwise meta-analyses. The N represents
the numbers of studies which compared the two interventions directly. For MD with 95%Cl, a negative MD favor the lower-right intervention. For OR with 95%Cl, a
OR >1 favor the lower-right intervention. Statistically significant findings are shaded.; Abbreviations: CCD, coracoclavicular distance; Cl, confidence interval; CMS,
Constant-Murley Score; EB, EndoButton; HP, hook plates; MD, mean difference; OR, odd ratio; SA, suture anchors; TG, tendon grafts; TR, Tight-Rope; VAS, visual
analog scale.
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FIGURE 6 Ranking of the surgical procedures according to primary
outcomes: clinical efficacy and complication rate. X axis represents
clinical efficacy that close to 100% means better clinical efficacy. Y axis
represents complication rate that close to 100% means higher
incidence of complication.

functional recovery than HP. Wang et al."> proved that EB
resulted in better functional outcomes than HP. Our study
subdivides the surgical procedures of CC reconstruction and
ranks them systematically via our NMA.

Efficacy in Relieving Pain

As for the postoperative shoulder pain, our results show that
TR had a slightly lower VAS than HP. This conclusion has
already been proved by previous head-to-head meta-ana-
lyses.'>'* It may be due to more soft tissue destruction dur-
ing HP surgery, as well as a postoperative high-stress

NMA oF FIVE SURGERIES IN TREATING ACJ DISLOCATION

concentration between the hook and the acromion.®> All of
the mean VAS reported in the included literature are below
2. Therefore, these differences in pain relief outcomes are
not very significant. Nevertheless, the subtle ranking among
them is still distinguished via our comprehensive analysis.

Results of Postoperative Reduction

The CCD is the main imaging indicator for postoperative
confirmation of reduction. Though the direct comparison
of TG and TR shows that TR had a better CCD than TG,
the results of MNA are more plausible for only one direct
comparison was available. Our results show that there is no
difference in the effect of these five surgical procedures on
repositioning, which is also consistent with previous
pairwise meta—analyses.w’w’64 Maintaining anatomic reduc-
tion does not appear to be a prerequisite for regaining
proper shoulder function, and a small increase in CCD does
not appear to affect overall outcomes.® Interestingly, even
elongated reconstructed ligaments can improve clavicular
stability enough to relieve symptoms and improve shoulder
function.”>*>*” Thus, complete anatomic healing may be
important only for cosmetic outcomes. Overreduction, on
the other hand, maybe the cause of brachial plexus com-
pression and should not be the first goal of surgery.®®

Incidence of Complications

The risk of surgery-related complications is considered to be
an important disadvantage of all surgical procedures. Our
pooled data suggest that HP has a higher rate of complica-
tions than TR. This conclusion is consistent with the findings
of previous pairwise meta-analyses.">'>** Compared to pre-
vious studies, our study here further ranks the five surgical
procedures and indicates that SA had the lowest complica-
tion rate while HP had the highest complication rate. Our
systematic review data (Table 7) indicate that the high loss

TABLE 7 Number and percentage of complications among the five different fixation systems [No. (%)]

Complication HP (N = 710) TR (N = 384) TG (N = 80) EB (N = 310) SA (N = 115)
Loss of reduction 77(10.85%) 16(4.17%) 6(7.5%) 68(21.94%) 11(9.57%)
Impaired wound healing 9(1.27%) 5(1.30%) — — 1(0.87%)
Impingement syndrome 9(1.27%) — — — —
Plate/screw breakage or loosening 21(2.96%) 7(1.82%) 7(8.75%) 7(2.26%) —

Neural injury 1(0.14%) — 1(1.25%) — —

Bone fracture 6(0.85%) 2(0.52%) 3(3.75%) 7(2.26%) —

Deep infection 1(0.14%) 1(0.26%) — 1(0.32%) —

Erosion of the acromion 36(5.07%) 1(0.26%) — — —
Internal fixation reaction 1(0.14%) (0.52%) 8(10%) 1(0.32%) —
Osteolysis of distal clavicle — — — — 1(0.87%)
AC joint osteoarthritis 19(2.68%) 17(4.43%) 2(2.5%) 1(0.32%) 2(1.74%)
Stiffness 44(6.2%) 4(1.04%) — — —
Ligament ossification 21(2.96%) 2(0.52%) 3(3.75%) 22(7.1%) —

Skin numbness 2(0.28%) — — 1(0.32%) —

Muscle tear and fraying — — — 3(0.97%) —

Total 34.79% 14.84% 37.50% 35.81% 13.04%
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TABLE 8 The result of inconsistency analysis

CMS VAS CCD Complications

Local Inconsistency Comparison p value Comparison p value Comparison p value Comparison p value
HP versus TR 0.86 HP versus TR 0.59 HP versus TR 0.71 HP versus TR 0.39
HP versus TG 0.80 HP versus TG NA HP versus TG NA HP versus TG 0.98
HP versus EB 0.91 HP versus EB 0.66 HP versus EB 0.38 HP versus EB 0.20
HP versus SA 0.72 HP versus SA 0.26 HP versus SA 0.60 HP versus SA 0.53
TR versus TG 0.80 TR versus TG 0.99 TR versus TG NA TR versus TG 0.70
TR versus EB 0.96 TR versus EB 0.58 TR versus EB 0.38 TR versus EB 0.08
TR versus SA NA TR versus SA NA TR versus SA 0.60 TR versus SA 0.52
TG versus EB NA TG versus EB NA TG versus EB NA TG versus EB 0.75
EB versus SA 0.72 EB versus SA 0.26 EB versus SA NA EB versus SA 0.83

Global inconsistency Comparison p value Comparison p value Comparison p value Comparison p value
HP versus TR 0.001 HP versus TR 0.85 HP versus TR 0.001 HP versus TR 0.015
HP versus TG 0.90 HP versus TG 0.30 HP versus TG 0.54 HP versus TG 0.75
HP versus EB 0.01 HP versus EB 0.23 HP versus EB 0.09 HP versus EB 0.55
HP versus SA 0.03 HP versus SA 0.76 HP versus SA 0.93 HP versus SA 0.09

of reduction rates should be paid more attention to the
groups of EB (21.94%). It should also be noted that the HP
group was related to a higher ratio of erosion of the
acromion and stiffness. In general, our study is more com-
prehensive for synthesizing all existing evidence to provide
simultaneous evidence and indicates that SA showed the best
clinical efficacy with the lowest complication rate (Figure 6).

Limitation and Strengths

The strength of this study was the inclusion of a large num-
ber of articles. Including 31 articles and combining the
results from 1102 patients allows for an adequate assessment
of the five surgical procedures to compare the clinical effi-
cacy, imaging findings, and safety. Meanwhile, a major limi-
tation of this systematic review is that a small proportion of
the included studies are RCTs. Moreover, the complications
such as the loss of reduction are not uniformly reported
across all studies. Nevertheless, given the high quality of the
included studies, the results of our comparison are suffi-
ciently convincing.

Conclusion

In conclusion, considering all the criteria evaluated, SA
shows better clinical effectiveness and reliable safety in the
treatment of acute ACJ dislocation. Although HP is the most
widely used surgical option currently, it should be carefully
considered for its high incidence of complications.
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