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Abstract

Stata 12.0 was used for the meta-analysis.

to pain and abduction restriction.

Background: The purpose of this meta-analysis was to compare clavicle hook plates versus distal clavicle locking
plates for the treatment of Neer type Il distal clavicle fractures.

Methods: PubMed (1996 to January 2019), Embase (1980 to January 2019), Web of Science (1990 to January 2019),
the Cochrane Library (January 2019), and the China National Knowledge Infrastructure (January 2019) were
systematically searched without language restrictions for literature retrieval. The Constant-Murley shoulder joint
function score at 3 and 6 months after the operation and the postoperative complications after the operation
(shoulder joint pain, abduction restriction, fracture delay healing, subacromial impingement) were the outcomes.

Results: A total of 9 clinical trials involving 446 patients were finally included in this meta-analysis. The results
showed that the improvement in the Constant-Murley shoulder joint function score in the distal locking plate
group was better than that in the clavicle hook plate group at 3 and 6 months after the operation (P < 0.05). There
were fewer cases of shoulder joint pain and restricted shoulder abduction range of motion in the distal locking
plate group, and the difference was statistically significant (P < 0.05). There were no statistically significant
differences in fracture delay healing and subacromial impingement between the two groups (P> 0.05).

Conclusion: Compared with the clavicular hook plate, the distal clavicle locking plate for the treatment of Neer
type Il distal clavicle fractures is associated with better shoulder function recovery and fewer complications related

Introduction
Clavicular fractures are common and typically occur in
young patients, leading to a burden for this active popula-
tion [1, 2]. Clavicle fractures are categorized as proximal,
midshaft, or distal fractures. Although distal clavicle frac-
tures represent only 15-28% of clavicle fracture cases, they
constitute 30—45% of cases of nonunion [3-5]. Therefore,
surgical management is recommended for all unstable dis-
tal clavicle fractures [6]. Controversy exists regarding the
optimal treatment for vertically unstable Neer type II lateral
clavicle fractures [7].

Strategies for the treatment of clavicular fractures include
coracoclavicular fixation (sutures such as a tight rope or
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endobutton and screw) and fracture fixation devices (cla-
vicular hook plate, clavicular locking plate and screw with
lateral extension, tension band wiring and transacromial
pinning with Kirschner wires fixation) [8, 9]. Clavicular
hook plates and clavicular locking plates are two common
internal fixation methods for treating clavicular fractures.
However, the efficacy and safety of clavicular hook
plates and clavicular locking plates in the treatment of
clavicular fractures remains controversial. Tan et al.
[10] found that the clavicular locking plate was associ-
ated with an increase in Constant-Murley scores at 3
months compared with the clavicular hook plate, which
indicated that the clavicular locking plate was a better
choice of treatment for clavicular fractures. However,
Xiong et al. [11] revealed that there was no statistically
significant difference between the clavicular hook plate
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and the clavicular locking plate in terms of the
Constant-Murley scores.

However, there have been no systematic, quantitative
evaluations comparing the two methods. In this system-
atic review and meta-analysis, we included relevant stud-
ies to compare the clinical outcomes of clavicular hook
plates and clavicular locking plates in individuals with
clavicular fractures to provide some evidence for clinical
decision making.

We performed a meta-analysis that compared the clin-
ical efficacy and safety of clavicular hook plates and cla-
vicular locking plates for the treatment of Neer type II
distal clavicle fractures.

Materials and methods

This meta-analysis was conducted based on the recom-
mendations in the Cochrane Handbook for Systematic
Reviews of Interventions and was written in accordance
with the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses) checklist [12]. The
meta-analysis extracted relevant data from published
studies, so an ethics review approval was not required.
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Search strategy

PubMed (1996 to January 2019), Embase (1980 to January
2019), Web of Science (1990 to January 2019), the
Cochrane Library (January 2019), and the China National
Knowledge Infrastructure (January 2019) were systematic-
ally searched. The references of all randomized controlled
trials (RCTs) were searched for additional studies related
to Neer type II distal clavicle fractures. The keywords used
were “distal clavicle fractures,” “clavicle fractures,” “clavicle
hook plate,” and “distal clavicle locking plate” in conjunc-
tion with the Boolean operators “AND” or “OR”. The two
authors independently reviewed the titles and abstracts of
the articles to exclude significantly unrelated studies. The
search procedure is presented in Fig. 1.

” «

Inclusion criteria and exclusion criteria

Studies were eligible for the meta-analysis if they met
the following criteria: (1) participants: patients with dis-
tal clavicle fractures; (2) intervention: patients receiving
a clavicle hook plate in the study group and distal clav-
icle locking plate in the study group; (3) outcomes: Con-
stant-Murley scores at 3 months and 6 months, the
occurrence of shoulder pain, restricted shoulder abduction
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range of motion cases, delayed union and acromion
impingement syndrome; and (4) study design: RCT. Stud-
ies that did not include the outcome measures of interest
were excluded. Letters, abstracts, comments, editorials,
and studies without the full text available were also
excluded. Disputes were resolved through discussion or
the third reviewer was consulted.

Data extraction

Two authors independently extracted the available data
from the included studies. The data included the first
author, publication date, number of patients, location of
the fracture, incision type, fracture type, number of
female patients, patient’s age, follow-up duration, out-
comes, and study type. The primary outcome included
the Constant-Murley scores at 3 months and 6 months.
The secondary outcomes included the occurrence of
shoulder pain, restricted shoulder abduction range of
motion cases, delayed union, and acromion impinge-
ment syndrome. All extracted data were summarized in
a pre-designed Microsoft Excel worksheet. Disagree-
ments were resolved by discussion to reach a consensus.

Quality assessment

Two authors (Liang Li and Tian-yan Li) independently
evaluated the risk of bias of the included studies accord-
ing to the Cochrane Handbook, which considered the
following items: “random sequence generation,” “alloca-
tion concealment,” “blinding of participants and
personnel,” “blinding of outcomes assessors,” “incom-
plete outcome data,” “selective outcome reporting,” and
“other bias” [12]. The methodological quality of each in-
cluded study was scored as “low bias,” “unclear bias,” or
“high bias.”

Data analysis and statistical methods

The current meta-analysis was conducted using Stata
12.0 (Stata Corp., College Station, TX). For the continu-
ous outcomes, the mean difference (MD) with a 95%

Table 1 General characteristic of the included studies
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confidence interval (CI) was used. For the discontinuous
outcomes, relative risk (RR) with a 95% CI was used.
The statistical heterogeneity was assessed by the P value
and I* statistic using the chi-squared test. If I* >50% or
P <0.05, the studies were considered to demonstrate sig-
nificant heterogeneity, and a random-effects model was
used; otherwise, a fixed-effects model was used. This
meta-analysis also used a funnel plot of the urinary tract
infection data to independently assess publication bias.

Results

Search results

A total of 454 studies were identified through the initial
search, and 226 papers were excluded because they were
duplicates. In the next stage, 216 papers were excluded
after the titles and abstracts were read. Therefore, 9
RCTs [10, 11, 13-19] were included on the basis of the
inclusion criteria after the full texts were read; the
RCTs included 230 patients in the clavicle hook plate
group and 216 patients in the distal clavicle locking
plate group.

Study characteristics

The baseline characteristics of the included studies are
summarized in Table 1. The publication year ranged
from 2011 to 2014. Seven studies used the beach chair
position, and the remaining two studies did not state the
position. All of the included studies used a longitudinal
incision for the operation. The included patients had
Neer type II fractures. The proportion of female patients
ranged from 26.4 to 62.4%. The age of the included pa-
tients ranged from 36.8 to 52years. All of the studies
were RCTs.

Risk of bias in the included studies

Figures 2 and 3 show the risk of bias assessment
summary and risk of bias graph, respectively. Six
RCTs described using random sequence generation,
and 4 studies reported using allocation concealment

Author No. of patients (I/C)  Position Incision Fracture type  Female (%) Age (year)  Follow-up Outcomes Study
Dai 2011 25vs 20 Beach chair  Longitudinal ~ Neer IIB 325 456 3 months 1,2,3,4,5 RCT
Wu 2012 12 vs 13 Beach chair  Longitudinal ~ Neer || 444 36.8 866months 1,2 3,456 RCT
Xiong 2012 21 vs 13 Beach chair  Longitudinal ~ Neer I 50.8 41.26 24 months 1,2,3,4,6 RCT
Tan 2012 23 vs 19 Beach chair  Longitudinal ~ Neer I 357 437 NS 1,2,3,56 RCT
Zhang 2013 35vs 35 NS Longitudinal ~ Neer I 264 52 152months 1,2,3,4,5 6 RCT
Du 2014 24 vs 28 NS Longitudinal ~ Neer I 398 40.5 NS 1,2,3,4,56 RCT
Hu 2014 30 vs 32 Beach chair  Longitudinal ~ Neer || 56.8 39 9 months 1,2,3,456 RCT
Zhu 2014 26 vs 20 Beach chair  Longitudinal ~ Neer || 624 4113 275months  1,2,3,6 RCT
Dou 2014 34 vs 36 Beach chair  Longitudinal ~ Neer Il 440 52 12 months 1,2,3,456 RCT

1 Constant-Murley scores at 3 months; 2 Constant-Murley scores at 6 months; 3, the occurrence of shoulder pain; 4, the occurrence of shoulder joint abduction
limited cases, 5, the occurrence of delayed union; 6, the occurrence of acromion impingement syndrome



Li et al. Journal of Orthopaedic Surgery and Research (2019) 14:472

Blinding of participants and personnel (performance bias)

= | Allocation concealment (selection bias)

. . Blinding of outcome assessment (detection bias)

@ | ® | @ | Random sequence generation (selection bias)

Q0
5 2
£ 3
8 2
s &
S g
[ =
E o
o £
FE R
3 8
2 2
Qo O ©
I
Dai 2011 7 ® 00
Dou 2014 ® e 00
Du 2014 """...
Hu2014 |2 (2 |2 "...
Tan2012 | @ | O | O | O | O | © | S
wu20i2| 2|2 |2 | @ @ O @
xong2012 | @ | @ | @ | O | & S @
zhang2013 | @ | @ | O | ©  ® | O | @
Zhu2014 |2 |2 | (2 ?...

Fig. 2 Risk of bias summary

and blinding of the participants and personnel. Six
studies reported blinding of the outcome assessors.
The attrition bias, reporting bias, and other bias cat-
egories were all associated with a low risk of bias.

Meta-analysis results

Constant-Murley scores at 3 months

Seven trials involving 306 participants reported
Constant-Murley scores at 3 months. Compared with
the clavicle hook plate, the distal clavicle locking plate
was associated with higher Constant-Murley scores at 3
months (MD, -8.58; 95% CI, —10.37 to -6.79; P=
0.000; Fig. 4). Little statistical heterogeneity was
observed across trials (I = 36.0%).
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Constant-Murley scores at 6 months

Seven trials involving 331 participants reported
Constant-Murley scores at 6 months. Compared with
the clavicle hook plate, the distal clavicle locking plate
was associated with higher Constant-Murley scores at 6
months (MD, -9.89; 95% CI, —12.12 to -7.65; P=
0.000; Fig. 5). Little statistical heterogeneity was ob-
served across trials (7 = 35.4%).

The occurrence of shoulder pain

Six trials involving 289 participants reported the
occurrence of shoulder pain. Compared with the
clavicle hook plate, the distal clavicle locking plate
was associated with a decrease in the occurrence of
shoulder pain (RR, 3.97; 95% CI, 2.02 to 7.83; P=
0.000; Fig. 6). No statistical heterogeneity was ob-
served across trials (12 =0.0%).

Restricted shoulder abduction range of motion cases

Four trials involving 166 participants reported a
restricted shoulder abduction range of motion cases.
Compared with the clavicle hook plate, the distal clavicle
locking plate was associated with a decrease in the num-
ber of restricted shoulder abduction range of motion
cases (RR, 6.08; 95% CI, 2.12 to 17.47; P =0.001; Fig. 7).
No statistical heterogeneity was observed across trials
(I = 0.0%).

The occurrence of delayed union

Six trials involving 292 participants reported the occur-
rence of delayed union. There was no statistically signifi-
cant difference between the clavicle hook plate and
distal clavicle locking plate groups in terms of the occur-
rence of delayed union (RR, 1.01; 95% CI, 0.34 to 2.97;
P=0.988; Fig. 8). No statistical heterogeneity was
observed across trials (7 = 0.0%).

The occurrence of acromion impingement syndrome

Six trials involving 168 participants reported the occur-
rence of acromion impingement syndrome. There was
no statistically significant difference between the clavicle
hook plate and distal clavicle locking plate groups in
terms of the occurrence of acromion impingement syn-
drome (RR, 0.95; 95% CI, 0.38 to 2.33; P =0.904; Fig. 9).
No statistical heterogeneity was observed across trials
(I = 0.0%).

Sensitivity analysis and publication bias
A sensitivity analysis was performed by omitting in-
cluded studies sequentially, and the results suggested
that after removing each study sequentially, the overall
effect size was not changed (Fig. 10).

For the meta-analysis of the Constant-Murley scores
at 3 months, there was no evidence of publication bias
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Fig. 3 Risk of bias graph

according to an inspection of the funnel plot (Fig. 11)
and formal statistical tests (Egger test, P =0.69, Fig. 12;
Begg test, P =0.73, Fig. 13).

Discussion

Principal findings

Compared with the clavicle hook plate, the distal clavicle
locking plate was associated with increased Constant-
Murley scores at 3 months and 6 months. In addition,
the distal clavicle locking plate was associated with a de-
crease in the occurrence of shoulder pain and the num-
ber of restricted shoulder abduction range of motion
cases. There was no significant difference between the
clavicle hook plate and distal clavicle locking plate

groups in terms of the occurrence of delayed union and
the occurrence of acromion impingement syndrome. We
performed a sensitivity analysis and found that after re-
moving each study sequentially, the overall effect size
was not changed.

Relation to other systematic reviews

Only one previous systematic review and network
meta-analysis comparing clavicle hook plates and dis-
tal clavicle locking plates have been published [20].
The major concern about the above meta-analysis was
that they only included one potential trial that compared
the Constant-Murley score between clavicle hook plates
and distal clavicle locking plates. The results of that meta-

Study
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Fig. 4 Forest plot for the comparison of Constant-Murley scores at 3 months between clavicle hook plate and distal clavicle locking plate groups
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Study %
ID WMD (95% Cl) Weight
Wu 2012 —‘;— —11.00 (-18.48,-3.52) 8.93
Xiong 2012 (—O—i —17.00 (-24.57,-9.43) 8.71
Tan 2012 %—‘— —5.00 (-10.44, 0.44) 16.85
Du 2014 —*'%— —12.00(-17.48,-6.52) 16.65
Hu 2014 _*i_ -11.00 (-16.49, -5.51) 16.60
Zhu 2014 —"‘!E'— —-11.00 (-16.51, -5.49) 16.47
Dou 2014 —E—‘— —6.00 (-11.62,-0.38) 15.79
Overall (I-squared = 35.4%, p = 0.158) @ —9.89 (-12.12,-7.65) 100.00

P=0.000

.
T : T
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Fig. 5 Forest plot for the comparison of Constant-Murley scores at 6 months between clavicle hook plate and distal clavicle locking plate groups

analysis showed that the distal clavicle locking plate was
superior to the clavicle hook plate.

In this meta-analysis, we used the Constant-Murley
scores at 3 months as the primary outcome. The results
showed that compared with the clavicle hook plate, the
distal clavicle locking plate was associated with increased

Constant-Murley scores at 3 months and 6 months. Our
results were compatible with the results of previous
studies [10, 21]. Zhang et al. [21] conducted a retro-
spective study that compared clavicle hook plates and
distal clavicle locking plates for the treatment of un-
stable distal clavicle fractures. The results showed that

Study %
ID RR (95% Cl) Weight
Dai 2011 —*—;— 1.20(0.22, 6.50) 23.82
Xiong 2012 ——é—*— 7.00(0.42,117.02) 6.55
Tan 2012 —‘0— 4.68(1.61,13.60) 35.22
Du 2014 ——é—‘— 5.80(0.29, 115.21) 4.96
Zhu 2014 —-‘i— 1.92(0.42,8.91) 24.23
Dou 2014 —E‘—*— 15.86 (0.94, 267.41) 5.21
Overall (I-squared = 0.0%, p = 0.547) @ 3.97 (2.02,7.83) 100.00

P=0.000

* T

T
.00374

Fig. 6 Forest plot for the comparison of the occurrence of shoulder pain between the clavicle hook plate and distal clavicle locking plate groups
J
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Study %
ID RR (95% Cl) Weight
]
Xiong 2012 —_1—— 7.00(0.42,117.02) 15.94
:
Tan 2012 —0‘:— 4.13(1.03, 16.60) 57.15
!
Zhang 2013 ——O-i— 4.17(0.23,77.11) 14.23
:
Dou 2014 ————+—— 15.86(0.94,267.41) 12.68
]
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Fig. 7 Forest plot for the comparison of the occurrence of shoulder joint abduction limited cases between clavicle hook plate and distal clavicle

both the distal clavicular locking plate and the clavicular
hook plate achieved good results in the treatment of un-
stable distal clavicle fractures. In addition, more individ-
uals who underwent internal fixation with a distal
clavicular locking plate were able to return to their pre-
vious work within 3 months after surgery and had fewer

complications than those who underwent fixation with
the clavicular hook plate. Erdle et al. [22] found that the
overall functional outcome was similar in the clavicle
hook plate and distal clavicle locking plate groups. We
performed a sensitivity analysis by sequentially omitting
each study, and this analysis showed that our results
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Fig. 8 Forest plot for the comparison of the occurrence of delayed union between clavicle hook plate and distal clavicle locking plate groups
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Study %
ID RR (95% Cl) Weight
Dai 2011 —T—+— 2.42(0.10, 56.46) 6.06
Tan 2012 0.41 (0.04,4.21) 24.00
Zhang 2013 — s 4.17(0.23,77.11) 5.98
Zhu 2014 ——t—+— 233(0.10,54.42) 6.16
Hu 2014 —_— 0.53(0.10, 2.89) 36.52
Dou 2014 —_—sr— 0.53 (0.05, 5.57) 21.29
Overall (I-squared = 0.0%, p = 0.729) <> 0.95 (0.38,2.33) 100.00
P=0.904

T
.013

locking plate groups
.

Fig. 9 Forest plot for the comparison of the occurrence of acromion impingement syndrome between clavicle hook plate and distal clavicle

were statistically reliable. Biomechanical studies have
shown that the clavicle locking plate is superior to the
clavicle hook plate in terms of flexion and abduction of
the humerus. Because locking plate fixation maintains
the biomechanics of the acromioclavicular joint, it allows

some degree of early mobilization and does not require
reconstruction of the coracoclavicular ligaments [23].
The treatment of Neer type II distal clavicle fractures
is a controversial topic. Several studies have recom-
mended open reduction and internal fixation for Neer
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Fig. 10 Sensitivity analysis for Constant-Murley scores at 3 months between clavicle hook plate and distal clavicle locking plate groups
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type II distal clavicle fractures because these fractures the clavicle hook plate and distal clavicle locking plate
tend to displace and are associated with a higher risk of  groups.

nonunion compared with other clavicle fracture types. We then compared the occurrence of shoulder pain
We compared the occurrence of delayed union between and the restricted shoulder abduction range of motion
the clavicle hook plate and distal clavicle locking plate  cases between the clavicle hook plate and distal clavicle
groups. We found that there was no significant differ- locking plate groups. Compared with the clavicle hook
ence between the occurrence of delayed union between  plate, the distal clavicle locking plate was associated with

Begg's funnel plot with pseudo 95% confidence limits
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Fig. 12 Egger’s test for Constant-Murley scores at 3 months between clavicle hook plate and distal clavicle locking plate groups
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Fig. 13 Begg's test for Constant-Murley scores at 3 months between clavicle hook plate and distal clavicle locking plate groups

a decrease in the occurrence of shoulder pain and a re-
stricted shoulder abduction range of motion cases.

Limitation of this meta-analysis

Some limitations of this study should be noted. First, the
small sample size might have affected the significant dif-
ference between the two surgical procedures. Second,
most of the included studies originated from China, and
more RCTSs published in other countries should be con-
ducted to confirm this conclusion. Third, our study ig-
nored the diversity of diagnostic criteria and etiology of
the disease, and further research is needed to determine
whether these conclusions apply to patients with the
various other types of distal clavicle fractures.

Conclusion

Compared with the clavicular hook plate, the distal clav-
icle locking plate for the treatment of Neer type II distal
clavicle fractures is associated with better shoulder func-
tion recovery and fewer complications related to pain
and abduction restriction. In view of the heterogeneity
and different follow-up times, whether these conclusions
are applicable should be further assessed in future
studies.
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