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Background: To compare risk of carpal tunnel syndrome (CTS) in distal radius fracture (DRF) patients after 7 treatments using
bridging external fixation (BrEF), non-bridging external fixation (non-BrEF), plaster fixation, K-wire fixation, dor-
sal plating fixation, volar plating fixation, and dorsal and volar plating by performing a network meta-analysis.

Material/Methods: An exhaustive search of electronic databases identified randomized controlled trails (RCTs) closely related to
our study topic. The published articles were screened, based on predefined inclusion and exclusion criteria,
to select high-quality studies for the present network meta-analysis. Data extracted from the selected studies
were analyzed using STATA version 12.0 software.

Results: The literature search and selection process identified 12 eligible RCTs that contained a total of 1370 DRF pa-
tients (394 patients with BrEF, 377 patients with non-BrEF, 89 patients with K-wire fixation, 192 patients with
plaster fixation, 42 patients with dorsal plating fixation, 152 patients with volar plating fixation, and 124 pa-
tients with dorsal and volar plating fixation). Our network meta-analysis results demonstrated no significant
differences in CTS risk among the 7 treatments (P>0.05). The value of surface under the cumulative ranking
curve (SUCRA), however, suggested that dorsal plating fixation is the optimal treatment, with the lowest risk
of CTS in DRF patients (dorsal plating fixation: 89.2%; dorsal and volar plating: 57.8%; plaster fixation: 50.9%;
non-BrEF: 50.6%; volar plating fixation: 39.6%; BrEF: 38.4%; K-wire fixation: 23.6%).

Conclusions: Our network meta-analysis provides evidence that dorsal plating fixation significantly decreases the risk of CTS
and could be the method of choice in DRF patients.
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Background

Distal radius fracture (DRF), also called wrist fracture, is the
most common fracture of the upper extremities seen in emer-
gency rooms [1]. DRFs are disproportionately high in elderly
women over age 60 years and occur at a male-to-female ratio
of 1: 4, which is attributed to osteoporosis [2,3]. Carpal tun-
nel syndrome (CTS) is one of the major complications follow-
ing DRF and its incidence is between 3.3% and 17.2% [4]. The
incidence of CTS in the United States is estimated at 1-3 cas-
es per 1000 subjects per year [5]. CTS symptoms include de-
creased sensation, numbness and pain in the median nerve re-
gion [6]. Interestingly, studies showed that application of local
anaesthetics, hematoma caused by injury and surgical trau-
ma are involved in the pathophysiology of CTS risk in DRF pa-
tients [7]. Based on recent statistics, a woman over the age of
65 will have at least 1 incident of DRF before end of life. Thus,
considering the increased life expectancy in the elderly pop-
ulation due to healthy lifestyles and medical advances, treat-
ment of DRF for full anatomical restoration and complete func-
tional recovery is of utmost importance in this population [8].
However, the optimal treatment strategy for DRF in the elder-
ly is controversial and includes both non-surgical and surgi-
cal treatments [9,10]. In recent decades, surgical options for
DRF, such as K wires fixation, percutaneous pinning, and vo-
lar or dorsal plates, have gained significant popularity [3, 11].

Bridging external fixation (BrEF), used with static fixators, is
a popular method to bridge the wrist and stabilize the joint
as well as the fracture [12]. On the other hand, non-bridging
external fixation (non-BrEF) for DRF treatment is a more gen-
eralized technique aimed to restore carpal alignment [13].
Moreover, when the dorsal fragments are twisted 180°, such
as in complex DRFs, the dorsally displaced fragments of DRF
should be treated directly by fragment specific fixation via
the dorsal approach; thus, the low profile dorsal locking plate
was developed to address this [14,15]. Plaster fixation and
closed reduction have been the more traditional treatments
performed in older DRF patients [16]. Volar locked plating is a
popular method for treatment in DRF patients due to its rapid
stabilization of the fracture and early wrist mobilization [12].
Locked volar plate fixation technique has a lower risk of ten-
don damage compared to dorsal plates due to the plate cover-
age by the pronator quadratus muscle [17]. A volar and dorsal
plate fixation has the potential to stabilize the displaced frac-
ture and avoid the extensor tendon problems [18]. Although
DRFs are among the most common injuries treated by ortho-
pedic, trauma, and hand surgeons, the treatment options are
variable and the best approach is a matter of intense debate
because prospective randomized studies are inconclusive in
their support of any single method [8,17]. In this respect, a
meta-analysis is a useful tool to combine evidence from pub-
lished literature to make more definitive comparisons between
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treatment choices. In the current study, we analyzed the out-
comes and complications for 7 common DRF treatment meth-
ods: BrEF, non-BrEF, plaster fixation, K wires fixation, dorsal
plating, volar plating and dorsal and volar plating.

Traditional meta-analysis combines results from homogeneous
studies on the same topic and it is not feasible to simultane-
ously compare more than two interventions [19]. In the absence
of a direct comparison between treatments, indirect analysis
can be used to assess the relative effectiveness of different
treatments [20]. A network meta-analysis uses information ex-
tracted from published studies and integrates the information
to measure relative treatment efficacies [21]. The objective of
this network meta-analysis was to assess, using both direct
and indirect comparisons, the risk of CTS in DRF patients who
underwent these 7 different treatments: BrEF, non-BrEF, plas-
ter fixation, K wires fixation, dorsal plating fixation, volar plat-
ing fixation, and dorsal and volar plating fixation.

Material and Methods

Search strategy

Public databases, PubMed and Cochrane Library, were exhaus-
tively searched (last updated search, October 2014) to locate
published studies related to CTS and DRF. Keywords used for
the literature search were a combination of the following: dis-
tal radius fracture, carpal tunnel syndrome, external fixation
and internal fixation. The language of publication was restrict-
ed to English. Manual search was conducted to identify addi-
tional related literature from cross-references.

Inclusion and exclusion criteria

Selection of studies for enrollment into this network meta-anal-
ysis was based on the following inclusion criteria: (1) study
design: randomized controlled trail (RCT); (2) study subject:
clinical or radiological confirmation of DRF patients; (3) out-
comes: incidence of CTS in DRF patients; (4) diverse DRF treat-
ment methods. Studies were excluded if they (1) lacked data
integrity; (2) were not RCT study design; (3) duplicate litera-
ture; (4) complex intervention strategy.

Data extraction

Two independent investigators extracted the required data by
using a standard data collection form. The following informa-
tion was collected: first author, publication year, country, eth-
nicity, interventions, age, gender and number of research sub-
jects. Discrepancies during study selection or data collection
were resolved by discussion with other investigators.
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Table 1. Baseline characteristics of included studies.

Treatments
First author

META-ANALYSIS

Gender (M/F)

Age (years)

McQueen MM [34] 1996 UK Plaster BrEF
Westphal T[36] | 2005 Germany Plaster DV
CAtoshil31] 2006 Sweden non-BrEF  BIEF
Hayesm13] 2008 Canada non-BrEF  BrEF
leungF33] 2008 Taiwan Kwire DV
CAbramoA[29] 2009 Sweden Dorsal  BrEF
CmoraR[E] 2009 Australia  Plaster  Volar
 Schmelzer-Schmied N[35] 2009 Germany K-wire  Volar
AktekinCN[30] 2010 Turkey Plaster  BrEF
CChappuis)(17] 2011 Belgium  Dorsal  Volar
CWilcke MK[12] 2011 Sweden Volar  BrEF
Cdeudys321 2012 France  Volar  BEF

60 30 30 2/28 4/26 64+14.5 63+11.6
131 77 54 31/46 26/28 606:153 5956158
38 19 19 316 415 70(55-86) 71(57-84)
588 358 230 47311 71159 64 58
144 74 70 2 420760
””” S0 26 24 1436 48065
114 61 53 19/42 17/36 809457 759848
30 15 15| N 60(s0-70)
46 24 22 519 913 712452 698445
31 16 15 214 213 71694112 7173136
63 3330 3025 3323 55(2069) 56(21-69)
75 36 39 10026 8/31 647437 646835

M — male; F — female; NR — not reported; Plaster — plaster fixation; BrEF — bridging external fixation; non-BrEF — non-bridging external
fixation; dorsal — dorsal plating fixation; volar — volar plating fixation; DV — dorsal and volar plating fixation; K-wire — K-wire fixation.

Statistical analysis

STATA 12.0 software (Stata Corp, College Station, TX, USA)
with mvmeta command was applied for network meta-anal-
ysis. Odds ratio (OR) with 95% confidence interval (95% Cl)
was calculated by fixed-effects model or random-effects mod-
el to evaluate the incidence of CTS in DRF patients following
various treatments. Z-test was utilized to evaluate the over-
all effects size [22]. Cochran’s Q-statistic (P<0.05 was consid-
ered significant) and /? tests were applied to quantify hetero-
geneity among studies [23,24]. In order to calculate the pooled
ORs, fixed-/random-effects models were used. A fixed-effects
model was used when significant heterogeneity was observed
(P<0.05 or 1?>50%), otherwise a random-effects model was
employed [25]. Network meta-analysis synthesizes informa-
tion from a network of related studies comparing more than
2 treatments in DRF patients. If a direct comparison between
treatments is absent, a combination of direct evidence and
indirect evidence evaluates the direct and indirect compari-
sons with precision and generates a CTS risk ranking based
on the outcomes reported in the included studies. In a closed
loop, we employed inconsistency factor (IF) to evaluate het-
erogeneity among included studies. If the 95% confidence in-
tervals of IF values were truncated at zero, it suggested that
the direction of IF was not important [26]. Funnel plots were
used to identify the presence of small-study effects and vali-
date the reliability of the results [27]. The assumption of con-
sistency models allows heterogeneity of intervention effects

without significant differences in study design. After the gen-
eration of a heterogeneity matrix, frequentist statistical ap-
proach was used for the fitted model to calculate the ranking
probabilities [28]. To rank the treatments, we first used pos-
terior probabilities of outcomes to calculate probabilities of
treatment ranking. Next, we used surface under the cumulative
ranking probabilities (SUCRA) to identify the best treatment.

Results

The electronic database search and manual search identified a
total of 974 articles. After removing duplicate studies (n=231),
letters, reviews, meta-analyses (n=18), non-human studies
(n=9) and studies irrelevant to DRF (n=165), 551 studies re-
mained for further evaluation. Of these, 529 articles were ex-
cluded because they were not RCT or were not relevant to CTS
or were not relevant to network, leaving 22 articles for further
consideration After the exclusion of 6 studies without data and
4 studies with incomplete or weakly correlated data, only 12
trials met our stringent requirements and were finally included
in this network meta-analysis. These 12 studies contained the
required data related to 1370 DRF patients (394 patients with
bridging external fixation; 377 patients with non-bridging ex-
ternal fixation; 89 patients with K-wire fixation; 192 patients
with plaster fixation; 42 patients with dorsal plating fixation;
152 patients with volar plating fixation; 124 patients with dor-
sal and volar plating fixation). Dual-arm tests were presented
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Dorsal and volar plating
Bridging external fixation

Dorsal plating

Non-bridging external fixation Volar plating

Plaster fixation K-wire fixation

Figure 1. Networks of evidence of all trials in this network
meta-analysis.

in each study, with a total of 12 comparisons of the different
treatment strategies [8,12,13,17,29-36]. The baseline char-
acteristics of the included studies are presented in Table 1.

Evidence network

As shown in Figure 1, the connecting lines show direct com-
parisons between the two connected interventions and pairs
of interventions without direct connection can be indirectly
compared through network meta-analysis. The width of the
lines indicates the number of trails. The size of nodes corre-
sponds to the overall sample size of intervention. The color of
lines represents the risk of bias of enrolled trails. This study
included 7 treatments for DRF (BrEF; non-BrEF; K-wire fixation;
plaster fixation; dorsal plating fixation; volar plating fixation;
dorsal and volar plating fixation).
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Contribution plot

The contribution of each study to the results of the network
meta-analysis are shown in Figure 2: (1) direct comparison be-
tween BrEF and non-BrEF were reported in two studies with
contributions to the comparisons between non-BrEF and plas-
ter fixation, non-BrEF and dorsal plating fixation, non-BrEF and
volar plating fixation at 50%, 50%, and 50%, respectively, and
20% for the whole network meta-analysis; (2) 2 studies inves-
tigated the comparisons between BrEF and plaster fixation and
their contributions to the comparisons between non-BrEF and
plaster fixation, plaster fixation and dorsal plating fixation,
plaster fixation and volar plating fixation were 50%, 50%, and
50%, respectively, with 20% contribution to whole network me-
ta-analysis; (3) one study compared BrEF and dorsal plating
fixation and the contributions for non-BrEF and dorsal plat-
ing fixation, plaster fixation and dorsal plating fixation, dorsal
plating fixation and volar plating fixation were 50%, 50%, and
50%, respectively, with 20% contribution to the whole network
meta-analysis; (4) 2 studies reported the direct comparison
between BrEF and volar plating fixation and the contribution
to the comparisons between non-BrEF and volar plating fixa-
tion, plaster fixation and volar plating fixation, dorsal plating
fixation and volar plating fixation were 50%, 50%, and 50%,
respectively, and 20% to the whole network meta-analysis.

Evaluating and presenting assumptions of network
meta-analysis

Inconsistency plot was used to identify heterogeneity among
studies in the closed loops of this network meta-analy-
sis (Figure 3). Two triangular loops and 1 quadrangle loop
were present in the network meta-analysis, including BrEF-
dorsal plating fixation-volar plating fixation loop, BrEF-plaster
fixation-volar plating fixation loop and plaster fixation- K-wire
fixation- volar plating fixation-dorsal and volar plating fixation

Direct comparision in the network

Figure 2. Contribution plot of included studies
in this network meta-analysis
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Figure 3. Inconsistency test for direct and
95%Cl Loop-specific indirect comparison (A — bridging
Loop IF (truncated) heterogeneity (t?) external fixation; B — non-bridging
external fixation; C — plaster fixation;
A-E-F —— 268 (0.00,6.73) 0.00 D — K-wire fixation; E — dorsal plating
fixation; F — volar plating fixation;
D-F=6 — ¥ (0.00,6.95) 0.00 G —dorsal and volar plating fixation).
A-C-F — 0.32 (0.00,4.22) 0.00
A-E-F: Z test (Z=1.297, P=0.195)
(-D-F-G: Z test (Z=0.581, P=0.561)
A-C-F: Z test (=0.160, P=0.783)
02467

Table 2. Comparisons of the carpal tunnel syndrome risk among seven treatments in distal radius fracture patients.

Non-BrEF vs. BrEF Plaster vs. BrEFK-wire vs. BrEF Dorsal vs. BrEF Volar vs. BrEF DV vs. BrEF

OR 0.823 0.788 1.809 0.224 1.012 0.649
cTs uL 1.790 3.633 23.057 1.377 4271 8.240
(COrrelation MOt 95Tl o el
- LL 0378 0.171 0.142 0.036 0.239 0.512

VA -0.49 -0.31 0.46 -1.61 0.02 -0.33

OR 0.823 0.946 5.315 0.097 1.514 1.351
CcTS UL 1.790 5.716 287.472 0.863 9.589 37.378
(correlation 0 (B I
ignored) LL 0.378 0.157 0.098 0.011 0.239 0.049

YA -0.49 -0.06 0.82 -2.09 0.44 0.18

CTS — Carpal tunnel syndrome; OR — odds ratio; 95%Cl — 95% confidential intervals; non-BrEF — non-bridging external fixation;
BrEF — bridging external fixation; plaster — plaster fixation; K-wire — K-wire fixation; dorsal — dorsal plating fixation; volar — volar

plating fixation; DV — dorsal and volar plating fixation.

loop. IF values with 95%Cl were truncated at zero, suggesting
no significant inconsistency. The P values of greater than 0.05
further confirmed that direct comparisons and indirect com-
parisons of the 7 treatment strategies showed consistency.

Comparisons of the risk of CTS

The present network meta-analysis revealed no statistical-
ly significant differences in the risk of CTS in DRF patients
who underwent non-BrEF, K-wire fixation, plaster fixation,
dorsal plating fixation, volar plating fixation, dorsal and vo-
lar plating fixation when compared with BrEF, (non-BrEF:
OR=0.823, 95%Cl=0.378~1.790, P=0.623; plaster fixation:
OR=0.788, 95%CI=0.171~3.633, P=0.760; K-wire fixation:
OR=1.809, 95%Cl=0.142~23.057, P=0.648; dorsal plating fix-
ation: OR=0.224, 95%Cl=0.036~1.377, P=0.106; volar plating
fixation: OR=1.012, 95%C|=0.239~4.271, P=0.987; dorsal and
volar plating fixation: OR=0.649, 95%C|=0.512~8.240, P=0.739).
After ignoring covariance, further analysis suggests no sig-
nificant differences among the results (all P>0.05) (Table 2).

Ranking of interventions

The relative ranking of estimated probabilities for 7 different
treatments for CTS risk in DRF patients were 38.4% for BrEF,
50.3% for non-BrEF, 51.3% for plaster fixation, 22.9% for K-wire
fixation, 88.7% for dorsal plating fixation, 40.1% for volar plat-
ing fixation and 58.4% for dorsal and volar plating fixation,
indicating that dorsal plating fixation has the highest treat-
ment relative ranking of estimated probabilities. The cumu-
lative probability ranking of treatments is shown in Figure 4.
The SUCRA values for treatment relative ranking of predictive
probabilities of the 7 treatments were 38.4% for BrEF, 50.6%
for non-BrEF, 50.9% for plaster fixation, 23.6% for K-wire fixa-
tion, 89.2% for dorsal plating fixation, 39.6% for volar plating
fixation, and 57.8% for dorsal and volar plating fixation, with
dorsal plating fixation as the highest treatment relative rank-
ing of predictive probabilities. Thus, DRF patients with dorsal
plating fixation showed the lowest CTS risk and dorsal plat-
ing fixation was found to be the optimal method to treat DRF
in this pooled group of patients.
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Cumulative probabilities
Bridging external fixation Non-bridging external fixation Plaster fixation
1.0 1.0 1.0
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 38.4% 0.2 50.3% 0.2 51.3%
0.0 38.4% 0.0 50.6% 0.0 50.9%
T T T T T T T T T T T T T T L T T T T | T
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
K-wire fixation Dorsal plating Volar plating
1.0 1.0 1.0
08 08 /’_—— 08
0.6 0.6 0.6
0.4 0.4 0.4
0.2 22.9% 0.2 88.7% 0.2 40.1%
0.0 23.6% 0.0 89.2% 0.0 39.6%
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Dorsal and volar plating
1.0
0.8 Rank
gg Estimated probabilities =~ =—=—=—=———- Predictive probabilities
0.2 58.4%
0.0 57.8%
1 1 1 1 1 1 ]
1 2 3 4 5 6 7

Figure 4. Surface under the cumulative ranking curves of treatment relative ranking of predictive probabilities for comparisons of the
carpal tunnel syndrome risk among 7 treatments in distal radius fracture.
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Figure 5. Publications bias assessment for included studies
(A — bridging external fixation; B — non-bridging
external fixation; C — plaster fixation; D — K-wire
fixation; E — dorsal plating fixation; F — volar plating
fixation; G — dorsal and volar plating fixation)

Assessment of publication bias

Figure 5 shows the funnel plot for the 7 different treatments
network, which indicates the presence of small-size effect. All

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

included studies were symmetrically distribute around the
vertical line (x=0), suggesting no evidence of publication bias
caused by small-size effect in the network.

Discussion

In this study, we performed a systematic network meta-anal-
ysis of 7 most common DRF treatments and their associated
risks for CTS. The primary aim was to provide a focus for future
research to design better DRF treatment strategies for optimal
outcomes. Our network meta-analysis consisted of 1370 DRF
patients pooled from 12 RCTs that reported the risk of CTS in
DRF patients. Network meta-analyses have several advantag-
es: they can directly or indirectly compare more than two treat-
ments simultaneously; provide risk estimates for all treatment
comparisons, even for those that were not directly compared
in head-to-head trials; predict the best treatment based on
probability; and reduce the uncertainty in the risk estimates.
Interestingly, the difference in CTS risk in DRF patients fol-
lowing 7 different treatments was not statistically significant.

Indirect comparisons from our network meta-analysis suggest-
ed that dorsal plating fixation showed the highest SUCRA val-
ues, implying that dorsal plating fixation is the best approach
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to reduce risk of CTS, among the 7 common DRF treatments.
Compared with other surgical interventions, the dorsal double-
plating technique has shown promising results in DRF treat-
ment [37]. Dorsal locking plates have the advantage of acting
as a buttress to posterior comminution and the locking plates
may also allow increased periosteal blood supply [38]. Dorsal
plating fixation is an accepted treatment for unstable, dorsally
displaced DRFs with many benefits, including the ease of ex-
posure, visualization of the articular surface, and biomechan-
ical advantage of plate placement as a dorsal buttress [39].
Previous studies showed that dorsal locking plating was asso-
ciated with extensor tendon complications, consequently vo-
lar locking plating gained more acceptance. However, this is
still controversial and is contradicted by another study that
showed comparable complication rates between volar and dor-
sal plating compared to dorsal plating with a low-profile tita-
nium plate [40,41]. The volar plating approach was believed to
decrease the complication of tendon rupture, but not the ir-
ritation and rupture of the flexor and extensor tendon [3,18].
Consistent with the result in our network meta-analysis, a pre-
vious study showed no significant difference between locked
volar plating and BrEF, both in terms of maintaining the radial
length and in terms of restoration of the articular profile [32].
Our results also revealed that plaster fixation showed the sec-
ond-lowest rate of complications, in accordance with a previ-
ous study that demonstrated plaster fixation had the lowest
complication rate, whereas volar locking plating was associ-
ated with significantly increased complications requiring ad-
ditional surgical interventions [3].

One of the main strengths of this network meta-analysis is the
simultaneous comparison of a wide range of treatment strat-

egies for DRF in a single study. Second, all the studies were
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selected based on a rigorous and extensive literature search
aimed at identifying and including all relevant RCTs in this net-
work meta-analysis. Third, all RCTs were homogeneous in study
design. Any existing differences in key characteristics across
trials, which may act as effect modifiers possibly causing bias
in the analysis, appear to be small. However, the strengths of
this network meta-analysis should be weighed against its in-
herent limitations. First, the limited number of trials and the
absence of head-to-head comparisons increase the uncertain-
ty of our conclusions. Second, the maintenance trials includ-
ed in our study could bias the results due to incomplete out-
come data. Third, only 12 RCTs were eligible for inclusion in
this study. Due to the limited sample size, our network meta-
analysis results may be somewhat weak and most data could
only be estimated with moderate confidence.

Conclusions

In summary, our network meta-analysis provides convincing
evidence that dorsal plating fixation is the best approach for
DRF treatment, with the lowest risk of CTS, compared to BrEF,
non-BrEF, plaster fixation, K-wire fixation, dorsal and volar
plating fixation, and volar plating fixation. However, our con-
clusions will need to be confirmed using better-designed ran-
domized trials with larger sample sizes to provide the neces-
sary strength of evidence for clinical applications.
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