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Abstract

Purpose: The optimal internal fixation device for unstaliéertrochanteric fracture remains a matter

of controversy. By performing network meta-analysi® developed a ranking of the following four

surgical methods: proximal femoral nail antirotatidnterTan nail, gamma nail (GN) and sliding hip

screws. We compare the complication rates in p@tieith unstable intertrochanteric fractures.

Materials and Methods, After an exhaustive search of MEDLINE, EMBASE artte tCochrane

Central Register of Controlled Trials for relevastudies, randomized controlled trials meeting

selection criteria were entered into our networktavenalysis. Statistical analyses were conducted

using Stata software, version 13.0 (Stata CorpmmatCollege Station, Texas, USA).

Results: We included 12 randomized controlled trials. Comeplato Sliding hip screw, there were no

substantial differences in rates of complicatioms unstable intertrochanteric fractures patient

undergoing various treatments (all p > 0.05). Néhedess, the surface under the cumulative ranking

curve (SUCRA) for GN (80.6%) was significantly hagtthan those of the other three methods.

Conclusion: GN had the highest probability of reducing the ltateidence of complications among the

four interventions for treating unstable intertranteric fractures.

Keywords. unstable femoral intertrochanteric fractures; pr@t femoral nail antirotation; gamma

nail; sliding hip screws; interTan nail; network ta@nalysis.



1. Introduction

Intertrochanteric fractures are common in the d&jd¢l]. Operative treatment, permitting

immediate postoperative weight-bearing and reduciongplications, is gradually becoming preferred.

Sliding hip screw (SHS) is used extensively foratieg intertrochanteric fractures. This internal

fixation device is considered the "gold standardghiéque" for treating such fractures [2,3].

Nevertheless, the optimal internal fixation devigerepair of unstable intertrochanteric fractufigsF)

(AO/OTA 31-A2 and 31-A3) remains a matter of comtsy [4]. The common fixation methods for

unstable intertrochanteric fractures include ingarTnail (IT), proximal femoral nail antirotation

(PFNA), gamma nail (GN) and sliding hip screws ($HSeveral traditional meta-analysis have

compared various interventions to treat UIF [4-Névertheless, these studies were inconclusive. In

addition, traditional meta-analysis can only dikeatompare two interventions, and therefore they

cannot comprehensively estimate more than thregvietions. However, network meta-analysis can

be used to compare several interventions everiétare no head-to-head comparisons [8].

Therefore, we carried out a network meta-asialio assess the relative effects of four common

surgical interventions, including GN, PFNA, IT asHS, to suggest the optimal internal fixation

device for UIF based on complication rates.

2. Materials& Methods

This meta-analysis was created according ¢SFR (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) Guidelines [Jhe work has been reported in line with AMSTAR

(Assessing the methodological quality of systematitews) Guidelines[10]

2.1 Study selection

Inclusion criteria:1) average age greater than 60 with unstable iotdvanteric fractures; 2)



interventions and comparison included PFNA, SHS, &i IT; 3) outcomes included mortality,

cutout, later fracture, non-union, superficial wdunfection and embolism; 4) randomized controlled

trials; and 5) minimum follow-up 12 months. Exclusi criteria were as follows: 1) duplicate

publications; 2) non-human study; 3) lack of relevdata; 4) pathologic fracture; 5) non-RCT, review

articles, conference abstracts, letters or casertgpand 6) animal studies, biomechanical studies,

cadaveric or model studies.

2.2 Literature search

We searched MEDLINE, EMBASE and the Cochrane CeéRegister of Controlled Trials (up to

March 30, 2018). The search strategies are shovBupplemental List 1. To ensure completeness, we

also searched for the bibliographies of relevdatature by undertaking manual search.

2.3 Data extraction

Two authors (W.B.S. and X.B.Z.) independently estied the data, and differences were resolved

through discussion with a third author (H.H.W.).eTéxtracted information included age, number of

cases, primary author, interventions, year, countojlow-up period and complication®rimary

outcomes as complications (e.g. mortality, cuttaigr fracture, non-union, superficial wound infent

and embolism). We count the total number of conapilém for each group and compared the total

number of complications between different group.

2.4 Risk of bias assessment

Two investigators (H.Y.L. and X.B.Z.) evaluated theethodological quality of the included

literature using the Cochrane Collaboration tool.

2.5 Statigtical analysis

All analyses employed STATA statistical softwaree(s$fon 13.0, Stata Corporation,College



Station, Texas, USAWe calculated the relative risk (RR) with 95% cdefice intervals (95% CI) to
evaluate the dichotomous variables. We used thesZib measure the pooled effect size [11].
Heterogeneity was assessed using?@ésts and ?l statistic. f > 50% demonstrated significantly
statistical heterogeneity, in which case a fixeigaf model was applied, otherwise, a random-effect
model was applied [12,13]. P < 0.05 indicated digant statistical difference. A network
meta-analysis merges direct evidence and indiregtdeace or different indirect evidence
simultaneously [14].Multivariate meta-analysis and meta-regresson were applied in the
statistical analysig15,16] In each closed loop, the inconsistency factor (f@s used to assess
heterogeneity. If the 95% CI of IF reached zerayals suggested that there no significant statistica
difference [17]. In our study, funnel plots wereedso assess whether there were small-study effects
[18]. The assumption of consistency models allotiedexistence of heterogeneity of the intervention
effects among all studies, although there were utastantial differences in study design. The most
frequent method was utilized to calculate the nagkprobabilities for the fitted model after the
generation of heterogeneity matrix [19]. The swfamder the cumulative ranking probabilities
(SUCRA) was used to rank the four interventions tfeating UIF. A higher SUCRA means better
results for the respective intervention [20]. Stvisy analyses were performed by excluding onalgtu
and recalculation of the pooled estimate.
3. Results
3.1 Baseline characteristics of included studies

A total of 3,327 potential records were revieweahirthe databases; 1,818 duplicate records were
excluded. We excluded 1,317 records after revievithgs and abstracts. A total of 182 records were

screened through by reviewing the full texts. Hinall2 articles were included in our network



meta-analysis [1,17-27]. Two studies included hotktable and stable fractures [22,29], however, the

results were reported separately, therefore, weaetetd the data of unstable fractures. Four kirfds o

internal fixations: sliding hip screws (SHS), pnmel femoral nail antirotation (PFNA), interTan nalil

(IT) and gamma nail (GN) were used in the 12 trifilse selection process is summarized in Figure 1.

Table 1 provides a summary of the included studibs. total number of participants was 1,289. These

studies were published between 1992 and 2016. €igushows the risk of bias summary of the

selected articles.

3.2 Evidence network

Figure 3 shows the evidence network. Connectingslimdicate direct comparison between the two

connected interventions, and pairs of interventianthout connection can be compared indirectly

through network meta-analysis. The width of linepresents the number of trials. The size of nodes

corresponds to the overall sample size of thevetgion(GN, PFNA, SHS and IT).

3.3 Contribution plot of network meta-analysis

The contribution of each direct comparison to teeeasment of the network overall effects is

shown in Figure 4: (1) two included studies dingctiompared GN and IT, whose percentage

contribution to GN versus IT, GN versus PFNA, GNsus SHS, IT versus PFENA, IT versus SHS and

PFNA versus SHS were 7.3%, 8.1%, 2.0%, 3.4%, 588, 5.2% and 5.5% for the total network

meta-analysis, respectively; (2) two studies diyecompared GN and PFNA, whose percentage

contribution to GN versus IT, GN versus PFNA, GNsus SHS, IT versus PFENA, IT versus SHS and

PFNA versus SHS were 28.7%, 44.1%, 10.4%, 3.4%/%9and 28.9% and 23.9% for the total

network meta-analysis, respectively; (3) five statihectly compared GN and SHS, whose percentage

contribution to GN versus IT, GN versus PFNA, GNsus SHS, IT versus PFENA, IT versus SHS and



PFNA versus SHS were 12.7%, 18.4%, 75.1%, 0%, 25a0fb34.1% and 26.3% for the total network

meta-analysis, respectively; (4) two studies diyecompared IT and PFNA, whose percentage

contribution to GN versus IT, GN versus PFNA, GNsus SHS, IT versus PFENA, IT versus SHS and

PFNA versus SHS were 38.6%, 10.9%, 0%, 90.3%, 33a2fb 8.9% and 29.0% for the total network

meta-analysis, respectively; (5) one study direatympared IT and SHS, whose percentage

contribution to GN versus IT, GN versus PFNA, GNsuss SHS, IT versus PFENA, IT versus SHS and

PFNA versus SHS were 2.7%, 2.9%, 2.1%, 1.5%, 388, 3.7% and 2.9% for the total network

meta-analysis, respectively; (6) two studies diyecbmpared PFNA and SHS, whose percentage

contribution to GN versus IT, GN versus PFNA, GNsus SHS, IT versus PFENA, IT versus SHS and

PFNA versus SHS were 10.0%, 15.6%, 10.4%, 1.5%%%3and 19.3% and 12.5% for the total

network meta-analysis, respectively.

3.4 Evaluating and presenting assumptions of network meta-analysis

An inconsistency plot was employed to evaluatehiierogeneity among studies in a closed loop

of this network meta-analysis (Figure 5). This ratwmeta-analysis was composed of 4 triangular

loops, including: GN- IT - PENA loop, IT - PFNA HS loop, GN - PFNA- SHS loop and GN - IT -

PFNA loop. The 95% CI of IF value reached zero, alesirating no substantial inconsistency. All P >

0.05, further suggesting that the indirect and adirsomparisons of the 4 internal fixations were

consistent.

3.5 Publication bias and sensitivity analyses

Assessment of publication bias (Figure 6) suggested all included studies were roughly

symmetrically distributed around the vertical life= 0), indicating that publication bias for the

included literature was acceptable (Figure 6). @Niesensitivity analyses did not change the rasult



(Supplemental List 2 and Supplemental List 3).

3.6 Comparison of complication rates

Network meta-analysis demonstrated no significdffiér@nces in the incidences of complication

between SHS, PFNA, GN and IT (GN vs SHS : RR =,098% CI, 0.53-1.56; IT vs SHS: RR = 1.33;

95% CI, 0.60-2.95; PFNA vs SHS: RR = 1.50; 95% @T4-3.07; IT vs GN: RR = 1.47; 95% ClI,

0.69-3.12; PFNA vs GN: RR = 1.66; 95% CI, 0.85-3RPBNA vs IT: RR = 1.13; 95% CI, 0.75-1.17,

Figure 7).

3.7 Ranking of treatments

Ranking graphs of the distribution of probabilitefstotal complication are displayed in Figure 8.

The direct and indirect comparisons indicated Bk significantly decreased the incidence of total

complications compared to IT, PFNA and SHS. The RA®@robabilities were 37.0% for IT, 80.6%

for GN, 15.7% for PFNA and 66.6% for SHS (Figure 8)

4, Discussion

The best treatment for UIF remains a topiceffate. SHS and intramedullary nail are the primary

internal fixation devices. Recently, several tradial meta-analyses of the treatment of

intertrochanteric fractures have been published@][4Most studies focused on the comparison between

two interventions. However, the use of traditionata-analysis methods to analyze present data is a

challenging task because there are four intervastio

To the best of our knowledge, this is the firstwork meta-analysis of four treatments of Ulbr O

aim was to rank four different internal fixationSN, PFNA, SHS and IT) in terms of their associated

complications for treating unstable intertrochaicténactures. We found no substantial differencéhim

rates of complications among GN, PFNA, SHS and Tiie SUCRA value of GN was 80.6%,



substantially higher than those of the other thrgernal fixations. Greater SUCRA values suggest

higher rank of the intervention [20]. However, tiedative risk (RR) of any complications was lower i

GN compared to the other alternatives. SHS hadvarlcomplication rate than did PFNA or IT. PFNA

had a higher complication rate than did the othkermatives. Furthermore, IT had a higher

complication rate than did SHS. We conclude thatt@N the highest probability of reducing the total

incidence of complications among the four interi@m for treating unstable intertrochanteric

fractures.

SHS, GN, and PFNA have been most commonly tsdckat intertrochanteric fractures over the

last decade [32,33]. The InterTAN nail is a relaljvnew device [34]. Intramedullary nailing has the

advantages of minimal invasiveness, short operdiioe, less bleeding and rapid rehabilitation [35].

Many studies showed that unstable intertrochantiectures are best treated with intramedullary

nailing [36-38]. However, other studies reportedatthsubstantial differences between the

intramedullary nail and SHS in terms of clinicat@ame [1,4]. Our findings demonstrated that there

were no substantial differences between SHS ananmgdullary nailing in terms of complication.

Gamma nail (GN) is characterized by the needdaming and the use of a lag screw. In proximal

femoral nail antirotation (PFNA), there is no ndedreaming with an antirotational helical blader F

the InterTAN nail (IT), there is a reamed nail wigh integrated interlocking lag and compression

screws. Due to its capability of preventing rotatiof femoral head, PFNA was the best internal

fixation devices for treating UIF [39]. Some biorhaaical studies indicated that the helical blade

system significantly increased stability in tregtldlF compared to the conventional lag screw [4],41

furthermore, a biomechanical study reported thatltiterTAN intramedullary nail had advantages for

treating UIF compared with PFNA [42], and the Ifi#®N system bore higher loads in treating UIF



compared to the single-screw system (GN) [43]. #aquet al. reported that the rates of local

postoperative complications were similar among PR GN groups [31]. Zehir et al. reported that

complication rates were similar among PFNA andriiA® groups [44]. Zhang et al. reported that

there were no substantial differences in genenaiptications among PFNA and InterTAN groups [30].

Wu et al. reported that there was no significaffecénce in the total complication rate betweenlthe

and GN groups; however, the incidence of cut-oush group was higher than that of the IT group

[45]. Our network analysis showed that the GN témpte had no significant difference between PFNA,

IT and SHS according to the RR values. The SUCRAg#age showed that GN had a lower

probability of complications than did PFNA or IT.

The meta-analysis by Wang. et al. [46] addressailasi questions. Nevertheless, it presented

some differences from our study. The SUCRA scoras similar between PFNA group and GN group

in the Wang et al, which compared three fixatiordalities in nine studies. We compared four fixation

modalities in 12 studies. Our meta-analysis adtezetRCTs and compared four fixations, providing a

more up-to-date source of information than the Weingl. More study is included and the conclusion

is more reliable. The network meta-analysis coudhloine direct evidence with indirect evidence to

increase the credibility of evidence by comparimg tsame control measure. In our study, the

contribution of PFNA vs IT to the entire networkswabviously more than the contribution of GN vs IT.

However, PENA group had a higher complication catmpared to IT group and GN group had a lower

complication rate compared to IT group. This maplaix why GN was found to be superior method in

our study. Furthermore, our meta-analysis followRISMA guidelines, making it convenient for

clinicians, whereas, the meta-analysis by Wang elichnot mention it.

There were several strengths in this network me#dyais: 1) we compared treatment strategies



indirectly; when no head-to-head trial existed, enprecise efficacy estimates were based on dirett a

indirect comparisons with various interventions; )YCRA and posterior probabilities of outcomes

were used to distinguish subtle differences among treatments; and 3) the 95% confidence intervals

of inconsistency factor values reached zero, detretivey no substantial inconsistency. Nevertheless,

this analysis has several limitations: 1) despiteaxhaustive search, only 12 studies were included

this systematic review. The sample sizes of RC&s Were included in the present study were very

small; 2) this study only focused on adverse eveffesdid not take into consideration other outcames

including functional scores and radiological outesnas these are not always reported or are reported

in various ways; 3) due to substantial different¢hie postoperative X-ray images among GN, PFNA,

SHS and IT, the term "blinding of outcome asses$meas assessed as "high risk" for all 12 studies;

and 4) Although all studies were RCTs, the qualitéthe recruited studies were quite variable. Som

studies were unclear as to randomization sequegicergtion; some had weak blinding, or imperfect

allocation concealment; therefore, selection biasamfounding factors might be present, influencing

our results. This limitation might be resolved by @pdated network meta-analysis restricted to high

quality studies, once sufficient become available.

5. Conclusion

GN has the highest probability of reducing the Itataidence of complications among the four

interventions for treating unstable intertrochaisténactures. Our result needs to be validated lbyem

high-quality RCT studies with larger sample sizes.
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Table Caption

Table 1 Characteristics of the included studies.

Figure Caption

Figure 1 Flow chart of article selection for indus

Figure 2 Forest plot showing risk of b@gnmary

Figure 3 The evidence network for trials enrolledhis network meta-analysis.

Note: SHS= sliding hip screws, IT=InterTan Nail, €mma nail, PFNA= proximal femoral nail
antirotation

Figure 4 Contribution plot of studies included istnetwork meta-analysis.

Note: SHS= sliding hip screws, IT=InterTan Nail, €mma nail, PFNA= proximal femoral nail

antirotation

Figure 5Inconsistency test for direct and indirect comparss

Note: SHS= sliding hip screws, IT=InterTan Nail, Edmma nail, PFNA= proximal femoral nail

antirotation

Figure 6 Funnel plots assessment of publicatios bfall included studies.

Note: SHS= sliding hip screws, IT=InterTan Nail, €dmma nail, PFNA= proximal femoral nail
antirotation

Figure 7 Treatments compared with each other ai tmtmplications.

Note: SHS= sliding hip screws, IT=InterTan Nail, €mma nail, PFNA= proximal femoral nail
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antirotation,Cl = confidence interval, Prl = predictive interval
.Figure 8 Surface under the cumulative rankingetior complication.
Note: SHS= sliding hip screws, IT=InterTan Nail, €mma nail, PFNA= proximal femoral nail

antirotatio
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Table 1. Characteristics of the included studies.

Number of  Follow-up
study Design Country  Intervention Age(year) patients term(month)
I E I E I E

Barton 2010 RCT UK GN VS SHS 83.1(9.5) 83.3 (6.9) 100 110 12
Leung 1992 RCT HongKong GN VS SHS 80.8 (8.4) 78.3(9.5) 63 73 12
Papasimos2005 RCT  Greece GN VS SHS 82.8 (NR) 81.4 (NR) 40 40 12
Aktselis 2014 RCT  Greece GN VS SHS 82.9(5.8) 83.1(6.5) 40 40 12
Hopps 2016 RCT Germany GNVSIT 80.73 (8.44) 82.70 (7.06) 39 39 20
Zou 2009 RCT  China PFNA VS SHS 65.0 (13.5) 65 (13.7) 16 11 12
Xu(2) 2010 RCT  China PFNA VS SHS 78.5(8.0) 77.9(7.8) 51 55 12
Zhang 2013 RCT  China PFNA VSIT 72.4(8.7) 72.9(7.6) 56 57 18
Seyhan 2015 RCT  Turkey PFNA VSIT 75.9 (13.7) 75.3 (13.5) 32 25 24
Reindl 2015 RCT Canadian IT and GN VS SHS 82.0 (8.6) 80 (9.9 48/22 92 12
Vaquero 2012 RCT  Spain GN VS PFNA 83.5(7.4) 83.6(7.5) 31 33 12
Xu(1) 2010 RCT China GN VS PFNA 75.4 (1.0 76.0 (1.2) 70 66 17

RCT = Randomized Clinical Trial, GN =Gammanail , PFNA = Proximal femoral nail antirotation, SHS= Sliding hip screws,
IT=InterTan Nail, NR= Not reported.



Eligibility Screening Identification

Included

Records identified through
database searching

(n=3327)

Additional records identified
through other sources

Records after duplicates removed
(n=1,509)

A 4

Records screened

(n=1,509)

A 4

Full-text articles assessed

Records excluded
(h=1,317)

for eligibility
(n=192)

A 4

Studies included in
qualitative synthesis
(n=12)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=12)

Full-text articles excluded (n = 180)
Uninterested outcomes (32)
Reviews and meta-analyses (93)
Not randomized controlled trial

(18).

Not separate fracture type (35)
Follow up time <12 (2)
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Direct comparisons in the network

GNvsIT  GNwsPFNA GNvsBHS  ITvsPFNA  [TwsGHE  PNNA vs GHS
Mixed estimates
-E GN s IT T3 27 127 386 27 1000
E
'ﬁ BN vs PFNA a1 441 184 1009 29 1516
2
Y N vs SHE 240 104 751 241 1004
[
s
ss: IT vs FRNA 34 34 90.3 15 15
E
= IT ws SHS 53 197 250 332 33 1315
o
E PFMA vs SHS B2 289 341 89 37 193
Indirect estimates
Entire network a5 239 26.3 29.0 249 125
Included studies 2 2 5 2 1 2




ACCEPTED MANUSCRIPT

95%Cl Loop-specific
Loop IF (truncated) Heterogeneily(tz)
GN-IT-SHS —— 1.29 (0.00,4.97) 0.000
IT-PFNA-SHS [—— 0.99 (0.00,4.22) 0.000
GMN-PFMNA-SHS '.— 0.76 (0.00,2.27) 0.000
GN-IT-PFNA — 0.46 (0.00,2.70) 0.000
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Treatment Comparison Relative Risk with 95% Cl and 95% Prl
GN vs SHS —— 0.91 (0.53,1.56) (0.47,1.74)
IT vs SHS : . : 1.33 (0.60,2.95) (0.51,3.47)
PFNA vs SHS : + : 1.50 (0.74,3.07) (0.64,3.55)
ITvs GN . 1.47 (0.69,3.12) (0.59,3.65)
PFNA vs GN + 1.66 (0.85,3.24) (0.74,3.72)
PFNA vs IT e 1.13 (0.75,1.71) (0.69,1.86)
| | | T

Favors first treatment 4 .7 1 2.2 3.7 Favors second treatment
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Highlights

» The optimal internal fixation device for unstabiéertrochanteric fracture remains
controversial.

* This is the first article that assesses foureddht treatments ahstable intertrochanteric
fractureusing network meta-analysis.

* Network meta-analysis can be used to compareptaulhterventions even if there
are no head-to-head comparisons.
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