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Abstract: Purposes: Proximal femoral nail antirotation (PFNA) was theoretically designed to be an ideal intramedul-
lary device for the fixation of intertrochanteric fractures by providing angular and rotational stability. We investigated
when compared with Gamma nail (GN) and dynamic hip screw (DHS) whether PFNA was associated with (1) a lower
incidence of reoperation, mortality and fixation failures, (2) a lower risk of major complications (wound infection and
thromboembolism), (3) less operative blood loss, shorter surgical time, operative fluoroscopy time and hospital stay.
Methods: We conducted a comprehensive search in MEDLINE®, EMBASE, OVID and Cochrane Central Register of
Controlled Trials and identified 753 papers. Of these, identified 13 randomized controlled trials comparing two (or
more) common internal fixation devices (among PFNA, GN and DHS) in treatment of Intertrochanteric fractures. We
performed both traditional direct-comparison meta-analysis and network meta-analysis. The strength of evidence
was evaluated by using GRADE profiler software. Results: Direct-comparison meta-analysis demonstrated PFNA
was associated with less operative blood loss when compared with GN (95% ClI, -93.56 to -5.44, low confidence
evidence) and DHS (95% Cl, -291.90 to -151.58, low confidence evidence), and less operative fluoroscopy time
when compared with GN (95% Cl, -56.21 to -3.79, low confidence evidence). Network meta-analysis only found that
PFNA was associated with less operative blood loss when compared with DHS (95% Cl, -342.12 to -81.94) with
very low confidence evidence. Conclusions: Current published evidence does not support the superiority of PFNA
to other fixation strategies for intertrochanteric fractures. Although use of PFNA may be advantageous in reducing
the operative blood loss and fluoroscopy time when compared with GN and DHS, the conclusion was limited and
unacceptable because of the relatively low quality of evidences with either low or very low strength of confidence.

Keywords: Intertrochanteric fractures, proximal femoral nail antirotation, Gamma nail, dynamic hip screw, network
meta-analysis

Introduction

Fractures of the proximal femur and hip are
relatively common source of morbidity and
mortality in the elderly. The number of proximal
femoral fractures has increased significantly
during last decades due to the rising age of the
population [1-3]. Intertrochanteric fractures
account for approximately 47% of all proximal
femoral fractures [4, 5]. However, which is the
optimal implant for the fixation of intertrochan-
teric fractures remain to be a considerable
debate. Commonly used devices for treating
intertrochanteric fractures include extramedul-

lary fixation such as dynamic hip screw (DHS)
and intramedullary fixation such as Gamma nail
(GN) for last decades. Proximal femoral nail
antirotation (PFNA) is an intramedullary device
designed with a helical blade rather than a
screw, and is expected to provide better angu-
lar and rotational stability, and reduce the
implant-related complications [6, 7].

One recent systematic review and meta-analy-
sis [8] compared a series of clinical indicators
across PFNA, GN and DHS, determining that
PFNA should be a priority choice for treatment
of intertrochanteric fractures with minimal rate
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Materials and methods

Search strategy and eligibility
criteria

Our systematic review was
performed in accordance with
PRISMA (Preferred Reporting
Iltems for Systematic Reviews
and Meta-Analyses) guide-
lines [12]. Through an elec-
tronic search and indepen-
dent, manual searches by two
clinical librarians (S. Yin and
X. Dai), we identified all RCTs

Studies included in qualitative
synthesis (n=13)

Studies included in quantitative
synthesis (n=13)

( included | [ Eigibilty | [ Screening | [ Identification |

of fixation failure, less blood loss and shorter
length of hospital stay. However, the traditional
meta-analyses can evaluate only the relative
efficacy of two treatments at a time. The scar-
city and the low quality of relevant RCT litera-
tures also limited performing a direct meta-
analysis and made the conclusions less re-
liable. Unlike the traditional meta-analysis, net-
work meta-analysis permits simultaneous com-
parison of no less than 3 interventions. Using a
Bayesian evidence analysis, all indirect com-
parison could be taken into account to arrive at
a single, integrated estimate of effect of all
included treatments based on all the available
evidences [9].

We therefore conducted a network meta-analy-
sis of randomized controlled trials to determine
whether (1) PFNA was superior to GN and DHS
for intertrochanteric fractures with a lower inci-
dence of reoperation, mortality and fixation fail-
ures; (2) PFNA was associated with a lower inci-
dence of major complications (wound infection
and thromboembolism); (3) PFNA could reduce
the operative blood loss, the length of surgical
time, fluoroscopy time and hospital stay. In
order to access the strength of evidence, we
also use the GRADE (Grades of Recommend-
ation, Assessment, Development and Evalua-
tion) approach [10, 11] for all the pooled clinical
outcomes.
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w’! Figure 1. The flow chart of the in-
cluded article selection process.
RCT = randomized controlled trials.

in all languages up to Oct
2015 that met the following
eligibility criteria: (1) the study
enrolled adult patients with
intertrochanteric  fractures;
(2) use of random allocations
of treatments; (3) inclusion of
at least two inventions among PFNA, GN and
DHS; (4) inclusion of at least one valid primary
outcomes. The primary outcomes included: (1)
reoperation; (2) mortality; (3) fixation failures;
(4) wound infection; (5) thromboembolism; (6)
operative blood loss; (7) the length of surgical
time; (8) operative fluoroscopy time; (9) the
length of hospital stay. The secondary out-
comes included: (1) functional outcomes, such
as pain assessment measured by VAS or the
numerical rating scale, Harris hip score, SF-36
mental and physical health surveys, EuroQol
5D score, walking ability score; (2) fracture
healing time; (3) patient satisfaction. The sourc-
es of electronic searching include MEDLINE®,
EMBASE, OVID, Google Scholar and The Coch-
rane Central Register of Controlled Trials. The
following key terms were included in our search-
es: (intertrochanteric fractures OR peritrochan-
teric fractures OR extracapsular hip fractures
OR trochanteric fractures) AND (PFNA OR proxi-
mal femoral nail antirotation OR proximal fem-
oral nail OR DHS OR dynamic hip screw OR
Gamma nail OR trochanter fixation nail OR
intramedullary nail). In addition, bibliographies
of all selected full text articles were reviewed to
identify additional articles.

Study selection

After applying the search strings, we identified
753 potentially eligible articles. Two reviewers
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Table 1. Characteristics of included studies

Interventions Com-
Mean Age Follow-up

Study Design pared and sample size Outcomes  Country
(years) (months)

PFNA  DHS GN
Adams 2001 [13] Single RCT 197 203 81 12 1,3-7,10 UK
Bridle 1991 [14] Single RCT 51 49 81.9 6 2-5, 10 UK
Butt 1995 [15] Single RCT 48 47 78.5 NA 2-5 UK
Garg 2011 [16] Single RCT 42 39 62.2 40 2-3,10 India
Leung 1992 [17] Single RCT 113 113 79.6 7.2 2-9 HK, China
O’Brien 1995 [18] Single RCT 49 53 80.1 13 15 UK
Radford 1993 [19] Single RCT 100 100 80.5 12 2-5 UK
Vaquero 2012 [20] Multicentre RCT 31 30 85 12 3,4,6,8,10 Spain
Verettas 2010 [21] Single RCT 60 60 80.1 NA 2,4,5,10 Greece
Xu 2010 [22] Single RCT 51 55 78.2 12 1-10 China
Yaozeng 2010 [23] Single RCT 55 52 76.7 17.5 1, 3, 4,6-10 China
Zehir 2014 [24] Single RCT 96 102 77 16 2-10 Turkey
Zou 2009 [25] Single RCT 58 63 65 12 1, 3-7,9, 10 China

Outcomes: 1. Reoperation; 2. Mortality; 3. Fixation failures; 4. Wound infection; 5. Thromboembolism; 6. Length of surgical
time; 7. Operative blood loss; 8. Length of hospital stay; 9. Fluoroscopy time; 10. Functional outcome.

PFNA 333 patients One hundred and forty-four
articles were excluded based
on their titles and abstracts
with apparent lack of rele-
vance. Another fourteen sys-
tematic review articles or
comments were also exclud-
ed. Of the remaining 96 arti-
cles, sixty-three proved poten-
tially eligible for our survey.
The full texts of potentially eli-
gible articles were assessed
by the same two reviewers.
If no agreement could be
reached, a third reviewer (H.
Du) made the final decision.
Of these, 50 were excluded

DHS for not randomized trials, bio-

877 patients mechanical studies, invalid

oN outcome measures, inclusion
707 patients of other interventions, or per-
taining to the same patients.

Figure 2. Network evidence of included studies. The size of red circles rep- Thirteen eligible trials [13-25]
resent the total patients number of each invention, whereas the thickness involving a total of 1917 pa-
of solid lines represent the number of trials comparing the connected inven- tients treated for intertroch-

tions. PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws,

GN = Gamma nails, RCT = randomized controlled trials. anteric fractures were even-

tually identified in the curr-
ent review and meta-analy-

(S. Yin and D. Zhang) independently checked sis. Full-text, published articles and unpub-
the titles and abstracts of all articles. Of the lished data of completed studies were inclu-
753 articles, 499 were duplicates (Figure 1). ded.
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low-up period ranged from 6
to 40 months. The mean age
of the patients at the time of
surgery ranged from 65 to 85
years. The included 13 arti-
cles contained three direct
comparisons: four PFNA ver-
sus DHS [16, 22, 24, 25], two
PFNA versus GN [20, 23], and
seven DHS versus GN [13-15,
17-19, 21]. The network evi-
dence of these trials is sum-
marized in Figure 2.

Methodological quality as-
sessment

The risk of bias was indepen-
dently assessed by two revi-

ewers (S. Yin and D. Zhang)
using the modified criteria

recommended by the Coch-
rane Back Review Group (up-
dated March 2011) [26, 27].

The reviewers tried to reach
consensus on each criteria.

Based on the recommenda-
tion by the Cochrane Back

Review Group, studies were
rated as having “low risks of

bias” when at least four of the
8 criteria were met without

serious flaws. Studies with
serious flaws or those in which

fewer than four of the criteria
were met were rated as hav-

ing “high risks of bias.” Among
all the included articles, 7

were considered to meet at
least four of the 8 criteria,

without serious flaws, and
were rated as “low risk of
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bias” (Figure 3). The remain-
ing six trials were graded as

Figure 3. The risk of bias for the included studies.

We recorded the characteristics of the 13
included papers and details of the clinical out-
come measurement (Table 1). All included
studies were published in English with definite
inclusion and exclusion criteria. The mean fol-
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“high risk of bias”, because
fewer than four of the criteria
were met in these studies.
Seven articles reported ade-
quate allocation sequences, and six articles
reported adequate allocation concealments.
Only one trial blinded outcome assessors, and
two trials had significant patient loss to
follow-up.

Int J Clin Exp Med 2016;9(12):22993-23007
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Table 2. Strength of evidence for pooled data of direct-comparison meta-analysis

Outcome

Comparison

Studies (n)

Strength of evidence

Summary

Reoperation

Mortality

Fixation failures

Wound infection

Thromboembolism

Length of surgical time

Operative blood loss

Length of hospital stay

Fluoroscopy time

PFNA versus DHS
PFNA versus GN
DHS versus GN

PFNA versus DHS
DHS versus GN

PFNA versus DHS
PFNA versus GN
DHS versus GN

PFNA versus DHS
PFNA versus GN
DHS versus GN

PFNA versus DHS
DHS versus GN

PFNA versus DHS
PFNA versus GN
DHS versus GN

PFNA versus DHS
PFNA versus GN
DHS versus GN

PFNA versus DHS
PFNA versus GN
DHS versus GN

PFNA versus DHS
PFNA versus GN
DHS versus GN

2

P P WOWERLNNNEPEONDNNOWONSNDNWONREOOWN PR

Low ++o00
Low +o00
Moderate +++o0
Moderate +++o0
Moderate +++o0
Low +000
Low ++00
Moderate +++o0
Low ++o00
Very low +ooo
Moderate ++00
Low ++o00
Moderate +++o0
Low +000
Low +000
Low +000
Low +o0o00
Low ++o00
Very low +ooo
Moderate ++00
Moderate +++o0
Low ++00
Very low +ooo
Low ++00
Very low ++00

No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
GN is superior to DHS
PFNA is superior to DHS
PFNA is superior to GN
No statistical difference
No statistical difference
No statistical difference
No statistical difference
No statistical difference
PFNA is superior to GN
GN is superior to DHS

Abbreviation: PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.

Table 3. Strength of evidence for pooled data of network meta-analysis

Outcome Studies (n) Strength of evidence ~ Summary

Reoperation 5 Low ++00 No statistical difference in outcome
Mortality 9 Low ++o00 No statistical difference in outcome
Fixation failures 12 Moderate +ooo No statistical difference in outcome
Wound infection 12 Very low +ooo No statistical difference in outcome
Thromboembolism 8 Low ++00 No statistical difference in outcome
Length of surgical time 7 Low +ooo0 No statistical difference in outcome
Operative blood loss 6 Very low +ooo PFNA is superior to DHS

Length of hospital stay 5 Low ++o00 No statistical difference in outcome
Fluoroscopy time 5 Very low +ooo No statistical difference in outcome

Abbreviation: PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws.

Two reviewers (S. Yin and D. Zhang) indepen-
dently evaluated the heterogeneity of the
included studies. For direct comparisons, the
heterogeneity was assessed using the chi-
square test [28]. The value of 1> as 25%, 50%,
and 75% indicated low, moderate, and high

22997

inconsistency, respectively. When I? was great-
er than 50%, we tried to perform a sensitivity
analysis for the measured effects by omitting
the study which may have largely influenced the
clinical findings. For network meta-analysis, we
evaluated if there was no difference between

Int J Clin Exp Med 2016;9(12):22993-23007
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PFNA DHS Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Xu 2010 2 51 1 55 55.2% 220019, 25.07] — i

Zou 2009 0 58 3 63 44.8% 0.15(0.01, 2.92) T

Total (95% Cl) 109 118 100.0% 0.66 [0.05, 9.52] —~eaEREee—

Total events 2 4

Heterogeneity: Tau®= 1.84; Chi*=1.95, df= 1 (P = 0.16); I*= 43% t t t t

Test for overall effect. Z=0.31 (P = 0.76) UIUE:vougLFNA Favol?s DHSmU
PFNA GN Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI

Yaozeng 2010 1 55 0 52 100.0% 289(012,72.54] -

Total (95% Cl) 55 52 100.0% 2.89[0.12,72.54] e R ——

Total events 1 0

Heterogeneity: Not applicable f t t t

Test for overall effect: Z=0.65 (P =0.52) D.DE:-VOU?QPFNAJI Favou1rg GN a0
DHS GN Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Adams 2001 8 197 12 203 77.2% 0.67 [0.27,1.69)

O'Brien 1985 2 49 5 53 22.8% 0.41 [0.08, 2.21) I

Total (95% Cl) 246 256 100.0% 0.60 [0.27, 1.35] <p-

Total events 10 17

i Tay?= - Chif= = - R= } } } }
Heterogeneity: Tau®= 0.00; Chi*=0.26, df=1 (P=0.61); F=0% 001 01 } 10 100

Test for overall effect Z2=1.24 (P=0.22)

Favours DHS Favours GN

Figure 4. The forest plots of pair-wised meta-analysis comparing the rates of reoperation of the three implants. M-H
= Mantel-Haenszel, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.

Table 4. Odd radios of reoperation for direct-compari-
son meta-analysis and network meta-analysis

ed with corresponding 95% Cls. We used
Review Manager software (RevMan Ve-

PFNA 2.60(0.13-11.27) 4.08 (0.11-19.57)
0.66 (0.05-9.52) DHS 1.912 (0.21-6.36)
2.89(0.12-72.54)  0.60 (0.27-1.35) GN

rsion 5.1.6, The Cochrane Collaboration,
Copenhagen, Denmark) for statistical an-
alysis of direct comparisons. For indirect

0Odd radios (ORs) of reoperation lower than 1 favor the column-
defining treatment. ORs in lower left of the table represented the
results of direct-comparison meta-analysis, and the upper right of
the table represented the results of network meta-analysis. Abbre-
viation: PFNA = proximal femoral nails antirotation, DHS = dynamic
hip screws, GN = Gamma nails.

direct and indirect estimates generated by
using a node-splitting procedure with 95% CI.

Data and statistical analysis

For direct comparisons, the Mantel-Haenszel
statistical method with the random effects
method was used for dichotomous outcomes,
and odds ratios (ORs) were calculated. For con-
tinuous outcomes the statistical inverse vari-
ance method was used with the random effects
analysis model, and mean differences (MDs)
were calculated. Both outcomes were calculat-
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comparisons, a network meta-analysis
was conducted using WinBUGS software
(version 1.4.3, MRC Biostatistics Unit,
Cambridge, UK) and R software GeMTC
package (version 2.15.2; http://www.R-
project.org) with random effects chaimani
models. We also calculated the probability
of treatment ranking using surface under cu-
mulative ranking curve (SUCRA) method for
each parameter [29]. A higher SUCRA value
suggests better results for respective treat-
ment method.

We rated the strength of evidence for all the
pooled clinical outcomes by using the GRADE
profiler software (GRADEpro, Version 3.6, The
Cochrane Collaboration, Copenhagen, Denm-
ark) [10, 11], a rating system with four levels of
evidence (high, moderate, low, and very low),
taken from the Cochrane Back Review Group.

Int J Clin Exp Med 2016;9(12):22993-23007
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PFNA DHS Odds Ratio Odds Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Garg 2011 5 42 3 39 352% 1.62[0.36, 7.29] —

Xu 2010 3 51 5 55 36.1% 0.63[0.14, 2.76] —

Zehir2014 2 96 5 102 287% 0.41[0.08,2.18] —

Total (95% CI) 189 196 100.0% 0.78[0.32, 1.89] -

Total events 10 13

Heterogeneity: Tau®= 0.00; Chi*= 1.56, df= 2 (P = 0.46); F= 0% ; = = J

Testfor overall effect Z= 0.56 (P = 0.58) U'U; avoolj:s — avomlnDH; i
DHS GN Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

Bridle 1991 19 51 15 49 26.1% 1.35[0.59, 3.09]

Butt 1995 2 48 5 47  6.3% 0.37 [0.07,1.98]

Leung 1992 200 113 20 113 386% 1.00[0.51,1.98]

O'Brien 1995 1 49 B 53 39% 0.16[0.02, 1.41]

Radford 1993 10 100 12 100 22.8% 0.81[0.33,1.98]

Verettas 2010 1 60 1 60 2.3% 1.00[0.06, 16.37)

Total (95% Cl) 421 422 100.0% 0.90 [0.59, 1.38] <

Total events 53 59

Heterogeneity: Tau®= 0.00; Chi*= 4.58, df= 5 (P = 0.47); F= 0% :0.01 0?1 ] 110 100:

Test for overall effect Z=0.48 (P = 0.63)

Favours DHS Favours GN

Figure 5. The forest plots of pair-wised meta-analysis comparing the rates of mortality across the three implants.
M-H = Mantel-Haenszel, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.

Table 5. Odd radios of mortality for direct-
comparison meta-analysis and network meta-
analysis

PFNA 1.57 (0.46-3.91) 2.13 (0.50-6.32)
0.78 (0.32-1.89) DHS 1.35 (0.70-2.62)
- 0.90 (0.59-1.38) GN

0dd radios (ORs) of mortality lower than 1 favor the column-
defining treatment. ORs in lower left of the table represented
the results of direct-comparison meta-analysis, and the
upper right of the table represented the results of network
meta-analysis. Abbreviation: PFNA = proximal femoral nails
antirotation, DHS = dynamic hipscrews, GN = Gamma nails.

Study design, risk for bias, consistency, direct-
ness, and precision were assessed for rating
the strength of evidence. The strength of evi-
dence was rated for all the pooled direct and
indirect results in our analysis. Owning to the
high risk of bias and poor precision of the
included trials, no high-quality evidence was
obtained in our study. For direct comparisons,
of all 25 possible comparisons there were a
total of eight moderate quality evidences for
reoperation (DHS versus GN), mortality (PFNA
versus DHS, and DHS versus GN), fixation fail-
ures (DHS versus GN), wound infection (DHS
versus GN), thromboembolism (DHS versus
GN), length of hospital stay (PFNA versus DHS,
and PFNA versus GN) (Table 2). For indirect
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comparisons, there was only one moderate
quality evidence for fixation failures (Table 3).
The rest pooled results for both direct and indi-
rect comparisons were all low or very low confi-
dence evidences.

Results
Direct-comparison meta-analysis

A total of five trials reported triangular direct
comparisons for reoperation across PFNA, DHS
and GN. No differences were observed with
direct comparisons across the three devices
(Figure 4; Table 4). There were no heterogene-
ities with the triangular comparisons. Similarly,
for mortality, two possible pair-wise meta-anal-
ysis was performed for 3 RCTs comparing PFNA
versus DHS and 6 RCTs comparing DHS versus
GN. No differences were found with two com-
parisons and no heterogeneity was observed
(Figure 5; Table 5). For fixation failures, another
triangular direct comparison was conducted
with a total of 12 trials and there was no differ-
ence across the three fixation methods (Figure
6; Table 6). However, a moderate heterogeneity
(P = 0.09; 17 = 54%) was found in fixation fail-
ures between PFNA and DHS. After a sensitivity
analysis by omitting the study from Garg et al.
[16], no heterogeneity was found among stud-

Int J Clin Exp Med 2016;9(12):22993-23007
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PFNA DHS 0dds Ratio 0dds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl

Garg 2011 0 42 6 33 18.6% 0.06[0.00,112) —*—

¥u 2010 2 51 1 55 228% 2.20[0.18, 25.07] — T

Zehir 2014 12 96 8 102 41.0% 1.68 [0.65, 4.30) T

Zou 2009 0 58 2 B3 17.5% 0.21 [0.01, 4.47) —_—

Total (95% Cl) 247 259 100.0% 0.67 [0.13, 3.34] i

Total events 14 17

Heterogeneity: Tau®= 1.41; Chi*= 6.53, df = 3 (P = 0.09); F= 54% :unaz u: T 1:0 50&

Test for overall effect Z=0.49 (P =0.62)

PFNA GN

Study or Subgrou

Events Total Events Total Weight M-H, Random, 95% Cl

Favours PFNA Favours DHS

Odds Ratio Odds Ratio

M-H, Random, 95% CI

Vaguero 2012 70N 3 30 50.8% 263 [0.61,11.30]
Yaozeng 2010 5 55 3 52 48.2% 1.63[0.37,7.21)
Total (95% CI) 86 82 100.0% 2.08[0.73, 5.89]
Total events 12 B
Heterogeneity: Tau®= 0.00; Chi*= 0.20, df=1 (P = 0.66); F= 0% ; t f t J
Test for overall effect Z=1.38(P=0.17) OIU;avo?J.ris PFNA1 Favourln(sN 100
DHS GN Odds Ratio Odds Ratio
Study or Subgroup ___Events _Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Adams 2001 6 197 8 203 227% 0.77 [0.26, 2.25) ——
Bridle 1991 7 51 6 49 19.3% 1.14 [0.35, 3.67) —p—
Butt 1995 6 48 13 47 231% 0.37[0.13,1.09) ——
Leung 1992 6 113 8 113 22.0% 0.74 [0.25,2.19) ——
O'Brien 1995 1 48 3 53 50% 0.35 [0.03, 3.45) —
Radford 1993 3 100 2 100  8.0% 1.52 [0.25, 9.27)
Total (95% Cl) 558 565 100.0% 0.71[0.42, 1.18]
Total events 29 40
Heterogeneity: Tau®= 0.00; Chi*= 3.08, df= 5 (P = 0.69); F= 0% ; t f t i
Test for overall effect. Z=1.33(P=0.18) 0'U1Favg.L:r5 DHS1 Favour1506N 100
After the sensitivity analysis
PFNA DHS Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Garg 2011 0 42 6 38 0.0% 0.06 [0.00,1.12)
¥u 2010 2 51 1 55 121% 2.20[0.18, 25.07]
Zehir 2014 12 96 8 102 80.3% 1.68 [0.65, 4.30)
Zou 2009 0 58 2 B3 76% 0.21 [0.01, 4.47) ——
Total (95% CI) 205 220 100.0% 1.48[0.64, 3.44] >
Total events 14 i |
Heterogeneity: Tau®= 0.00; Chi*= 1.76, df= 2 (P = 0.41); F= 0% 5002 051 1=0 50&

Test for overall effect: Z= 0.91 (P = 0.36)

Figure 6. The forest plots of pair-wised meta-analysis com
and after the sensitivity analysis. M-H = Mantel-Haenszel
namic hip screws, GN = Gamma nails.

ies (P = 0.41; I? = 0%) and no difference was
observed with PFNA and DHS comparison (OR
1.48; 95% Cl = 0.64 to 3.44; P = 0.36).

For major complications, twelve trials and eight
trials reported direct comparisons of wound
infection and thromboembolism across PFNA,
DHS and GN, respectively. Pair-wise meta-anal-
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Favours PFNA Favours DHS

paring fixation failures across the three implants before
, PENA = proximal femoral nails antirotation, DHS = dy-

yses showed no difference in wound infection
and thromboembolism across the three devic-
es (Figures 7 and 8). There was a moderate
heterogeneity (P = 0.09; |12 = 65%) in wound
infection between PFNA and GN. Because of
small number of studies, a sensitivity analysis
could not be performed for the measured
effects.

Int J Clin Exp Med 2016;9(12):22993-23007



Intertrochanteric fractures network meta-analysis

Table 6. Odd radios of fixation failures for direct-
comparison meta-analysis and network meta-
analysis

PFNA 0.98 (0.39-2.18) 1.13 (0.40-2.60)
1.21 (0.56-2.26)

1.48 (0.64-3.44) DHS
2.08 (0.73-5.89) 0.71(0.42-1.18) GN

0dd radios (ORs) of fixation failures lower than 1 favor the
column-defining treatment. ORs in lower left of the table
represented the results of direct-comparison meta-analysis,
and the upper right of the table represented the results

of network meta-analysis. Abbreviation: PFNA = proximal
femoral nails antirotation, DHS = dynamic hip screws, GN =
Gamma nails.

The possible direct-comparison meta-analysis
demonstrated that PFNA was associated with
less operative blood loss when compared with
GN (MD = -49.50, 95% Cl, -93.56 to -5.44; P =
0.03) and DHS (MD = -221.74, 95% Cl, -291.90
t0 -151.58; P < 0.00001) with both low confi-
dence evidences (Figure 9; Table 7). For length
of surgical time, we found that GN was associ-
ated with shorter surgical time comparing with
DHS (MD = 9.51, 95% Cl, 2.86 to 16.15; P =
0.005; low confidence evidence), and no supe-
riority of PFNA to DHS and GN was observed
(Figure 10; Table 8). There were no differences
in length of hospital stay among the triangular
comparisons (Figure 11). For operative fluoros-
copy time, only one randomized trial reported
that PFNA was superior to GN with less fluoros-
copy time (MD = -30.00, 95% ClI, -56.21 to
-3.79; P = 0.02; low confidence evidence)
(Figure 12; Table 9). For most of the continuous
outcomes pooled from direct-comparison
meta-analyses mentioned above, we found
high inconsistencies with I? greater than 75%.
Owning to the small number of included stud-
ies, it was difficult to perform sensitivity analy-
ses to improve the heterogeneities of direct
comparisons. However, we rated down the
quality of evidence when high heterogeneity
was observed on the basis of the GRADE
approach.

Network meta-analysis

Network meta-analysis only found that PFNA
was associated with less operative blood loss
when compared with DHS (MD = -208.99, 95%
Cl,-342.12t0-81.94; P < 0.0001) with very low
confidence evidence (Tables 3 and 7). SUCRA
scores revealed the following probabilities of
being the best treatment for operative blood
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loss: PFNA = 84.8%, DHS = 12.4%, GN = 2.8%.
For other parameters, there were no more dif-
ferences in the incidence of reoperation, mor-
tality, fixation failures, major complications
(wound infection and thromboembolism) and
operative blood loss, surgical time, fluoroscopy
time and hospital stay across PFNA, GN and
DHS for treatment of Intertrochanteric frac-
tures (Table 3).

Discussion

Since the operative treatment of intertrochan-
teric fractures of the proximal femur was firstly
introduced in the 1950s, a number of different
designs and devices have been developed by
different manufacturers. Surgery for intertro-
chanteric fractures fracture aims at early recov-
ery, freedom from reoperation and prevention
of further complications [30]. Over the last two
decades, there has been a great deal of contro-
versy over the optimum treatment and device
for fixation of intertrochanteric fractures. One
recent systematic review and meta-analysis [8]
determined that PFNA should be a priority
choice for treatment of intertrochanteric frac-
tures with minimal rate of fixation failure, less
blood loss and shorter length of hospital stay
when compared with GN and DHS. However,
with the scarcity and the low quality of relevant
RCT literatures, and without the assessment of
the quality of evidence, the conclusions were
limited and trustless. The optimal methodologi-
cal tool for this question is network analysis
because it enables pooling of data from both
direct and indirect comparisons and increases
the power of the tests and reduce type | statisti-
cal errors [31]. Therefore we aimed to use both
pairwise and network meta-analysis to deter-
mine whether PFNA was superior to DHS and
GN with lower incidence of reoperation, mortal-
ity, fixation failures, major complications, and
less operative blood loss, surgical time, opera-
tive fluoroscopy time and hospital stay in treat-
ment of intertrochanteric fractures.

Readers should be aware of limitations in the
literature in general and our study in particular.
First, a majority of the pooled effect estimates
from direct and indirect comparisons were
graded as either low or very low confidence and
no high-quality evidence was obtained in our
study. This low grade was mainly driven by the
high risk of bias such as lack of blinding, and
poor precision of the included trials. Second,
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PFNA DHS Odds Ratio Odds Ratio
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Figure 7. The forest plots of the direct comparison evidence for wound infection across the three implants. M-H =
Mantel-Haenszel, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.
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Figure 8. The forest plots of the direct comparison evidence for thromboembolism across the three implants. M-H
= Mantel-Haenszel, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.
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Figure 9. The forest plots of direct comparison evidence for operative blood loss across the three implants. IV =
inverse variance, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.

Table 7. Mean differences of operative blood loss for direct-compari-

son meta-analysis and network meta-analysis

fractures across the three
implants. Finally, due to the

PFNA 208.99 (81.94-342.12)
-221.74 (-291.90- -151.58) DHS
-49.50 (-93.56- -5.44) 111.47 (-96.32-319.26)

91.25 (-
-117.87 (-281.88-25.25)

method and quantitative
differences in function am-
ong the treatment options,

86.24-253.66)

GN

For operative blood loss, mean differences (MDs) lower than O favor the column-defin-
ing treatment. Direct comparisons were shown in the lower left. Indirect comparisons

were shown in the upper right. Abbreviation: PFNA = proximal femoral
DHS = dynamic hip screws, GN = Gamma nails.

for most of the continuous effect estimate from
direct comparisons, high heterogeneities of
included trials with I? greater than 75% were
observed, that further more rated down the
strength of evidence. The main reason for the
significant heterogeneities may be the variation
in the skills and experiences of the surgeons
especially for the newly developed devices.
Because of the small number of included stud-
ies, it was difficult to perform sensitivity analy-
ses to improve the heterogeneities of direct
comparisons. Third, a great part of the included
trials had not reported the relationship between
clinical outcomes and fracture types, so we
could not conduct a sub-analysis on different
fracture types such as stable and unstable
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functional outcomes had
not been involved in our
research. Our review differs
from previously published
reviews [8, 32, 33] because
it provides an updated syn-
thesis of the available state with both direct
and indirect evidences. Furthermore, we
assessed the strength of evidence by using the
GRADE approach and arrive at a comprehen-
sive conclusion on the optimum treatment for
fixation of intertrochanteric fractures.

nails antirotation,

Our study results suggest that the three com-
monly used devices in treatment of intertro-
chanteric fractures perform similarly in most of
the clinical outcomes. Both direct-comparison
meta-analysis and network meta-analysis dem-
onstrated no differences among PFNA, DHS
and GN in the incidence of reoperation, mortal-
ity, fixation failures, major complications
(wound infection and thromboembolism), oper-
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Figure 10. The forest plots of pair-wised meta-analysis comparing length of surgical time across the three implants.
IV = inverse variance, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.

Table 8. Mean differences of length of surgical time for
direct-comparison meta-analysis and network meta-anal-
ysis

PFNA 13.82(-9.32-37.13) 4.37 (-21.16-30.18)
-13.84 (-36.88-9.20) DHS -9.54 (-35.23-16.63)
4.02 (-7.83-15.88) 9.51 (2.86-16.15) GN

For length of surgical time, mean differences (MDs) lower than O favor
the column-defining treatment. Direct comparisons were shown in the

lower left. Indirect comparisons were shown in the upper right. Abbre-

viation: PFNA = proximal femoral nails antirotation, DHS = dynamic hip
screws, GN = Gamma nails.

ative blood loss, surgical time, and hospital
stay. Although the pooled result showed that
use of PFNA may be associated with less oper-
ative blood loss (both direct and indirect evi-
dences) and shorter fluoroscopy time (only
direct evidence) when compared with GN and
DHS, the conclusion was limited and unaccept-
able because of the relatively low quality of evi-
dences with either low or very low strength of

namely cost, fracture types, and famil-
iarity with the design and instruments.
The device costs vary widely among
countries and individual healthcare
facilities; however, it is almost certain
that the prices of intramedullary nail-
ing including PFNA and GN are rela-
tively higher than DHS [34]. The eco-
nomic decision of the treatment
options are important consideration
for individual patients, care provider
and hospital. The types of fracture are
another important factor in the selec-

tion of the treatment options. According to the
AO fracture classification system, type Al is
universally considered stable and type A3
(reverse obliquity fractures) is generally consid-
ered unstable. A2 fractures are less clear, but a
generally accepted opinion is that A2-1 frac-
tures are stable whereas A2-2 and A2-3 frac-
tures are unstable. For stable fractures, either
of extramedullary and intramedullary fixations

confidence.

With minimal if any differences observed in
clinical outcomes across PFNA, DHS and GN, it
may be prudent to place extra emphasis on
other factors in the decision-making process,
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could provide a safe and effective alternative
[35]. However, for the unstable fractures, sev-
eral biomechanical and clinical studies [36-38]
demonstrated that intramedullary implant is
superior with less fracture related complica-
tions and implant failures. In one recent study
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Figure 11. The forest plots of pair-wised meta-analysis comparing length of hospital stay across the three implants.
IV = inverse variance, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.
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Figure 12. The forest plots of direct comparison evidence for fluoroscopy time across the three implants. IV = inverse
variance, PFNA = proximal femoral nails antirotation, DHS = dynamic hip screws, GN = Gamma nails.

[34], Swart et al. conducted a cost-effective-
ness analysis of fixation options for intertro-
chanteric fractures and concluded that slidi-
ng hip screw is more cost-effective for stable
fractures, whereas intramedullary nail fixation

23005

is more cost-effective for reverse obliquity
fractures.

In conclusion, our systematic review and net-
work meta-analysis does not support the supe-
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Table 9. Mean differences of fluoroscopy time for direct-compari- (7]

son meta-analysis and network meta-analysis

Windolf M, Braunstein V, Du-
toit C, Schwieger K. Is a heli-

PFNA -50.14 (-151.66-49.70) -25.22 (-167.14-117.29)
25.12 (-116.38-167.81)
GN

70.26 (-57.99-198.52) DHS
-30.00 (-56.21--3.79)  28.68 (26.21-31.15)

cal shaped implant a supe-
rior alternative to the dy-
namic hip screw for unsta-
ble femoral neck fractures?

For fluoroscopy time, mean differences (MDs) lower than O favor the column-defin-
ing treatment. Direct comparisons were shown in the lower left. Indirect compari-
sons were shown in the upper right. Abbreviation: PFNA = proximal femoral nails
antirotation, DHS = dynamic hip screws, GN = Gamma nails.

riority of PFNA to other fixation strategies for
intertrochanteric fractures. In light of this infor-
mation, surgeons should consider about other
factors such as cost, fracture types, familiarity
with the design and instruments to make the
appropriate choice for the treatment of intertro-
chanteric fractures. Future studies with high
methodologic quality are required to confirm
the conclusion and better inform clinical
decision-making.
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