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Abstract

Background: Intertrochanteric hip fractures are common and devastating injuries especially for the elderly. Surgical
treatment is the optimal strategy for managing intertrochanteric fractures as it allows early rehabilitation and functional
recovery. The relative effects of internal fixation strategies for intertrochanteric fracture after operation remain limited to
relatively small studies which create uncertainty in attempts to establish evidence-based best practice.

Methods: We conducted a systematic review and meta-analysis of randomised controlled trials (RCTs) and observational
studies to assess the clinical effectiveness of two commonly used intramedullary devices: a twin screw integrated
cephalomedullary nail (InterTAN) versus a single screw cephalomedullary nail (proximal femoral nail antirotation) in
patients with intertrochanteric fractures. The following outcomes were considered: revisions, implant-related failures,
non-unions, pain, Harris Hip Score and intraoperative outcomes. Odds ratios or mean differences with 95% confidence
intervals in brackets are reported.

Results: Six studies met the inclusion criteria, two randomised controlled trials and four observational studies enrolling
970 patients with mean age of 77 years, and 64% of patients were female. There was a statistically significant difference
(p value < 0.05) for revisions OR 0.27 (0.13 to 0.56), implant-related failures OR 0.16 (0.09 to 0.27) and proportion of
patients complaining of pain OR 0.50 (0.34 to 0.74). There was no difference in non-unions and Harris Hip
Score (p value > 0.05). There was a significant difference in blood loss and fluoroscopy usage in favour of PFNA, whilst
no difference in operating times were observed between the two devices.
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Conclusions: Our meta-analysis suggests that a twin screw integrated cephalomedullary nail InterTAN is clinically more
effective when compared to a single screw cephalomedullary nail proximal femoral nail antirotation resulting in fewer
complications, fewer revisions and fewer patients complaining of pain. No difference has been established regarding
non-unions and Harris Hip Score. Intraoperative outcomes favour PFNA with less blood loss and fluoroscopy usage.
Further studies are warranted to explore the cost-effectiveness of these and other implants in managing patients with

intertrochanteric fractures.
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Background
Intertrochanteric hip fractures are common and, often,
devastating injuries especially for the elderly. By 2050,
the annual number of hip fractures worldwide is esti-
mated to surpass 6.3 million due to an ageing demo-
graphic in many Western countries. In the USA alone,
the number of hip fractures is estimated to increase
from about 320,000 per year to 580,000 by 2040. This
increasing demand creates significant tension for the
health service in terms of staff and resources required to
manage these patients. In the USA, healthcare costs for
the management of hip fractures are estimated to exceed
$10 billion per year [1-6], whilst the impact on the UK
health service is estimated to be $2 billion per year [7].
These costs are driven not only by the costs of the acute
surgical procedure but also the post-acute care, includ-
ing rehabilitation. Whilst hip fracture surgery is highly
effective, patients are likely to experience significant
morbidity in terms of pain, discomfort and limited
mobility during their recovery and in many cases are un-
likely to achieve pre-fracture levels of function [1, 4, 7].
Studies also suggest that there is an association between
hip fracture and increased rates of mortality with 30%
more deaths observed than the age-matched populations
with and without hip fracture [7-13]. However, some
caution should be taken in interpreting such data, as
individuals who experience a hip fracture may be inher-
ently more fragile and susceptible to ill-health.
Currently, intertrochanteric hip fractures are usually
treated with intramedullary or extramedullary fixation
devices. The known clinical benefits of internal fixation
are rapid mobilisation, accelerated rehabilitation and,
more importantly, significant pain relief [14, 15]. How-
ever, recent analyses have demonstrated that different
devices suit different types of intertrochanteric fractures
classified as stable/undisplaced fractures Orthopaedic
Trauma Association (AO/OTA) classification Al or
displaced/unstable fractures AO/OTA classification A2
or A3 with the loss of the postero-medial buttress [16—
18]. For stable fractures, fixation with a compression hip
screws (CHS) has been shown to provide excellent clin-
ical outcomes, whereas for unstable fractures, the use of
intramedullary fixation devices have been shown to

deliver superior clinical outcomes compared with CHS
[16-18].

Two commonly used intramedullary fixation devices
for displaced fractures are the proximal femoral nail
anti-rotation (PFNA™) (Synthes, Solothurn, Switzerland)
with a helical neck blade which provides rotational and
angular stability and the TRIGEN® INTERTAN (Smith
& Nephew, Memphis, Tennessee) which has a unique
design of two cephalocervical screws that interlock and
allow controlled linear intraoperative compression of the
intertrochanteric fracture and subsequent rotational sta-
bility of the head and neck fragment [1, 14]. A number
of studies have been conducted directly comparing these
two devices to advise surgeons on device selection and
best surgical practice [14, 19-23]; however, the findings
of these studies are inconsistent, making it harder for
surgeons to identify the ideal treatment option. To ad-
dress this, we have performed a meta-analysis including
all of the current evidence comparing the efficacy of
InterTAN with the PENA.

Methods

Data sources and searches

We searched the following electronic databases from
January 2000 to February 2018: PubMed, Cochrane
Database of Systematic Reviews (CDSR), Cochrane
Central Register of Controlled Trials (CENTRAL),
Health Technology Assessment (HTA) Database and
ClinicalTrials.gov. The search terms used include the
following: “hip fracture, reoperations, InterTAN, inter-
trochanteric fractures, Integrated 2 screw derotation
cephalomedullary device, single screw cephalomedullary
nail, proximal femoral nail anti-rotation, PFNA, PFNA-
II”. To ensure completeness, we also used a pearl-
growing technique, whereby the references of relevant
papers identified in the original search were also
searched.

Study procedures

Two authors (LN and AH) independently screened all of
the titles and abstracts based on the population, inter-
vention, comparators and outcomes (PICO) framework
[24] using a pilot-tested data extraction form. The
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quality of included RCTs was assessed using the
Cochrane Collaboration’s risk of bias tool [25], and for
observational studies, we used the Good Research for
Comparative Effectiveness (GRACE) checklist [26].

Study selection and eligibility criteria

We included prospective, randomised controlled trials
(RCTs) and comparative observational studies with no lan-
guage restriction if they enrolled participants diagnosed with
intertrochanteric fractures and compared InterTAN with
PENA. We also included observational studies so as to util-
ise all of the existing evidence, an accepted technique that
has been utilised by other researchers undertaking meta-
analysis to assess other aspects of clinical care. We only
considered full-text published studies without language
restrictions. Studies were also included if they reported a
minimum follow-up of 12 months. The pre-defined out-
come measures of interest were functional measures (ie.
quality of life scores and pain), post-operative implant-
related failures (i.e. cutout, varus collapse, shaft fractures)
non-union, reoperation/revisions) and procedure measures
(i.e. operative time, blood loss, fluoroscopy time). Following
consultation with experienced clinicians, mortality was not
included in this analysis. This was considered to be con-
founded by the nature of the patient group, i.e. most pa-
tients are elderly and frail and the clinicians indicated that
the implants were unlikely to have impact upon mortality.
The inclusion and exclusion criteria are outlined in Table 1.

Data extraction

The following data from eligible studies was extracted:
study characteristics (year of publication, sample size,

Table 1 Inclusion exclusion criteria
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country of study origin, length of follow-up), patient
characteristics (gender, age), intervention/comparator
and the pre-specified outcomes. Data extracted from
each study is presented in Table 2

Meta-analysis

Meta-analyses were performed with a random effects
model in Review Manager (RevMan), Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014. A standard pair-wise meta-analysis
was conducted using either a fixed-effect or a random ef-
fects model depending upon the presence or absence of sig-
nificant heterogeneity between studies. Heterogeneity of
the included studies was assessed using the P statistic [27].
If the calculated F statistic was less than 50%, a fixed-effect
model was used (no substantial heterogeneity), and when
the calculated F statistic was more than 50%, a random ef-
fects model was used. For dichotomous outcomes, odds ra-
tio (OR) was reported as the summary statistic, and for
continuous outcomes, the (weighted) mean difference
(MD) was reported. p values < 0.05 were considered statisti-
cally significant.

Data were analysed separately for RCTs and observa-
tional studies. In a further analysis, all data were com-
bined to ensure that all available evidence was utilised
and in this paper we report the results of the combined
analysis. A similar approach has been used successfully
in other therapeutic areas such as cardiovascular medi-
cine and wound care literature [28—-30]. We performed
sensitivity analyses by using alternative pooling methods
(Peto method vs. Mantel-Haenszel method applicable to

Criteria Inclusion

Exclusion

Type of study

Population
fractures with subtrochanteric

RCTs, retrospective and prospective
comparative observational studies

Adults with intertrochanteric hip

Systematic reviews, conference abstracts,
case series, case reports, narrative reviews,
editorials, opinions and studies performed
in animals

Stable fractures alone

extension or subtrochanteric fractures

Geographical location Publications from any country

Interventions Integrated 2 screw derotation
cephalomedullary device
(InterTAN)

Comparators Single screw cephalomedullary

nail (PFNA)

Outcomes of interest

None

Other nails other than InterTAN and PFNA.
Less than 12 months follow-up

Other nails other than InterTAN and PFNA.
Less than 12 months follow-up

Functional measures (i.e. quality of life

scores and pain, Harris Hip Score) and
post-operative implant-related failures

(i.e. cutout, varus collapse, shaft

fractures), non-union, reoperation/revisions
and procedure measures (i.e. operative time,

blood loss, fluoroscopy time)

RCT randomised controlled trial, PFNA proximal femoral nail antirotation
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Table 2 Study characteristics of included studies
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Study, year Type of study and sample size Mean age, years (range) Percentage of males Length of follow-
up, months
Yu, 2016 [14] Retrospective comparative IT=75.2 (664-84.0) IT=35PFNA-II=32 12
N =168 enrolled 147 available PFNA-II = 74.2 (65.1-83.3)
for analysis IT =75 PFNA-Il =72
Seyhan, 2015 [19] RCT? 75 (IT=32; PFNA =43) IT=753 (61.8-88.9) [T=344 PFNA =186 24
PFNA =75.9 (62.2-89.6)
Zehir, 2015 [20] Retrospective comparative IT=76.9 (70.2-83.6) IT=382 PFNA=385 16
N=195 (IT=102; PFNA =93) PFNA =772 (70.4-84.0)
Zhang, 2013 [21] RCT° N=113 (IT=47, PFNA-ll = 46) IT=724 (64.8-80.0) [T=404 PFNA-II =339 12
PENA-Il =724 (63.7-81.1)
Zhang, 2017 [22] Retrospective comparative [T=727 (76) [T=34.8 PFNA-II=386 40
N =174 (IT = 86; PFNA-II = 88) PENA-Il =746 (6.3)
Zhang, 2017 [23] Retrospective comparative [T=76.1 PENA=76.1 [T=56 PFNA=62 388

N=283IT=144 PFNA=139

IT InterTAN, PFNA proximal femoral nail antirotation, N total number enrolled in the study

#Randomisation done by sealed envelopes

PRandomisation done by consecutive numbered and sealed envelopes based on a computer-generated list

dichotomous data). Data was also analysed by study
type, i.e. RCT and observational studies.

Results

Literature search

The electronic searches identified 256 articles, of
which 50 were removed because they were either
duplicates or unrelated. Eventually 26 articles were
assessed for detailed evaluation. A careful screening of
all titles excluded 15 articles leaving 11 studies for fur-
ther full publication review. Six studies met the
inclusion criteria and five did not because three were
non-comparative and two were cadaver animal studies.
Of those that met the inclusion criteria, two were
RCTs and four were observational studies published
between 2013 and 2017. A total of 970 patients (168
from RCTs and 802 from observational studies) were
included in the analysis. Patients were equally distrib-
uted between InterTAN and PFNA, 486 and 484
respectively. Figure 1 summarises the flow diagram
and the key characteristics of all included studies. All
of the studies involved patients with intertrochanteric
fractures and were followed up for at least 12 months.
Three studies [14, 20, 21] only included patients with
AO/OTA classification A2-A3 fractures, ie. all
unstable fractures, and the other three had mixed
patients [19, 22, 23], 75% unstable and 25% had stable
fractures between them respectively. The mean patient
age in the included studies was 77 years, and 64% were
females. All RCTs were rated as having an unclear risk
of bias, generally due to a lack of information being
reported in the methods. The majority of the observa-
tional studies were deemed to be of adequate quality
according to the GRACE checklist [26].

Clinical results

Revisions

Four studies reported on revisions, one RCT [21] and
three observational studies [20, 22, 23], a total of 748
patients. Ten and 34 events were reported for InterTAN
and PFNA groups respectively. There was a statistically
significant difference in revision rates between InterTAN

Records identified through literature
search (n = 256)

A

Records after duplicates removed (n = 206)

»| Records excluded on abstracts
and titles (n = 195)

A 4

Full-text articles assessed
for eligibility (n= 11)

Full-text articles excluded (n = 5)

A4

Total number of studies
included (n = 6)

Fig. 1 PRISMA flow diagram for studies included and excluded from
the clinical effectiveness review
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Heterogeneity: Mot applicable
Testfor overall effect: Z=0.48 (P = 0.63)

4.1.2 Observational studies revisions

Zehir 2015 5 102 9 96 25.9%
Zhang 2017 a 1) a6 6 a8 18.8%
Zhang 2017 b 3 144 16 139 46.8%
Subtotal (95% CI) 332 323 91.5%
Total events 8 il

Heterogeneity: Chi*= 2.61, df= 2 (P = 0.27), F= 23%
Test for overall effect: Z= 3.60 (P = 0.0003)

Total (95% CI) 379 369 100.0%
Total events 10 34

Heterogeneity: Chi*= 3.33, df =3 (FP=0.34); F=10%

Testfor overall effect: Z= 3.59 (P = 0.0003)

Implant related failures

Revisions
InterTAN PFNA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 RCT data
Zhang 2013 2 47 3 46 8.5% 0.64 [0.10, 4.00]
Subtotal (95% CI) 47 46 8.5% 0.64 [0.10, 4.00]
Total events 2 3

Testfor subgroup differences: Chi*=0.92, df=1 (P =0.34), F=0%

0.50 [0.16, 1.54] ——
0.07 [0.00,1.32] ¢—=——
0.16 [0.05, 0.57] —.—
0.24[0.11,0.52] R aand
el

0.27 [0.13, 0.56]
0.05 0.2 5 20
Favours InterTAN  Favours PFNA

Total events o 9
Heterogeneity: Tau®= 0.00; Chi*=0.52, df=1 {(P=0.47), F=0%
Test for overall effect Z=2.02 (P = 0.04)

5.1.2 PFNA observational studies

Yu 2016 3] 75 24 72 333%
Zehir 2015 o 102 13 96 3.9%
Zhang 2017 a 2 86 12 88 13.4%
Zhang 2017 b 7 144 31 139 42.4%
Subtotal (95% CI) 407 395 93.0%
Total events 15 80

Heterogeneity: Tau®= 0.00; Chi*=1.51, df=3 (P = 0.68); F=0%
Test for overall effect Z=6.20 (P < 0.00001)

Total (95% CI) 486 484 100.0%
Total events 15 L]

Heterogeneity: Tau®= 0.00; Chi*= 214, df=5{(P=0.83); F=0%
Test for overall effect: Z=6.51 (P < 0.00001)

Testfor subaroup differences: Chi*=0.09, df=1 (P = 0.76), F=0%

Non-unions

Heterogeneity: Not applicable
Testfor overall effect: Z=1.33 (P=0.18)

6.3.2 Observational

Zhang 2017 a 1 86 1 88 17.8%
Zhang 2017 b 2 144 1 138 18.3%
Subtotal (95% CI) 230 227 36.1%
Total events a

2
Heterogeneity: Chi*=0.12,df=1 (P=0.73); "= 0%
Test for overall effect: Z= 0.43 (P = 0.66)

Total (95% CI) 277 273 100.0%
Total events 3 S

Heterogeneity: Chi®= 2.02, df= 2 (P = 0.36); = 1%

Test for overall effect: Z= 0.69 (P = 0.49)

InterTAN PFNA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
5.1.1 RCT data
Seyhan 2015 1] 32 2 43 3.3% 0.26 [0.01, 5.51]
Zhang 2013 o] 47 7 46 37% 0.06 [0.00,1.00] ———————
Subtotal (95% CI) 79 89 7.0% 0.11 [0.01, 0.93] ——crRS——

InterTAN PFNA ©Odds Ratio Oads Ratio
Study or Subgroup __Events Total Events Total WWeight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
6.3.1 RCT data
Zhang 2013 0 47 3 456 B3.9%  0.13[0.01,2.61] |
Subtotal (95% CI) a7 46 63.9% 0.13 [0.01, 2.61] = —
Total events o b

Testfor subaroup differences: Chi®=1.86. df=1 (P=0.17). "= 46.4%

Fig. 2 Impact of InterTAN compared with PFNA on revisions, implant-related failures (cutout, shaft fractures, varus collapse) and non-unions

017 [0.07, 0.45] —
0.03[0.00,0567] 4————
0.5 [0.03, 0.70] e
0.18[0.08, 0.42] —
0.16 [0.09, 0.29] -
0.16 [0.09, 0.27] -
0.01 0.1 10 100

Favours InterTAN Favours PFNA

1.02 [0.06, 16.63]
1.94 [0.17, 21.68]
1.49 [0.25, 9.02] | e ——

0.62 [0.16, 2.39] e —

0.05 0.2 5
Favours InterTAN Favours PFNA

J

and PFNA (OR 0.27, 95% CI 0.13 to 0.56, I° = 10%,
p =0.0003) (see Fig. 2).

Implant-related failures

All six studies [14, 19-23] reported implant-related fail-
ure data defined as cutout, varus collapse and shaft frac-
tures (n = 970 patients). A total of 15 and 89 events were
reported for InterTAN and PENA respectively. The
pooled results showed that InterTAN was associated
with a significantly reduced risk of implant failures by
84% compared to PFNA (OR 0.16, 95% CI 0.09 to 0.27,

P =0%, p=0.00001). Five studies reported the outcome
of shaft fracture [14, 19-23], five studies reported cut-
outs and shaft collapse whilst one study reported on
varus collapse [14]. All of these outcomes were individu-
ally statistically significant in favour of InterTAN when
compared to PENA as shown in Fig. 2.

Non-unions

Three studies reported on the incidence of non-unions:
the RCT by Zhang [21] and two observational studies
[22, 23]. The studies had 550 patients in total; three
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events were reported in the InterTAN group, and five
events were reported in the PENA group. There was no
difference in non-union rates between InterTAN and
PENA (OR 0.62, 95% CI 0.16 to 2.39, I° = 1%, p=0.49)
(see Fig. 2).

Harris Hip Score

All six studies [14, 19-23] reported on the HHS (n = 970
patients). Overall, there was no difference between
patients treated with InterTAN compared to those
treated with PFNA as shown by the pooled results using
a random effects model due to evidence of statistical
heterogeneity as shown by the I°>50% (MD 0.72, 95%
CI - 0.81 to 2.25, I = 56%, p = 0.35) (see Fig. 3).

Hip and thigh pain

All six studies [14, 19-23] reported on the proportions
of patients who reported hip and thigh pain following
the procedure (7 =970 patients). A total of 56 and 93
patients complained of pain after the operation for

Page 6 of 10

InterTAN and PFNA respectively. The pooled results
showed that InterTAN significantly reduced the propor-
tion of patients complaining of pain after the procedure
by 50% compared to PENA (OR 0.53, 95% CI 0.34 to 74,
P =7%, p=0.00005) (see Fig. 3).

Intraoperative outcomes (operating time, fluoroscopy
time, blood loss) and other complications

Five studies reported on these outcomes [14, 19-21, 23]
(a total of 796 patients). All the five studies reported on
operating time, and there was a tendency of longer oper-
ating time with InterTAN. Overall, there was no differ-
ence in operating time between InterTAN and PFNA
(MD 852, 95% CI —-1.05 to 18.10, I = 99%, p =0.08).
Three studies [14, 20, 21] reported on fluoroscopy time.
There was longer fluoroscopy usage in the InterTAN
group (MD 1.3, 95% CI 0.17 to 2.42, I’ = 100%, p = 0.02).
Four studies [14, 20, 21, 23] reported on blood loss per
case (in millilitres). There was a ststistically significant

Hip and thigh pain

Testfor overall effect: Z= 3.51 (P = 0.0005)

Harris Hip score

InterTAN
Study or Subgroup  Mean SD Total

PFNA

Mean SD_Total

InterTAN PFNA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
7.1.1 Randomised controlled studies
Seyhan 2015 1 3z 1 43 1.1%  1.35[0.08,22.51] ¢ *
Zhang 2013 5 47 14 46 16.9%  0.27[0.09,083 +——=—
Subtotal (95% CI) 79 89  18.0% 0.34[0.12,0.94] ——enil————
Total events 6 14
Heterogeneity: Chi*=1.08, df=1 {P=0.30); F= 8%
Testfor overall effect: Z=2.08 (P = 0.04)
7.1.2 Observational studies
Yu 2016 7 ) 17 72 21.0% 0.33[0.13, 0.86] —
Zehir 2015 5 102 10 96 131%  0.44[0.151.39] e
Zhang 2017 a 33 a6 38 88 30.9% 0.82[0.45,1.50] —
Zhang 2017 b 5 144 13 139 17.0%  035[0.12,1.01] -]
Subtotal (95% CI) 407 395 82.0%  0.54[0.35,0.82] -
Total events a0 78
Heterogeneity: Chi*= 3.59, df=3 (P=0.31); F=17%
Testfor overall effect: Z=2.92 (P =0.004)
Total (95% CI) 486 484 100.0%  0.50[0.34,0.74] -
Total events 56 93
Heterogeneity: Chi*= 5.36, df= 5 (P = 0.37); F= 7% 05.1 0?2 0?5 é é 110

Testfor subaroup differences: Chi*= 0.67, df=1 (P =0.41), F=0%

Weight IV, Random, 95% CI

Favours InterTAN  Favours PFNA

Mean Difference Mean Difference

IV, Random, 95% CI

34.1.1 Randomised controlled trials (HHS)

Seyhan 2015 82.49 7.5 32 8089 7.8 43 12.8%
Zhang 2013 802 137 47 826 113 46 7.2%
Subtotal (95% Cl) 79 89 20.0%
Heterogeneity: Tau®= 3.08; Chi*=1.63, df=1 (P=0.20); F= 39%

Testfor overall effect: Z= 0.03 (P = 0.97)

34.1.2 Observational studies (HHS)

Yu 2016 838 7.4 75 826 71 72 19.5%
Zehir 2015 71.29 2655 102 7587 22.87 96 4.3%
Zhang 2017 a 80.76  3.43 86 78.49 333 88 31.1%
Zhang 2017 b 722 727 144 724 7.2 139 250%
Subtotal (95% Cl) 407 395  80.0%
Heterogeneity: Tau?= 2.00; Chi*= 9.21, df= 3 (P = 0.03); F= 67%

Test for averall effect: Z=0.89 (P = 0.37)

Total (95% CI) 486 434 100.0%

Heterogeneity: Tau®= 1.70; Chi*=11.41, df= 5 (P = 0.04); F= 56%

Test for overall effect: Z= 093 (P = 0.35)

Test for subagroup differences: Chi*=012,df=1(P=072), F=0%

Fig. 3 Impact of InterTAN compared with PFNA on the Harris Hip Score and the proportion of patients who complained of hip and thigh pain
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Test for overall effect: Z=0.18 (P = 0.85)
Test for subaroup differences: Not anplicable

Operating time
InterTAN PFNA Mean Difference Mean Difference
Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
21.1.1 RCT operating time PFNA
Seyhan 2015 73.91 887 32 72.98 1248 43 19.5% 0.93 [-3.90, 5.76] ——
Zhang 2013 66.5 152 47 537 113 46 19.2% 12.80(7.36,18.24] ———
Subtotal (95% CI) 79 89 38.7% 6.80 [-4.83,18.43] | ——e———
Heterogeneity: Tau®= 63.56; Chi*=10.23, df=1 (P = 0.001); F= 90%
Testfor overall effect: Z=1.15 (P = 0.25)
21.1.2 Observational studies operating time PFNA
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Fluoroscopy time
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Fig. 4 Impact of InterTAN compared with PFNA on operating time, fluoroscopy time, blood loss and other complications. Forest plots. The forest plots show
the odds ratio (OR) calculated by the random effects model or the mean difference (MD) calculated by the fixed effects model. Squares represent individual
study effects and diamonds represent the summary effect from the meta-analysis. Horizontal bars represent 95% Cls and the vertical line in plot is at 1 for OR
and 0 for MD, corresponding to the null hypothesis of no effect. * = test of heterogeneity, CI confidence interval, df degree of freedom, M-H Mantel-Haenszel

difference in blood loss, and more blood loss was re-
corded for InterTAN (MD 27.02, 95% CI 1.43 to 52.62,
P =99%, p = 0.04) (see Fig. 4).

Other complications

Three studies (n=451) reported on other complications
[19, 21, 23]. The other complications reported consisted of
deep vein thrombosis, cardiovascular disorders, pressure
sores, urinary tract infection, pulmonary embolism and

post-operative hematomas. In total, 32 and 33 complica-
tions were reported in InterTAN and PENA respectively.
Overall, there was no difference in the incidence of these
complications between the two interventions (OR 0.94,

95% CI 0.46 to 1.90, I = 0%, p = 0.86; see Fig, 4).

Sensitivity analysis

The sensitivity analyses

using alternative

analysis

methods (Peto method vs. Mantel-Haenszel method),
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and considerations of heterogeneity (random effects vs.
fixed effects) did not show important changes in the
pooled effects for these outcomes except for Harris Hip
Score. When a fixed effects model was used, the results
of the analysis for HSS became statistically significant
p =0.0004. Study type did not change the overall conclu-
sion. For instance, for the outcomes of implant-related
failures and pain analysis, where there was a statistically
significant difference between InterTAN and PFNA, RCT
and observational evidence gave almost identical results as
shown in Figs. 2 and 3. We also removed the studies by
Seyhan [19] and Zhang [22, 23] which had mixed popula-
tions, i.e. 75% unstable patients and 25% stable between
them from the analysis. Removing these studies resulted
in the treatment effect increasing from 84 to 87% reduc-
tion in implanted-related failures.

Discussion
The incidence of intertrochanteric fractures is rising due
to a steady increase in life expectancy which in turn
increases demand for surgery. With the emergence of
value-based healthcare, there is a growing scrutiny of
how best to provide high-quality care in a clinically and
cost-effective manner, acknowledging limited healthcare
budgets [1, 2]. Our study assessed the clinical perform-
ance of two most commonly used cephalomedullary nail
devices for patients with unstable intertrochanteric frac-
tures, InterTAN and PFNA, as outlined in our inclu-
sion/exclusion criteria. We however accept that there
are other devices which offer twin screw fixation such as
the Aesculap Targon PFT® (B. Braun Hessen Germany)
or the Orthofix VeroNail® (Orthofix, TX) as well as the
other single screw devices such as Gamma 3 which were
not the subject of our analysis. The findings from our
meta-analysis confirm that InterTAN offers clinically
and statistically significant benefits regarding revisions,
long-term implant-related failures and post-operative
pain compared to PFNA. No differences were observed
between InterTAN and PFNA for non-unions and Harris
Hip Score. For intraoperative outcomes, there was a dif-
ference in blood loss and fluoroscopy usage in favour of
PENA and there was no difference in operating times.
Unstable intertrochanteric fractures treated with
cephalomedullary intramedullary devices are commonly
associated with mild pain [14]. However, Yu et al. [14]
proposed that long-term pain arises due to implant fail-
ures including lag screw cutout, shaft fractures or lateral
protrusions of the distal end of the nail into the diaph-
ysis [14]. In line with the proposed association between
implant failure and long-term pain, our study demon-
strated that the use of InterTAN resulted in a significant
reduction in implant-related failures and reduced hip and
thigh pain (50% fewer patients reported pain p = 0.0005).
Although a direct causal relationship cannot be
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established from our analysis, it adds further weight to the
conclusion by Yu et al. [14]. A potential explanation for
the improved performance of InterTAN arises from its de-
sign which includes two integrated, interlocking lag screws
that utilise a hybrid worm gear mechanism permitting
better intraoperative fracture reduction and controlled
compression of the intertrochanteric fracture. In addition,
the trapezoidal proximal end of the nail may prevent
uncontrolled shortening during fracture healing and limit
varus collapse [1, 14]. Further analysis is required to
substantiate the relationship between the mechanism of
action and clinical outcomes.

The procedural outcomes identified that InterTAN
was associated with a marginal increase in operative
time (operation time and fluoroscopy usage) as well as
an increase in blood loss. Although the studies did not
identify the causes of this, differences in operative tech-
niques associated with each device may explain this. For
example, the trapezoidal proximal end of the InterTAN
device may require additional reaming of the intrame-
dullary canal, which can result in extended operative
and fluoroscopy time. However, the differences seen in
the study are marginal when considered in the context
of the entire procedure. Similarly, marginal differences
were observed in blood loss, which is most likely an
association with the longer surgical time associated with
InterTAN. Nonetheless, Zhang et al. [22] cautioned
against choosing implants based on these parameters as
they are likely to be influenced by other factors, instead
preferring to base such decisions on the long-term
efficacy of implants.

One factor that impacts complication rates, especially
of intramedullary nail implants, is the dimension of the
nail, i.e. long or short nails [22, 31-33]. In four out of
the six studies, nail dimensions were reported and the
range for InterTAN was 18-20 cm whilst PENA was 20
to 28 cm which are deemed to be short nails. Zhang [22]
and Li [31] noted that the use of long PFNA nails in
patients improved the clinical outcomes compared to
short nails especially failure rates and pain. Other
authors that have looked at long and short PENA nails
and found no difference in clinical outcomes except for
intraoperative outcomes such as operating time and
blood loss which favour the smaller nails [32-34].
Although our meta-analysis found significant differences
in clinical outcomes between InterTAN and PFNA, we
cannot be certain that nail dimension did not contribute
to the outcomes. Further research on the relationship
between nail length and outcomes would be beneficial.

The study attempted to employ innovative techniques
to consider all available relevant data on the perform-
ance of InterTAN and PFNA. Systematic reviewing has
typically been constrained to the use of randomised con-
trolled trials on the basis that this study design
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minimises any potential for bias. However, it should be
acknowledged that in doing so, RCTs often limit their
external validity by applying strict inclusion/exclusion
criteria and creating an environment that may not be
reflective of typical practice. Whilst observational studies
are potentially subject to more bias, they do provide
useful insights into product performance in real-world
practice settings. Furthermore, in the case of surgical
interventions where RCTs are often small in size, obser-
vational studies can often provide far larger samples, as
is the case with the current study. Methods that can
combine these two sources of data remain relatively
immature, although there is an increasing body of evi-
dence that has sought to do so in order to make the best
use of all available data to inform treatment decisions.

Any uncertainty in the appropriateness of combining
datasets can be addressed by considering the different
sources of data separately, seeking consistency and run-
ning sensitivity analyses based on the single sources of
data. In the current study, both the RCT and observa-
tional evidence consistently suggested that patients
treated with InterTAN have a significantly lower risk of
complications than those treated with PFNA, including
the risk of revisions, cutout, varus collapse and shaft
fractures. The consistency of findings across the studies
and the relatively large magnitude of effect, i.e. 73% and
84% reduction in revisions and post-operative complica-
tions respectively, increase the credibility of our findings.

There are limitations associated with this study. The
trials we included in the analysis suffered from some
methodological limitations, as do many other surgical
trials. For instance, most of the RCTs included in our
analyses had small patient numbers whilst the observa-
tional studies, as expected, had bigger patient numbers.
This may have resulted in an imprecise estimation of
effects from RCTs. We also noted that two of the studies
[19, 22] included both stable and unstable fractures
although the majority of fractures were unstable. To
complicate things further, the results were not reported
according to the stability of the fracture. Clearly, we
would have liked the results to have been reported
according to fracture stability to be certain which sub-
group of patients benefit most from the interventions
that they received. We therefore were unable to explore
if the treatment effects were influenced by fracture sta-
bility in this particular study. Nonetheless when these
studies were removed from the analysis in sensitivity
analysis, the results remained statistically significant with
the treatment effect improving slightly from 84% reduc-
tion in implant failures to 87% p = 0.0001.

Conclusion
In conclusion, the current body of evidence suggests that
the use of InterTAN compared to the PENA in treating
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patients with unstable intertrochanteric fractures results
in clinical significant reductions in revisions, the propor-
tion of patients complaining of pain after the surgery
and post-operative implant-related complications. There
were no differences on non-unions and Harris Hip score.
There was less fluoroscopy usage and less blood loss
with PFNA. Further research on the cost-effectiveness of
these implants would provide further information to
ensure that treatment decisions are both clinically and
cost-effective.
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