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Abstract

Introduction Intertrochanteric fractures account for almost half of all hip fractures, with a mortality rate
of 15 to 20 % within one year following fracture, primarily in elderly patients aged 65 years old and older.

The purpose of this study is to compare the operative time, intraoperative blood loss, intraoperative
blood transfusion, hospitalization time, weight-bearing time, Harris Hip Score at 1, 3, 6, 12 months
follow-up, and complications after proximal femoral nail antirotation versus bipolar hemiarthroplasty
for intertrochanteric fracture in elderly patients based on the published literature of their comparison.

Methods We conducted a comprehensive search in the electronic databases such as PubMed, Scopus,
and Google Scholar. Original articles up to November 2024 were screened, focusing on retrospective
or prospective cohort studies.

Results and Discussion The initial search yielded 702 studies. Six cohort studies with a total
of 495 participants were assessed. The Proximal Femoral Nail Antirotation (PFNA) showed statistically
significant shorter operative time (p = 0.006), lower intraoperative blood loss (p <0.0001) compared
with bipolar hemiarthroplasty. Bipolar Hemiarthroplastty had statistically significant better Harris Hip
Score at 1 and 3 month follow-up post-operatively (p < 0.00001), (p = 0.001). It provides early weight-bearing
(p =0.003) and helps mobilize post-operative patients. Blood transfusion, hospitalization time, Harris Hip
Score after 6- month follow-up, and complications had balanced results between two apporaches.

Conclusion PFNA and bipolar Hemiarthroplasty have comparable results in intertrochateric fractures
in the elderly. PFNA has the advantages of shorter operative time, and lower intraoperative blood loss. Bipolar
hemiarthroplasty has the advantages of better Harris Hip Score at 1 and 3 month follow-up and earlier
weight-bearing.

Level of Evidence: I.
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AnHoOTanus

BBegenne. MexXBepTebHbIE TTePeIOMbI COCTABIISIOT MOYTH TTOJIOBUHY BCEX IepeloMOB Oefpa, C YypOBHEM
cMepTHOCTH OT 15 mo 20 % B TeueHye OJHOTO roja Mocje IepejioMa, BCTPeUalTCs B OCHOBHOM Y IaliIEHTOB
B BO3pacTe 65 JIeT 1 cTapiie.

Ilesib paGoOTBI — Ha OCHOBE JIMTEPATYPHBIX JAHHBIX 00 MCIIONIb30BaHUM TEXHOJIOTUII aHTUPOTAI[MOHHOIO
mTudTa IS MPOKCMMAaTbHOTO OTaesa 6eapa 1 GUITONISIPHO TeMUapTPOILIaCTUKY TIPU MeKBEepTeTbHBIX ITe-
penoMax y MOKMIIBIX MalieHTOB CPaBHUTD MTOKA3aTeIM BpeMeH) Omepaluy, TOCIIUTAIU3AIUK U HaTPy3KH,
MHTPAOIIepalIOHHbIX KPOBOIIOTEPY U TIEpeIMBAHMS KPOBU, MHAEKca Xappuca, a TakKe OIeHUTb Ioc/eorne-
palMOHHbIE OCIOKHEHMS.

MeTonsl. IIpoBemneH KOMIUIEKCHBI TTOMCK MCTOUHMKOB B 3JI€eKTPOHHBIX 6asax maHHbIX PubMed, Scopus
1 Google Scholar. 711 mpoBemeHMs CYCTEMATHYeCKOro 0630pa ¥ MeTaaHaI13a MCIoab30Bany KokpaHoBckoe
PYKOBOACTBO IO CUCTEMATUMUYECKMM 0030paM B COOTBETCTBMM C pPeKOMeHAAIMsIMM IpoTokona PRISMA.
OTOoOpaHbl OPUTHHATBHBIE CTAThY, PETPOCIIEKTMBHbBIE VJIM ITPOCIIEKTYBHbBIE KOTOPTHBIE MCC/IeTOBAHMSI, OITY-
6MKOBaHHBIE 10 HOSIOpst 2024 rona. [TepBoHavaIbHbBIN MOMCK gan 702 pesyabrara.

PesynbraTsl U 00cykaeHMe. OlleHeHO eCTh KOTOPTHBIX UCCIeNOBaHMIi C OOIMM YMCIOM YIaCTHUKOB 495.
ITpu MCMONMb30BaHMM AHTUPOTALIMOHHOTO MITHU(Ta 3aperucTpUpoOBaHbl CTATUCTUUECKM 3HAUMMO Oojee KO-
poTKoe Bpems orepaiiuu (p = 0,006) 1 MeHbIIIas MHTpaoIiepaloHHas KposoroTeps (p < 0,0001). [Tpu 6umo-
JIIPHOV TeMUapTPOIIIACTUKE BbISBIEHA CTATUCTUUECKY 3HAUYMMO Oojiee BbICOKAsI OIleHKa 10 IKkaje Xappuca
ILJIsT Ta300eIpeHHOro cycraBa yepes 1 u 3 mecsia rmocie onepanyu (p < 0,00001), uto obecrieunBaeT paHHIOW
HarpysKy (p = 0,003) y nmaineHTOB Iociae onepauun. KonmuuecTso nepennTtoi KpoBy, BpeMs roCIiuTaau3anun
U OlIeHKa T10 IKasie Xappuca Ijist Ta300eIpeHHOTO CyCTaBa yepes3 6 MecsilieB HAOMIOIeHST He IMeTM 3HauM-
MbIX pasanunii. [locieonepanioHHbIe OCJIOKHEHMST UMY COTTIOCTaBUMbIe Pe3ybTaThl.

3axkmoueHue. [Ipy aHanm3e MpMMeHeHNST aHTUPOTALIMOHHOTO MTHUdTA IJIs1 TPOKCUMAIBHOTO oThena 6emapa
¥ OUTIOISIPHO reMMaPTPOIIACTUKM TIPY JIeUEeHMUM TTOKMUIIBIX JTI0JIe ¢ MeKBepTeTbHbIMM TTepeioMaMMu MoJTy-
YeHbI COMOCTaBYMbIe pe3yJbTaThl. VICIIONb30BaHME aHTUPOTALMOHHOTO MITU(TA ST TPOKCMMATBHOTO OT-
nena 6elpa MMeeT IPEeUMYIIeCcTBa 10 BPeMeHM Ofepaluy M MeHbIIeil MHTPaoTiepalyiIOHHO! KPOBOTIOTEPe.
BunonsipHast reMuapTpOIIACTUKA MMeeT JIYUIIYI0 OI[eHKY IT0 mIKayie Xappuca mpy KOHTPOJIbHOM OCMOTpPE
yepe3 OfVH ¥ TP MeCsIIa Ioc/Ie orepaluu 1 o IoKasaTesio 6oee paHHel  Harpy3Kiul.

YpoBeHb AoKas3aTeJabHOCTH: 1.

KnroueBble CJIOBa: aHTYMPOTALVMOHHBIN MITUMT AJIT MPOKCUMAaTIbHOTO OThena 6Gempa, OumossipHast reMuap-
TPOIUIACTMKA, MEKBEPTEIbHBIN MepesioM, ITOKUIION BOPacT, OLleHKa I10 IIKajie Xappuca, OCTOKHEHMST

BiarogapHocTH. ABTOPBI TaKyKe BhIPayKaloT 6J1arofapHOCTh Kadeape opToNeaui M TpaBMaTOMOTHK YHUBED-
cuteta YoasHa, banu, IHIoHe3us, 3a OKa3aHHYIO ITOALePKKY.

Ias uutupoBauust: Damara [.G.A.D., Wijaya N.S.N., Dusak .LW.S. AHTMpPOTaIMOHHBII INTUQT AJII TPOKCUMATbHOTO OT-
nena 6empa MpOTUB GUIIOSIPHOM reMUapTPOIIACTUKY ITPY MeKBEPTEeTbHBIX IIepesioMax: MeTaaHanmus. [eHuli opmoneduu.
2025;31(2):252-262. doi: 10.18019/1028-4427-2025-31-2-252-262.

© Damara I.G.A.D., Wijaya N.S.N., Dusak L.W.S., 2025

253 TI'enuii opmoneduu. 2025;31(2)



0630p AUTEPATYPDI

INTRODUCTION

Intertrochanteric hip fractures are common and often fatal injuries, especially among the elderly.
Intertrochanteric fractures account for almost half of all hip fractures, with a mortality rate of 15 to 20 %
within one year following fracture [1]. By 2050, Asia is expected to account for more than half of all hip fractures
worldwide, owing to an ageing population and increased life expectancy. In Japan, the chance of lifetime hip
fractures for people over the age of 50 is stated to be 5.6 % for men and 20 % for women. Hip fracture cases
in China are expected to increase sixfold, from 0.7 million in 2013 to 4.5 million by 2050 [2].

The number of hip fractures in the United States alone is expected to rise from approximately 320,000 per year
to 580,000 by 2040. This growing demand puts tremendous strain on the health-care system in terms
of staffing and resources needed to manage these patients. In the United States, healthcare expenses
for the management of hip fractures are anticipated to surpass $10 billion annually [3-8], while the impact
on the UK healthcare system is expected to be $2 billion per year [9]. These expenditures are driven not just
by the acute surgical treatment, but also by post-acute care, such as rehabilitation. While hip fracture surgery
is very effective, patients are likely to endure severe morbidity in terms of pain, discomfort, and limited
mobility during their recovery, and in many cases are unable to restore pre-fracture levels of function [3, 6, 9].
Studies also reveal that there is a relationship between hip fracture and higher rates of mortality, with 30 %
more deaths seen than the age-matched populations with and without hip fracture [9-14]. However, such
findings should be interpreted with caution, as those who have had a hip fracture may be more vulnerable
and prone to illness.

The optimum surgical method forintertrochanteric fracture should restore the patient's mobility to preoperative
levels while minimising intra- and postoperative morbidity and death. Although proximal femoral nail
antirotation (PFNA) has been widely used by orthopaedic specialists for patients with intertrochanteric
fractures, PFNA failure has been reported due to extensive comminution, osteoporosis, implant cutout,
femoral medialization, and lateral migration of proximal screws or helical blades [15, 16]. As a result, bipolar
hemiarthroplasty, which allows for early weight-bearing while reducing the chance of osteosynthesis failure,
has become a popular option for older patients with intertrochanteric fractures [17].

The proximal femoral nail antirotation (PFNA) has acquired widespread approval for its minimally invasive
nature and biomechanical advantages, which allow for early weight-bearing [18]. This treatment comprises
closed fracture reduction under fluoroscopy and the subsequent insertion of an intramedullary nail
with a helical blade into the femur, minimising surgical time and blood loss while improving outcomes in terms
of fracture union and functional recovery [19, 20]. However, problems such as blade migration and fixation
failure have been reported, motivating efforts to identify and mitigate risk factors through continuous research
and advancements in surgical procedures and implant designs [21].

For older patients with unstable intertrochanteric femur fractures, hemiarthroplasty with a bipolar prosthesis
improves early postoperative ambulation. This would have a direct impact on both postoperative rehabilitation
and general health [22].

The objective of this study was to compare the operative time, intraoperative blood loss, intraoperative
blood transfusion, hospitalization time, weight-bearing time, Harris Hip Score at 1, 3, 6, 12 months
follow-up, and complications after the proximal femoral nail antirotation versus bipolar hemiarthroplasty
for intertrochanteric fracture in elderly patients, so that it can help the physician to choose the right treatment
for the intertrochanteric fracture in the elderly.

MATERIALS AND METHODS

The Cochrane Handbook for Systematic Reviews of Interventions was used to perform this systematic review
and meta-analysis, which was then reported using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

Search Strategy

Two researchers (IGADD and NSNW) conducted literature search using three databases including PubMed,
Scopus, and Google Scholar. The focus of the search was on the topic "proximal femoral nail antirotation
versus bipolar hemiarthroplasty for intertrochanteric fracture in elderly". The study used only retrospective
and prospective cohort studies. The literature search was performed using the keywords "proximal femoral
nail antirotation” OR "PFNA" OR "bipolar hemiarthroplasty” OR "BHA" AND "Intertrochanteric Fracture".
Applying filters to English language papers, human studies and cohort (retrospective or prospective) studies.
The literature search ensuring inclusion of the terms in titles, abstracts, and keywords for study design
and publication year. All search results were evaluated based on titles and abstracts to ensure relevance
to the inclusion criteria.
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Identification of studies through databases and registries

Records identified from™:
PubMed (n=302) Records removed before screening:
Scopus (n=196) Duplicate records removed (n = 356)
Google Scholar (n=206)
Total Studies (n=704)

| Records screened (n = 348) |—>| Records excluded™ (n = 339) |

| Reports sought for retrieval (n=9) I—>| Reports not retrieved (n=2) |

| Reports assessed for eligibility (n=7) |—>| Reports excluded (n = 1) |

Studies included in review (n = 6)
Reports of included studies (n = 6)

[lncluded][ Screening ] [ldentification]

Fig. 1. PRISMA Flowchart 2020
Inclusion and Exclusion Criteria

The Inclusion criteria

(1) retrospective or prospective cohort studies comparing the use of the proximal femoral nail antirotation
(PFNA) and bipolar hemiarthroplasty (BHA) in patients with intertrochanteric fractures;

(2) studies reporting at least one of the following outcomes: operative time, intraoperative blood
loss, intraoperative blood transfusion, hospitalization time, weight-bearing time, Harris Hip Score,
and complications;

(3) the study population included participants aged above 65 years old diagnosed with intertrochanteric
fractures;

(4) articles published in English;
(5) with full texts available.
Exclusion criteria

(1) studies design were other than cohort (case report, case series, randomized controlled trials, literature
review);

(2) studies that did not distinguish outcomes between PFNA and BHA;
(3) studies with fewer than 15 patients for each group;
(4) article data that could not be quantitatively analysed.

All articles meeting the inclusion criteria were assessed for methodological quality using the Newcastle
Ottawa Scale (NOS).

Study Selection

Two reviewers (IGADD and NSNW) independently reviewed the title and abstract of all studies generated
from the literature search to exclude irrelevant studies. For potentially eligible studies, 2 reviewers
(IGADD and NSNW) independently reviewed the full text of articles (up to November 2024) using the inclusion
criteria. The references in the retrieved articles were also carefully searched. Inconsistencies were resolved
by discussion by a third author (IWSD). The reviewers were not blinded to the authors, journals, or sources
of financial support.

Data Extraction and Quality Assessment

Data extraction and quality assessment were conducted by two reviewers (IGADD and NSNW). Key information
for data extraction was collected from each study, including the first author’s name, year of publication,
retrospective or prospective cohort studies, sample size, demographic characteristics of participants,
fracture classification (Evan-Jensens), treatment groups (proximal femoral nail antirotation and bipolar
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hemiarthroplasty). Quality assessment of included studies was performed using the Newcastle Ottawa Scale
(NOS). NOS used for evaluating three domains: selection of participants, comparability of study groups,
and assessment of outcomes. Studies with score > 6 on the NOS were considered of high methodological
quality. Disagreement during data extraction was resolved through discussion with a third reviewer (IWSD).

Statistical Analysis

Statistical analysis was conducted employing Review Manager (RevMan) version 5.4.1. Dichotomous data
were condensed using odd ratio (OR) with 95 % confidence interval (CI), for continuous data were evaluated
using standard mean difference (SMD) and Mean Difference (MD) to define for variation in measurement scale
across studies. Heterogeneity was evaluated using the Chi? test and quantified with the I2. If I> test > 50 % using
random effect model indicating high heterogeneity, if I?> test < 50 % using fixed effect model indicating low
heterogeneity. Forest plots were generated to visually provide the pooled effect estimate for each outcome.
Statistical significance was set using p value < 0.05. All analyses adhered to PRISMA guidelines for systematic
reviews and meta-analysis.

RESULTS
Selection of the Studies

The PRISMA flow diagram shows the study selection process in Figure 1. The initial research obtained a total
704 studies, and through the elimination of duplication 348 studies underwent independent screening
and 339 were excluded due to subsequent reason: irrelevant title and abstract, non PFNA and BHA procedures.
After exclusion, 7 full-text studies were assessed for the eligibility. At the end, 6 studies (original articles up
to November 2024) were included in our data synthesis.

Table 1
Baseline Characteristics of the studies
. Study Ages (Mean * SD) Intervention to patients
t D -

Study Country esign Period PFNA BHA PFNA | BHA Total
[62'9?31’ etal., 2022 | china |[Retrospective Cohort | 2014-2019 | 80.88 +4.90 | 82.19+3.96 | 34 36 70
f%oliu’ etal., 2023 | china |Retrospective Cohort | 2006-2021 | 92.3+2.7 | 92.1+2.5 | 36 77 | 110
H. Saraf, S. . .

Munot, 2018 [31] India |Retrospective Cohort | 2016-2017 | 82.4%3.9 | 80.8+4.3 20 20 40
ZQngs[%g]g’ etal. China |Retrospective Cohort | 2012-2016 | 79.9 £6.1 81.0+9.1 32 30 62
gb%‘%g]et al, China |Retrospective Cohort | 2008-2012 | 83.5+4.8 | 83.8t6.4 | 61 47 108
?6224}1“[)3114]Et al., China |Retrospective Cohort | 2012-2018 | 78.00 + 6.95 | 80.04 + 6.39 | 52 50 102
Table 2
Newcastle-Ottawa Scale (NOS)
Selection Outcomes

a

Z¢ o

£% % g) g £ = o

Study T O & = 22 = =23 Total

£% | =& | £3 | <853 3£ §E T | 2

o % o5 < O £E98h = 0 2 9z

$Q Fel =R L8 |588¢a g 28 <2 =)

55 | 828 95 |g2E£s £ | gE | B =

#% | 888 | <% 62%8%| S 25 | 3% | ¥%
C. Cai, et al., 2022 [29] + + + - + + + + 8
X. Ly, et al., 2023 [30] + + + + + + + ¥ 9
H. Saraf, S. Munot, 2018 [31] - - + + + + + + 7
Q.C. Song, et al. 2022 [32] - + + + + + + + 3
S.Zhou, et al., 2019 [33] - + + + + + + + 8
X. Zhou, et al., 2024 [34] ++ + + + + + + + 10

Table 2 represents the results of the New Castle Ottawa Scale. Of all included studies, one study has a score
of 7, three studies have a score of 8, one study has a score of 9, and one study has a score of 10. It can be
concluded that all studies have high quality studies.
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Operative Time

Of the 6 included studies, 5 reported the operative time [29-31, 33-34]. The forest plot analysis found that BHA
had statistically significant difference in longer operative time, compared with PFNA (SMD -1.45, 95 % CI -2.49
to -0.42, p = 0.006) A random effects model was used because of the clinical heterogeneity (I> = 94 %, Fig. 2).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI|
Cal 2022 54.06 5.7B 34 74.B0 B.1E 36 10.4X -Z.B0[-3.57,-2.21] —-—
Lu 2023 90.7 1B.B W 841 236 77 20.7%  —).15 [H0.55, 0.24] -
Saraf 2018 40 &.09 ) 55 9.5 0 19.1% -1.K4 [-2.59, -1.08] —
Zhou 2019 53.7 15.2 &1 775 148 47  20.6X -1.48 [-1.92, -1.05] -
Zhou 2024 &) 125 52 Bs 7.5 50 20.2% -Zz.40[-2.01, -1.R8] -
Total (95% CI) 203 230 100.0% -1.74[-2.73,-0.74] -
Heterogenehy: Taw® = 1.21; ChE = 72.56, df = 4 (P « 0.00001); F = 04X ra— ) 3

Test for overall effect: Z = 3.42 (P = 0.0008) Favours [BHA] Favours [PFNA]

Fig. 2. Comparison of PFNA vs BHA on Operative Time

Intraoperative Blood Loss

All the included studies reported the intraoperative blood loss [29-34]. The forest plot analysis found
that BHA statistically significant difference in intraoperative blood loss, compared with PFNA (SMD -2.34,
95 % CI -3.50 to —1.19, p < 0.0001) A random effects model was used because of the clinical heterogeneity
(I = 96 %, Fig. 3).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cal 2022 168.82 130.77 34 193.33 14281 38 17.2% -).1B [-0.§5,0.29] -
Lu 2023 1731 1015 6 3221 1281 77 17.3% -1.23 [-1.66, —0.80] =
Saraf 2018 120 20.4 20 00 40.4 20 149X -4.34 [-5.52,-3.16] ——
Song 2022 153.33 59.96 32 335.31 90.87 0 167% -2.35[-3.01, -1.69] —
Zhou 20189 1325 33.2 &1 2B6.3 43.2 47  16.7% -4.03 [-4.70, -3.37] —
Zhou 2024 100 37.5 52 200 50 50 17.1% -2.25 [-2.75,-1.75] ——
Total (95% CI) 235 260 100.0% -2.34 [-3.50,-1.19] -
Heterogenehty: Taw® = 1.95; ChE = 119.39, df = 5 (P < 0.00001); F = 06X _:4 _{2 ; 2' J

Test for overall effect Z = 3.90 (P < 0.0001) Favours [BHA] JFa\rours [PFNA]

Fig. 3. Comparison of PFNA vs BHA on Intraoperative Blood Loss

Blood Transfusion

Of the 6 included studies, 2 reported the blood transfusion [29-30]. The forest plot analysis found that there
was no statistically significant difference in blood transfusion between two groups (SMD -0.10,95 % CI -1.11
t0 0.90, p = 0.84) and low heterogeneity (1> = 31 %, Fig. 4).

PFNA BHA Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cal 2022 112 1.34 17 1.2z 1589 16 100.0% =0.10 [-1.11, 0.91]
Lu 2023 716.7 490.7 36 B37.7 496.1 77 00X -121.00 [-318.29, 76.29] + +
Total (95% CI) 53 93 100.0% -0.10 [-1.11, 0.90]
Heterogeneity: ChE = 1.44, df = 1 (P = 0.23); F = 31X I T B

Test for overall effect: Z = 0.20 {P = 0.84) Favours [BHA] Favours [PFNA]

Fig. 4. Comparison of PFNA vs BHA on Blood Transfusion

Hospitalization Time

Of the 6 included studies, 5 reported the hospitalization time [29, 31-34]. The forest plot analysis found
no statistically significant difference in hospitalization time between the two groups (SMD -0.16,95 % CI —-0.59
to 0.27, p = 0.47) A random effects model was used because of the clinical heterogeneity (I? = 76 %, Fig. 5).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Cal 2022 10.81 5.61 34 13.22 5.93 36 20.2% -0.40 [-0.87, 0.08] r
Saraf 2018 4 1.19 20 6 213 20 16.1% -1.14 [-1.81, -0.48] _—
Song 2022 17.13 2.92 32 16.65 3.64 30 19.7% 0.14 [-0.35, 0.64] — T
Zhou 2019 76 18 &1 69 2.2 47 22.1% 0.35 [-0.03, 0.73] i
Zhou 2024 10 2.75 52 10 2 50 22.0% 0.00 [-0.39, 0.39] .
Total (95% CI) 199 183 100.0% -0.16 [-0.59, 0.27]
Heterogenehy: Taw® = 0.18; ChE = 16.89, df = 4 (P = 0.002); F = 76% . ] ) f 3

=, i
Test for overall effect: Z = 0.72 (P = 0.47) Favours [BHA] Favours [PFNA]

Fig. 5. Comparison of PFNA vs BHA on Hospitalization Time
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Weight- Bearing Time

Ofthe 6included studies, 3reported the weight-bearing time [32-34]. The forest plot analysis found statistically
significant difference that that PFNA was slower in early weight-bearing time, compared with BHA (SMD 5.16,
95 % CI1.81 to 8.50, p=0.003) A random effects model was used because of the clinical heterogeneity
(12 =98 %, Fig. 6).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Song 2022 18.42 1.75 32 11.15 1.3& W 33.9x 4.56 [3.59, 5.53] -
Zhou 2019 2B.2 3.7 &1 31 1.2 47  32.7% B.61 [7.38, 5.84] —
Zhou 2024 & 2.25 52 z 05 50  34.0% 2.41 [1.90, 2.93] -
Total (95% CI) 145 127 100.0% 5.16 [1.81, 8.50] e
Heterogenetty: Taw® = §.51; ChEE = §7.94, df = 2 (P < 0.00001); ¥ = DEX 5_10 _15 ) Is 1&
Test for overall effect: Z = 3.02 (P = 0.003} Favours [BHA] Favours [PFNA]

Fig. 6. Comparison of PFNA vs BHA on Weight-Bearing Time

Harris Hip Score at 1 Month Follow Up

Of the 6 included studies, 2 reported Harris Hip Score at 1-month follow-up [31, 34]. The forest plot analysis
found that BHA statistically significant difference more superior in Harris Hip Score at 1-month follow-up,
compared with PFNA (SMD -3.39, 95 % CI -3.91 to -2.86, p < 0.00001) and no heterogeneity (I> =0 %, Fig. 7).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Saraf 2018 52.1 2.05 2 614 375 20 314X -3.02[-3.95, -2.08] —a—
Zhou 2024 4560 537 52 §1.92 3.45 S0 &E.EX -3.55[-4.19,-2.92] . 3
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Fig. 7. Comparison of PFNA vs BHA on Harris Hip Score at 1-Month Follow-up

Harris Hip Score at 3 Month Follow Up

Of the 6 included studies, 4 reported Harris Hip Score at 3-month follow-up [29, 31, 32, 34]. The forest plot
analysis found that there was statistically significant difference and BHA was more superior in Harris Hip
Score at 3-month follow-up, compared with PFNA (SMD -1.80, 95 % CI —-2.90 to —-0.70, p = 0.001). A random
effects model was used because of the clinical heterogeneity (12 =93 %, Fig. 8).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Calzp22 47.35 12.7 34 66.57 16.66 36 25.6% -1.28 [-1.80, -0.78] -
Saraf 2018 64.05 2.61 20 7.2 214 20 23.4X -2.53[-3.3E, -1.67] —a—
Song 2022 68.91 R.15 32 732 &.56 3 25.7% —0.57 [F1.08, -0.08] =
Zhou 2024 &1.83 5.4 52 76.04 4.26 50 254X -2.91[-3.47, -2.34] -
Total (95% CI) 138 136 100.0% -1.80[-2.90, -0.70] L =
Heterogeneity: Taw® = 1.17; ChP = 42.45, df = 3 (P < 0.00001); F = 93% 2 0 1 &
Test for overall effect: Z = 3.20 (P = 0.001} Favours [BHA] Favours [PFNA]

Fig. 8. Comparison of PFNA vs BHA on Harris Hip Score at 3-Month Follow-Up

Harris Hip Score at 6 Month Follow Up

Of the 6 included studies, 3 reported Harris Hip Score at 6-month follow-up [31, 32, 34]. The forest plot analysis
found that no statistically significant difference in Harris Hip Score at 6-month follow-up between two groups
(MD -0.29,95 % CI —1.16 to 0.59, p = 0.52) and no heterogeneity (I> = 0 %, Fig. 9).

PFNA BHA Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Saraf 2018 79.65 15 20 79.95 1.82 20 71.1% -0.30 [-1.33, 0.73]
Song 2022 77.56 B.79 32 7B.15 D.46 30 3.7% —0.59 [-5.14, 3.96]
Zhou 2024 JE.60 4.08 52 78.89 3.91 50 25.3% -0.20 [-1.93, 1.53] e —
Total (95% CI) 104 100 100.0% =0.29 [-1.16, 0.59]
Heterogenetty: ChE = 0.03, df = 2 (P = 0.09); F = 0% _54 _'\2 0 '2 ali
Test for overall effect: Z = (.64 (P = (.52} Favours [BHA] Favours [PFNA]

Fig. 9. Comparison of PFNA vs BHA on Harris Hip Score at 6-Month Follow-Up
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Harris Hip Score at 12 Month Follow Up

All of the included studies reported Harris Hip Score at 12-month follow-up [29, 31-34]. The forest plot
analysis found that there was no statistically significant difference in Harris Hip Score at 12-month follow-up
between two groups (MD -0.50, 95 % CI —1.81 to 0.81, p = 0.45) and low heterogeneity (I> = 34 %, Fig. 10).

PFNA BHA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI|
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Song 2022 78.30 B.27 32 7005 7.19 30 11.68% -1.56 [-5.41, 2.29]
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Zhou 2024 B4.31 5.1 52 B4 3.1 50 647X 0.31 [-1.32, 1.84]
Tatal (95% CI) 199 183 100.0% -0.50 [-1.81, 0.81] r
Heterogenehty: ChF = §.08, df = 4 (P = 0.10); F = 34% N T T
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Fig. 10. Comparison of PFNA vs BHA on Harris Hip Score at Final Follow-up

Complications

PFNA BHA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Fig. 11. Comparison of PFNA vs BHA on Complications
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Our findings show that there are 5 major groups of complications that occur in patients undergoing
BHA and PFNA. There was no statistically difference in re-fracture complications (OR 1.14, 95 % CI,
[0.40, 3.31], p = 0.80, I* = 0 %) and no heterogeneity. Re-operation rate was similar and showed no statistical
difference (OR 2.06, 95 % CI [0.60, 7,08], p = 0.25, 12=51 %) and moderate heterogeneity, wound infection
(OR 0.49, 95 % CI[0.15,1,58], p=0.23, I* = 38 %) and low heterogeneity, deep vein thrombosis (OR 1.60,
95 % CI[0.18,1.16], p=0.10, 12=0%) and no heterogeneity, urinary tract infection (OR 1.60, 95 % CI
[0.37,6.88], p = 0.53, 12 = 0 %) and no heterogeneity (Fig. 11) [29-34].

DISCUSSION

Our study results on the use of proximal femoral nail antirotation versus bipolar hemiarthroplasty
in intertrochanteric fractures in elderly showed statistically significant results on operative time,
intraoperative blood loss, early weight-bearing time, and Harris Hip Score at 1 and 3 months after surgery.
There was no statistical difference in hospitalization time, blood transfusion, Harris Hip Score 6 and 12-months
after surgery, and complications.

In our study, PFNA had the advantage of shorter operative time compared to BHA. Consistent with the
studies of C. Cai et al (2022), H. Saraf et S. Munot (2018), S. Zhou et al. (2019), X. Zhou et al. (2024). This is
because there is no complicated prosthesis placement and the procedure is minimally invasive. PFNA also
avoids the extensive soft tissue dissection and precise prosthetic alignment required in BHA. BHA usually
necessitates a longer surgical time due to the intricacy of arthroplasty operations, which involve the removal
of the femoral head, femoral canal preparation, and appropriate prosthesis fixation [29, 31, 33, 34].

Given that osteoporosis is more common in the elderly and causes a more comminuted intertrochanteric
fracture pattern, this has important ramifications for improving the prognosis of elderly patients
with intertrochanteric femoral fractures. The surgical intervention with BHA requires not only performing
the femoral head osteotomy but also repeatedly broaching the medullary and even repositioning and fixing
the great trochanteric fragment, which may be more traumatic for elderly patients than patients with PFNA
internal fixation and may explain the higher intraoperative blood loss in the BHA group compared to the PFNA
group. This result is similar with the results of a prior study revealing that PFNA therapy leads to less blood
loss and shorter operating time than BHA treatments [23].

Our study demonstrates significantly lower intraoperative blood loss in proximal femoral nail antirotation
(PFNA) compared to bipolar hemiarthroplasty (BHA). This result is consistent with H. Sarafet S. Munot (2018),
Q.C. Song et al. (2022), S. Zhou et al. (2019), and X. Zhou et al. (2024) that PFNA reduced bleeding due to a less
invasive approach compared with BHA. The increased blood loss in BHA is due to the significant soft tissue
dissection and femoral canal preparation necessary during the surgery [31, 32, 33, 34].

There were no significant differences in intraoperative blood transfusion between PFNA and BHA.
Q.C. Song et al. (2022) and X. Zhou et al. (2024) discovered that patient specific factors including preoperative
anaemia and comorbidities had a greater impact on blood loss and transfusion during surgery [32, 34].

The analysis of hospitalization time shows no significant difference. The primary premise of postoperative
functional exercise for unstable intertrochanteric fractures is to begin out-of-bed activities as soon as feasible,
but the affected leg cannot bear full weight. As a result, the patient bears weight on one leg and walks using
crutches or other walking aids. Patients with limited upper limb strength or poor body balance cannot follow
this training plan. As a result, many patients remain in bed for extended periods of time following PFNA surgery
[24]. Unfortunately, this raises the likelihood of bed-related issues, medical expenses, and longer hospital stays.

The forest plot indicates that BHA allows significantly earlier weight-bearing compared to PFNA. BHA, which is
favourable in terms of less operation time and permitting early weight-bearing, was initially utilised in 1978 and
subsequently employed by other surgeons for intertrochanteric fracture treatment with satisfying results [25].
It has been suggested as an alternate approach for older intertrochanteric fracture patients [26, 27]. BHA is
advised as a primary treatment for intertrochanteric fracture with poor stability in the elderly with severe
osteoporosis, poor prognosis after internal fixation, and a short life expectancy [28].

The Harris Hip Score (HHS) has been widely utilized to evaluate hip functional outcome in elderly patients
with intertrochanteric fractures treated with bipolar hemiarthroplasty (BHA) or proximal femoral nail
antirotation (PFNA). Studies constantly highlight that both techniques can achieve good functional outcomes,
but the results vary in magnitude and timeline.

In our study, the Harris Hip Score after 1 month and 3 months postoperatively was better in the bipolar
hemiarthroplasty group compared to PFNA. However, after 6 months and at the end of follow-up, BHA
and PFNA produced functional HHS outcomes which differences were not statistically significant. In line
with the research of H. Saraf et S. Munot (2018), Q.C. Song et al. (2022), X. Zhou et al. (2024) that the Harris
Hip Score in the early postoperative period was better in the BHA group compared to PFNA, but after 6 months
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postoperatively there was no statistically significant difference. However, it is necessary to consider age
and type of fracture as a therapeutic modality used for intertrochanteric fractures [31, 32, 34].

PFNA is appropriate for treating unstable intertrochanteric fractures, although BHA is better for treating
comminuted fractures in individuals with severe osteoporosis, particularly those with an intertrochanteric
fracture.S. Zhouetal. (2019) recommend the following indications for BHA in the treatment of intertrochanteric
fractures: age > 75 years with severe osteoporosis; severe comminuted fracture; the presence of internal
diseases and the inability to tolerate long-term bed rest; implant failure or non-union; femoral head disease;
and voluntary arthroplasty [33].

PFNA may be more appropriate for younger, more active patients because of its capacity to preserve the native
hip joint. BHA, on the other hand, is generally chosen for older, weak patients or that with poor bone stock
because it eliminates the requirement for fracture healing and reduces the risk of problems like implant failure.

Complications including re-operation rates, re-fracture, wound infection, deep vein thrombosis, urinary
complications between proximal femoral nail antirotation (PFNA) and bipolar hemiarthroplasty (BHA)
for intertrochanteric fractures are generally comparable, as indicated by the forest plot and supporting studies.

The advantages of this study are:

(1) comprehensive evidence synthesis, by pooling data from multiple studies, this study improves
the statistical power and provides more potent evaluation of the relative efficacy and safety of PFNA
and BHA, which addresses the variations that may exist in each studies;

(2) evaluation of multiple outcomes, such as operative time, intraoperative blood loss, intraoperative blood
transfusions, hospitalization time, weight-bearing time, Harris Hip Score and complications, allowing
a holistic approach of the risks and benefits of each procedures.

The results of this study confirm previous studies that reported PFNA had a longer operative time and greater
intraoperative blood loss. BHA had the advantage of better Haris Hip Score at 1- and 3-month follow-up,
and could be early weight-bearing.

This study has some limitations. These limitations include:

(1) the number of articles that meet the inclusion criteria is only 6 articles, due to the lack of cohort studies
discussing PFNA versus BHA;

(2) high bias in the results of forest plots of several subgroup analyses, this can occur due to various factors,
namely patient demographics, clinician experience in performing surgery, and varying pre-operative
to post-operative protocols;

(3) the number of participants is small so it can cause bias.

CONCLUSION

PFNA and BHA have comparable results. PFNA and BHA each have advantages and disadvantages. PFNA has
the advantages of: (1) shorter operative time, (2) lower intraoperative blood loss. However, the disadvantage
of PFNA is later weight-bearing than BHA. BHA has the advantages of: (1) better Harris Hip Score in 1
and 3 month follow-up post-operatively, (2) early weight-bearing and helps mobilize post-operative patients.
However, the disadvantages of BHA are longer operative time and higher intraoperative blood loss which can
increase the risk in elderly patients. It is necessary to consider performing BHA in patients with unstable
intertrochanteric fractures or patients with osteoporosis so that patients can be immobilized as soon as possible.
Blood transfusion, hospitalization time, Harris Hip Score at 6 and 12-month follow-up, and complications had
balanced results between PFNA and BHA.
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