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Abstract

Purpose We assessed acetabular erosion, hip function, quality of life (QoL), pain, deep infection, mortality, re-operation
and dislocation rates in patients with displaced femoral neck fractures (dFNFs) treated with unipolar versus bipolar hemi-
arthroplasty at different postoperative time points.

Methods Relevant Randomized Controlled Trials (RCTs) were identified, following comprehensive literature research in
Medline, Cochrane Central and Scopus databases, from conception until August 31th, 2021 and analyzed following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Results Database research retrieved 120 studies; sixteen met eligibility criteria, providing 1813 (1814 hips) evaluable
patients. Acetabular erosion was significantly higher for unipolar group at 6 and 12 months (p=0.02 and p=0.01 respec-
tively). Patients in the bipolar group presented significantly better hip function at 12 and 24 months (p =0.02 and p=0.04
respectively). Postoperative pain was significantly less in the bipolar group at 12, 24 and 48 months (p=0.01). No statistically
significant differences were found regarding the postoperative rates of deep infection, mortality, re-operation and dislocation.
Conclusion This study showed that patients with dFNFs treated with bipolar hemiarthroplasty have lower acetabular erosion
rates at 6 and 12 months postoperatively, better hip function at 12 and 24 months, better QoL and less pain, when compared
with unipolar. No statistically significant difference could be established regarding deep infection, mortality, re-operation
and dislocation rates.

Keywords Bipolar hemiarthroplasty - Unipolar hemiarthroplasty - Displaced femoral neck fracture - Elderly - Postoperative
results
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bipolar prosthesis raises the question whether this differ-
ence in costs translates into better functional outcomes
and quality of life [13, 14].

The selection of a unipolar or a bipolar prosthesis
remains still a controversial issue [6, 8], despite the
numerous attempts by studies and several meta-analyses
to evaluate and compare the clinical outcomes between
these two treatments [6]. The aim of this study was to per-
form a meta-analysis including all available randomized
controlled trials (RCTs) studies to determine at all avail-
able different postoperative time points: (a) whether there
were any significant differences in the erosion rates and
(b) the postoperative functional outcomes of the patients,
regarding hip function, postoperative pain, range of hip
motion (ROM), deep infection, mortality, dislocation and
re-operation rates and quality of life (QoL).

Materials and methods
Guidelines followed

This systematic review was performed by following the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [15], and it was registered
in the Prospective Register of Systematic Reviews System
(PROSPERO ID: CRD42021255275). A flow diagram of
the studies is presented in Fig. 1. A completed PRISMA
checklist can be found as Supplementary Table 1.

Search strategy

This systematic review was conducted according to the
“PICO” model for clinical questions: (1) Population: patients
with a displaced femoral neck fracture treated with hemiar-
throplasty; (2) Intervention: hip hemiarthroplasty with the
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Fig. 1 The PRISMA 2009 flow diagram of the studies that were initially identified, with all the steps leading to the final inclusion of 16 studies
in this meta-analysis
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use of a unipolar head; (3) Comparison group: hip hemi-
arthroplasty with the use of a bipolar head; (4) Outcome:
functional scores (Harris Hip Score, 6 min walk test), quality
of life scores (EQ-5D), complications (dislocation, acetabu-
lar erosion, loosening of prosthesis, periprosthetic fracture,
deep infection, pain), re-operation rate, mortality.

Moreover, specific inclusion criteria were determined
before the onset of the literature search: (1) only randomized
controlled trials (RCTs) were to be included, (2) patients
with a displaced femoral neck fracture, (3) studies provid-
ing sufficient information to complement 2 X 2 contingency
tables on the investigated outcomes and (4) studies published
in English.

Studies were excluded when: (1) data were in a non-
extractable form, (2) patients had a previous hip pathology
(malignant disease, infectious disease) and (3) case controls,
cohorts’ studies with no randomization.

To identify eligible studies, a systematic search was
conducted in PubMed (MEDLINE), Scopus and Cochrane
(CENTRAL) electronic databases, covering the period
from conception until August 31st, 2021 (Supplementary
Table 2). “Grey literature” was searched using relevant
websites, such as http://www.opengrey.eu, http://greylit.
org, http://apps.who.int/trialsearch/default.aspx, http://
www.isrctn.com/, and https://clinicaltrials.gov. The main
search was completed independently by three investigators
(NKG, DS and IP) who checked all available publications.
Any discrepancy was resolved by the consultation of another
investigator (KP).

Data extraction

Three researchers (NKG, DS and IP) reviewed all eligible
studies. The following data were extracted and recorded: (1)
first author; (2) year of publication; (3) country in which the
study was conducted; (4) study duration (5) total number of
participants; (6) number of participants with unipolar pro-
cedure; (7) number of participants with bipolar procedure;
(8) postoperative complications; (9) functional scores; (10)
reoperation rate; (11) mortality. Moreover, information for
each study group after the surgery was recorded regarding
sample size, follow-up (in months), mean age (+ SD) of the
participants, gender proportion, surgical approach, implant
fixation method and the type of implant used.

Data evaluating the functional status of the operated hip,
such as Harris Hip Score (HHS) [16] modified HHS [17],
six minutes’ walk test, postoperative pain and postoperative
range of motion (ROM), were also recorded and further ana-
lyzed. Quality of life following unipolar or bipolar hip hemi-
arthroplasty was also evaluated using available data from
the included studies, in particular EQ-5D index score[18].

Finally, all complications concerning the operated hip,
such as dislocation, acetabular erosion, loosening of the

prosthesis, periprosthetic fracture, deep infection and reop-
eration, were also recorded.

Risk of bias and study quality assessment

The revised Cochrane risk-of-bias tool for RCTs (RoB 2.0)
was implemented for each study risk of bias assessment.
RoB 2.0 tool incorporates a fixed set of bias domains, focus-
ing on different points of trial design, conduct and reporting.
“Signaling questions,” within each of the domains, aim to
reveal study features prone to the risk of bias. Answering
these questions generates a judgment value (low risk, high
risk or some concerns). The investigator can also add per-
sonal judgment about the risk of bias for each domain, which
is implemented to the overall risk value [19].

Statistical analysis

Heterogeneity was tested by the Cochrane Chi-square test.
The degree of heterogeneity was quantified by the /? statis-
tics. The true effect is expected to vary across various popu-
lations included in our meta-analysis, therefore, substantial
to considerable between-studies heterogeneity was expected.
Consequently, we incorporated the random effects model
to address this issue. Associations were reported as Odds
Ratio (OR) with 95% Confidence Intervals (CI) for qual-
ity measurements and mean difference for quantity meas-
urements (+ standard error) with 95% CI. A p value <0.05
was considered as statistically significant. The publication
bias was checked by Funnel plots and the Egger’s test (p
values > 0.1 indicated absence of publication bias). All
analyses were performed with the software Comprehensive
MetaAnalysis V2. Sensitivity analysis was performed by
excluded increased risk of bias studies to test the strength
and validity of pooled results.

Results
Study characteristics

The literature search yielded 120 studies, 22 of which were
assessed as full-text articles. Based on our pre-established
criteria, 6 articles were excluded due to the following rea-
sons: (1) not available data on outcomes of interest (n=3),
(2) comparative study with no randomization (n=1), (3)
patients selected on the basis of purposive sampling (judg-
ment sampling) method—no RCT (rn=1) and (4) use of
the same cohort of patients with another study [8], already
included in our analysis (n=1). A flow diagram of the stud-
ies is presented in Fig. 1. Sixteen studies were eligible for
quantitative analysis. A summary of the descriptive char-
acteristics of the included studies is presented in Table 1.
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The total number of participants was 1813 (1814 hips).
The unipolar group consisted of 905 patients with a mean
age of 78.84 years, while the bipolar group consisted of 908
patients (909 hips) with a mean age of 78.34 years.

Five studies were conducted in India [20-24], two in the
UK [25, 26], two in the USA [27, 28], two in Australia [13,
14], one in Sweden [11], one in Nepal [29], one in Finland
[30], one in Egypt [31] and one in Norway [9]. Additional
information regarding follow-up, gender proportion, surgical
approach, implant fixation method and the type of implant
used is presented in Table 1.

Risk of bias assessment

Eleven studies were at low risk of bias regarding random
sequence generation. Concerning allocation concealment,
seven studies were at low risk of bias, whereas seven had
some concerns and two were at high risk. With respect to
blinding of participants and personnel and blinding of out-
come assessment, eight studies were at low risk, seven had
some concerns, and one had a high risk. Finally, all studies
were at low risk of bias regarding selective reporting and
incomplete outcome data. The risk-of-bias results are pre-
sented in Supplementary Table 3.

Acetabular erosion rates

The unipolar group had a significantly higher risk for the
development of acetabular erosion, compared with the bipo-
lar group, at both 6 and 12 months postoperatively (OR 3.84,
95% CI 1.21-12.19, p=0.02; I* 0.0% and OR 3.67, 95%
CI 1.40-9.62, p=0.01; I? 0.0%). This risk, however, was
not significantly different at 24 and 48 months (OR 2.51,
95% C10.93-6.75, p=0.07; I 0.0% and OR 2.55, 95% CI
0.95-6.80, p=0.06; I* 0.0%). (Fig. 2, Table 2).

Postoperative hip function

Patients in the bipolar group presented significantly bet-
ter hip function at 6, 12 and 24 months postoperatively,
compared with the patients in the unipolar group (Figs. 3
and 4, Table 2). This was assessed by using the HHS and
the six minutes’ walk test. Three studies [9, 23, 26] evalu-
ated postoperative function by using the HHS and pro-
vided a numerical value, while four studies [20, 21, 23, 31]
provided a stratified result using excellent/good/fair/poor
as possible outcomes. Moreover, three studies evaluated
hip function using the six minutes’ walk test [13, 14, 28].
Jeffcote et al. [13] reported a significant improvement at
3 months postoperatively for the bipolar group, but not

Acetabular Erosion

Study name Time point Statistics for each study
(Months) Odds Lower Upper
ratio limit limit p-Value UNIP
Naser M.A_, 2018 6 954 050 18064 0.13 4/70
Inngul C, 2013 325 083 1272 009 9/57
Davison J.N.S., 2001 327 013 8126 047 1790
384 121 1219 002
NaserM.A., 2018 12 954 050 18064 0.13 4/70
Naveen PR, 2018 521 024 11124 029 2/50
Vishwanath C., 2017 541 025 11559 028 2/50
Kanto K., 2015 098 013 7.23 099 2/55
Inngul C, 2013 538 1.11 26.13 004 10/ 49
Davison J.N.S_, 2001 327 013 8126 047 1/90
367 140 962 001
Inngul C., 2013 24 206 063 673 023 10/41
Davison J.N.S., 2001 327 013 8126 047 1/90
Calder S.J., 1996 641 033 12531 022 3/132
Malhotra R., 1995 275 011 69.83 054 1/36
251 093 6.75 007
Inngul C., 2013 48 143 030 682 065 5/26
Davison J.N.S_, 2001 218 0.19 2448 053 2/90
Malhotra R., 1995 471 022 10187 032 2/36
Abdelkhalek M., 2011 447 083 2419 008 7125
255 095 6.80 006

6 Months; Heterogeneity: df(Q): 2 (P-value: 0.805) 12 0.00%

12 Months; Heterogeneity: df(Q): 5 (P-value: 0.788)12 0.00%
24 Months; Heterogeneity: df(Q): 3 (P-value: 0.916) 12 0.00%
48 Months; Heterogeneity: df(Q): 3 (P-value: 0.772) 120.00%

Fig.2 Acetabular erosion at 6, 12, 24 and 48 months postoperatively

Odds ratio and 95% CI
BIP
0/70
3155 -
0/97 -
*‘
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2/54 b
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0/118 -
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e
3/21 =
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0/32 !
2125
R
0.01 0.1 1 10 100
Unipolar Bipolar
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Table 2 The results of the meta-

- Effect size 95% CI p value  Heterogeneity
analysis Odds ratio or
SMD (SD)

Acetabular erosion

At 6 months 3.84 1.21-12.19 0.02 P=0.0%, p=0.805

At 12 months 3.67 1.4-9.62 0.01 P=0.0%, p=0.788

At 24 months 2.51 0.93-6.75 0.07 P=0.0%, p=0.916

At 48 months 2.55 0.95-6.8 0.06 P=0.0%, p=0.772
Harris hip score (numerical value)

At 12 months 0.95+0.4 0.17-1.74 0.02 P=63.5%, p=0.098

At 24 months 0.96+0.4 0.06-1.86 0.04 F=177.2%, p=0.036
Harris hip score (categorical value as excellent & good)

At 6 months 0.30 0.12-0.72 0.008 F=0.0%, p=0.64

At 12 months 0.44 0.20-0.97 0.04 P=0.0%, p=0.45
Postoperative pain

At 6 months 1.23 0.88-1.71 0.22 =0.0%, p=0.522

At 12 months 2.30 1.18-4.48 0.01 =0.0%, p=0.038

At 24 months 4.54 1.54-13.43 0.01 =0.0%, p=0.506

At 48 months 4.54 1.54-13.43 0.01 =0.0%, p=0.506
6 Min walking test (at 6-12 Months)  2.43+2.82 -31t079 0.39 =98.7%, p=0.0
EQ-5D index score (at 48 months) 0.49+0.16 0.16-0.81 0.003 =0.0%, p=0.32
Range of motion at 12 months

Flexion 2.58+2.55 —2421t07.58 0.31 =98.5%, p=0.0

Adduction 2274226 —-2.16t06.7 0.31 =982%, p=0.0

Abduction 3.76+3.54 —-3.19t010.71 0.28 =98.7%, p=0.0

External rotation 2.71+2.64 —2.46t0 7.89 0.30 ?=98.5%, p=0.0
Deep infection

At 12 months 0.6 0.19-1.95 0.40 =0.0%, p=0.87

At 24 months 0.73 0.27-2.03 0.55 P=0.0%, p=0.71

At 48 months 0.65 0.12-3.61 0.62 P=11.6%, p=0.32
Mortality rate

At 6 months 0.95 0.58-1.55 0.83 P=0.0%, p=0.44

At 12 months 0.84 0.59-1.2 0.34 P=0.0%, p=0.74

At 24 months 0.86 0.52-1.43 0.57 P=0.0%, p=0.52

At 48 months 0.92 0.56-1.52 0.76 P=0.0%, p=0.83
Reoperation rate

At 12 months 1.04 0.51-2.1 0.92 P=0.0%, p=0.53

At 24 months 0.89 0.42-1.88 0.76 P=0.0%, p=0.46

At 48 months 1.00 0.38-2.64 1.00 P=35.13%, p=0.18
Dislocation rate

At 6 months 0.94 0.29-2.98 0.91 P=0.0%, p=0.89

At 12 months 1.25 0.58-2.66 0.55 P=0.0%, p=0.96

At 24 months 1.64 0.66-4.04 0.28 P=0.0%, p=0.93

At 48 months 1.72 0.61-4.83 0.30 P=0.0%, p=0.78

Statistically significant p values are presented in bold numbers

at 12 and 24 months. Cornell et al. [28] found a statisti- Postoperative pain

cally significant difference at 6 months, also in favor of

the bipolar group. However, no significant difference was  Patients in the bipolar group had significantly less risk
found in the study by Stoffel et al. [14] during a period of  for postoperative pain at 12, 24 and 48 months postopera-
12 months postoperative follow-up. tively, compared with the unipolar group (OR 2.30, 95% CI
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Hip function (HHS)

Study name Time point Statistics for each study Sample size Std diff in means and 95% Cl
Std diff  Stand. Lower Upper
in means error Variance limit limit p-Value UNI BIP
Figved W, 2018 12 1.43 0.42 0.18 060 226 000 14 14 _..-
Balan B., 2016 12 062 025 016 013 111 001 34 34 : 5
0.95 0.40 0.16 017 174 002 ’
Figved W,, 2018 24 1.52 0.43 0.18 068 236 0.00 14 14 _.._
Calder S.J.,1996 24 0.58 0.13 0.02 032 083 000 132 118 .
0.96 0.46 0.21 006 18 004 ‘
-4.00 -200 0.00 200 4,00
12 Months; Heterogeneity: df(Q): 1 (P-value: 0.098) 1263 .5%
24 Months; Heterogeneity: df(Q): 1 (P-value: 0.036) 12 77.2% Unipolar Bipolar
Fig.3 The postoperative hip function assessed by the HHS (Harris Hip Score) provided as a numerical value
Excellent - Good Hip Function
Study name Time point Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit 2Z-Value p-Value UNIP BIP
Naser MA., 2018 6 0.36 011 122 -164 010 60/70 66/70 —-
Bijith Balan, 2016 6 0.24 007 088 -215 003 18/28 30/34 -
0.30 0.12 0.73 -267 0.01 <
Naser MA,2018 12 036 011 122 -1.64 010 60/70 66/70 —
Naveen PR., 2018 12 0.81 023 287 -032 075 44/50 45/50 ——
Bijith Balan, 2016 12 0.23 004 124 -171 009 22/28 32/34 —
0.45 021 097 -203 004 <
0.01 0.1 1 10 100
Bipolar Unipolar

6 Months; Heterogeneity: df(Q): 1 (P-value: 0.64) 12 0.00%
12 Months; Heterogeneity: df(Q): 2 (P-value: 0.45)120.00%

Fig.4 The postoperative hip function assessed by the HHS (Harris Hip Score) provided as a stratified result using excellent/good/fair/poor as

possible outcomes

1.18-4.48, p=0.01; I 0.0%, OR 4.54, 95% CI 1.54—-13.43,
p=0.01; > 0.0% and OR 4.54,95% CI 1.54-13.43, p=0.01;
> 0.0%) (Fig. 5, Table 2).

Postoperative ROM

No significant differences were found between the two
groups regarding the postoperative ROM. Based on data
available from two studies [11, 27], and at 12 months post-
operatively, no significant differences were found regard-
ing hip flexion (SMD 2.58 +2.55,95% CI — 2.42 to 7.58,
p=0.31; I* 98.58%), adduction (SMD 2.27 +2.26, 95%

CI — 2.16 to 6.7, p=0.31; I 98.25%), abduction (SMD
3.76 +3.54,95% CI — 3.19 to 10.71, p=0.28; I> 98.72%)
and external rotation (SMD 2.71 +2.64,95% CI — 2.46 to
7.89, p=0.30; I* 98.59%) (Fig. 6, Table 2).

Postoperative rates of deep infection, mortality,
dislocation and reoperation rates
No significant difference was found between the two

groups regarding these parameters at all time points (6,
12, 24 and 48 months) (Figs. 7, 8, 9 and 10, Table 2).
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Postoperative Pain

Study name Time point Statistics for each study Pain / Total 0Odds ratio and 95% Cl
Months -
( ) Odds Lower Urper
ratio limit imit p-Value UNIP BIP
Naser M.A., 2018 6 193 094 395 0.07 52/70 42/70
Naveen PR, 2018 1.05 058 1.87 0.88 35/100 34/100
Davison J.N.S., 2001 2.18 019 2448 0.3 2/90 17197
Calder S.J., 1996 1.09 066 1.79 0.74 62/132 53/118
1.23 0.88 1.71 0.22
Naser M.A., 2018 12 193 094 395 0.07 52/70 42/70
Naveen PR., 2018 1.05 058 1.87 088 35/100 34/100
Vishwanath C., 2017 407 177 937 0.00 30/50 14/52 ——
Abdelkhalek M., 2011 546 163 18.36 0.01 18/25 8/25 —_—
Davison J.N.S., 2001 2.18 0.19 2448 0.53 2/90 1/97
230 1.18 448 0.01 -
Abdelkhalek M., 2011 24 546 163 1836 0.01 18/25 8/25 —i—
Davison J.N.S., 2001 218 019 2448 053 2/90 17197 =
454 154 1343 0.01 o=
Abdelkhalek M., 2011 48 546 163 1836 0.01 18/25 8/25 —il-—
Davison J.N.S., 2001 2.18 0.19 2448 0.53 2/90 1/97 -
454 154 1343 0.01 ~ecatlilr-
0.01 01 1 10 100
6 Months; Heterogeneity: df(Q): 3 (P-value: 0.522) 17 0.00%
12 Months; Heterogeneity: df(Q): 4 (P-value: 0.038) I* 0.00% Unipolar Bipoias
24 Months; Heterogeneity: df(Q): 1 (P-value: 0.506) I* 0.00%
48 Months; Heterogeneity: df(Q): 1 (P-value: 0.506) I* 0.00%
Fig.5 The postoperative pain at 12, 24 and 48 months postoperatively
Range of motion
Study name Subgroup within study Statistics for each study Sample size Sd dif in means and 95% CI
Std diff Stand Lower Upper
inmeans emor Variance limit limitZ-Valuep-Value UNI  BIP
Stoffel KK., 2013 Abduction 0.26 04 002 -003 054 178 008 82 120
Abdelkhalek M., 2011 Abduction 7.35 079 062 581 890 933 000 25 25 -
3.73 270 727 -155 902 138 017
Stoffel KK., 2013 Adduction 0.03 026 007 -049 055 011 0091 19 58
Abdelkhalek M., 2011 Adduction 4.56 054 029 351 561 850 000 25 25
228 268 720 -298 754 085 040
Stoffel KK_, 2013 Ext. Rotat. 0.10 015 002 -019 040 070 049 70 122
Abdelkhalek M., 2011 Ext. Rotat. 5.39 0.61 037 420 658 885 000 25 25
27 269 721 -255 798 101 031
Stoffel KK_, 2013 Flexion 0.06 015 002 -024 036 039 070 68 122
Abdelkhalek M., 2011 Flexion 5.16 059 035 401 632 877 000 25 25
258 268 721 -268 784 096 034
-10.00  5.00 0.00 5.00 10.00
Abduction; Heterogeneity: df(Q): 1 (P-value: 0.0) 12 98.7% Unipolar Bipolar

Adduction; Heterogeneity: df(Q): 1 (P-value: 0.0) 12 98.2%
External Rotation; Heterogeneity: df(Q): 1 (P-value: 0.0) 12 98.5%
Flexion; Heterogeneity: df(Q): 1 (P-value: 0.0) 12 98.5%

Fig.6 The postoperative range of motion at 12-month follow-up

Postoperative QoL

A statistically significant difference favoring the bipo-
lar group was found. Two studies [9, 11] evaluated the

@ Springer

EQ-5D index score at 48 months postoperatively. They
both reported statistically significant difference favoring
the bipolar group (SMD 0.49 (0.16), 95% CI 0.16-0.81,
p=0.003; I 0.0%).
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Deep Infection

Study name Time point Statistics for each study Odds ratio and 95% ClI

(Months)  o4ds Lower Upper
ratio limit limit p-ValueUNIPOLAR BIPOLAR

Figved W., 2018 12 0.31 0.01 829 049 0/14 1/14 - i

Naveen PR., 2018 1.00 0.06 1644 1.00 1/50 1/50

Inngul C., 2013 028 0.03 275 0.27 1/53 3/46 L

Stoffel K.K., 2013 034 001 852 051 0/128 1/133 -

Jeffcote B., 2010 092 0.05 1559 0.96 1/27 1/25 i

Raia F.J., 2003 280 0.11 70.14 0.53 1/60 0/55
060 019 195 0.40 ‘

Figved W., 2018 24 031 0.01 829 049 0/14 1/14

Inngul C., 2013 028 0.03 275 0.27 1/53 3/46 -

Jeffcote B., 2010 0.92 0.05 1559 0.96 1127 1/25

Calder S.J., 1996 112 029 428 087 5/132 4/118 t
073 027 203 055

Inngul C., 2013 48 0.28 0.03 275 0.27 1/53 3/46 L

Davison J.N.S., 2001 0.36 0.01 884 053 0/90 1197 -

Malhotra R., 1995 471 022 101.87 0.32 2/36 0/32 =
065 012 361 062 ’—-

0.01 0.1 1 10 100

12 Months; Heterogeneity: df(Q): 5 (P-value: 0.875) 12 0.00% . )
24 Months; Heterogeneity: df(Q): 3 (P-value: 0.712) 12 0.00% Unipolar Bipolar
48 Months; Heterogeneity: df(Q): 2 (P-value: 0.322) |12 11.65%

Fig.7 The postoperative deep infection rates at all time points (12, 24 and 48 months)

Mortality Rate
Studyname  Time point Statistics foreachstudy ~ Mortality / Total 0Odds ratio and 95% Cl
(Months) - oads Lower Upper

ratio limit limit pValue UNP  BIP
Inngul C., 2013 6 024 003 219 020 1/60 4/60
Davison J.N.S., 2001 062 022 179 038 6/% 10/97 —-
Cormell C.N., 1998 111 009 1325 094 1/15  2/33
Calder S.J., 1996 118 066 212 058 33/132 26/118 :—

095 058 155 083
Figved W., 2018 12 046 004 577 055 1/14 2/14
Naveen PR., 2018 136 029 643 070 4/5  3/50 —_—
Vishwanath C., 2017 153 025 952 065 3/5%  2/56
Bijith Balan, 2016 531 025 11479 029 2/34  0/34
Inngul C., 2013 040 014 114 009 6/60 13/60

RaiaF.J., 2003 09 036 220 081 12/60 12/55

DavisonJ.N.S., 2001 08 036 216 079 10/9 12/97

Calder S.J., 1996 08 050 147 057 37/132 37/118
084 059 120 034

—_—
Figved W., 2018 24 046 004 577 055 1/14 2/14
Inngui C., 2013 05 023 134 019 10/60 16/60
Jeffcote B., 2010 084 026 275 078 8/27 8/24
Davison J.N.S., 2001 127 060 266 054 18/90 16/97
1 1

08 052 143 057

Inngui C., 2013 48 087 043 179 071 26/60 28/60
Davison J.N.S., 2001 097 049 194 094 20/90 22/97
092 056 152 076
0.01 0.1 0 100
6 Months; Heterogeneity: df(Q): 3 (P-value: 0.448) I* 0.00% Unipolar Bipolar

12 Months; Heterogeneity: df(Q): 7 (P-value: 0.740) I* 0.00%
24 Months; Heterogeneity: df(Q): 3 (P-value: 0.524) I* 0.00%
48 Months; Heterogeneity: df(Q): 1 (P-value: 0.831) F 0.00%

Fig.8 The postoperative mortality rates at all time points (6, 12, 24 and 48 months)
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Dislocation Rate

Studyname  Time pont Statistics for each study _Dislocations / Total Odds ratio and 95% CI
MontS) odds Lower Upper
ratio  limit  limit p-Value UNIP BIP

NaserM.A, 2018 6 049 0.04 556 0.56 1170 2/70 =
Inngul C., 2013 1.76 0.15  20.11 0.64 2/53 1/46 =
Davison J.N.S., 2001 053 0.04 5.98 0.61 11790 2/97 =
Cornell C.N., 1998 228 0.13 3920 0.56 1715 1/33 -
Malhotra R., 1995 0.88 005 1476 0.93 1136 1732 :

094 029 298 0.91
NaserM.A, 2018 12 049 0.04 5.56 0.56 1170 2/70
Inngul C., 2013 176 0.15  20.11 0.64 2/53 1746
Davison J.N.S., 2001 053 0.04 5.98 061 1790 2197
Malhotra R., 1995 088 005 1476 0.93 1136 1/32
Figved W., 2018 322 012 86.09 0.48 1714 0/14
Naveen PR., 2018 0.49 0.04 5.58 0.56 1150 21750
Bijth Balan, 2016 122 0.07 2046 0.88 1128 1734
Kanto K., 2015 3.1 061 1585 0.17 6/88 2187 =
Stofiel KK., 2013 1.03 006 1679 0.97 17128 17133
Abdekhalek M., 2011 312 0.12 8039 0.49 1125 0/25
Raia F.J., 2003 091 0.05 1499 0.95 1160 1755

125 058 266 0.55 e ifne
Inngul C., 2013 24 176 0.15 20.11 0.64 2/53 1/46
Davison J.N.S., 2001 053 0.04 5.98 0.61 1790 2/97
Malhotra R., 1995 0.88 005 1476 0.93 1136 1/32
Figved W., 2018 1.00 005 1775 1.00 1714 1714
KantoK., 2015 311 061 1585 0.17 6/88 2/87 L2
Abdekhalek M., 2011 312 0.12 8039 0.49 1125 0/25
Calder S.J., 1996 1.80 0.16  20.11 0.63 2/132 17118

164 066  4.04 028 iR
Inngul C., 2013 48 176 0.15  20.11 0.64 2783 1746 -
Davison J.N.S., 2001 053 0.04 5.98 0.61 1790 2/97 bl
Malhotra R., 1995 0.88 0.05 1476 0.93 1136 1/32
Kanto K., 2015 311 061 1585 0.17 6/83 2/87 L
Abdekhalek M., 2011 312 0.12 8039 0.49 1125 0/25

172 061 4383 0.30 e —

0.01 0.1 1 10 100

6 Months; Heterogeneity: af(Q): 4 (P-value: 0.891) I* 0.00%
12 Months; Heterogeneity: df(Q): 10 (P-value: 0.962) IF 0.00%

24 Months; Heterogeneity: dof(Q): 6 (P-value: 0.930) IF 0.00%

Unipolar Bipolar

48 Months; Heterogeneity: df(Q): 4 (P-value: 0.781) 1 0.00%

Fig. 9 The postoperative dislocation rates at all time points (6, 12, 24 and 48 months)

Sensitivity analysis postoperative results of patients treated with bipolar or uni-
polar hemiarthroplasty at all available different time points,
in order to determine if there are any significant differences
in the erosion rates and postoperative functional outcomes
[6, 8, 34-38]. We showed that patients with dFNFs treated
with bipolar hemiarthroplasty have lower acetabular ero-
sion rates at 6 and 12 months postoperatively, better hip
function at 12 and 24 months postoperatively, better QoL
and less pain, when compared with unipolar. No statistically

significant differences could be established regarding deep

Sensitivity analysis was conducted by removal of each
individual study; no difference was observed in the pooled
results on none of the outcomes evaluated on our study.

Publication bias assessment

To assess the risk of publication bias, we used the fun-
nel plot of the more frequent reported outcome of interest

(reoperation). Visual inspection of the funnel plot showed
a homogeneous and symmetric distribution of the referral
points adjacent to the no-effect line (Fig. 11). Moreover,
Egger’s test revealed no statistically significant asymmetry
(Y-intercept — 0.67,95% CI — 3.4 to 2.51, p=0.64).

Discussion

Hip hemiarthroplasty is considered to be the gold standard
when treating elderly patients with displaced Femoral Neck
Fractures [1, 3, 32, 33]. The purpose of this meta-analysis
of randomized controlled trials study was to compare the

@ Springer

infection, mortality, re-operation and dislocation rates.
This analysis has certain limitations. The relatively lim-
ited number and low level of evidence of the existing stud-
ies are important factors. Furthermore, the mean follow-up
in some studies was quite short, there was heterogeneity
regarding the definition and reporting of the acetabular ero-
sion and differences existed concerning the patients’ age.
The lack of data concerning the surgeons’ experience and
the type of implants used (cemented vs. uncemented), the
surgical approach, the patient’s comorbidities and the post-
operative rehabilitation protocol may have also been factors
affecting the quality of the analyzed data. Despite the fact
that well-organized and executed meta-analyses may shed
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Reoperation Rate

Study name Time point Statistics for each study Odds ratio and 95% CI
(Months)
Odds Lower nger

ratio limit limit p-Value UNIP BIP
Figved W, 2018 12 100 006 17.75 1.00 1/14 1/14 +
Naveen PR, 2018 100 014 739 1.00 2/50 2/50 I
Bijth Balan, 2016 122 007 2047 089 1/28 1/34
Kanto K, 2015 065 011 400 064 2/88 3/87 =
Inngul C_, 2013 013 001 111 006 1/53 6/46 b
Stoffel KK., 2013 020 001 430 031 0/128 2/133
Abdelkhalek M., 2011 447 083 2419 0.08 7/25 2/25 =
Jeffcote B., 2010 092 005 1559 0.9 1/27 1/25
Raia F.J., 2003 474 022 10102 0.3 2/60 0/55
Davison J.N.S., 2001 108 007 1750 0% 1/90 1/97
Malhotra R., 1995 182 016 2112 063 2/36 1/32 -

104 051 210 0% . o
Figved W, 2018 24 046 004 577 05 1/14 2/14 -
Kanto K, 2015 065 011 400 064 2/88 3/87 -
Inngul C_, 2013 040 010 162 020 3/60 7/60 L
Abdelkhalek M., 2011 447 083 2419 0.08 7/25 2/25 L
Jeffcote B., 2010 092 005 1559 0.9 1/27 1/25
Davison J.N.S., 2001 053 005 599 061 1/90 2/97 -
Malhotra R., 1995 182 016 2112 063 2/36 1/32

089 042 188 0.76 e
Kanto K, 2015 48 065 011 400 064 2/88 3/87 =
Inngul C_, 2013 040 010 162 020 3/60 7/60 L
Abdelkhalek M., 2011 447 083 2419 0.08 7125 2/25 L
Davison J.N.S., 2001 053 009 29 047 2/90 4/97 L
Malhotra R, 1995 282 028 2855 0.3 3/36 1/32 -

100 038 264 1.00 ?—

0.01 0.1 1 10 100

12 Months; Heterogeneity: df(Q): 10 (P-value: 0.531) I* 0.00%
24 Months; Heterogeneity: df(Q): 6 (P-value: 0.464) I 0.00% Unipolar Bipolar
48 Months; Heterogeneity: df(Q): 4 (P-value: 0.187) I* 35.13%

Fig. 10 The postoperative reoperation rates at all time points (12, 24 and 48 months)

Funnel Plot of Standard Error by Log odds ratio
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Fig. 11 Funnel plot of reoperation rate, the more frequent reported outcome of interest
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additional light to difficult scientific problems, they still
reflect the quality of included studies. Further to that, all
available tools assessing the risk of bias do not warrant that
all included studies are of high scientific standards.

The unipolar group had an increased risk to develop ace-
tabular erosion at 6 and 12 months postoperatively, but not at
24 and 48 months. There are several previous meta-analyses
of RCTs reporting on the acetabular erosion rate after a hip
hemiarthroplasty [39—-43]. Three of these report a statisti-
cally significant difference, favoring the group of patients
treated with a bipolar hemiarthroplasty [40, 41, 43]. We
evaluated data by using different postoperative time points
based on the follow-up of each study. This finding may be
attributed to the progressive loss of internal motion in the
bipolar prosthesis which is observed over time. Several
radiographic studies evaluating the joint motion of a bipolar
hemiarthroplasty support this finding [44—46].

The postoperative hip function, as assessed by the HHS
[9, 20, 21, 23, 26], showed a statistically significant differ-
ence favoring the bipolar group at 6, 12 and 24 months. One
study [31] evaluating the HHS in 50 patients with a mean
follow-up of 4.4 years, also reported statistically significant
difference favoring the bipolar group (p =0.004). This find-
ing is in contrast with previously published meta-analyses of
RCTs [39-43]. This could be explained by the introduction
of methodological errors in previous studies, since all these
studies evaluated hip function by using combined data of
both the HHS [13] and the modified HHS [17]. Moreover,
two of these studies analyzed data acquired at different time
points during the follow-up period [39, 40]. When evaluated
by the six minutes’ walk test, the postoperative hip func-
tion showed different results at different postoperative time
points. Pooled results at 1 year showed no statistically sig-
nificant difference, whereas individual studies by Jeffcote
et al. [13] and Cornell et al. [28] reported statistically signifi-
cant difference favoring the bipolar group at 3 and 6 months
respectively. It must be noted though that the six minutes’
walk test is an exercise test, used to evaluate aerobic capac-
ity, performance and endurance [47]. The presence of con-
comitant pathologies may affect the physical performance in
these elderly patients more than the hip function [48], even
though proper randomization procedures may eliminate to
a certain extent this potential bias.

No statistically significant differences were found in our
study, concerning postoperative range of motion, deep infec-
tion rates, mortality, reoperation and dislocation rates. These
results agree with those of most previously published stud-
ies [39-43], even though Zhang BF et al. [49] in a meta-
analysis comparing internal fixation and (cemented and
uncemented) hemiarthroplasty (unipolar and bipolar) and
total arthroplasty reported lower reoperation incidence for
unipolar cemented HA when compared with bipolar. The
evaluation of the postoperative pain showed a statistically

@ Springer

significant difference, favoring the bipolar group, at 12, 24
and 48 months [20, 22, 25, 26, 31].

Another interesting finding of this study was that pooled
results regarding the QoL evaluation score EQ-5D [14] at
48 months postoperatively showed a statistically significant
difference favoring the bipolar group. This difference may
be attributed to the decreased incidence of postoperative
pain associated with the bipolar group. This result is in con-
trast with that reported by a recent meta-analysis of Beau-
champ-Chalifour et al. [43]. However, the reader should take
into consideration the fact that the strict exclusion criteria
applied in our study contributed to more secure conclusions,
at the expense of omitting lower-quality and/or non-relevant
papers from our analysis.

Conclusion

This meta-analysis of randomized controlled trials showed
that elderly patients with a displaced femoral neck fracture
treated with bipolar hemiarthroplasty have lower acetabular
erosion rates at 6 and 12 months postoperatively, together
with better and less painful hip function and QoL, when
compared with unipolar. No statistically significant differ-
ence could be established regarding deep infection, mortal-
ity, re-operation and dislocation rates.
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