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 � Vitamin E incorporation into highly cross-linked polyeth-
ylene (HXLPE) has been introduced to improve wear resis-
tance, and vitamin E incorporated HXLPE (VEPE) has been 
used in total hip arthroplasty.

 � The aim of this meta-analysis was to investigate the wear 
properties of VEPE in clinical practice by synthesizing the 
data provided in randomized clinical trials.

 � The effects on implant stability, functional outcomes 
and revision rate of VEPE were also compared with those 
of HXPLE or ultra-high molecular weight polyethylene 
(UHMWPE).

 � Literature searches were conducted on 1 January 2020 
using MEDLINE, EMBASE, Cochrane and ClinicalTrials.gov 
databases. Randomized controlled trials (RCTs) compar-
ing the aforementioned parameters between VEPE and 
standard HXPLE/UHMWPE liners were included.

 � Methodological quality and the bias of the included stud-
ies were analysed. Meta-analyses were performed using 
the Review Manager software.

 � Nine RCTs met the eligibility criteria and were included. 
At early and mid-term follow-up, the vertical penetration 
and the total penetration of the femoral head were both 
significantly reduced in the VEPE group. The steady state 
wear rate of the VEPE group was also remarkably lower.

 � However, at two-year follow-up, significantly increased 
cup migration was observed in the VEPE group. More-
over, the mid-term clinical outcomes of the VEPE group 
were worse, while the total revision rates between the two 
groups were not significantly different.

 � The limited number of included studies may compromise 
our conclusion regarding clinical outcomes of the VEPE 
bearing surface. More RCTs with longer follow-up periods 

are needed to further investigate the effects of VEPE in total 
hip arthroplasty.
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Introduction
Ultra-high molecular weight polyethylene (UHMWPE) is 
the most widely used material for liners in total hip arthro-
plasty (THA), and its long-term durability has been well 
demonstrated in several studies dating back to 1990s.1,2 
However, for THA involving a polyethylene (PE) liner, one 
of the major factors threatening long-term survival is the 
production of wear particles, resulting in periprosthetic 
osteolysis and aseptic loosening of the acetabular cup  
and/or the femoral component.3,4 Fortunately, in the past 
two decades, the progress made in material manufacturing, 
especially the PE cross-linking technique, has dramatically 
increased the resistance to wear and reduced the PE debris. 
Using a higher irradiation dose than for normal sterilization, 
highly cross-linked UHMWPE (HXLPE) is produced and has 
been introduced into clinical use for more than 20 years.5 
In several follow-ups up to ten years, the clinical superiority 
of HXLPE has also been demonstrated as reduced PE wear 
rate, as well as excellent long-term survival.6,7

However, PE oxidation has been observed and consid-
ered as the major drawback of the HXLPE during its decades 
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of application. The free radicals produced during high-dose 
irradiation contributed largely to oxidative degradation. To 
minimize the effect of the free radicals, either a melting or 
an annealing procedure is needed. Melting can eliminate 
the free radicals; however, it compromises the mechanical 
properties, especially fatigue strength. For annealed HXLPE, 
the free radicals cannot be eradicated and this leads to oxi-
dative degradation in non-weight-bearing regions.8 Several 
potential solutions have been provided to minimize the free 
radicals, and incorporation of the antioxidant vitamin E (α-
Tocopherol) into HXLPE has been demonstrated to increase 
oxidative resistance without compromising mechanical 
strength.9 Until now, blending vitamin E with UHMWPE 
resin powder before irradiation, or diffusing vitamin E after 
UHMWPE cross-linking, have become the two methods 
available to manufacture the vitamin E incorporated HXLPE 
(VEPE).10,11 Despite the improved wear properties and oxi-
dative resistance of VEPE demonstrated in several in vitro 
studies, the VEPE liner has been introduced in THA and has 
displayed promising in vivo outcomes.9,12

Recently, a few prospective, blinded, randomized con-
trolled trials (RCTs) comparing the outcomes of VEPE liner 
and conventional HXLPE or UHMWPE liner have also been 
published, most of which measured the PE wear using 
radiostereometric analysis (RSA).13–22 However, in these 
follow-ups up to seven years, the time points for RSA were 
not identical, making it difficult to elucidate the features 
of VEPE. Generally, within six months postoperatively, the 
femoral head penetration is mainly due to deformation 
of the PE cups, namely ‘creep’, rather than the volume 
loss of the PE liner, namely ‘wear’. From six months to 
one year, the effects of creep and wear are equal to lead 
to the femoral head penetration. After one year, femoral 
head penetration is mainly caused by PE wear.23 Thus, in 
this meta-analysis, we aim to synthesize the relevant data 
and provide comprehensive wear characteristics of VEPE 
compared to HXLPE or UHMWPE during different periods. 
We also provide a synthetical patient-reported outcome 
measure (PROM) in this meta-analysis.

Materials and methods
Search strategy

We searched MEDLINE, EMBASE, Cochrane and Clinical-
Trials.gov databases to retrieve relevant literature from 
the inception of each database to 1 January 2020. The 
following terms were used for searching: hip AND vita-
min E/ tocopherols/ tocotrienols. The papers of interest 
were also screened for potential studies undiscovered 
in the primary search. Only articles published in English 
were included.

Inclusion and exclusion criteria

1. Type of studies. Only prospective randomized clini-
cal trials were included. Retrospective case-control 
studies, analysis of joint registries and in vitro simu-
lations were excluded.

2. Subjects and intervention. The included stud-
ies recruited patients of all ages for primary 
total hip arthroplasty and compared the VEPE to  
other PEs.

3. Outcomes. Articles reporting at least one of the fol-
lowing parameters were included: RSA results of 
femoral head penetration, steady state wear, com-
ponent migration, and patient-reported outcome 
measures (PROMs) were included.

Data extraction and outcomes of interest

Data were extracted by two investigators independently, 
using a collection form we designed. Data presented only 
in graphs and figures were extracted whenever possible, 
but were included only if consensus was achieved. Data 
not published were acquired by contact with the original 
investigators and, if that failed, calculated with available 
data. Notably, if the data were presented as median with 
interquartile range or median with range, the mean and 
standard deviation were calculated using the methods 
offered by Luo et al and Wan et al.24,25 The primary out-
comes were proximal-distal penetration of the femoral 
head and overall penetration of the femoral head. And the 
secondary outcomes included steady state wear, compo-
nent migration and PROMs.

Quality assessment

The quality of included literature was assessed through 
seven evaluation factors including randomization, allo-
cation concealment, blind intervention, blind outcome 
assessment, incomplete outcome data, selective report-
ing, and other bias.

Statistical methods

Revman 5.3 software (Cochrane Collaboration, UK) 
was employed to perform the meta-analysis. For each 
included study, mean differences (MDs) were calculated 
for continuous outcomes, respectively. 95% confidence 
intervals (CI) were also calculated for all outcomes.  
P < 0.05 was considered to be statistically significant for 
the outcomes. According to the Cochrane Handbook26, 
χ2 and I2 were calculated to evaluate the heterogene-
ity across studies. We selected a fixed effect model 
when I2 < 50%, and a random effect model when I2 > 
50%.26 Publication bias was also analysed by means of a  
funnel plot.
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Results
Search results

A total of 236 records were acquired, of which 232 were 
acquired through database searching, and four addi-
tional records were identified through other sources. 
Two records were rejected because of duplication. After 
careful review of the title and abstract, 220 articles were 
excluded. We further reviewed the full texts of 18 papers 
and nine met the study inclusion criteria.13–21 A flowchart 
of the literature search is shown in Fig. 1.

Characteristics of the included trials

Detailed information of the included trials is summarized 
in Table 1 and Table 2. A total of 412 hips were recruited 
in the VEPE group and 316 hips were included in the con-
trol group. All patients included in VEPE group received 
a THA with vitamin E blended highly cross-linked poly-
ethylene liners or vitamin E diffused highly cross-linked 

polyethylenes. Ultra-high molecular weight polyethylene 
(UHMWPE) liners were selected for the patients in the 
control group in three included RCTs, while in another 
six RCTs, highly cross-linked polyethylene (HXLPE) liners 
were applied.

For the primary outcomes, all included RCTs reported 
RSA results relative to femoral head penetration, either using 
separated vertical (proximal-distal) measurement, coro-
nal (medial-lateral) measurement, and sagittal (anterior- 
posterior) measurement or using a calculated overall (3D 
vector) measurement using the measurement mentioned 
above. Using the same reporting pattern, the results of 
the steady state wear were displayed in four RCTs. For the 
secondary outcomes, two RCTs provided the RSA results 
of cup migration and the clinical outcomes were reported 
in seven RCTs.

In terms of bias, the attrition bias was high in seven out 
of nine included RCTs due to uneven loss to follow-up in 
the two groups. In three studies, the selection bias was 

232 records identified through
database searching

4 records identified through
other sources

A total of 236 records identified 2 records excluded due to 
duplication

234 records eligible for
screening

14 full-text articles assessed
for eligibility

9 RCTs included in the current
meta-analysis

220 records excluded

5 full-text articles were
excluded, of which

2 articles reported analysis of
joint registries,

1 RCT failed to report the RSA
results.

2 articles reported outcomes
based on retrospective case
control designs,

Fig. 1 Literature search strategy.
Note. RCT, randomized controlled trial; RSA, radiostereometric analysis.
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high due to unequal distribution of the patients to the two 
groups. The summary of the bias of the included studies is 
displayed in Fig. 2.

Primary outcomes

Cumulative wear

Within six months, the vertical femoral head penetration 
of the VEPE group was 0.01 mm less than that of the con-
trol group (95% CI –0.04, 0.02), with no statistical sig-
nificance (p = 0.47, Fig. S1A). However, the total creep 
was significantly less in the VEPE group, with a mean dif-
ference of –0.05 mm (95% CI –0.09, –0.02; p = 0.001,  
Fig. 3A). One year postoperatively, the difference of ver-
tical femoral head penetration between the two groups 
was still insignificant, with a mean difference of –0.01 mm 
(95% CI –0.06, 0.04; p = 0.69, Fig. S1B), while the total 
penetration of the femoral head for the VEPE group was 
significantly less than that for the control group (mean 
difference –0.08 mm, 95% CI –0.12, –0.03; p = 0.001), 
indicating a significantly reduced creep and wear of the 
VEPE (Fig. 3B). The early wear of the liner was remarkably 
lessened in the VEPE group, indicated by both vertical 
penetration (mean difference –0.06 mm, 95% CI –0.09, 
–0.03; p < 0.0001, Fig. S1C) and total penetration (mean 
difference –0.08 mm, 95% CI –0.14, –0.02; p = 0.006) 
of the femoral head (Fig. 3C). At the mid-term follow-up, 
the reduced wear of the VEPE was further validated. The 
mean difference of vertical penetration and total penetra-
tion was significantly reduced by 0.09 mm (95% CI –0.13, 
–0.05; p < 0.0001, Fig. S3D) and 0.09 mm (95% CI –0.13, 
–0.05; p < 0.0001), respectively (Fig. 3D).

Steady state wear rate

The steady state wear rates in all included studies were 
calculated by comparing the measurement of a certain 
follow-up period to the measurement taken one year post-
operatively. Although in several studies the follow-up was 
conducted at multiple time points, we only included the 
measurement of the final follow-up in this meta-analysis. 
The vertical steady state wear rate of the VEPE group was 
significantly lower than that of the control group, with a 
mean difference of –0.07 mm/y (95% CI –0.14, –0.00) 
and a p-value of 0.02. The total steady state wear rate of 
VEPE group was also significantly reduced by 0.05 mm/y 
(95% CI –0.14, –0.02; p < 0.0001, Fig. 4A and B).

Secondary outcomes

Cup migration

The RSA results of cup migration were provided in two 
RCTs. Both the vertical cup migration and the total cup 
migration of the VEPE group were higher, with mean dif-
ferences of 0.16 mm (95% CI 0.04, 0.28; p = 0.009) and 
0.11 mm (95% CI 0.00, 0.22; p = 0.04, Fig. 5A and B).Ta
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PROMs and revision rate

One year postoperatively, the Harris Hip Score (HHS) was 
higher in the VEPE group (mean difference 4.24, 95% CI 
0.40, 8.09; p = 0.03, Fig. S2A), while the EuroQol Five 
Dimensions Questionnaire (EQ-5D) showed no difference 
between the two groups (p = 0.48, Fig. S2B). The early 
HHS and EQ-5D at two to three years postoperatively also 
failed to show significance (p = 0.21 and 0.14, respec-
tively). However, statistical significance was observed in 
mid-term HHS (mean difference –2.54, 95% CI –4.08, 
1.00; p = 0.001, Fig. 6A), EQ-5D (mean difference –0.05, 
95% CI –0.10, 0.00; p = 0.05, Fig. 6B) as well as the MOS 
item short from health survey (SF-36) physical summary 
(mean difference –2.82, 95% CI –5.01, –0.64; p = 0.01, 
Fig. 6C), which were in favour of the control group. Six 
out of nine included RCTs reported the revision events of 
the two groups. According to our results, the revision rate 
was slightly lower in the VEPE groups (OR 0.49, 95% CI 
0.18, 1.30; p = 0.15, Fig. 6D).

Discussion
The primary expectation of introducing VEPE into THA 
is to reduce the free radicals produced during PE cross-
linking, to diminish the oxidative degradation of the 
liner, improve the wear resistance, decrease the occur-
rence of the periprosthetic osteolysis caused by wear 
debris and finally achieve the secure fixation of the 
implant. A series of in vitro and in vivo studies have 
well demonstrated the improved oxidative stability of 
the VEPE, either using accelerated aging or real-time 
aging methods.28,29 The superiority of mechanical prop-
erties, including wear resistance and fatigue strength 
after accelerated aging, were also observed in VEPE.9 
Besides, although controversial, there have also been 
in vitro studies reporting the anti-septic function of 
VEPE through preventing the adherence of several spe-
cies of bacteria, including Staphylococcus epidermidis, 
Staphylococcus aureus and Escherichia coli.30-32 Recently, 
several newly published RCTs have investigated the 
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Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
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Fig. 2 Graph (A) and summary (B) of bias of the included RCTs.
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performance of VEPE in clinical practice using RSA, 
concluding that VEPE was at least non-inferior to con-
ventional PE.19,21,22 In this study, we tried to synthesize 
the data from the RCTs and comprehensively reveal the 
properties of VEPE in clinical use.

In this meta-analysis, when using vertical penetration of 
the femoral head as a surrogate, no significant difference 

of PE creep was observed between VEPE and standard 
PE, while at early follow-up (two to three years postop-
eratively) and mid-term follow-up (more than five years), 
the cumulative wear of VEPE was significantly reduced. 
When using the total femoral head penetration to denote 
the cumulative wear of PE, the cumulative wear of VEPE 
was significantly reduced compared to both HXLPE and 

Galea 2019 6-week 0.25 0.22 39

Study or Subgroup Mean SD Total
VEPE

(A)

0.24 0.27 34

Mean SD Total

6.4% 0.01 [–0.10, 0.12]
Rochcongar 2018 6-week 0.128 0.034 33 0.151 0.046 29 23.6% –0.02 [–0.04, –0.00]
Salemyr 2015 3-month 0.15 0.07 25 0.24 0.12 26 15.5% –0.09 [–0.14, –0.04]
Salemyr 2015 6-month 0.16 0.07 25 0.26 0.15 26 13.2% –0.10 [–0.16, –0.04]
Salemyr 2015 6-week 0.16 0.08 25 0.22 0.11 26 15.7% –0.06 [–0.11, –0.01]
Shareghi 2015 3-month 0.163 0.091 38 0.172 0.099 31 17.5% –0.01 [–0.05, 0.04]
Sköldenberg 2019 3-month

Heterogeneity: Tau2 = 0.00; Chi2 = 16.46, df = 6 (P = 0.01); I2 = 64%
Test for overall effect: Z = 3.20 (P = 0.001)

Total (95% CI)

0.22 0.08 18 0.36 0.2 19 8.1% –0.14 [–0.24, –0.04]

203 191 100.0% –0.05 [–0.09, –0.02]

–0.2

Weight IV. Random. 95% CI
PE without VE Mean Difference

IV. Random. 95% CI
Mean Difference

–0.1 0 0.1 0.2
Favours [VEPE] Favours [PE without VE]

Galea 2019 1-year 0.28 0.25 39

Study or Subgroup Mean SD Total
VEPE

(B)

0.27 0.26 34

Mean SD Total

10.6% 0.01 [–0.11, 0.13]
Rochcongar 2018 1-year 0.16 0.035 33 0.201 0.052 29 29.8% –0.04 [–0.06, –0.02]
Salemyr 2015 1-year 0.2 0.12 25 0.31 0.14 26 18.3% –0.11 [–0.18, –0.04]
Scemama 2017 1-year 0.074 0.239 38 0.136 0.413 36 7.1% –0.06 [–0.22, –0.09]
Shareghi 2015 1-year 0.156 0.055 38 0.237 0.192 31 18.7% –0.08 [–0.15, –0.01]
Sköldenberg 2019 1-year 0.21 0.08 18 0.38 0.17 19 15.6% –0.17 [–0.25, –0.09]

Heterogeneity: Tau2 = 0.00; Chi2 = 12.54, df = 5 (P = 0.03); I2 = 60%
Test for overall effect: Z = 3.24 (P = 0.001)

Total (95% CI) 191 175 100.0% –0.08 [–0.12, –0.03]

–0.2

Weight IV. Random. 95% CI
PE without VE Mean Difference

IV. Random. 95% CI
Mean Difference

–0.1 0 0.1 0.2
Favours [VEPE] Favours [PE without VE]

Galea 2019 3-year 0.34 0.22 39

Study or Subgroup Mean SD Total
VEPE

(C)

0.32 0.35 34

Mean SD Total

10.5% 0.02 [–0.12, 0.16]
Rochcongar 2018 3-year 0.18 0.037 33 0.26 0.061 29 25.4% –0.08 [–0.11, –0.05]
Salemyr 2015 2-year 0.23 0.13 25 0.3 0.15 26 17.9% –0.07 [–0.15, 0.01]
Scemama 2017 3-year 0.056 0.364 38 0.296 0.319 36 8.9% –0.24 [–0.40, –0.08]
Shareghi 2015 2-year 0.205 0.108 38 0.205 0.104 29 22.0% 0.00 [–0.05, 0.05]
Sköldenberg 2019 2-year 0.23 0.12 18 0.41 0.17 19 15.4% –0.18 [–0.27, –0.09]

Heterogeneity: Tau2 = 0.00; Chi2 = 19.24, df = 5 (P = 0.002); I2 = 74%
Test for overall effect: Z = 2.75 (P = 0.006)

Total (95% CI) 191 173 100.0% –0.08 [–0.14, –0.02]

–0.5

Weight IV. Random. 95% CI
PE without VE Mean Difference

IV. Random. 95% CI
Mean Difference

–0.25 0 0.25 0.5
Favours [VEPE] Favours [PE without VE]

Galea 2018 5-year CoP –0.006 0.069 37

Study or Subgroup Mean SD Total
VEPE

(D)

0.063 0.124 31

Mean SD Total

20.5% –0.07 [–0.12, –0.02]
Galea 2018 5-year MoP 0.076 0.038 99 0.208 0.086 26 26.0% –0.13 [–0.17, –0.10]
Galea 2019 5-year 0.32 0.24 39 0.33 0.29 34 6.5% –0.01 [–0.13, 0.11]
Galea 2019 7-year 0.39 0.29 39 0.39 0.29 34 5.7% 0.00 [–0.13, 0.13]
Rochcongar 2018 5-year 0.2 0.032 33 0.317 0.074 29 27.9% –0.12 [–0.15, –0.09]
Shareghi 2017 5-year 0.258 0.169 37 0.31 0.134 26 13.3% –0.05 [–0.13, 0.02]

Heterogeneity: Tau2 = 0.00; Chi2 = 11.75, df = 5 (P = 0.04); I2 = 57%
Test for overall effect: Z = 4.98 (P < 0.00001)

Total (95% CI) 284 180 100.0% –0.09 [–0.12, –0.05]

–0.2

Weight IV. Random. 95% CI
PE without VE Mean Difference

IV. Random. 95% CI
Mean Difference

–0.1 0 0.1 0.2
Favours [VEPE] Favours [PE without VE]

Fig. 3 Meta-analysis of total penetration of the femoral head. (A) Within six months postoperatively (Creep). (B) One year 
postoperatively (Creep and wear). (C) Two to three years postoperatively (Early wear). (D) More than five years postoperatively (Mid-
term wear).
Note. VEPE, vitamin E incorporated highly cross-linked polyethylene; PE, polyethylene.
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UHMWPE at any time point. Our study is not the first meta-
analysis comparing the femoral head penetration of VEPE 
liner to the standard PE liner. In an early published meta-
analysis, Wyatt et al33 also reported reduced wear of VEPE, 
along with similar clinical outcomes between THA with 
VEPE liners and conventional liners. Although the hetero-
geneity in most of their meta-analysis was low (I2 = 0), 
the small number of included RCTs was the major draw-
back of their study. Due to limited studies included in their 
study, the results of early-stage follow-up and mid-term 
follow-up were not distinguished. In our study, we sepa-
rately investigated the PE creep, early-stage wear and mid-
term wear between VEPE and conventional PE. In several 

RCTs, the wear of the liner was reflected by total penetra-
tion of the femoral head, while in others, the proximal-
distal penetration of the femoral head was regarded as the 
surrogate. Herein, both approaches were analysed in our 
study to reflect the wear resistance. Although discrepancy 
between the two approaches was found in measuring the 
creep of the liners, the superiority of VEPE in wear resist-
ance was demonstrated in both approaches.

Another primary outcome was that the steady state 
wear rate and its synthesized result was reported for the 
first time. Generally, within the first year after THA, there is 
a bedding-in period in which the deformation of the liner, 
namely ‘creep’, overwhelms the wear of the liner but has 

Galea 2019 –0.07 0.16 39

Study or Subgroup Mean SD Total
VEPE

(A)

0 0.22 34

Mean SD Total

26.1% –0.07 [–0.16, 0.02]
Nebergall 2017 –0.101 0.109 28 0.039 0.173 26 29.1% –0.14 [–0.22, –0.06]
Shareghi 2017 0.01 0.021 37 0.04 0.015 26 44.8% –0.03 [–0.04, –0.02]

Heterogeneity: Tau2 = 0.00; Chi2 = 8.29, df = 2 (P = 0.02); I2 = 76%
Test for overall effect: Z = 2.02 (P = 0.04)

Total (95% CI) 104 86 100.0% –0.07 [–0.14, –0.00]

–0.2

Weight IV. Random. 95% CI
PE without VE Mean Difference

IV. Random. 95% CI
Mean Difference

–0.1 0 0.1 0.2
Favours [VEPE] Favours [PE without VE]

Galea 2019 0.18 0.29 39

Study or Subgroup Mean SD Total
VEPE

(B)

0.29 0.17 34

Mean SD Total

7.6% –0.11 [–0.22, –0.00]
Scemama 2017 –0.031 0.356 38 0.106 0.399 36 3.0% –0.14 [–0.31, 0.04]
Shareghi 2017 0.04 0.044 37 0.08 0.073 26 89.4% –0.04 [–0.07, –0.01]

Heterogeneity: Chi2 = 2.55, df = 2 (P = 0.28); I2 = 22%
Test for overall effect: Z = 3.18 (P = 0.001)

Total (95% CI) 114 96 100.0% –0.05 [–0.08, –0.02]

–0.5

Weight IV. Fixed. 95% CI
PE without VE Mean Difference

IV. Fixed. 95% CI
Mean Difference

–0.25 0 0.25 0.5
Favours [VEPE] Favours [PE without VE]

Fig. 4 Meta-analysis of steady state wear rate. (A) Vertical steady state wear rate. (B) Total steady state wear rate.
Note. VEPE, vitamin E incorporated highly cross-linked polyethylene; PE, polyethylene.

Shareghi 2017 2-year –0.567 1.099 36

Study or Subgroup Mean SD Total
VEPE

(A)

–0.533 0.959 28

Mean SD Total

5.6% –0.03 [–0.54, 0.47]
Sköldenberg 2019 2-year 0.28 0.17 18 0.11 0.21 19 94.4% 0.17 [0.05, 0.29]

Heterogeneity: Chi2 = 0.59, df = 1 (P = 0.44); I2 = 0%
Test for overall effect: Z = 2.60 (P = 0.009)

Total (95% CI) 54 47 100.0% 0.16 [0.04, 0.28]

–0.5

Weight IV. Fixed. 95% CI
PE without VE Mean Difference

IV. Fixed. 95% CI
Mean Difference

–0.25 0 0.25 0.5
Favours [VEPE] Favours [PE without VE]

(B)

0.41 0.18 18 0.29 0.16 19 96.6% 0.12 [0.01, 0.23]

Study or Subgroup Mean SD Total
VEPE

Mean SD Total

–0.5

Weight IV. Fixed. 95% CI
PE without VE Mean Difference

IV. Fixed. 95% CI
Mean Difference

–0.25 0 0.25 0.5
Favours [VEPE] Favours [PE without VE]

Shareghi 2017 2-year
Sköldenberg 2019 2-year

–0.636 1.363 36 –0.479 1.044 28 3.4% –0.16 [–0.75, 0.43]

Heterogeneity: Chi2 = 0.82, df = 1 (P = 0.37); I2 = 0%
Test for overall effect: Z = 2.01 (P = 0.04)

Total (95% CI) 54 47 100.0% 0.11 [0.00, 0.22]

Fig. 5 Meta-analysis of cup migration at 2-year follow-up. (A) Vertical migration of the acetabular cup. (B) Total migration of the 
acetabular cup.
Note. VEPE, vitamin E incorporated highly cross-linked polyethylene; PE, polyethylene.
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little influence on the more detrimental long-term volu-
metric wear.34,35 Thus, steady state wear, which excluded 
creep, is more accurate in evaluating the wear resistance 
of the liner, and should be independently addressed. In 
the included studies referring to the steady state wear rate, 
it is calculated using the RSA result at one year follow-up 
as baseline data and either using the vertical penetration 
or total penetration as a surrogate.16,18–20 In our meta-
analysis, both the vertical steady state wear rate and the 
total steady state wear rate significantly favour the VEPE 
group, further confirming a better wear resistance of VEPE 
compared with conventional PE, regardless of creep.

According to the only two RCTs reporting the result of 
cup migration, controversial conclusions were reached. 
Sköldenberg et al found a continuous proximal migration 
along with increasing abduction angle of the cup in the 
VEPE group, and this migration pattern exceeded the safety 
threshold and might become a warning of early aseptic 
loosening.13 However, in the RCT conducted by Shareghi 
et al, no significant difference was found between the 
two groups referring to the cup migration.18 In our meta-
analysis, the cup migration at two-year follow-up was 
larger in the VEPE group when synthesizing their results. 
However, we recommend a cautious interpretation of 

Galea 2018 5-year overall 93 7.49 136
Study or Subgroup Mean SD Total

VEPE
(A)

95.65 5.85 57
Mean SD Total

60.8% –2.65 [–4.62, –0.68]
Galea 2019 7-year 94 9.24 39 95.93 6.97 34 17.0% –1.93 [–5.66, 1.80]
Nebergall 2017 5-year 93 7.81 28 96.64 5.49 26 18.4% –3.64 [–7.22, –0.06]
Shareghi 2017 5-year 89.21 15.29 37 87.3 16.16 26 3.8% 1.91 [–6.02, 9.84]

Heterogeneity: Chi2 = 1.69, df = 3 (P = 0.64); I2 = 0%
Test for overall effect: Z = 3.24 (P = 0.001)

Total (95% CI) 240 143 100.0% –2.54 [–4.08, –1.00]

–10

Weight IV. Fixed. 95% CI
PE without VE Mean Difference

IV. Fixed. 95% CI
Mean Difference

–5 0 5 10
Favours [PE without VE] Favours [VEPE]

Galea 2019 3 42 3

Study or Subgroup Events Total
VEPE

(D)

37

Events Total

25.1% 0.87 [0.16, 4.61]
Rochcongar 2018 0 23 2 22 21.2% 0.17 [0.01, 3.85]
Salemyr 2015 1 25 1 26 8.0% 1.04 [0.06, 17.61]
Shareghi 2015 0 38 1 30 14.0% 0.26 [0.01, 6.50]
Shareghi 2017 0 37 2 28 23.7% 0.14 [0.01, 3.07]
Sköldenberg 2019 1

5 10

22 1 22 8.1% 1.00 [0.06, 17.07]

Weight M-H. Fixed. 95% CI
PE without VE Odds Ratio

M-H. Fixed. 95% CI
Odds Ratio

Galea 2018 5-year overall 0.835 0.225 136
Study or Subgroup Mean SD Total

VEPE
(B)

0.894 0.228 57
Mean SD Total

48.1% –0.06 [–0.13, 0.01]
Galea 2019 7-year 0.89 0.23 39 0.93 0.15 34 30.6% –0.04 [–0.13, 0.05]
Nebergall 2017 5-year 0.893 0.234 28 0.929 0.157 26 21.3% –0.04 [–0.14, 0.07]

Heterogeneity: Chi2 = 0.18, df = 2 (P = 0.92); I2 = 0%
Test for overall effect: Z = 1.94 (P = 0.05)

Total (95% CI) 203 117 100.0% –0.05 [–0.10, 0.00]

–0.1

Weight IV. Fixed. 95% CI
PE without VE Mean Difference

IV. Fixed. 95% CI
Mean Difference

–0.05 0 0.05 0.1
Favours [PE without VE] Favours [VEPE]

Galea 2018 5-year overall 49.3 10.49 136
Study or Subgroup Mean SD Total

VEPE
(C)

51.88 7.61 57
Mean SD Total

68.3% –2.58 [–5.23, 0.07]
Galea 2019 7-year 49.97 10.78 39 52.42 10.6 34 19.8% –2.45 [–7.36, 2.46]
Nebergall 2017 5-year 45.71 14.84 28 50.55 8.24 26 11.9% –4.84 [–11.18, 1.50]

Heterogeneity: Chi2 = 0.44, df = 2 (P = 0.80); I2 = 0%
Test for overall effect: Z = 2.53 (P = 0.01)

Total (95% CI) 203 117 100.0% –2.82 [–5.01, –0.64]

Heterogeneity: Chi2 = 2.19, df = 5 (P = 0.82); I2 = 0%
Total events

Test for overall effect: Z = 1.43 (P = 0.15)

Total (95% CI) 187 165 100.0% 0.49 [0.18, 1.30]

–10

Weight IV. Fixed. 95% CI
PE without VE Mean Difference

IV. Fixed. 95% CI
Mean Difference

–5 0 5 10
Favours [PE without VE] Favours [VEPE]

0.01 0.1 1 10 100

Favours [VEPE] Favours [PE without VE]

Fig. 6 Meta-analysis of mid-term clinical outcomes and revision rate. (A) Mid-term HHS. (B) Mid-term EQ-5D. (C) Mid-term SF-36 
physical summary. (D) Revision rate.
Note. VEPE, vitamin E incorporated highly cross-linked polyethylene; PE, polyethylene; HHS, Harris Hip Score; EQ-5D, EuroQol Five Dimensions Questionnaire; 
SF-36, the MOS item short from health survey.
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our results. Firstly, the revision rate in our meta-analysis 
was lower in the VEPE group, although without statistical 
significance. This equivalent revision rate partly indicates 
that the VEPE liner might not jeopardize the stability of the 
implants. Secondly, despite the low bias calculated in our 
meta-analysis, the two included RCTs used thoroughly 
different fixation patterns when implanting the cups. The 
incorporation of vitamin E into PE increases the number 
of cross-linking and gives the VEPE better mechanical 
strength.9,36 In THAs with cemented cups, the stiffer VEPE 
might increase the stress at the cement–bone interface, 
a phenomenon previously described in metal-backed 
cemented components.37 However, whether the hypoth-
esis is applicable to the uncemented cups is still beyond 
understanding. More research with longer follow-up peri-
ods is still needed to demonstrate whether VEPE affects 
the implant stability of cemented cups as well as unce-
mented cups.

When evaluating the PROMs, HHS, EQ-5D, and SF-36 
physical summary were applied in several of the included 
RCTs. Conflicting results were observed. The HHS at one 
year postoperatively favoured the VEPE group, while other 
parameters of early clinical outcomes were not different. 
However, the HHS at a minimum five years follow-up 
significantly favoured the control group, as well as the 
EQ-5D and SF-36 physical summary, which was very dif-
ferent from the equivalent PROMs reported by Wyatt et 
al in their meta-analysis.33 However, it is arbitrary to con-
clude that the use of VEPE liner resulted in worse PROMs 
with such a limited number of studies included. We are 
inclined to attribute these surprising results to the THA 
procedure itself rather than to the materials used in the 
bearing surface.

The main limitation of this meta-analysis is that we 
failed to distinguish blended VEPE from diffused VEPE in 
the VEPE group when performing the meta-analysis; nei-
ther did we distinguish HXLPE from UHMWPE in the con-
trol group. Furthermore, the different sizes and materials 
of the femoral head were also not taken into considera-
tion when performing the meta-analysis in this study. A 
network meta-analysis is needed to cover all compari-
sons lacked in this study when more research is available. 
Another limitation is due to inadequate original data pro-
vided with mean and standard deviation patterns and we 
can only calculate the mean and standard deviation using 
analytic methods previously described. This might more 
or less produce inaccuracy during our meta-analysis.

Conclusion
In this study, superior wear resistance of VEPE was iden-
tified. The total penetration of the femoral head within 
six months (creep), one year postoperatively (creep and 

wear), at two to three years postoperatively (early wear) 
and mid-term wear of the VEPE group was significant 
lower. In terms of clinical outcomes, although the PROMs 
of the VEPE group at mid-term follow-up seem worse, this 
conclusion may be compromised by the limited num-
ber of the included studies. More high quality RCTs with 
longer follow-up periods are still needed to clarify the 
effect of VEPE bearing surface on cup migration, as well as 
on clinical outcomes.
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