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Background and purpose — Vitamin E infused highly 
cross-linked polyethylene (VEPE) was introduced in order 
to enhance oxidative resistance in highly cross-linked poly-
ethylene cups in total hip arthroplasty (THA). We have, with 
a follow-up of 5 years, evaluated wear characteristics of 2 
identically designed cemented cups with the only difference 
being the material, VEPE or ultra-high molecular weight 
polyethylene (UHMWPE). Furthermore, we report cup 
migration and clinical outcome.

Patients and methods — 48 patients with primary 
osteoarthritis were randomized to either UHMWPE or VEPE 
cups. Patients were followed with radiostereometric analysis 
(RSA) from the first postoperative day, at 3 months, 1, 2, and 
5 years as well as with hip-specific outcome questionnaires.

Results — At 3 months the mean proximal head penetra-
tion for UHMWPE was 0.07 mm (95% CI 0.03–0.11) and 
for VEPE 0.06 mm (–0.01 to 0.13). Thereafter, there was 
a continuous annual wear of 0.08 mm/year, up to 0.46 mm 
(0.36–0.57) at 5 years, for the UHMWPE cup. The VEPE 
cup showed low annual wear of 0.01 mm/year, up to 0.09 mm 
(0.02–0.16) at 5 years. In the first 3 months the UHMWPE 
cup migrated cranially 0.08 mm (0.03–0.13) whereas the 
VEPE cup migrated 0.17 mm (0.10–0.24), Thereafter, they 
showed similar migration patterns with stabilization between 
2 and 5 years up to 0.21 mm (0.04–0.39) and 0.24 mm (0.13–
0.36) respectively. The HOOS remained good up to 5 years, 
and no cup was revised.

Interpretation — Compared with otherwise identical 
UHMWPE cups the cemented VEPE cup shows statistically 
significant reduction of wear up to 5 years and both cup types 
stabilize well with good clinical outcome.

Since the introduction of highly cross-linked polyethylene 
(HXLPE), it has proven itself superior to ultra-high molecular 
weight polyethylene (UHMWPE) with lower wear and good 
implant survival (1,2). However, these results have been chal-
lenged by oxidation and wear. Oxidation of the HXLPE results 
in decreased crosslink density, leading to increased wear with 
short-term clinical failures after gamma sterilization in air 
or long-term shelf ageing in air (3). To address this problem 
manufacturers developed strategies to improve oxidation 
resistance and wear reduction. Annealing resulted in a product 
containing elevated residual free radicals with the potential 
to oxidize in vivo, whereas remelting resulted in undetectable 
amounts of free radicals but reduced the crystallinity of the 
polyethylene and lowered the material properties (4). 

In order to provide enhanced oxidation resistance, without 
compromising the fatigue strength of HXLPE, the practice 
of Vitamin-E (α-tocopherol) infusion in highly cross-linked 
polyethylene (hereafter called VEPE) was introduced (5). 
The use of VEPE liners in total hip arthroplasty (THA), with 
cementless cups, has been studied in clinical trials with low 
wear at short and mid-term follow-ups (6-10), indicating that 
VEPE is a promising alternative in THA although longer fol-
low-up is needed. However, there has been only 2 studies on 
VEPE evaluating cemented cups, both showing similar results 
to those for the uncemented THA (11,12). 

In a randomized trial we primarily determined the wear 
properties of 2 identically designed cemented cups, up to 5 
years, with the only difference being the material: VEPE or 
UHMWPE. Wear was measured with the use of radiostereo-
metric analysis (RSA). Secondarily we compared the migra-
tion pattern of these cups as well as clinical outcome, mea-
sured with a hip osteoarthritis outcome score (HOOS) and a 
health-related quality of life score (EQ5D).  
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ASA IV–V, previous surgery on the hip, THA on the contralat-
eral side within the last 6 months, active infection, dementia, 
malignant disease, rheumatoid arthritis, or alcohol abuse. Fur-
ther exclusion criteria were patients considered better suited 
to an uncemented THA, based mainly on age (< 55 years) and 
bone quality considerations (type A femur). 

1 patient in the VEPE group had an insufficient amount of 
tantalum markers in the cup, thus being ineligible for RSA 
analysis, and was excluded from the trial. At 60 months, 2 
patients, 1 from each group, declined follow-up due to non-
hip-related illness and 1 patient from the VEPE group had died. 
Thus, 23 patients from the PE group and 21 patients from the 
VEPE group were eligible for analysis after 5 years (Figure 1).

Surgery
Surgery was performed by 3 experienced hip surgeons (GF, 
MS, JT) with a posterolateral approach at Skåne University 
Hospital, Sweden. All patients received a Sirius cemented 
stem (Biomet Orthopedics, Warsaw, IN, USA). Statistics soft-
ware was used to create a blocked randomization and closed 
numbered envelopes were opened during surgery to decide 
whether the patient should have an Exceed ABT cemented 
cup (Biomet Orthopedics, Warsaw, IN, USA) made of either 
UHMWPE (ArCom) or VEPE (E1 Antioxidant Infused tech-
nology). All patients received a 32 mm metal (CoCr) femo-
ral head. Refobacin bone cement (Biomet) was used, and the 
implants inserted according to the manufacturer’s recommen-
dations. Both the patients and the RSA analyst were blinded to 
the type of intervention. 

The UHMWPE is made of GUR1050 resin and manufac-
tured in a hot-isostatic compression molding process.

The VEPE is based on the UHMWPE barstock and is 
machined, packaged, and gamma irradiated to a dose of 100 
kGy (10 Mrad), in order to cross-link the polymer chains. 
After irradiation, the parts are infused with vitamin E. The 
polyethylene is then machined into the final geometry and 
gamma sterilized.

Clinical assessment
A self-administered Hip Disability and Osteoarthritis Outcome 
Score (HOOS), and a health-related quality of life score (EQ5D) 
was completed before surgery and at 12, 24, and 60 months.

Radiostereometric analysis
RSA examinations were performed according to the guidelines 
for standardization for RSA (13). During surgery, 8–9 tanta-
lum beads (0.8 mm diameter) were inserted into the periace-
tabular bone; an additional 5–6 tantalum beads were inserted 
into the peripheral surface of the cup. All patients underwent 
conventional radiographic examination and a reference RSA 
examination on the 1st postoperative day. The patients were 
followed with RSA and clinical examinations at 3, 12, 24, and 
60 months, with a time tolerance of ± 5%. All patients had a 
double examination at the 1st postoperative examination to 
calculate the precision value of the examination (Table 2, see 
Supplementary data). 

The center of the femoral head in relation to the segment 
made up of the tantalum markers in the cup was used for the 
wear analysis. The tantalum markers in the cup and periace-
tabular bone were used to form segments, which in turn were 
used for the cup migration analysis. Proximal head penetration 
(Y-translation) and 3D penetration were selected as primary 

Table 1. Patient characteristics 

 UHMWPE VEPE Total
Variables n = 24 n = 24 n = 48

Age (range) 72 (58–83) 71 (62–81) 71 (58–83)
Female sex 18 19 37
BMI (SD) 25 (3.6) 27 (4.7) 26 (4.2)

Assessed for eligibility
n = 223

Eligible for postop. analysis (n = 24)
Lost to follow-up (n = 0)

Examined at 3 months, 1 year and 
2 years (n = 24)
Lost to follow-up (n = 0)

Examined at 3 months, 1 year and 
2 years (n = 23)
Lost to follow-up (n = 0)

Examined at 5 years (n = 23) Examined at 5 years (n = 21)

Eligible for postop. analysis (n = 24)
Lost to follow-up (n = 1):
– due to RSA technical issues

Allocated to UHMWPE (n = 24)
Received allocated intervention (n = 24)

Allocated to VEPE (n = 24)
Received allocated intervention (n = 24)

Excluded
Not meeting inclusion criteria

n = 175

Randomized
n = 48

Lost to follow-up (n = 2):
– dead
– declined participation 
   due to illness

Lost to follow-up (n = 1):
– declined participation 
   due to illness

Patients and methods
Trial design and patients
This is a randomized control trial, conducted at 
Skåne University Hospital, with surgery per-
formed between January 2014 and June 2015. 48 
patients with mean age 71 years (58–82) were 
included. All had primary hip osteoarthritis (OA) 
and were graded Charnley class A or B (Table 1). 

Exclusion criteria were patients with marked 
bone loss, Parkinson’s disease, immunosuppres-
sive disease and/or therapy, BMI < 16 or > 40, 

Figure 1. Consort flowchart.
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effect variables for wear analysis. In the secondary outcome, 
change in proximal cup migration (Y-translation) and inclina-
tion (Z-rotation) was added for the cup analysis. 

Statistics
Power analysis was performed based on previously published 
RSA data on stems and cups. Assuming that the true differ-
ence of head penetration at 2 years is 0.1 mm with a common 
SD of 0.1, 21 patients in each group would yield a power of 
90% to find a statistically significant difference between the 
groups, using a significance level of 0.05. To cover possible 
dropouts, 24 patients were included in each group. 

Continuous variables are presented using mean and SD or 
range, and categorical variables are presented using counts 
and percentages. A significance level of 0.05 was used for all 
statistical tests and 95% confidence intervals (CI). 

Wear over time was analyzed using a piecewise linear 
mixed-effect model with a knot (breaking point) at 3 months 
after surgery where a clear pattern change from creep to defor-
mation has been shown in an earlier study (14). The models 
included 3 fixed effects: group, time starting from surgery 
and time starting from 3 months after surgery, and 2 interac-
tion terms between group and the time variables. Subject was 
included as a random effect. These models gave the opportu-
nity to compare the wear slopes before and after the breaking 
point between the 2 cup types. The primary endpoint could 
therefore be defined as the slope of the wear during the first 5 
years estimated from observations at 3 months, 1 year, 2 years, 
and 5 years. Before performing the actual analyses, data was 
reviewed to confirm the assumption that the breaking point 
was at 3 months after surgery. 

The clinical outcome data was analyzed using a Mann–
Whitney U-test for comparison between groups.

Ethics, registration, data sharing, funding, and poten-
tial conflicts of interest
The trial, which includes an RSA evaluation on the femoral 
side, was approved by the Ethics Committee of Lund Uni-

versity, Sweden (Dnr 2013/801). Written informed consent 
was obtained from all patients to participate in the trial. The 
trial was carried out according to the Helsinki Declaration of 
1975, as revised in 2000, and registered in ClinicalTrials.gov 
(identifier: NCT02307331). The data sharing plan was written 
on DMPRoadmap at Lund University. Complimentary data is 
available on reasonable request. 

Zimmer Biomet has been financially sponsoring part of 
the RSA examinations but has had no part in the analysis or 
interpretation of data. The authors have no conflicts of interest 
related to the trial.

Results
RSA
Both cup types showed an initial deformation caused by the 
femoral head, also called creep, during the first 3 months. 
The mean proximal head penetration (Y-translation) for the 
UHMWPE was 0.07 mm and for the VEPE 0.06 mm after 
this first deformation phase. Thereafter, the UHMWPE had 
continuous wear throughout the trial period and at 5 years 
had a total Y-translation of 0.46 mm, corresponding to an 
annual wear rate of 0.08 mm/year. Between 3 months and 5 
years the VEPE continued to show low wear values and at 5 
years had a total Y-translation of 0.09 mm with annual wear 
rate of 0.01 mm/year. The difference in mean wear between 
groups at 2 and 5 years was statistically significant (Table 3  
and Figure 2). 

The total 3D penetration was 0.23 mm for the UHMWPE 
and 0.26 mm for the VEPE group after 3 months. Similar to 
the Y-translation, the 3D measured wear steadily continued 
for the UHMWPE, yielding 0.68 mm after 5 years. In con-
trast, the VEPE showed a low wear value of 0.32 mm after 5 
years. This results in an annual wear rate of 0.1 mm/year for 
the UHMWPE and 0.01 mm/year for the VEPE (Figure 3). 

Table 3. Wear measured as translation of femoral head in (mm). 
Values are mean (95% CI)

Axis Months UHMWPE VEPE p-value a

Y    3 0.07 (0.03 to 0.11) 0.06 (–0.01 to 0.13) 0.6
   12 0.14 (0.09 to 0.20) 0.07 (0.00 to 0.13)  
   24 0.23 (0.17 to 0.30) 0.07 (0.01 to 0.14)  
   60 0.46 (0.36 to 0.57) 0.09 (0.02 to 0.16) < 0.01 
3D   3 0.23 (0.15 to 0.30) 0.26 (0.13 to 0.39)  0.8
   12 0.42 (0.13 to 0.71) 0.28 (0.14 to 0.43)  
   24 0.50 (0.21 to 0.79) 0.29 (0.15 to 0.43) 
   60 0.68 (0.42 to 0.95) 0.32 (0.17 to 0.47) < 0.01

a The p-value indicates the differences in slope between the 2 
groups as calculated with a piecewise linear mixed effects model, 
with a knot at 3 months thus comparing 0 to 3 months and 3 
months to 5 years, respectively. 
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Figure 2. Y-translation of the 
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During the first 3 months the UHMWPE cup migrated 0.08 
mm cranially (Y-translation) whereas the VEPE cup migrated 
0.17 mm. There was a slight continuous migration of both 
cups up to 2 years, but after that they had stabilized and at 5 
years they showed a total Y-translation of 0.21 mm and 0.24 
mm, respectively, for the UHMWPE and VEPE cups. The 
UHMWPE cup had initial Z-rotation of –0.07° and –0.10° for 
the VEPE cup. During the trial period the Z-rotation increased 
negatively to –0.24° for the UHMWPE whereas the VEPE 
cups showed positive rotation to –0.03° at 5 years (Table 4 
and Figures 4 and 5). 

1 patient in the UHMWPE group had a noticeable osteolytic 
zone in DeLee and Charnley Zone 1 on the 1st postoperative 
radiography. This patient had an initial Y-migration of the 
cup of 0.39 mm after 3 months and had a steady increase in 
Y-migration during the trial period with total Y-migration of 
1.76 mm. So far, however, this cup has not been revised. No 
other cup in the trial showed signs of radiological or clinical 
loosening. 

Clinical outcome
HOOS and EQ5D outcome was similar for both groups preop-
eratively as well as at 12, 24, and 60 months with no statisti-

cally significant difference between groups. As expected, the 
scores improved compared with preoperatively and remained 
good up to 5 years (Figures 6 and 7, see Supplementary data).  

Discussion

We investigated the differences in cup wear and migra-
tion between UHMWPE and VEPE in otherwise identical 
cemented cups up to 5 years. We confirmed that the VEPE 
cup showed statistically significantly less wear up to 5 years 
compared with the UHMWPE; however, both cups showed a 
stable migration pattern. We found that both cups show ini-
tial creep during the 1st 3 months, after which head penetra-
tion pattern changes and the wear phase gradually takes place 
(Figures 2 and 3). Furthermore, the wear curve for the VEPE 
flattened out compared with the UHMWPE, which showed 
almost linearly increased wear curve. This further strengthens 
our theory that most of the initial creep takes place during the 
first 3 months as we have previously reported on other liner 
types (14,15).

Alpha-tocopherol, vitamin E, is a lipophilic antioxidant 
compound owing to its phytyl tail, providing favorable inter-
actions with UHMWPE (5). Vitamin E can be incorporated 
into the UHMWPE in 2 ways. 1 is to blend vitamin E into the 
UHMWPE powder before consolidation and then cross-link 
with the use of ionizing radiation. The presence of vitamin E 
can, however, reduce the efficiency of cross-linking during the 
irradiation process. The alternative method is diffusion of the 
vitamin E into the UHMWPE following radiation cross-link-
ing and then the cross-linking process is not affected by the 
presence of vitamin E (16). This method was used on the cups 
in the current trial and is more widely used today. The vitamin 
E is added to the UHMWPE to neutralize the free radicals 
generated during the irradiation and thermal treatment phase. 

The VEPE shows less annual wear than the UHMWPE 
with an annual wear rate of 0.01 mm/year compared with 

Table 4. Cup migration. Values are mean (95% CI)

Axis/Months UHMWPE VEPE p–value a

Translation (mm) 
 X–axis, medial (+) or lateral (–) 
    3 0.01 (–0.02 to 0.04) 0.06 (–0.01 to 0.14) 0.3
  12 –0.01 (–0.09 to 0.07) 0.07 (–0.05 to 0.18) 
  24 0.01 (–0.06 to 0.07) 0.09 (–0.04 to 0.22) 
  60 0.02 (–0.09 to 0.12) 0.16 (–0.02 to 0.35) 0.1
 Y–axis, proximal (+) or distal (–) 
    3 0.08 (0.03 to 0.13) 0.17 (0.10 to 0.24) 0.06
  12 0.14 (0.06 to 0.22) 0.22 (0.13 to 0.32) 
  24 0.17 (0.08 to 0.26) 0.24 (0.15 to 0.33) 
  60 0.21 (0.04 to 0.39) 0.24 (0.13 to 0.36) 0.3
 Z–axis, anterior (+) or posterior (–) 
    3 0.06 (0.00 to 0.13) 0.02 (–0.05 to 0.09) 0.3
  12 0.04 (–0.22 to 0.10) –0.01 (–0.07 to 0.05) 
  24 0.02 (–0.04 to 0.09) –0.01 (–0.09 to 0.06) 
  60 0.01 (–0.02 to 0.22) 0.05 (–0.03 to 0.13) 0.9
Rotation (°)
 X–axis, anterior (+) or posterior (–)
    3 0.09 (–0.03 to 0.22) 0.07 (–0.08 to 0.23) 0.7
  12 0.10 (–0.13 to 0.32) 0.13 (–0.03 to 0.29) 
  24 0.08 (–0.09 to 0.26) 0.11 (–0.09 to 0.30) 
  60 –0.02 (–0.35 to 0.31) 0.29 (0.04 to 0.55) 0.01
 Y–axis, anteversion (+) or retroversion (–) 
    3 –0.07 (–0.18 to 0.04) –0.11 (–0.26 to 0.05) 0.9
  12 –0.11 (–0.37 to 0.15) –0.05 (–0.21 to 0.10) 
  24 –0.10 (–0.29 to 0.08) –0.13 (–0.29 to 0.02) 
  60 –0.01 (–0.29 to 0.26) –0.11 (–0.35 to 0.12) 0.5
 Z–axis, decreased (+) and increased inclination (–)  
      3 –0.07 (–0.16 to 0.03) –0.10 (–0.32 to 0.12) 0.9
  12 –0.25 (–0.54 to 0.04) –0.17 (–0.48 to 0.14) 
  24 –0.20 (–0.40 to 0.01) –0.08 (–0.44 to 0.27)
  60 –0.24 (–0.55 to 0.07) –0.03 (–0.50 to 0.44) 0.2

a See Table 3
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0.08 mm/year for the UHMWPE. Dumbleton et al. proposed 
acceptable an annual wear threshold of 0.1 mm/year and 
both cups are within this threshold (17). In the same review 
article, the authors proposed that an even safer threshold of 
0.05 mm/year would eliminate osteolysis and the VEPE cup 
fulfills this requirement as well. These results are consistent 
with the previously published data on VEPE in uncemented 
cups (7,8,18,19). 

Our results are similar to the 2 studies that have been pub-
lished on cemented VEPE cups, both of which were done using 
the same VEPE cup as in our trial, Biomet E1. These studies 
were conducted similarly to our protocol with early postop-
erative imaging and the same follow-up intervals. Sköldenberg 
et al. reported 2-year results with initial head penetration for 
VEPE after 3 months of 0.22 mm (SD 0.08) and 0.23 mm (SD 
0.12) after 2 years (11). Thoen et al. reported total penetration 
(Y-axis) of 0.10 mm (SD 0.15) at 2 years and 0.17 mm (SD 
0.15) at 5 years with a reported annual proximal wear rate of 
0.03 mm/year, thus slightly more than our results (12). Although 
the wear results for the VEPE cup showed excellent perfor-
mance, with very low annual wear rate, up to 5 years, there are 
no definitive signs of superiority of the VEPE compared with 
HXLPE. However, there is a possibility that the intended effect 
of vitamin E infusion of the polyethylene is latent and longer 
follow-up is needed for the full effect to be observed. 

Our secondary outcome was to investigate the possible dif-
ferences in migration behavior between the cemented cups, 
as well as clinical outcome. After an initial bedding-in phase 
where the cup stabilizes, the VEPE cup showed a stable 
migration pattern while the UHMWPE cup experienced a 
slight increase in Y-migration up to 5 years but without a sta-
tistically significant difference between the cups. This slight 
increase in Y-translation of the UHMWPE group is explained 
by the 1 outlier patient who had high migration results. When 
excluded from the analysis, the curves for both groups were 
identical from 3 months. When analyzing the migration pat-
tern of the VEPE cup, as Sköldenberg et al. also reported, we 
see more initial migration of the cup during the first 2 years 
compared with the UHMWPE cup. Based on their reported 
2-year results, Sköldenberg et al. (11) raised concerns regard-
ing potential later loosening of the cemented cup. Our results, 
however, do not lead us to share the same concerns, as after 2 
years the migration curve for the VEPE cup showed a stable 
migration pattern. This was also reported by Thoen et al. 
(12). While comparing the differences in wear between the 
UHMWPE and VEPE it is interesting to note that there seems 
to be no correlation between the amount of wear generated 
and the amount of migration of the cup in the acetabulum. 
This can be explained by both cups being within the accept-
able wear threshold of 0.1 mm/year and therefore not affecting 
the cup migration. 

As previously mentioned, 1 patient in the UHMWPE group 
had a noticeable radiolucent line in DeLee and Charnley zone 
1 on the 1st postoperative radiograph. Compared with the 

other trial participants, this patient already had higher migra-
tion values at 3 months and this continued for the whole fol-
low-up period regarding proximal (Y-translation) and medial 
(X-translation) cup migration; however, this was not the case 
for rotational values. It should be noted that the wear values 
for this patient were not higher compared with other partici-
pants in the trial. This patient’s HOOS score was very good 
up to 2 years (100 pts), but the pain score was markedly lower 
after 5 years (65 pts). The cup has not yet been revised, but 
the patient will be further monitored. We believe that this out-
lier case is interesting as it already shows the potential pre-
dictability value of RSA early on before the onset of clinical 
symptoms. 

The HOOS and EQ5D outcome scores for both the 
UHMWPE and VEPE groups shows that both cups give good 
clinical results up to 5 years. 

A limitation of our trial is that we compared VEPE cups 
with UHMWPE cups, and not HXLPE cups. This could have 
been more relevant as we would then possibly compare the 
pure effect of the Vitamin E in the production of the VEPE. 

In conclusion, our results show that the cemented VEPE cup 
has a low and stable wear pattern up to 5 years, well below the 
accepted clinical thresholds, unlike the UHMWPE cup where 
the 95% CI bypasses the clinical threshold for osteolysis. Fur-
thermore, we found that early creep, the deformation phase, 
seems to gradually end after 3 months. Earlier concerns about 
VEPE cup stability cannot be confirmed as our results show 
good cup stability after an initial bedding-in phase.

HB: trial conduction, data analysis, writing of the manuscript. GF, MS, and 
JT: trial design and conduct, performing surgery, data analysis, and critical 
revision of the manuscript. VZ: data analysis and critical revision of the 
manuscript.
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Table 2. Precision values of the cup wear and migration analysis. 
The value given represents the smallest migration that is considered 
statistically significant and is based on 2 SD of the error obtained. 
This therefore corresponds to the 95% confidence limit

   Axis n Mean (SD) Precision values

Wear: Y-translation (mm) 48  0.00 (0.04) 0.09
Cup translation (mm)
 X 53 0.01 (0.05) 0.09
 Y 53 –0.01 (0.04) 0.08
 Z 53 0.01 (0.09) 0.18
Cup rotation (°)
 X 53 0.24 (0.22) 0.43
 Y 53 0.00 (0.25) 0.48
 Z 53 0.02 (0.13) 0.48
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Figure 6. HOOS questionnaire outcome. HOOS outcome measures: 
Pain; Symptoms including stiffness and range of motion; Activity limita-
tions—daily living (ADL); Sport and Recreation Function (Sport/Recre-
ation); and Hip-Related Quality of Life (QoL). A score of 0 indicates poor 
function/high number of symptoms, a score of 100 indicates excellent 
function/low number of symptoms.

Figure 7. EQ5D questionnaire outcome. EQ5D measures: EQ5D Score, 
EQ5D Mobility, EQ5D Self-care, EQ5D Activity, EQ5D Pain, EQ5D Anxi-
ety. Patients’ responses are coded as a number (1, 2, or 3) that cor-
responds to the respective level of severity: 1 indicates no problems, 2 
some problems, and 3 extreme problems.


