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Abstract
Background Recent data indicate that enhanced wear
resistance can be obtained with new cross-linked ultra-
high-molecular weight polyethylene (CL-UHMWPE) lin-
ers, in comparison with previous-generation liners. The
current prospective, cohort study was undertaken to analyse
whether the use of a new CL-UHMWPE (Rexpol) results in
a lower wear rate than ultra-high-molecular weight polyeth-
ylene (UHMWPE) in a group of similar patients undergo-
ing total hip arthroplasty (THA). This study provides the
Wrst clinical data with this particular CL-UHMWPE.
Methods Between January 2001 and December 2001,
patients underwent THA with biconical threaded cups and
ceramic femoral heads using either a CL-UHMWPE liner
(n = 50) or a regular UHMWPE liner (n = 57). At the time
of the Wnal 5-year evaluation, there were 48 patients avail-
able in the CL-UHMWPE and 54 patients available in the
UHMWPE group.
Results After a mean 5.6 years follow-up, there were no
signiWcant diVerences between the groups in Harris Hip
Score outcomes. However, there was a 69.1% decrease in
wear at 5 years for the CL-UHMWPE group in comparison
with the UHMWPE group (p < 0.01).
Conclusion The use of CL-UHMWPE signiWcantly
reduced the risk of polyethylene wear in patients undergo-
ing THA with biconical threaded cups and ceramic femoral
heads. Further follow-up is needed to determine how this
will inXuence long-term outcomes.
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Introduction

Ultra-high-molecular weight polyethylene (UHMWPE) has
been used as the main material for contact surfaces in total
hip arthroplasty (THA) for over four decades. In that time
period, it has become apparent that the production of wear
particles associated with this material can have a signiWcantly
deleterious eVect on patient outcomes [1]. The presence of
these particles—especially when found in high concentra-
tions—can stimulate an inXammatory response that promotes
periprosthetic osteolysis [1–5]. In the long term, this osteoly-
sis is responsible for the aseptic loosening of the implant that
constitutes the main cause of THA failure [1].

Several changes in the manufacturing process for UHM-
WPE have been instituted over the last decade to make it
more resistant to wear. The most relevant modiWcations
have been the use of high-dose irradiation to increase the
number of cross-links between the polymer chains and
improve the Wnal resistance of the polyethylene; the ulterior
heating of the material in order to decrease the number of
free radicals on the surface and limit oxidative deteriora-
tion; and sterilizing the component with gas and packaging
it in a low-oxygen environment to minimize the possible
oxidative eVect during storage [1, 6].

The ability of the new cross-linked ultra-high-molecular
weight polyethylene (CL-UHMWPE) to lower wear rates
in the short term was initially suggested by experimental
studies in laboratory hip simulators [7–10] and has since
been corroborated in randomized clinical trials in patients
undergoing THA, in which wear rates at a medium-term
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follow-up period favoured CL-UHMWPE over UHMWPE
[11–17].

The current prospective, cohort study provides the Wrst
clinical data with a new CL-UHMWPE (REXPOL®; Smith
& Nephew Orthopaedics AG, Baar, Switzerland) and, to
the authors’ knowledge, is the Wrst study to analyse this
material in a ceramic–polyethylene friction pair used in
biconical threaded cups. It was hypothesized that (1) this
CL-UHMWPE would produce less wear than UHMWPE
and (2) that there would be no relevant diVerences in terms
of clinical outcomes or the occurrence of complications
between the two groups.

Materials and methods

Patients and study design

This study was approved by the hospital ethics committee,
and all patients completed an informed consent form prior
to participation.

Between January 2001 and December 2001, 134 primary
THAs were implanted at our centre. Seventeen patients
aVected by tumours, post-traumatic arthritis, rheumatoid

arthritis, or sequelae from septic arthritis were excluded
from the study. Six patients refused to participate. This left
111 patients with primary hip osteoarthritis for whom a
THA was indicated, with 107 eventually receiving the allo-
cated intervention (Fig. 1).

Patients were assigned to one study group or another as
determined by the substitution of UHMWPE for CL-UHM-
WPE at our institution in June 2001. Therefore, the 57
patients in the UHMWPE arm were enrolled in the Wrst half
of the year, when only the UHMWPE was available, and
the 50 patients in the CL-UHMWPE arm were enrolled in
the second half of the year, when only CL-UHMWPE was
available. No patients experienced changes in their surgery
dates (established 2–3 months earlier) that would suppose
the inclusion in a diVerent group than the one expected.

The following baseline variables were recorded for each
patient: age, body mass index (BMI), which hip was oper-
ated on, and the etiology leading to THA (osteoarthritis,
avascular necrosis, other). No statistically signiWcant diVer-
ences between the two groups were found (Table 1).

At the 5-year follow-up point, three patients in the
UHMWPE group and two patients in the CL-UHMWPE
group could not be contacted, and were therefore consid-
ered to be lost to follow-up.

Fig. 1 Flow diagram of study 
enrolment Assessed for eligibility (n=134) 

Excluded (n=23) 
♦ Not meeting inclusion criteria: tumours, 

post-traumatic arthritis, rheumatoid arthritis, or 

sequelae from septic arthritis (n=17) 
♦ Declined to participate (n=6) 
♦ Other reasons (n=0) 

Analysed (n=54) 
♦ Excluded from analysis (n=0)

Lost to follow-up (n=3): death (1), moved to 
another city (1), and could not be found (1) 

Allocated to intervention THA with UHMWPE 
(n= 58) before 25th June 2001 
♦ Received allocated intervention (n=57)
♦ Did not receive allocated intervention (n=1): 

health condition precluded surgery

Lost to follow-up (n= 2): death (1) and could 
not be found (1) 

Allocated to intervention THA with CL-
UHMWPE (n=53) after 25th June 2001 
♦ Received allocated intervention (n=50)
♦ Did not receive allocated intervention (n=3): 

health condition precluded surgery (2) and 
chose another centre (1)

Analysed (n=48) 
♦ Excluded from analysis (n=0)

Allocation

Analysis

Follow-Up

Allocated to surgery (n=111) 
25th June 2001 

Substitution date of type of PE in our center 

Enrollment 
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Implants

All patients received a titanium non-cemented threaded
biconical cup (BICON-PLUS®; Smith & Nephew Ortho-
paedics AG), a 28-mm ceramic head (Biolox®: Ceramtec,
Plochingen, Germany), and a titanium rectangular stem
(SL-PLUS®; Smith & Nephew Orthopaedics AG).

The UHMWPE (PE Standard, Smith & Nephew Ortho-
paedics AG) used in this study is obtained by moulding via
compression or resin GUR 1020. It is then submitted to a
Gamma irradiation dose of 25.40 KGy. It does not receive
subsequent thermal treatment and is sterilized by irradiation
with nitrogen.

The CL-UHMWPE used in this study is obtained by
moulding via compression or resin GUR 1020. It is then
submitted to irradiation by means of an electron-beam at a
dose of 70 KGy. It receives a subsequent thermal heating
treatment and is sterilized by ethylene oxide gas.

Surgery and rehabilitation

All of the THAs were performed by two surgeons (one of
whom [initials removed] is an author of this study) using
the lateral Hardinge approach. Both surgeons were aware of
the type of polyethylene implanted at the time of surgery
according to whether it was performed before or after June
2001, and did not have the possibility of choosing one poly-
ethylene or the other peri-surgically.

The same postsurgical rehabilitation protocol was fol-
lowed by all patients. It consisted of sitting up the day after
the surgery and partial weight-bearing with the aid of
crutches from the second day through to the Wrst 2 months
following surgery.

Clinical outcomes

Functional evaluation after surgery was determined using
the Harris Hip Score (HHS) [18]. Following the protocol at
our centre, functional evaluations were performed immedi-
ately after surgery and 5 years after surgery.

Radiographic outcomes

Radiographic wear measurements were performed at the
3-month and 5-year follow-up visits. Initial wear measure-
ments were performed 3 months following implantation so
as to limit the inXuence of the “bedding-in” phenomena in
the detection of the true wear [19].

Radiological measurements were performed by two
investigators (initials removed) who were blinded as to
which group each radiograph belonged. Measurements
were performed on the control radiographs to determine
polyethylene wear. At 3 months, measurements were made
independently by each investigator, as per the centre’s fol-
low-up protocol for THAs. At the 5-year follow-up, the two
investigators performed the measurements at the same time
and recorded the results by consensus.

The manual measurement system described by Dorr and
Wann [20] was used to assess polyethylene wear in the metal-
backed cups, by measuring the displacement of the femoral
head on the horizontal line that joins the edges of the cup. For
this, we subtract the distance from the lower edge and higher
edge of the cup to the lower edge and higher edge of the fem-
oral head, respectively, and divide these diVerences in two. As
suggested by Kang et al. [21], a correction factor in depen-
dence of the cup inclination was applied in order to increase
accuracy of the method. Measurements of wear during a cer-
tain time period result in the diVerence of wear measured at
the limits of said time period [20, 22].

Increased measurement precision was sought through
the use of a caliper (X-Caliper®; Eisenlohr Technologies,
Inc., Davis, CA), an instrument that allows for the elimina-
tion of possible variations in the measurements derived
from magniWed radiographs. In this process, the size of the
prosthesis head (e.g., 28 mm) is marked as the value refer-
ence in the caliper. The caliper is then calibrated to the real
measurement, given that head size is a known variable,
which means that precise measurements can in turn be
recorded independently of the X-ray magniWcation. The
caliper also has the secondary advantage of allowing pre-
cise measurements on a scale of 0.1 mm (Fig. 2a–e).

Table 1 Baseline patient characteristics

CL-UHMWPE cross-linked ultra-high-molecular weight polyethylene, UHMWPE ultra-high-molecular weight polyethylene, BMI body mass in-
dex, OA osteoarthritis, AVN avascular necrosis, HHS Harris Hip Score, CI conWdence interval

CL-UHMWPE group UHMWPE group p value

Male:female 32:18 34:23 0.644

Age 65.4 (95% CI 62.3–68.4) 67.6 (95% CI 64.8–70.4) 0.185

Operated hip (right:left) 28:22 32:25 0.988

BMI 25.5 (95% CI 24.1–26.8) 25.6 (95% CI 24.0–27.3) 0.550

Etiology (OA:AVN:others) 39:5:6 44:11:2 0.128

HHS 36.1 (95% CI 32.8–39.4) 38.6 (95% CI 34.8–42.5) 0.467
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Statistical analysis

A power analysis was performed prior to beginning the
study. Assuming a standard deviation of 0.25 mm, a mini-
mal diVerence of 0.1 mm wear between the groups, a type I
error (�) of 5%, and a power of 80% (1—type II error [�]),
a sample size estimation of 49 patients for each group was
obtained.

Between-group comparisons were performed with the
Mann–Whitney test for continuous variables and the Pear-
son’s Chi-square test was used for nominal scaled vari-
ables.

Results

Patients

Patients were followed up for a mean follow-up of
5.6 years (range 5.1–6.1 years; Table 2). At the time of the
Wnal 5-year evaluation, there were 48 patients available in

the CL-UHMWPE and 54 patients available in the UHM-
WPE group (Fig. 1).

Clinical outcomes

There was no diVerence between the groups in terms
improvements in HHS (Table 2).

In 5 years, the only complications experienced by study
patients were a case of luxation in the UHMWPE group,
which was treated by reduction in tandem with temporary
limitation of the adduction and Xexing by orthesis, and a
case of superWcial infection of the surgical wound a month
after surgery in the CL-UHMWPE group, which was
solved by surgical cleaning without removing the implant.

Radiographic outcomes

The average linear wear detected at 5 years was 0.311 mm
in the UHMWPE group, with an average linear wear rate of
0.065 mm/year, in comparison with 0.096 mm in the CL-
UHMWPE group, with an average linear wear rate of

Fig. 2 a The caliper (X-Caliper®; Eisenlohr Technologies, Inc.) used
during manual measurements; b the limits for the truncated cone-
shaped cup and 28-mm ceramic femoral head marked on the X-ray;
c 0.24 mm wear measurement at 5 years follow-up; d the centred lines

of the head size-calibrated caliper match up with the limits of the head
at 3 months follow-up; and e the centred lines of the head size-cali-
brated caliper diVer from the limits of the head in 0.24 mm at 5 years
follow-up due to wear
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0.020 mm/year. This translates into a 69.1% decrease in
wear at 5 years for the CL-UHMWPE group in comparison
with the UHMWPE group (p < 0.01) (Table 2).

Discussion

Evidence from earlier in vitro studies Wrst suggested that
the use of CL-UHMWPE would reduce wear rates over
those observed with UHMWPE [7–10]. These Wndings
have since been conWrmed in the clinical setting in studies
with 5-year follow-up periods similar to the current analy-
sis [11–17].

This is the Wrst study to present clinical data with the
Rexpol liner. We have shown this liner to be superior to its
UHMWPE counterpart in addressing wear at the midterm
follow-up period. In comparison with UHMWPE, a 69.1%
decrease in wear was reported at 5 years. The average lin-
ear wear rate of 0.020 mm/year is well under the threshold
of 0.05 mm/year at which it has been theorized that osteoly-
sis could be eliminated [23]. These reductions in wear rates
are in line with other medium-term clinical trials comparing
CL-UHMWPE with conventional PE [11–17]. Mean
annual wear rates for CL-UHMWPE ranged from 0.01 to
0.036 in these studies, accounting for reductions of up to
approximately 95% in comparison with conventional PE
[11–17]. When taken together, results from both these stud-
ies and the current analysis are highly supportive of the
design modiWcations undertaken in the last decade to create
this class of material.

Important data regarding the long-term clinical prospects
of Wrst-generation CL-UHMWPEs was provided by Kurtz
et al., who conducted a multicentre retrieval analysis of
implants revised over a 10-year-period. Their Wndings con-
Wrmed the superior wear performance of CL-UHMWPEs
over conventional liners, with diVerent methods of produc-
ing this material yielding comparable linear penetration
rates. Aseptic loosening remained the most prevalent rea-
son underlying revision of TKA with CL-UHMWPEs,
though there was no discernible relationship between this
outcome and wear. It is also worth noting that the risk of
infection, which continued to be a major cause of revision

(21% of cases), is likely not addressed by this bearing
material [24].

Although the use of CL-UHMWPE has been reported in
metal–polyethylene friction pairs inside hemispheric cups,
to the authors’ knowledge this is the Wrst study to analyze
this material in a ceramic-polyethylene friction pair used in
biconical threaded cups. This biconical threaded cup design
has been associated with relatively good medium-term
wear rates [25], but it is unknown whether metal or ceramic
femoral heads will lead to diVerent results when used with
CL-UHMWPE [24].

We utilized the manual measurement system described
by Dorr and Wan [20], under application of the correction
method as proposed by Kang et al. [21], to ascertain wear
rates in this analysis. Computerized methods were not
available to us, given the absence of specialized software
for the analysis of wear in biconical threaded cups. The
method that we applied is known to be simple and repro-
ducible, with an accuracy comparable to that of the com-
puterized method from Devane [21].

A randomized design was not used in this study. If the
exclusive availability of UHMWPE and CL-UHMWPE
before and after June 2001, respectively, has impeded a true
randomized design, the general characteristics of such a
design have been maintained given that none of the patient
intervention dates were modiWed and that all patients ended
up being part of the groups they were originally intended to
be upon enrolment.

Additionally, all patients were operated upon at the same
institution with identical prostheses, and the absence of rel-
evant diVerences between the groups at baseline was statis-
tically conWrmed. We believe limiting the number of major
confounding study variables to the contact surface material
suYciently allows for a comparison between UHMWPE
and CL-UHMWPE.

In conclusion, the use of CL-UHMWPE in THAs with
biconical threaded cups and ceramic heads reduced wear
by approximately 70% at 5 years in comparison with
UHMWPE. It can be expected that the beneWts of using
CL-UHMWPE will be maintained over the long term,
resulting in lower rates of wear and decreased particle
production. In theory, the improved conditions in the

Table 2 Results of polyethylene wear analysis and functional evaluation at 5-year follow-up visit

CL-UHMWPE cross-linked ultra-high-molecular weight polyethylene, UHMWPE ultra-high-molecular weight polyethylene, PE polyethylene,
HHS Harris Hip Score, CI conWdence interval

CL-UHMWPE group UHMWPE group p value

Average follow-up time (years) 5.4 (5.1–5.5) 5.8 (5.6–6.1) 0.382

PE wear (mm) 0.311 (95% CI 0.236–0.386) 0.096 (95% CI 0.026–0.165) 0.000

HHS post 92.3 (95% CI 89.4–95.1) 93.7 (95% CI 92.0–95.4) 0.637

HHS improvement 56.1 (95% CI 52.3–59.9) 52.1 (95% CI 44.1–60.2) 0.367
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periprosthetic environment could also result in less forma-
tion of osteolysis and, consequently, a reduced long-term
risk of aseptic loosening of the implant, the main factor
contributing to follow-up surgery at this time [1, 5]. How-
ever, randomized clinical studies with extended follow-up
periods will be required to conWrm the long-term clinical
outcomes associated with this bearing material, including
the biological eVects of wear particles resulting from its use
and whether results will vary according to the type of femo-
ral head employed.

The experiments described herein comply with the cur-
rent laws of the country in which they were performed
(Spain).

ConXict of interest The authors declare they have no conXict of
interest.
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