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Abstract

Background Charnley low-friction torque total hip
arthroplasty (THA) remains the gold standard in THA. The
main cause for failure is wear of the socket. Highly
crosslinked polyethylene (HXLPE) has been associated
with reduced wear rates. Also, oxidized zirconium has
shown in vitro reduced wear rates. However, to our
knowledge, there are no data comparing oxidized zirco-
nium femoral heads with metal heads against HXLPE or
ultrahigh-molecular-weight  polyethylene (UHMWPE)
when 22.25-mm bearings were used, which was the same
size that performed so well in Charnley-type THAs.
Questions/purposes We hypothesized that after a mini-
mal 4-year followup (1) use of HXLPE would result in
lower radiographic wear than UHMWPE when articulating
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with a stainless steel head or with an oxidized zirconium
head; (2) use of oxidized zirconium would result in lower
radiographic wear than stainless steel when articulating
with UHMWPE and HXLPE; and (3) there would be no
difference in terms of Merle d’ Aubigné scores between the
bearing couple combinations.

Methods One hundred patients were randomized to
receive cemented THA with either oxidized zirconium or a
stainless steel femoral head. UHMWPE was used in the
first 50 patients, whereas HXLPE was used in the next 50
patients. There were 25 patients in each of the four bearing
couple combinations. All other parameters were identical
in both groups. Complete followup was available in 86 of
these patients. Femoral head penetration was measured
using a validated computer-assisted method dedicated to
all-polyethylene sockets. Clinical results were compared
between the groups using the Merle d’ Aubigné score.
Results In the UHMWPE series, the median steady-state
penetration rate from 1 year onward was 0.03 mm/year
(range, 0.003-0.25 mm/year) in the oxidized zirconium
group versus 0.11 mm/year (range, 0.03-0.29 mm/year) in
the metal group (difference of medians 0.08, p < 0.001). In
the HXLPE series, the median steady-state penetration rate
from 1 year onward was 0.02 mm/year (range, —0.32 to
0.07 mm/year) in the oxidized zirconium group versus 0.05
mm/year (range, —0.39 to 0.11 mm/year) in the metal
group (difference of medians 0.03, p < 0.001). The Merle
d’Aubigné scores were no different between the groups
with a median of 18 in each of the groups (range, 16—18).
Conclusions This study demonstrated femoral head pen-
etration was reduced by oxidized zirconium when
compared with metal on both UHMWPE and HXLPE.
However, apart the metal- UHMWE group, all other groups
had a steady-state penetration rate well below the osteol-
ysis threshold with a low difference between groups that
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might not be clinically important at this point. Longer-term
followup is needed to warrant whether wear reduction will
generate less occurrence of osteolysis and aseptic
loosening.

Level of Evidence Level II, therapeutic study.

Introduction

The low-friction torque arthroplasty, pioneered by Sir John
Charnley, has been associated with excellent implant sur-
vival up to 30-year followup using revision for aseptic
loosening as the endpoint [1, 24, 25]. At the authors’ insti-
tution, a modified Charnley-type low-friction THA, using a
22.25-mm metal head articulating with a cemented all-
polyethylene socket, has been used since 1972 [14]. Our
previous results have been consistent with those reported by
other groups, even in high-demand patient populations [9,
13]. We found, along with others, that the main reason for
revision was socket loosening related to high polyethylene
wear and periprosthetic osteolysis [23]. Several approaches
have been proposed to decrease wear of ultrahigh-molecular-
weight polyethylene (UHMWPE), including the develop-
ment of highly crosslinked polyethylene (HXLPE) [10, 19,
22] and the reduction of the coefficient of friction and
increased scratch resistance of the femoral head. Several
clinical prospective controlled studies comparing HXLPE
with UHMWPE in THA up to 10-year followup clearly
indicate reduced wear for HXLPE [3, 7, 11, 15].

However, fewer data are available for modification to
the femoral head component. Oxidized zirconium (Ox-
inium; Smith & Nephew, Memphis, TN, USA) was
introduced in 1997 based on favorable in vitro data [2, 8].
We are aware of only three in vivo studies, including two
randomized trials, that have assessed its actual clinical
benefits in terms of reduced wear when compared with
metal in primary THAs [5, 12, 21]. Also, these studies have
been limited by their minimum followup of only 2 years,
and none evaluated Charnley-type low-friction torque
arthroplasty, which we define as a 22.25-mm femoral head
articulating with an all-cemented polyethylene socket.
However, Charnley-type arthroplasty deviates from the
original Charnley device in terms of femoral head modu-
larity, stem design including offset and range of sizes, but
also cementing technique. We therefore performed a ran-
domized controlled trial comparing the penetration rate of
metal and oxidized zirconium femoral heads on UHMWPE
and HXLPE.

We hypothesized that after a minimal 4-year followup,
(1) use of HXLPE would result in lower radiographic wear
than UHMWPE when articulating with a stainless steel
head or with an oxidized zirconium head; (2) use of

oxidized zirconium would result in lower radiographic
wear than stainless steel when articulating with UHMWPE
and HXLPE; and (3) there would be no difference in terms
of Merle d’Aubigné scores between the bearing couple
combinations.

Patients and Methods

Between January 2006 and December 2006, we used a
22.25-mm femoral head and an all-polyethylene cemented
socket in primary THAs for all patients in our practice. All
patients were proposed to participate to this randomized
clinical trial. The inclusion criteria were primary or sec-
ondary osteoarthritis of the hip requiring THA, age < 75
years, and permanent residency in France to reduce the
number of dropouts. Of the 143 patients operated using this
approach during the study period, 100 were eligible and
consented to enroll in this randomized clinical trial. Three
patients (3%) had died from an unrelated cause, four (4%)
had been lost to followup, seven (7%) had inadequate
radiographs that were rejected by the software as a result of
pelvic rotation of more than 25° between pairs of radio-
graphs, whereas 86 patients (86%) were available for
clinical and radiologic followup at a minimum of 4 years
(median, 6 years; range, 4-8 years). Final group numbers
were as follows: UHMWPE-stainless steel: 22 patients;
UHMWPE-oxidized zirconium: 22 patients; HXLPE-
stainless steel: 21 patients; and HXLPE-oxidized zirco-
nium: 21 patients. Median followup for the UHMWPE
groups was 7 years (range, 5-8 years). Median followup for
the HXLPE groups was 6 years (range, 4—7 years).

There were 56 women and 44 men with a median age of 62
years (range, 21-75 years), a median height of 166 cm (range,
147-190 cm), a median weight of 75 kg (range, 48-115 kg),
and a median body mass index of 26 kg/m? (range, 17-38 kg/
m?). The patients were randomized using a computer-gener-
ated block randomization scheme to receive either a metal or
oxidized zirconium femoral head. The randomization was
based on the order of patient presentation, so each patient was
randomized individually, and was performed during baseline
assessment. To avoid surgeon bias, randomization was strat-
ified by surgeon so that each surgeon performed equivalent
numbers. The first 50 patients had UHMWPE sockets,
whereas the next 50 patients had HXLPE sockets of an iden-
tical design, all being all-cemented cups. This change in the
polyethylene material occurred within a 6-month interval and
was done as part of this randomized trial. There were 25
patients in each of the four bearing couple combinations. All
other parameters were identical in both groups. The baseline
demographics of the four groups were not different (Table 1).
The CONSORT flow diagram is shown (Fig. 1). All patients
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Table 1. Comparative data of the two study groups

p value'

Parameters* Metal-UHMWPE Oxidized zirconium- Metal-HXLPE Oxidized zirconium-
(N = 25) UHMWPE (N = 25) (N = 25) HXLPE
(N = 25)
Gender ratio (male/female) 0.41 0.46 0.44 0.50 0.95
Median age (years) 64 (21-72) 60 (41-75) 65 (43-75) 58 (41-75) 0.39
Mean body mass index (kg/m?) 26 (17-38) 25 (18-33) 27 (18-33) 26 (18-32) 0.55
Primary:secondary osteoarthritis 0.65 0.61 0.69 0.71 0.23
Mean preoperative hip score
Pain 3 (04) 3(1-4) 3.0 (04) 3 (0-6) 0.97
Mobility 5 (2-6) 5 (2-6) 5 (2-6) 5 (2-6) 0.24
Walking ability 4 (2-6) 4 (2-6) 4 (2-6) 4 (2-6) 0.43
Global 12 (4-16) 11 (5-17) 12 (4-17) 11 (4-16) 0.54
Mean cup size (mm) 49 (43-57) 50 (42-58) 48 (41-6) 49 (40-60) 0.33
Mean acetabular inclination (°) 46 (33-56) 44 (31-57) 47 (33-57) 47 (34-57) 0.79

* Data are provided as median with range in parentheses except for gender and diagnosis, which are given as a percentage; 'p values were
calculated using the Kruskal-Wallis test except for gender and diagnosis compared with the Fisher’s exact probability; UHMWPE = ultrahigh-
molecular-weight polyethylene; HXLPE = highly crosslinked polyethylene.

had given informed consent, and the study was approved by
our ethics committee.

UHMWPE (Smith & Nephew) cups were machined
from compression-molded GUR 1050 UHMWPE and
sterilized using ethylene oxide (EtO). The HXLPE
(XLPE"™; Smith & Nephew) cups were made from com-
pression-molded GUR 1050 UHMWPE gamma irradiated
to an absorbed dose level of 10 Mrads to promote
crosslinking followed by melting at 150° C with final
machining and terminally sterilized using EtO.

All patients received CMK21™ (Smith & Nephew) stems
of M30ONW stainless steel with a polished surface finish (Ra
value 0.04 pm) and a quadrangular section. In all hips, a
22.25-millimeter diameter femoral head made either of
oxidized zirconium (Oxinium; Smith & Nephew) or stainless
steel (Smith & Nephew) with Ra of 0.01 um was used.

The procedures were carried out by two of us (JPC, MH)
through a lateral approach with a trochanteric osteotomy.
The components were fixed with CMW Type 1 bone cement
(DePuy 1, Exeter, Devon, IL, USA). The cement was mixed
in air. On the acetabular side, the cement was hand-packed.
On the femoral side, a second-generation cementing tech-
nique (distal plugging of the femoral canal, retrograde
injection of cement into the femur, cement pressurization)
was used according to the French paradox [4].

The postoperative management was identical for each

group.

Femoral Head Penetration

The primary criterion for evaluation was linear head
penetration measurement, as an assessment of true wear
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and creep of the material, using the Martell system [17].
In the current study, we used a specific version of the
Martell software dedicated to all-polyethylene cups that
has been recently validated according to the ASTM
standards [16]. It has a mean bias of 0.089 + 0.060 mm, a
mean repeatability of 0.106 £ 0.292 mm, and a mean
reproducibility of 0.112 + 0.308 mm. All measurements
were done on AP radiographs of the pelvis, made with the
x-ray beam centered on the symphysis pubis. Radiographs
were made with the patient supine within 6 weeks after
the operation (baseline radiograph), at 1 year, and at the
latest followup. The radiographs were digitized (digitizer
Vidar VRX-plus; Vidar System Corporation, Herndon,
VA, USA) using a pixel density of 150 dots per inch and
linked to an IBM-compatible computer. The Martell Hip
Analysis Suite Version 8.0.4.3 (University of Chicago
Tech, Chicago, IL, USA) is a validated computer-assisted
edge detection method. This software allows measurement
of the linear vector of socket penetration and calculation
of volumetric wear based on the magnitude of femoral
head displacement, the direction of displacement with
respect to the cup face, and the femoral head size. Steady-
state wear was determined by the penetration of the
femoral head between 1 year and the latest followup. We
determined these values in the UHMWPE and HXLPE
groups, respectively. The results of values of socket
abduction were calculated with use of the Hip Analysis
Suite. All radiologic analyses were performed by the
same independent observer (AZ) who was blinded to the
materials of the femoral head and socket. The influence of
several patient-related factors on polyethylene wear was
assessed, including the age of the patients at the time of
the index arthroplasty, activity, gender, and body mass
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With UHMWPE, 25 With HXLPE) UHMWPE, 25 With HXLPE)
+ Received Allocated Intervention (n = 50) ¢ Received Allocated Intervention (n = 50)
+ Did Not Receive Allocated Intervention (Give Reasons) ¢+ Did Not Receive Allocated Intervention (Give
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. J
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Radiographs) (n = 3)

Analyzed (n=43; Meta-UHMWPE 22, Metal-
HXLPE 21)

¢ Excluded from Analysis (Inadequate
Radiographs) (n =4)

Fig. 1 CONSORT 2010 flow diagram shows patient enrollment, allocation, followup, and analysis.

index. The effect of socket size and inclination also was
evaluated.

Clinical Evaluation

Hip functional results were rated according to the Merle
d’Aubigné [20] grading system. The hip score then was
classified as excellent (18 points), very good (17 points),
good (16 points), fair (15 points), poor (14 points), or bad
(< 13 points). The clinical followup was performed by the
operating surgeons (JPC, MH).

Statistical Analysis
A sample size calculation was performed using femoral

head penetration as the endpoint. On the basis of previous
data, a penetration rate of 0.1 mm/year was assumed for the

metal heads with a SD of 0.1 mm/year [22, 23]. We
expected a penetration rate of 0.02 mm/year for the oxi-
dized zirconium heads. Because four groups were
compared, we used the Bonferroni correction to determine
the type I error, which gave an adjusted o value of 0.0125.
Therefore, power calculation, using a Mann-Whitney test,
indicated that 25 patients would be necessary in each arm
(o = 0.0125, B = 0.8).

The penetration data were examined for distribution
using a Shapiro-Wilk test. The data were found to be not
normally distributed, and thus a nonparametric Kruskal-
Wallis test was used to evaluate the differences among the
four groups. The influence of numerous variables on
femoral head penetration was assessed using the Spearman
correlation test, a Mann-Whitney, or a Kruskal-Wallis test,
as appropriate. The demographic data and clinical results
were compared using Fisher’s exact probability or the
Kruskal-Wallis test followed when significant by pairwise
comparisons using the Mann-Whitney test. Significance

@ Springer



3826  Zaoui et al.

Clinical Orthopaedics and Related Research®

was determined with StatView statistical software (Version
5.0; SAS Institute, Cary, NC, USA) and was defined as a p
value of < 0.0125.

Results
Femoral Head Penetration

The Kruskal-Wallis test indicated a p value < 0.001,
allowing pairwise comparisons among the four groups. In
the UHMWPE series, the steady-state penetration rate was
lower in the oxidized zirconium group than in the metal
group; the median steady-state penetration rate from 1 year
onward was 0.03 mm/year (range, 0.003—0.25 mm/year) in
the oxidized zirconium group versus 0.11 mm/year (range,
0.03-0.29 mm/year) in the metal group (difference of
medians 0.08, p < 0.001). In the HXLPE series, likewise,
the penetration rate was lower in the oxidized zirconium
group; the median steady-state penetration rate from 1 year
onward was 0.02 mm/year (range, —0.32 to 0.07 mm/year)
in the oxidized zirconium group versus 0.05 mm/year
(range, —0.39 to 0.11 mm/year) in the metal group (dif-
ference of medians 0.03, p < 0.001). Also, in the metal
group, HXLPE reduced steady-state penetration when
compared with the UHMWPE material; the median steady-
state penetration rate from 1 year onward was 0.108 mm/
year (range 0.036-0.288 mm/year) versus 0.054 mm/year
(range, —0.396-1.108 mm/year) in the HXLPE group
(difference of medians 0.054, p < 0.001). However, in the
oxidized zirconium group, the steady-state penetration rate
was not different between UHMWPE and HXLPE with the
numbers available; the median steady-state penetration rate
from 1 year onward was 0.036 mm/year (range,
0.0036-0.252 mm/year) in the UHMWPE group versus
0.018 mm/year (range, —0.324 to 0.072 mm/year) in the
HXLPE group (differences of medians 0.018, p = 0.29).
Among the different variables evaluated, with the numbers
available, no relationship was found between wear and
gender (p = 0.84), age at index arthroplasty (p = 0.79), or
acetabular inclination (p = 0.59).

Clinical Results

There were no differences in any of the groups in terms of
Merle d’ Aubigné hip scores at latest followup. The median
value Merle d’ Aubigné hip score at the latest followup was
18 in each of the four study groups (range, 16—18) with no
difference with the number available (p = 0.64). There
were likewise no differences in terms of the qualitative
ratings of the scores (p = 0.84); of the 43 hips in the
UHMWPE series with complete followup, 29 hips were
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rated excellent, 12 hips as very good, one hip as good, and
one hip as poor. Of the 43 hips in the HXLPE series with
complete followup, 33 hips were rated excellent, seven
hips as very good, two hips as good, and one hip as poor.
No relationship was found between linear wear rate and the
final functional hip score in either group (p = 0.33 and 0.42,
respectively). No specific complication related to the use of
oxidized zirconium femoral heads was recorded, and no
patient underwent revision surgery.

Discussion

The low-friction torque THA has been used for over 40
years with excellent functional results and high survivor-
ship in the long term [1, 24, 25]. Failures have mostly been
related to polyethylene wear > 0.1 mm/year leading to
periprosthetic osteolysis and loosening of the implants
[23]. We are aware of no study evaluating alternate surface
bearings with the use of 22.25-mm heads. We therefore
performed a randomized controlled trial comparing the
penetration rate of metal and oxidized zirconium femoral
heads on UHMWPE and HXLPE. The current study shows
that oxidized zirconium femoral heads reduced the steady-
state penetration rate of both UHMWPE and HXLPE, the
lowest penetration being observed with the oxidized zir-
conium on the HXLPE combination. However, the steady-
state penetration rate was well below the osteolysis
threshold of 0.1 mm/year in each of the four study groups
apart from the metal-UHMWPE combination that provided
a steady-state penetration rate of 0.108 mm/year. Likewise,
the difference of medians was low, indicating that although
statistically significant, the observed difference might not
translate into reduced occurrence of osteolysis, loosening,
and revision.

Our study has several limitations. First, the Hip Analysis
Suite software dedicated to all-polyethylene sockets has
lower reproducibility and repeatability with larger bias
when compared with the original version for cementless
sockets. However, it has been recently demonstrated that
precise data also could be obtained with this version [16]. It
should however be acknowledged that the detection limits
of the current version of the Martell method were close to
our results. Second, only a two-dimensional penetration
analysis was performed in the current study, although it has
a lower accuracy and detects 10% less wear than the three-
dimensional technique but has a higher precision [18].
Third, we included a relatively small number of patients in
each group, because two types of polyethylene sockets
were used, and 14% of the initial patients were either lost
or had inadequate radiographs. However, although the
power of the study was set at only 80%, we were able to
demonstrate differences in the steady-state penetration rate.
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Fourth, in the current study we used stainless steel rather
that chromium-cobalt (CoCr) femoral heads, although the
latter might have better tribologic properties. However,
CoCr heads on stainless steel stems have a high galvanic
potential, and stainless steel heads more closely mimic the
Charnley approach. Fifth, we did not evaluate osteolysis,
because our study protocol did not include a CT scan,
which would have resulted in increased radiation exposure
and additional costs. Last, our findings cannot be extrap-
olated to other ceramics, because the core material is
highly different between oxidized zirconium and bulk
ceramics.

The results of the current study are consistent with other
controlled studies comparing the penetration rate of various
HXLPE with nonhighly crosslinked material articulating
with a metal head at followup to 10 years [3, 7, 11, 15]. In
all these published studies, the penetration rate or the total
penetration, according to the method of measurement, was
systematically found to be lower for the HXLPE group of
patients.

Concerning the evaluation of the femoral head material
on polyethylene, we are aware of two randomized con-
trolled trials comparing oxidized zirconium versus metal-
on-PE in primary THAs. Contrary to the studies of Kadar
et al. [12] and Morison et al. [21], we found a reduced
steady-state penetration rate with oxidized zirconium
femoral heads compared with metal-on-HXLPE. The
steady-state penetration rate was different between oxi-
dized zirconium and metal in the UHMWPE with the
numbers available. The randomized study of Kadar et al.
[12] included a total of 150 patients, and penetration of the
femoral head was measured at 2 years using radiostereo-
metric analysis. The values were not different between
CoCr and oxidized zirconium femoral heads combined
either with EtO UHMWPE or HXLPE. Interestingly, the
femoral head penetration with the Charnley 22.25-mm
heads was no different from the values in the XLPE group
with CoCr or oxidized zirconium heads. However, the
followup of only 2 years precluded any strong conclusions,
because most of the femoral head penetration was repre-
sented by creep rather than wear. Morison et al. [21]
randomized 80 patients (91 hips) in one of the following
groups, all using 28-mm heads: CoCr-Eto UHMWPE (21
hips), CoCr-HXLPE (24 hips), oxidized zirconium-Eto
UHMWPE (22 hips), and oxidized zirconium-HXLPE (24
hips). Femoral head penetration was measured in 87 hips
using Polyware (The Logic Group, Austin, TX, USA)
software after a mean followup of 7 years (range, 2-8
years). No difference was observed between the CoCr and
oxidized zirconium head. It is however unclear how these
authors measured wear, and the relatively high values they
obtained may rather represent penetration rather than wear,
including both creep and wear. Also, the metal femoral

head in our study was made of stainless steel, whereas in
the two other studies, it was made of CoCr. The different
metal material might explain increased steady-state pene-
tration when compared with oxidized zirconium. Garvin
et al. [5] reported on 54 patients (56 hips) aged younger
than 68 years who underwent primary THA using a 28-mm
(40 patients), a 32-mm (15 patients), or a 36-mm (one
patient) oxidized zirconium head on HXLPE. Femoral head
penetration was measured with the Hip Analysis software,
and the authors were able to calculate true wear values.
Using the regression method, the steady-state wear was
0.004 + 0.059 mm/year. These data are in line with our
findings. Other ceramics on polyethylene including alu-
mina and zirconia have been combined with mainly
UHMWPE, but these are bulk ceramics that have specific
complications, which preclude any direct comparison with
oxidized zirconium that is basically a metal alloy core with
an oxidized surface.

The Merle d’ Aubigné scores were not different between
the oxidized zirconium and metal heads. This is not sur-
prising because decreased function is usually observed as a
late complication of wear. We did not experience any
specific complication related to oxidized zirconium. Indeed,
major surface damage of oxidized zirconium femoral heads
related to recurrent dislocation and closed reduction has been
described [6]. This situation could lead to increased wear but
did not happen in the current series.

We conclude from this study that femoral head pene-
tration was reduced by use of oxidized zirconium when
compared with metal-on-HXLPE. Oxidized zirconium-on-
HXLPE was associated with the lowest steady-state pene-
tration rate. However, apart from the metal-UHMWE
group, all other groups had a steady-state penetration rate
well below the osteolysis threshold with a low difference
between groups that might not be clinically important at
this point. Longer-term followup is needed to warrant
whether wear reduction will generate less occurrence of
osteolysis and aseptic loosening leading to revision.
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