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Abstract
Purpose Wear is a major contributor to osteolysis and
aseptic loosening of total hip replacements (THR). Both
alumina (Al2O3) and cobalt-chrome (CoCr) femoral heads
are commonly used. We investigated wear comparing
alumina heads to cobalt-chrome heads against conventional
cemented polyethylene (PE) cups for up to ten years.
Methods Linear wear was measured with radiostereometry
(RSA). Our material was derived from two prospective
randomised trials that investigated fixation of femoral stems,
not wear, and was evaluated retrospectively (Level III).
Results The mean (95% CI) proximal head penetration was
0.96 mm (0.68–1.23) in the cobalt-chrome group and 0.42mm
(0.30–0.53) in the alumina group at ten years (P=0.001). The
mean (95% CI) 3D penetration was 1.07 mm (0.79–1.35) and
0.53 mm (0.38–0.63), respectively, at ten years (P=0.001).
Conclusion Alumina heads performed better than cobalt-
chrome heads in this study after ten-year follow-up.

Introduction

Reduction of wear is of great importance in hip replacement
surgery since wear particles induce osteolysis [1, 2]. This
problem has been addressed in several ways. Smaller heads
reduce the area of articulation and thus wear [3], but are
more vulnerable to dislocation [4]. Different metal alloys
are considered to be the standard material in femoral heads
in hip replacement surgery and other materials should be
compared to these in clinical trials. They are safe, durable
and well proven against PE [5].

Alternative bearings to metal on PE, such as different
types of ceramics on PE, ceramics on ceramics, and metal
on metal, have other known complications including
chipping and breakage of ceramics [6, 7], squeaking [8],
and release of metal ions [9]. Several types of bearings such
as metal on metal and ceramic on metal have been
marketed without sufficient documentation in clinical trials.
This may have led to an increased revision burden and
inferior outcomes for individual patients [10].

New components and concepts should be introduced
stepwise to avoid clinical failures [11]. Routine use of
different femoral heads requires good documentation. The
material should be equally safe to use and exhibit superior
wear performance compared to metal heads.

Ceramic heads have been gaining popularity and are
widely used [12]. However, the main concern with
ceramic heads has historically been breakage. Reports of
incidences of breakage vary from 0.004% to 13.4% [13–
15]. Breakage of a ceramic head will inevitably lead to
revision surgery. These revisions are challenging surgical-
ly and limit the choice of revision implants [16]. A well
functioning ceramic head is believed to produce less wear
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than metal heads on PE because it has a smoother surface
and better wettability [6].

In contrast to simulator studies [17], clinical studies have
been less consistent as both superior and inferior wear
properties for ceramic heads compared to metal heads on PE
have been reported [18, 19]. These results are also difficult to
interpret as different measurement methods have been used,
such as Livermore, Polyware, and Dorr and Wan. Another
issue is that both linear wear (mm/year) and volumetric wear
(mm3/year) are reported in the literature and thus results are
difficult to compare [20]. Register studies have shown better
prosthesis survival with ceramic compared to metal heads
[21]. Large cohorts with long-term clinical follow-up, or
smaller studies with high precision measurements are
necessary to evaluate the wear performance of different
implants. Some authors argue that 0.1 mm/year is the
threshold of tolerable linear PE wear. Osteolysis is rarely
seen in patients with wear below this level [2]. Other authors
stress the fact that the nature of periprosthetic osteolysis is
multifactorial [22]. The aim of this study was to investigate
whether alumina heads reduce wear and osteolysis compared
to cobalt-chrome heads against conventional PE in a long-
term follow-up with RSA.

Patients and methods

Eighty-seven hips (84 patients) were operated up on in two
randomised trials (RCTs) conducted at the same centre, in the
same time-period (1992–94) and by the same surgeon (BN)
(Table 1). The first RCT [23] included 40 hips (40 patients)
comparing the Scientific hip prosthesis (SHP) (Biomet,
Bridgend, UK) with the Lubinus SP2 prosthesis (Waldemar
Link, Hamburg, Germany). Thirty-eight of these hips had
cobalt-chrome heads and two had alumina heads (both with

SP2 stems). Both SHP and Lubinus cups were cemented all-
polyethylene made of conventional PE (UHMWPE) (gamma
sterilised in inert atmosphere). The second RCT [24]
included 47 hips (44 patients) and compared bone cement
with reduced proportion of monomer (Cemex RX, Tecres,
Verona, Italy) with standard bone cement (Palacos, Schering
Plough, Labo N.V., Belgium). All hips received a cemented
Lubinus SP2 stem and a Lubinus cup made of conventional
PE gamma sterilised (3 Mrad) in inert atmosphere. All cases
received a 28-mm head (Table 1).

RSA

In both groups tantalum beads were introduced as markers
in the periacetabular bone, cup and stem. Three to nine
0.8 mm markers were used in each segment. Radio-
stereometry (RSA Biomedical, Umea, Sweden) was used
to measure migration and wear [25]. Stereo-radiographs
were taken postoperatively, after three and six months, and
at one, two, five and ten years. Proximal wear was
measured as translation of the femoral head into the cup
along the y-axis. 3D wear was expressed as a resultant of
all translations along x-y-z axes of the head into the cup
[25]. When we calculated the change in annual wear all
patients were included, not only those who were followed
up for ten years. Cup stability was measured as translations
and rotation of the cup in relation to the peri-acetabular
markers. In the cobalt-chrome group 20 hips were acces-
sible for ten-year wear measurements. In the Cemex RX vs.
Palacos study, wear could be measured in 31 hips at
ten years. Precision was defined as the closeness of
agreement between repeat measurements. The precision
(SD) for proximal wear was determined from 139 repeat
measurements and was 0.08 (0.1) mm. Precision for cup
stability was calculated by the same method (Table 2).

Characteristic Head material: cobalt-chrome Head material: alumina

Prosthesis SHP SP2 SP2

Cement Palacos Palacos Cemex

Included (hips) 40 44 (47)

Age at operation (range) 67 (55–78) 67 (52–78) 65 (51–76) 70 (51–81)

Gender (male / female) 8/12 8/12 10/14 9/14

Weight at operation (range) 70 (48–100) 71 (53–92) 68 (53–96) 70 (53–95)

Preoperative HHS (range) 39 (15–57) 42 (23–61) 47 (29–71) 48 (17–64)

Randomized 20 20 24 23

Excluded 1 3 1 0

Index RSA 19 17 23 23

Drop-outs at ten years Dead 7 5 6 4

Revised 1 0 1 1

Did not meet 0 3 1 3

Ten-year RSA 11 9 15 16

Table 1 Description of patients,
groups and follow-up

RSA radiostereometry
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Radiology

Conventional radiographs were obtained ten years postop-
eratively. Cup position, radiolucent lines, and osteolysis
were evaluated with Mdesk® (Mdesk, RSA Biomedical,
Umea, Sweden), which is a software for measurements of
implant positioning and the size of osteolytic lesions. We
used a modification of the DeLee and Charnley zones [26],
dividing the hemisphere into three equal zones.

Osteolysis was defined as a lytic lesion of more than
1 cm2 in the AP view. A radiolucent line (RLL) in the
cement-bone interface was defined as a line wider than
one millimetre in the AP view. RLL was evaluated in each
Charnley/DeLee zone. We used the same grading as
DeLee and Charnley: no RLL=1, <50%=2, 50–99%=3
and 100%=4. All radiographs were evaluated by two of
the authors (JD, SMR). The mean of both measurements
was used as the final grading.

Clinical outcome

All patients were scored using Harris hip score (HHS)
preoperatively. A telephone interview using the HHS
questionnaire was conducted for all patients after
ten years. We excluded the tests for range of motion
(ROM) in both groups because it was measured in only one
group at ten years [27].

Statistics

The difference in wear was compared using a two-sided
independent samples t-test with significance level of p=
0.05 since the values were normally distributed. Simple

linear regression models were used both to evaluate
whether differences between the subgroups could affect
our results and to compute the slopes for annual wear. For
comparisons of cup movements a nonparametric test
(Mann-Whitney U) was performed. For differences in
radiolucency we used the Pearson’s chi-square test. Statis-
tical analyses were conducted using PASW statistics version
18 (SPSS Inc., Chicago, IL, USA). Inter-observer reliability
was expressed by Kappa value [28].

Results

RSA

At ten years the mean (95% CI) proximal wear was 0.96
mm (0.68–1.23) for the cobalt-chrome heads and 0.42
(0.30–0.53) mm for the alumina heads. The mean differ-
ence in proximal wear was 0.54 (0.28–0.79) mm (p=
0.001). Mean 3D penetration was 1.07 mm (0.79–1.35) and
0.53 mm (0.38–0.63), respectively. The mean difference in
3D penetration was 0.54 (0.30–0.82) mm (p=0.001) (Figs. 1
and 2). The difference in annual wear was calculated from
one to ten years and showed a 0.048-mm lower wear per
year in the alumina group for proximal wear (95% CI,
0.018–0.078; p=0.003). For 3D wear the reduction was
0.047 mm (95% CI, −0 77 to 0.016; p=0.002). Linear and
3D wear for each cohort as well as each subgroup at
ten years was measured (Table 2). A tendency towards
increased anterior tilt (forward rotation around the x-axis)
(p=0.053), and retroversion (positive rotation around the y-
axis) (p=0.059) was found in the cobalt-chrome group. Cup
movement was measured for rotations and translations in
both groups (Table 2).

Table 2 RSA results: head penetration (linear wear) at ten years in mm (95% CI), cup movements as translations in mm (95% CI) and rotations in
degrees (95% CI). Precisions as mean difference between double examinations and level of significance

Wear results Cobalt-chrome Alumina Precision (SD) Significance

Proximal (y-axis) 0.96 (0.68–1.23) 0.42 (0.30–0.53) 0.08 (0.1) P<0.001

3D (x+y+z-axis) 1.07 (0.79–1.35) 0.53 (0.38–0.63) P<0.001

Subgroup SHP SP2 Cemex Palacos

Proximal (y-axis) 1.10 (0.74–1.47) 0.78 (0.31–1.25) 0.40 (0.23–0.57) 0.43 (0.25–0.62)

3D (x+y+z-axis) 1.17 (0.80–1.53) 0.96 (0.44–1.47) 0.49 (0.32–0.65) 0.52 (0.33–0.72)

Cup movements

Translation x-axis 0.43 (0.17–0.69) 0.28 (0.17–0.40) 0.04 (0.05) P=0.19

Translation y-axis 0.71 (0.27–1.14) 0.33 (0.22–0.44) 0.03 (0.06) P=0.63

Translation z-axis 0.35 (0.20–0.51) 0.27 (0.16–0.39) 0.08 (0.13) P=0.32

Rotation x-axis 0.82 (0.36–1.29) 0.46 (0.27–0.64) 0.28 (0.74) P=0.05

Rotation y-axis 0.83 (0.34–1.32) 0.47 (0.24–0.70) 0.28 (0.46) P=0.06

Rotation z-axis 1.43 (0.18–2.68) 0.66 (0.41–0.92) 0.15 (0.40) P=0.36

RSA radiostereometry, CI confidence interval, SD standard deviation
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Conventional radiography

We found nine subjects with RLL in Delee/Charnley
zone 3 in the cobalt-chrome group and four in the
alumina group (Table 3) (p<0.05). In the other zones
there was a tendency towards the same, but the difference
was not statistically significant. There were no differ-
ences in osteolytic lesions (Table 3). Kappa for inter-

observer reliability was 0.6 in zone 1, 0.7 in zone 2 and
0.4 in zone 3.

Clinical outcome

After ten years, ROM tests were excluded from the HHS
questionnaire. This gave us a maximum score of 95 points.
The median (range) HHS was 84.5 (65–91) points in the

Fig. 1 Proximal wear (95% CI) up to ten years for articulations with alumina and cobalt-chrome heads

Fig. 2 3D wear (95%CI) up to ten years for articulations with alumina and cobalt-chrome heads
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alumina group and 83.5 (11–91) points in the cobalt-
chrome group (p=0.61).

Discussion

The results of our study show a reduction in wear of
about 50% when using aluminium-oxide heads versus
cobalt-chrome heads with conventional PE cups after
ten years. This is important as a reduction in wear can
reduce osteolysis and hence aseptic loosening [29].
Some studies have found favourable wear rates for
alumina on PE [19, 30] compared to metal on PE, but
some report the opposite [18]. Different trials have used
various head sizes, different modes of implant fixation,
different polyethylene materials, and a number of methods
of measurement, all of which are factors making compar-
isons of different trials difficult or impossible. There are
also indications that modern ceramics produce less wear
than older ceramics [31].

Wear-reduction did not influence clinical outcome (HHS)
and revision rate in this trial. However, we found a trend
towards increased radiolucency around the cups in the
cobalt-chrome group in zones 1 and 3 (p=0.09 and p=
0.07). We also found a trend towards increased movement
of cups in the cobalt-chrome group in all directions and
rotations. Ten years may be a too short follow-up to show
differences in osteolysis and cup loosening [32, 33].

There are several limitations to this study. First, in the
cobalt-chrome group, both SHP and Lubinus SP2 cups
were used. Both acetabular components were made of
partly cross-linked polyethylene (gamma irradiated with 3
MRad in inert atmosphere), but were made of different
resins (GUR 1020 and GUR 1050). These polyethylenes
have shown similar wear patterns and clinical performance
in other studies. We found indications for higher wear rate
in the group with SHP cups than SP2 cups (Table 2). This
difference was not significant in our material; p=0.23 for
proximal wear and p=0.45 for 3D wear. We also conducted

a linear regression analysis that showed that cup-type did
not explain the difference between the groups (R square
0.029; 95% CI, −0.26 to 1.01). Second, femoral heads from
different manufacturers were used. Both Link and Biomet
produced their cobalt-chrome heads to the ISO 7206-2
standard. The surface roughness of the heads was below
0.05 mm in both groups, so this should not be a significant
confounder. Third, subjects in the alumina group were
randomised to different bone-cements (Palacos R and
Cemex Rx). We found no difference between these groups
for proximal wear (p=0.78) or 3D wear (p=0.74). Fourth,
our study is an observational evaluation of two RCTs from
the same centre and the same period (Umea, Sweden 1992–
94), and thus not a true randomised trial. The inclusion
criteria were the same and the subjects were recruited from
the same population, statistically there were no differences
in patient demographics and therefore we consider the
groups to be comparable. Last, this study was performed
using conventional polyethylene. Most orthopaedic sur-
geons have acknowledged that modern cross-linked poly-
ethylene has superior wear properties to conventional
polyethylene and have changed their practice accordingly.
It is not certain that our findings are transferable to cross-
linked polyethylene, as results from recent studies vary [34,
35]. One can speculate that the differences in wear would
be lower with more wear-resistant polyethylene.

We report a long-term follow-up using a high precision
measuring method (RSA) [25]. Differences in wear between
the groups are highly significant. The patient groups are
recruited from the same population and operated by the same
surgeon (BN). Differences in wear between the groups are
correlated with indications of accelerated osteolysis and
increased cup movement that may be an early sign of cup
loosening. The subjects in our study were on average
67 years old and thus not a population that offers the most
kinematic challenge to the articulation. Younger and more
active patients will wear their prosthesis more. It is therefore
likely that the difference we found would be even larger in
younger and more demanding patients as wear is a function

Table 3 Radiological results: cup inclination, radiolucencies (RLL) and osteolysis between the groups. RLL’s are classified 1–4 (1=0% / 2=1–
49% / 3=50–99% / 4=100%) within each modified Charnley and Delee zone in AP radiograph. Osteolysis >1 cm2

Measure Cobalt-chrome, n=19a Alumina, n=27b Significance

Cup inclination (range) 50 (29–60) 47 (27–64) P=0.81

Charnley/Delee 1 11/8/1/0 18/4/5/0 P=0.09

Charnley/Delee 2 15/5/0/0 24/3/0/0 P=0.87

Charnley/Delee 3 11/7/2/0 23/1/2/1 P=0.07

Osteolysis 1 0 Not significant

a One patient did not have conventional radiographs at ten years
b Four patients did not have conventional radiographs at ten years
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of activity, not time [36]. Our findings support the use of
alumina heads to reduce PE wear in THR.
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