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	� HIP

Large articulations do not increase 
wear rates of thin second-generation 
highly cross-linked polyethylene liners at 
ten years

Aims
Radiostereometric analysis (RSA) is the most accurate radiological method to measure in 
vivo wear of highly cross-linked polyethylene (XLPE) acetabular components. We have previ-
ously reported very low wear rates for a sequentially irradiated and annealed X3 XLPE liner 
(Stryker Orthopaedics, USA) when used in conjunction with a 32 mm femoral heads at ten-
year follow-up. Only two studies have reported the long-term wear rate of X3 liners used in 
conjunction with larger heads using plain radiographs which have poor sensitivity. The aim 
of this study was to measure the ten-year wear of thin X3 XLPE liners against larger 36 or 
40 mm articulations with RSA.

Methods
We prospectively reviewed 19 patients who underwent primary cementless THA with the 
XLPE acetabular liner (X3) and a 36 or 40 mm femoral head with a resultant liner thickness 
of at least 5.8 mm. RSA radiographs at one week, six months, and one, two, five, and ten 
years postoperatively and femoral head penetration within the acetabular component were 
measured with UmRSA software. Of the initial 19 patients, 12 were available at the ten-year 
time point.

Results
The median proximal, 2D, and 3D wear rates calculated between one and ten years were 
all less than 0.005 mm/year, with no patient recording a proximal wear rate of more than 
0.021 mm/year. Importantly, there was no increase in the wear rate between five and ten 
years.

Conclusion
The very low wear rate of X3 XLPE liners with larger articulations remains encouraging for 
the future clinical performance of this material.

Cite this article: Bone Jt Open 2023;4-11:839–845.
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Introduction
The introduction of highly cross-linked 
polyethylene (XLPE) in total hip arthro-
plasty (THA) has resulted in a significant 
reduction of reported long-term wear rates 
compared to conventional polyethylene 
components.1,2 The Australian Orthopaedic 
Association National Joint Arthroplasty 
Registry (AOANJRR) has confirmed XLPE 

bearings to have significantly reduced revi-
sion rates at 16 years,3 which has led to the 
widespread adoption of XLPE components. 
A number of different manufacturing tech-
niques are used to produce XLPE compo-
nents including a different sequence of 
treatments including irradiation, annealing 
or melting of the polyethylene.4 One 
second-generation XLPE liner (X3; Stryker 
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Orthopaedics, USA) is manufactured differently by 
sequentially irradiating and annealing the material to 
reduce in vivo oxidation.

While the majority of clinical studies report very low 
wear rates, large variations remain in the literature when 
investigating factors that may influence XLPE wear. For 
example, two retrospective studies of the X3 XLPE mid-
term wear at five years reported a mean 2D wear rate of 
0.106 mm/year and 0.109 mm/year,5,6 which is very close 
to the 0.100 mm/year threshold wear rate associated with 
osteolysis.7 However, the poor sensitivity of measure-
ments made from plain radiographs in these retrospec-
tive studies is a significant limitation.8 XLPE has very low 
wear rates and requires more sensitive measures, such as 
radiostereometric analysis (RSA),9 to measure longer-term 
wear rates and investigate the effect of factors that may 
influence XLPE wear rates such as larger articulations.

Larger femoral heads are known to increase the stability 
of the hip joint by increasing the distance required for the 
femoral head to disengage from the acetabular compo-
nent.10,11 A large multicentre randomized controlled trial 
found that patients who received a 36 mm articulation had 
significantly reduced incidence of dislocation (0.8%) when 
compared to patients who received 28  mm articulation 
(4.4%).12 Cohort studies have also confirmed a decreased 
risk of revision THA for dislocation or instability when larger 
articulations were used.13-17 RSA studies have confirmed 
that larger 36 mm articulations did not increase the wear 
rates of Longevity XLPE liners at three years12 or X3 XLPE 
liners at five years.18 However, to the best of the authors' 
knowledge, only one prospective RSA study has investi-
gated the long-term wear of larger 36 mm articulations19 
which was limited to only six hips available for analysis at 
long-term follow-up. The aim of this study was to measure 
the ten-year wear rate of thin X3 liners articulating with 36 
and 40 mm articulations and compare these results to our 
previous RSA studies of 32 mm articulations with the same 
X3 XLPE liner at ten years.20

Methods
This is a brief follow-up report of a prospective cohort 
previously reported at five years.18 The cohort originally 
included 19 patients who underwent primary THA with 
a 36 or 40  mm articulation between May 2007 and 
January 2009. All THAs in both cohorts were undertaken 
by the same surgeon (DGC) at Calvary Adelaide Hospital, 
Australia, and all patients received a second-generation 
XLPE liner (X3; Stryker Orthopaedics). Patients were 
eligible for inclusion if they had had a diagnosis of osteo-
arthritis; were aged between 45 and 80  years; were 
deemed suitable for an uncemented THA; and resided 
within the Adelaide metropolitan area. Ethical approval 
was obtained from the Institutional Ethics Committee and 
the trial is registered with Australian New Zealand Clinical 
Trial Registry (#ACTRN12616000952448). The X3 XLPE 

liner was manufactured using a cycle of 30kGy of γ irra-
diation followed by annealing at 130 °C for eight hours, 
repeated three times for a cumulative dose of 90kGy. All 
patients had flat liners within the same femoral stem with 
a cobalt chrome femoral head (Accolade; Stryker Ortho-
paedics). The need to use an acetabular component with 
an outer diameter less than 52 mm was an intraoperative 
exclusion criterion due to this resulting in a linear thick-
ness below 5.8 mm with a 36 mm articulation.
Ten-year follow-up.  One patient was revised due to infec-
tion at five years; two patients were revised for taper wear 
at seven and eight years, respectively; one was revised for 
loose femoral stem at seven years; one died prior to ten 
year follow-up; and two patients were lost to follow-up 
leaving 12 hips to undergo RSA exams at ten years. Of 
the 12 patients examined at ten years, three required an 
acetabular component with an outer diameter of 54 mm 
received a 36 mm articulation with a resultant XLPE lin-
er thickness of 5.9 mm; seven patients requiring an ace-
tabular component with an outer diameter of 56 mm or 
58  mm received a 40  mm articulation with a resultant 
minimum XLPE liner thickness of 5.8 mm; and two pa-
tients requiring an acetabular component with an outer 
diameter of 60 and 62 mm received a 40 mm articula-
tion with a resultant minimum XLPE liner thickness of 
7.4 mm (Table I). The results of this cohort will be com-
pared to our recently published ten-year wear results of 

Table I. Patient and implant details for the 32 mm and the larger 
36/40 mm cohorts at ten years.

Cohort 32 mm 36/40 mm

Total, n 16 12

Sex, M:F 7:9 10:2

Head size (mm), n
32 16 0

36 0 3

40 0 9

Side, L:R 13:3 2:10

Cup outer diameter (mm), n
48 1 0

50 1 0

52 5 0

54 3 3

56 4 6

58 1 1

60 1 1

62 0 1

Liner thickness (mm), n
5.8/5.9 2 10

7.4/7.9 8 2

9.9 5 0

11.4 1 0

Median age, yrs (range) 63 (47 to 73) 63 (55 to 76)

Median BMI, kg/m2 (range) 27.5 (22 to 30) 28 (22 to 35)

Inclination, degrees (range) 44 (39 to 58) 47 (40 to 50)
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16 patients who received a 32 mm articulation against 
the same X3 XLPE liner.20

RSA methodology.  Supine RSA examinations were under-
taken within the first postoperative week, at six months, 
and one, two, five, and ten years postoperatively. A ceiling-
mounted radiological tube and a mobile radiological tube 
were used simultaneously to take exposures of the hip with 
a calibration cage (number 43; RSA Biomedical, Sweden). 
Penetration of the femoral head within the acetabular com-
ponent was measured using UmRSA software (v6.0; RSA 
Biomedical). The outer ellipse and opening of the acetabu-
lar component were used to represent the acetabular seg-
ment for both cohorts. The maximum condition number 
and rigid body error accepted for each reference segment 
were 50 and 0.35 mm, respectively. Femoral head pene-
tration was calculated in the medial, proximal and anteri-
or axes. 2D head penetration was calculated as the vecto-
rial sum of medial and proximal migrations and 3D head 
penetration was calculated as the vectorial sum of medial, 
proximal, and anterior migrations. The immediate postop-
erative radiographs provided a baseline for calculation of 
‘bedding-in’ migration of the femoral head at one year.21 
The slope of the penetration recorded for each individual 
between one and ten years was assumed to represent wear 
of the liner.
Statistical analysis.  The aim of this study was to determine 
whether the wear rate of larger 36 and 40 mm articulations 
was no greater than the wear rate of 32 mm articulations 
at ten years and a one-sided test of non-inferiority was con-
sidered the most appropriate statistical test. We previously 
reported that the median proximal wear rate between one 
and two years for the 32 mm cohort was 0.02 mm/year 
(interquartile range -0.04 to 0.07),22 and a non-inferiority 
margin of 0.03 mm was chosen (lower bound of the 90% 
confidence interval of the mean difference). An additional 
wear rate of 0.03 mm/year would result in a clinically rel-
evant wear rate of 0.05 mm/yr, below which osteolysis is 
almost absent.7 Hence, the wear of the larger articulation 

cohort was not significantly greater than the 32 mm cohort 
if the non-inferiority was supported.

Results
Patient demographics.  The median age of the 12 patients 
with larger articulations was 63 years (55 to 76) and the 
median BMI was 28 kg/m2 (22 to 35). The median cup 
size was 56 mm (54 to 62) with a median inclination of 
47 (40 to 50). As evident, there was no difference in age 
and BMI between the 32 and 36/40 mm cohorts (Table I).
Femoral head penetration.  The median medial, prox-
imal, anterior, 2D,and 3D femoral head penetration 
between one week and ten years were –0.093,–0.017, 
0.147, 0.163, and 0.278  mm, respectively (Table  II). 
The majority of the head penetration occurred within 
the first year (Figure  1).18 The amount of head pene-
tration in the proximal and medial directions was less 
than 0.3 mm at ten years for all hips in both cohorts 
(Figure 2).
Wear rate.  The median medial, proximal, anterior, 
2D, and 3D wear rate for larger articulations between 
one and ten years were -0.011,–0.004, 0.016, 0.003, 
and 0.005 mm/year, respectively (Table  II). The medi-
an medial, proximal, anterior, 2D, and 3D wear rates 
for the 32 mm articulations at ten years were -0.003, 
0.001, 0.002 and 0.004  mm/year, respectively. Non-
inferiority of medial, proximal, 2D, and 3D wear of the 
larger articulations was supported when compared 
to 32 mm articulations. No patient in either of the 32 
or 36/40  mm cohorts had a medial, proximal, or 2D 
wear rate greater than 0.05  mm/year. The maximum 
proximal wear rate was 0.031 and 0.022 mm/year for 
the 32 and 36/40 mm cohorts respectively (Figure 3). 
Importantly, the wear rate in each axis between five 
and ten years was similar to that between one and 
five years. The median medial, proximal, anterior, 2D, 
and 3D wear rates for larger articulations between five 

Fig. 1

Median proximal femoral head penetration (mm) over time for the 32 and 
36/40 mm cohorts.

Fig. 2

Proximal femoral head penetration (mm) between zero and ten years for the 
32 and 36/40 mm cohorts.



BONE & JOINT OPEN 

S. A. CALLARY, D. K. SHARMA, T. M. D’APOLLONIO, D. G. CAMPBELL842

and ten years were -0.007, 0.002, 0.036, 0.011, and 
0.033 mm/year, respectively.

Discussion
The introduction of XLPE in THA has significantly 
reduced polyethylene wear.1 This reduction in wear has 
encouraged the use of larger articulations, which have 
been shown to reduce the rates of early dislocation.12,17 
Implant Registry data have reported widespread accep-
tance of XLPE, improved clinical results and increased 
use of femoral heads 32 mm or larger in primary THA.23 
However, longer-term effects of larger articulations 

with relatively thin XLPE liners on in vivo wear are 
limited. Our study found negligible wear of larger artic-
ulations at ten years similar to that previously reported 
for 32 mm articulations against the same XLPE liner.

There are only two long term clinical studies of X3 
XLPE liners used with larger articulations (Table III).24,25 
Remily et al24 reported a combined mean 2D wear rate 
of 0.015 mm/year at 11 years (10 to 14 years) for 101 
primary THA patients treated with metal or ceramic 
head sizes of 28, 32, 36 and 40 mm. Sax et al25 reported 
a mean 2D wear rate at ten years (8 to 15) for 69 
primary THA patients of 0.02 mm/year for 36/40 mm 

Table II. Femoral head penetration, bedding-in, and wear for each cohort in each axis.

Variable
Medial (positive),
lateral (negative)

Proximal (positive),
distal (negative)

Anterior (positive),
posterior (negative) 2D 3D

Femoral head 
penetration between 
1 wk and 10 yrs, mm

32 mm articulation

Median -0.040 -0.022 -0.028 0.105 0.258

Mean -0.039 -0.007 -0.038 0.136 0.285

SD 0.091 0.122 0.305 0.071 0.180

Range -0.186 to 0.134 -0.199 to 0.283 -0.837 to 0.369 0.069 to 0.313 0.0830 to 0.841

36/40 mm articulation

Median -0.093 -0.017 0.147 0.163 0.278

Mean -0.079 -0.006 0.136 0.162 0.293

SD 0.110 0.123 0.238 0.073 0.131

Range -0.283 to 0.086 -0.224 to 0.234 -0.255 to 0.552 0.042 to 0.294 0.150 to 0.580

Difference between 
means 0.039 -0.001 -0.173 -0.025 -0.008

90% lower CI limit 
of difference -0.026 -0.081 -0.355 -0.072 -0.113

Wear rate between 1 
and 10 yrs, mm/yr

32 mm articulation

Median -0.003 0.001 -0.018 0.002 0.004

Mean -0.000 0.003 -0.013 0.003 0.004

SD 0.008 0.011 0.023 0.008 0.017

Range -0.010 to 0.018 -0.014 to 0.031 -0.042 to 0.037 -0.012 to 0.023 -0.026 to 0.042

36/40 mm articulation

Median -0.011 -0.004 0.016 0.003 0.005

Mean -0.009 -0.001 0.011 0.006 0.011

SD 0.009 0.014 0.025 0.010 0.016

Range -0.020 to 0.009 -0.027 to 0.022 -0.036 to 0.044 -0.007 to 0.021 -0.007 to 0.048

Difference between 
means 0.009 0.004 -0.024 -0.004 0.006

90% lower CI limit 
of difference 0.004 -0.004 -0.039 -0.010 -0.017

Non-inferiority 
supported Yes Yes No Yes Yes

Wear rate between 5 
and 10 yrs, mm/yr

32 mm articulation

Median -0.002 0.011 -0.013 0.005 0.007

Mean 0.000 0.007 -0.021 0.003 0.002

SD 0.014 0.016 0.037 0.018 0.028

Range -0.013 to 0.030 -0.013 to 0.043 -0.081 to 0.033 -0.025 to 0.048 -0.039 to 0.064

36/40 mm articulation

Median -0.007 0.002 0.036 0.011 0.033

Mean -0.012 0.004 0.016 0.013 0.030

SD 0.017 0.010 0.050 0.015 0.031

Range -0.048 to 0.012 -0.009 to 0.021 -0.063 to 0.078 -0.003 to 0.048 -0.046 to 0.083

Difference between 
means 0.012 0.003 -0.037 -0.010 -0.028

90% lower CI limit 
of difference 0.002 -0.006 -0.065 -0.021 -0.047

Non-inferiority 
supported Yes Yes No Yes No
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articulations, which was no greater than 0.02 mm/year 
for 28/32  mm articulations (p = 0.074). The 2D wear 
rate in our study is 80% and 85% lower than Remily et 
al24 and Sax et al,25 respectively. However, both these 
studies used Martell Hip Analysis software to measure 
the wear rates retrospectively on plain radiographs 
which have reduced sensitivity and precision. Similarly, 
Deckard et al5 and Selvaraj et al6 reported a much higher 
2D wear rate between one and five years of 0.106 and 
0.109 mm/year for 36 mm articulations against X3 XLPE 
liners.6 If these wear rates were true, it would imply 
that a high percentage of these hips were at risk of 
developing osteolysis,6,7 and would be of concern for 
the surgeons using X3 XLPE liners with large articula-
tions. Careful interpretation of the method used and an 
understanding of RSA methodology as a gold standard 
technique to measure XLPE wear rates is required.9,21

Besides the two cohorts described in this study, 
there are no other long-term (≥ ten years) prospec-
tive RSA studies of the X3 XLPE liners (Table  IV). We 
have previously reported wear rate for X3 liner is negli-
gible when coupled with 32 mm articulations.20 In the 
current RSA study, we report for the first time a wear 
rate below 0.005 mm/year between one and ten years 
for X3 XLPE liner with larger articulations. Similar very 
low median proximal wear rates below 0.010 mm/year 
were reported for other XLPE liners at ten years.1,19,26,27 
Only one RSA study of larger articulations reported 
a median proximal wear rate of 0.002  mm/year for 
36  mm articulations,19 which is similar to our find-
ings. One long-term RSA study did report a proximal 
wear rate of 0.020 mm/year,28 but did not exclude 
bedding-in between three months and one year. The 
exclusion of bedding-in within the first year is known 
to be an important methodological consideration,21 as 
more recently highlighted by Khosbin et al.2 Bedding-in 
likely contributed to considerably larger 3D wear 

rates of 0.066,29 0.067,30 0.055,31 and 0.042mm/year, 
respectively,32 being reported in long-term studies of 
XLPE liners that used a unique retrospective RSA meth-
odology with no baseline examination.

A strength of this study is the use of a similar histor-
ical control cohort of smaller 32  mm heads. While 
not part of the same study, introduction of the larger 
heads (≥ 36  mm) following confirmation of the low 
wear rates of 32 mm heads against the new X3 liner 
adheres to the stepwise introduction of new implant 
designs advocated in orthopaedics.33,34 The main 
limitation of our study is a small sample size which is 
common to most long-term RSA studies. However, a 
post hoc power analysis confirmed the adequacy of 
the sample sizes used in the comparison at ten years. 
Overall, 12 patients (six in each cohort) are required to 
be 95% sure that the lower limit of a one-sided 97.5% 
confidence interval (or equivalently a 95% two-sided 
confidence interval) will be above the non-inferiority 
limit of -0.03. A second limitation is the use of the 

Fig. 3

Proximal wear rate (mm/year) between one and ten years for the 32 and 
36/40 mm cohorts.

Table III. Long-term ( ≥ ten years) wear studies of X3 highly cross-linked polyethylene acetabular components.

Wear 
study

Cohort no. 
analyzed Head size, mm

Follow-up, yrs 
(range)

Wear rate 
calculation Method

Mean proximal 
wear rate, mm/
yr (SD)

Mean 2D
wear rate, 
mm/yr (SD)

Mean 3D wear 
rate, mm/yr 
(SD)

Remily et al, 
202124 101

28 to 40 Ceramic 
and CoCr 11.1 (10.4 to 14.4) 0 to 10*

Martell Hip 
Analysis N/R 0.015 (0.018) N/R

Sax et al, 
202225

51

28 to 32
Ceramic and 
CoCr 10 (8 to 15) 0 to 10*

Martell Hip 
Analysis N/R 0.02 N/R

69
36 to 40 Ceramic 
and CoCr 10 (8 to 15) 0 to 10*

Martell Hip 
Analysis N/R 0.02 N/R

Campbell et 
al, 202220 16 32 CoCr 10 (8 to 15) 1 to 10 RSA

0.004 (-0.004 to 
0.009)†

0.000 (-0.005
to 0.005)†

0.002 (-0.004 to
0.004)†

Current 
study 12 36 + 40 CoCr 10 1 to 10 RSA -0.004 (0.014) 0.003 (0.010) 0.005 (0.016)

*Initial postoperative radiograph used described as within first year.
†Median (interquartile range).
N/R, not reported; RSA, radiostereometric analysis; SD, standard deviation.
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outer ellipse as the acetabular reference segment 
in our RSA results presented for both cohorts. This 
accounts for very small differences in the ten-year 
RSA results of the 32  mm articulation control group 
previously reported,20 which used a combination of 
the tantalum markers placed in the outer rim of the 
liner and the ellipse of the metal shell as the acetab-
ular reference segment. Ellipse reference segments 
have a similar accuracy to those that include markers 
in the rim,9 but the combined method has been shown 
to have the superior precision.35 Third, an important 
limitation of this wear study was the inability to inves-
tigate non-wear-related consequences of larger diam-
eter femoral heads, such as the potential for increased 
corrosion and metal release at the head-neck taper 
junction of larger articulations.36 In this small series, 
two hips were revised at seven and eight years due to  
taper corrosion.37

In conclusion, larger articulations did not signifi-
cantly increase the proximal, medial, 2D, or 3D wear 
rates between one and ten years of the X3 XLPE liner 
when compared to our previous study of 32 mm artic-
ulations. These results are promising for the continued 
use of larger articulations, particularly in those patients, 
such as the elderly, in whom a decreased risk of disloca-
tion is a priority.

‍ ‍Take home message
  - There is negligible wear of highly cross-linked polyethylene 

(XLPE) liners articulating with large femoral head sizes after 
ten years.

  - The very low long-term wear rate of X3 XLPE liners is encouraging for 
the future performance of this implant.

Twitter
Follow S. A. Callary @stuartcallary

Follow the Centre for Orthopaedic & Trauma Research at The 
University of Adelaide @COTR_Adelaide
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‡Median (interquartile range).
N/R, not reported; SD, standard deviation; SE, standard error.
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