
ORIGINAL ARTICLE
Hip Pelvis 27(4): 216-222, 2015
http://dx.doi.org/10.5371/hp.2015.27.4.216

Copyright ⓒ 2015 by Korean Hip Society216

Print ISSN 2287-3260
Online ISSN 2287-3279

INTRODUCTION

The use of a metal head with polyethylene in total hip
arthroplasty (THA) is the oldest articular surface
combination and is in wide use nowadays1). However,
wear particles of polyethylene were produced from the
articular surface when metal to polyethylene was used in
THA and seen in long-term follow-up. The osteolysis
due to the wear particles is the main cause of revision
because it causes aseptic loosening of the prosthesis2-6).
In order to increase the survival rate of the prosthesis in
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long-term follow-up, several bearing surfaces were
attempted using ceramic to ceramic or metal to metal
articular surfaces instead of a metal to polyethylene
articular surface. Even though these articular surfaces
showed good results with respect to wear, there were the
complications of ceramic breakage, increased serum
metal ions, and hypersensitivity to metal ions7). At the
same time work continued to reduce the wear in
polyethylene. Highly cross-linked polyethylene
improves its wear resistance by increasing cross-linking
and reducing free radicals and inhibiting its oxidation.
This bearing surface has excellent wear durability in
comparison with conventional polyethylene8). In
particular, highly cross-linked polyethylene was not
significantly influenced by the activity level of the
patient, body mass index (BMI), age, or gender. So it is
possible to use a large diameter head in THA to prevent
dislocation and increase the range of motion9,10). The
purpose of this study is to analyze the wear rate in THA
with highly cross-linked polyethylene and validate the
factors that affect the wear rate.

MATERIALS AND METHODS

From January 2006 to May 2010, 60 cases in 55
patients from 78 cases in 71 patients with primary THA
using highly cross-linked polyethylene and a 28 mm
metal head (Zimmer, Warsaw, IN, USA) were studied
after at least 2 years of follow-up. Five patients
underwent arthroplasty on their both hips. This excludes
patients who died (11 cases) and those who were unable
to follow-up (7 cases). The mean age at the time of
surgery was 64.5 years (25-81 years). There were 36
males and 24 females. The average BMI was 23.0 kg/m2

(range, 18.1-32.3 kg/m2). There were 28 cases of
avascular necrosis (46.7%), 14 cases of osteoarthritis
(23.3%), 13 cases of hip fractures (21.7%), and 5 cases
of other diseases such as ankylosing spondylitis (8.3%)
as the causes leading to THA. Follow-up period was an
average of 3.8 years (2.1-7.1 years). Surgery in all cases
was performed with a posterolateral approach by one
surgeon (C.Y.Y), used cementless acetabular cups
(Zimmer), and the diameter ranged from 48 mm to 62
mm. For press-fit fixation, the acetabular cups were
inserted 1-2 mm bigger than the last reaming diameter.
From one to three metal screws were added to fix the
acetabular cups. The polyethylene used was Longevity�

(Zimmer) which is the first generation for highly cross-

linked polyethylene and its average thickness was 7.7
mm (6.2-11.3 mm). Metal femoral heads of cobalt-chrome
with a diameter of 28 mm and cementless femoral stems
for proximal fixation were used in all cases.

After the removal of wound drainage, patients
practiced walking with crutches for up to two months
after surgery. Clinical follow-up was done every 3
months for the first year. For every follow-up, patients
were evaluated using anteroposterior and lateral views
of pelvic radiographs. During the follow-up period, the
anteversion and inclination angles of the acetabular cups
were compared with the immediate post-operation
results. Osteolysis and stress shielding around the
acetabular cup or the femoral stem were analyzed on the
follow-up radiographs. Loosening of acetabular cup was
defined as change of cup angle more than 5。or
displacement more than 2 mm in the follow-up
radiographs compared to that of immediate post-
operation11).

Liner wear rate of the polyethylene was measured
using the Livermore’s method on the anteroposterior
views of the pelvic radiographs 3 months after surgery
and at the last follow-up12). Enlargement or reduction of
the measured radiologic parameters, except the
anteversion and inclination angles, were corrected
through the ratio between measured diameter on
radiograph and actual diameter of femoral head 28 mm
in diameter. The annual wear rates of polyethylene were
calculated on the basis of this method. Three orthopedic
surgeons measured the radiologic parameters and
calculated the annual wear rates of polyethylene by the
same technique in order to increase the accuracy of the
measurement. Average values of the calculated wear
rates were defined as the final wear rate of the
polyethylene. And we found that moderate reliability
was confirmed (P<0.05) with 0.695 reliability in
measured values between the observers using this
method. For clinical outcome evaluation, Harris hip
scores (HSS) of the pre-operation and last follow-up were
assessed and grouped as excellent for >90 out of 100
points, good for >80, average for >70, and poor for <70.

Statistical analysis was done using SPSS version 18.0
for Windows (SPSS, Chicago, Illinois) program. The
Pearson correlation test was used to analyze correlation
of multiple continuous variables with the annual wear
rate of polyethylene. Based on the results of the Pearson
correlation test, we used the Univariate linear regression
test between each continuous variable and the annual



www.hipandpelvis.or.kr218

Hip Pelvis 27(4): 216-222, 2015

wear rate of polyethylene. Intra class correlation
analysis was done to determine the inter-observer
reliability of the calculated wear rate.

This study was approved by the institutional ethics
committee of our hospital and informed consent was
obtained from each patient. There was no external
funding source for this study.

RESULTS

The annual wear rate of polyethylene was 0.079
mm/year (0.001-0.291 mm/year) measured using the
Livermore’s method. From the correlation analysis, the
annual wear rate of polyethylene did not have a
significant correlation with age, gender, BMI, acetabular
cup size, thickness of polyethylene and anteversion
angles. But there was a negative correlation between the
annual wear rate of polyethylene and the follow-up
period (P=0.001), and a positive correlation between the
inclination angles of the acetabular cups and the annual
wear rate of polyethylene (P=0.030) (Table 1). Significantly,
above two factors were shown the linear relationship
with the annual wear rate of polyethylene from
univariate linear regression analysis (Table 2, Fig. 1).
Divided into several groups of the above two factors, the
more the period of follow up increase, the more annual
wear rate of polyethylene decrease. In contrast, the more
the inclination angles of the acetabular cups, the more
annual wear rate of polyethylene increase (Fig. 2).

Harris hip score (HHS) significantly increased from
an average of 50.1 points (28-64 points) before surgery
to 90.4 points (77-100 points) at the last follow-up.
Satisfactory clinical results were obtained in 56 cases
(93.3%) with more than a good grade in HHS. There
were no cases of osteolysis at the last follow-up in
pelvic radiographs and there were no cases of revision
surgery during the follow-up period. However there
were 4 cases of dislocation so those were treated with
abduction orthosis.

DISCUSSION

Polyethylene is the most commonly used articular
surface in THA. However, in conventional polyethylene,
free radicals remain through the production and
packaging process, so oxidative reactions which cause
wear in polyethylene occur due to the oxygen in its
environment13). Wear in the polyethylene eventually
causes osteolysis around the implants and is a major
cause of revision arthroplasty14-16). Therefore, what was
needed was a more durable polyethylene for increasing
the survival of the implant in the long-term follow-up.
In order to increase the durability, polyethylene was
irradiated with gamma radiation to increase cross-
linking; moreover, other procedures have been
introduced to eliminate the remaining free radicals17).
The methods to eliminate the remaining free radicals
after polyethylene processing were the remelting
method by heating the polyethylene to its melting point
and the annealing method by heating it to a temperature
a little lower than the melting point18). In this study, we
used Longevity� which is highly cross-linked by
irradiation with an electron beam of 10 Mega rad. And
the polyethylene was processed using the remelt-
annealing method for elimination of any remaining free
radicals and finally the implant was packaged with the

Table 1. A Correlation Analysis of Influential Factors for the Annual Wear Rate of Polyethylene

Annual wear rate Age F/U BMI Acetabular Liner Last F/U Postop. Postop.
period cup size thickness HHS inclination anteversion

Pearson correlation coefficient 0.022 –0.433* –0.002 0.012 –0.009 –0.131 0.280* 0.020
P-value 0.869 –0.001* –0.988 0.929 –0.946 –0.318 0.030* 0.882

F/U: follow-up, BMI: body mass index, HHS: Harris hip score, Postop.: postoperative.
* Significant correlation, P < 0.05.

Table 2. The Association of the Annual Wear Rate of
Polyethylene with Variables by Univariate Linear Regression
Analysis

Variable β±SE P-value

Age 0.000±0.001 0.8690
F/U period –0.19±0.005 0.001*
BMI 0.000±0.003 0.9880
Liner thickness –0.001±0.0070 0.9460
Inclination 0.003±0.001 0.030*
Anteversion 0.000±0.001 0.8820

SE: standard error, F/U: follow-up, BMI: body mass index.
* Significant association of linear regression analysis with

the annual wear rate of polyethylene.
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gas-plasma method in order to minimize the wear of the
polyethylene9,18).

McCalden et al.19) used highly cross-linked polyethylene
to carry out THA and reported the average annual wear
rate to be 0.003 mm/year from an average 6.8 year
follow-up. It was reported that wear rates were reduced
more than 95% compared to the wear rate of
conventional polyethylene and osteolysis was not

observed during the follow-ups. Lee et al.20) carried out
the retrospective study of THA with the same
polyethylene which used our study for follow-ups of
more than 7 years. They reported that the average
annual wear rate was 0.006 mm/year and 10.6% of all
patients had osteolysis. The average HHS was 90.4
points at the last follow-up and the annual wear rate of
the polyethylene was 0.079 mm/year in this study.

FFiigg..  11.. A scatter plots show linear correlation the annual wear rate of polyethylene versus the period of follow-up (AA) and
inclination angles of the acetabular cups (BB). The y-axis is the annual wear rate of polyethylene (mm/year), x-axis are the
period of follow-up (years) and inclination angles of the acetabular cups (。). The dash lines show the regression lines of
linear correlation the annual wear rate of polyethylene versus the period of follow-up and inclination angles of the
acetabular cups.
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Osteolytic lesions could not be observed in this study, it
was considered that the average follow-up period was a
little short at 3.8 years. But the annual wear rate of
polyethylene did not increase in cases with follow up
more than 5 years. Therefore it is estimated that good
clinical and radiologic results could be obtained from
mid-term follow-ups after several years.

Sychterz et al.21,22) described two processes where the
femoral head penetrates the polyethylene liner. The
bedding-in state lasts for 1-2 years after surgery and the
true-wear state continues thereafter. The bedding-in state
is a setting in process where the polyethylene liner
moves slightly in the acetabular cup. The true-wear state

was reported to be a process of production of wear
particles. In the study of Lee et al.20), the annual wear
rate of polyethylene increased up to 2 years after surgery
and was drastically reduced thereafter. In our study,
there was a negative correlation of the annual wear rate
of polyethylene with the follow-up period, in other
words, the longer the follow-up period, the more the
annual wear rate of polyethylene is reduced. Therefore
we considered that our annual wear rate for
polyethylene includes more of the period of the
bedding-in state rather than the true-wear state as
Sychterz et al.22) described. So the wear rate of highly
cross-linked polyethylene is actually thought to be much

FFiigg..  22.. Each divided into groups of the period of follow-up (AA) and inclination angles of the acetabular cups (BB), a flow plots
show the means of annual wear rate of polyethylene and the total wear during follow up. The y-axis is the means of annual
wear rate of polyethylene (mm/year), x-axis are different groups by the period of follow-up (years) and inclination angles of
the acetabular cups (。). The dash lines represent the regression lines of linear correlation.

A

B



www.hipandpelvis.or.kr 221

Min-Yook Kim et al. THA Using Metal Head on a Highly Cross-linked Polyethylene Liner

smaller than what has been calculated as the wear rates
of polyethylene are drastically reduced in cases after 2
years of surgery. Also, the annual wear rate of
polyethylene is thought to reduce as the overall follow-
up period increases (Fig. 2A).

It is known that a patient’s activity, the modular
cementless acetabular cup, higher inclination angles of
the acetabular cup, a larger metallic femoral head, and a
thinner thickness of polyethylene are negative factors
which affect the wear of polyethylene23,24). But the wear
of polyethylene is not affected in THA with highly
cross-linked polyethylene by these factors. Manning et
al.25) reported that the wear rate of highly cross-linked
polyethylene does not have significant relations with
gender, age, BMI, or a patient’s activity. Hermida et al.26)

reported no significant difference in wear rate between
using a 28 mm-diameter femoral head and a 32 mm-
diameter femoral head. Lee et al.20) reported that there
were no significant correlations of other factors
including the thickness of the polyethylene liner, only a
significant correlation with the inclination angle of the
acetabular cups. Our study also showed a positive
correlation between the wear rates of polyethylene and
the inclination angle of the acetabular cups. The wear
rates of polyethylene were significantly higher for
angles greater than 45。than for those less than 45。of
inclination in the acetabular cups on radiographs after
surgery (Fig. 2B). Therefore, it is very important to
correctly insert the acetabular cups so they have a stable
position, in order to reduce the wear in highly cross-
linked polyethylene and increase the survival rate for
long-term follow-up.

A limitation of our study was that the follow-up
period was short. So the wear rates of polyethylene were
calculated to be higher than the actual wear rate of
polyethylene because it was measured on radiographs
which had taken at three months after surgery that is in
bedding-in period. But it is indirectly confirmed that the
actual period of the bedding-in state is longer than three
months from a negative correlation between the annual
wear rate of polyethylene and follow-up period. It is
necessary to study the clinical results of the wear in
polyethylene with long-term follow-ups in the future.

CONCLUSION

The wear rate of a highly cross-linked polyethylene
was shown to correlate negatively with duration of

follow-up. It also shows excellent clinical results for the
overall period of follow-up. However, our study was
based on a short-term follow-up, so a long-term follow-
up study is necessary in the future.
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