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Abstract
Purpose of the study — to determine the rate of polyethylene wear in hip arthroplasty depending on 

various factors and to evaluate a correlation of wear rate and activity level of the patients. 
Material and Methods. 467 patients with degenerative pathology of the hip, 322 (35.8%) women 

and 145 (31.0%) men, were included in the study. Mean age of patients was 55.0 years without sta-
tistically significant differences in women and men (р = 0.743). Daily activity level of 167 patients 
(35.8%) was assessed using pedometer. The authors evaluated prosthesis head displacement in rela-
tion to the center of acetabulum and calculated the rate of polyethylene wear in MediCad. Modified 
Harris Hip Score and VAS parameters were evaluated for all patients. All data was analyzed and sta-
tistical processed.  

Results. Average level of activity level was more than 1.9 million steps per year. The overall rate 
of polyethylene wear depended on the follow up period, the Pearson correlation coefficient r = 0.297 
(р<0.001). Mean wear rate was 0,16 mm/year (95% CI 0.15–0.17). At the same time wear rate significantly 
differed in the groups of standard and cross-link polyethylene, namely 0.18 mm/year (95% CI 0.17–0.19)  
and 0.11 mm/year (95% CI 0.1–0.11) (р<0.001). The authors identified the following additional factors 
affecting wear rate in the present study: cup inclination angle, r = 0.241 (р = 0.002), and the level of activ-
ity level, r = 0.574 (р<0.001). No evident correlation of wear rate to age, r = 0.14 (р = 0.859), and to BMI, 
r = -0.094 (р = 0.226), was identified, which apparently is due to a strong impact of confounding factors. 
Patients’ satisfaction with treatment outcomes was assessed by VAS score and in average was 91,1 points 
(95% CI 90.3–91.9). Harris Hip Score parameters improved in average from 36.5 (95% CI 35.1–37.9) up to 
91.6 points (95% CI 91.1–92.0).

Conclusion. Out of the multiple factors affecting the polyethylene wear rate only the inclination angle 
of acetabular component and a higher level of patient activity level have proven to be statistically sig-
nificant. 
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Introduction 

The national and international literature 
still considers total hip arthroplasty as one the 
most efficient surgical treatment for patients 
with severe hip pathologies [1–6] which in 
combination with a high demand for orthope-
dic care accounts for constantly growing num-
ber of total hip arthroplasy [7, 8]. Long term 
studies of large patients groups and multiple 
publications based on the data of major arthro-
plasty registers confirm the successful func-
tion of artificial joints for 10 years in 95–97% 
of patients and demonstrate high survivorship 
in follow up over 20–30 years [9–12]. On the 
one hand such high efficiency allows a wider 
application of total joint arthroplasty for treat-
ment of young and active patients [13–15], but 
on the other hand, the key issue of modern 
hip replacement which determines long term 
survivorship is the aseptic loosening of com-
ponents due to osteolysis induced by polyeth-
ylene wear particles [16–18]. There are many 
articles demonstrating a correlation of higher 
patients’ activity with an accelerated wear of 
polyethylene liner. Thus, due to constantly in-
creasing number of total hip arthroplasties in 
relatively young patients with a higher life ex-
pectancy and, as a rule, with a higher level of 
activity the risk of early revisions is rising [16, 
17, 19]. The boundaries of young age for hip 
replacement in the specialized literature vary 
from 50 to 65 years but the overwhelming ma-
jority of studies consider exactly 50 years [5, 17, 
19–24]. Young patients have a much higher ac-
tivity level postoperatively resulting in an ac-
celerated wear of bearing surfaces, and multi-
ple studies reveal correlation of wear rate with 
development of osteolysis, aseptic loosening 
and revisions rate. Consequently the implants 
survivorship after total hip arthroplasty in pa-
tients of young age is significantly worse than 
in other age groups [5, 17, 19–24]. 

In the present paper the authors aimed to 
answer a set of questions. Which factors impact 
the polyethylene wear rate? How the polyethyl-
ene insert wear rate is related to activity level? 
Does the activity level of our “young” patients 
differ from other studies? Does the activity level 
of the patient after the surgery depend on etio-
logical diagnosis and age? 

Material and methods 

The our study is based on 467 cases of primary 
hip arthroplasty performed from 2001 till 2012 
in three trauma and orthopaedic departments 
of our institute. The inclusion criteria were the 
availability of immediate postoperative X-rays 
and X-rays at control examination made in com-
pliance with basic requirements for pelvis radi-
ography [26]. The follow up period varied from 5 
to 16 years and in the average was 8.5 years (95% 
CI from 8.3 to 8.6). Medical documentation pro-
vided the data on gender and age of patients at 
the moment of surgery, their height and weight 
prior to the surgery, Harris Hip Score, blood loss 
and time of procedures. Etiological diagnosis was 
established by radiographic analysis taking into 
account the case history. During X-rays analysis 
the authors evaluated a range of qualitative cri-
teria and calculated numerical parameters: share 
and bony structure of acetabulum and femoral 
head, uniformity of articular gap, Shenton line 
malalignment, Tönnis angle, femoral head cover-
age, minimal width of articular gap, relation of 
femoral head to Kohler line as well as difference 
in limbs length and position of rotation center of 
the femoral head. Processing and analysis of x-
rays was made in free software Roman V1.7 and 
OsiriX Lite.

The 322 women (69.0%) and 145 men (31.0%) 
were available for study. Indication for hip arthro-
plasty according to X-rays analysis was a terminal 
stage of primary arthritis in 236 patients (50.5%), 
AVN in 61 patients (13.1%), dysplastic arthritis in 
152 patients (32.5%), posttraumatic arthritis fol-
lowing acetabular fractures in 13 cases (2.8%) and 
rheumatoid arthritis in 5 cases (Table 1). The au-
thors observed a significant prevalence of women 
in the group of dysplastic arthritis — 5.3 times 
higher, and in the group of primary arthritis —  
1.9 times higher, an insignificant men prevalence 
was observed only in the AVN group — 55.7%. 

Mean age of patient in the group was 55.0 
years (95% CI 53.9 — 56.1) with no statistical dif-
ference in men and women, р = 0.743. However, 
the mean age at the moment of surgery varied 
depending on etiological diagnosis. The high-
est value of mean age was reported in the group 
of idiopathic osteoarthritis — 62.1 years, the 
least value — in patients with posttraumatic  
arthritis — 37.9 years, р<0.001 (Table 2).
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All acetabular implants were divided into 
three groups. The most frequently used cups 
were Trilogy (Zimmer, Warsaw, IL, USA) — 262 
cases (56.1%) and Duraloc (J&J, DePuy, Warsaw, 
IL, USA) — 120 cases (25.7%). These groups were 
supplemented by acetabular components: TMT 
Modular (Zimmer, Warsaw, IL, USA) in 9 cases 
(1.9%) and Pinnacle (J&J, DePuy, Warsaw, IL, 
USA) in 9 cases (1.9%) with polyethylene inserts 
analogous to Trilogy and Duraloc, respectively 
(Table 3). These two groups were divided into 
subgroups where inserts of standard UHMW 
polyethylene and cross-link polyethylene were 

used, respectively Longevity (Zimmer, Warsaw, 
IL, USA) and Marathon (J&J, DePuy, Warsaw, IL, 
USA). Mean age of patients was not significantly 
different in subgroups of standard polyethyl-
ene and cross-link polyethylene, and was 54,1 
years (95% CI 52.6–55.5) and 56,5 years (95%  
CI 54.8–58.1) respectively, р = 0.061. Higher age 
value in cross-link polyethylene subgroup is ac-
counted for by a different approach to selection 
of bearing surfaces in different surgical depart-
ment. Third group consisted of various acetab-
ular components by different manufacturers,  
all with inserts of standard UHMW polyethylene.

Table 1
Gender patient distribution according to diagnosis

Diagnosis
Women Men Total

n % n % n %

Primary arthritis 154 65.5 82 34.5 236 100.0

Dysplastic arthritis 128 84.2 24 15.8 152 100.0

AVN 27 44.3 34 55.7 61 100.0

Posttraumatic arthritis 8 61.5 5 38,5 13 100.0

Rheumatoid arthritis 5 100 0 0 5 100.0

T o t a l 322 69.0 145 31.0 467 100.0

Table 2
Mean age of patients with various pathologies at the time of surgery, years

Diagnosis
Mean age, 95% CI

р Total
Women Men

Primary arthritis 61.3 62.6 63.9 59.3 61.4 63.4 0.404 61.1 62.1 63.2

Displastic arthritis 46.7 48.4 50.2 47.1 51.5 55.9 0.127 47.3 48.9 50.5

AVN 44.2 48.2 52.3 42.1 45.3 48.4 0.75 44.1 46.5 49.0

Posttraumatic arthritis 29.2 37.4 45.5 19.8 37.4 54.9 0,943 30.7 37.4 44.1

Rheumatoid arthritis  35.5 49.4 63.3 — — 35.5 49.4 63.3

T o t a l 53.6 54.9 56.2 53.1 55.1 57.1 0.743 53.9 55.0 56.1
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To evaluate the degree of prosthesis head dis-
placement against the center of acetabulum and 
consequently to calculate the polyethylene wear 
rate in MediCad the authors performed scaling of 
prosthesis head and acetabulum component on 
AP pelvis x-rays immediately after the surgery 

and in a late period. The program calculated the 
wear rate (in mm) per year and during the period 
from surgery until control x-ray. The program 
also calculated the angle of insert wear (angle of 
head displacement against acetabulum and hori-
zontal pelvis axis) (Fig. 1). 

Table 3
Implanted acetabular components and polyethylene liners 

Acetabular component

Polyethylene

Total n (%)UHMWPE Cross-link 

n (%) n (%)

Trilogy/TMT Modular 106 (22.7) 165 (35.3) 271 (58.0)

Duraloc/Pinnacle 129 (27.6) 10 (2.2) 139 (29.8)

Other 57 (12.2) — 57 (12.2)

T o t a l 292 (62.5) 175 (37.5) 467 (100.0)

Fig. 1. Estimation of polyethylene insert wear rate: 
a — identification of head rotation center relative to acetabular component on X-ray after the surgery; 
b — identification of head rotation center relative to acetabular component on X-ray 10 years after  
the surgery; 
c — calculation of linear polyethylene wear; 
d — calculation log

а b

с d
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To define the activity level impact on liner 
wear rate in 167 cases (35.8%) the activity level 
of patients was assessed at control examination 
in the late follow up period. Evaluation of activ-
ity level was made by pedometers (A&D Medical 
UW-101) where data was continuously registered 
during 7 days and the average daily parameter 
was calculated, which is a generally accepted 
method [22, 23].

Statistical analusis. The obtained statistical 
data was processed using software IBM SPSS 
Statistics for iOS (version 24). For mean val-
ues a 95% confidence interval was calculat-
ed, the median was defined and minimal and 
maximum values in the data series was dem-
onstrated. Numeric parameters in groups and 
subgroups were compared by Mann-Whitney 
U-test and ANOVA Module. Matching of fre-
quency characteristic of numeric criteria was 
done by non-parametric methods c2. A corre-
lation analysis was made using Spearman and 
Pearson coefficients. Differences were consid-
ered statistically significant at р<0.05. 

Results

Overall outcomes of hip arthroplasty in the 
study group were quite favourable. Patients’ sat-
isfaction with surgery outcomes by VAS at mid-
term follow up of 8.5 years averaged 91.1 points 
(95% CI 90.3–91.9). Harris Hip Score improved in 
the average from 36.5 points (95% CI 35.1–37.9) 
up to 91.6 points (95% CI 91.1–92.0) (Fig. 2).

Table 4
Change of functional status by Harris Hip Score in the patients  

with various pathologies, scores

Diagnosis
HHS mean values with 95% CI

р
Prior to surgery After surgery

Primary arthritis 33,6 35,7 37,9 91,2 91,9 92,6 <0,001

Dysplastic arthritis 34,2 37,1 40,0 91,0 92,0 93,0 <0,001

AVN 35,4 38,3 41,2 90,0 90,9 91,8 <0,001

Posttraumatic arthritis 27,4 33,7 40,0 88,9 91,0 93,1 <0,001

Rheumatoid arthritis 26,3 33,2 40,2 86,5 89,5 92,5 <0,001

T o t a l 35,1 36,5 37,9 91,1 91,6 92,0 <0,001

Fig. 2. Harris Hip Score results prior to and after 
hip replacement (p<0.001)

In patients with all types of hip pathology the 
statistically significant improvement Harris Hip 
Score was observed (р<0.001). The lowest pa-
rameters prior as well as after the surgery were 
obtained in patients with rheumatoid arthritis, 
the best outcomes were obtained in the group 
of patients with dysplastic arthritis, however no 
statistically significant difference was reported 
between the groups (Table 4).
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In accordance with improved Harris Hip Score 
after surgery the average motor activity of pa-
tients at examination within 5 to 16 years follow 
up (average of 8.5 years) was 5224.3 steps per 
day (95% CI 5022,3–5426,4) meaning around  
1.9 million steps per year. Variability of motor 
activity was rather high and practically was not 
related to age, Pearson correlation coefficient 
was r = -0.123, р = 0.158, due to a big number 
of active patients in the older age group. Non 
the less in the patients group below 50 years 
the mean value of motor activity was 5838.9 
steps per day (95% CI 5608.3–6069.5), in the pa-
tients group older 50 years — 4997.6 steps per 
year (95% CI 4774.4–5220.8), р<0.001, mean-
ing 2.1 million and 1.8 million steps per year, 
respectively. 

Activity level was slightly varying in pa-
tients groups with different etiological diag-
nosis. Patients with posttraumatic arthritis 
demonstrated statistically less steps number, 
р = 0.005. Daily steps number in patients with 
osteoarthritis was 5717.9 (95% CI 5467.2–
5968.6), with AVN — 5214.4 (95% CI 4701.7–
5727.2), with dysplastic arthritis — 5846.3 (95% 
CI 5346.0–6346.6), with posttraumatic arthri-
tis — 4797.2 (95% CI 3781.3–5813.1) and with 
rheumatoid arthritis — 5253,0 (95% CI 4081.0–
6425.0) (Fig. 3).

Overall wear of polyethylene insert depended 
on follow up period, Pearson correlation coeffi-
cient was r = 0.297, р<0.001. Average wear rate was 
0.16 mm/year (95% CI 0.15–0.17), wear rate was 
statistically varying in groups with UHMWPE and 

cross-link polyethylene and was 0,18 mm/year  
(95% CI 0.17–0.19) and 0.11 mm/year (95% CI 
0.1–0.11), р<0.001 (Table 5). At the same time in 
both groups, with UHMWPE and cross-link poly-
ethylene, the authors reported significant value 
variances depending on many factors including 
manufacturing company. 

The additional factors in the present study 
that impacted the wear rate of PE liner were 
the acetabular component inclination, r = 0.241  
(р = 0.002), and level of activity, r = 0.574 
(р<0.001). There was no evident relation of wear 
rate with age, r = 0.14 (p = 0.859), or with BMI,  
r = -0.094 (р = 0.226), which is apparently due to a 
strong influence of confounding factors. 

Fig. 3. Average steps number in patients with 
different pathologies

Table 5
polyethylene wear rate of by manufacturer, mm/year

Acetabular  
component

Polyethylene
р Total

UHMWPE Cross-link

Trilogy/TMT Modular 0.16 0.17 0.18 0.09 0.10 0.11 <0.001 0.12 0.13 0.14

Duraloc/Pinnacle 0.19 0.21 0.22 0.11 0.15 0.19 0.009 0.19 0.20 0.22

Other 0.16 0.18 0.2 — — 0.16 0.18 0.2

Average 0.17 0.18 0.19 0.1 0.11 0.11 <0.001 0.15 0.16 0.17
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Discussion 

Up to now the key cause of revision is the 
aseptic loosening due to osteolysis [28, 30]. 
Osteolysis can develop in response to any prod-
ucts discharged during prosthesis functioning — 
polyethylene wear particles, metal debris, metal 
ions released during fretting corrosion of modu-
lar couplings [30, 31]. However the polyethylene 
insert wear remains the most frequent reason 
for osteolysis while polyethylene is the major 
material used in total arthroplasty. Particularly 
in the US polyethylene is used in 76% of all im-
planted artificial hip joints [7], and in Russia 
more than 98% of all prostheses have polyeth-
ylene liner [8]. 

It is well known that osteolysis severity de-
pends on the wear particles number and, ac-
cordingly, the more is the insert wear the ear-
lier revision will be required [16, 27, 29, 30]. In 
turn, the wear rate of PE liner used in hip pros-
thesis depends on multiple factors, but in the 
first place of material resistance to wear and 
conditions for prosthesis functioning [16, 30].  
In particular, literature demonstrates that use 
of cross-link polyethylene allows to decrease 
wear rate 4–9 times as compared to UHMWPE  
[18, 33–35]. However, in the present study the 
authors did not observe such significant variance 
in wear rate between standard and cross-link 
polyethylene, at the same time polyethylene of 
various manufacturers behaved completely dif-
ferent. The least wear rate in the present series 
was reported for Zimmer polyethylene (Warsaw, 
IL, USA), and cross-link polyethylene was  
1,7 times more resistant to abrasion than 
Zimmer standard polyethylene. The highest 
wear rate was reported for standard polyethyl-
ene in prostheses manufactured by J&J DePuy 
(Warsaw, IL, USA), but at the same time J&J 
DePuy cross-link polyethylene was 1.4 times 
more resistant to abrasion which considerably 
contradicts the data of other authors. It’s diffi-
cult to judge on reasons for such controversial 
data. The authors can suggest that absence of 
wear measurement by stereoroentgenometric 
analysis is a limitation of the current study, but 
at the same time the conditions of wear meas-
urements were similar for all polyethylene types, 
and rather large case series can guarantee a real 
difference between the manufacturers as well as 
between standard and cross-link polyethylene. 

Besides, the wear rate of standard polyethylene 
observed in the present study approximates the 
values published in many papers or is slightly 
below [18, 34, 35]. 

It is not surprising that polyethylene from 
various manufacturers has different properties 
of wear resistance in conditions of long term 
functioning of friction unit. Such names as 
“polyethylene of ultra-high molecular weight” 
or “cross-link polyethylene” are no more than 
general definitions of materials largely vari-
able in their physical properties (molecule mass 
and correlation of crystalline and amorphous 
phases), production technology (radiation dose, 
thermal treatment, additions of antioxidants, 
etc) and terms of finishing treatment [6]. It can’t 
be excluded that even for known brand products 
the terms of production change in time which 
can significantly influence final properties of the 
finished orthopaedic device not only in respect 
of abrasion resistance but also extent of aggres-
siveness of wear particles to periprosthetic tis-
sues. Surgical technique can also have a certain 
impact of prosthesis function — scratches on 
the metal head, third-body particles intrusion 
into the bearing clearance or malpositioning of 
components can disastrously increase the wear 
rate [16]. 

An important result of the present study is 
the understanding of a direct correlation be-
tween the wear rate of bearing surfaces and 
activity level of the patients, which exceeds 
minimally twice the figure of 1 million steps per 
year reported in the 1990s [30]. Accordingly, all 
prostheses that underwent tribology testing for 
20 million cycles are designated for guaranteed 
10 years survival, and if patient exceeds average 
values of motor activity the prosthesis can sur-
vive only for 5–7 years. The authors conducted 
an epidemiological study based on the hip joint 
register to find out that average age of our pa-
tients was only 58 years, which is 10–12 years 
less than in registers of European countries 
[8]. Motor activity of our patients corresponds 
to mean parameters from foreign publications. 
Consequently, it is necessary to take measures 
to increase the use of alternative bearing surfac-
es in total hip arthroplasty in Russian, since up 
to now almost half of implanted prostheses have 
a metal-standard polyethylene bearings [8]. The 
studies conducted by other authors demonstrate 
that in long term perspective ceramic-ceramic 
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and ceramic-crosslink polyethylene bearings 
are advantageous for hip arthroplasty outcomes 
in young patients [6, 7, 17, 25, 36–38]. However, 
we need to consider not only the age of operated 
patients but the etiology of disease — the more 
pronounced are anatomical and functional al-
terations in the joint the higher are the changes 
that patient will not be excessively active after 
the surgery, and vice versa, good functional sta-
tus of the patient can predict high activity af-
ter joint replacement. The most important in 
selection of prosthesis is a thorough evaluation 
of motor activity of the patient prior to surgery, 
while in preceding prospective studies the au-
thors have proven a high correlation of preop-
erative and postoperative motor capacity [19]. 
Besides, the active patients achieve the average 
motor activity much faster and preserve it for 
many years. 

Thus, based on the present study we can state 
that polyethylene wear in hip total arthroplasty 
is a multifactorial process, and any cohort of pa-
tients is highly heterogeneous in terms of age 
and gender, motor activity, body mass index, 
types of implanted prostheses, bearing surfaces, 
surgical technique specifics, implant malposi-
tion rate. Respectively even long term follow 
up of large group of patients with a meticulous 
analysis of long term outcomes does not always 
solve the issues while the trends for prosthe-
ses type selection and production technologies 
are changing in time, new materials are being 
developed which might pose new threats, or 
as Erwin Morscher said “Innovations can solve 
the problems but often they create new ones” 
[39]. Apart from above we can’t exclude the in-
dividual reaction to wear particles manifesting 
in a greater osteolythic response of surround-
ing bone in some cases. That’s why for choos-
ing a joint prosthesis for young and active pa-
tients we should be guided by the whole range 
of available knowledge, utilize the time-proven 
technologies and carefully monitor in dynamics 
the changes in periprosthetic tissues to avoid ir-
reversible consequences of an incorrect choice. 
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