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CHAPTER 3
Clinical outcome, survival and polyethylene wear of an uncemented 

total hip arthroplasty

A 10- to 12-year follow-up study of 81 hips

Wietske Rienstra
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ABSTRACT

A complete 10- to 12-year follow-up of an uncemented total hip arthroplasty (THA) was performed 
regarding survival, clinical outcome, polyethylene wear and influencing factors on wear. Seventy-
two patients (75 Mallory Head uncemented THA) with primary osteoarthritis operated on in 1999 
or 2000 were included in the survival study. Mean age at the time of operation was 57.9 years 
(range 37–70). The survival rate after 11.9 years was 96% (95% CI 0.89–1.01). In three cases the 
acetabular component was revised because of extensive polyethylene wear. Fifty-four patients 
with 57 THAs were available for clinical and radiological analysis. At a mean follow-up time of 10.7 
years (range 10–12) the clinical outcome can be considered comparable to other uncemented 
THA. Mean polyethylene wear was 1.8 mm (range 0.4–3.8) with an annual wear rate of 0.15 mm/y. 
There was a significant correlation between polyethylene wear and inclination of the cup as well 
as male gender. 

INTRODUCTION

Due to a growing older population and expanding indications, the number of total hip 
arthroplasties (THA) is still rising. Because of ongoing innovations and improvements in design, 
materials and surgical approach, THA is performed more frequently in younger patients. Demands 
on prosthesic durability increase along with general life expectancy and higher demands of 
younger patients regarding physical activity [1,2].

Overall, the 10-year survival rates of THA are excellent (95-99%) [3-5]. Uncemented THA have 
poorer overall survival rates compared to cemented THA [1,4-10], mainly due to failure of the 
acetabular component [3,6,11]. Uncemented acetabular cups have a higher rate of polyethylene 
wear compared to cemented cups [4,5,7-9]. Additionally, uncemented acetabular cups show a 
higher decrease in bone mineral density of the periprosthetic bone and more periprosthetic 
osteolysis [9]. Conversely, uncemented femoral stems have a lower risk of revision due to aseptic 
loosening than cemented femoral stems [4,12].

Innovations to decrease the wear rate of polyethylene can increase the life expectancy of THA 
[13,14]. Cross-linking polyethylene has led to increasing wear resistance and has shown good in 
vitro and good short-to-midterm in vivo results [6,13-15]. Long-term follow-up results for wear 
and clinical performance of cross-linked polyethylene are essential. It is important to identify 
factors that influence the amount of wear in order to enhance early identification of patients 
whose prosthesis is predisposed to failure. Physical activity, gender, inclination of the acetabular 
cup and body mass index (BMI) are described as potential factors that accelerate polyethylene 
wear [16-22]. 

Survival studies of uncemented THA have been conducted containing large study populations 
[5,10,12,23]. However, survival and revision rate alone is a blunt measure to assess long-term 
outcome, as it provides no information concerning clinical outcome or patient satisfaction 
[10]. This study provides a 10- to 12-year follow-up of an uncemented THA with a cross-linked 
polyethylene insert for survival, clinical outcome and polyethylene wear. Physician-reported as 
well as patient-reported questionnaires were used. Physical activity, inclination of the acetabular 
cup, BMI, gender and age were assessed as potential risk factors for polyethylene wear. 
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PATIENTS AND METHODS

Study design and population
In this 10- to 12-year follow-up cohort study all patients who received a Mallory Head (Biomet, 
Warsaw, Indiana, USA) THA in 1999 and 2000 were retrieved from the hospital database. Six 
orthopaedic surgeons performed this operation using a posterolateral or a direct lateral approach. 
A Mallory Head THA consists of a tapered, porous-coated stem and a metal-backed, porous-
coated acetabular shell without holes with a RingLoc polyethylene liner (Biomet NL, Dordrecht, 
the Netherlands). The stem and cup have a press-fit fixation; 28 mm femoral heads were used 
in all cases. The liner is a compression-moulded, cross-linked ultra-high-molecular-weight 
polyethylene which is sterilized by gamma irradiation and processed, packaged and stored in an 
inert gas environment. Patients with primary osteoarthritis were included in the study. Patients 
with secondary osteoarthritis, rheumatoid arthritis, aseptic necrosis of the femoral head, or bone 
metastasis or patients who underwent a revision THA were excluded. Patient demographics and 
information on prosthetic sizes were obtained from medical records. The study was conducted 
according to the regulations of the local ethics committee. Informed consent was obtained.

Survival
In the survival analysis, revision was taken as event. Date of revision was determined as well as 
date of death when applicable using medical records.

Physician- and patient-reported clinical outcome
All patients still alive without a revision operation were invited to participate in the clinical follow-
up study, which entailed a single outpatient visit for a clinical and radiological examination and 
completion of four questionnaires. Clinical examination was done by one single examiner (W.R.).

Harris hip score
The physician-reported outcome was scored with the Harris hip score [24] . This score consists of 
the domains pain, function, deformity, and motion. A total score below 70 points is considered a 
poor result, 70-80 fair, 80-90 good, and 90-100 excellent [25].

Oxford hip score
The Dutch translation of the Oxford hip score was used to obtain a patient-reported appraisal of 
outcome [26]. This score contains 14 disease-specific questions concerning pain and limitations 
in several daily activities. Patients are asked to score these items on a Likert Scale ranging from 
1 (least difficulties) to 5 (most difficulties), therefore the minimum score consists of 14 and the 
maximum score of 70 points. 

SF-36
The Dutch SF-36 Health Survey was used to assess the quality of life and well-being [27]. 

It contains 36 questions and standardized response choices. These questions are divided into 
nine different scales concerning physical and social functioning, role limitations due to physical 
health problems and due to emotional problems, bodily pain, general health perception, vitality, 
general mental health and health change. All scores are converted to a 1- to 100-point scale, with 
a higher score indicating higher levels of functioning or well-being. 

SQUASH
The amount of physical activity was rated using the short questionnaire to assess health-
enhancing physical activity (SQUASH) [28]. Patients were asked to report per activity the number 
of days a week and average time a day they perform that activity. The SQUASH structures total 
physical activity into four different categories; commuting activities, physical activities at work 
or school, household activities and activities during leisure time, including sports. Moreover, 
all activities were assigned an intensity value (MET value) according to the compendium of 
Ainsworth et al. [29]. Based on MET, activities are categorized into light, moderate and vigorous-
intensity physical activity. Outcome can be represented as total minutes of physical activity a 
week, number of minutes a week in the four different activity categories, and number of minutes 
a week in the three intensity categories. International health-related physical activity guidelines 
recommend 30 min or more of moderate-intensity physical activity at least 5 days a week or 
vigorous-intensity physical activity for a minimum of 20 min at least 3 days a week [2]. With the 
SQUASH, it can be determined whether patients comply with these guidelines.

Wear, osteolysis and inclination
Six weeks postoperatively x-rays were obtained from the radiological records. During the 
outpatient visit a conventional anteroposterior radiograph of the pelvis was taken, with the 
patient in a supine position. Wear measurements were performed using HyperORTHO  software 
(Rogan Delft, Veenendaal, the Netherlands) for preoperative planning and postoperative 
measurements on digital radiographs. Polyethylene wear measurements and calculations were 
performed according to the method of The et al. [30,31]. This method uses the change in distance 
between the center of the femoral head and the center of the acetabular cups’ opening in the 
6-week postoperative radiograph and the last follow-up pelvic radiograph for the measurement 
of wear. The distances were corrected for magnification with the known diameter of the femoral 
head (28 mm). According to The et al., differences in opening angle of the acetabular cup were 
corrected to avoid strongly over- or underestimation of wear. 

Periprosthetic osteolysis around the acetabular and the femoral component was rated on view 
by two assessors (W.R., J.v.R.). In case of disagreement this was solved in a consensus meeting. 
Location of osteolysis around the acetabular component was classified according to the zones of 
DeLee and Charnley [32], and location of osteolysis around the femoral component was classified 
according to the zones of Gruen et al. [33].

CH
A

PT
ER

  3
CH

A
PTER  3

4140



Inclination of the acetabular cup was determined by measuring the angle between a horizontal 
line touching the inferior borders of the inferior pubic rami and a line parallel to the acetabular 
cups’ opening [21].

Statistical analysis
Statistics were performed using the SPSS version 18.0 (SPSS Inc., Chicago, IL). Descriptive statistics 
were used to present patients demographics. Kaplan-Meier analysis was used to describe the 
survival (CI) of the THA using revision surgery as event. Clinical outcome and amount of wear 
were presented in means (range) or medians (IQR) in case of skewedness. Relations between 
polyethylene wear and potential influencing factors were analyzed using univariate and 
multivariate linear regression analyses. The level of significance was defined as P<0.05.

RESULTS

Survival
In 1999 and 2000, 78 patients were operated on for primary osteoarthritis and 3 patients received 
bilateral THA, leaving 81 hips for analysis. Five patients could not be traced, therefore 76 THA were 
included in the survival study (73 patients). Figure 1 shows the Kaplan-Meier survival analysis. Mean 
survival time is 11.9 years (SEM 0.08; 95% CI 11.8–12.1). Three THAs were revised, therefore survival 
with revision as an endpoint was 96% (95% CI 0.89-1.01). The revisions took place in 2007, 2008 and 
2010, and all were due to extensive wear of the acetabular cup. One of the revisions was performed 
because of a swelling in the left groin as a reaction to polyethylene particles, which led to pain 
and neurovascular compression. Inclination in this case was 55°, cup size 50. One of the revisions 
only involved revision of the polyethylene liner. In this case inclination was 42.5°, cup size 46. 
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Figure 1. Kaplan-Meier analysis describing survival of the Mallory Head uncemented THA after a mean 
follow up of 11.9 years. End point was defined as revision of any component.
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One revision was performed for aseptic loosening of the acetabular cup. Inclination in this case was 
53.5°, cup size 50. In all cases the cups had full coverage laterally and were properly medialized when 
inserted. No revisions were performed due to infections. No femoral components were revised.

Physician- and patient-reported clinical outcome 
Of the 73 patients included in the survival analysis, 10 were deceased with no revision and 3 
underwent a revision of the acetabular component, therefore 60 patients were invited for clinical 
and radiological examination on an outpatient basis (Figure 2). Five patients did not give informed 
consent: three patients did not want to participate for emotional reasons and two patients were 
unable to come to the hospital and were not willing to answer the questionnaires - one of the 
patients had physical limitations unrelated to the THA and the other had emigrated. One patient 
was admitted to the hospital for surgery on the contralateral hip in the period that the study took 
place. A total of 54 patients (57 THAs) were included in the clinical outcome study.

Patient characteristics are summarized in Table 1. The most used acetabular cup sizes were 52 
and 54 mm. The most used femoral component size was 10.

Tables 2 and 3 represent the scores and subscores of the Harris hip score, Oxford hip score, SF-
36, and SQUASH. Harris hip scores were excellent in 77.2% of the patients, good in 12.3%, fair in 
5.3%. As determined with the SQUASH, 67.3% of the patients met the international guidelines 
regarding physical activity. Household activities and leisure time activities together covered 
1290 of the total of 1560 minutes spent per week on physical activity. Of the total time spent on 
physical activity, 53% consisted of light-intensity activities.
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10 patients deceased at 
10-year follow-up 

60 patients approached for 
clinical and X-ray evaluation

3 patients with revision of 
primary arthroplasty

5 THAs lost to follow-up, 
untraceable

76 THAs included in survival 
analysis in 73 patients

81 Mallory Head THAs placed 
in 78 patients in 1999/2000 

54 patients included (57 THAs) 5 patients no informed consent
1 patient admitted in hospital

Figure 2. Flowchart showing inclusion procedure

Table 1.  Patient characteristics

  N (%) mean range

Gender Men 19 (35.2)  

 Women 35 (64.8)  

BMI (kg/m2)   28.8 20.6-43.6

Age at time of operation (years)  57.9 37-70

Follow-up time (years)   10.7 10-12

Size of acetabular cup (mm)  53.4 46-60

Size of femoral component  10.1 7-16

Table 2. Scores and subscores of Oxford Hip Score, Harris Hip Score and SF-36

  mean Range

Oxford hip score  63.7 39-70

Harris hip score  92.7 59-100

SF-36 Physical functioning 71.1 0-100

 Social functioning 87.1 12.5-100

 Role limitations due to physical health problems 68.4 0-100

 Role limitations due to emotional problems 85.7 0-100

 General mental health 83.0 40-100

 Vitality 73.1 15-100

 Bodily pain 80.6 32.7-100

 General health perception 64.7 5-95

 Health change 44.7 0-100
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Wear, osteolysis and inclination
Polyethylene wear showed a normal distribution and ranged between 0.4 and 3.8 mm with a 
mean of 1.8 mm. With a mean survival time of 11.9 years, this constitutes an annual wear rate 
of 0.15 mm/y. In three cases, the 6-week post-operative radiographs could not be used for 
wear measurement due to poor quality, therefore wear measurements were performed on the 
radiographs of 54 arthroplasties. In one case periacetabular osteolysis was observed in zone II of 
the acetabulum according to DeLee and Charnley, but no femoral osteolysis. This male patient 
was already scheduled for revision surgery of the acetabular cup. Wear was 2.2 mm, and there 
was slight pain and a full range of motion. The patient had an excellent Harris hip score of 96 
points. The mean inclination of the acetabular cup was 47.8° (range 30°-70°).

Influencing factors on wear
Table 4 presents statistical analysis regarding influencing factors on wear. In an univariate model, 
inclination of the acetabular cup showed a linear correlation to polyethylene wear. With every 
degree of increase in inclination of the cup, polyethylene wear increased by 0.03 mm. The model 
was based on inclination data ranging from 30° to 70°. Gender seemed to be correlated with 
polyethylene wear, with men showing more polyethylene wear than women. This correlation 
was not statistically significant, though. 

Time spent on physical activity was not related to polyethylene wear even when dividing physical 
activity into light-, moderate- and vigorous-intensity physical activity. BMI and age at time of the 
operation were not related to polyethylene wear. 

4746

Table 3. Scores of SQUASH

  median IQR

  

SQUASH (min/week) Commuting activity 0 0-0

 Activity at work 0 0-0

 Household activity 840 390-1440

 Leisure time 450 180-795

 

 Light-intensity physical activity 840 330-1455

 Moderate-intensity physical activity 225 90-420

 Vigorous-intensity physical activity 210 45-525

 

 Total time spent on physical activity 1560 1110-2370

Table 4. Multivariate linear regression analysis of factors influencing polyethylene wear

 Nonstandardized Sig.            95% Confidence Interval for B

 Coefficients for B  

   Lower Bound Upper bound

Univariate    

Inclination (degrees) 0.03 0.029 0.00 0.05

Male gender 0.39 0.051 -0.00 0.79

BMI (kg/m2) 0.01 0.494 -0.02 0.05

Total time spent on physical activity (min/wk) <0.01 0.937 0.00 0.00

Age at time of operation (years) -0.02 0.210 -0.04 0.01

Multivariate    

Inclination (degrees) 0.03 0.016 0.01 0.05

Male gender 0.53 0.010 0.13 0.93

BMI (kg/m2) 0.02 0.298 -0.02 0.06

Total time spent on physical activity (min/wk) <0.01 0.460 0.00 0.00

Age at time of operation (years) -0.01 0.672 -0.03 0.02

Dependent variable: total linear wear. Statistically significant results (P<0.05) are indicated in bold.



DISCUSSION AND CONCLUSIONS

Survival of the studied uncemented THA was 96% after a mean survival time of 11.9 years. This 
can be considered a better long-term outcome compared to Boesenach et al. [34], who found 
a 10-year follow-up of 92% for the uncemented THA. These survival rates are comparable to 
previous studies of other uncemented THAs with similar follow-up times [5,10,12,23,34]. No 
femoral components were revised, therefore survival of the uncemented THA is determined by 
survival of the acetabular cup in this study.

Taking into account both the patient-reported and the physician-reported questionnaires, the 
10- 12-year clinical outcome of the studied uncemented THA can be considered satisfactory, 
indicating good quality of life, few limitations in ADL and wide ROM. Compared to studies with 
various types of uncemented THAs, our results are at least equally good. The mean scores of the 
nine categories of the SF-36 are comparable to the mean scores of the general population of the 
same age [27].

The annual wear rate of 0.15 mm/y found in our study is comparable to previous studies. In 
literature, wear rates for uncemented cups range between 0.09 and 0.25 mm/y [5,7,8,18,20,21,34]. 
Boesenach et al. [34] even found exactly the same annual wear rate for the acetabular cup of the 
same type. The fact that two independent studies found exactly the same annual wear rate for 
the same type of uncemented acetabular cups increases the reliability of these results. 

Polyethylene wear was related to inclination of the acetabular cup. A possible explanation for this 
is an increase in contact stress at the superior aspect of the polyethylene liner. In the literature, 
an acetabular inclination of less than 45° is recommended in order to reduce this polyethylene 
wear [20,21]. Our study supports this recommendation. Significantly more wear was found in 
male patients than in female patients. This is in line with previous studies [16,19,20]. In the study 
of Schmalzried et al. [16] the increased wear in males was explained by differences in behavior, 
anatomy and physiology between men and women. In our study, however, gender remains a 
significant predictor with correction for inclination, amount of physical activity and BMI in the 
model. Conclusively, no explanation was found for the difference in wear between men and 
women. Smaller diameter femoral heads are known to have lower polyethylene wear rates 
[35,36]. However, since all the included THAs had identical head diameters, the influence of this 
factor to polyethylene wear could not be analyzed in this study.

Contrary to expectations, polyethylene wear was not related to amount of time spent on 
physical activity, even after subdivision into light-, moderate- and vigorous-intensity activity. 
The results of previous studies on the influence of physical activity on polyethylene wear are 
conflicting [16,17,22,37]. More research is needed, measure activities at regular intervals over a 
10-year period instead of measuring it at one moment in time, as current activity levels might 

not be representative for the previous period. Also, measuring physical activity with more 
objective measures like accelerometers can provide additional information, as people tend to 
overestimate their physical activity level in questionnaires [28].

A strong point of our study is the fact that over 70% of the patients contributed to the 10-year 
survival estimates. When regarding 10-year survival data and risk for revision, it is important to 
consider the number of patients still at risk by the 10-year mark [10]. As patients are censored 
when they die or become lost to follow-up, the revision-free survival estimates are based on a 
minority of the population. In our study, 70.4% of the patients were still at risk for revision after 
10 years, thereby contributing to the Kaplan-Meier estimate and making our 10-year survival 
estimates reliable.

Two different surgical approaches were used in this study. This could be a possible cause 
of bias. However, in the literature, no significant variances in polyethylene wear and clinical 
outcome have been reported when comparing the surgical approaches used in this study [38]. 
A limitation is that we did not use the gold standard for wear measurement, which is three-
dimensional radiostereometry. However, this is a very time-consuming and expensive method 
[31]. For this reason, at present digital two-dimensional wear measurements are the most 
widely used methods for polyethylene wear measurement. As two-dimensional measurements 
generally underestimate the three-dimensional value due to variability in projections of the 
THA on the radiographs [16,31], The et al. developed a geometrical framework to model 
these wear measurement errors. The wear measurements in our study are thus more reliable 
compared to other two-dimensional wear measurements. 

Future studies with follow-up results exceeding 10 to 12 years are required. There are indications 
that the results of uncemented acetabular cups deteriorate with time [12]. After the first 10 
years the rate of failure increases [3,5], yet few studies that have a follow-up period of more than 
10 years have been published.
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