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Polyethylene wear and cup migration of cemented total hip 
arthroplasty with femoral heads made of oxidized zirconium, 
steel, or cobalt chromium: a 10-year secondary analysis 
from a randomized trial using radiostereometry
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Background and purpose — We aimed to evaluate poly-
ethylene (PE) wear, cup migration, and clinical outcome 
over 10 years in total hip arthroplasties (THA) using differ-
ent articulations.

Methods — This is a secondary analysis of 150 patients 
randomized into 5 groups, using different articulations: 
Charnley/Charnley Ogee for steel and conventional polyeth-
ylene (CPE), or Spectron EF/Reflection with either CPE or 
highly cross linked polyethylene (XLPE) cups, paired with 
heads made of either cobalt-chromium (CoCr) or oxidized 
zirconium (OxZr). All cups were cemented. Patients under-
went repeated radiostereometric analysis (RSA) measure-
ments for up to 10 years to assess wear and migration. Clini-
cal outcome was assessed using Harris Hip Score (HHS).

Results — After 10 years, the XLPE cups demonstrated 
low wear rates: 0.08 mm (95% confidence interval [CI] 
–0.11 to 0.26 mm) with CoCr heads and 0.06 mm (CI –0.14 
to 0.26 mm) with OxZr heads, with a mean difference of 0.01 
mm (CI –0.26 to 0.29 mm). In contrast, CPE cups exhibited 
significantly more wear: 1.35 mm (CI 1.16 to 1.55 mm) with 
CoCr heads and 1.68 mm (CI 1.44 to 1.92 mm) with OxZr 
heads, with a mean difference of 0.33 mm (CI 0.02 to 0.64 
mm). The Charnley/Ogee group (CPE) showed PE wear of 
0.34 mm (CI 0.12 to 0.56 mm). The CPE groups with OxZr 
and CoCr heads had 0.67 mm (CI 0.38 to 0.96 mm) and 0.35 
mm (CI 0.09 to 0.61 mm) greater proximal migration respec-
tively than the corresponding XLPE groups. HHS was simi-
lar across all groups.

Conclusion — We found no significant advantage of 
OxZr over CoCr heads in reducing wear or migration. XLPE 
demonstrated a major reduction in wear as well as a reduc-
tion in cup migration compared with CPE. Charnley per-
formed better than the other CPE cups in terms of PE wear 
and cup migration. No differences in clinical outcome were 
found.

Aseptic loosening is a major reason for failure of total hip 
replacements, and one of the main contributors to this is oste-
olysis induced by wear particles from the polyethylene (PE) 
articulating surface [1]. Polyethylene with a substantial degree 
of crosslinking (XLPE) has displayed notable improvements 
in wear resistance when compared with conventional polyeth-
ylene (CPE) [2-5]. 

Oxidized zirconium (OxZr), or Oxinium (Smith+Nephew, 
Memphis, TN, USA) is a femoral head material created by 
heating a zirconium–niobium alloy, forming a 5-micron thick 
ceramic zirconium-oxide surface. It aims for metal strength 
and ceramic wear resistance. There is no long term clinical 
evidence of enhanced wear characteristics [6].

The 2-year wear and migration data from the present study 
has been published and this is a secondary analysis with 10 
years’ follow-up [7] using RSA, which is requested [8]. 

The primary aim of our study was to compare the effect of 
different PE types and different femoral head materials on PE 
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wear in cemented THA at 10 years. Secondary aims were to 
compare cup migration and clinical outcomes. 

Methods

Between November 2004 and June 2007, 150 patients (70% 
female), with a mean age of 70 years (range 59–80), were 
recruited to total hip arthroplasty (THA), addressing primary 
or secondary hip osteoarthritis. All patients signed an informed 
consent form before inclusion. In bilateral cases, only 1 hip 
was included. Exclusion criteria were body mass index (BMI) 
> 35, uncompensated cardio-pulmonary disease, malignant 
disease, dementia, rheumatoid arthritis, or any other serious 
systemic diseases.

Preoperative pelvic radiographs, assessed with templates, 
determined inclusion if both implant systems in the study 
could restore hip biomechanics adequately.

The patients were randomly assigned into 1 of 5 groups. 8 
consultant orthopedic surgeons and 1 resident orthopedic sur-
geon were responsible for the patient selection and surgery. 
To prevent surgeon-related bias and ensure equitable group 
distribution, block randomization at the surgeon level was 
used. This method involved sealed envelopes containing the 
assigned intervention group and maintained the blinding of 
patients to their treatment group throughout the study.

Intervention
The following PEs were used: conventional polyethylene 
(CPE) in the form of ultra-high molecular weight polyethyl-
ene (UHMWPE) and XLPE. 

The 5 groups consisted of the following cemented THAs: 
1.	 Steel/CPE: Charnley monoblock stainless steel femoral 

stem with a 22.2 mm head and a Charnley Ogee UHMWPE 
(GUR 1050) acetabular cup that was γ-sterilized with 2.5 
Mrad in nitrogen. 

2.	 CoCr/CPE: Spectron EF femoral stem with a 28 mm CoCr 
femoral head and a Reflection All-Poly UHMWPE (GUR 
1050) cup that was not irradiated but sterilized by ethylene 
oxide (EtO). 

3.	 OxZr/CPE: Spectron EF femoral stem with a 28 mm Oxin-
ium femoral head and a Reflection All-Poly UHMWPE 
(GUR 1050) cup that was not irradiated but EtO sterilized. 

4.	 CoCr/XLPE: Spectron EF femoral stem with a 28 mm 
CoCr femoral head and a Reflection All-Poly XLPE (GUR 
1050) cup irradiated with 10 Mrad, melted at 135°C, and 
EtO sterilized. 

5.	 OxZr/XLPE: Spectron EF femoral stem with a 28 mm 
Oxinium femoral head and a Reflection All-Poly XLPE 
(GUR 1050) cup irradiated with 10 Mrad, melted at 135°C, 
and EtO sterilized. 

The acetabular cups were supplied with tantalum markers 
embedded in the dome and edge by the manufacturer (Reflec-
tion, Smith+Nephew and Charnley, DePuy Synthes, Warsaw, 

IN, USA). The Charnley cups had 10 x 0.8-mm markers and 
the Reflection cups had 6 x 1.0-mm markers. During surgery 
6–9 markers were inserted in the periprosthetic pelvic bone. 
The Charnley group had 1 mm markers inserted in the peri-
prosthetic bone, and the Reflection/Spectron-EF groups had 
0.8 mm markers.

The surgical technique and postoperative treatment were 
standardized and have been described in detail in a previous 
paper [7]. 

 
Outcome measures
The median time for the first postoperative RSA examination 
was 11 (9–15) days after surgery, and further examinations were 
conducted at 3, 6, 12, 60, and 120 months after surgery. All 
examinations were performed by the same radiographer. The 
RSA technique was standardized according to guidelines and 
has been described in detail previously [7,9]. The movement of 
the center of the femoral head, represented as a point, was used 
to determine the cup penetration, using the tantalum markers in 
the PE as a fixed reference. Similarly, the movement of the rigid 
body made by the markers in the PE with the periprosthetic 
bone as reference represented cup migration. Penetration, and 
cup translation and rotation were calculated along and around 
the horizontal (X), longitudinal (Y), and sagittal axes (Z) based 
on signed values and were computed using the UmRSA Digi-
tal measure version 5.0 software (RSA Biomedical, Umeå, 
Sweden). Our main outcome was wear of the acetabular PE 
cup, defined as the proximal head penetration (proximal trans-
lation of the femoral head along the Y-axis) from the 1-year 
follow-up to the 10-year follow-up [10]. We also report the total 
head penetration (from postoperative to 10-year follow-up) 
and the annual wear rate (rate of wear per year from 1-year to 
10-year follow-up). Cup translation along and rotation around 
the 3 axes at 10 years are presented as secondary outcomes with 
proximal translation along the Y-axis considered to be the most 
clinically relevant migration outcome. 

RSA measurements required 3 or more identifiable markers 
in the cup for penetration and in both the cup and peripros-
thetic bone for migration measurements. The upper limit for 
the mean error of body-fitting (ME) was set to 0.35 and the 
condition number (CN) at 150 [9]. 

The precision of the RSA measurements was done by cal-
culating the difference between double RSA examinations for 
50 patients at 1-year follow-up and gave a precision level of 
0.1–0.2 mm for cup translation, 0.4–0.5° for cup rotation, and 
0.1 mm for femoral head penetration. The calculations were 
described in detail in a previous paper [7].

Harris Hip Score (HHS) was a secondary outcome used to 
assess clinical outcomes comparing preoperative scores with 
postoperative scores at the same intervals as the RSA exami-
nations [11]. Scores were conducted by a surgeon or physio-
therapist.

Results from the RSA measurements as well as the clinical 
outcome were analyzed as intention to treat.
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Statistics
After a power analysis we opted for a group size of 30 indi-
viduals [7,12]. Demographic differences were evaluated using 
chi-square tests and one-way ANOVA. Due to the repeated 
measurement design with some incomplete outcome data, we 
used linear mixed-effects models when analyzing PE wear 
and cup migration. 2 time variables were used, 1 starting post-
operatively, and the other starting at the 1-year follow-up to 
account for bedding in. Annual wear rates from 1 to 10 years 
were calculated by dividing the amount of wear between the 
1-year and the subsequent follow-ups by the amount of time 
between these follow-ups, and then analyzed with the linear 
mixed model. A pairwise comparison was done for PE wear 
from 1–10 years and proximal Y-migration from postopera-
tively to 10-year follow-up. We did not adjust for multiple 
comparisons. Clinical outcomes with HHS were compared 
between the groups using the Kruskal–Wallis test. Changes in 
HHS from preoperatively to 10 years were analyzed with the 
Wilcoxon signed rank test. All tests were 2-sided, with signifi-
cance level set at 0.05. Statistics were compiled using SPSS 
version 26 (IBM Corp, Armonk, NY, USA), and STATA ver-
sion 18 (StataCorp, College Station, TX, USA) for the linear 
mixed-effects models. The R 4.2.2 statistical software pack-
age (R Foundation for Statistical Computing, Vienna, Austria) 
was used for creating the figures.

The CONSORT reporting guideline on multi-arm parallel-
group randomized trials was followed [13]. In addition, the 
new RSA guideline was consulted [14]. 

Ethics, registration, data sharing plan, use of AI, 
funding, and disclosures 
The study was registered in ClinicalTrials.Gov (NCT00698672) 
and approved by the Western Norway regional ethics com-
mittee (REK number 2014-02370). Deidentified data might 
be shared upon request. ChatGPT (OpenAI, San Francisco, 
CA, USA) was used in attempt to shorten sections of the 
abstract. The study was jointly financed by OrthoMedic AS, 
Smith & Nephew Norway AS, and the Regional Health Board 
of Western Norway. The first author received a grant from 

the University of Bergen for being part of the medical stu-
dent research program. None of the funding sources played 
any role in the preparation, performance, or analysis of the 
results of this study. GH has received speaker fees from Orto-
medic and LINK Norway. OF has received fees for lectures on 
cementing technique for knee replacement given to Heraeus 
Medical and Ortomedic. PJH has also received fees for lec-
tures from Heraeus Medical. Complete disclosure of interest 
forms according to ICMJE are available on the article page, 
doi: 10.2340/17453674.2024.41945

Results

During the 10-year study period, 19 patients died, and 34 
patients did not attend the 10-year follow-up due to health 
issues or unwillingness to participate further. Furthermore, 2 
patient were excluded from the 10-year RSA evaluation due to 
dislocation, 5 patients for infection, and 7 underwent revisions 
due to aseptic loosening before the 10-year follow-up (Figure 
1). Another 14 patients were excluded from cup-wear assess-
ments due to technical issues associated with the images, such 
as loss of tantalum markers, high ME, or high CN (Figure 
1). An additional 2 patients, 1 each from the CPE/OxZr and 
XLPE/OxZr groups, were excluded from cup-migration anal-
ysis, for similar technical reasons. There were no differences 
in demographic characteristics between the groups at baseline 
other than cup size, due to the Charnley Ogee cup being used 
only in smaller sizes, i.e. 40 and 43 mm (Table 1). 

Wear
For the primary outcome of PE wear from 1–10 years, the 
choice of femoral head material, OxZr over CoCr, gave no 
discernible reduction in PE wear for the 2 Reflection cups 
(CPE and XLPE) (Table 2, Figure 2). Over this period the 
XLPE cups had PE wear of 0.08 mm (CI –0.11 to 0.26 mm) 
with CoCr heads and 0.06 mm (CI –0.14 to 0.26 mm) with 
OxZr heads, while the CPE cups had 1.35 mm (CI 1.16 to 1.55 
mm) and 1.68 mm (CI 1.44 to 1.92 mm) with CoCr and OxZr 

Randomized
n = 150

Allocated to stainless steel/CPE (n = 30)
Charnley/Charnley Ogee
Received allocated intervention (n = 30)

Allocated to CoCr/CPE (n = 30)
Spectron EF/Reflection All-Poly
Received allocated intervention (n = 30)

Allocated to OxZr/CPE (n = 30)
Spectron EF/Reflection All-Poly
Received allocated intervention (n = 30)

Allocated to CoCr/XLPE (n = 30)
Spectron EF/Reflection All-Poly
Received allocated intervention (n = 30)

Allocated to OxZr/XLPE (n = 30)
Spectron EF/Reflection All-Poly
Received allocated intervention (n = 30)

Lost to follow up (n = 12):
– died, 7
– withdrew participation, 3
– revised for dislocation, 2

Lost to follow up (n = 15):
– died, 3
– withdrew participation, 9
– revised for aseptic loosening, 3

Lost to follow up (n = 13):
– died, 1
– withdrew participation, 8
– revised for infection, 2
– revised for aseptic loosening, 2

Lost to follow up (n = 12):
– died, 5
– withdrew participation, 5
– revised for infection, 1
– revised for aseptic loosening, 1

Lost to follow up (n = 15):
– died, 3
– withdrew participation, 9
– revised for infection, 2
– revised for aseptic loosening, 1

Group 1: analyzed (n = 15)
Excluded due to inadequate
RSA images (n = 3)

Group 2: analyzed (n = 12)
Excluded due to inadequate
RSA images (n = 3)

Group 3: analyzed (n = 11)
Excluded due to inadequate
RSA images (n = 6)

Group 4: analyzed (n = 18)
Excluded due to inadequate
RSA images (n = 0)

Group 5: analyzed (n = 13)
Excluded due to inadequate
RSA images (n = 2))

Figure 1. Flowchart of patients with cemented total hip arthroplasty with 5 different articulations, the number of patients included, and the number 
of patients remaining for RSA analysis at 10 years, with reasons for exclusion at the 10-year follow-up noted. For detailed description of study 
groups, see text. CPE = conventional polyethylene; CoCr = cobalt-chrome; OxZr = oxidized zirconium; XLPE = highly crosslinked polyethylene.
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respectively. The Charnley/Ogee had PE wear of 0.34 mm (CI 
0.12 to 0.56 mm), slightly higher than the XLPE cups, but 
lower than the Reflection CPE cups (Table 3). Over the course 
of 1 to 10 years, the XLPE cups had a difference in PE wear 
of 0.01 mm (CI –0.26 to 0.29 mm) with the 2 head materials. 
With CPE cups there was a 0.33 mm (CI 0.02 to 0.64 mm) 
increase in PE wear with OxZr over CoCr heads (Table 3). 

Migration
The Charnley cups had more proximal Y-translation in the 
first year compared with the Reflection cups, but from 1 year 
until 10 years they remained stable (Figure 3 and Table 4, see 
Appendix). The XLPE cups with CoCr or OxZr heads were 
stable from 3 months until the 10-year measurements and 
there was no difference between the 2 articulations (Table 5 
and Figure 3). The 2 groups with Reflection CPE migrated 
more than the 2 XLPE groups at 10 years. The OxZr group 
tended to migrate more than the CoCr group (Tables 4–5 and 
Figure 3). 

Clinical outcome
Patients at the 10-year follow-up showed significant HHS 
improvement across all groups, increasing from a preopera-
tive 44 (SD 15) to 91 (SD 10) at 2 years to 87 (SD 15) at 10 
years, with no significant differences between the groups. 

Discussion

We aimed to evaluate wear and migration over 10 years in 
total hip arthroplasties (THA) using different articulations. 

We found for our primary outcome high levels of wear for 
the Reflection CPE cups contrary to low levels of wear of 
the XLPE cups, which was below the 0.1 mm detection limit 
of the RSA measurements between 1 and 10 years. Notably, 
OxZr heads did not protect against PE wear compared with 

Table 1. Cemented total hip arthroplasty with 5 different articulations: demographics of the 
patients at baseline. Values are mean (standard deviation) unless otherwise specified

	 Steel/CPE a	 CoCr/CPE b	 OxZr/CPE b	 CoCr/XLPE b	 OxZr/XLPE b

Factor 	 n = 30	 n = 30	 n = 30	 n = 30	 n = 30

Female/male, n	 20/10	 20/10	 23/7	 20/10	 22/8
Age	 70 (6.1)	 69 (5.9)	 69 (6.7)	 70 (5.3)	 70 (5.4)
Weight, kg 	 76 (15.0)	 76 (11.1)	 72 (13.9)	 80 (14.8)	 76 (14.6)
BMI 	 26.4 (3.9)	 26.0 (2.2)	 25.9 (3.3)	 27.6 (4.1)	 26.7 (4.0)
Primary/secondary OA, n	 28/2	 26/4	 26/4	 22/8	 27/3
Preoperative HHS	 45	 42	 47	 47	 40
Median cup size, mm (range)	 43 (40–43)	 52 (49–61)	 52 (49–58)	 52 (46–58)	 52 (43–58)

For abbreviations, see Legend to Figure 1.
a Charnley/Ogee.
b Spectron EF/Reflection.

Table 2. Cemented total hip arthroplasty with 5 different articulations showing total head penetration from postoperatively to 2-, 5-, 
and 10-year follow-up for each study group. Also includes “bedding-in,” annual wear rate, and head penetration from 1-year to 10-year 
follow-up. Values are mean with 95% confidence intervals, the results from the linear mixed model
 

Factor	 Steel/CPE a	 CoCr/CPE b	 OxZr/CPE b	 CoCr/XLPE b	 OxZr/XLPE b

Total head penetration, mm c 					   
   2 years	 0.13 (0.03–0.23)	 0.34 (0.27–0.42)	 0.36 (0.28–0.44)	 0.09 (0.02 to 0.16)	 0.08 (–0.00 to 0.16)
   5 years	 0.26 (0.13–0.39)	 0.85 (0.75–0.95)	 1.00 (0.89–1.11)	 0.12 (0.02 to 0.22)	 0.10 (–0.02 to 0.21)
 10 years	 0.42 (0.25–0.58)	 1.47 (1.33–1.61)	 1.81 (1.66–1.96)	 0.12 (–0.01 to 0.25)	 0.13 (–0.02 to 0.27)
Bedding-in, mm d	 0.09 (0.05–0.13)	 0.16 (0.13–0.20)	 0.19 (0.15–0.23)	 0.06 (0.03 to 0.09)	 0.06 (0.02 to 0.09)
Total wear from 1 year, mm e 	 0.34 (0.12–0.56)	 1.35 (1.16–1.55)	 1.68 (1.44–1.92)	 0.08 (–0.11 to 0.26)	 0.06 (–0.14 to 0.26)
Annual wear rate in mm f	 0.04 (0.01–0.06)	 0.15 (0.12–0.17)	 0.18 (0.15–0.21)	 0.007 (–0.015 to 0.03)	 0.007 (–0.017 to 0.03)
 				  
For abbreviations, see Figure 1.
a Charnley/Ogee.
b Spectron EF/Reflection
c Total head penetration from postoperatively until the given year.
d Head penetration from postoperatively to 1-year follow-up.
e Wear from 1- to 10-year follow-up, thus excluding bedding-in.
f Wear rate, calculated as annual wear rate from 1-year to 10-year follow-up.

0 612 24 60 120
0.0

0.5

1.0

1.5

2.0
Proximal penetration, mm

Months after operation

Steel/CPE
CoCr/CPE
OxZr/CPE
CoCr/XLPE
OxZr/XLPE

Figure 2. Cemented total hip arthro-
plasty with 5 different articulations and 
the proximal penetration of their femo-
ral heads into the acetabular cup (mm) 
along the Y-axis over 10 years. For 
abbreviations, see Legend to Figure 1.
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CoCr heads. For our secondary outcome we found that the 
Reflection CPE cups migrated more than the XLPE and the 
Charnley cups between 5 years to 10 years.

Wear
A wear rate > 0.1 mm/year, equivalent to more than 1 mm of 
total wear over a 10-year period, has been identified as a factor 
contributing to an elevated risk of osteolysis [15]. We found that 
the study groups with the CPE Reflection All-Poly cup had a 
wear rate above this threshold. This particular cup has demon-
strated poor outcomes in several previous studies [7,12,16,17]. 

In the XLPE groups, the average 10-year wear remained 
below our study’s detection limit for proximal head penetra-
tion (0.1 mm). This reduced wear associated with XLPE has 
also been shown in a scoping review with similar lengths of 
follow-up [10].

The Charnley/Ogee cup (CPE) showed slightly higher wear 
than the XLPE cups. Given the smaller head diameter of the 

Additionally, there was no discernible reduction in wear 
associated with OxZr heads compared with the CoCr heads, 
when they articulated with XLPE. This observation is con-
sistent with the findings from another clinical RSA 10-year 
follow-up study [18]. Furthermore, this aligns with the results 
obtained from the 5-year follow-up within the present study 
[12]. However, we found a possible increase in PE wear with 
OxZr over CoCr when articulating with CPE, which was not 
present at earlier follow-up. This is probably of minor clinical 
significance, considering XLPE has taken over as the prefer-
able PE in THA, and there not being a difference with XLPE. 
This indicates that the choice of PE had a higher impact on 
the PE-wear than the head material. This could, however, be 
a type 1 error, as the analysis did not include adjustments for 
multiple comparisons and the number of hips with 10 years’ 
measurements was low especially in the OxZr group with 
CPE. Registry studies have shown that THA with OxZr heads 
combined with highly crosslinked PE has demonstrated favor-

Table 3. Cemented total hip arthroplasty with 5 different articulations: pairwise comparison of 
differences in 1-to-10-year mean PE wear in mm with 95% confidence interval results from the 
linear mixed model

	 1-to-10-year mean PE wear, mm	 Difference
	 Reference	 Comparison b	 comparison–reference

Steel/CPE a	 0.34 (0.12 to 0.56)	 CoCr/CPE	 1.35 (1.16 to 1.55)	 1.01 (0.71 to 1.31)
Steel/CPE a	 0.34 (0.12 to 0.56)	 OxZr/CPE	 1.68 (1.44 to 1.92)	 1.34 (1.01 to 1.67)
Steel/CPE a	 0.34 (0.12 to 0.56)	 CoCr/XLPE	 0.08 (–0.11 to 0.26)	 –0.27 (–0.55 to 0.02)
Steel/CPE a	 0.34 (0.12 to 0.56)	 OxZr/XLPE	 0.06 (–0.14 to 0.26)	 –0.28 (–0.58 to 0.02)
CoCr/CPE b	 1.35 (1.16 to 1.55)	 OxZr/CPE	 1.68 (1.44 to 1.92)	 0.33 (0.02 to 0.64)
CoCr/CPE b	 1.35 (1.16 to 1.55)	 CoCr/XLPE	 0.08 (–0.11 to 0.26)	 –1.28 (–1.54 to –1.01)
CoCr/CPE b	 1.35 (1.16 to 1.55)	 OxZr/XLPE	 0.06 (–0.14 to 0.26)	 –1.29 (–1.57 to –1.01)
OxZr/CPE b	 1.68 (1.44 to 1.92)	 CoCr/XLPE	 0.08 (–0.11 to 0.26)	 –1.60 (–1.90 to –1.30)
OxZr/CPE b	 1.68 (1.44 to 1.92)	 OxZr/XLPE	 0.06 (–0.14 to 0.26)	 –1.62 (–1.93 to –1.30)
CoCr/XLPE b	 0.08 (–0.11 to 0.26)	 OxZr/XLPE	 0.06 (–0.14 to 0.26)	 –0.01 (–0.29 to 0.26)

For abbreviations, see Legend to Figure 1.
a Charnley/Ogee.
b Spectron EF/Reflection.

Table 5. Cemented total hip arthroplasty with 5 different articulations: pairwise comparison of dif-
ferences in proximal migration along the Y-axis with results from the linear mixed model

 Mean proximal migration from postoperative to 10 years, mm	 Difference
	 Reference	 Comparison b	 comparison–reference

Steel/CPE a	 0.20 (0.02 to 0.38)	 CoCr/CPE	 0.40   (0.2 to 0.59)	 0.20 (–0.07 to 0.46)
Steel/CPE a	 0.20 (0.02 to 0.38)	 OxZr/CPE	 0.67   (0.46 to 0.88)	 0.47 (0.19 to 0.74)
Steel/CPE a	 0.20 (0.02 to 0.38)	 CoCr/XLPE	 0.05   (–0.13 to 0.22)	 –0.15 (–0.40 to 0.09)
Steel/CPE a	 0.20 (0.02 to 0.38)	 OxZr/XLPE	 –0.002 (–0.2 to 0.2)	 –0.20 (–0.47 to 0.07)
CoCr/CPE b	 0.40 (0.20 to 0.59)	 OxZr/CPE	 0.67   (0.46 to 0.88)	 0.27 (–0.02 to 0.56)
CoCr/CPE b	 0.40 (0.20 to 0.59)	 CoCr/XLPE	 0.05   (–0.13 to 0.22)	 –0.35 (–0.61 to –0.09)
CoCr/CPE b	 0.40 (0.20 to 0.59)	 OxZr/XLPE	 –0.002 (–0.2 to 0.2)	 –0.40 (–0.68 to –0.12)
OxZr/CPE b	 0.67 (0.46 to 0.88)	 CoCr/XLPE	 0.05   (–0.13 to 0.22)	 –0.62 (–0.96 to –0.35)
OxZr/CPE b	 0.67 (0.46 to 0.88)	 OxZr/XLPE	 –0.002 (–0.2 to 0.2)	 –0.67 (–0.96 to –0.38)
CoCr/XLPE b	 0.05 (–0.13 to 0.22)	 OxZr/XLPE	 –0.002 (–0.2 to 0.2)	 –0.05 (–0.31 to 0.22)

For abbreviations, see Legend to Figure 1.
a Charnley/Ogee.
b Spectron EF/Reflection.
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Figure 3. Cemented total hip arthro-
plasty with 5 different articulations and 
the proximal migration of their acetab-
ular cups (mm) along the Y-axis over 
10 years for the 5 study groups. 

Charnley prosthesis and viewing 
wear as a volumetric parameter, 
and a wear rate below 0.1 mm/
year, this disparity may not be 
of significant concern. The slight 
levels of radiation (2.5 Mrad) 
used for the sterilization of the 
Charnley cup have probably 
given some level of crosslinking 
to the PE and could help explain 
the longevity of this prothesis and 
the superior performance over 
the Reflection All-Poly CPE cup 
that had no crosslinking. These 
findings align with the results 
obtained from the same study at 
2-year follow-up [7,12].
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able comparative performance in terms of risk of revision 
[19,20]. However, these studies included a variety of stem and 
cup designs, making it challenging to ascertain whether the 
observed results were primarily caused by the femoral head 
material or the specific stem and cup designs.

Cup migration
The Reflection CPE cups migrated more from 5 to 10 years’ 
measurement compared with the XLPE and Charnley cups. 
The OxZr group showed this trend even from the 2 year mea-
surements. Most of the migration values corresponded with 
the precision of the RSA measurement. At the 2-year follow-
up the only difference in migration between the groups was 
that the Charnley group had higher proximal migration com-
pared with the rest [7]. This was no longer the case at 10 years 
and the Charnley cups were stable from 1 year to 10 years’ 
measurements as were the Reflection XLPE cups. The CPE 
cups had higher PE wear than the XLPE groups and the Charn-
ley group, with increased levels of PE particles contributing 
to osteolysis and loosening aligning with the dose/response 
theory [21]. More cups were also revised for loosening in the 
CPE groups than the XLPE groups. As previously mentioned, 
it is important to emphasize that our study exclusively exam-
ined THAs that remained unrevised at 10 years. Therefore, it 
is plausible to argue that the difference in migration would 
have been higher if we had RSA measurements right before 
revision for the cases that underwent revisions. 

Limitations
A relatively low number of patients remained in the study at 
the 10-year follow-up, primarily due to factors such as patient 
mortality, comorbidities, or unwillingness to continue partici-
pating, in addition to missing or excluded RSA measurements. 
Also, the power analysis was done with 2-year follow-up in 
mind. The median time for the postoperative RSA examina-
tion was 11 days. One could argue that this prolonged period 
of load on the hip could influence the RSA results. However, 
this period was similar for all 5 groups. The RSA examina-
tions were done in a supine position, and this could give less 
contact between the head and cup compared with a standing 
examination, but a study comparing this found no such dif-
ference [22]. Patients who underwent revision were excluded 
from RSA follow-up. Consequently, the THAs that were mea-
sured at 10 years were presumably in the patients with the 
best overall health and outcomes. Nonetheless, it is crucial to 
highlight that comprehensive patient follow-up, encompass-
ing data related to death and revision surgery, was diligently 
conducted and tracked until 10 years’ follow-up of all patients. 
Consulting the 5 domains from the Cochrane risk of bias tool 
2, possible performance and detection bias could have hap-
pened due to the blinding procedure [23]. The intervention 
group was known to the surgeons and personnel conducting 
the follow-up, and some patients probably learned their inter-
vention during follow-up. However, it seems unlikely this 

affected the outcome measurements, except for perhaps HHS. 
Attrition bias could be possible due to missing values at cer-
tain follow-ups. The reason for missing values is reported and 
taken into account with the linear mixed model.

As the last patients were included in 2007, RSA follow-up 
after 10 years could be possible. However, this will not be 
done in this study. Considering the number of patients lost 
to follow-up at 10 years, and the patients’ age at inclusion, it 
is likely that more patients would be lost. RSA studies with 
longer than 10 years’ follow-up should probably be encour-
aged considering the increased longevity of new implants 
and materials, and the potential of migration or wear patterns 
changing over time, as here, where the Charnley cups had 
more proximal migration at 2 years, but remained more stable 
than the Reflection CPE cups at later follow-ups. If done, 
care should be taken to secure as few dropouts as possible by 
including younger age groups than we did.

Conclusion
The present study did not reveal any advantages of OxZr over 
CoCr heads with respect to reducing PE wear, cup migration, 
or better clinical outcomes at 10 years’ follow-up. XLPE dem-
onstrated excellent performance, with virtually imperceptible 
wear over the study period, as well as reducing cup migration 
compared with CPE. The Charnley prosthesis with steel and 
CPE had more PE wear than the Reflection XLPE cups, but 
performed better than the Reflection CPE cups in terms of both 
PE wear and cup migration. The combination of CoCr and 
XLPE seems to be an effective, reasonable and safe choice for 
THA, considering the increased costs of OxXr.  

HGJ: data collection, analysis, and writing. GH, TK, OF: planning, data col-
lection, and revision of the manuscript. AMF, AA, and KH: data collection, 
analysis, and revision of the manuscript. MB, BJ, and KI: data collection 
and revision of the manuscript. SHLL: data analysis and revision of the 
manuscript. PJH: revision of the manuscript.

Special thanks are extended to Terje Stokke, who supplied all the radio-
graphs, and all the surgeons who contributed to the study.

Handling co-editors: Bart A Swierstra and Robin Christensen
Acta thanks Dennis Janssen and Bart G Pijls for help with peer review of 
this manuscript.

1.	 Harris W H. Wear and periprosthetic osteolysis: the problem. Clin 
Orthop Relat Res 2001(393): 66-70. doi: 10.1097/00003086-200112000-
00007.

2.	 McKellop H, Shen F W, Lu B, Campbell P, Salovey R. Effect of 
sterilization method and other modifications on the wear resistance of 
acetabular cups made of ultra-high molecular weight polyethylene: a 
hip-simulator study. J Bone Joint Surg Am 2000; 82(12): 1708-25. doi: 
10.2106/00004623-200012000-00004.

3.	 Muratoglu O K, Bragdon C R, O’Connor D O, Jasty M, Harris W H. 
A novel method of cross-linking ultra-high-molecular-weight polyethyl-
ene to improve wear, reduce oxidation, and retain mechanical properties. 
Recipient of the 1999 HAP Paul Award. J Arthroplasty 2001; 16(2): 149-
60. doi: 10.1054/arth.2001.20540.



Acta Orthopaedica 2024; 95: 578–585  584

4.	 Dorr L D, Wan Z, Shahrdar C, Sirianni L, Boutary M, Yun A. Clini-
cal performance of a Durasul highly cross-linked polyethylene acetabular 
liner for total hip arthroplasty at five years. J Bone Joint Surg Am 2005; 
87(8): 1816-21. doi: 10.2106/jbjs.D.01915.

5.	 Digas G, Kärrholm J, Thanner J, Herberts P. 5-year experience of 
highly cross-linked polyethylene in cemented and uncemented sockets: 
two randomized studies using radiostereometric analysis. Acta Orthop 
2007; 78(6): 746-54. doi: 10.1080/17453670710014518.

6.	 Malahias M A, Atrey A, Gu A, Chytas D, Nikolaou V S, Waddell J 
P. Is oxidized zirconium femoral head superior to other bearing types in 
total hip arthroplasty? A systematic review and meta-analysis. J Arthro-
plasty 2019; 34(8): 1844-52. doi: 10.1016/j.arth.2019.03.072.

7.	 Kadar T, Hallan G, Aamodt A, Indrekvam K, Badawy M, Skred-
derstuen A, et al. Wear and migration of highly cross-linked and con-
ventional cemented polyethylene cups with cobalt chrome or Oxinium 
femoral heads: a randomized radiostereometric study of 150 patients. J 
Orthop Res 2011; 29(8): 1222-9. doi: 10.1002/jor.21389.

8.	 Cho C H, Pijls B G, Abrahams J M, Roerink A, Katembwe R, Baker 
A, et al. Migration patterns of acetabular cups: a systematic review 
and meta-analysis of RSA studies. Acta Orthop 2023; 94: 626-34. doi: 
10.2340/17453674.2023.24580.

9.	 Valstar E R, Gill R, Ryd L, Flivik G, Börlin N, Kärrholm J. Guide-
lines for standardization of radiostereometry (RSA) of implants. Acta 
Orthop 2005; 76(4): 563-72. doi: 10.1080/17453670510041574.

10.	 Callary S A, Solomon L B, Holubowycz O T, Campbell D G, 
Munn Z, Howie D W. Wear of highly crosslinked polyethyl-
ene acetabular components. Acta Orthop 2015; 86(2): 159-68. doi: 
10.3109/17453674.2014.972890.

11.	 Harris W H. Traumatic arthritis of the hip after dislocation and acetabu-
lar fractures: treatment by mold arthroplasty. An end-result study using 
a new method of result evaluation. J Bone Joint Surg Am 1969; 51(4): 
737-55. doi: 10.2106/00004623-196951040-00012 

12.	 Jonsson B A, Kadar T, Havelin L I, Haugan K, Espehaug B, Indrek-
vam K, et al. Oxinium modular femoral heads do not reduce polyethyl-
ene wear in cemented total hip arthroplasty at five years: a randomised 
trial of 120 hips using radiostereometric analysis. Bone Joint J 2015; 
97-b(11): 1463-9. doi: 10.1302/0301-620x.97b11.36137.

13.	 Juszczak E, Altman D G, Hopewell S, Schulz K. Reporting of multi-
arm parallel-group randomized trials: extension of the CONSORT 2010 
Statement. JAMA 2019; 321(16): 1610-20. doi: 10.1001/jama.2019.3087.

14.	 Kaptein B L, Pijls B, Koster L, Kärrholm J, Hull M, Niesen A, et 
al. Guideline for RSA and CT-RSA implant migration measurements: an 
update of standardizations and recommendations. Acta Orthop 2024; 95: 
256-67. doi: 10.2340/17453674.2024.40709.

15.	 Dumbleton J H, Manley M T, Edidin A A. A literature review of the 
association between wear rate and osteolysis in total hip arthroplasty. J 
Arthroplasty 2002; 17(5): 649-61. doi: 10.1054/arth.2002.33664.

16.	 Digas G, Thanner J, Nivbrant B, Röhrl S, Ström H, Kärrholm J. 
Increase in early polyethylene wear after sterilization with ethylene 
oxide: radiostereometric analyses of 201 total hips. Acta Orthop Scand 
2003; 74(5): 531-41. doi: 10.1080/00016470310017910.

17.	 Wolf S, Johannessen A C, Ellison P, Furnes O, Hallan G, Rogg K, et 
al. Inflammatory tissue reactions around aseptically loose cemented hip 
prostheses: a retrieval study of the Spectron EF stem with Reflection All-
Poly acetabular cup. J Biomed Mater Res B Appl Biomater 2022; 110(7): 
1624-36. doi: 10.1002/jbm.b.35023.

18.	 Salipas A, Poole A S, Teeter M G, Somerville L E, Naudie D D, 
McCalden R W. A ten-year radiostereometric analysis of polyethylene 
wear between oxidized zirconium and cobalt chrome articulations in total 
hip arthroplasty. J Arthroplasty 2022; 37(7S): S692-S696. doi: 10.1016/j.
arth.2022.02.099.

19.	 Davis E T, Pagkalos J, Kopjar B. Effect of bearing surface on survival of 
cementless and hybrid total hip arthroplasty: study of data in the National 
Joint Registry for England, Wales, Northern Ireland and the Isle of Man. 
JB JS Open Access 2020; 5(2): e0075. doi: 10.2106/jbjs.Oa.19.00075.

20.	 Peters R M, Van Steenbergen L N, Stevens M, Rijk P C, Bul-
stra S K, Zijlstra W P. The effect of bearing type on the out-
come of total hip arthroplasty. Acta Orthop 2018; 89(2): 163-9. doi: 
10.1080/17453674.2017.1405669.

21.	 Wilkinson J M, Hamer A J, Stockley I, Eastell R. Polyethylene 
wear rate and osteolysis: critical threshold versus continuous dose-
response relationship. J Orthop Res 2005; 23(3): 520-5. doi: 10.1016/j.
orthres.2004.11.005.

22.	 Bragdon C R, Thanner J, Greene M E, Malchau H, Digas G, Harris 
W H, Kärrholm J. Standing versus supine radiographs in RSA evalu-
ation of femoral head penetration. Clin Orthop Relat Res 2006; 448: 
46-51. doi: 10.1097/01.blo.0000224012.50292.67.

23.	 Sterne J A C, Savović J, Page M J, Elbers R G, Blencowe N S, 
Boutron I, et al. RoB 2: a revised tool for assessing risk of bias in ran-
domised trials. BMJ 2019; 366: l4898. doi: 10.1136/bmj.l4898.



Acta Orthopaedica 2024; 95: 578–585 585

Table 4. Cemented total hip arthroplasty with 5 different articulations: mean cup migration in mm and degrees for all study groups across 
the study period with 95% confidence interval. Point estimates for the different follow-up timepoints created with the linear mixed model. 
Values in brachets are cases available at each time point

Follow-up, 
months	 Steel/CPE a	 CoCr/CPE b	 OxZr/CPE b	 CoCr/XLPE b	 OxZr/XLPE b	

X-translation 					   
    3	 0.00 (–0.08 to 0.08) [23]	 0.04 (–0.04 to 0.12) [20]	 0.05 (–0.05 to 0.14)   [15]	 0.00 (–0.07 to 0.08) [26]	 0.02 (–0.06 to 0.10) [21]
    6	 –0.01 (–0.09 to 0.06) [25]	 0.02 (–0.06 to 0.10) [22]	 0.03 (–0.07 to 0.13)   [14]	 –0.03 (–0.11 to 0.05) [24]	 0.03 (–0.05 to 0.12) [20]
  12	 0.01 (–0.07 to 0.09) [27]	 0.07 (–0.02 to 0.16) [21]	 0.07 (–0.03 to 0.17)   [16]	 0.03 (–0.05 to 0.11) [27]	 0.03 (–0.06 to 0.11) [24]
  24	 –0.05 (–0.14 to 0.04) [27]	 0.09 (–0.00 to 0.19) [24]	 0.08 (–0.02 to 0.18)   [21]	 0.01 (–0.08 to 0.10) [29]	 0.03 (–0.06 to 0.13) [24]
  60	 –0.02 (–0.12 to 0.09) [25]	 0.17 (0.06 to 0.28)   [24]	 0.00 (–0.12 to 0.13)   [19]	 –0.11 (–0.22 to 0.00) [22]	 –0.04 (–0.17 to 0.08) [17]
120	 0.01 (–0.14 to 0.15) [15]	 0.09 (–0.06 to 0.25) [12]	 –0.30 (–0.47 to –0.13) [10]	 –0.02 (–0.15 to 0.12) [18]	 0.08 (–0.08 to 0.24) [12]
Y-translation 					   
    3	 0.09 (0.01 to 0.17)	 0.05 (–0.04 to 0.13)	 0.02 (–0.08 to 0.12)	 0.01 (–0.06 to 0.09)	 0.03 (–0.05 to 0.11)
    6	 0.14 (0.07 to 0.22)	 0.07 (–0.01 to 0.16)	 0.03 (–0.07 to 0.13)	 0.06 (–0.02 to 0.14)	 0.04 (–0.05 to 0.13)
  12	 0.18 (0.09 to 0.26)	 0.06 (–0.04 to 0.16)	 0.02 (–0.09 to 0.13)	 0.01 (–0.07 to 0.10)	 0.06 (–0.04 to 0.15)
  24	 0.19 (0.08 to 0.30)	 0.05 (–0.06 to 0.17)	 0.07 (–0.05 to 0.19)	 0.06 (–0.04 to 0.17)	 0.04 (–0.07 to 0.16)
  60	 0.20 (0.06 to 0.33)	 0.07 (–0.07 to 0.21)	 0.27 (0.11 to 0.42)	 0.13 (–0.01 to 0.27)	 0.09 (–0.06 to 0.25)
120	 0.20 (0.02 to 0.38)	 0.40 (0.20 to 0.59)	 0.67 (0.46 to 0.88)	 0.05 (–0.13 to 0.22)	 –0.00 (–0.20 to 0.20)
Z-translation 					   
    3	 0.06 (–0.02 to 0.13)	 –0.00 (–0.08 to 0.08)	 0.07 (–0.03 to 0.16)	 0.02 (–0.05 to 0.10)	 0.01 (–0.06 to 0.09)
    6	 0.03 (–0.04 to 0.11)	 0.04 (–0.05 to 0.12)	 0.04 (–0.06 to 0.14)	 0.00 (–0.08 to 0.08)	 0.03 (–0.06 to 0.11)
  12	 0.04 (–0.04 to 0.13)	 0.03 (–0.07 to 0.12)	 0.08 (–0.02 to 0.19)	 –0.01 (–0.10 to 0.07)	 0.00 (–0.09 to 0.09)
  24	 0.03 (–0.07 to 0.12)	 0.05 (–0.05 to 0.15)	 0.11 (0.00 to 0.22)	 0.01 (–0.09 to 0.10)	 0.05 (–0.05 to 0.16)
  60	 –0.09 (–0.20 to 0.02)	 0.07 (–0.05 to 0.18)	 0.07 (–0.06 to 0.19)	 0.05 (–0.06 to 0.17)	 0.01 (–0.12 to 0.14)
120	 –0.08 (–0.22 to 0.06)	 0.01 (–0.14 to 0.17)	 0.08 (–0.08 to 0.25)	 –0.05 (–0.18 to 0.09)	 0.14 (–0.01 to 0.30)
X-rotation					   
    3	 –0.13 (–0.28 to 0.02)	 0.01 (–0.15 to 0.18)	 –0.04 (–0.22 to 0.15)	 –0.12 (–0.27 to 0.02)	 –0.06 (–0.21 to 0.10)
    6	 –0.08 (–0.24 to 0.07)	 –0.09 (–0.26 to 0.08)	 –0.09 (–0.28 to 0.11)	 –0.01 (–0.17 to 0.15)	 –0.11 (–0.28 to 0.06)
  12	 –0.22 (–0.39 to –0.04)	 –0.07 (–0.26 to 0.12)	 –0.20 (–0.41 to 0.01)	 –0.12 (–0.30 to 0.05)	 0.04 (–0.14 to 0.23)
  24	 –0.14 (–0.34 to 0.06)	 –0.08 (–0.29 to 0.14)	 –0.33 (–0.55 to –0.10)	 –0.07 (–0.27 to 0.13)	 0.01 (–0.21 to 0.22)
  60	 –0.16 (–0.40 to 0.08)	 –0.09 (–0.34 to 0.15)	 –0.37 (–0.63 to –0.10)	 –0.31 (–0.56 to –0.07)	 0.03 (–0.24 to 0.30)
120	 –0.03 (–0.33 to 0.28)	 –0.30 (–0.62 to 0.03)	 –0.09 (–0.44 to 0.26)	 0.09 (–0.20 to 0.38)	 –0.23 (–0.56 to 0.10)
Y-rotation					   
    3	 0.12 (–0.10 to 0.35)	 0.12 (–0.11 to 0.35)	 –0.01 (–0.28 to 0.26)	 –0.04 (–0.24 to 0.17)	 0.04 (–0.18 to 0.26)
    6	 0.11 (–0.09 to 0.32)	 0.10 (–0.12 to 0.32)	 0.12 (–0.15 to 0.39)	 0.14 (–0.07 to 0.35)	 0.03 (–0.19 to 0.26)
  12	 0.09 (–0.13 to 0.30)	 0.20 (–0.03 to 0.44)	 0.15 (–0.12 to 0.42)	 0.16 (–0.06 to 0.37)	 0.14 (–0.09 to 0.37)
  24	 0.03 (–0.21 to 0.27)	 0.10 (–0.16 to 0.35)	 0.27 (–0.01 to 0.54)	 0.15 (–0.09 to 0.38)	 0.06 (–0.20 to 0.32)
  60	 0.11 (–0.18 to 0.40)	 0.14 (–0.16 to 0.43)	 0.19 (–0.13 to 0.52)	 0.08 (–0.22 to 0.37)	 0.08 (–0.25 to 0.41)
120	 0.14 (–0.25 to 0.52)	 0.16 (–0.26 to 0.58)	 0.89 ( 0.43 to 1.34)	 0.24 (–0.12 to 0.60)	 –0.07 (–0.50 to 0.36)
Z-rotation 					   
    3	 0.02 (–0.20 to 0.25)	 0.10 (–0.14 to 0.34)	 0.22 (–0.05 to 0.50)	 0.04 (–0.17 to 0.26)	 0.11 (–0.12 to 0.34)
    6	 0.03 (–0.18 to 0.24)	 0.11 (–0.11 to 0.33)	 0.15 (–0.12 to 0.42)	 0.03 (–0.19 to 0.24)	 0.13 (–0.10 to 0.36)
  12	 0.18 (–0.04 to 0.41)	 0.26 (0.01 to 0.51)	 0.21 (–0.07 to 0.48)	 0.11 (–0.11 to 0.33)	 0.05 (–0.18 to 0.29)
  24	 0.08 (–0.18 to 0.34)	 0.26 (–0.02 to 0.54)	 0.28 (–0.01 to 0.58)	 0.18 (–0.08 to 0.45)	 0.10 (–0.18 to 0.38)
  60	 0.29 (–0.04 to 0.62)	 0.42 ( 0.09 to 0.76)	 0.53 (0.16 to 0.90)	 0.18 (–0.16 to 0.52)	 0.01 (–0.36 to 0.39)
120	 0.35 (–0.09 to 0.79)	 0.36 (–0.12 to 0.83)	 1.99 (1.48 to 2.51)	 0.24 (–0.18 to 0.66)	 0.11 (–0.37 to 0.60)

For abbreviations, see Legend to Figure 1. 
a Charnley/Ogee.
b Spectron EF/Reflection.
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