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Observational Study
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study with 10-year follow-up
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Abstract
BACKGROUND 
In press-fit total hip arthroplasty (THA) ceramic-on-ceramic (CoC) bearings are a 
potential for overcoming the wear that is seen in ceramic-on-polyethylene (CoPE) 
bearings, and can lead to wear-induced osteolysis, resulting in loosening of the 
implant. However, CoC bearings show disadvantages as well, such as squeaking 
sounds and being more fragile, which can cause ceramic head or liner fracture. 
Because comparative long-term studies are limited, the objective of this study was 
to determine the long-term difference in wear, identify potential predictive factors 
for wear, investigate radiological findings such as osteolysis, and evaluate clinical 
functioning and complications between these bearings.

AIM 
To determine 10-year differences in wear, predictive factors for wear, and 
investigate radiological findings and clinical functioning between CoC and CoPE.

METHODS 
This observational prospective single-center cohort study with a 10-year follow-
up includes a documented series of elective THAs. Primary outcome was wear 
measured by anteroposterior (AP) radiographs. Secondary outcomes were 
potential predictive factors for wear, complications during follow-up, Harris hip 
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score (HHS), and radiological findings such as presence of radiolucency, 
osteolysis, atrophy, and hypertrophy around the cup. Due to the absence of wear 
in the CoC group, stratified analysis to identify risk factors for wear was only 
performed in the CoPE group by use of univariate linear regression analysis. HHS 
was expressed as a change from baseline and the association with bearing type 
was assessed by use of multivariate linear regression analysis, adjusted for 
potential confounders.

RESULTS 
A total of 17 CoPE (63.0%) and 25 CoC (73.5%) cases were available for follow-up 
and showed a linear wear of respectively 0.130 mm/year (range 0.010; 0.350) and 
0.000 mm/year (range 0.000; 0.005), which was significant (P < 0.001) between 
both groups. Wear always occurred in the cranial direction. Cup inclination was 
the only predictive factor for polyethylene (PE) wear. No dislocations, ceramic 
head, or liner fractures were seen. The HHS showed a mean change from baseline 
of 37.1 points (SD 18.5) in the CoPE group and 43.9 (SD 17.0) in the CoC group. 
This crude difference of 6.8 (range -5.2; 18.7) in favor of the CoC group was not 
significant (P = 0.26) and was not significant when adjusted for age, gender, and 
diagnosis either (P = 0.99). No significant differences in complications and 
radiological findings were seen between groups.

CONCLUSION 
CoC bearing shows lower wear rates compared to CoPE at 10-year follow-up with 
cup inclination as a predictive factor for wear and no differences in complications, 
HHS, and radiological findings.

Key Words: Total hip arthroplasty; Press-fit; Bearing; Ceramic-on-ceramic; Ceramic-on-
polyethylene; Wear

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Polyethylene wear of the acetabular insert can cause osteolysis and aseptic 
loosening of the implant in total hip arthroplasty. Ceramic-on-ceramic (CoC) bearing 
can overcome this problem, but comparative long-term data between ceramic-on-
polyethylene (CoPE) and CoC are limited. This 10-year follow-up study showed higher 
wear rates in CoPE with cup inclination as a predictive factor for wear. No differences 
in complications, radiological findings, and clinical scores were seen. To confirm the 
potential benefits of CoC bearing focusing on wear and survival rates of the implant, 
more long-term data are needed.

Citation: van Loon J, Hoornenborg D, van der Vis HM, Sierevelt IN, Opdam KT, Kerkhoffs 
GM, Haverkamp D. Ceramic-on-ceramic vs ceramic-on-polyethylene, a comparative study with 
10-year follow-up. World J Orthop 2021; 12(1): 14-23
URL: https://www.wjgnet.com/2218-5836/full/v12/i1/14.htm
DOI: https://dx.doi.org/10.5312/wjo.v12.i1.14

INTRODUCTION
Total hip arthroplasty (THA) is considered the operation of the century, but the search 
for the ideal articulation is still a point of discussion[1]. Several bearing surfaces have 
been developed in the past to reduce causes for revision. Polyethylene (PE) or highly 
cross-linked PE (HXLPE) inlay combined with a ceramic head still remains the option 
of choice[2]. Therefore, the use of a ceramic-on-polyethylene (CoPE) articulation 
increased with almost 20% in the last decade up to 63.4% of all THAs as seen in the 
Dutch Arthroplasty Register in 2019[3].

Wear rates of PE are widely investigated, since wear-induced osteolysis resulting in 
aseptic loosening still remains one of the main causes of late revision[4,5]. The threshold 
of 0.05 mm/year was eventually stated to eliminate osteolysis, but recent long-term 
results showed that even wear rates below this threshold in both PE and HXLPE are 
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associated with osteolysis[6,7]. Ceramic-on-ceramic (CoC) bearings are a potential to 
overcome this problem, with lower wear rates and incidence of osteolysis than 
CoPE[8]. However, CoC bearings show disadvantages as well, such as a squeaking 
sound and being more fragile, which can cause fracture of both the head and the inlay 
and makes revision THA challenging[9,10].

Comparative long-term studies are needed to confirm if the aforementioned 
disadvantages of both bearings will be reflected in accompanying revision rates, 
clinical functioning, and radiological findings over time. Recent systematic reviews 
have shown that more data and especially more research focused on long-term are 
required to clarify clinical advantages of both bearings[11,12].

The objective of this study was to determine the long-term difference in wear, 
identify potential predictive factors for wear, investigate radiological findings such as 
osteolysis, and evaluate clinical functioning and complications between CoC bearing 
vs CoPE in THA when using the same implants with a 10 years follow-up.

Our hypotheses were that CoPE would show higher wear rates than CoC and no 
differences would be observed in radiological findings, clinical functioning and 
complications.

MATERIALS AND METHODS
Ethical approval/registration
No ethical approval was needed for this observational prospective cohort study 
because this documented series was part of the normal follow-up of elective THAs. 
Reporting was done in accordance with the Strengthening the Reporting of 
Observational studies in Epidemiology (STROBE) statement. This research was 
conducted according to the Declaration of Helsinki.

Study design
This observational prospective single center cohort study with 10-year follow-up 
included a documented series of elective THAs performed between December 2003 
and December 2004 comparing the EP-FIT PLUS press-fit cup system with ceramic 
insert (BIOLOX delta, Smith and Nephew) to standard PE acetabular inserts (Standard 
REXPOL, Smith and Nephew) with similar ceramic head (BIOLOX delta, Smith and 
Nephew) articulation. No randomization was performed in this study. The choice 
between PE or ceramic insert depended on patient characteristics and the experienced 
orthopedic surgeons’ preferences. All patients included were seen in a standard 
follow-up scheme with X-rays at baseline, 3, 12, 36, 60, and 120 mo post-operatively. 
After surgery, a standard postoperative rehabilitation protocol under guidance of a 
physical therapist consisted of immediate weightbearing and crutches for 6 wk. All 
outcomes were analyzed by a reviewer and checked by a second researcher who were 
both not involved in the selection, surgery, and follow-up process.

Eligibility
All indications for THA included in this study were primary osteoarthritis (OA), 
degeneration due to rheumatoid arthritis or other inflammatory arthritis, avascular 
necrosis and hip dysplasia. Patients were included after completing verbal informed 
consent. Patients with secondary OA due to trauma, infection of the hip, osteoporosis 
or a prior osteotomy or arthroplasty were excluded from this study. No a priori power 
analysis was performed.

Surgical procedure
All THAs were performed at Slotervaart Medical Center by experienced orthopedic 
surgeons using a straight lateral approach under standard antibiotic prophylaxis. The 
surgical approach was according to the surgical technique described by the 
manufacturer of the implants. The same uncemented acetabular cup (EP-FIT PLUS, 
Smith and Nephew) was used in all patients. This cup is an equatorial flattened press-
fit cup design with an open porous titanium vacuum plasma coating to increase 
roughness, with initial fixation by 2%-3% oversizing. A non-cemented Zweymuller 
titanium rectangular tapered shape femoral stem (SL-PLUS, Smith and Nephew) was 
used as femur component in all cases in combination with a ceramic head articulation 
(BIOLOX delta, Smith and Nephew). A 32 mm and 28 mm head were respectively 
used in CoC and CoPE bearing. The liner being used was either a ceramic insert 
(BIOLOX delta, Smith and Nephew) or a standard PE acetabular insert (Standard PE, 
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Smith and Nephew). Both the ceramic head and liner are made of a zirconia 
toughened alumina ceramic alloy, a fourth-generation ceramic material. The aimed leg 
length and femoral offset was measured accordingly to be identical to the contralateral 
side.

Outcomes
Patient demographics were recorded at baseline, including age, gender, body mass 
index (BMI), indication for surgery (primary OA or other diagnosis), and operation 
side. Information regarding the operation was recorded as well including articulation, 
head size, and cup inclination in degrees on direct post-operative radiographs. 
Perioperative and complications during follow-up like ceramic articulation fractures, 
squeaking and dislocations were directly registered.

The primary outcome was wear in mm/year measured by an independent 
orthopedic surgeon, by consecutive radiography using standard weightbearing 
anterior-posterior radiographs. By using the penetration and the size of the head, the 
thickness of the inlay was calculated. The method being used as demonstrated in 
Figure 1, is widely used and first described and validated by Charnley et al[13]. The 
width of the narrowest part of the inlay in the proximal weightbearing region (B) was 
subtracted from the widest part in the distal non-weightbearing area (A) and halved. 
With this formula, wear = (A – B)/2, wear was calculated as cranial migration in mm. 
These outcomes were used to calculate linear wear rates in mm/year. As an example, 
if no wear occurs, the thickness of the inlay is the same in all directions. Hereby the 
difference between the measurement of A and B is zero, meaning that there is no 
cranial migration and hereby no wear. If wear increases and more cranial migration is 
seen, the measurement of B will become lower and A will increase due to a wider 
distal part, resulting in a greater difference between both values (Figure 1). As a 
secondary outcome, potential predictive factors for wear such as gender, age, 
operation side, BMI, diagnosis (primary OA vs other), cup size, and cup inclination 
were determined. The Harris hip score (HHS) was used as a clinical questionnaire to 
measure patient reported outcomes[14]. Radiographs were evaluated by two researchers 
to determine presence of radiolucency, osteolysis, atrophy, and hypertrophy around 
the cup in Zones I-III according to DeLee et al[15].

Statistical analysis
Statistical analyses were performed with Statistical Package for Social Sciences (SPSS) 
version 26.0 (IBM Corp., Armonk, New York, United States). Normally distributed 
continuous variables are stated as mean with standard deviation (SD) and tested by 
use of Student’s t-test. In case of non-normality medians with interquartile ranges are 
presented and a Mann-Whitney U test was used to asses for significant differences 
between both groups. Categorical data were compared by use of chi-squared tests. 
Due to the absence of wear in the CoC group, stratified analysis to identify risk factors 
for wear was only performed in the CoPE group by use of univariate linear regression 
analyses. HHS was expressed as a change from baseline and the association with 
bearing type was assessed by use of multivariate linear regression analysis, adjusted 
for potential confounders (i.e. age, sex, and diagnosis). Differences were stated 
significant if P values were less than 0.05. Complications and radiological findings 
were expressed as frequencies with percentage. All statistical methods in this study 
were done by a biomedical statistical expert (Inger N Sierevelt).

RESULTS
A total of 61 patients receiving THAs were included in this study at baseline 
(Figure 2). A significant difference in age and distribution of diagnosis (primary OA vs 
other) between both groups was observed (Table 1). A total of 17 CoPE (63.0%) and 25 
CoC (73.5%) cases were available for 10-year follow-up. Intra-operative trochanteric 
fracture occurred in one case (4%) in the CoPE group and two (6%) in the CoC group, 
and were treated with a trochanteric wire. Delayed wound healing was seen in two 
(8%) and four (13%) patients in the CoPE and CoC group, respectively. Temporary 
peroneal nerve injury was observed in the CoPE group in two cases (7.4%). During 
follow-up, one periprosthetic joint infection (3%) was seen in the CoC group, which 
was initially treated with lavage and antibiotics; however, removal of the implant was 
done elsewhere after 3 years of follow-up. Femoral component loosening was the 
reason for one revision in both groups, treated by revision of the stem and inlay 
elsewhere in the CoC case and in our clinic in the CoPE patient. No dislocations, 
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Table 1 Baseline characteristics and operation information

CoPE, n = 27 (100%) CoC, n = 34 (100%) P value

Female gender, n (%) 21 (78%) 22 (65%) 0.27

Right side, n (%) 19 (76%) 17 (50%) 0.11

Diagnosis, n (%) 0.01

Primary OA 23 (85%) 19 (56%)

Other 4 (15%) 15 (44%)

Age, in years, mean (SD) 64.2 (5.3) 55.7 (8.5) < 0.001

BMI, in kg/m2 mean (SD) 27.6 (4.1) 26.9 (4.1) 0.52

Cup size in mm, mean (SD) 52.1 (3.4) 53.6 (3.5) 0.10

Inclination cup in degrees, mean (SD) 46.8 (6.7) 44.6 (5.0) 0.22

HHS, mean (SD) 50.2 (13.3) 47.5 (13.4) 0.44

BMI: Body mass index; CoPE: Ceramic-on-polyethylene; CoC: Ceramic-on-ceramic; HHS: Harris hip score; OA: Osteoarthritis; SD: Standard deviation.

Figure 1 Method of wear measurement with center of rotation (red), boundaries of the cup (blue) and head (orange) and line for 
measurement of inclination angle (black). A: Widest distal part of inlay; B: Narrowest proximal part of the inlay.

squeaking, and fracture of the ceramic liner were observed. A total of two revisions 
were planned in the CoPE group after the 10-year follow-up due to complaints 
combined with excessive wear. All complications showed no significant differences 
between both groups.

Primary outcome
After 10 years of follow-up, the median linear wear of CoPE and CoC bearing was 
0.130 mm/year (range 0.010; 0.350) and 0.000 mm/year (range 0.000; 0.005), 
respectively. Wear always occurred in the cranial direction. In two patients in the CoC 
group, wear of 0.05 mm was measured, in all other cases, no wear was observed. The 
difference in wear between both groups was significant (P < 0.001).

Secondary outcomes
The results of the stratified analysis to identify risk factors for wear in the CoPE group 
are shown in Table 2. Increased cup inclination was the only predictive factor for PE 
wear in CoPE bearing.

The HHS score showed a mean change from baseline of 37.1 points (SD 18.5) in the 
CoPE group and 43.9 (SD 17.0) in the CoC group. This crude difference of 6.8 (range -
5.2; 18.7) in favor of the CoC group was not significant (P = 0.26). When adjusted for 
age, gender, and diagnosis (primary OA vs other), a mean difference of -0.02 (range -
14.7; 14.7) was seen, which was not significant either (P = 0.99).

The radiological findings in the periacetabular cup zones are shown in Table 3. 
These outcomes showed no significant differences between both groups.
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Table 2 Potential predictive values for polyethylene wear in beta-coefficient (range)

Potential predictive factors for PE wear Beta-coefficient (95%CI) P value

Gender 0.06 (-1.18; 1.29) 0.93

Age -0.01 (-0.10; 0.08) 0.82

Operation side -0.40 (-1.53; 0.73) 0.46

BMI -0.05 (-0.20; 0.10) 0.46

Diagnosis, primary OA vs other 1.10 (-0.42; 2.61) 0.14

Cup size -0.06 (-0.23; 0.12) 0.52

Cup inclination 0.08 (0.02; 0.15) 0.02

BMI: Body mass index; CI: Confidence interval; OA: Osteoarthritis; PE: Polyethylene.

Table 3 Radiological findings in DeLee and Charnley zones I, II and III at 10-yr

CoPE, n = 17 CoC, n = 25

Zones I II III I II III

Radiolucent lines 0 0 0 0 0 0

Osteolysis cup 0 1 (6%) 0 2 (8%) 3 (12%) 0

Atrophy 2 (12%) 3 (18%) 0 5 (19%) 5 (19%) 0

Hypertrophy 0 0 0 0 0 0

CoPE: Ceramic-on-polyethylene; CoC: Ceramic-on-ceramic.

Figure 2  Flowchart of 10-year follow-up.

DISCUSSION
The main finding of this observational prospective cohort study of 61 THAs with 17 
CoPE and 25 CoC cases available for 10-year follow-up was a significantly different 
degree of wear between the CoPE and CoC, with values of 0.130 mm/year (range 
0.010; 0.350) and 0.000 mm/year (range 0.000; 0.005), respectively in the cranial 
direction. Comparable significant differences in wear rates were seen in the literature 
in both the short and long-term[8,16]. Conventional PE inlays have been improved by 
cross-linking to improve wear rates, but CoC bearings still show the lowest wear 
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rates[17-19]. Therefore, long-term follow-up is required to assess whether differences in 
wear will result in different survival rates. Although survival was not the focus of our 
study, to the best of our knowledge, the literature has only one comparative study 
with 12.6 years of follow-up showing no differences between CoC and CoHXLPE[18]. 
Studies that only focused on CoPE and CoHXLPE showed long-term survival rates of 
86% and 100%, respectively, at 13 years and 88.3% and 93.8%, respectively, at 16 
years[20,21]. Long-term studies that focused only on CoC showed divergent survival 
rates, with a 15-year follow-up study showing a survival rate of 92%, whereas another 
20 years of follow-up showed a survival rate of 99.7%[22,23]. Our wear rate results 
combined with the revision rates in the literature indicated a possible advantage of 
ceramic coupling over PE, which needs to be confirmed with longer follow-up studies 
of at least 20 years.

The low wear and revision rates of CoC in the longer term become highly relevant 
since a rise in prevalence of THA and a shift to younger age is seen over the last 
decades[24]. Moreover, our study shows that patients receiving CoC articulation were 
significantly younger. Since life expectancy is still increasing worldwide, further 
research is needed to show if CoC can improve the longevity of THAs[25].

Our study showed that a higher inclination angle of the cup is a significant risk 
factor for wear. The same results are seen in the literature, with inclination angles 
above 45 degrees[26-28]. Since the mean angle of CoPE in our group was above this angle, 
it supports that acetabular positioning is highly important to reduce wear of CoPE.

In addition, inclination angles above 45 degrees are related to the higher incidence 
of squeaking in CoC[29,30]. In the literature, the incidence of squeaking is significantly 
higher in CoC than CoPE and varies between 0.5% and 20% and can influence the 
satisfaction of patients[11,12,31]. Although the mean angle of inclination in CoC in our 
study was just below the 45 degrees, no squeaking was reported.

Since the introduction of CoC, fracture of the ceramic, which was seen more often 
than in CoPE, was one of the greatest concerns against using this articulation[11,12]. A 
recent long-term meta-analysis showed that improvement of the ceramic over time led 
to lower fracture rates[32]. Additionally, in the literature, fourth-generation ceramic 
bearings showed no ceramic fracture when compared to third-generation CoC[33]. Since 
we used a fourth-generation ceramic bearing, this might be a reason that no head or 
liner fractures occurred in our study[32,33].

Another complication that influences long-term outcomes is dislocation, which can 
be caused by wear and malpositioning[34,35]. In the literature, a trend is seen in favor to 
CoC over CoPE[11,12]. Although no dislocations were seen in our study, the higher wear 
rate and wider angles of inclination presented in CoPE can indicate an increased risk 
of dislocation, which might become significant in the longer term.

In our study, no differences in radiological findings such as osteolysis were seen, 
which was supported by recent systematic reviews comparing CoC and CoPE[11,12]. 
Longer follow-up is needed to see if differences in osteolysis will occur over time.

No significant differences in clinical outcomes on the HHS were seen in our study. 
Since comparable scores on the HHS were seen in systematic reviews, there is no 
preference for one of the bearings based on functioning[11,12].

Finally, ceramic inserts are more expensive than PE, which might be an important 
issue in decision making in modern healthcare systems with an increasing focus on 
healthcare costs. Beaupre et al[36] stated that the costs of ceramic inserts were three 
times higher. To the best of our knowledge, no cost-analyses are performed in the 
literature between CoC and Co(HXL)PE. Long-term analysis needs to clarify if 
differences in outcomes, complication, and revision rates are cost-effective to the costs 
of both bearings.

A strength of our study is that we provided comparative results of a fourth-
generation ceramic bearing, which are limited in the literature including wear, clinical, 
and radiological results. A limitation of our study was that no randomization was 
performed, which can have consequences for the comparability of the groups and 
might give indication bias. Moreover, a high loss to follow-up was seen in this study. 
Wear measurements were done using standard AP radiographs, which is a valid 
method, but is subsidiary to radiostereometric analysis (RSA)[37]. For example, we 
measured wear in two cases of CoC, which might be an error. Finally, no HXLPE was 
used, which is currently preferred when using a CoPE bearing.

CONCLUSION
In this study, higher wear rates were observed in CoPE compared to CoC bearing in 
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THA at the 10-year follow-up, with cup inclination as a predictive factor for wear for 
CoPE bearing, and no differences in complications, HHS, and radiological findings. 
More long-term comparative studies are needed to confirm potential benefits of CoC 
bearing, which might be the preference in THA focused on wear and survival rates, 
especially in younger patients.

ARTICLE HIGHLIGHTS
Research background
Ceramic-on-ceramic (CoC) bearing in total hip arthroplasty (THA) is presumed to give 
lower wear rates in vivo, compared to ceramic-on-polyethylene (CoPE).

Research motivation
More in vivo long-term studies are needed in literature, to confirm potential benefits or 
disadvantages of CoC over CoPE.

Research objectives
The objective of this study was to determine the 10-year difference in wear, identify 
potential predictive factors for wear, investigate radiological findings such as 
osteolysis, evaluate clinical functioning and complications between CoC bearing vs 
CoPE when using the same implants.

Research methods
An observational prospective single-center cohort study with 10-year follow-up of a 
documented series of elective THAs was performed with either a ceramic (BIOLOX 
delta, Smith and Nephew) or a standard PE acetabular insert (Standard REXPOL, 
Smith and Nephew) with a similar ceramic head (BIOLOX delta, Smith and Nephew) 
articulation.

Research results
Higher wear rates were observed in CoPE compared to CoC bearing after 10-year 
follow-up with cup inclination as a predictive factor for wear for CoPE bearing, and no 
differences in complications, Harris hip score, and radiological findings.

Research conclusions
The potential benefit of CoC over CoPE at the 10-year follow-up is less wear with cup 
inclination as a predictive factor for wear, without differences in clinical or 
radiological outcomes.

Research perspectives
Further investigation of wear, revision, and complication rates between CoC and 
CoPE, especially in the long-term, should be done, to confirm potential benefits of CoC 
over CoPE and to prove if it can improve the longevity of THAs. In addition, long-
term analysis needs to clarify if differences in outcomes, complication, and revision 
rates are cost-effective to the costs of both bearings.
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