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Background and purpose — Ceramic-on-ceramic (CoC) bear-
ings were introduced in total hip arthroplasty (THA) to reduce 
problems related to polyethylene wear. We compared the 9-year 
revision risk for cementless CoC THA and for cementless metal-
on-polyethylene (MoP) THA.  

Patients and methods — In this prospective, population-based 
study from the Danish Hip Arthroplasty Registry, we identified 
all the primary cementless THAs that had been performed from 
2002 through 2009 (n = 25,656). Of these, 1,773 THAs with CoC 
bearings and 9,323 THAs with MoP bearings were included in 
the study. To estimate the relative risk (RR) of revision, we used 
regression with the pseudo-value approach and treated death as 
a competing risk. 

Results — 444 revisions were identified: 4.0% for CoC THA 
(71 of 1,773) and 4.0% for MoP THA (373 of 9,323). No statisti-
cally significant difference in the risk of revision for any reason 
was found for CoC and MoP bearings after 9 years of follow-up 
(adjusted RR = 1.3, 95% CI: 0.72–2.4). Revision rates due to com-
ponent failure were 0.5% (n = 8) for CoC bearings and 0.1% (n 
= 6) for MoP bearings (p < 0.001). 6 patients with CoC bearings 
(0.34%) underwent revision due to ceramic fracture. 

Interpretation — When compared to the “standard” MoP 
bearings, CoC THA had a 33% higher (though not statistically 
significantly higher) risk of revision for any reason at 9 years.



Aseptic loosening is the most frequent cause of revision after 

total hip arthroplasty (THA) (Australian Orthopaedic Asso-
ciation 2013, Danish Hip Arthroplasty Registry 2013). This is 
associated with polyethylene wear debris, which can stimulate 
an adverse local host response that results in bone resorption 
and aseptic loosening of the prosthesis (Jacobs et al. 1994). 
Ceramic-on-ceramic (CoC) bearings were introduced for 
THAs in 1970 (Boutin 1972) to reduce the problem of wear 
due to friction and that of loosening, which was a result of 
osteolysis caused by wear particles (Hannouche et al. 2005).

Although CoC bearings have shown low wear rates and are 
used in young and active patients (Hannouche et al. 2005), 
there are some concerns of fracture of the ceramic acetabular 
liner (Min et al. 2007) or fracture of the ceramic head (Haber-
mann et al. 2006). Furthermore, dislodgement of the acetabu-
lar ceramic insert has been reported for the sandwich design 
(Akagi et al. 2004). Finally, squeaking and other noises can 
occur in THAs with CoC bearings (Jarrett et al. 2009). All 
these concerns may lead to revision surgery.

Survivorship of CoC THAs after a mean follow-up time of 
5–12 years has been described in some previous studies (Gar-
cia-Rey et al. 2009, Johansson et al. 2011, D’Antonio et al. 
2012), but these studies had small sample sizes and involved 
very few hospitals and clinics, thus reducing the generaliz-
ability of the findings. Based on data from the Danish Hip 
Arthroplasty Registry (DHR), we therefore conducted a pop-
ulation-based cohort study to determine the revision risk and 
to investigate the causes of revision of cementless CoC THAs, 
comparing them to those of “standard” MoP THAs. 
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Patients and methods

There are approximately 5.6 million inhabitants in Den-
mark. All Danish citizens are guaranteed tax-funded, “free” 
medical care on admission to hospitals or outpatient clinics. 
Every Danish citizen is given a personal 10-digit identifica-
tion number that allows unambiguous linkage between all the 
medical databases in Denmark.

Data sources
The DHR is a nationwide, population-based clinical database 
that was founded on January 1, 1995 and validated in 2004 
(Pedersen et al. 2004). The DHR holds prospectively collected 
data on primary THAs, revisions, and—to some extent—post-
operative complications. In 2012, 50 orthopedic departments 
and private clinics reported to the registry (Danish Hip Arthro-
plasty Registry 2013). In annual reports, the completeness of 
the data is calculated at the individual level as the proportion 
of THAs reported to the DHR out of the total number of THAs 
reported to the National Patient Registry (NPR) and/or the 
DHR. The NPR is considered to be the gold standard—due 
to the fact that the hospital is reimbursed only after registra-
tion of a surgical procedure. In 2012, the degree of complete-
ness was 97% for primary THAs and 90% for THA revisions 
(Danish Hip Arthroplasty Registry 2013).

The Civil Registration System (CRS) was established in 
1968. It contains data on vital status and residence for the 
entire Danish population (Pedersen et al. 2006). Thus, the 
CRS provides complete follow-up information on the entire 
study population.  

The NPR was established in 1977. It contains data on 
all admissions and discharges from hospitals in Denmark, 
including the dates of admission and discharge, the surgical 
procedures performed, and up to 20 diagnoses for every dis-
charge. Since 1994, diagnoses have been classified according 
to the Danish version of the International Classification of 
Diseases, tenth edition (Andersen et al. 1999). Since 1995, 
data on outpatients and emergency visits have been included 
in the registry. Data from the NPR were used to determine 
the complete hospitalization history of patients included in 
the study population. As a measure of comorbidity, we com-
puted the Charlson comorbidity index (CCI) score for each 
patient at the time of surgery (Charlson et al. 1987, Thygesen 
et al. 2011). This index is based on 19 major disease catego-
ries, including cardiovascular, cerebrovascular, chronic pul-
monary, liver, renal, and gastrointestinal diseases, diabetes, 
and solid and hematological tumors. Admissions from each 
category are weighted with 1, 2, 3, or 6 points. These weights 
are summed to provide the index score. We defined 3 comor-
bidity levels: a score of 0 (low), given to patients with no 
previous record of diseases included in the CCI; a score of 
1–2 (medium); and a score of 3 or more (high) (de Groot et 
al. 2003).

Study population
For patients registered with CoC bearings, the fixation method 
was cementless in 97.1%, hybrid in 2.7%, and “other” in 0.1%. 
The study population included patients undergoing cement-
less THA with either CoC or MoP bearings who were being 
operated for 1 of the following diagnoses: primary osteoarthri-
tis (OA), inflammatory arthritis, femoral head osteonecrosis, 
and sequelae from childhood hip disorder.

In the DHR, the registration of THA bearings started in 
2002. This study population consisted of all primary cement-
less THAs registered in the DHR with surgery between Janu-
ary 1, 2002 and September 15, 2009 (n = 25,656). When a 
patient received bilateral THA operations, only the first was 
included in the study due to the statistical assumption of inde-
pendent observations. Thus, 3,572 THAs were excluded due 
to bilaterality. Patients diagnosed with hip fracture (n = 2,097) 
and “other” diagnoses (n = 201) and patients with ceramic-
on-polyethylene (n = 5,171), metal-on-metal (n = 2,100), or 
“other” types of bearings (n = 565) were excluded. Further-
more, patients with an acetabular component with a dual-
mobility liner (n = 306) were excluded. We also excluded 
520 patients who were registered with missing information 
regarding bearings. Of these, 18 patients had a metal liner 
and could therefore not have CoC or MoP bearings. Hence, 
502 patients with missing information on articulation could 
possibly have had either CoC or MoP bearings. Patients who 
were registered without information on diagnosis (n = 16), 
femoral head size (n = 4), and duration of surgery (n = 8) 
were also excluded.

11,096 cementless THAs (1,773 CoC and 9,323 MoP) with 
complete patient information on sex, age group, diagnosis, 
comorbidity, year of surgery, femoral head size, and duration 
of surgery were included in the final analysis.

Types of ceramic bearings
According to the manufacturer (CeramTec, Plochingen, Ger-
many), BIOLOX  forte was introduced in 1995 and BIOLOX 
delta in 2004. Distributors of the prosthetic components were 
contacted to obtain information on the types of ceramic bear-
ings that were used with the specific acetabular and femoral 
components from 2002 to September 15, 2009. Distributors 
were supplied with information on the specific component 
brand and its period in use. At the patient level, the femoral 
head size was also taken into account to determine the ceramic 
bearing type implanted.

Medical records
In order to identify patients with fracture of a ceramic compo-
nent, medical records were reviewed for 14 patients who had 
revision surgery due to component failure.

Statistics
Patients were followed from the date of primary surgery until 
revision, death, emigration, or the end of the study period 
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(September 15, 2010), whichever came first. Revision was 
defined as a new surgical procedure including complete or par-
tial exchange or removal of the prosthetic components. When 
death is treated as censored information in survival analysis, it 
will result in overestimation of the revision rates (Gillam et al. 
2010). We therefore performed multivariable regression with 
the pseudo-value approach (Klein et al. 2007), treating death 
as a competing risk to estimate the relative risk (RR) for any 
revision with 95% confidence intervals (CIs), and a cumula-
tive incidence curve was constructed. Adjustments were made 
for the patient- and surgery-related factors presented in Table 
1. Subanalyses were performed at 2, 4, 6, and 8.7 years of 
follow-up in order to evaluate early and medium-term revision 
risk. We performed stratified analyses on potentially influenc-
ing factors, including sex; age under or over 60 years; comor-
bidity; osteoarthritis (OA) as diagnosis; femoral heads 28 mm 
or smaller; and femoral heads larger than 28 mm. All stratified 
analyses were performed at 8.7 years of follow-up—except for 
femoral head sizes larger than 28 mm, which had a maximum 
follow-up of 7.5 years. The primary outcome was revision for 
any reason. Revisions for aseptic loosening, dislocation, and 
other causes at 8.7-years follow-up were analyzed and these 
were secondary outcomes. 

Revision rates per 100 person-years (with CI) were calcu-
lated as the number of revisions within each group divided 
by the total risk time for the same group. Chi-square test was 
performed to compare proportions between the 2 bearing 
groups, and the 2-sample Wilcoxon rank-sum test was used 
to compare ages and follow-up times because of skewness. 
For ages and follow-times, medians and interquartile ranges 
(IQR) are given. Any p-value < 0.05 was considered signifi-
cant. Statistical analyses were carried out with Stata software, 
release 13.1.

Ethics
The study was approved by the Danish Data Protection Agency 
(journal no. 2010-41-4926).

Results
Description of the study population (Tables 1 and 2)
16% of the patients had CoC bearings and 84% had MoP bear-
ings. The median follow-up time was 5.0 (3.1–6.5) years for 
CoC bearings and 3.9 (2.0–5.9) years for MoP bearings (p < 
0.001). More males received CoC THAs than MoP THAs. The 
median patient age was 59 (52–65) years for CoC and 65 (59–
70) years for MoP (p < 0.001). A greater proportion of patients 
with CoC THAs had been diagnosed with sequelae from a 
childhood hip disorder (p < 0.001) and more CoC patients 
than MoP patients had a CCI score equal to zero (p < 0.001). 
60% of patients with CoC THA had their surgery during the 
period 2002–2005, whereas only 44% of patients with MoP 
THA had surgery then (p < 0.001). Patients with CoC THA 

had a higher proportion of 32-mm or larger femoral head sizes 
than patients with MoP THA (63% vs. 33%; p < 0.001). The 
most frequent cup/stem combinations were Plasmacup SC/
Bicontact (42%), Lineage/Anca-Fit (16%), and Trident PLS/
Symax (7%) for CoC THA and Trilogy/collarless Bi-Metric 
(34%), Mallory-Head/collarless Bi-Metric (19%), and Pin-
nacle/Corail (5%) for MoP THA. For patients with CoC THA, 
81% (1,428 of 1,773) had a liner and 77% (1,373 of 1,773) 
had a femoral head made of BIOLOX forte.

Risk of any revision (Table 3)
The entire study population had 444 revisions (4.0%): 4.0% 
(71 of 1,773) for CoC THA and 4.0% (373 of 9,323) for MoP 
THA. Revision rates were 0.84 (0.66–1.06) per 100 person-
years for CoC bearings and 0.97 (0.88–1.08) per 100 person-
years for MoP bearings. At 8.7 years of follow-up, the cumu-

Table 1. Characteristics of patients with ceramic-on-ceramic (CoC) 
and metal-on-polyethylene (MoP) total hip arthroplasty. Values are 
numbers of patients and percentages (%) for each group

	 CoC	 MoP
	 n = 1,773	 n = 9,323	 p-value

Sex			   0.001
 Female 	 835 (47)	 4,792 (51)	
 Male 	 938 (53)	 4,531 (49)	
Age groups, years			   < 0.001
 ≤ 49 	 356 (20)	 539 (6)	
 50–59 	 576 (33)	 2,068 (22)	
 60–69 	 744 (42)	 4,238 (46)	
 70–79 	 91 (5)	 2,069 (22)	
 ≥ 80 	 6 (0)	 409 (4)	
Diagnosis			   < 0.001
 Primary OA 	 1,471 (83)	 8,373 (90)	
 Femoral head osteonecrosis	 67 (4)	 258 (3)	
 Arthritis 	 53 (3)	 193 (2)	
 Childhood hip disorders 	 182 (10)	 499 (5)	
Charlson comorbidity 
  index at surgery			   < 0.001
 Low 	 1,350 (76)	 6,324 (68)	
 Medium 	 363 (21)	 2,447 (26)	
 High 	 60 (3)	 552 (6)	
Year of surgery			   < 0.001
 2002	 167 (10)	 867 (9)	
 2003	 210 (12)	 922 (10)	
 2004	 339 (19)	 1,088 (12)	
 2005	 345 (19)	 1,187 (13)	
 2006	 238 (13)	 1,235 (13)	
 2007	 190 (11)	 1,277 (14)	
 2008	 153 (9)	 1,426 (15)	
 2009, until September 15	 131 (7)	 1,321 (14)	
Femoral head size, mm			   < 0.001
 ≤ 27 	 1 (0)	 139 (2)	
 28	 652 (37)	 6,066 (65)	
 32	 922 (52)	 1,926 (21)	
 36	 193 (11)	 1,066 (11)	
 ≥ 40 	 5 (0)	 126 (1)	
Duration of surgery, min			   < 0.001
 ≤ 59 	 505 (29)	 3,925 (42)	
 60–89 	 899 (51)	 4,202 (45)	
 90–119 	 286 (16)	 917 (10)	
 ≥ 120 	 83 (5)	 279 (3)	
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lative incidence for any revision was 5.4% (4.0–7.1) for CoC 
THA and 5.3% (4.7–5.9) for MoP THA (Figure). At 2, 4, 6, 
and 8.7 years of follow-up, there was no significant difference 
in the risk of revision of CoC THA and MoP THA for any 
reason. 

Stratified analyses: risk of revision for any reason
For women, men, patients who were younger than 60 years, 
patients aged 60 years or older, patients diagnosed with OA, or 
patients who had no comorbidity (CCI score = 0), any comor-
bidity (CCI score > 0), or 28-mm or smaller femoral head, 

Table 2. Specific designs of acetabular and femoral components and type of ceramic used in total hip arthroplasty with 
ceramic-on-ceramic bearings. Values are numbers of patients and percentage (%) of total number

 No.	 Company	 Period in use	 No. of	 No. of	 No. of either	 No. of unknown
 n = 1,773			   BIOLOX 	 BIOLOX	 BIOLOX	 ceramic
 			   forte	 delta	 forte or delta	 components

Acetabular component
 Plasmacup SC	 792 (45)	 Aesculap	 2002–2009	 764	 28	 -	 -
 Lineage	 312 (18)	 Wright	 2004–2009	 312	 0	 -	 -
 Trident PSL a	 125 (7)	 Stryker	 2004–2008	 125	 0	 -	 -
 Exceed ABT	 93 (5)	 Biomet	 2006–2009	 -	 93	 -	 -
 Trident hemispherical a	 73 (4)	 Stryker	 2005–2007	 73	 0	 -	 -
 Duraloc Option	 63 (4)	 DePuy	 2002–2005	 63	 0	 -	 -
 Mallory-Head	 51 (3)	 Biomet	 2002–2009	 -	 28	 -	 23
 Trilogy	 51 (3)	 Zimmer	 2002–2009	 0	 51	 -	 -
 Anca-Fit	 47 (3)	 Wright	 2002–2005	 47	 0	 -	 -
 C2a Taper b	 44 (2)	 Biomet	 2007–2009	 44	 -	 -	 -
 Pinnacle	 41 (2)	 DePuy	 2004–2009	 0	 41	 -	 -
 Prototyl-E	 19 (1)	 Wright	 2009	 -	 -	 19	 -
 12 other cups	 62 (3)		  2002–2009	 -	 -	 -	 62
 In total				    1,428	 241	 19	 85
Femoral component
 Bicontact	 769 (43)	 Aesculap	 2002–2009	 720	 29	 20	 -
 Anca-Fit	 409 (23)	 Wright	 2002–2009	 391	 18	 -	 -
 Symax	 195 (11)	 Stryker	 2004–2008	 195	 0	 -	 -
 Bi-Metric	 178 (10)	 Biomet	 2002–2009	 -	 -	 -	 178
 Corail	 102 (6)	 DePuy	 2002–2009	 31	 15	 56	 -
 Profemur R	 18 (1)	 Wright	 2006–2007	 18	 0	 -	 -
 S-ROM	 18 (1)	 DePuy	 2002–2004	 18	 0	 -	 -
 18 other stems	 84 (5)		  2002–2009	 -	 -	 -	 84
 Total				    1,373	 62	 76	 262

a Ceramic liner titanium-enchased. 
b Sandwich design of the ceramic liner.

Table 3. Crude and adjusted relative risk (RR) of revision for any cause, with 95% confi-
dence intervals (CIs), in total hip arthroplasty (THA) with ceramic-on-ceramic (CoC) and 
metal-on-polyethylene (MoP) bearings a

	 Patients at	 Revisions
	 the start of	 performed within 	 Crude RR	 Adjusted RR
	 the period (n)	 the period (%)	 (95% CI)	 (95% CI)

At 2-year follow-up (0 to 2 years postoperatively)
 CoC	 1,773	 48 (2.7)	 0.91 (0.67–1.24)	 1.18 (0.65–2.13)
 MoP	 9,323	 274 (2.9)	 1 (ref.)	 1 (ref.)
At 4-year follow-up (2 to 4 years postoperatively)
 CoC	 1,519	 15 (1.0)	 0.95 (0.72–1.26)	 1.12 (0.70–1.81)
 MoP	 7,065	 62 (0.9)	 1 (ref.)	 1 (ref.)
At 6-year follow-up (4 to 6 years postoperatively)
 CoC	 1,135	 4 (0.4)	 0.91 (0.68–1.21)	 1.03 (0.60–1.77)
 MoP	 4,501	 26 (0.6)	 1 (ref.)	 1 (ref.)
At 8.7-year follow-up (6 to 8.7 years postoperatively)
 CoC	 543	 4 (0.8)	 1.02 (0.74–1.39)	 1.33 (0.72–2.43)
 MoP	 2,230	 11 (0.5)	 1 (ref.)	 1 (ref.)

a Adjustments were made for sex, age, diagnosis of primary THA, comorbidity, year of 
surgery, femoral head size, and duration of surgery.
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no significant differences in revision risk were found for CoC 
bearings and MoP bearings at 8.7 years of follow-up. At 7.5 
years of follow-up, the revision risk was similar in the 2 bear-
ing groups for femoral head sizes greater than 28 mm.

Causes of revision (Tables 4 and 5)
8 CoC THAs were revised due to component failure. The pro-
portion of revisions due to component failure was higher for 
CoC bearings than for MoP bearings (p < 0.001). Of the 8 
patients who were registered as having component failure as 
the cause of revision, 6 patients had ceramic fracture and 2 
patients had impingement between the stem-neck and the rim 
of the liner. In the 6 patients with ceramic fracture, 3 patients 
had an isolated ceramic head fracture, 1 patient had an iso-
lated ceramic liner fracture, and 2 patients had fracture of both 
the ceramic head and liner. Thus, 5 patients had ceramic head 
fracture and 3 had ceramic liner fracture. Ceramic component 
fracture occurred at a median of 4.0 (1.4–7.2) years after pri-
mary surgery, and all the patients who had ceramic fracture 
had a 28-mm femoral head implanted. The causes of revision 
of MoP THA in patients registered with component failure as 
the cause of revision were: subluxation/instability (n = 2), sub-
sidence of the cementless stem (n = 1), deep infection (n = 1), 
wear of the polyethylene liner (n = 1), and malposition of the 
acetabular component (n = 1).

Compared to MoP THA patients, patients with CoC THA 
had half the proportion of revision due to deep infection. The 
proportion due to dislocation was also lower, but these find-
ings were not statistically significant.

Only 2 patients in the CoC group had revision registered as 
being due to “mechanical noises” and “squeaking”. For MoP, 
no revisions were performed because of noise from the THA.

There were no statistically significant differences in the risk 
of revision due to aseptic loosening (adjusted RR = 0.84, CI: 
0.21–3.4), dislocation (adjusted RR = 1.2, CI: 0.29–5.3), and 
all other causes (adjusted RR = 1.1, CI: 0.14–8.8) between 
CoC bearings and MoP bearings at 8.7 years.

Discussion

In this nationwide, population-based study from the DHR 
involving 11,096 patients, CoC bearings did not have a statis-
tically significantly higher overall risk of revision than MoP 
bearings after the maximum follow-up period of 8.7 years.

Cumulative incidence for any revision of cementless total hip arthro-
plasty with ceramic-on-ceramic (CoC) and metal-on-polyethylene 
(MoP) bearings. See Table 3 for the relative risk of any revision at 2, 4, 
6, and 8.7 years of follow-up.

Table 4. The main indications for total hip arthroplasty (THA) revision 
registered in the Danish Hip Arthroplasty Registry. For each type of 
THA bearing, numbers and percentages (%) are given regarding the 
causes of revision listed. The bearings included were ceramic-on-
ceramic (CoC) and metal-on-polyethylene (MoP)

	 CoC	 MoP
	 n = 71	 n = 373	 p-value

Aseptic loosening	 10 (0.6)	 43 (0.5)	 0.6
Osteolysis without loosening	 0 (0.0)	 3 (0.0)	 0.5
Deep infection	 6 (0.3)	 61 (0.7)	 0.1
Femoral bone fracture	 9 (0.5)	 56 (0.6)	 0.6
Dislocation	 22 (1.2)	 156 (1.7)	 0.2
Component failure	 8 (0.5)	 6 (0.1)	 < 0.001
Pain	 9 (0.5)	 26 (0.3)	 0.1
Other	 7 (0.4)	 22 (0.2)	 0.2

Table 5. Characteristics of patients who were revised for fracture of the ceramic component

	 Acetabular liner	 Femoral head
		  Age at	 Years from	
Patient	 Sex	 primary	 primary surgery	 Component	 Component	 Type of	 Component	 Component	 Type of	 Size, 
no.		  surgery	 to revision	 brand	 fractured	 ceramic	 brand	 fractured	 ceramic	 mm

1 F	 53	 4.8	 Duraloc Option	 No	 BIOLOX forte	 S-ROM	 Yes	 BIOLOX forte	 28
2 F	 60	 7.2	 Plasmacup SC	 Yes	 BIOLOX forte	 Bicontact	 No	 BIOLOX forte	 28
3 M	 46	 1.4	 Plasmacup SC	 No	 BIOLOX forte	 Bicontact	 Yes	 BIOLOX forte	 28
4 F	 65	 5.7	 Plasmacup SC	 No	 BIOLOX forte	 Bicontact	 Yes	 BIOLOX forte	 28
5 F	 52	 3.2	 Anca-Fit	 Yes	 BIOLOX forte	 Anca-Fit	 Yes	 BIOLOX forte	 28
6 M	 42	 2.4	 Mallory-Head	 Yes	 Unknown	 Bi-Metric collarless	 Yes	 BIOLOX delta	 28
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The main findings compared to other studies
In the Australian Orthopaedic Association National Joint 
Replacement Registry (AOA NJRR), the cumulative inci-
dence of revision of CoC THA, with OA as diagnosis, at 10 
years was 5.3%, which is similar to our findings after 8.7 years 
of follow-up. In studies with smaller series, a 5-year survival 
of 98% (Johansson et al. 2011) and a 6.7-year survival of 
94–98% (Garcia-Rey et al. 2009) were found, corresponding 
to our findings. The main cause of revision in both studies 
was aseptic loosening. In contrast to this study, Khatod et al. 
(2014) found an 87% higher risk of aseptic revision in 510 
CoC THAs than in 20,631 THAs with metal-on-highly cross-
linked polyethylene. The median follow-up period in their 
study of 2.9 (IQR: 1.2–5.1) years and inclusion of all types 
of fixation method makes comparison between these findings 
and our findings difficult. Aseptic loosening can be caused 
by wear debris (Jacobs et al. 1994), and hip simulator studies 
have shown reduced wear rates for CoC bearings compared to 
MoP bearings. 

The steady-state wear rate for alumina liners in an alumina 
head-alumina cup combination was 0.004 mm3 per million 
cycles over 14 million cycles in a hip simulator study—in 
contrast to 13 mm3 per million cycles for polyethylene liners 
in MoP bearings in the same study (Clarke et al. 2000). In 
other hip simulator studies, under severe microseparation con-
ditions, BIOLOX forte showed steady-state wear rates of 1.3 
mm3 per million cycles (Stewart et al. 2001); in contrast, the 
steady-state wear rates for BIOLOX delta components was 
0.12 mm3 per million cycles (Stewart et al. 2003). Mean wear 
rates for BIOLOX forte CoC bearings retrieved after a mini-
mum of 6 months in situ were reported to be 0.6 mm3/year for 
femoral heads and 0.5 mm3/year for acetabular liners (Lusty et 
al. 2007). Thus, simulator studies have shown less wear with 
CoC bearings, which—together with more bio-inert debris 
than polyethylene wear debris (Christel 1992)—may reduce 
the risk of aseptic loosening in CoC THAs, although this has 
not yet been shown in any study and should only become 
apparent with longer follow-up time. In the present study and 
in the above-mentioned studies with short- to medium-term 
follow-up (Garcia-Rey et al. 2009, Johansson et al. 2011, 
Khatod et al. 2014), revision due to aseptic loosening could 
certainly be related to fixation of the components rather than 
to wear.

A serious complication with ceramic implants is fracture, 
which may lead to reoperation and to a poor prognosis. One 
study showed that at a mean follow-up of 5 years after revi-
sion due to ceramic head fracture in 24 patients with BIOLOX 
forte ceramic bearings, 5 patients needed a second revision 
and 2 of them underwent a third revision (Koo et al. 2014). 
The reported incidence of ceramic component fracture varies 
from 0.01% to 3.5% (Ha et al. 2007, D’Antonio and Sutton 
2009, Traina et al. 2011). In reports with the highest incidence 
of ceramic liner fracture, a sandwich design with a layer of 
polyethylene interposed between the ceramic liner and the 

acetabular shell was implanted (Ha et al. 2007, Lopes et al. 
2012). The risk of fracture using BIOLOX forte (which is 
made of alumina) has been reduced with the introduction of 
BIOLOX delta, which is made of zirconia platelet-toughened 
alumina—making the material more resistant to fracture in 
ex vivo studies (Piconi et al. 2003). In the present study, 5 
of the 6 patients who were revised due to ceramic fracture 
had BIOLOX forte-on-BIOLOX forte bearings. Other studies 
have found a prevalence of BIOLOX forte component fracture 
of 0–2% in smaller series (Yeung et al. 2012, Epinette and 
Manley 2014). All 6 patients with ceramic fracture had 28-mm 
femoral heads implanted, which are more prone to fracture 
than larger head sizes (D’Antonio and Sutton 2009, Traina 
et al. 2011). Furthermore, Traina et al. (2011) reported that 
28-mm femoral heads designed to accept a short neck taper 
have a higher prevalence of fracture than heads that result in a 
longer taper. The DHR does not contain information on neck 
length, and such data are not included in this study. Apart from 
the material itself, there may be additional causes of ceramic 
fractures: both head and liner fractures could be due to trauma; 
debris (e.g. blood or fat) could be interposed between the neck 
taper or metal shell and the ceramic component; or there could 
have been course handling of the ceramic component during 
surgery. Moreover, head failure is associated with dislocation 
or a mismatch in design between the metal taper of the femo-
ral neck and the ceramic head; and liner failure may be due 
to malpositioning of the implant or malseating of the ceramic 
liner into the metal shell (Traina et al. 2011).

None of the patients registered with component failure 
as the cause of revision had revision due to stem breakage. 
1 patient with MoP bearings had revision due to component 
failure: wear of the polyethylene liner. 2 patients with MoP 
THA were revised due to problems related to the primary sur-
gery: cup malpositioning and subsidence of the cementless 
stem, which may have been too small. 1 patient with MoP 
THA who was registered with component failure as the cause 
of revision actually had revision due to deep infection―which 
is a clear misclassification of the cause of revision. The inci-
dence of revision due to deep infection of MoP THA was more 
than twice the incidence of revision due to deep infection of 
CoC THA. This finding was not statistically significant, but 
the trend has been seen in the National Joint Registry for Eng-
land, Wales and Northern Ireland (2014).

CoC THAs have been described to make “squeaking”, 
“clicking”, “grinding”, “popping”, and “snapping” noises 
(Jarrett et al. 2009, Schroder et al. 2011). This complica-
tion might lead to revision surgery. We found only 2 patients 
(0.1%) who underwent revision due to noises from the CoC 
bearings. This is in accordance with a newly published meta-
analysis, which has found an incidence of revision for squeak-
ing of 0.2% (Owen et al. 2014). Our data are not conclusive 
in terms of the types of noises that lead to revision, as this 
information is not reported to the DHR.
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Methodological considerations
The strengths of our study include the population-based 
design with prospectively collected data, the large sample 
size, and the complete follow-up, which limit possible selec-
tion and information bias. The medical databases that provide 
data to our study have independently registered data and they 
have documented moderate-to-high overall validity (Ander-
sen et al. 1999, Pedersen et al. 2004, Pedersen et al. 2006). In 
addition, the DHR has a coverage (hospitals/clinics reporting 
to the registry) of over 95% and a completeness of 97% for 
primary THA (Danish Hip Arthroplasty Registry 2013); thus, 
the results are widely generalizable. In addition, all the CoC 
THAs that were revised for ceramic fracture were validated by 
searching in the medical files.

Our study also had several limitations. Although the DHR 
has been validated regarding a number of parameters, no 
validation regarding the registration of type of bearings has 
been made. We excluded 502 THAs that had no information 
registered concerning the bearings. We performed additional 
regression analyses for the 2 worst-case scenarios, presuming 
that these 502 THAs had either CoC or MoP bearings. Includ-
ing the 502 THAs in the CoC group, the adjusted RR for revi-
sion for any reason was 1.2 (CI: 0.48–2.8) at 8.7 years for 
CoC THA compared to MoP THA. Including the 502 THAs 
in the MoP group provided an adjusted RR for revision for 
any reason of 1.3 (CI: 0.69–2.5) at 8.7 years for CoC THA 
compared to MoP THA. In both scenarios—before exclu-
sion of the 502 patients as well as after their exclusion—no 
statistically significant difference in the RR of revision for 
any reason at 8.7 years was found. It is assumed that exclu-
sion of the 28 patients with unregistered information on diag-
nosis, femoral head size, and/or duration of surgery would 
have no influence on the results in this large study population. 
We only included patients with cementless THAs in order to 
reduce the confounding effect of fixation. Adjustments for 
many confounders have been made, but there is still the pos-
sibility of unmeasured confounding, because the registries do 
not contain data on height, weight, BMI, and level of physi-
cal activity before and after surgery. Registration of causes 
of revision of THAs has never been validated in the DHR. 
Misclassification of causes of revision and also the lack of 
registration of revision in the DHR was unlikely to be related 
to the registration of the type of bearings for primary THAs; 
this produced a bias towards null. Furthermore, the median 
follow-up was longer for the CoC group than for the MoP 
group. This should be taken into account when interpreting 
the results, as the number of revisions—and especially revi-
sion due to aseptic loosening—would most likely increase 
with longer follow-up.

Conclusion
At 8.7 years of follow-up, CoC THA had a 33% higher risk of 
revision for any reason than MoP THA, but this was not sta-
tistically significant. CoC THA had a significantly higher inci-

dence of revision due to component failure. The incidences 
of ceramic head and liner fracture were 0.28% and 0.17%, 
respectively. 
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