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Does choice of bearings influence the survival of cement-
less total hip arthroplasty in patients aged 20–55 years? 
Comparison of 21,594 patients reported to the Nordic 
Arthroplasty Register Association dataset 2005–2017
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Background and purpose — The bearings with the best 
survivorship for young patients with total hip arthroplasty 
(THA) should be identified. We compared hazard ratios 
(HR) of revision of primary stemmed cementless THAs with 
metal-on-metal (MoM), ceramic-on-ceramic (CoC), and 
ceramic-on-highly-crosslinked-polyethylene (CoXLP) with 
that of metal-on-highly-crosslinked-polyethylene (MoXLP) 
bearings in patients aged 20–55 years with primary osteoar-
thritis or childhood hip disorders.

Patients and methods — From the Nordic Arthroplasty 
Register Association dataset we included 1,813 MoM, 3,615 
CoC, 5,947 CoXLP, and 10,219 MoXLP THA in patients 
operated on between 2005 and 2017 in a prospective cohort 
study. We used the Kaplan–Meier estimator for THA sur-
vivorship and Cox regression to estimate HR of revision 
adjusted for confounders (including 95% confidence inter-
vals [CI]). MoXLP was used as reference. HRs were calcu-
lated during 3 intervals (0–2, 2–7, and 7–13 years) to meet 
the assumption of proportional hazards.

Results — Median follow-up was 5 years for MoXLP, 
10 years for MoM, 6 years for CoC, and 4 years for CoXLP. 
13-year Kaplan–Meier survival estimates were 95% (CI 
94–95) for MoXLP, 82% (CI 80–84) for MoM, 93% (CI 
92–95) for CoC, and 93% (CI 92–94) for CoXLP bearings. 
MoM had higher 2–7 and 7–13 years’ adjusted HRs of revi-

sion (3.6, CI 2.3–5.7 and 4.1, CI 1.7–10). MoXLP, CoC, 
and CoXLP had similar HRs in all 3 periods. The 7–13-year 
adjusted HRs of revision of CoC and CoXLP were statisti-
cally non-significantly higher.

Conclusion — In young patients, MoXLP for primary 
cementless THA had higher revision-free survival and lower 
HR for revision than MoM bearings. Longer follow-up is 
needed to compare MoXLP, CoC, and CoXLP.

Young patients under age 55 have a higher revision risk of 
their total hip arthroplasty (THA) than older patients 10 years 
after surgery (1-3). This is problematic, as younger patients 
risk undergoing multiple revisions and revision surgery may 
be associated with poor clinical outcome (4). Therefore, the 
implants with the best survival and lowest risk of revision 
should be identified. 

A frequent long-term revision cause of THA is aseptic loos-
ening (1-3), which may result from wear debris causing an 
inflammatory response (5). To reduce wear-related compli-
cations, metal-on-metal (MoM), ceramic-on-ceramic (CoC), 
and ceramic-on-highly-crosslinked-polyethylene (CoXLP) 
have been used in especially young active patients (6,7).
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MoM THA has since shown inferior survivorship compared 
with all other combinations of THA bearings (1,2,8). Most 
countries have stopped using MoM THA and implemented 
follow-up programs for patients as long as they have a MoM 
THA (9).

It is still debated whether CoC, CoXLP, or metal-on-highly-
crosslinked-polyethylene (MoXLP) is the optimal bearing 
for young patients (6). CoC and CoXLP bearings are increas-
ingly used for young patients (6,10) although their superior-
ity remains unclear (1,3,11,12). CoC and MoXLP THA have 
shown similar survival up to 9 years after surgery (13). How-
ever, only a few population-based follow-up studies have 
been conducted on the survival and risk of revision of primary 
stemmed (not resurfacing) cementless (uncemented stem 
and cup) THA with these bearings beyond 10 years in young 
patients (11,12).

We compared the survival and hazard ratio (HR) of revision 
of primary stemmed cementless THA with MoM, CoC, and 
CoXLP with that of MoXLP bearings in patients aged 20–55 
years diagnosed with osteoarthritis or childhood hip disorders.

Patients and methods

We conducted a population-based cohort study with prospec-
tively collected data from each of the registries in the Nordic 
Arthroplasty Register Association (NARA) including data from 
Denmark, Norway, Sweden, and Finland. These 4 countries 
have a combined population of approximately 27 million citi-
zens and similar tax-supported public healthcare systems (14).

Data source
In May 2020, the NARA dataset had registered information on 
848,787 THAs since 1995 (15). Data originates from all THAs 
performed in the 4 countries. Registration completeness ranges 
from 90–98% for primary surgery and 81–94% for revision 
surgery when compared with the national patient registers in 
the respective countries. Data is frequently validated within the 
national registers, ensuring high data quality (16). 

Study population
We included all patients aged 20–55 years who received 
stemmed cementless THA because of primary osteoarthri-
tis (OA) or childhood hip disorders. They had MoM, CoC, 
CoXLP, or MoXLP bearings, were operated on from January 
1, 2005 to December 31, 2017 and had a minimum of 1-year 
follow-up until end of study (December 31, 2018). We chose 
2005 because the 4th generation of ceramic was introduced 
in 2004 according to the manufacturer (CeramTec, Plochin-
gen, Germany) and because this type of ceramic material is 
not captured in the NARA dataset, we had no other way of 
adjusting for generation of ceramic.

Childhood hip disorders cover hip dysplasia, slipped capi-
tal femoral epiphysis or Perthes disease. Previous studies with 
this definition of childhood hip disorders have shown survival 
of THA similar to that for OA despite surgery often being 
more complex (17), while other diagnoses such as femoral 
neck fracture and rheumatoid arthritis have inferior THA sur-
vival (1).

We excluded THAs with dual mobility cups. Cup and stem 
implants used in fewer than 50 cases for each country were 

Patients between 20 and 55 years who received a primary
cementless total hip arthroplasty between 2005 and 2017
in the Nordic Arthroplasty Register Association dataset 

n = 38,651

Excluded (n = 4,849):
– Ceramic-on-conventional-polyethylene, 857
– Metal-on-conventional-polyethylene, 1,223
– ‘Other’ unspecified articulation, 517
– Missing data on articulation, 2,252

MoXLP
n = 15,364

MoM
n = 3,658

CoC
n = 5,963

CoXLP
n = 8,817

MoXLP
n = 10,219

MoM
n = 1,813

CoC
n = 3,615

CoXLP
n = 5,947

Excluded (n = 5,145):
– Hip fracture, 585
– Femoral head necrosis, 827
– Inflammatory arthrits, 402
– Other diagnosis a, 1,048
– Dual mobility cup, 49
– Implant used < 50 times
   in each country, 620
– Missing data b, 84
– Femoral head < 28 mm, 43
– Bilateral THA, second
   THA excluded, 1,487

Excluded (n = 1,845):
– Hip fracture, 201
– Femoral head necrosis, 168
– Inflammatory arthrits, 219
– Other diagnosis a, 641
– Dual mobility cup, 34
– Implant used < 50 times
   in each country, 338
– Missing data b, 23
– Femoral head < 28 mm, 0
– Bilateral THA, second
   THA excluded, 221

Excluded (n = 2,348):
– Hip fracture, 164
– Femoral head necrosis, 265
– Inflammatory arthrits, 329
– Other diagnosis a, 637
– Dual mobility cup, 3
– Implant used < 50 times
   in each country, 356
– Missing data b, 81
– Femoral head < 28 mm, 2
– Bilateral THA, second
   THA excluded, 511

Excluded (n = 2,870):
– Hip fracture, 238
– Femoral head necrosis, 441
– Inflammatory arthrits, 231
– Other diagnosis a, 509
– Dual mobility cup, 11
– Implant used < 50 times
   in each country, 493
– Missing data b, 98
– Femoral head < 28 mm, 1
– Bilateral THA, second
   THA excluded, 848

Figure 1. Flowchart of patient exclusion from the cohort. a Other diagnoses than primary osteoarthritis, childhood hip disorders, hip fracture, 
femoral head necrosis, and inflammatory arthritis. b Missing information on fixation, diagnosis, cup, stem or femoral head size.
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also excluded as they may have been subjected to a learning 
curve. THAs with missing data for any of the variables stud-
ied were excluded, except revised THAs with missing revi-
sion cause. These patients were still included in the analyses 
of HR of revision for any cause. THAs with femoral heads 
smaller than 28 mm were excluded as only 50 cases were 
found. In patients with bilateral THA only the first operation 
was included to make observations independent. After these 
exclusions 21,594 patients remained (Figure 1).

Statistics 
We calculated survival and HR of revision for any reason and 
specific causes. In the dataset revision causes are categorized as 
aseptic loosening, prosthetic joint infection, periprosthetic frac-
ture, dislocation, pain only and ‘other’. ‘Other’ being reasons 
not covered by the beforementioned categories. Revision was 
defined as any surgical intervention with partial or complete 
exchange or removal of the THA components. Patients were 
censored at the time of revision surgery, death or end of study.

For demographic characteristics we used descriptive statis-
tics. Age and follow-up were given in medians with interquar-
tile range (IQR) due to skewness. We used the Kaplan–Meier 
estimator for survival function. Cox regression was used to 
calculate HR for revision. Adjustments were made for pos-
sible confounders (1,2): sex, age, diagnosis, year of primary 
surgery, and femoral head size in the Cox regression for revi-
sion due to any cause. The strata of these variables in the anal-
yses are equal to those in Table 1. In our Cox regression we 
allowed no more than 1 degree of freedom of the covariates 
for every 10 events to prevent the model from being overfitted. 
We could therefore only perform revision cause-specific Cox 
regression for revision caused by “others” as too few events 
occurred in each period due to the remaining revision causes 
(Table 2). Cox regression for revision caused by “others” was 
adjusted for sex, diagnosis, year of primary surgery, and size 
of femoral head.

Sensitivity analyses were performed to study effect modifica-
tion for sex (adjusted for diagnosis and year of primary sur-
gery), OA (sex, age, year of primary surgery, and femoral head 
size) and the 5 most common combinations of brand-specific 
cup and stem with CoC articulation with all 28 mm head CoC 
THAs excluded (adjusted for sex and diagnosis). The latter 
analysis was performed as ‘other’ was the most common revi-
sion cause for CoC, which could cover head and liner fracture, 
a revision cause that is not specified in the NARA dataset. All 
MoXLP THAs served as reference. We excluded 28 mm head 
CoC THAs as this head size constitutes the major difference in 
risk of fracture between 3rd and 4th generation ceramic (18). We 
did not perform this analysis for CoXLP as we found no clear 
difference in revision causes between MoXLP and CoXLP.

For missing information on bearings, we performed 4 
worst-case scenarios where all patients with missing informa-
tion concerning bearings were included in either the MoXLP, 
MoM, CoC, or CoXLP groups.

MoXLP was the most frequently used bearing (Table 1), 
therefore considered as the standard bearing and used as refer-
ence in all analyses. We tested the assumption of proportional 
hazards by log–log plots and Schoenfeld residuals. To meet 
the assumption of proportional hazards we split the analyses 
into 3 periods: 0–2, 2–7 years, and 7–13 years. 95% confi-
dence intervals (CI) were given and a p-value below 0.05 was 
considered statistically significant. The statistical analyses 
were performed in STATA version 16.1 (STATACorp, College 
Station, TX, USA).

This paper is written according to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) and the Reporting of studies Conducted using 
Observational Routinely-collected Data (RECORD) guide-
lines. 

Ethics, funding, and disclosures
This study was approved by the Record of Data Process-
ing Activities in the Region of Southern Denmark, jour-
nal number 19/48212. The ethical approval for the NARA 
dataset was approved by the appointed authorities in each 
country: the Swedish Ethical Review Authority (Dnr: 1184-
18/2019-00812), the Finnish National Institute of Health 
and Welfare (Dnro THL/1743/5.05.00/2014), the Norwe-
gian Data Inspectorate (ref 24.1.2017: 16/01622-3/CDG and 
Ethical approval 2015/880/REK Vest), and the Danish Data 
protection agency (1-16-02-54-17). We acknowledge sup-
port from the Region of Southern Denmark (grant number 
20/14821), which had no role in the study design, data col-
lection and analysis, or in the preparation of the manuscript. 
The authors of this study have no conflicts of interest related 
to this study. Completed disclosure forms for this article fol-
lowing the ICMJE template are available on the article page, 
doi: 10.2340/17453674.2023.13384

Results
Description of study population
47% of patients had MoXLP, 8% had MoM, 17% had CoC, 
and 28% had CoXLP bearings. Median age was similar but 
median follow-up was longer in MoM and CoC (Table 1). 
More men had MoM THA than women. The distribution of 
patient characteristics between the bearing groups was similar 
in the 0–2, 2–7, and 7–13 years intervals except size of femo-
ral head. The majority of MoM and CoC bearings were used 
in 1 country. 28 mm femoral heads were more prevalent in the 
7–13 years interval than the other intervals, but equally more 
prevalent in MoXLP and CoC. 

Survival and hazard rate of revision
13 years postoperatively the survival was 95% (CI 94–95) for 
MoXLP, 82% (CI 80–84) for MoM, 93% (CI 92–95) for CoC, 
and 93% (CI 92–94) for CoXLP bearings (Figure 2). 
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In the study period 1,012 revisions were performed. The 
most common revision cause was “other,” meaning unspeci-
fied reasons followed by prosthetic joint infection (Table 2). 
17 patients had missing revision cause. 

MoM had similar adjusted HR of revision for any cause 
to MoXLP during the first period (0–2 years) but had sig-

nificantly higher HR during the 2 later periods (adjusted HR 
for revision of any cause 2–7 years: 3.9 [CI 3.0–4.9], 7–13 
years: 3.6 [CI 2.3–5.7]). CoC and CoXLP had similar adjusted 
HR for any cause to MoXLP in all 3 periods. However, the 
7–13 years adjusted HR of revision for any cause tended to 
be higher for both CoC and CoXLP compared with MoXLP, 
although not statistically significant (Table 3).

Table 1. Patient characteristics by bearing (parentheses contain 
percentage of group within each bearing group)

 MoXLP MoM CoC CoXLP
Factor  n = 10,219 n = 1,813 n = 3,615 n = 5,947

Sex    
 Female 4,797 (47) 752 (41) 1,858 (51) 2,984 (50)
 Male 5,422 (53) 1,061 (59) 1,757 (49) 2,963 (50)
Age    
 median 50 50 49 49
 (IQR) (46–52) (46–53) (45–52) (45–52)
 20–29 142 (1) 22 (1) 94 (3) 138 (2)
 30–39 610 (6) 97 (5) 295 (8) 445 (8)
 40–49 4,205 (41) 677 (38) 1,553 (43) 2,579 (43)
 50–54 5,262 (52) 1,017 (56) 1,673 (46) 2,785 (47)
Diagnosis    
 Osteoarthritis 8,176 (80) 1,652 (91) 2,964 (82) 4,531 (76)
 Childhood hip
    disorders 2,043 (20) 161 (9) 651 (18) 1,416 (24)
Femoral head size    
 28 mm 1,203 (12) 39 (2) 225 (6) 1,041 (17)
 32 mm 4,889 (48) 11 (1) 933 (26) 3,130 (53)
 36 mm 3,971 (39) 252 (14) 2,184 (60) 1,767 (30)
 > 36 mm  156 (1)  1,511 (83)  273 (8)  9 (0)
Year of surgery    
 2005–2009 1,487 (14) 1,425 (79) 661 (18) 847 (14)
 2010–2014 4,688 (46) 378 (21) 2,024 (56) 2,268 (38)
 2015–2017 4,044 (40) 10 (0) 930 (26) 2,832 (48)
Follow-up, years    
 median 4.7 9.9 6.0 4.0
 (IQR) (2.7–7.2) (8.3–12) (3.7–8.0) (2.2–6.8)
Country    
 Denmark 4,086 (40) 293 (16) 564 (16) 865 (14)
 Norway  576 (6) 15 (1)  703 (19)  1,946 (33)
 Sweden  4,819 (47)  45 (2)  150 (4) 1,887 (32)
 Finland  738 (7) 1,460 (81)  2,198 (61)  1,249 (21)

Figure 2. Survival probability with any revision as endpoint. Note that 
the y-axis interval is 0.75 to 1.

Table 2. Revision causes by bearing (parentheses contain percent-
age of total number of THAs within the bearing group) 

Revision cause MoXLP MoM CoC CoXLP
 Period, years n = 358  n = 258 n = 136 n = 243

Aseptic loosening   69 (0.7)   32 (1.7) 26 (0.7) 45 (0.8)
 0–2   33     4 10 21
 2–7   35   18 12 21
 7–13     1   10   4 3
Prosthetic joint infection 111 (1.1)   18 (1.0) 15 (0.4) 65 (1.1) 
 0–2   79     9   9 57
 2–7   27     6   5   6
 7–13     2     3   1   2
Periprosthetic fracture   23 (0.2)   15 (0.8)   9 (0.2) 17 (0.3)
 0–2   14   12   7   11
 2–7     7     0   0   3
 7–13     2     3   2   3
Dislocation   79 (0.8)     8 (0.4) 23 (0.6) 55 (0.9)
 0–2   57     5 18 39
 2–7   20     3   3 15
 7–13     2     0   2   1
Pain only   17 (0.2)   12 (0.7)   8 (0.2) 26 (0.4)
 0–2   11     2   2 17
 2–7     6     7   4   9
 7–13     0     3   2   0
Other   59 (0.6) 173 (9.5) 55 (1.5) 35 (0.6)
 0–2   33   13 30 17
 2–7   21 102 20 14
 7–13     5   58   5   4

Table 3. Unadjusted and adjusted hazard ratios (HR) for revision due 
to any cause from the Cox model by bearing

Period Number Number of Unadjusted Adjusted a 
 Bearing at risk revisions  HR (CI) HR (CI)

0–2 years    
 MoXLP 10,219 230 1    (ref.) 1    (ref.)
 MoM 1,813 45 1.1 (0.8–1.5) 1.3 (0.8–2.4)
 CoC 3,615 79 1.0 (0.7–1.2) 1.0 (0.8–1.3)
 CoXLP 5,947 166 1.3 (1.0–1.5) 1.2 (1.0–1.5)
2–7 years    
 MoXLP 8,538 120 1    (ref.) 1    (ref.)
 MoM 1,756 141 3.9 (3.0–4.9) 3.6 (2.3–5.7)
 CoC 3,284 42 0.8 (0.6–1.1) 0.8 (0.6–1.1)
 CoXLP 4,640 69 1.1 (0.8–1.5) 1.2 (0.9–1.6)
7–13 years 
 MoXLP 2,726 12 1    (ref.) 1    (ref.)
 MoM 1,536 79 8.0 (4.3–14) 4.1 (1.7–10)
 CoC 1,294 16 2.7 (1.3–5.7) 2.1 (1.0–4.5)
 CoXLP 1,412 13 2.0 (0.9–4.3) 2.1 (1.0–4.6)

a Adjusted for sex, age, diagnosis, year of primary surgery, and 
femoral head size.

At risk
MoXLP 10,219 8,537 5,930 3,649 1,981 910 290
MoM 1,813 1,755 1,684 1,589 1,416 882 353
Coc 3,615 3,282 2,595 1,783 903 460 251
CoXLP 5,947 4,637 2,966 1,804 1,088 502 150
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MoM had an increased adjusted HR for revision due to 
“other” causes during all 3 periods, CoC only during the first 
2, and CoXLP in neither of the periods (Table 4). 

Sensitivity analyses
For males with MoM THA, the adjusted 7–13-year HR was 
lower than for both sexes together: 2.2 (CI 0.6–8.5) vs. 4.1 (CI 
1.7–10). For males with CoC THA, the adjusted 7–13 years HR 
was higher than for both sexes together: 3.0 (CI 1.0–9.3) vs. 2.1 
(CI 1.0–4.5). Note that these differences had overlapping 95% 
CIs. No other differences were found when stratifying for sex 
and OA as diagnosis (Table 3 and Table 6, see Appendix).

The 5 most common combinations of cup and stem in CoC 
THA without 28 mm heads (55% of all CoC) were Pinnacle/
Corail (n = 1,039), R3/Synergy (n = 351), Igloo/Filler (n = 
234), Continuum/M/L Taper (n = 262) and Exceed/Bi-metric 
collarless (n = 105). The sensitivity analysis with these 5 com-
binations revealed a higher adjusted 7–13-year HR 4.4 (CI 
1.6–12) compared with HR for CoC THA for the complete 
study population and period, HR 2.1 (CI 1.0-4.5) (Table 3 and 
Table 6, see Appendix). 

Analyses of missing data
The 4 worst-case scenarios that all 2,252 excluded patients with 
missing information on bearings had received either a MoXLP, 
MoM, CoC, or CoXLP were analyzed. Only the adjusted 7–13-
year HR if all missing bearings were CoC or CoXLP was mark-
edly different. If all missing bearings were CoC the adjusted 
HR for CoC increased from 2.1 CI (1.0–4.5) to 2.5 (CI 1.2–5.0). 
If all missing bearings were CoXLP the adjusted 7–13-year HR 
for CoXLP increased from 2.1 (CI 1.0–4.6) to 2.3 (CI 1.2–4.6) 
(Table 3 and Table 7, see Appendix). 53% of patients with miss-
ing bearings were operated on between 2005 and 2009.

Discussion

To our knowledge this study has the longest follow-up com-
pared with other population-based studies on the HR of revi-
sion based on THA bearings in young patients. Compared 
with MoXLP, MoM had higher HR from 2 years postopera-
tively. MoXLP, CoC, and CoXLP had similar HRs. 

Stemmed cementless MoM THAs have previously shown a 
higher risk of revision than metal-on-polyethylene THAs up 
to 8 years after surgery (8), but our study shows the increased 
HR persists up to 13 years after surgery. Continued surveil-
lance of patients having MoM THA is therefore merited 
although the format may be discussed (9). The reasons for 
this increased HR were mainly revision due to “other” rea-
sons, which include adverse reaction to metal debris (ARMD). 
However, ARMD is not specifically identified as a revision 
cause in the NARA dataset. A register that identifies ARMD 
as a specific revision cause has observed an increased revision 
rate for ARMD in MoM THA (19). Fewer women had MoM 
THA, possibly founded in precautions concerning teratoge-
nicity from metal ion release in patients in the fertile age.

The adjusted 7–13-year HR for revision of CoC was similar 
to that of MoXLP in our study. This is in accordance with 
the results in annual reports of some national registers for 
all diagnoses and age groups (1,3). It is also in accordance 
with 1 study (11) but contradicts the results of another study 
using data from the National Joint Registry of England, Wales, 
Northern Ireland, and Isle of Man. However, the latter did not 
exclude hip fracture, inflammatory arthritis, femoral head 
osteonecrosis, or “unspecified diagnoses” (12). Earlier gen-
erations of CoC had a higher risk of liner and head fracture 
(18,20,21), and we could not adjust for generation of ceramic 
in our study. However, the sensitivity analysis including only 
CoC THAs with head size > 28 mm did not change our results 
statistically significantly. Apart from registry studies, some 
meta-analyses of short- and mid-term RCTs on the survival 
of CoC, CoXLP, and MoXLP have shown no difference, but 
long-term meta-analyses of RCTs are lacking (22). Possible 
long-term effects of confounding by indication are therefore 
unknown.

The most common revision cause for CoC THA was “other” 
reasons. “Other” could partly consist of ceramic liner and 
head fracture, but the 1.5% of CoC THAs revised for “other” 
reasons in our study is a much higher frequency than ceramic 
fractures in other studies (18,20,21). “Other” could also cover 
revisions performed for squeaking, another well-known com-
plication of CoC THA that negatively affect patient-reported 
outcomes (23) but rarely leads to revision surgery (24).

CoXLP and MoXLP had similar HR of revision in all 3 peri-
ods. Some studies and annual reports of hip registries show 
similar survival (1,2,25). Other studies have reported lower 
revision risk with use of CoXLP, but these studies included 
other types of fixation and diagnoses than we did (11,12). One 

Table 4. Unadjusted and adjusted hazard ratios for revision due to 
‘other’ causes from the Cox model by bearing

Period Number Number of Unadjusted Adjusted a 
 Bearing at risk revisions  HR (CI) HR (CI)

0–2 years    
 MoXLP 10,219 33 1    (ref.) 1    (ref.)
 MoM 1,813 13 2.1 (1.1–4.1) 3.1 (1.1–9.1)
 CoC 3,615 30 2.5 (1.5–4.1) 2.3 (1.4–3.8)
 CoXLP 5,947 17 0.9 (0.5–1.6) 0.9 (0.5–1.6)
2–7 years    
 MoXLP 8,538 21 1    (ref.) 1    (ref.)
 MoM 1,756 102 15    (9.7–25) 10    (5.0–22)
 CoC 3,284 20 2.2 (1.2–4.0) 2.0 (1.1–3.7)
 CoXLP 4,640 14 1.3 (0.7–2.6) 1.4 (0.7–2.7)
7–13 years    
 MoXLP 2,726 5 1    (ref.) 1    (ref.)
 MoM 1,536 58 14    (5.6–35) 4.9 (1.2–19)
 CoC 1,294 5 2.0 (0.6–8.0) 1.6 (0.5–5.8)
 CoXLP 1,412 4 1.5 (0.4–5.5) 1.6 (0.4–6.0)

a Adjusted for sex, diagnosis, year of primary surgery, and size of 
femoral head.
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of these studies (15) did not distinguish between highly cross-
linked polyethylene and conventional polyethylene, which 
might not be equally distributed between the groups. Nor did 
they perform separate analyses specifically for young patients. 
Our follow-up was longer than in these studies but studies 
with even longer follow-up are needed.

Strengths and limitations
The strength of this study is the large study population with 
prospectively collected data. Possible selection bias is limited 
due to high completeness of data.

However, there are also several limitations. The revision 
causes ARMD as well as liner and head fracture are not speci-
fied in the NARA dataset. When these revision causes are 
merged from the national hip arthroplasty registries they are 
registered as “other” along with a wide range of other cat-
egories (e.g., component failure, osteolysis without loosening, 
other) that does not fit the 5 previously mentioned specific 
revision causes in the NARA dataset.

This study contains possible confounding by indication 
as both MoM and CoC THA were originally introduced for 
the active and young patients (6). While MoM and CoC was 
almost used as a standard in 1 country these bearings were 
used less often in other countries and thus for selected patients 
(Table 1). High activity level may result in higher wear rates 
of bearings compared with less active patients with MoXLP 
bearings. However, we are unable to adjust for unmeasured 
confounding such as activity, occupation, and comorbidity 
from the available data. 

Well-performing stems and cups might not be equally dis-
tributed in all bearing groups, but the possible bias this dis-
tribution could create between CoC and MoXLP THA is 
addressed to some extent by the sensitivity analysis of the 5 
most common stems and cups in CoC THA without changing 
the results.

We cannot adjust for generation of ceramic, which is a 
known risk factor for femoral head fracture, especially 
for 28 mm heads (18). Even though the 4th generation of 
ceramic was introduced in 2004, we cannot know when it 
became dominant in this dataset. However, the sensitivity 
analysis with the 5 most common stem and cup combina-
tions in CoC THA without 28 mm heads did not change the 
results. 

We excluded 2,252 patients because of missing information 
on type of bearing. This could result in possible information 
bias if 1 bearing group was more likely to have missing bear-
ings. Only the worst-case scenario with all missing bearings 
being CoC or CoXLP changed the results markedly. However, 
53% of the missing bearings were operated on between 2005 
and 2009, which is before CoC and CoXLP were widely used. 
We therefore consider the possible impact of the information 
bias as low.

Few THAs with femoral heads < 28 mm were found and 
excluded from the study (Figure 1). This probably means that 

cups in patients with hip dysplasia and very small acetabulae 
were fixated using cement and therefore excluded from the 
study. Our results might therefore not be translated to the more 
complex patients with childhood hip disorders. 

Conclusion
MoXLP had higher revision-free survival and lower HR for 
revision than MoM, mainly for revision causes we cannot 
specify. MoXLP, CoC, and CoXLP had similar survival and 
HR for revision, but longer follow-up is needed to investigate 
whether they differ significantly. In perspective, we currently 
believe that either MoXLP, CoC, or CoXLP could be the stan-
dard bearings in patients aged 20–55 years. 
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Appendix

Table 6. Sensitivity analyses for risk of revision for sex, OA, and 5 
most common CoC THAs after 2005

Period Number Number of Unadjusted Adjusted a 
 Bearing at risk revisions  HR (CI) HR (CI)

Only males a

  0–2 years    
 MoXLP 5,479 124 1    (ref.) 1    (ref.)
 MoM 1,240 22 0.8 (0.5–1.2) 0.8 (0.4–1.6)
 CoC 2,021 42 0.9 (0.6–1.3) 1.0 (0.7–1.5)
 CoXLP 2,983 87 1.3 (1.0–1.7) 1.3 (1.0–1.7)
  2–7 years    
 MoXLP 4,589 68 1    (ref.) 1    (ref.)
 MoM 1,208 63 2.4 (1.7–3.4) 2.8 (1.5–5.0)
 CoC 1,846 32 1.0 (0.6–1.5) 1.1 (0.7–1.8)
 CoXLP 2,320 39 1.2 (0.8–1.8) 1.2 (0.8–1.8)
  7–13 years     
 MoXLP 1,420 6 1    (ref.) 1    (ref.)
 MoM 1,081 47 6.7 (2.9–16) 3.4 (1.2–10)
 CoC 766 19 3.3 (1.3–8.3) 3.3 (1.3–8.7)
 CoXLP 662 6 2.0 (0.7–6.3) 2.2 (0.7–6.8)
Only OA b    
  0–2 years     
 MoXLP 8,255 205 1    (ref.) 1    (ref.)
 MoM 1,960 49 1.0 (0.8–1.4) 1.4 (0.8–2.3)
 CoC 3,347 81 1.0 (0.8–1.3) 1.1 (0.8–1.5)
 CoXLP 4,562 131 1.3 (1.0–1.6) 1.2 (1.0–1.5)
  2–7 years    
 MoXLP 6,879 90 1    (ref.) 1    (ref.)
 MoM 1,899 132 3.3 (2.5–4.2) 3.4 (2.2–5.4)
 CoC 3,055 49 0.8 (0.6–1.2) 0.9 (0.6–1.3)
 CoXLP 3,508 58 1.2 (0.9–1.7) 1.2 (0.9–1.7)
  7–13 years     
 MoXLP 2,190 13 1    (ref.) 1    (ref.)
 MoM 1,675 99 6.4 (3.6–12) 3.2 (1.5–6.6)
 CoC 1,326 31 3.0 (1.6–5.8) 2.4 (1.2–4.7)
 CoXLP 995 10 1.6 (0.7–3.7) 1.6 (0.7–3.7)
Only 5 most common CoC THAs after 2005 c   
  0–2 years    
 MoXLP 10,325 231 1    (ref.) 1    (ref.)
 CoC 1,979 40 0.9 (0.6–1.2) 0.9 (0.6–1.2)
  2–7 years    
 MoXLP 8,639 118 1    (ref.) 1    (ref.)
 CoC 1,820 21 0.8 (0.5–1.2) 0.8 (0.5–1.2)
  7–13 years    
 MoXLP 2,836 16 1    (ref.) 1    (ref.)
 CoC 564 11 5.3 (2.4–12) 5.1 (2.4–11)

a Adjusted for diagnosis and year of primary surgery. 
b Adjusted for sex, age, year of primary surgery, and femoral head size.
c Adjusted for sex and diagnosis.

Table 7. Risk of revision in worst-case scenario analyses where all 
missing bearings are either MoXLP, MoM, CoC, or CoXLP THA

Period Number Number of Unadjusted Adjusted a 
 Bearing at risk revisions  HR (CI) HR (CI)

All “missing” bearings are MoXLP
  0–2 years    
 MoXLP 12,629 67 1    (ref.) 1    (ref.)
 MoM 2,270 56 1.1 (0.8–1.5) 1.5 (1.0–2.2)
 CoC 4,266 45 1.0 (0.8–1.3) 1.1 (0.9–1.4)
 CoXLP 6,089 150 1.3 (1.1–1.6) 1.2 (1.0–1.5)
  2–7 years    
 MoXLP 10,814 171 1    (ref.) 1    (ref.)
 MoM 2,199 162 3.5 (2.8–4.4) 2.6 (1.9–3.5)
 CoC 3,917 57 0.8 (0.6–1.1) 0.8 (0.6–1.1)
 CoXLP 4,756 71 1.1 (0.8–1.5) 1.1 (0.9–1.5)
  7–13 years:    
 MoXLP 4,667 205 1    (ref.) 1    (ref.)
 MoM 1,938 108 2.0 (1.6–2.6) 1.5 (1.1–2.1)
 CoC 1,904 47 0.8 (0.5–1.1) 0.9 (0.6–1.3)
 CoXLP 1,491 16 0.6 (0.4–1.0) 0.9 (0.5–1.6)
All “missing” bearings are MoM    
 0–2 years    
 MoXLP 10,335 234 1   (ref.) 1    (ref.)
 MoM 4,564 97 0.9 (0.7–1.2) 1.0 (0.7–1.4)
 CoC 4,266 95 1.0 (0.8–1.2) 1.0 (0.8–1.3)
 CoXLP 6,089 170 1.3 (1.0–1.5) 1.2 (1.0–1.5)
  2–7 years    
 MoXLP 8,656 121 1    (ref.) 1    (ref.)
 MoM 4,357 218 2.5 (2.0–3.1) 2.1 (1.5–3.1)
 CoC 3,917 55 0.9 (0.6–1.2) 0.9 (0.6–1.2)
 CoXLP 4,756 72 1.2 (0.9–1.6) 1.2 (0.9–1.6)
7–13 years    
 MoXLP 2,882 13 1    (ref.) 1    (ref.)
 MoM 3,723 222 7.0 (4.0–12) 5.4 (2.9–10)
 CoC 1,904 42 3.1 (1.7–5.9) 2.7 (1.4-–.1)
 CoXLP 1,491 16 2.3 (1.1–4.7) 2.3 (1.1–4.8)
All “missing” bearings are CoC     
  0–2 years     
 MoXLP 10,335 234 1    (ref.) 1    (ref.)
 MoM 2,270 56 1.1 (0.8–1.4) 1.4 (0.9-2.2)
 CoC 6,560 136 0.9 (0.7–1.1) 1.0 (0.8-1.3)
 CoXLP 6,089 170 1.3 (1.0–.5) 1.2 (1.0-1.5)
  2–7 years    
 MoXLP 8,656 121 1    (ref.) 1    (ref.)
 MoM 2,199 167 3.7 (2.9-4.7) 2.7 (1.9–3.9)
 CoC 6,075 106 1.0 (0.8–1.3) 1.0 (0.7–1.3)
 CoXLP 4,756 72 1.2 (0.9–1.6) 1.2 (0.9–1.6)
  7–13 years     
 MoXLP 2,882 13 1    (ref.) 1    (ref.)
 MoM 1,938 111 8.0 (4.5–14) 4.9 (2.5–9.3)
 CoC 3,689 153 4.8 (2.7–8.6) 3.6 (2.0–6.5)
 CoXL 1,491 16 2.3 (1.1–4.7) 2.3 (1.1–4.8)
All “missing” bearings are CoXLP   
  0–2 years    
 MoXLP 10,335 234 1    (ref.) 1    (ref.)
 MoM 2,270 56 1.1 (0.8–1.4) 1.6 (1.0–2.4)
 CoC 4,266 95 1.0 (0.8–1.2) 1.1 (0.8–1.4)
 CoXLP 8,383 211 1.1 (0.9-–1.3) 1.1 (0.9–1.4)
  2–7 years    
 MoXLP 8,656 121 1    (ref.) 1    (ref.)
 MoM 2,199 167 3.7 (2.9–4.7) 2.9 (2.0–4.1)
 CoC 3,917 55 0.9 (0.6–1.2) 0.9 (0.6–1.2)
 CoXLP 6,914 123 1.2 (0.9–1.5) 1.2 (0.9–1.6)
  7–13 years     
 MoXLP 2,882 13 1    (ref.) 1    (ref.)
 MoM 1,938 111 7.9 (4.5–14) 4.8 (2.5–9.1)
 CoC 1,904 42 3.1 (1.6–5.7) 2.5 (1.3–4.8)
 CoXL 3,276 127 5.0 (2.8–8.9) 3.7 (2.1–6.8)


