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Background: Modern bearing surface options have increased implant survivorship after total hip arthroplasty (THA). We
utilized data from the National Joint Registry for England, Wales, Northern Ireland and the Isle of Man (NJR) to analyze
implant survivorship after THAs with uncemented acetabular components with different bearing combinations.

Methods: Polyethylene (PE) manufacturing properties supplied by the manufacturers were used to subdivide the NJR
data set into cross-linked PE (XLPE) and conventional PE groups. Overall and cause-specific revisions for various
bearing combinations were analyzed using Kaplan-Meier and multivariate Cox proportional hazard regression survival
analyses.

Results: Of 420,339 primary THAs, 8,025 were revised during an average follow-up period of 4.4 years (maximum, 13.3
years). In the Cox regression model with metal on conventional PE as the reference, the lowest risk of revision for any
reason was for ceramicized metal on XLPE (hazard ratio [HR] = 0.58, 95% confidence interval [CI] = 0.48, 0.71), followed
by ceramic on XLPE (HR = 0.66, 95% CI = 0.60, 0.72), ceramic on PE (HR = 0.74, 95% CI = 0.66, 0.82), ceramic on
ceramic (HR = 0.77, 95% CI = 0.72, 0.82), and metal on XLPE (HR = 0.81, 95% CI = 0.76, 0.87). A similar pattern was
observed when patients under the age of 55 years were analyzed independently. Younger age, male sex, and cementless
stem fixation were associated with a higher risk of revision.

Conclusions: In a fully adjustedmodel, ceramicizedmetal on XLPE and ceramic on XLPE were associated with the lowest
risk of revision for any reason. This finding was sustained when patients under the age of 55 years were analyzed
independently. On the basis of the NJR data set, use of XLPE markedly reduces the risk of revision.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

T
otal hip arthroplasty (THA) is a highly successful treat-
ment for relieving the pain and disability associated with
degeneration of the hip joint1. Polyethylene (PE)-based

bearing surfaces in THA have traditionally been considered the
source of wear particles that can play a critical role in osteolysis and
loosening2.Wear and the associated aseptic loosening are common
reasons for revision in registry reports3. This is a particular concern
in younger patients, who have a higher lifetime risk of revision4.
With demand for joint replacement in younger patients increasing,
bearing surface choice remains critical5.

The introduction of cross-linked PE (XLPE) has led to a
significant improvement in wear rates and the need for revi-

sion6,7, although some reports have highlighted some material-
specific implant failures8,9. This has previously not been strati-
fied in the National Joint Registry for England, Wales, Northern
Ireland and the Isle of Man (NJR) annual reports3.

Authors of previous registry studies have combined the
outcomes of cemented and uncemented acetabular compo-
nents when reporting bearing survivorship7,10. However, using
an uncemented acetabular component provides the ability to
use a ceramic-on-ceramic (CoC) bearing. The amalgamation of
cemented and uncemented acetabular components has the
potential to introduce bias due to the different failure modes
reported2,11,12 and the different bearing combinations available.
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We therefore decided to analyze uncemented acetabular com-
ponents independently.

The aim of this study was to analyze implant survivorship
after THAs using uncemented acetabular components with
different bearing surface articulations.

Materials and Methods

Data from 2 different sources were combined: revision out-
comes from the NJR and PE manufacturing characteristics

supplied by manufacturers. NJR outcomes were abstracted for all
464,396 primary THAs that were performed with an uncemented
acetabular component between January 1, 2004, and July 28, 2016.

Each product was linked tomanufacturing characteristics supplied
by manufacturers with use of its unique catalogue number. After
linking and excluding records that were missing key covariate
data, a final sample of 420,339 was analyzed. PE liners that
received a total irradiation dose of <5 Mrad were classed as con-
ventional PE, and liners that received ‡5 Mrad were classed as
XLPE. This approach is consistent with previous registry reports7,13.

The end point of interest was first revision, defined as the
exchange of‡1 femoral or acetabular implant components14. If there
was no revision up to July 28, 2016, the last follow-up visit, the
observation was censored. Patients who died without revision
having been performed were censored at the time of death. We

TABLE I Baseline Characteristics and Revision Outcomes by Bearing Surface in Cementless Cups

CoC CoP CoXLPE MoP MoXLPE CMoXLPE

No. 128,345 17,816 66,116 64,737 134,088 9,237

Female sex (%) 54.4 60.4 56.5 63.0 61.3 56.9

Age (%)

<55 yr 28.4 10.7 16.0 3.0 3.6 16.7

55 to <65 yr 37.2 30.7 31.7 16.1 14.4 27.4

65 to <75 yr 27.3 39.9 37.6 41.9 40.1 35.6

‡75 yr 7.1 18.7 14.8 39.0 42.0 20.4

Cemented stem (%) 17.4 18.1 41.5 48.0 44.9 5.0

Head size (no.)

22, 26, 28 mm 16,940 14,184 11,377 52,915 32,098 1,352

32 mm 39,748 3,586 30,421 11,807 59,399 5,095

36, 40, 44, 48 mm 71,657 46 24,318 15 42,591 2,790

Outcome (%)

Unrevised 93.9 83.2 95.9 76.0 90.3 95.9

Revised 2.1 2.6 1.2 3.0 1.5 1.1

Death 4.0 14.1 2.9 21.0 8.2 2.9

Follow-up (yr)

Average (stand. dev.) 4.7 (2.9) 7.4 (3.3) 2.8 (2.2) 7.0 (3.1) 3.4 (2.4) 2.7 (2.3)

Maximum 13.3 13.3 12.4 13.3 12.8 11.3

Revisions (no.)

Any cause 2,707 466 770 1,941 2,036 105

Infection 402 58 161 270 407 18

Malalignment 271 59 54 205 166 8

Aseptic loosening 753 156 154 598 365 16

Wear 98 42 26 186 61 6

Head dislocation 405 132 185 570 505 27

Pain 465 77 79 272 203 10

Periprosthetic fracture 336 49 143 326 490 21

Incorrect sizing 34 6 8 21 21 1

Liner dislocation 76 11 24 39 49 2

Implant fracture

Socket 162 0 6 5 12 0

Head 55 6 7 2 0 1

Stem 58 10 6 24 33 2

Other 288 42 55 117 134 8
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investigated the risk of revision for any reason and the risk of
revisions for the most common causes—i.e., infection, aseptic
loosening, wear, dislocation, periprosthetic fracture, pain, and
implant fracture. Multiple causes could be reported for the same
revision.

Reporting joint replacements to the NJR was not
mandatory in its early years, raising the issue of selective
reporting3. To control for possible underreporting of revi-
sions in those years of the NJR data set, we controlled for the
yearly cohort effect. This analysis controls for the effect of

Fig. 1

Cumulative incidence of revision for any reason by bearing combination (p < 0.0001).

Fig. 2

Cumulative incidence of revision for any reason by bearing combination in patients under the age of 55 years at the time of the primary THA (p < 0.0001).
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the year of the primary THA implantation on prosthetic
joint survival.

Bearing surface wear is a critical issue for young active
patients undergoing joint arthroplasty. We therefore performed
an additional analysis of patients who underwent THA before the
age of 55 years.

Statistical Analysis
Overall and cause-specific revisions were analyzed using Kaplan-
Meier (K-M) analyses adjusted for a competing risk of death to
describe the cumulative incidence of revision by bearing combi-
nations15. Revisions for other reasons were also treated as a com-
peting risk in cause-specific analyses. Next, hazard ratios (HRs) for

Fig. 3-A

Cumulative incidence of revision due to aseptic loosening by bearing combination (p < 0.0001).

Fig. 3-B

Cumulative incidence of revision due to wear by bearing combination (p < 0.0001).
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overall and cause-specific revisions were obtained with an age
and sex-adjusted Cox proportional hazard regression analysis
accounting for a competing risk of death. Finally, HRs for various
bearing combinations were obtained by a multivariate Cox pro-
portional hazard regression survival analysis accounting for a

competing risk of death. HRs reflect the relative risk of revision
compared with the reference group and are specific to the model
and population analyzed16. The following variables were included:
indication for the THA (e.g., osteoarthritis); yearly cohort effect
(e.g., 2004); bearing combination (ceramic on polyethylene [CoP],

Fig. 3-C

Cumulative incidence of revision due to infection by bearing combination (p = 0.1301).

Fig. 3-D

Cumulative incidence of revision due to implant fracture by bearing combination (p < 0.0001).
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metal on polyethylene [MoP], ceramic on cross-linked poly-
ethylene [CoXLPE], metal on cross-linked polyethylene
[MoXLPE], ceramicized metal on cross-linked polyethylene
[CMoXLPE], and ceramic on ceramic [CoC]); and type of
stem fixation (cemented or cementless). Finally, a similar
analysis was performed including liner/head size but only for

CoC, CoXLPE, MoXLPE, and CMoXLPE because of the low
numbers of THAs with larger head sizes in the MoP and CoP
groups. All analyses were performed with SAS/STATsoftware,
version 9.4 for PC (SAS Institute). The NJR Research Com-
mittee and the Trust Research & Development department gave
approvals for this study.

Fig. 3-E

Cumulative incidence of revision due to dislocation by bearing combination (p < 0.0001).

Fig. 3-F

Cumulative incidence of revision due to periprosthetic fracture by bearing combination (p < 0.0001).
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Results

Descriptive statistics by bearing combination group are
shown in Table I. Age and sex distributions differed among

the groups, with the CoC, CMoXLPE, and CoXLPE groups
having higher percentages of patients under the age of 55 years.
Only 5% of the stems were cemented in the CMoXLPE group.
The average follow-upwas 4.4 years, and themaximum follow-up
exceeded 11 years for all groups.

Cumulative Incidence of Revision
Of the 420,339 primary THAs with an uncemented acetabular
component included in the analysis, 8,025 underwent revision

(femoral or acetabular, or both). In our K-M analysis adjusted
for a competing risk of death, the lowest cumulative incidence
of revision for any reason at 10 years of follow-up was 1.96%
for CMoXLPE (95% confidence interval [CI] = 1.35%, 2.76%),
followed by 2.52% (95% CI = 2.14%, 2.95%) for CoXLPE,
2.81% (95% CI = 2.58%, 3.05%) for MoXLPE, 3.03% (95%
CI = 2.75%, 3.33%) for CoP, 3.47% (95% CI = 3.29%, 3.65%)
for CoC, and 3.53% (95% CI = 3.37%, 3.70%) for MoP (Fig. 1).

The cumulative incidence of revision at 10 years for
patients under the age of 55 who underwent THA was 1.80%
(95% CI = 1.11%, 2.78%) for CMoXLPE, 3.16% (95% CI =
2.36%, 4.13%) for CoP, 3.35% (95% CI = 2.16%, 4.95%) for

Fig. 3-G

Cumulative incidence of revision due to pain by bearing combination (p < 0.0001).

TABLE II Results of Cox Regression Analysis of Revisions According to Their Causes and Bearing Combination Adjusted for Age and Sex

HR (95% CI)

CoC CoP CoXLPE MoXLPE CMoXLPE MoP

All revisions 0.82 (0.77, 0.88) 0.80 (0.72, 0.88) 0.67 (0.61, 0.73) 0.82 (0.77, 0.88) 0.65 (0.54, 0.79) 1.0 (reference)

Aseptic loosening 0.65 (0.58, 0.73) 0.77 (0.64, 0.92) 0.46 (0.38, 0.55) 0.55 (0.49, 0.63) 0.34 (0.21, 0.56) 1.0 (reference)

Wear 0.38 (0.29, 0.51) 0.68 (0.48, 0.95) 0.36 (0.24, 0.55) 0.40 (0.30, 0.53) 0.59 (0.26, 1.35) 1.0 (reference)

All reasons but aseptic
loosening and wear

0.92 (0.85, 1.00) 0.79 (0.69, 0.90) 0.78 (0.70, 0.86) 0.95 (0.88, 1.03) 0.77 (0.62, 0.96) 1.0 (reference)

Infection 0.76 (0.64, 0.90) 0.69 (0.52, 0.92) 0.84 (0.69, 1.02) 1.07 (0.91, 1.25) 0.68 (0.42, 1.09) 1.0 (reference)

Dislocation 0.43 (0.37, 0.49) 0.81 (0.67, 0.98) 0.49 (0.42, 0.59) 0.61 (0.54, 0.69) 0.51 (0.35, 0.76) 1.0 (reference)

Periprosthetic fracture 0.95 (0.81, 1.13) 0.62 (0.46, 0.84) 0.93 (0.76, 1.14) 1.14 (0.99, 1.31) 0.95 (0.61, 1.48) 1.0 (reference)

Pain 0.83 (0.70, 0.98) 0.85 (0.66, 1.10) 0.48 (0.37, 0.62) 0.62 (0.52, 0.74) 0.43 (0.23, 0.81) 1.0 (reference)

Implant fracture 5.60 (3.75, 8.36) 1.65 (0.90, 3.03) 1.04 (0.56, 1.95) 1.38 (0.87, 2.19) 1.48 (0.45, 4.89) 1.0 (reference)
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CoXLPE, 4.34% (95% CI = 3.95%, 4.76%) for CoC, 5.20%
(95% CI = 3.11%, 8.05%) for MoXLPE, and 6.12% (95% CI =
4.97%, 7.42%) for MoP (Fig. 2).

Analysis of Reasons for Revision
Aseptic Loosening and Wear
K-M estimates of the cumulative incidence of revision
adjusted for a competing risk of death by reason for revision
are presented in Figures 3-A through 3-G. The cumulative
incidences of revision (of any component) for aseptic loos-
ening (Fig. 3-A) or wear (Fig. 3-B) differed markedly among
the bearing combinations.

The effect of bearing combination on the reason-specific
risk of revision was further investigated in an age and sex-
adjusted model, with MoP as the reference (Table II). The
CMoXLPE and CoXLPE combinations demonstrated the
lowest risk of revision due to aseptic loosening.

Infection
There were no differences among the bearing groups in the K-
M estimated cumulative incidence of revisions due to infection
(Fig. 3-C). With MoP as the reference, the age and sex-adjusted
HRs revealed a reduction in the risk of revision due to infection
in the CoC and CoP groups.

Implant Fracture
The CoC group had the highest cumulative incidence of implant
fracture (Fig. 3-D). With revision for implant fracture as the end
point, the age and sex-adjustedHRwas 5.60 (95%CI= 3.75, 8.36)

for CoC. The HRs for the other bearing combinations did not
differ from each other. A total of 1.3/1,000 implants with a CoC
bearing had a ceramic liner fracture; 58.9% of the CoC implant
fractures were due to ceramic liner breakage. The risk of fracture
of the ceramic head was implantation-year dependent, being
higher from 2003 to 2005 and lower from 2006 onward. There
was no association between implantation year and ceramic liner
fracture risk.

Other Reasons
The cumulative incidence of revision due to dislocation was
higher for the bearing combinations that included conven-
tional PE (Fig. 3-E). The cumulative incidence of revision due
to periprosthetic fracture was higher for those that included a
metal head (MoP and MoXLPE) (Fig. 3-F). The cumulative
incidence of revision due to pain was highest for the CoC
bearings (Fig. 3-G).

Multivariate Analysis
The effect of bearing surface on THA survival was further
investigated with a Cox regression model controlling for age,
sex, bearing combination, and stem fixation method (ce-
mented or cementless). In this Cox model, with MoP as the
reference, CMoXLPE and CoXLPE demonstrated the greatest
reduction in the risk of any revision; all other bearing combi-
nations showed a significant reduction in risk as well. This
trend of reduced risk compared with that of MoP was upheld
when patients under the age of 55 years were analyzed inde-
pendently (Table III).

The stem fixation method was associated with THA
survival during exploratory analyses and was therefore
included in the Cox model. In this multivariate model, cement
fixation was associated with a significantly reduced risk of
revision for any reason (HR for cementless fixation = 1.35, 95%
CI = 1.28, 1.42). This finding was upheld in the analysis of
those under 55 years of age (Table III).

Multivariate Analysis Including Head Size
Another Cox regression model was built to include head size
(£28 mm, 32 mm, or ‡36 mm). Because few THAs were done
with larger head sizes in the MoP and CoP groups, this model
included CoC, CoXLPE, CMoXLPE, and MoXLPE. In addition
to those bearing combinations and head size, the model
included age, sex, and stem fixation (cemented or cementless).
The outcomes were revision of any component for any reason,
revision due to dislocation, and revision due to aseptic loos-
ening. With MoXLPE as the reference, CoC had the lowest risk
of revision due to dislocation and CMoXLPE had the lowest
risk of revision due to aseptic loosening. Cementless fixation
was associated with a higher risk of revision for any reason as
well as for aseptic loosening. CMoXLPE had the lowest risk of
revision for any reason (Table IV).

Discussion

To our knowledge, this is the first study utilizing NJR data
that differentiated between XLPE and conventional PE

TABLE III Results of Cox Regression Analysis of Risk of Any
Revision by Bearing Combination

Characteristic

HR (95% CI)

All Ages <55 Years of Age

Age

55 to <65 yr 0.85 (0.79, 0.91)

65 to <75 yr 0.73 (0.68, 0.79)

‡75 yr 0.68 (0.62, 0.73)

<55 yr 1.0 (reference)

Sex

Male 1.18 (1.13, 1.23) 1.20 (1.08, 1.34)

Female 1.0 (reference) 1.0 (reference)

Bearing combination

CoC 0.77 (0.72, 0.82) 0.64 (0.52, 0.78)

CoP 0.74 (0.66, 0.82) 0.50 (0.36, 0.70)

CoXLPE 0.66 (0.60, 0.72) 0.61 (0.47, 0.78)

MoXLPE 0.81 (0.76, 0.87) 0.77 (0.59, 1.01)

CMoXLPE 0.58 (0.48, 0.71) 0.47 (0.30, 0.76)

MoP 1.0 (reference) 1.0 (reference)

Stem fixation

Cementless 1.35 (1.28, 1.42) 1.45 (1.26, 1.68)

Cemented 1.0 (reference) 1.0 (reference)

Effect of Bearing Surface on Survival of Cementless and Hybrid Total Hip Arthroplasty

JBJS Open Access d 2020:e0075. openaccess.jbjs.org 8



when comparing different bearing combinations. Our analysis
confirms a significant association between modern bearing
surface combinations and THA survival, and corroborates
previous analyses using data from the Australian Orthopaedic
Association National Joint Replacement Registry (AOANJRR)7

and the Dutch Arthroplasty Register (LROI)10. However, reg-
istry data that do not stratify for PE modifications are used to
inform policy17,18.

The latest report by the AOANJRR provided age and sex-
adjusted HRs with MoXLPE as the reference13. In that report,
CMoXLPE was the best performing combination, with a
marked reduction in the HR from 3 months onward. CoC and
CoXLPE did not differ significantly from MoXLPE. CMoXLPE
showed a significant reduction in the risk of revision for any
reason over the entire follow-up period. The AOANJRR urged
caution in interpreting the CMoXLPE results because this is “a
single company product, used with a small number of femoral
stem and acetabular component combinations,”making it unclear
whether this effect is due to the bearing combination or the
femoral and acetabular prosthesis13. The same limitation applies to
our study when investigating the CMoXLPE bearing combination.

The LROI performed a similar analysis of THA survival
with different bearings10. With MoP as the reference in a
multivariate model, they also reported a reduction in the risk of
revision in association with CMoXLPE. The CoC and CoXLPE
groups had similar HRs, which were significantly lower than
the HRs of the MoP group. This finding agrees with the results
of the multivariate analysis in our study. Neither the AOANJRR

nor the LROI differentiated between cemented and cementless
acetabular components, whereas our study included only ce-
mentless acetabular components to ensure that the failure modes
and material properties did not act as confounding factors.

Authors of randomized controlled trials (RCTs) and
meta-analyses have reached similar conclusions regarding
survival of implants with modern bearings. In a direct-
comparison meta-analysis that included 5 RCTs with a total of
779 THAs in patients younger than 65 years, Wyles et al. found
no differences in short-to-midterm survivorship between CoC
and CoXLPE or between CoC andMoXLPE19. Yin et al. identified
no significant differences in survivorship among CoC, CoP,
CoXLPE, and MoXLPE bearings in a network meta-analysis
with a mean follow-up of 6.6 years (range, 2 to 12.4 years)20.

Unlike previous studies, our study stratified analysis by
reasons for revision, and it showed that CMoXLPE is associated
with a significant reduction in the risk of revision due aseptic
loosening compared with MoXLPE.

CoC bearings have been recommended for young and
active patients because of the low volumetric wear and biological
response to the generated debris21-24. However, the data on the
performance of CoC have been less encouraging in joint registries.
On the basis of an age and sex-adjusted model, the AOANJRR
reported no significant difference in the survival of CoC bearings
compared with MoXLPE over a 17-year follow-up period13. An
analysis of the Danish Hip Arthroplasty Register (DHR) revealed
similar results, with a model adjusted for diagnosis, age, sex,
comorbidity, head size, year of surgery, and duration of surgery

TABLE IV Results of Cox Regression Analysis of Risk of Revision for Any Reason by Bearing Combination Adjusted for Head Size

Characteristic

HR (95% CI)

All Causes Dislocation Aseptic Loosening

Age

55 to <65 yr 0.82 (0.76, 0.89) 0.84 (0.70, 1.02) 0.79 (0.68, 0.91)

65 to <75 yr 0.76 (0.70, 0.82) 0.86 (0.71, 1.04) 0.61 (0.52, 0.71)

‡75 yr 0.76 (0.69, 0.84) 1.01 (0.82, 1.26) 0.43 (0.35, 0.53)

<55 yr 1.0 (reference) 1.0 (reference) 1.0 (reference)

Sex

Male 1.16 (1.10, 1.23) 1.05 (0.93, 1.19) 1.34 (1.19, 1.50)

Female 1.0 (reference) 1.0 (reference) 1.0 (reference)

Bearing combination

CoC 0.99 (0.93, 1.07) 0.84 (0.72, 0.99) 1.05 (0.90, 1.21)

CoXLPE 0.84 (0.77, 0.92) 0.90 (0.73, 1.06) 0.85 (0.70, 1.03)

CMoXLPE 0.75 (0.62, 0.92) 0.90 (0.61, 1.34) 0.52 (0.32, 0.86)

MoXLPE 1.0 (reference) 1.0 (reference) 1.0 (reference)

Stem fixation

Cementless 1.33 (1.25, 1.42) 1.03 (0.91, 1.18) 2.26 (1.93, 2.65)

Cemented 1.0 (reference) 1.0 (reference) 1.0 (reference)

Head size

£28 mm 1.07 (0.99, 1.15) 2.13 (1.82, 2.48) 0.85 (0.73, 1.00)

32 mm 0.92 (0.86, 0.98) 1.27 (1.09, 1.47) 0.79 (0.69, 0.91)

‡36 mm 1.0 (reference) 1.0 (reference) 1.0 (reference)

Effect of Bearing Surface on Survival of Cementless and Hybrid Total Hip Arthroplasty
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showing a nonsignificant increase in the HR of revision for CoC
bearings with MoP as the reference25. The maximum follow-up
was 8.7 years. The authors did not differentiate betweenXLPE and
conventional PE. The results of our analysis are in agreement with
those of the previous registry studies; with the end point of
revision for any reason and MoP as the reference, CMoXLPE had
the lowest HR and CoXLPE and CoC were the next best per-
forming bearing combinations.

Femoral head size has been extensively investigated and
reported on, with the concern that increased head size may
reduce the risk of dislocation at the expense of increased rates
of aseptic loosening and other reasons26,27. The option of bearing
surface can be closely linked to the head size and therefore may
affect the reasons for revision. By accounting for head size in our
multivariate model, we were able to demonstrate that the effect of
the bearing surface on the risk of revision due to dislocation and
aseptic loosening is independent of the head.

Our analysis included the femoral stem fixation method.
Cemented stems were associated with a reduced risk of revision
for any reason as well as due to aseptic loosening. This result is
in agreement with a previous analysis of the NJR data set28. We
were able to control for this important factor in our multi-
variate analysis.

We found that the risk of revision due to implant fracture
was significantly higher for the CoC bearings than for the other
bearings. Ceramic manufacturing has advanced to improve its
material properties and specifically reduce fracture risk24.
Ceramic component fractures have been reported in both CoC
and CoP bearings29,30. We did not control for different types of
ceramics in this analysis.

The effect of implantation year seen in our analysis of
implant fracture is in agreement with other research concerning
CoC bearings. In a study of revisions due to CoC bearing fracture
in theNJR data set, Howard et al. reported a reduction in revisions
due to fracture of the femoral head associated with the use of
modern BIOLOX delta ceramics compared with older BIOLOX
forte heads but no reduction in revisions for liner fractures with
newer compared with older ceramics31. In study of data from the
DHR, Varnum et al. reported a 33% increased risk of revision due
to implant fracture in association with CoC bearings, with the
fracture risk being 0.28% for heads and 0.17% for liners25. In the
CoC bearing group, 77% of the heads and 81% of the liners were
made of BIOLOX forte25.

Our study has several limitations. Because registry data
are observational, it is not possible to control for all con-
founding factors, even after statistical modeling. The choice of

bearing surface is likely to be affected by patient age and the
assumed future need for revision. Patient activity levels,
although not recorded in registry data, might be used by sur-
geons when deciding on THA bearings. Our analysis controlled
for patient age, but activity level might be an unaccounted-for
confounder. Reasons for revision of a THA in the data set do
not include squeaking. It is therefore possible that CoC THAs
that were actually revised for squeaking were recorded as being
revised for pain or other reasons in the data set. Our study did
not stratify ceramics by the material used. Future studies on the
performance of modern ceramics in large data sets would add
information to the debate regarding the optimal THA bearing.
The maximum follow-up in our analysis was 13 years. During
this time, surgical, manufacturing, and perioperative tech-
niques evolved and may have affected implant survival. We
included the yearly cohort effect in our analysis, but some
unaccounted-for confounding may remain. Some wear-
associated revisions might occur with longer follow-up;
therefore, large registry studies with long follow-up will con-
tinue to be of interest. Finally, we did not stratify for chemically
stabilized PE in this analysis because it was used in too few
patients; therefore, it is not possible at this time to delineate if
chemical stabilization will provide a protective effect on the
wear characteristics of this bearing.

Our analysis of the NJR data set revealed that CMoXLPE
and CoXLPE were associated with the lowest cumulative risk of
revision for any reason. This finding was sustained when
patients under the age of 55 years were analyzed independently.
XLPE was associated with a markedly reduced risk of revision
due to aseptic loosening at a maximum follow-up of 13 years. n
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