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Abstract

Background Total hip arthroplasty (THA) is increasingly
being performed in patients with long life expectancies and
active lifestyles. Newer implant bearing surfaces, with
superior wear characteristics, often are used in this cohort
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with the goal of improving longevity of the prosthesis, but
comparisons across the numerous available bearing sur-
faces are limited, so the surgeon and patient may have
difficulty deciding which implants to use.
Questions/purposes The purpose of this study was to
answer the following question: Is there a short- to mid-term
survivorship difference between common THA bearings
used in patients younger than age 65 years?

Methods We conducted a systematic review to identify
randomized clinical trials (RCTs) published after 2000 that
reported survivorship of ceramic-on-ceramic (CoC), cera-
mic-on-highly crosslinked polyethylene (CoPxl), or metal-
on-highly crosslinked polyethylene (MoPxl) bearings. To
qualify for our review, RCTs had to have a minimum
2-year followup and study patients were required to have
an average age younger than 65 years. Direct-comparison
meta-analysis and network meta-analysis were performed
to combine direct and indirect evidence.

Results Direct-comparison meta-analysis found no dif-
ferences among the bearing surfaces in terms of the risk of
revision; this approach demonstrated a risk ratio for revi-
sion of 0.65 (95% confidence interval [CI], 0.19-2.23; p =
0.50) between CoC and CoPxl and a risk ratio for revision
of 0.40 (95% CI, 0.06-2.63; p = 0.34) between CoC and
MoPxl. Network meta-analysis (with post hoc modifica-
tion) likewise found no differences in survivorship across
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the three implant types, demonstrating the following
probabilities of most effective implant with 95% credible
intervals (Crl): CoC = 64.6% (0%—-100%); CoPxl = 24.9%
(0%-100%); and MoPxl = 9.9% (0%-100%). The Crls
ranged from 0% to 100% for all three bearing surfaces.
Direct-comparison meta-analysis allowed for pooling of
five RCTs, including 779 THAs, whereas network meta-
analysis (before post hoc analysis) enabled pooling of 18
RCTs, including 2599 THAs.

Conclusions Current published evidence does not support
survivorship differences among commonly used bearing
surfaces in patients younger than age 65 years undergoing
THA at short- to mid-term followup. Long-term RCT data
will be needed to determine if a survivorship benefit is
realized in younger, more active patients over time.

Level of Evidence Level 1, therapeutic study.

Introduction

Although the demand for THA is driven largely by an aging
population, indications are concomitantly expanding in
younger, more active patients [29]. This cohort is challeng-
ing because patients are presumed to have a higher activity
level and increased life expectancy—both primary risk fac-
tors for mechanical failure of the prosthesis [37]. Therefore,
use of modern materials with improved wear characteristics
such as ceramics, crosslinked polyethylenes, and metal-on-
metal (MoM) articulations have become popular options for
younger, more active patients undergoing THA [7].

One recent systematic review and meta-analysis com-
pared survivorship among MoM, ceramic-on-ceramic
(CoC), and metal-on-polyethylene (MoP) bearings, deter-
mining that MoM implants provided superior survivorship
in patients younger than 55 years old [47]. However, a
substantial body of evidence now suggests that MoM
implants are associated with higher complication rates and
premature failure than other alternatives [6, 13, 15, 23, 38,
51]. Given the disappointment with MoM bearings, along
with technological advances in ceramics and polyethylenes
during the last 10 to 15 years [45], we chose to investigate
short- to mid-term survivorship of bearings often used today
in patients younger than 65 years of age receiving THA.

To do this, we conducted a systematic review and meta-
analysis of randomized clinical trials (RCTs) to compare short-
to mid-term survivorship among CoC, ceramic-on-highly
crosslinked polyethylene (CoPxl), and metal-on-highly
crosslinked polyethylene (MoPxl) bearings. Additionally,
recognizing that many RCTs have used ceramic-on-conven-
tional polyethylene (CoPc) and metal-on-conventional
polyethylene (MoPc) as comparator interventions, a network
meta-analysis was performed on all RCTs that included at least
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Table 1. Comparison of abbreviations for implant bearing surfaces

Full nomenclature Abbreviations Alternative

used in abbreviations
manuscript in literature
Ceramic-on-ceramic CoC -
Ceramic-on-highly crosslinked CoPxl CoXLPE
polyethylene CoHCLPE
Metal-on-highly crosslinked MoPxl MoXLPE
polyethylene MoHCLPE
Ceramic-on-conventional CoPc CoUHMWPE
polyethylene CoPE
Metal-on-conventional MoPc MoUHMWPE
polyethylene MoPE
Metal-on-metal MoM -

one of the bearings of interest to younger, more active patients
(Table 1). Traditional meta-analysis is restricted to simple,
direct pairwise comparisons of interventions such as “A versus
B,” or “B versus C,” or “A versus C.” However, network
meta-analysis permits simultaneous comparison of “A versus
B versus C.” These more complex data structures can be fur-
ther strengthened by incorporating trials that examine current
interventions of interest (such as CoC, CoPxl, MoPxl; or A, B,
O) to historical comparators (ie, CoPc and MoPc; or D, E) in
combinations such as “A versus D,” “B versus D,” “C versus
D,” “A versus E,” “B versus E,” or “C versus E.” Such
methodology allows for more robust analyses by permitting
inferences into the comparative effectiveness of interventions
that may or may not have been evaluated directly with each
other [12, 26, 32, 34, 39, 44]. Network meta-analysis could
prove especially valuable in orthopaedics where large RCTs
are relatively rare and rapidly changing technology further
limits head-to-head investigation of interventional materials.
In this context, we asked the following question: Is there a
short- to mid-term survivorship difference between common
THA bearings used in patients younger than age 65 years?

Materials and Methods

The protocol for our review was established a priori and
adhered to methodology guidelines regarding the conduct
of systematic reviews of interventional studies and is
reported following the standards proposed by the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement [35].

We included RCTs that compared survivorship or revi-
sion rates between THA bearing surfaces with a minimum
2-year followup. Average patient age at the time of surgery
was required to be younger than 65 years. The intervention
groups had to include a CoC, CoPxl, or MoPxl bearing.
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MoM implants were excluded because of decreasing use
and a growing body of evidence for premature failure.
Additional exclusion criteria were: (1) studies that only
used zirconia ceramic components or uncrosslinked poly-
ethylene liners; (2) inclusion of revision THA cases; (3)
nonclinical studies (biomechanical, animal, laboratory,
cadaver); and (4) reports based only on radiographic fol-
lowup or component wear.

A medical reference librarian (PE) experienced in searches
for systematic reviews developed the search strategy with input
from the study investigators. Full contents of the search strategy
can be found in Appendix 1 (Supplemental materials are
available with the online version of CORR®.). The search was
performed using PubMed, Ovid MEDLINE, Ovid EM-
BASE, and the Web of Science from each database’s inception
through January 24, 2014. The initial search on Ovid MED-
LINE wused the subject headings “hip prosthesis”,
“arthroplasty”, “replacement”, and “hip” comparing different
types of bearing surfaces using both subject headings and text
words (“aluminum oxide” or “alumina” or “ceramic”; “met-
als” or “metal” or “chromium” or “chromium alloys” or
“cobalt”; “polyethylene, highly crosslinked”). Other terms
used were: “equipment failure”, “prosthesis failure”, “reop-
eration”; and specific text words:  “durability”,
“weightbearing”, “debris”, “wear”, “fracture”, “dislocation”,
“revision”, and “stress”, particularly in relation to younger,
more active patients. The search was then translated into the
terms used in EMBASE or text words used in Web of Science.

Two investigators (CCW, JHJ-A) independently
reviewed the titles and abstracts of the 344 articles identified
by the systematic literature search. If both reviewers agreed
that a study did not meet the eligibility criteria, it was
excluded. Eighty-two articles received full-text review by a
single investigator (CCW) with 30 of the articles randomly
selected for independent review by a second author (JHJ-A).
At both stages of selection, we estimated chance-adjusted
agreement statistics among reviewers with a k statistic (x =
0.917 for abstract review; k = 1.000 for full-text review), and
all disagreements were settled by the opinion of a third senior
reviewer (GAN-M). Eleven articles [2, 4, 5, 8, 14,22, 28, 33,
40, 41, 49] were deemed eligible through this process and
seven studies [9, 16-21] were added following a manual
search of the bibliographies of the 11 chosen articles for a
final study cohort of 18 manuscripts (Fig. 1). Further detail
regarding study exclusions can be found in Appendix 2
(Supplemental materials are available with the online ver-
sion of CORR™.).

Data were extracted from each report and entered into a
standardized data extraction spreadsheet. Data points
included patient demographics and implant types, number
of study participants, number of participants lost to fol-
lowup, implant revision events, and length of followup
period.

We contacted the corresponding author from one report
that required data clarification, which was provided after
the first attempt [41]. This RCT compared three implant
types (CoC, MoPxl, MoPc) and had two patients revised
but did not specify which treatment arm was revised. The
authors confirmed both of these revision events occurred
from patients in the MoPc group.

The implant survivorship or revision rate for any reason
at last followup was the sole outcome measure.

The number of THAs and the number requiring revision
were used for analysis. Two types of statistical analyses
were used for the extracted data. The first was a pairwise
direct comparison meta-analysis of three RCTs comparing
CoC with CoPxl bearings and two RCTs comparing CoC
with MoPxI implants. We reported the risk ratio of revision
(meta-analysis metric analogous to relative risk [RR]) with
95% confidence intervals (ClIs). The meta-analysis was
performed with use of Review Manager (Version 5.2 [2012];
The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark). We decided a priori that the
included studies would likely be homogeneous without
accounting for variation in length of followup and thus
chose the fixed-effects Mantel-Haenszel model for pooled
analyses. No appreciable differences were observed when a
random-effects model was tested for comparison. We used
the inconsistency index (I?) statistic to assess heterogeneity.
The I? statistic estimates the percentage of variability in
results across studies that are explained by true differences
in patients, interventions, outcomes, and design rather than
by chance; values of 25%, 50%, and 75% indicate low,
moderate, and high inconsistency, respectively [24]. The
number of studies, participants, and revision events was not
large enough to perform a regression that would have
accounted for variation in length of followup. Furthermore,
as a result of the small number of included RCTs, statistical
and visual evaluation of publication bias was not possible
with funnel plot techniques [31].

The second statistical comparison involved a network
meta-analysis of all 18 RCTs meeting our study eligibility
criteria. This complex statistical technique has rarely been
used in the orthopaedic literature [25]; thus, we now
describe it in detail. We conducted a network meta-analysis
to combine direct and indirect comparisons using a ran-
dom-effects model following Markov chain Monte Carlo
methods, as suggested by Lu and Ades [34], which we
implemented in WinBUGS 1.4.3 (MRC Biostatistics Unit,
Cambridge, UK). We modeled the comparative efficacy of
any two implant bearings as a function of each bearing
relative to a common comparator. The approach assumes
“consistency” of treatment effects across all included tri-
als—that is, the direct and indirect estimates of effect for
each pairwise comparison do not disagree beyond
chance. We evaluated inconsistency by relating the
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Title and Abstract: 360 articles.
PubMed, Ovid MEDLINE, Ovid EMBASE, and the Web of Science
Include Non-English, Through January 24, 2014.

A

Articles After Dupl

icates Removed: 344.

A

A

Abstracts Revie

wed: 344 Articles.

Exclusions Excluded 262 Articles By Abstract/Title.

Kappa =0.917

97% Agreement.

Full-Text Reviewed: 82 Articles.

Kappa =1.000
100.0%

Excluded 71 Studies.
51: Not Randomized Clinical Trials
15: Older Report of Included Study

i .
Exclusions 3: Didn’t Include Bearing of Interest

A

Agreement.

X Inclusion
7 Articles Added After Manual Search of

the References of Selected Articles

A

1: Radiographic Study
1: Didn’t Meet Age Requirement

Note: Many Studies Simultaneously
Excluded for Lacking Survivorship Data.
Full Details in Appendix 2.

Appropriate for Quantitative Synthesis
(Meta-Analysis): 18 Studies.

3 CoC vs CoPxl; 1 CoC vs MoPxl; 1 CoC vs
MoPxI vs MoPc; 2 CoC vs MoPc; 3 CoC vs
CoPc; 8 MoPxl vs MoPc

Direct Comparison
Meta-Analysis: 5 RCT,
779 Patients

Fig. 1 This algorithm details the process of study selection.

estimates from the direct comparisons and those from the
indirect comparisons for the magnitude and direction of the
point estimates and the extent of overlap of ClIs. In
Bayesian analysis, one can use a prior belief (prior
knowledge) that can be updated by new trial data. In this
meta-analysis, we did not assume any prior probabilities
and limited inference to data derived from the 18 trials (ie,
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Network Meta-Analysis:
18 RCT, 2599 Patients

used a noninformative prior distribution). We updated the
Markov chain Monte Carlo model with 100,000 simulated
draws after a burn in of 1000 iterations. We reported the
pairwise RR and 95% credible interval (Crl) with adjust-
ment for multiple-arm trials. We estimated the probability
that each implant bearing was the most efficacious regimen
(ranked first) by calculating the RR for each bearing
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Table 2. Summary of included RCTs in network meta-analysis

RCT (first author, year of  Followup Number of patients in Number of revisions in Number of patients in Number of revisions in
publication) (years) Group 1 Group 1 Group 2 Group 2
CoC versus CoPxl
Kim, 2013 [28] 12 100 1 100
Beaupre, 2013 [5] 48 0 44
Hamilton, 2010 [22] 177 4 87
CoC versus MoPxl
Nikolaou, 2012* [41] 5 34 0 32 0
Bascarevic, 2010 [4] 82 0 75 2
CoC versus MoPc
Venditolli, 2013 [49] 12 71 1 69 8
D’ Antonio, 2012 [14] 10 194 6 95 10
Nikolaou, 2012* [41] 5 34 0 36 1
MoPxI versus MoPc
Garcia-Rey, 2013 [19] 10 45 1 45 0
Geerdink, 2009 [21] 8 22 0 26 1
Engh, 2006 [18] 6 116 0 114 2
Mutimer, 2010 [40] 6 55 0 55 3
Nikolaou, 2012* [41] 5 32 0 36 2
Digas, 2007 [16] 5 32 0 29 0
Digas, 2004 [17] 5 19 1 19 0
Geerdink, 2006 [20] 5 66 0 67 2
Calvert, 2009 [9] 3 59 0 60 0
CoC versus CoPc
Lewis, 2010 [33] 10 30 1 26 1
Amanatullah, 2011 [2] 5 196 11 161 3
Cai, 2012 [8] 4 51 2 62

* Nikolaou investigated CoC versus MoPxl versus MoPc. Pairwise comparisons are shown; RCT = randomized, controlled trials; CoC =
ceramic-on-ceramic; CoPxl = ceramic-on-highly crosslinked polyethylene; MoPx] = metal-on-highly crosslinked polyethylene; CoPc = ceramic-
on-conventional polyethylene; MoPc = metal-on-highly crosslinked polyethylene; “Group 1” represents the first listed cohort in the comparison
with “Group 2” being the second listed cohort. For example, in CoC versus CoPxl studies, Group 1 is the CoC patients and Group 2 is the CoPxI

patients. Followup was the mean reported for each individual study.

compared with an arbitrary common comparison bearing
and counting the proportion of iterations of the Markov
chain in which each bearing had the largest RR in reducing
revision surgery [36].

Two post hoc sensitivity analyses were performed on
the network meta-analysis. The first involved exclusion
of the only RCT [2] that had significant patient loss to
followup over the 5-year study period (38.4%), making it
at high risk of bias. The remainder of RCTs all had a
loss to followup of less than 20%, suggesting a lower
risk of bias as proposed by Sackett [46]. The second
sensitivity analysis was performed by excluding all three
CoC versus CoPc RCTs, which included the previously
censored manuscript from the first sensitivity analysis.
Because the original investigation aimed to compare low-
wear bearings, it was hypothesized including the three

studies in the comparison could potentially confound
results because CoPc implants are a hybrid between
high-wear conventional polyethylene and modern low-
wear ceramic.

The 18 RCTs involved 2599 primary THAs with 72 sub-
sequent revision events. Average followup was 7 years
(range, 3-12 years). The investigations included several
comparisons: three CoC versus CoPxl, one CoC versus
MoPxl, one CoC versus MoPxlI versus MoPc, two CoC versus
MoPc, eight MoPxl versus MoPc, and three CoC versus CoPc
(Table 2) [2, 4,5, 8, 9, 14, 16-22, 28, 33, 40, 41, 49]. For all
comparisons, there was a “Group 1” and “Group 2.” Group 1
represents the first listed cohort in the comparison with Group
2 being the second listed cohort. For example, in CoC versus
CoPxl studies, Group 1 are the patients receiving CoC and
Group 2 are the patients receiving CoPxl.
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Results

No differences in the risk of revision among bearing types
were observed with direct-comparison meta-analysis. Fur-
thermore,  both  direct-comparison  meta-analyses
demonstrated low heterogeneity among included studies.
The first meta-analysis was performed for the three RCTs
directly comparing CoC versus CoPxl implants. The
pooled risk ratio for revision was 0.65 (95% CI, 0.19-2.23;
p = 0.50). Assessment for heterogeneity was performed
with a chi-square result of 1.00 (degrees of freedom [df] =
2; p = 0.61; I’ equal to 0%; Fig. 2). The second meta-
analysis was performed for the two RCTs directly com-
paring CoC versus MoPxl implants. The pooled risk ratio
for revision was 0.39 (95% CI, 0.06-2.69; p = 0.34).
Assessment for heterogeneity revealed a chi square result
of 0.63 (df = 1; p = 0.43; I equal to 0%; Fig. 3).

A network meta-analysis was performed after develop-
ing a linkage system of direct and indirect comparisons for
all 18 RCTs (Fig. 4). No difference in performance was
observed among CoC, CoPxl, MoPxl, and CoPc implants
with all being superior to MoPc (metal-on-conventional
polyethylene) implants. Network meta-analyses aim to test
if superiority exists for one of the comparator interventions.
The statistical outcome of this metric is a “probability of
being the most efficacious intervention” with 95% Crls

CoC CoPxl
Study or Subgroup

Events Total Events Total Weight

[12, 26, 32, 34, 39, 44]. Interventions can then be ranked by
their probabilities; however, overlapping Crls indicate that
a statistical difference was not detected. Analysis from our
network meta-analysis showed the following probabilities
of being ranked the most effective intervention with 95%
Crls: CoC = 18.8% (0%-100%), CoPxl = 13.2% (0%—
100%), MoPxl = 4.9% (0%—-100%), CoPc = 63.0% (0%—
100%), MoPc = 0% (0%—0%). The RRs of revision surgery
with lower level and upper level 95% Crls were also cal-
culated for each pairwise comparison (Table 3).

Two sensitivity analyses were performed by recalcu-
lating the network results after study exclusions. Both
confirmed the findings that performance was no different
among CoC, CoPxl, MoPxl, and CoPc implants with all
being superior to MoPc. The first analysis was executed
after exclusion of one study with significant patient loss to
followup with the following probabilities of being ranked
the most effective intervention: CoC = 36.7% (0%—-100%),
CoPxl = 18% (0%-100%), MoPxl = 6.8% (0%—100%),
CoPc = 38.3% (0%-100%), MoPc = 0% (0%—0%). The
RRs of revision surgery with lower level and upper level
95% Crls were also calculated for each pairwise compar-
ison (Table 4). The second sensitivity analysis was
conducted after removing all three studies comparing CoC
versus CoPc, and the probabilities of being ranked the most
effective intervention were: CoC = 64.6% (0%—100%),

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI
T

Beaupre 2013 0 48 2 44 414% 0.18 [0.01,3.72) * L

Hamilton 2010 4 177 2 87 426% 0.98 [0.18, 5.26) +

Kim 2013 1 100 1 100 159%  1.00[0.06, 15.77) —

Total (95% Cl) 325 231 100.0%  0.65[0.19, 2.23) i

Total events 5 5

Heterogeneity: Chi? = 1.00, df = 2 (P = 0.61); 12 = 0% % ot O-L1 1 1%0 - 03

Test for overall effect: Z = 0.68 (P = 0.50)

Fig. 2 This is a direct-comparison meta-analysis with a forest plot of
the RRs for revision of CoC versus CoPxl bearings. The horizontal
bars represent the Cls for individual studies, and the black diamond

Favors CoC Favors CoPxl

represents the cumulative risk ratio of the set of studies. The black
diamond crosses the vertical line, indicating no statistical difference in
risk of bearing failure between the groups. M-H = Mantel-Haenszel.

CoC MoPxI Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bascarevic 2009 0 82 2 75 722% 0.18[0.01,3.77] * ] T
Nikolaou 2012 1 34 1 32 27.8%  0.94[0.06, 15.68)
Total (95% Cl) 116 107 100.0% 0.39 [0.06, 2.69]
Total events 1 3

Heterogeneity: Chi* = 0.63, df = 1 (P = 0.43); * = 0%
Test for overall effect: Z = 0.96 (P = 0.34)

Fig. 3 This is a direct-comparison meta-analysis with a forest plot of
the RRs for revision of CoC versus MoPxl bearings. The horizontal
bars represent the Cls for individual studies, and the black diamond
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Favors CoC Favors MoPxI|

represents the cumulative RR for the set of studies. The black diamond
crosses the vertical line, indicating no statistical difference in risk of
bearing failure between the groups. M-H = Mantel-Haenszel.
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CoPxl = 24.9% (0%—-100%), MoPxl = 9.9% (0%—100%),
MoPc = 0% (0%—0%). The RRs of revision surgery with
lower level and upper level 95% Crls were also calculated
for each pairwise comparison (Table 5). Like with the first
sensitivity analysis, no statistically significant changes
were observed from the primary analysis.

3 RCTs**

**Exclusions performed in sensitivity analysis

Fig. 4 This is a schematic of the constructed linkage system enabling
a network meta-analysis to be performed on all 18 RCTs. The CoPc
studies were excluded for the sensitivity analyses. Circle size is
proportional to the number of hips receiving each implant type and
line thickness is proportional to the number of RCTs.

Table 3. Network meta-analysis of 18 RCTs

Discussion

As more patients undergo THA each year [29], and the
average age of patients undergoing THA gets younger [30],
our specialty will need to continue to focus on improving
the durability of the implants we use. Modern implants
with improved wear characteristics include CoC, CoPxl,
MoPxl, and MoM. One recent systematic review and meta-
analysis determined that MoM was the superior bearing for
younger, more active patients based on survivorship [47].
However, with the substantial body of evidence suggesting
poor performance of MoM implants, and with advances in
contemporary ceramics and crosslinked polyethylenes,
survivorship of implants with improved wear characteris-
tics deserves a fresh examination of the published
evidence. The optimal methodological tool for this ques-
tion is network meta-analysis because it enables pooling of
data from both direct and indirect comparisons [12, 26, 32,
34, 39, 44]. This is an especially important consideration in
the orthopaedic literature because RCTs are rare, relatively
small, and infrequently compare all interventions of inter-
est simultaneously. Therefore, the aim of our investigation
was to perform a systematic review and network meta-
analysis of RCTs to compare short- with mid-term survi-
vorship among CoC, CoPxl, and MoPxl bearings in
patients younger than age 65 years.

Bearing surface Probability of being

ranked most effective (%)

Lower level 95%
credible interval (%)

Upper level 95%
credible interval (%)

CoC 18.8
CoPxl 13.2
MoPxl1 4.9
CoPc 63.0
MoPc 0

100
100
100
100
0

S O o O O

Relative risk
of revision surgery

Bearing surface comparison

Lower level 95%
credible interval (%)

Upper level 95%
credible interval (%)

CoC versus CoPxl 1.97
CoC versus MoPxl 3.82
CoC versus CoPc 0.61
CoC versus MoPc 9.33
CoPxl versus MoPxl 4.88
CoPxl versus CoPc 0.31
CoPxl versus MoPc 4.88
MoPxl versus CoPc 0.16
MoPxl versus MoPc 2.49
MoPc versus CoPc 0.06

0.19 44.87
0.40 148.80
0.07 7.55
1.78 285.2
0.05 134.7
0.01 8.59
0.20 281.3
0.01 3.69
0.40 21.54
0.01 0.10

RCT = randomized clinical trial; CoC = ceramic-on-ceramic; CoPxl = ceramic-on-highly crosslinked polyethylene; MoPxl = metal-on-highly
crosslinked polyethylene; CoPc = ceramic-on-conventional polyethylene; MoPc = metal-on-conventional polyethylene.
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Table 4. Network meta-analysis excluding RCT with significant loss to followup

Bearing surface

Probability of being
ranked most effective (%)

Lower level 95%
credible interval (%)

Upper level 95%
credible interval (%)

CoC
CoPxl
MoPxl
CoPc
MoPc

36.7

18
6.8

38.3
0

S O O o <o

100
100
100
100

0

Bearing surface comparison

Relative risk of
revision surgery

Lower level 95%
credible interval (%)

Upper level 95%
credible interval (%)

CoC versus CoPxl
CoC versus MoPxl
CoC versus CoPc
CoC versus MoPc
CoPxl versus MoPxl
CoPxl versus CoPc
CoPxl versus MoPc
MoPxl versus CoPc
MoPxl versus MoPc
MoPc versus CoPc

2.1
4.1
1.2
10.1
2.0
0.6
5.0
0.3
2.5
0.1

0.2
0.4
0.0
1.5
0.0
0.0
0.1
0.0
0.3
0.0

75.3
294.0
432
552.1
257.4
40.7
545.2
16.6
26.8
4.5

RCT = randomized clinical trial; CoC = ceramic-on-ceramic; CoPxl = ceramic-on-highly crosslinked polyethylene; MoPxl = metal-on-highly
crosslinked polyethylene; CoPc = ceramic-on-conventional polyethylene; MoPc = metal-on-highly crosslinked polyethylene.

Table 5. Network meta-analysis excluding all CoPc RCTs*

Bearing surface

Probability of being ranked
most effective (%)

Lower level 95%
credible interval (%)

Upper level 95%
credible interval (%)

CoC
CoPxl
MoPxl1
MoPc

64.6

249
9.9
0

S O O O

100
100
100

0

Bearing surface
comparison

Relative risk of
revision surgery

Lower level 95%
credible interval (%)

Upper level 95%
credible interval (%)

CoC versus CoPxl
CoC versus MoPxl
CoC versus MoPc
CoPxl versus MoPxl
CoPxl versus MoPc
MoPxl versus MoPc

23
52
13.3
23
59
2.6

0.1
0.3
1.3
0.0
0.1
0.2

179.7
780.2
1562
748.7
1720
48.4

* Excludes three trials; CoPc = ceramic-on-conventional polyethylene; RCT = randomized clinical trial; CoC = ceramic-on-ceramic; CoPxl =

ceramic-on-highly crosslinked polyethylene; MoPxl = metal-on-highly crosslinked polyethylene; MoPc

polyethylene.

Our findings must be taken in light of several limitations.
First, there was heterogeneity in the length of followup
among the RCTs in our study. To maximize the number of
eligible RCTs, a cutoff was set in the study protocol for a
minimum 2-year followup, which resulted in a mean fol-
lowup of 7 years (range, 3—12 years). Second, the small

@ Springer

metal-on-highly crosslinked

number of events (only 72 revisions) created a level of
imprecision for the point estimates. Although network meta-
analysis allowed for an increase of RCTs and patients (from
five to 18 and from 799 to 2599, respectively), the persis-
tently wide confidence and credible intervals indicate that the
possibility of a Type Il statistical error remains. Furthermore,
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because of the lack of revision events, we could not ade-
quately subclassify by reason for revision, leaving revision
resulting from any cause as our primary endpoint. Other
important outcomes such as patient pain, functionality, and
implant-specific issues (like squeaking or corrosion) were
not assessed and require future study, optimally in large
RCTs. Lastly, our data represent short- to mid-term survi-
vorship among bearings that were designed for longevity.
Long-term RCT data and subsequent systematic reviews will
be needed to assess if differences in survivorship among
bearings present over time.

The limitations of our study highlight important deficits
within the current standard of orthopaedic evidence. Our
systematic review demonstrated a scarcity of large RCTs
comparing implant bearings. Furthermore, many of the
RCTs already have significant loss to followup, which will
decrease their ability to make useful comments about long-
term outcomes in the future. These RCTs also lacked depth
of reporting in many cases. In particular, more uniform
inclusion of time-to-event, safety, functional scores, and
patient reported outcome data will be mandatory moving
forward to provide consistently useful information. As a
specialty, orthopaedics can derive greater understanding
about new devices, implants, and technologies with the
initiation of large, well-designed RCTs; otherwise, deci-
sions for patient care will be driven by forms of evidence
with higher potential for bias and heterogeneity such as
retrospective reviews and registry data. Both forms of
evidence are still extremely important sources of infor-
mation and should be scrutinized in conjunction with
results from RCTs and meta-analyses. For example, the
Australian  Orthopaedic ~ Association National Joint
Replacement Registry has acquired data on more than
165,000 THAs, including the bearing surfaces evaluated in
our review, with more than 10 years of followup. The
Australian Registry data show a 10-year revision rate of
4.8% for CoC bearings, 5.1% for CoPxl, and 4.5% for
MoPx1 [3]. There is no significant difference between
survivorship of any bearing couple at 10 years, which
corroborates the results of our study.

Collectively, our study results suggest that all three
commonly used bearings perform similarly in younger,
more active patients at short- to mid-term followup and that
all likely have superior longevity compared with historical
MoPc bearings. Our results showed no differences among
CoC, CoPxl, MoPxl, and CoPc based on the credible
intervals for all of these ranging from 0% to 100%
(Tables 3-5). However, the credible interval for MoPc in
all analyses was from 0% to 0%, suggesting inferiority in
comparison to the other four bearing surfaces. Both pair-
wise, direct-comparison meta-analysis and network meta-
analysis demonstrated no statistically significant differ-
ences in mid-term survivorship among CoC, CoPxl, and

MoPxl] implants. Network meta-analysis also showed no
difference in survivorship of CoPc implants compared with
CoC, CoPxl, and MoPxl; however, the inferiority of MoPc
implants compared with all other types was demonstrated.
Given the hybrid nature of CoPc bearings (low-wear
ceramic coupled with high-wear conventional polyethyl-
ene), a sensitivity analysis was conducted by recalculation
after excluding studies that examined CoPc implants. No
statistical differences were seen from baseline results. A
second sensitivity analysis was conducted after excluding
one study, which had substantial loss to followup [2], and
the results of our analyses did not change.

Our study represents the most comprehensive synthesis
of short- to mid-term, level I survivorship data in the lit-
erature on commonly used bearings in younger, more
active patients undergoing THA. To our knowledge, no
other study has performed a meta-analysis comparing
survivorship of modern CoC, CoPxl, and MoPxl implants
in patients younger than 65 years of age. One recent meta-
analysis investigated MoM, CoC, and MoPc implants,
concluding superior survivorship of MoM implants in
patients younger than 55 years of age [45]. However, that
study did not apply rigorous PRISMA and Cochrane
guidelines for meta-analyses and further did not compare
the most common bearing surfaces being used in current
practice. Therefore, a new synthesis of the data was needed
of published RCTs on this topic for comparison with out-
comes in the peer-reviewed literature from other sources of
evidence such as registries and retrospective reviews. A
traditional systematic review and meta-analysis would
have only allowed for pooling of the three identified RCTs
comparing CoC versus CoPxl and the two identified RCTs
comparing CoC versus MoPxl. These evaluations were
important to our investigation, yet a much more compre-
hensive and precise set of data synthesis was achieved
through the use of network meta-analysis. This challenging
technique is rarely described in the orthopaedic literature
[25], but could certainly supplement evidence-based stud-
ies in the field [12, 26, 32, 34, 39, 44]. From the network
approach, we were able to increase the number of included
RCTs from five to 18 and the number of included THAs
from 779 to 2599 by a series of direct and indirect statis-
tical comparisons. We believe this strengthens the
interpretation of our data for surgeons making evidence-
based decisions on which bearing surface to use in their
younger, more active patients.

With minimal if any differences observed in survivor-
ship among CoC, CoPxl, and MoPxl bearings, it may be
prudent to place greater emphasis on other factors in the
decision-making process, namely cost and implant-specific
complications. Implant costs vary widely among countries
and individual healthcare facilities; however, the relation-
ship is consistent with the price of CoC being higher than
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the price of CoPxl, which is higher than the price of MoPxl
[7]. The economic impact of these decisions on the indi-
vidual patient, provider, and hospital, up to the level of
payers and societies, will be important to consider moving
forward. There are also complications specific to some
implants. Squeaking has been well documented in CoC
components; however, specific risk factors remain in
debate [27, 42, 48]. Ceramic liners can also fracture during
surgical implantation, which leads to a wasted expensive
implant [50]. Postoperative fracture of ceramics, although
rare with recent material advancements, has been reported
with CoC being at greatest risk [1]. Finally, MoPx]l may be
the most important group to monitor over the coming de-
cade. Adverse reactions to metal debris were once thought
to be a phenomenon limited to MoM implants; however,
recent reports have raised concern in MoPxl bearings for
taper junction trunnionosis [10, 11, 43]. Increased aware-
ness of trunnionosis may necessitate monitoring of serum
metal levels in addition to ultrasound or metal artifact
reduction sequencing MRI in the painful MoPxl THA
according to a contemporary consensus statement algo-
rithm from multiple orthopaedic specialty societies [30].

In conclusion, our systematic review and network meta-
analysis has demonstrated similar short- to mid-term sur-
vivorship among CoC, CoPxl, and MoPxl bearings in
patients younger than 65 years of age. Attributable in large
part to the network meta-analysis technique, this represents
the most comprehensive summary of the available evi-
dence of which we are aware. Although surgeons should
remain cautious until long-term RCT data become avail-
able, the short- to mid-term experience supports
comparable performance among the implants. In light of
this information, decision-makers may choose to focus on
other factors such as cost and implant-specific complica-
tions when debating which implant to use in younger, more
active patients undergoing THA. Furthermore, because
large RCT data with long-term followup are relatively
limited in orthopaedics, the network meta-analysis tech-
nique could provide an important tool for raising the
quality of evidence derived from systematic reviews
moving forward.
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