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Abstract

Background Despite widespread use of ceramic-on-ce-
ramic (CoC) in total hip arthroplasty (THA) during the past
10 years, little is known about why revisions are performed in
hips with this bearing or the time elapsed before revision.
Questions/purposes The purposes of this study were: (1)
Do the reasons for first revision differ between CoC
bearings and other bearing couples? (2) Does the time to

The institution of one or more of the authors (CPD) has received,
during the study period, funding from the Société Frangaise de
Chirurgie Orthopédique et Traumatologique (SoFCOT, Paris,
France).

Each author certifies that he or she, or a member of his or her
immediate family, has no funding or commercial associations (eg,
consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest in connection
with the submitted article.

All ICMIJE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research™ editors and board members are
on file with the publication and can be viewed on request.

Clinical Orthopaedics and Related Research™ neither advocates nor
endorses the use of any treatment, drug, or device. Readers are
encouraged to always seek additional information, including FDA-
approval status, of any drug or device prior to clinical use.

Each author certifies that his or her institution approved the human
protocol for this investigation, that all investigations were conducted
in conformity with ethical principles of research, and that informed
consent for participation in the study was obtained.

This work was performed at Hopital Salengro, Lille University
Hospital, Lille, France.

The SoFCOT Group: Jean-No€l Argenson MD, PhD, Department of
Orthopaedic Surgery, APHM, Institute for Locomotion, Sainte-

Marguerite Hospital, Marseille, France; Philippe Beaufils MD,

Orthopaedic Department, Centre Hospitalier de Versailles, Versailles-
Saint Quentin University, Le Chesnay, France; Jacques Bejui-Hugues
MD, Department of Orthopedic Surgery, Pavillon T, Hopital Edouard
Herriot, Lyon, France; Marc Blaysat MD, Academic Department of
Orthopaedic Surgery and Sports Trauma, CHU de Grenoble Teaching

@ Springer

revision differ between CoC and other bearing couples?
(3) Are there unique reasons for revisions of CoC bearings?
Methods All members of the Société Francaise de Chir-
urgie Orthopédique et Traumatologique (SoFCOT) who
performed > 30 revisions per year were invited to participate
in this multicenter, prospective, observational study. Our
data represent 12% of the revision procedures performed in
France. A total of 2107 first revisions of THA (from January
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2010 to December 2011) were done in 2107 patients (1201
females [57%] and 906 males [43%]; median age, 73 years;
agerange, 17-104 years) at the time of surgery after a median
of 11 years (range, 0 day—42 years) after the primary THA.
There were 238 0of 2107 (11%) CoC, 148 of 2107 (7%) metal-
on-metal (MoM), and 1721 of 2017 (82%) metal-on-poly-
ethylene (MoP) bearings.

Results The reasons for reoperation differed according to
the bearing component: (1) for the MoP reference bearing
(odds ratio [OR]; 95% confidence interval), cup loosening
occurred in 698 of 1721 hips (41%), periprosthetic fracture in
220 of 1721 hips (13%), and osteolysis in 213 of 1721 hips
(12%); (2) for CoC, cup loosening occurred in 41 of 238 hips
(17%) (OR, 0.31 [0.22-0.43; p < 0.001), infection in 39 of
238 hips (16%) (OR, 1.63 [1.12-2.37]; p = 0.01), and dis-
location in 23 of 238 hips (10%) (OR, 0.9 [0.57-1.42]; p =
0.9); (3) for MoM, cup loosening occurred in 28 of 148 hips
(19%) (OR, 0.34 [0.22-0.52]; p < 0.001), adverse reaction to
metallic debris in 26 of 148 hips (18%) (OR, 18.12 [9.84—
33.4]; p<0.001), and infection in 16 of 148 hips (11%) (OR,
1[0.59-1.73]; p = 0.9). In comparison with MoP, osteolysis
was rarely the reason for revision in CoC (four of 238 hips
[2%]; OR, 0.12 [0.05-0.33]; p < 0.001), but this bearing was
frequently revised because of iliopsoas irritation (18 of 238
hips [8%]; OR, 4.9 [2.7-9]; p < 0.001). The time elapsed
before revision differed between bearings: median of 3 years
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(range, 3 days to 28 years) for CoC and 4 years (range, 14
days to 37 years) for MoM versus a median 13 years (range, 0
day to 42 years) for MoP (p < 0.001). Thirty-seven of the 238
revisions (16%) were directly related to ceramic use (ce-
ramic breakage [n=23], squeaking [n = 6], impingement [n=
7], incorrect ceramic insert insertion [n = 1]). No factors were
identified that contributed to breakage of the 12 bulk ceramic
components (eight heads, four inserts, four of 12 Delta
ceramic). No factors were associated with squeaking, iliop-
soas irritation, or impingement, but component orientation
was not assessed.

Conclusions The reasons and time to first revision dif-
fered between CoC and other bearings. CoC THAs are
revised earlier and are sensitive to mechanical problems
such as impingement, squeaking, and ceramic rupture that
did not disappear with introduction of Delta ceramics and
large-diameter (> 36 mm) bearings. CoC was rarely
revised for osteolysis, but a high rate of iliopsoas irritation
requires further investigation.

Level of Evidence Level 111, therapeutic study.

Introduction

Ceramic-on-ceramic (CoC) bearings were introduced in
THA more than 40 years ago [3]. This bearing was
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expected to minimize the rate of long-term revisions
because of its excellent tribologic properties and generation
of inert wear debris [12, 22, 29]. However, concerns about
cup fixation emerged because of component hardness that
may decrease THA survival [12, 16, 29], even after modern
designs were introduced to enhance cementless acetabular
fixation [4]. The rate of ceramic breakage has diminished
with the introduction of better components and is currently
estimated to be below one in 5000 [1, 20, 28]. However,
with more frequent use of ceramics, other concerns such as
squeaking have emerged with a frequency of 0.5% to 20%
[2, 5, 6, 18, 27]. All these limitations expose CoC THAs to
reoperation with the 10-year survival rate ranging from
62% to 97% [12-17].

Despite greater use of CoC bearings in THA in the last
10 years, little is known about why this bearing fails. A
recent retrospective study [25] of 38 CoC THA revisions
found that femoral loosening (13 of 38) was the main
reason for reoperation. Historical data also suggest that the
main reason for failure of CoC THA is cup loosening
[12, 29]. Little is known about CoC revisions from national
registries: only 84 CoC hips are included in the Swedish
hip registry [33] and only 71 CoC THA revisions are
mentioned in the Danish register [35]. Although a large
number of CoC bearings are included in the Australian
registry, osteolysis and loosening are combined, con-
founding these two major issues [32]. In contrast, the
reasons for revision of other bearing types have more
typically been related to wear issues such as osteolysis in
the case of metal-on-polyethylene (MoP) and adverse local
tissue reaction in the case of metal-on-metal (MoM)
[8, 19, 32, 33, 36].

Using a French national study run by the Société Fran-
caise de Chirurgie Orthopédique et Traumatologique
(SoFCOT), we sought to answer the following questions:
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(1) Do the reasons for first revision differ between CoC
bearings and other bearing couples? (2) Does the time to
revision differ between CoC and other bearing couples?
(3) Are there unique reasons for revisions of CoC bearings?

Patients and Methods

All members of the SOFCOT and French Hip and Knee
Society were invited to participate in the study provided at
least 30 revision THAs were performed each year at their
facilities. This prospective multicenter cohort study, which
started January 1, 2010, was strictly observational without
any modification of the participating centers’ usual prac-
tice. The study was restricted to first revisions of
conventional THA or resurfacing and included all such
operations performed in 2010 and 2011 (repeat revisions,
revision of femoral arthroplasty, and bipolar arthroplasties
were excluded). Our data represent 12% of the revision
procedures performed in France. A detailed description of
the study can be found in previous publications [8, 11, 28].
In summary, revisions were performed in 2107 patients
(1201 females [57%] and 906 males [43%]) with a median
age of 73 years (range, 17-104 years) at the time of surgery
after a median of 11 years (range, 0 day to 42 years) after
the primary THA.

Among the included 2107 first THA revisions, there
were 238 of 2107 (11%) CoC THAs, 148 of 2107 (7%)
MoM THAs, and 1721 of 2017 (82%) MoP THAs (118
crosslinked, 1556 conventional polyethylene, 47
unknown). The primary procedure was done in younger
patients for CoC THA (median, 58 years; range, 15-86
years) than for MoP THA (median, 60 years; range,
14-96 years) (p = 0.018). The primary procedure was
done in a higher proportion of males for CoC (126 of 238
[53%]) than for MoP THA (710 of 1721 [41%]; p =
0.002) and in more active patients (Devane activity score
[9] of 4 or 5) for CoC THA (66 of 234 [28%]) than for
MoP THA (234 of 1673 [14%]; p < 0.001) (Table 1). In
contrast, there was no difference between bearings
according to body mass index (Table 1). Osteoarthritis
was the main indication for the primary procedure for
CoC (152 of 236 [64%]), MoM (97 of 146 [67%]), and
MoP (1080 of 1705 [63%]), but the proportion of hips
that had THA because of necrosis of the femoral head
was higher in the CoC group (32 of 236 [14%]) than the
MoP group (131 of 1705 [8%]) (Table 1). Conversely, the
proportion of hips that had THA because of dysplasia was
higher in MoP THA (230 of 1705 [13%]) than in CoC
THA (18 of 236 [8%]) (Table 1).

The CoC bearings were alumina-on-alumina (Al/Al) in
181 hips (76%), a Delta ceramic head (CeramTec,
Plochingen, Germany) with an alumina insert in three hips
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(1.5%), an alumina head with a Delta insert in three hips
(1.5%), and Delta-on-Delta in 51 hips (21%). The diameter
of the CoC bearing was 28 mm in 73 hips (30%), 32 mm in
108 hips (45%), and 36 mm in 56 hips (24%) (one
unknown). For MoM THA, the diameter was 28 mm in 63
of 148 hips (43%), 32 mm in 16 of 148 hips (11%), 36 mm
in six of 148 hips (4%), and larger than 36 mm in 49 of 148
hips (33%) (14 unknown). The diameter of MoP THA was
22 mm in 504 of 1721 hips (29%), 28 mm in 1000 of 1721
hips (58%), 32 mm in 131 of 1721 (8%), and 36 mm and
larger in 22 of 1721 hips (1.2%) (14 unknown) (p < 0.001).

The following variables were recorded for all groups:
(1) age at the time of revision and followup of the THA; (2)
reasons for revision in detail and then grouping those
directly related to ceramic use (impingement, squeaking,
ceramic breakage, incorrect ceramic insert insertion) and
potentially related to ceramic use (iliopsoas irritation,
unexplained pain) from those that were not specific to
ceramic use (loosening, infection, instability, periprosthetic

fracture, osteolysis, breaking of nonceramic components,
surgical technical errors other than those related to inser-
tion of ceramic components). The reasons for revision were
compared using MoP bearings (n = 1721) as a reference to
those of CoC bearings (n = 238) and MoM bearings
(n = 148). (3) Finally we assessed the complications related
to ceramic use (breakage, squeaking, impingement, iliop-
soas irritation, and unexplained pain) as a function of
bearing diameter (< 32 mm and > 32 mm), type of ceramic
(alumina or Delta), and diameter of the primary cup.

Statistical Analysis

Data were collected online at the 30 centers using common
software (FileMakerTM Pro, San Diego, CA, USA). Cate-
gorical variables (indication for revision, diameter of the
articulation, type of ceramic) were expressed as frequen-
cies and percentages; numerical variables (age, body mass

Table 1. Comparison of the demographics for the three bearing types included in this study

Demographic Ceramic-on-ceramic Metal-on-metal Polyethylene bearing p value
(n = 238) (n = 148) (n =1721)
Sex
Female 112/238 (47%)* 75/148 (51%)° 1011/1721 (59%) < 0.001
Male 126/238 (53%) 73/148 (49%)
Age at primary THA (years) Median (range) 58 (15-86)° 59 (15-86)° 61 (14-97)° 0.0072
Time before revision (years) Median (range) 3 (0.01-28)8 4 (0.04-37)" 13 (0-42)! < 0.001
Age at THA revision (years) Median (range) 63 (16-91Y 63 (22-91) 74 (20-104)" < 0.001
Diameter of bearing couple (mm) Median (range) 32 (26-36)™ 32 (22-56)" 28 (22-52)° < 0.001
Body mass index (kg/mz), median(range) 26 (15-59) 26 (15-44) 26 (14-66) 0.24
Devane activity score (59 missing values)
One 13/234 (6%)° 3/141 (2%)1 161/1673 (10%)" < 0.001
Two 50/234 (21%) 39/141 (28%) 655/1673 (39%)
Three 105/234 (45%) 48/141 (34%) 623/1673 (37%)
Four 55/234 (23%) 44/141 (31%) 196/1673 (12%)
Five 11/234 (5%) 7/141 (5%) 38/1673 (2%)
Indication for primary THA (20 missing values) 152/236 (64%)* 97/146 (67%)" 1080/1705 (63%)" 0.0089

Osteoarthritis Dysplasia
Inflammatory disease
Miscellaneous

Necrosis of the femoral head

Trauma

18/236 (8%)
5/236 (2%)
10/236 (4%)
32/236 (14%)
19/236 (8%)

18/146 (12%)
2/146 (1%)
2/146 (1%)
19/146 (13%)
8/146 (6%)

230/1705 (14%)
44/1705 (2%)
55/1705 (3%)
131/1705 (8%)
165/1705 (10%)

Results are presented as number (%) for qualitative variables and as median (range) for quantitative variables; pairwise comparisons were
performed using the Bonferroni procedure or the Dwass, Steel, Critchlow-Fligner multiple comparison procedure; a versus b: p = 1; a versus c:
p = 0.0018; b versus c: p = 0.1656; d versus e: p = 0.9646; d versus f: p = 0.0182; e versus f: p =0.1569; g versus h: p =0.1928; g versus i: p <
0.0001; h versus i: p < 0.0001; j versus k: p = 0.8177; j versus 1: p < 0.0001; k versus I: p < 0.0001; m versus n: p = 0.3513; m versus o: p <
0.0001; n versus o: p < 0.0001; p versus q: p = 0.2331; p versus r: p < 0.0001; q versus r: p < 0.0001; s versus t: p =1; s versus u: p = 0.0249; t

versus u: p = 0.2355.
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index [BMI], followup) were expressed as median and
range. The majority of the primary variables had no
missing data (age, sex, reason for revision of the CoC
THA) or less than 3% missing values (bearing diameter
[n = 29], Devane activity level [n = 59], indication for
primary THA [n = 20], followup of the THA [n = 51]).
Other variables had less than 10% missing values (BMI [n
= 98], cup diameter [n = 208]). No specific method was
used to handle missing data because the missing values
were limited and did not affect major variables and also
because multivariable analyses were not carried out.

We measured the influence of different variables on
CoC breakage incidence (bearing diameter, bearing mate-
rial, Devane activity level) using the chi-square test or
Fisher’s exact test. We explored differences in CoC
breakage according to numerical variables (BMI, cup
diameter) using the unpaired Wilcoxon test. Factors asso-
ciated with revision (cup diameter) were documented for
impingement, iliopsoas irritation, and squeaking, but no
statistical validation was done because of the limited
number of cases. We compared patient characteristics and
time to revision in the three bearings of interest (MoP,
MoM, and CoC) using the chi-square test or Fisher’s exact
test for qualitative variables and using the Kruskal-Wallis
test for quantitative variables. Pairwise comparisons were
performed using the Bonferroni correction or the Dwass,
Steel, Critchlow-Fligner procedure. To compare the rea-
sons for revision according to the type of bearing
components, we used the chi-square test or Fisher’s exact
test. We also indicated the odds ratio (OR) and 95% con-
fidence interval relative to the reference polyethylene
bearing. The university’s statistical department performed
all statistics using SAS Version 9.2 and JMP 6.0 (SAS
Institute, Cary, NC, USA). Significant p value was set at
5%.

Results

The reasons for reoperation differed based on the bearing
type (Table 2). For the reference MoP bearing, the reasons
for revision in decreasing order were cup loosening in 698
of 1721 hips (41%), periprosthetic fracture in 220 of 1721
hips (13%), and osteolysis in 213 of 1721 hips (12%). For
CoC THA, the reasons for revision in decreasing order
were cup loosening in 41 of 238 hips (17%) (OR, 0.31;
95% confidence interval [CI], 0.22-0.43; p < 0.001),
infection in 39 of 238 hips (16%) (OR, 1.63;95% CI, 1.12—
2.37; p = 0.01), and dislocation in 23 of 238 hips (10%)
(OR, 0.9; 95% CI, 0.57-1.42; p = 0.9) (Table 2). For MoM
THA, the reasons for revision were cup loosening in 28 of
148 hips (19%) (OR, 0.34; 95% CI, 0.22-0.52; p < 0.001),
adverse reaction to metallic debris in 26 of 148 hips (18%)

@ Springer

(OR, 18.12; 95% (I, 9.84-33.4; p < 0.001), and infection
in 16 of 148 hips (11%) (OR, 1; 95% CI, 0.59-1.73; p =
0.9) (Table 2). In contrast to MoP, osteolysis was rarely the
reason for revision in CoC THA (four of 238 hips [2%])
(OR, 0.12; 95% CI, 0.05-0.33; p < 0.001), but this bearing
was frequently revised because of iliopsoas irritation (18 of
238 hips [8%]) (OR, 4.9; 95% CI, 2.7-9; p < 0.001).
Thirty-seven of the 238 revisions (16%) were directly
related to ceramic use (ceramic breakage [n = 23],
squeaking [n = 6], impingement [n = 7], incorrect ceramic
insert insertion [n = 1]), and 23 of 238 (10%) were
potentially related to ceramic use (iliopsoas irritation [n =
18], unexplained pain [n = 5]). Using the same indications
for revision, MoM THA was revised in five of 148 hips
(3%) (squeaking [n = 1], impingement [n = 4]) and 17 of
148 hips (11%) (iliopsoas irritation [n = 5] and unexplained
pain [n = 12]), whereas MoP THAs were revised in 12 of
1721 (0.7%) (ceramic breakage [n = 11] and impingement
[n = 1]) and 28 of 1721 hips (2%) (iliopsoas irritation [n =
28] and unexplained pain [n = 10]) (p < 0.001 versus CoC
for specific and specific + potentially related to ceramic
use) (Table 2).

The time to revision was different between bearings
because the CoC THAs were revised after a median of 3
years (range, 3 days to 28 years) and MoM THAs after a
median of 4 years (range, 14 days to 37 years) versus a
median of 13 years (range, 0 day to 42 years) for MoP THA
(p < 0.001) (Table 3). Noncrosslinked polyethylene bear-
ings were revised later after a median of 13.2 years (range,
0 day to 42 years) than crosslinked polyethylene THAs that
were revised after a median of 2 years (range, 1 day to 13
years) (p < 0.001). For CoC THA, revision was done
within 1 year of insertion in 34 of 233 hips (14%) and 144
of 233 hips (61%) were revised within 5 years (time to
revision unknown in five hips). For MoM THA, the revi-
sion was done within 1 year after insertion in 16 of 147
hips (11%), and 81 hips (55%) were revised within 5 years
(time to revision unknown in one hip). For MoP THA, the
revision was done within 1 year in 183 of 1676 hips (11%),
but only 371 hips (22%) were revised within 5 years (time
to revision unknown in 45 hips) (p < 0.001). CoC THAs
were revised earlier than MoP THAs when revision was
done because of cup + stem loosening (median, 8 years;
range, 0.4-25 years versus median, 15 years; range, 0.03—
42 years; p < 0.001), periprosthetic fracture (median, 5
years; range, 0.03—15 years versus median, 10 years; range,
0.02-36 years; p = 0.001), and dislocation (median, 1 year;
range, 0.02-17 years versus median, 6 years; range, 0-33
years; p = 0.02), but there was no difference with the
numbers available in the time to revision for osteolysis and
iliopsoas irritation (Table 3).

Thirty-seven CoC THA revisions were specifically
related to ceramic use (Table 4). Apart from the 11 hips
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Table 2. Reasons for revision by type of bearing (listed in decreasing frequency)
Reason for revision (n = 2107) Polyethylene Ceramic-on-ceramic Metal-on-metal (n = 148)  p value
bearing (n = 1721)  (n = 238) number (%); number (%); OR (95% CI)
number (%); OR (95% CI)
reference group
Cup aseptic loosening (n = 767) 698 (41) 41 (17); 0.31 (0.22-0.43) 28 (19); 0.34 (0.22-0.52) < 0.001*
(cup or cup + stem) (*p < 0.001;
®p < 0.001)
Periprosthetic fracture (n = 249) 220 (13) 21 (9); 0.66 (0.41-1.05) 8 (5); 0.390 (0.19-0.81) 0.0090*
(*p < 0.0833;
°p = 0.0110)
Infection (n = 240) 185 (11) 39 (16); 1.63 (1.12-2.37) 16 (11); 1.01 (0.59-1.73)  0.0362*
(p < 0.0111;
°p = 0.9816)
Osteolysis (n = 230) 213 (12) 4 (2); 0.12 (0.05-0.33) 13 (9); 0.68 (0.38-1.23) < 0.001*
(*p < 0.0001;
°p = 0.2008)
Dislocation (n = 221) 183 (11) 23 (10); 0.90 (0.57-1.42) 15 (10); 0.95 (0.54-1.65) NS (0.89)
Stem aseptic loosening (n = 124) 96 (6) 20 (8); 1.55 (0.94-2.57) 8 (5); 0.97 (0.46-2.03) NS (0.21)
Surgical technical error (n = 64) 33 (2) 22 (9); 5.21 (2.98-9.10) 9 (6); 3.31 (1.55-7.06) < 0.001*
(malposition, incorrect insert (*p < 0.001;
position, leg length discrepancy, ®p = 0.0019)
femoral perforation)
Tliopsoas irritation (n = 51) 28 (2) 18 (8); 4.95 (2.69-9.09) 5 (3); 2.11 (0.80-5.56) < 0.001*
(*p < 0.001;
°p = 0.1291)
Miscellaneous (n = 48) (ossification, 20 (1) 2 (1); 0.72 (0.17-3.10) 26 (18); 18.12 (9.84-33.40) < 0.001*
ARMD, impingement other than (*p = 0.6603;
iliopsoas and prosthetic) °p < 0.001)
Stem or modular neck fracture 23 (10 modular 7 (modular necks) (3); 3 (modular necks) (2); NS (0.11)
(n=33) ?f)ck& 13 stems) 5 94 (0.9540-5.2743) 1.53 (0.4543-5.15)
Unexplained pain (n = 27) 10 (1) 5 (2); 3.67 (1.24-10.83) 12 (8); 15.09 (6.41-35.57) < 0.001*
(*p = 0.0185;
°p < 0.001)
Bulk ceramic fracture (n = 23) 11 (1) 12 (5); N/A 0 (0); N/A < 0.001*
Prosthetic impingement (n = 12) 1 (0.06) 7 (3); 52.12 (6.38-425.54) 4 (3); 47.78 (5.31-430.29) < 0.001*
(*p < 0.001;
°p < 0.001)
Ceramic sandwich fracture (n = 11) 0 (0) 11 (5); N/A 0 (0); N/A < 0.001*
Squeaking (n = 7) 0 (0) 6 (3); N/A 1 (1); N/A < 0.001*

Polyethylene bearing is used as a reference to calculate odd ratios (ORs) with 95% confidence interval; results are presented as number (%); OR
(95% confidence interval [CI]); ORs were calculated using polyethylene as the reference group; * p values = overall (*p values for ceramic-on-
ceramic versus polyethylene; "p values for metal-on-metal versus polyethylene); ARMD = adverse reaction to metallic debris; N/A = not

available; NS = nonsignificant.

revised because of ceramic sandwich rupture, there were
12 instances of breakage of the bulk ceramic component
(four women, eight men) (Table 4). All breakages
occurred in homogeneous bearings (no mixing of alumina
and Delta ceramics): eight Al/Al bearings (six heads and
two inserts) and four Delta/Delta bearings (two heads and
two inserts). Those 12 patients had a low activity level on
the Devane scale (median, 3; range, 1-5) that did not
differ with the number available from other CoC THAs in
the study group (median, 3; range, 1-5) (p = 0.4). The
BMI of these 12 patients (median, 27 kg/mz; range, 2041

kg/m?) did not differ with the number available from
those of patients who did not experience ceramic break-
age (median, 26 kg/m*; range, 15-59 kg/m?) (p = 0.7).
The 12 cases of ceramic breakage occurred in various cup
diameters: median 52 mm (range, 50-56 mm) for insert
breakage and median 58 mm (range, 48—61 mm) for head
breakage versus median 54 mm (range, 44-64 mm) for
ceramic components that did not break (p = 0.06). The six
CoC THAs revised because of squeaking had a bearing
diameter > 32 mm (five 32 mm and one 36 mm), whereas
five of the seven revisions done because of impingement
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Table 3. Time elapsed (years) before revision for the three bearing types

Reason for revision (n = 2107) Ceramic-on-ceramic Metal-on-metal Polyethylene p value
(n = 238) (n = 148) (n = 1721)
Cup + stem loosening 8 (0.4-25)* 7 (0.2-35)° 15 (0.03-42)° < 0.001
Periprosthetic fracture 5 (0.03—15)d 7 (0.06-37)° 10 (0.02—36)r 0.0023
Infection 1.5 (0.03-28) 4 (0.03-12)" 3 (0.02-35)’ 0.0402
Osteolysis 10 (5-21) 8 (4-10) 16 (6-32) N/A
Dislocation 1 (0.02-17y 8 (0.3-17)F 6 (0-33)' 0.0307
Stem loosening 4 (0.4-17)" 3 (0.7-8)" 14 (0.3-31)° < 0.001
Technical error 2 (0.01-10) 2 (0.1-3) 1 (0.01-25) 0.112
Tliopsoas irritation 3 (0.5-9) 3 (14 3 (0.5-13) N/A
Miscellaneous 2 (0.05-6) 4 (1-11) 11 (0.01-32) N/A
Implant fracture 2 (0.7-3) 9 (4-11) 11 (0.5-30) N/A
Unexplained pain 5 (1-10) 4 (1-10) 4 (1-18) N/A
Bulk ceramic fracture 2 (1-25) - 11 (0.9-25) 0.028
Prosthetic Impingement 2 (1-6) 2 (0.3-5) 2 (1 hip) N/A
Ceramic sandwich fracture 9 (4-11) - - N/A
Squeaking 3 (2-9) 0.2 (1 hip) - N/A
Total 3 (0.01-28)P 4 (0.03-37)4 13 (0-42)" < 0.001*

Pairwise comparisons were performed using the Bonferroni procedure or the Dwass, Steel, Critchlow-Fligner multiple comparison procedure; a
versus b: p = 0.4329; a versus c: p < 0.0001; b versus c: p < 0.0001; d versus e: p =0.3586; d versus f: p=0.0018; e versus f: p = 0.7022; g versus
h: p =0.2334; g versus i: p = 0.0377; h versus i: p = 0.8381; j versus k: p = 0.0566; j versus 1: p = 0.0294; k versus 1: p = 0.9645; m versus n: p =
0.6945; m versus o: p = 0.0003; n versus o: p = 0.0006; p versus q: p = 0.1928; p versus r: p < 0.0001; q versus r: p < 0.0001; N/A = not
applicable.

Table 4. Characteristics of 37 revisions directly related to ceramic use

Reasons Bearing type and diameter of bearing and cup being revised

Ceramic head rupture* 6 AI/Al: 3 in 28 mm (cup diameters were 48 mm, 56 mm, and 60 mm), 2 in 32 mm (cup diameters were 54 mm
(n=38) and NA), 1 in 36 mm (cup was 60 mm)
2 Delta/Delta: 1 in 32 mm (cup was 58 mm), 1 in 36 mm (cup was 60 mm)
Insert rupture* (n = 4) 2 Al/Al: one in 32 mm (cup 50 mm) and one in 36 mm (cup 56 mm)
2 Delta/Delta: one in 28 mm (cup 52 mm) and one in 36 mm (cup 52 mm)
Ceramic sandwich fracture  Al/Al sandwich, all 28 mm
n=11)
Squeaking (n = 6) 6 Al/Al (5 in 32 mm and 1 in 36 mm)
Prosthetic impingement 2 Al/Al 28 mm
=7 1 AI/Al 32 mm
1 Delta/Delta 32 mm
3 Delta/Delta 36 mm

Incorrect insert introduction 1 Al/Al 32 mm

* Cup diameter indicated in cases of ceramic component breakage; Al/Al = alumina-on-alumina; NA = not available.

had a bearing diameter > 32 mm (two 28 mm, two 32
mm, and three 36 mm) (Table 4). Revision because of
iliopsoas irritation occurred with a higher frequency in
CoC THA (18 of 238 [8%]), whereas it was rare in MoM
THA (five of 148 [3%]) and uncommon in MoP THA (28
of 1721 [2%]) (p < 0.001) (Table 2). Among the CoC

@ Springer

THA group, the cups revised because of iliopsoas irrita-
tion had a smaller cup diameter (median, 51 mm; range,
46-58 mm versus 54 mm; range, 44-64 mm). Likewise,
seven of the 18 CoC hips revised because of iliopsoas
irritation had a 28-mm bearing diameter (seven 32 mm
and four 36 mm).
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Discussion

Despite widespread use of CoC in THA during the past 10
years, little is known about why revisions are performed
and the time elapsed before revision. In the current study,
cup loosening was the most common reason for revision of
the three bearings. However, CoC was associated with a
lower proportion of cup loosening than MoP (OR, 0.31;
95% CI, 0.22-0.43). Osteolysis, which was the third most
common reason for MoP revision (12%), was almost six-
fold less frequent for CoC (2%) (OR, 0.12; 95% CI, 0.05-
0.33). The CoC and MoM THAs were revised after a
shorter followup (median, 3 and 4 years, respectively) than
MoP THA (median, 13 years). Finally, CoC revisions were
performed for ceramic-related reasons (ceramic breakage,
squeaking, impingement, and incorrect ceramic insertion)
in 16% (37 of 238), whereas these reasons were encoun-
tered in 3% (five of 148) of MoM THAs and 0.7% (11 of
1721) of MoP THAs.

Although this study involves the largest known cohort of
CoC THA revisions, it has several limitations: (1) We have
little knowledge of the population in which the primary
CoC THA was performed. This issue mainly limits the
comparison between different bearings; nevertheless, this
large cohort provides an accurate snapshot of the reasons
for revision that may affect the different bearings. (2) Data
from the Colas et al. [7] study can be used as a denominator
to weight our results. The Colas et al. study indicates that
approximately 35,000 CoC THAs were done annually in
France over the last 5 years. Because our study group
represents 12% of the revisions done in France, one may
estimate that 1983 CoC THAs are revised each year, which
results in a 5% CoC revision rate (1963 of 35,000). How-
ever, this calculation is debatable because only 30 centers
participated in our study (with some variations between
centers) and the CoC hips revised had a very large fol-
lowup range (1-28 years), which is beyond the inclusion
limits of the Colas study and raises concerns when trying
to aggregate these data to produce a denominator. In
addition, Colas et al. [7] included only THAs done for
osteoarthritis in patients older than 40 years, which is
different from our study. (3) Despite this being a
prospective study, some variables had missing values; but
those variables were missing at a rate below 1% or were
not related to major variables. (4) This was a prospective
multicenter survey; therefore, including different bearing
designs may limit our conclusions. However, this study
was designed primarily to compensate for the lack of a
French national registry; from that point of view, it pro-
vides data with comparable values. (5) We have no data
regarding implant orientation and ceramic component
retrievals that may influence the rate and the reasons for
revision. However, this issue was beyond the scope of our

study and is also a limitation of national registries. (6) We
have no data on the outcome of the revision THA because
this study was not designed to assess the outcomes of CoC
THA revisions but the reasons for revision of CoC bear-
ings. (7) Finally, we did not perform multivariable analyses
to explain the reasons for revision because the sample size
was not sufficiently high to consider all reasons and no
clear grouping was possible.

CoC bearings were identified as being at risk of reop-
eration in the British-Wales Registry [17] and health
insurance databases [7, 19]. Our study was not designed to
confirm such data, because the initial population was not
known. However, we found that CoC revisions were rarely
done for osteolysis in contrast to other bearing types
[17, 19]. Our findings suggest that acetabular fixation is a
main issue whether or not the bearing includes ceramic
components, despite improvement in cementless fixation
[12, 15, 29, 30]. The fixation of CoC cementless cups has
been improved using modern porous coatings
[4, 13, 14, 30] but remains a weak point of this bearing,
particularly when considering the low rate of osteolysis
that, contrary to MoP, did not contribute to cup loosening.
Our results differ from the study by Porat et al. [27] that
identified femoral loosening as the main reason for revision
of CoC THA (13 of 38 [34%]). After revisions for infection
(n = 39), revisions directly related to ceramic use (in-
cluding impingement, squeaking, ceramic breakage, and
incorrect ceramic insertion) were the third most common
reason for revision in our study (n = 37) (Table 2).
Breakage of ceramic-embedded inserts was the indication
for revision in 11 hips. Our study is consistent with pre-
vious reports on this design [23, 31], which was removed
from the market because of a high rate of late rupture of the
embedded ceramic insert (the brittle ceramic insert was
exposed to micromotion and ruptured when being inserted
in a deformable plastic insert) [23, 31]. We cannot explain
the higher rate of CoC THA revision because of infection
(OR, 1.63 [1.12-2.37] versus MoP) despite this complica-
tion being mostly observed after large-diameter head MoM
revisions [36]. Our study reported 39 of 238 revisions
because of infection (16%), whereas the Danish hip register
reports only 8% (six of 71) [35] and the Australian register
less than 1% cumulative incidence revision because of
infection at 10 years [32]. These infections were observed
in our study despite the CoC population being younger and
more active than the MoP group. Iliopsoas irritation was a
common indication for CoC revision (18 of 238 [8%]; OR,
4.95 [2.69-9] versus MoP) as reported by Yeung et al. [37]
(three of nine [33%]), but not by Porat et al. [27] (one of 38
[3%]). This was a paradoxical finding because the revisions
for iliopsoas irritation were performed in cups with a
smaller diameter and in bearings whose diameter was
comparable to other CoC revisions. We believe that
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iliopsoas irritation may reveal a CoC bearing dysfunction
(as a result of release of metallic debris by impingement
and/or by chronic joint swelling) instead of true iliopsoas
irritation. This symptom should be explored further when it
occurs with CoC bearings.

The current study highlighted that CoC bearings were
likely to be revised after a short period of time: 61% (144
of 233) were revised within 5 years of insertion against
only 22% (371 of 1676) of MoP THAs. This is an
important finding because the time to revision of CoC THA
was not mentioned in previous studies [27] or easy to
extract from registries (the Australian register mentioned
2109 of 65,114 CoC THA revisions [3.2%] but not the
revision rate before 5 years) [32]. Our results are in
accordance with the Danish register indicating that 63 of 71
(88%) CoC THAs were revised before 5 years of followup
[35]. This issue suggests that CoC THAs are technically
demanding to use [26]. To summarize, CoC and MoM
were revised after the same amount of time, but CoC THAs
were revised earlier than MoP because of cup and stem
loosening, periprosthetic fractures, dislocations, and
infection (Table 3). Although the frequency of revision
because of dislocation did not differ between CoC and
MoP (OR, 0.9 [0.57-1.42]), they occurred earlier in CoC
THA (median, 1 year versus 6 years); this issue could be
linked to late dislocation of MoP related to wear [32].
Likewise, although the rate of revision because of
periprosthetic fractures did not differ between CoC and
MoP (OR, 0.66 [0.41-1.05]) (despite the CoC population
being younger), these fractures occurred earlier (median, 5
years versus 10 years). This could be related to a higher
activity level in patients receiving the CoC THA that may
increase the risk of trauma versus fractures related to
osteoporosis in older patients. Despite osteolysis being rare
after CoC THA, it was not revised later than MoP based on
the number available. Revision because of cup loosening
occurred earlier in CoC and MoM versus MoP, probably
because of the poor tolerance of hard bearings when cup
loosening occurs, particularly in the context of significant
cup movement.

The current study identified reasons that were specifi-
cally associated with CoC revisions. In 16% (37 of 238) of
CoC hips, ceramic-specific reasons (ceramic breakage,
squeaking, impingement, and incorrect ceramic insertion)
were the third reason for revision after cup loosening and
infection. We were not able to find variables related to
breakage of ceramic components (BMI, activity level, cup
and head diameter) (Table 4). This differs from the Traina
et al. [34] and Elkins et al. [10] studies in which obesity
and cup malpositioning were found to contribute to
breakage. This study was not designed to provide data
regarding cup orientation, which may explain why none of
the factors investigated were associated with bulk ceramic
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rupture considering component orientation as a cofounding
factor. The introduction of Delta ceramic was supposed to
reduce the risk of ceramic fracture to near zero [13, 25], but
four of the 12 instances of bulk ceramic components
breakage involved Delta components (two heads, two
inserts), making this argument questionable. Likewise,
revisions because of impingement were done independent
of the bearing diameter, suggesting that use of 36-mm CoC
bearings does not prevent impingement. This finding is
different than the ones from a retrieval study that found the
head—neck ratio to affect the occurrence of impingement
[24]. However, we have no data on the cup position or
head—neck ratio in our study; this may explain the absence
of a bearing diameter effect. Our study also found that CoC
THAs revised because of squeaking used a bearing diam-
eter > 32 mm, despite most impingement cases being
observed in small-diameter bearings [5, 21].

CoC bearings are revised earlier after implantation than
MoP THASs, mainly because of cup and stem fixation
failures and complications directly related to ceramic use
such as breakage, squeaking, and incorrect ceramic inser-
tion. This last issue, which is mostly under surgeon control,
suggests that surgeons must be meticulous when perform-
ing CoC THA. The use of Delta components and of
bearings larger or equal to 36 mm does not prevent cera-
mic-specific complications (prosthetic impingement,
squeaking, head rupture). In contrast, osteolysis is rarely an
indication for CoC bearing revision (almost sixfold less
than MoP THA). This study reveals that performing CoC
THA is a technically demanding procedure and provides
evidence that cementless cup fixation in CoC THA must be
improved, because fixation failure remains the most com-
mon reason for ceramic bearing THA revision. Further
studies are needed to investigate the high frequency of
revision because of iliopsoas irritation.
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