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0.026, respectively). Lastly, there was no statistically significant difference in the

distocation or revision rate between the two groups at the time of last clinical follow-up.

Conclusions: The use of ceramic-on-polyethylene articulations led to significant
reduction in the finear and volumetric wear rates when compared to ceramic-on-ceramic
articulations. This increase in wear snggests that ceramic-on-polyethylene articulation
will not afford protection from osteolysis in longer term follow-up. However, ceramic
component fracture and audible compenent-related noise remain complications lo be

considered when using a ceramic-on-ceramic bearing surface.

Level of Evidence: Therapeutic Level 1.
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Abstract

Background: Coupling & ceramic femoral head with 2 highly crosslinked ulirahigh
molecular weight polyethylene acetabular component liner has gained popuiarity,
especially in the young, active patient population. We hypothesized that this bearing
surface combination may decrease the rate of ceramic component fracture and audible
component-related noise while maintaining the beneficial wear characleristics associated

with ceramic-on-ceramic articulations.

Methods: A prospective randomized multicenter frial comparing Cerammic-on-ceramic or
céramic—on-polyethylenc couplings was conducted where 357 total hip arthroplasties
were performed in 312 patients, Clinical data were collected preoperatively and
postoperatively at 3, 6, 12, 24, and 48 months as well as beyond 60 months, Linzar and

volumelric wear were measured posioperatively at 5 years,

Results: There was no statistically significant difference in the Harris Hip, SF-12 mental,
and SF-12 physical scores between the ceramic-on-ceramic and ceramic-on-polyethylene
groups at any time interval. The mean linear and volumetric rates were statistically lower
(p < 0.001) in the ceramic-on-ceramic group (30.5 wm/year and 21.5 mm’/year,
respectively) when compared with the ceramic-on-polyethylene group (218.2 pm/year
and 136.2 mm®/year, respectively). The rates of ceramic implant fracture (2.6%) as well
as audible compenent-related noise (3.1%) were statistically higher in the ceramic-on-

ceramic group when compared to the ceramic-on-polyethylene group (p < 0.049 and



10

11

13

14

i5

17

18

19

20

21

22

23

Introduction

Component wear leading to osieolysis and implant loosening remains a significant
problem in total hip arthroplasty (THA), Early revision THA due to this problem is ool
uncommon' . The mejority of the data implicate metal-on-polyethylene component
articulations (i.e, couples) that utilized uncrosslinked or low molecular weight
polyethylene. Submicron polyethylene debris generated by abrasive wear stimulate the
process of osteolysis“. It has been suggested thal a linear wear rate of less than 50
um/year would completely eliminate osteolysis’.

Ceramic-on-cerammc component articulations were developed to reduce abrasive
wear. Barly generations of ceramics were associated with unacceptable failure rates due
to loosening and ceramic implant fracture™ ©'°. Modern third generation cerarmics are
harder, more scratch-resistant, and more hydrophilic than older generation ceramics. A
linear wear rale of approximately 5 pun/year has been established for modern ceramic-on-
ceramic couplii1gsm"5. A correspondingly lower rate of osteolysis has been confirmed in
a clinical setting when ceramic-on-ceramic couplings are utilized'®. Prospective
randomized trials have reported good shorl-term outcomes with ceramic-on-ceramic
components that are comparable to melal-on-polyethylene componcuts”' 8,

Modern ceramics components are routinely implanted into younger high-demand
patients due to their low wear rates and good clinical resulits. Modern ceramics fared well
in two large investigalional device exemption tiais™ '°. One such study of 194 hips at 2
to Y years of follow-up reported an implant survivorship of 96%'. Another large
prospective randomized trial comparing ceramic-on-ceramic and metal-on-polyethylene

bearings demonstrated no component fractures and comparable clinical outcomnes with
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fewer tevisions in the ceramic-on-céramic group when compared io the metal-on-
polyethylene groupm. These results have also been supporied by other mere recent
studies?®. Some studies also show that ceramic-on-polyethylene components have wear
rales between that of aditional metal-on-polyethylene and ceramic-on-ceramic
componcntsm'ﬂ. Several studics have demonstrated good short and mediwm term clinical
outcomnes using these componenis®® #1 However, despite these results, substantial
concerns remain regarding ceramic-on-ceramic articulations including stripe wear,
audible component-relaied neise (i.c., squeaking), limited sizing options, and ceramic
implant fracture®,

The possibility of coupling a ceramic head with the more conventional
crosslinked ultrahigh molecular weight polyethylene acetabular component liner has been
offered as a possible alfernative (o reduce the rate of component fracture while
maintaining the wear characteristics associated with ceramic-on-ceramic bearings.
Ceramic-on-polyethylene articulations maintain relatively low wear rates while
potentially avoiding some of the complications of ceramic-on-ceramic bearings, yet few
clinical comparisons of ceramic-on-ceramic and ceramic-on-pelysthylene exist®. Hence,
the goal of this study was to compare the clinical performance and evaluale the wear rate

of these two bearing surfaces utilizing a prospective randomized study design.

Materials and Methods
In 1998, Smith & Nephew (Memphis, TN} received an investigational device
exemption from the Food apd Drug Adminisiration to conduct the clinical research

necessary to approve the Reflection® Ceramic-Ceramic Hip System (IDE number:
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(3980027). A prospective randomized study was begun the same year comparing that
implant system with a polyethylene acetabular shell and cermmic head coupling,
Enrollment of 357 hips in 312 patients was completed between 1999 and 2001. All
patients wete followed for 5 years, therefore final clinical and radiographic follow-up
was complete in 2006 (Figure 1). Nine orthopaedic surgeons participated in the study at
nine sites (see Acknowledgments). Each site received institutional review board approval
of the protocol and consent forms prior to patient enrollment. Patients were randomized
{0 receive cither a ceramic-on-ceramic or a ceramic-on-pelyethylene bearing, Each
ceramic-on-ceramic articnlation was implanted with a 28 or 32 mm aluwnina ceramic
femora! head and an alumina ceramic acetabular cup liner. Each ceramic-on-polycthylens
articulation was implanted with a 28 mm alumina ceramic femoral head and a ultrahigh
molecular weight polyethylene acetabular cup liner prepared using modern sterilization
techniques and within their expiration date.

Patients were included in this rial if clinically indicated for a THA as a resull of
osteoarthritis or rheumatoid arthritis and were 21 to 80 years of age with a Harris Hip
Score (HHS) less than or equal to 60, availability for at least 2 years of clinical follow-up,
ability to meet acceptable preoperative medical clearance, and without the presence or
history of treatment for cardiac, pulmonary, hematological, or any other medical
condition that would pose excessive operative risk. Exclusion criteria included active
localized or systemic infection; skeletal immaturity; insufficiency of quality or quantity
of bone support resulting from conditions such as cancer, femoral osteolomy, girdlestone
resection, significant osteoporosis, or metabolic disorder of calcified tissue; morbid

obesity; Charcot  joints; muscle deficiencies; nmltiple joint  deficiencies;
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immunosuppressive disorder; pregnancy; unknown sensilivity lo the device materials;
and participation in any other pharmaceutical, biological, or medical device clinical
investigation.

Radiographic and clinical data were collected preoperatively and postoperativcl[y
at 3, 6, 12, 24, and 48 months as well as after 60 monihs. At each visit a history was
taken and physical examination performed, the HES was calculated, patients completed
an SF-12 mental and physical survey, and anteroposterior and frog-leg lateral radiographs
of the hip were oblained. All intraoperative and postoperative events were recorded, and
patients were asked about any perceived problems or complications related to their
surgery. Radiographs were evaluated by the surgeon at each site and their interpretation
was confirmed by an independent radiologist, who was blind to implant type and length
of follow-up, for signs of loosening, migration, heterotopic ossification, and osteolysis™"
3 Wear rales were measured by independent observers blinded to implant type and
operating surgeon. Early postoperative (4- and 12-week) and final follow-up (5 year}
radiographs were analyzed to determine uniplanar (L.e., lincar) and voluinetric wear using
the Avenger Digital Caliper {Avenger Products, Boulder City, NV)*, At final follow-up,
30 hips had insufficient radiographs for evaluation using the Livermore technigue and
were excluded from linear and volumetric wear rate analysis,

Statistical Considerations

Since the randomization process used sealed envelopes, it did not yield the
number of patients assigned (o each group resulting in the variations in the numnber of
cases per group. All errors are reported as standard error of the mean or standard

deviation where applicable. For the comparison of changes in paticnt-reported outcomes
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within sach group, a paired t-test was conducted. Te compare the changes in self-reported
cutcomes after surgery, the difference from the preoperative baseline was computed and
each case was compared using a t-test. All other comparisons between groups were
performed using a 1-sided Fisher’s exact test or a Chi Square analysis where applicable.
Source of Funding

Funding for data collection was provided by Smith and Nephew under the FDA

guidelines for IDE. This secondary data analysis was conducled without contract or direct

funding from any sponsor.

Results

A total of 357 hips (161 hips in the ceramic-polvethylens group; 196 hips in the
ceramic-ceramic group) in 312 patients were eligible for this study. Patient characteristics
are summarized in Table 1. There was a statistically significant difference in the mean
age of the patients randomized to each group (p = 0.003). However, the mean age only
differs by four years and there is no other difference between the patient characteristics of
either study group suggesting that the populations were indeed random despite this
observation. In the ceramic-ceramic group, 31% received a 28 mm femoral heaa and 69%
received a 32 mm femoral head, Follow-up was completed for 87.7% (313 hips) at &
minimum of 2 years postoperatively (85.1% for the ceramic-on-polyethylene group and
89.8% for the ceramic-on-ceramic group). By 5 years postoperatively, several patients
were either deceased or withdrew from the study, A resultant 61.6% (220 hips) of the

initial population completed the study protocol (Figure 1).
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There was a statistically significant increase (p < C.01} in mean posloperative
HHS when compared to the mean preoperative HHS at all follow-up intervals. However,
there was no significantly difference (p > 0.05) in HHS at any follow-up interval between
the ceramic-on-ceramic and ceramic-on-polyetiylene greups (Figure 2). There was a
similar statistically significan( increase (p < (.01) in the postoperative SE-12 mental and
physical scores, bul again there was no statistically significant difference (p > 0.05)
between the two groups at any Tollow-up interval.

Compiete radiographic assessment af a mean [ollow-up after 5 years
postoperatively was ultimately available for 125 hips (63.8%) in the ceramic-on-ceramic
group and 95 hips (55.0%) in the ceramic-on-polyethylene group (Figure 1), Few patients
demonstrated radiolucency in any of the femoral or acetabular zones (9 and 6 in the
ceratic-on-ceramic and ceramis-on-polyethylene groups, respectively). There was no
statistically significant difference (p = 0.448) in these radiographic findings between the
two groups. In the ceramic-on-ceramic group, the radiographic determination of the mean
linear wear rate was 30.5 £ 7.0 pm/vear and the mean volumetric wear rate was 21.5 +
4.5 mm*/year. No measurable radiographic wear was present in 53 hips {44.9%) in the
ceramic-on-ceramic group. In the ceramic-on-polyethylene group, the radiographic
determination of the mean lincar wear rate was 218.2 = 13.7 pm/year and the mean
volumetric wear rate was 136.2 + 8.5 muin’/year. No measurable radiographic wear was
present in § hips (6.3%) in the ceramic-on-polyethylene group. The increase in mean
linear and volumetric wear rates in the ceramic-on-polyethylene group was slatistivaily

significant (p < 0.001; Figure 3).

1
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Evaluation of the intraoperative and postoperative complications reveals little
significant difference except with respect to audible component-related noisc and implant
fracture (Table 2). Audible component-related noise was defected in 6 hips (3.1%) in the
ceramic-on-ceramic group, while no paticnt in the ceramic-on-polyethylene group
reported or experienced an audible component-related noise (p = 0.026; Table 2). Only
one patient with an audible component-related noise has undergone a revision due to
recurrent anterior dislocation and pain (Table 2). The ceramic-on-ceramic group had 2
hips (1.0%) with intraoperative liner fracture and 3 hips (1.5%) with postoperative
implant fractures (2 liner fractures and 1 head fracture). All ceramic implant fractures
underwent intraoperative exchange or revision (Table 3). The total incidence of
intraoperative and postoperative implant fracture in the ceramic-on-ceramic group was
statistically significant (p = OwOﬂ;9) when compared 1o the ceramic-on-polyethylene group.

The revision and dislocation rates were not stalistically different in the ceramic-
on-cerarnic and ceramic-on-polyethylene groups (p = 0.059 and 0.672, respectively).
There were 11 (5.6%) revisions in the ceramic-on-ceramic group and 3 (1.9%) revisions
in the ceramic-on-polysthylene group at latest fellow-up (Table 3). There were 10 (5.1%)
dislocations in the ceramic-on-ceramic group and § (5.6%) dislocations in the ceramic-
on-polyethylene group at fatest follow-up. Four hips underwent revision due Lo recurrent
or early dislocation, three hips in the ceramic-on-ceramic group and one hip in the
ceramic-on-polyethylene group (Table 4). Additionally, there was no statistically
significant relationship between dislocation rate and operative side, surgeon, gender,
surgical approach, history of cerebral dysfunction or alcohol abuse, or previous ipsilateral

hip surgery.
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Discnssion

Overall clinical results were similarly excellent in both the ceramic-on-ceramic
and eeramic-on-polyethyiene groups. In both groups, the mean HHS, SF-12 mental
scores, and SF-12 physical scotes were higher postoperatively and there was no statistical
difference between eilher group at any follow-up interval.

Plain radiographs were used to delermine in vivo wear using a digital caliper
according to the methed of Livermore 2. Tt can he challenging lo determine in viva wear
in ceramic-on-ceramic hips due to the difficulty of differentiating the femoral head from
the cup on plain radiographs or by using edge detection software as well as the exiremely
low rate of wear seen in these components' . Thus, wear rates weasured using this
technigque bave been variable' ™ * Some investigators, however, have been able to use
plain radiographs to measure linear wear in all patients*™ % Computerized software
prograins introduced in more tecent years {0 measure wear rates on plain radiographs
have poor accuracy, especially if used on bearings or the same material®” %, Ultimately,
while the technique of Livermore used in this paper is imperfect; we chose this method
because we felt that was the best method available.

The inean linear wear rate in the ceramic-on-ceramic group was statistically lower
(p < 0.001) than the ceramic-on-poiyethylene group. Reported linear wear rates for
ceramme-on-ceramic bearings has been variable, but are generally found (o be less than 20
pm/year (Table 4). The mean linear wear rate in our study for this bearing surface was
30.5 pm/year. This is statistically similar to the reported values of mean linear wear rate

that may dramatically reduce osteolysiss. Hence, our data is consistent with observations

12
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that ceramic-on-ceramic bearings may minimize osteolysis in long term follow-up. The
mean linear wear rate for the ceramic-on-polyethylene group was 218.2 um/year, This is
higher than the rates reported in many studies (Tabie 4). However, the reporled wear rates

for ceramic-on-polyethylene bearings have also been variable™ ¥,

Ceramic-on-
polyethytene couples wear at about 1.7 to 4.0 times the rate of (raditional metal-on-
polyethylene couplesM' ¥ 4 Camstrophic wear has been rarely reported; this
complication has apparently been eliminated with newer ceramics and was not
encountered in this study®, It should be noted that 69% of the patients in the ceramic-on-
ceramic group received a larger femoral head than the patients in the ceramic-on-
polyethylene group. This may account for some of the increased wear seen in the
ceramic-on-polyethylenc group, but does not change the observation that ceramic-on-
polyethylene bearings have a high mean linear wear rate that is inconsistent with
protection from osteolysis in long-term follow-up®. It also must be noled that while
clinical follow-up was over 80%, we werce only able to obtain approximately 60% follow-
up for cur meen linear wear rates analysis, because this was not initially included in the
FDA approved data collection. Hence, definitive conclusions aboul exacl wear rates
should be avoided. However, the statistically relevant (p < 0.001) increase in the mean
lincar wear rate in the ceramic-on-polyethyiene group is relevant despite this lack of
follow-up.

Painless audible component-related noise was originally thought to be rare; it can
occasionally be bothersome enough to require revision and may be an earty sign of
component malpositioning or impending failure, The rate to audible component-related

noise has heen reported as 0.66% to 1.8% in patients with ceramic-cn-ceramic

13
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couplings* #, Patients with squeaking implants tended to be younger, heavier, and taller.
In our siudy, the incidence of audible component-related noise was 3.1% and statistically
tncreased in the ceramic-on-ceramic group {p = 0.028). There were no cases of audible
component-related noise in the ceramic-on-polyethylene group, this phenomenon hag
previously been reported in hips without any ceramic components, although in all cases it
has been related to two hard surfaces rubbing together™ *°. Although, all patients were
asked about any perceived problems or complications related to the surgery, it 15 possible
that some cases of audible componeni-related noise may have been missed if it was not
bothersome to the patient or not noted on physical examination.

While some large studies have rteported few or no postoperalive ceramic
comporent fractures'™'’, the reporled rate of component fracture is 1.7%". This is
similar to our postoperative ceramic component fracture rate of 1.5%. Our postoperative
ceramic component fractures consisied of 1 femoral head fracture in each group and 2
acetabular liner fractures in the ceramic-on-ceramic group. Both bead fractures occurred
in 28-mm heads, which are more likely to fracture than 32-mm heads®™, Although
fracture rates as high as 13.4% were reported in some ceramic heads manufactured before
1990, reported rates of modern ceramic head fractures have typically been less than
0.5%'% 15430 The rate of acetabular liner fracture in the present study was 2.0%, which
is similar to published reports'”. The ceramic-on-polyethylene coupie led to one ceramic
fernoral head fracture. This is rare but has been reported in the literature®’, The rate of
ceramic component fracture has been shown to be manufaclurer dependent and based on
material defect*®. However, the reasons for ceramic implant fracture include impingement

during extremes of range of motion or sudden high-impact loading®'. Hence, technical

14
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errors such as improperly seated acetabular liners or tapping the edge of the acetabular
cup intraoperatively to adjust its position must be considered in the case of any liner
fracture®®, Additionally, vertical acetabular cup position and careless handling may also
increase the risk of ceramic component fracture® *%. Excessive anteversion has been
established as a risk factor for liner fracture occurring during high flexion and wide
abduction activities such as squatting, as was demonstrated in a study of Korean patients
who sguat commeonly and had a higher (3.5%) rate of liner fracture®!, All postoperative
femoral head and acetabular liner fractures occurred between 2 and 5 years, hence longer
follow-up may yield an even higher ceramic component fracture rafe.

In conclusion, both ceramic-on-ceramic and ceramic-on-polyethylene couples had
excellent shorl-term clinical results. However, it should be noted that ceramic-on-
polyethylene couples did not offer sufficiently low linear wear rates Lo theoretically
prevent osteolysis in longer-term follow-up and likely have an inferior wear prefile when
compared to fraditional metai-on-polyethylene articulations. Long-term follow-up or
registry data will help determine if this prediction is valid. For now, the potential for
minimization or wear and subsequent osteolysis in ceramic-cn-ceramic articulations must
be considered with the increased risk of ceramic fracture and audible component-related

noise,
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Table 1
Patient Characteristics

Patienis

Total Hip Arthroplasties

Bilateral THA (%)

Men {%)

Mean Age (years) = 8D

Mean Height {cm) = SD

Mean Weight (kg) = SD

Mean BMI (kg/m?) = 8D
Contralateral Hip involvement (%)

Joint Involvement Other than Hip (%)
Physical Activity Prior to Surgery

None (%)
Light (3}
Moderate (%)

Intense {%)
Operativa Blood Loss {mi) + 5D

Operative Time {minutes) = SC
Hospital Stay (days) = 8D

Standard Deviation (SD), Body Mass Index (BMID), *One-sided Fischer exact test, "Two-tniled T-test of

Unequa! Variance, *Chi-square analysis

Ceramic-on-Ceramic

188
196
30 (15.3%)
106 (63.9%)
50.4+128
173.2+10.1
BE.9 = 20.0
20.6 = 12.4
54 (30.6%)
47 (28.3%)

14 (7.1%)
123 (62.8%)
54 (27.6%)

5 (2.6%)

527 £ 371
110 £ 52
44220

20

Ceramic-on-Pplyethylene
146

161

15 (9.3%)
&4 (57.5%)
547 +12.8
172.3 £ 9.7
83.7+18.5
28.0 5.1
57 (39.0%)
48 (31.5%)

5 (3.1%)
111 (68.9%)
38 (23.6%)

8 {3.7%)

510 + 396
114 = 64
4417

p-value

0.061"
0.182

0904’“ Comment fDAL]: Not sure this was
0 3551 the right T test

01147
0.108!
1.000°
0.621°
L { Comment [DAZ]: Newd chi square |

0.819’
0.5427
0.677"



1 Table2

2 Intraoperative and Postoperative Complication Rates

Complication

Liner Fracture

Sciatlc Nerve injury

Greater Trochanter Fracture
Difficuity implanting Cup or
Liner

Haterctopic Ossification
HO)

Dislocation

Trochanteric Buarsitis
Audible Component Related
Noise

Deep Venous Thrombasis
Pulmonary Embeius
Infection, supedicial
Infection, deep

Implant Fracture: finer
Implant Fraciure: head
Leg Length Discrepancy
Subluxation or Subsidence
Component Migration
Wear Dabris or Osteolysis
Revision Surgery

Ceramic-on-Ceramic (%}

(= 196]

2 (1.0%)
(0.5%)
1 (0.5%)

2 (1.0%)

58 (30.1%)

16 (5.1%)
8 {4.1%)

6 (3.1%)

3 {1.5%)
2 {1.0%)
(3.1%)
(0.5%)
(1.0%)
(0.5%)
(1.0%)
{1.5%)
{2.0%)
(0.5%)
11 (5.6%)

NIl NI s 2RO

21

intraoperative

Postoperative

Ceramic-an-Polyethylene (%)

{n=161)

0 {0.0%)
0 {0.0%
140.6%)

2 (1.2%)

41 (25.5%)
9 (5.6%)

p-vaiue

0.301%
0.548
0.797

0.758

0.187

0.672
0.422

0.026

0.582
0.673
0,357
6,909
0.301
0.549
0.573
0.5972
0.439
0.797
0.059
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Table 3

Revisions Undertaken in Each Trial Group

Initial Treatment

Ceramic-on-
Ceramic
(n=11)

Ceramic-on-
Polyetitylens
(n=3)

interval

3 Months
3 Months

& Months
1 Yaar
1 Year

2 Years
3 Years
3 Years
4 Years
5 Years
6 Years

Before
Discharg
e

3 Months
5 Years

Componeni{s] Revised

Linar, Head
All Companents

Cup, Liner, Head
Head, Stem
Cup, Liner, Head

Liner, Head
Cup, Liner, Head
Head, Stam
Cup, Liner, Head

Cup, Liner, Mead
Head, Stem

Liner, Head

Ali Components
Liner, Head

22

Reason for Revision

Recurrant Dislocations

infection

Recurrent Antericr
Dislocations

Stem Subsidence

Recurrent Anjericr
Dislocations®

Ceramic Head Fracture
Geramic Liner Fracture
Loose Femoral Compenent
Recurrent Dislocations

Caramic Liner Fracture
Lopse Femoral Component

Instability of the Hip

infaction

Recurrent Dislocations
*Patient with audible component-reiated nolse
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Table 4

Comparison of wear rates of alumina ceramic-on-polyethylene and alumina
ceramic-cn-ceramic bearing surfaces

Bearing Surface

Ceramig-on-Palyethylens

Ceramic-on-Ceramic

Wear rate
22 um/iyear
70 um/year
100 pm/year
156 um/year

2.1 umiyear
4 umfyear

6 pm/year

16 wm/year

Head Size

22.225 mm

23

32 mm
Variable
28 mm

Varlable
28 mm

Variable

Variable

Study Design

Radiographic evaluation of clinical
follow-up
Radlographic evaluation of clinical
follow-up
Radiographic evaluation of clinical
follow-up
Radiographic evaluation of clinical
follow-up

Implant Retrieval

in vitro analysis

Radiographic evaluation of clinical
follow-up

Radiographic evaluation of clinical
follow-up

Reference

53

35

22

23

54
41

&5

56
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Figare Ledged

Figure 1: Hips enrolled and randomized in this trial as well as atrition from each arm of
the study over time.

Figure 2: Harris Hip Score at each follow-up interval. < 0.01

Figure 3: A) Linear and B) volumetric wear rates in each arm of the study. b < 0,001
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