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Total hip arthroplasty (THA) currently provides durable 
long-term outcomes, but osteolysis secondary to polyeth-
ylene wear debris remains a fundamental cause of aseptic 
loosening and revision. Conventional polyethylene failed 
to provide a suitable bearing for young active patients 
requiring joint replacement because of the significant de-
mands they place on such bearings. Strategies to reduce 
friction and wear debris lead to the development of ce-
ramic bearings in THA. 

Ceramic head and liner fractures
Ceramic head and liner fractures are associated with 

massive metallosis and exposure of the local tissues to par-
ticles of titanium or cobalt-chromium alloy from the me-
tallic components. Earlier generations of alumina ceramic 
heads had a reported risk for fracture between 0.26% and 
13.4%; however, for newer implants (Biolox Forte), the re-
ported fracture rate is much lower at 0.004 to 0.015% [1]. 
Fourth-generation alumina delta ceramics now exhibit a 
fracture risk of 0.002% for the head and 0.02% for the liner, 
and these typically occur due to malseating prior to impac-
tion [2]. 

The risk of ceramic liner fracture in new generation ce-
ramic materials has been reported to be between 0% and 
5.3%, with a higher incidence among sandwich-type ce-
ramic cups than 1-piece components. Szymanski et al. who 
reported 5.3% (7/132) of ceramic liner fractures (sandwich 

type implant) at a mean 32 months after the surgery also 
revealed clinical risk factors for fracture [3]. These included 
excessive weight, advanced age, dislocation, prosthetic im-
pingement, and increased postoperative hip offset. In an 
FDA multicenter study, new composite ceramic materi-
als (Biolox Delta alumina-on-alumina ceramic; one-piece 
component) exhibited no ceramic fracture within 3 years 
of follow-up [4]. However, these materials have a relatively 
short clinical history, so further monitoring is necessary.  

Fracture is a catastrophic complication of a ceramic 
articulation. As discussed, ceramic bearings have evolved 
over the past four decades. Each generation has shown ad-
vancements in terms of manufacturing and composition 
to address the limitations of the previous iterations. First-
generation ceramics had fracture rates of between 10% 
and 13% [5]. Zirconia ceramics showed greater fracture 
resistance, but this was offset by inferior wear properties. 
The reported rate of fracture with BIOLOX forte for both 
femoral heads and acetabular liners was approximately 
0.02% [6]. 

Squeaking
Another concern remains squeaking of ceramic bear-

ings. This potentially affects the patient’s quality of life and 
survivorship of the implant due to revision of the squeaky 
hip. Noises emanating from ceramic bearings (usually 
clicking and squeaking) have been reported with rates that 
vary from 0% to 33%. 

Currently there are several theories on the origin of 
squeaking but the exact mechanism is still unclear, and is 
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likely multifactorial. Some authors reported that squeaky 
hips are associated with younger active, heavier, and taller 
patients [7]. Stanat et al. revealed an association with a par-
ticular prosthetic design that enabled neck impingement 
on the metallic rim of the cup [8]. Similarly, Restrepo et 
al. found a clear relationship between the prevalence of 
squeaking and the type of femoral component implan- 
ted [9]. Alternatively, there are studies that did not report 
any squeaky hips even after 10 years of follow-up. Other 
explanations for ceramic-on-ceramic (COC) squeaking 
include localized “striped” wear, changes of fluid film lu-
brication conditions, and femoral head microseparation 
[10]. As a ceramic head passes over the wear stripe, it could 
generate a vibration and the metallic parts (femoral stem 
and acetabular shell) amplify this vibration by resonating, 
resulting in an audible sound. This explanation is consist-
ent with the fact that COC squeaking does not occur until 
an average of fourteen to eighteen months after surgery. Fi-
nally, squeaking could be generated by the rolling/sliding 
motion of the femoral head inside the liner in the current 
generation of COC THAs [11]. Manufacturers have intro-
duced acetabular shells with different liner materials that 
are interchangeable, possibly leading to a diameter mis-
match in some cases that allows a rolling/sliding mecha-
nism. Regardless of which theory is plausible, noisy hips can 
occur in up to 33% of hips with COC bearings; fortunately, 
clinically the problem is often minor in the majority of pa-
tients and revision surgery is indicated only occasionally. 

Damage of the ceramic rim
Direct contact between the neck of the stem and the 

rim of the ceramic liner during range of motion can re-
sult in a rim damage. Ceramic fragments can then impose 
themselves between the ceramic surfaces contributing to 
accelerated wear. Under some circumstances forceful im-
pingement can even result in dislocation of THA. Stafford 
et al. revised 6 hips with COC THAs; three of which were 
revised for impingement-related complications including 
recurrent dislocation [12]. 

Survivorship and osteolysis
COC has very low wear rates both for linear and vol-

umetric wear. It is also resistant to third body wear. Ex-
cellent clinical outcomes have been observed with COC 
bearings. Hamilton et al. [13] reported mid-term results of 
alumina delta COC bearings at 5.3 years follow-up with a 
mean Harris hip score of 94.4. Kim et al. [14] reported 10-
year follow-up in 277 patients of 50 years old, and report-
ed higher survivorship without evidence of osteolysis or 
ceramic fracture, and excellent patient satisfaction. Studies 
assessing third-generation alumina forte had previously 
reported little or no osteolysis at up to 10 years [15]. In ad-
dition, Walter et al. [16] reported minimal osteolysis even 
with bearings in high wear scenarios such as edge loading. 

Survivorship studies comparing COC and metal-on-
polyethylene (MOP) showed 26% of the patients with 
conventional polyethylene had osteolysis at 10 years com-
pared with none of the ceramic patients [15]. Survivorship 
at 10 years comparing COC and metal-on-highly cross-
linked polyethylene (MoHXLPE), showed significantly 
lower wear rates for the ceramic combination [17]. This 
is attributed to the scratch profile of metal femoral heads 
that form raised asperities when damaged, which dramati-
cally increased polyethylene wear. A randomized control 
trial of COC vs. ceramic-on-HXLPE at 10 years by Beaupre 
et al. [18] shows excellent results for both combinations, 
but more revisions were seen in the polyethylene group 
due to dislocation. This may be in part due to the use of 
smaller 28-mm heads more commonly for CoHXLPE to 
ensure an adequate depth of polyethylene in smaller ac-
etabular components. Similar results for these bearing 
combinations have been reported by both Kim et al. [19] 
and Epinette and Manley [20], with excellent outcome and 
no osteolysis at 10–12 years. 

Head size and dislocation
Ceramic acetabular liners can accommodate larger 

femoral heads without the concern of increased volumet-
ric wear. These larger heads improve the potential range 
of motion and have a greater jump distance, theoretically 
decreasing the dislocation rate. This should be balanced by 
an appreciation of the reduction in articular arc that can 
occur with some acetabular shell designs when coupled 
with ceramic liners. Increased thickness at the base of the 
ceramic liner can result in lateralization of the center of ro-
tation and consequently reducing the jump distance [21].  
The Joint registry of Australia suggests trends toward a 
lower revision rate with larger head sizes [22]. Attempts to 
use larger head sizes with newer HXLPE have resulted in 
reports of rim fracture and brittleness, due to the thinner 
depth of polyethylene and also by the extent of the cross-
linking. These HXLPE liners achieve their cross-linking 
by undergoing exposure to a variable dose of gas plasma 
irradiation before re-melting. The dose of radiation aims 
to permit moderate cross-linking to minimize wear, with 
only a modest decrease in fatigue strength. Re-melting at-
tempts to eliminate free radicals, but it may affect the ul-
timate tensile strength and potentially increase the risk of 
fracture [23]. 

Noise generation
The use of hard-on-hard bearings has led to reports of 

noise generation. Squeaking and grinding have been re-
ported in several outcome studies to varying degrees [24]. 
The typical incidence of squeaking from ceramic bearings 
is reported to be between 0.5% and 20% [25]. The noise 
is not associated with pain or functional impairment and 
its cause is multifactorial (functional component orienta-
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tion, patient factors, and surgeon factors). The squeaking 
is believed to be the result of vibrations from intermittent 
stick–slip friction. Retrieval studies have postulated that 
edge loading is the cause of this noise generation and is 
a consequence of suboptimal component placement, im-
pingement, and micro-separation [26]. 

A study by McDonnell et al. [24] looked at the noise 
generated from large diameter Delta motion COC bearings 
and identified 21% of patients reporting squeaking. EBRA 
analysis of these 206 patients found the noise to be more 
common in those patients with an increased range of mo-
tion, ligamentous laxity, and patients with decreased cup 
abduction angles and anteversion. 

Studies have demonstrated that even radiologically 
well-positioned implants can exhibit a squeak [24]. The 
relevance of sagittal pelvic kinematics and its effect on 
implant orientation during functional activities has been 
studied [27]. Dynamic imaging pre-operatively may help 
identify those patients who are at risk of impingement 
or edge loading during daily activities. Edge loading is 
not unique to ceramic-on-ceramic bearings. It is equally 
likely to occur in malorientated impinging MOP or COP 
bearings producing creep deformation, wear, and poten-
tially late dislocation [28]. Optimum determination of 
component orientation specific to the patient is likely to 
significantly reduce this noise phenomenon and further 
improve the outcome and wear rates of all bearing com-
binations [29]. 

Retrieval studies looking at stripe wear in ceramic 
components observed that even with abnormal contact 
mechanics, volumetric wear with ceramic was signifi-
cantly below the threshold that polyethylene bearings 
must exceed to stimulate osteolysis [30]. Additionally, 
ceramic wear particle size, even under suboptimal edge-
loading conditions, is unable to stimulate macrophage 
activation and TNF alpha production required for oste-
olysis due to its size [31]. Analysis of bearings without 
visible stripes suggests wear rates of o1 μm at up to 30 
months from implantation, therefore if edge loading 
can be prevented with COC bearings then wear could 
be eliminated [16].

Taper corrosion
Taper corrosion and fretting have been well described 

in modular hip components [32]. Ceramic is electro-
chemically inert, so it shows minimal fretting and corro-
sion compared with matched cohorts of cobalt chrome 
counter-parts. When fretting is observed with ceramic 
bearings, it occurs at the apex of the trunnion, and when 
as metal heads, it occurs around the middle and base [33]. 
For both these reasons, ceramic heads are less likely to 
cause trunnionosis and the resultant adverse local reac-
tion that can contribute to the failure of modular metal 
combinations [34]. 

Infection
Some early level 3 data has suggested that ceramic bear-

ings have potentially a lower risk of periprosthetic deep 
joint infection [35]. Caution is required when interpreting 
such a finding, with compounding variables such as ASA 
and BMI influencing the data, but the theory is related to 
the low surface roughness and subsequently reduction in 
bacterial adhesion. 

Health economics
Ceramic bearings result in minimal or no osteolysis and 

therefore protect against revision surgery for aseptic loos-
ening from wear debris, and the resultant financial impli-
cations of these secondary procedures. The only advantage 
to using MOP is cost, given it exhibits significantly inferior 
wear characteristics. Surgeons and health economists must 
ascertain the best implant type for patients of varying ac-
tivity levels and life expectancy to ensure that hip arthro-
plasty surgery is cost effective and equitable for all. 

Outcomes
Catastrophic failure of an all-ceramic femoral compo-

nent in a THA has yet to be reported. Clinical trials in the 
United States that began in the 1990s have not reported an 
in vivo failure of a femoral head. 

In a French study, well-functioning alumina THA im-
plants showed no osteolysis at 18.5 years after surgery [36].   
At 10-year follow-up after cementless primary THA, an-

other study showed that alumina ceramic-on-ceramic 
bearings demonstrated a good implant survival rate, good 
function, a low implant wear rate, and no further radio-
graphic evidence of failure [37]. In a third follow-up study 
of third-generation ceramic bearings after 10 years, re-
searchers found results that compared favorably with oth-
er bearing surfaces [38]. 

 

In a study of the 2- to 9-year results of alumina ceram-
ic-on-ceramic THA, Murphy et al. reported that implant 
survivorship for all hips with aseptic revision of any com-
ponent was 96% at 9 years, whereas survivorship for hips 
without previous surgery was 99.3% [39]. The incidence of 
implant-related complications was 1.7%. 

D’Antonio et al., describing the 5-year results of a pro-
spective randomized study comparing alumina ceramic 
bearings with cobalt-chrome (CoCr)-on-polyethylene 
(PE) bearings, reported that revision for any reason oc-
curred in 2.7% of the patients with alumina bearings and 
7.5% of those with CoCr-on-PE bearings [40]. 

 
Osteolysis 

was reported in 1.4% of the patients with alumina bearings 
and in 14.0% of those with CoCr bearings. Ceramic bear-
ings had fewer revisions and less osteolysis, and they had 
no failures at an average follow-up of 5 years. 

The largest independent study of ceramic-on-ceramic 
bearings analyzed data on 223,362 bearings in the Nation-
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al Joint Registry. It concluded that the latest generation of 
ceramics has reduced the risk of head fracture, but not of 
liner fracture [41]. 

 

Yoo et al., in a study evaluating the clinical and radio-
logical outcomes, ceramic-related complications, and sur-
vivorship in 85 patients who underwent 100 cementless 
THAs with the use of a BIOLOX delta liner–on–BIOLOX 
forte head articulation at a minimum follow-up of 10 
years, reported no fractures of the ceramic liner or head, 
no measurable ceramic wear, and no pelvic or femoral os-
teolysis [41]. 

 

In a randomized prospective study, Kim et al. compared 
the long-term (mean follow-up, 17.1 years; range, 15-18) 
functional, radiographic, and CT scan outcomes and im-
plant survivorship of COC THA versus ceramic-on-highly 
cross-linked polyethylene THA (COHXLPE THA) in the 
same 133 patients; all were younger than 55 years of age 
and each of them underwent COC THA of one hip and 
COHXLPE THA of the other [42]. Mean Harris hip scores, 
pain scores, and patient satisfaction scores were compa-
rable in the two groups. No osteolysis was recorded on in 
either group. Component survival rates were high (>97%) 
in both groups. 
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 Керамо-керамічні пари тертя в тотальному ендопротезуванні суглобів. 
Частина 3

Зазірний І.М.1

 1Центр ортопедії, травматології та спортивної медицини Клінічної лікарні 
“Феофанія” Державного управління справами, м. Київ
Резюме. Тотальне ендопротезування кульшового суглоба сьогодні забезпечує 

довгострокові результати, але остеоліз, що виникає внаслідок зношування поліетилену, 
залишається основною причиною асептичної нестабільності та ревізії. Звичайний 
поліетилен не зміг забезпечити відповідний темп зношування для молодих активних 
пацієнтів, які потребують тотального ендопротезування через значні навантаження, 
що у таких хворих діють на пари тертя в штучному суглобі. Стратегії зменшення 
тертя та зношування приводять до розвитку керамічних пар тертя для тотального 
ендопротезування суглобів. У наступне десятиріччя навряд чи відбудеться зміна 
парадигми у матеріалах, що використовуються для тотального ендопротезування 
суглобів. Рішення будуть спрямовані на удосконалення хірургічної техніки з точки 
зору орієнтації компонентів, щоб покращити умови функціонування ендопротезів і 
досягти кращих результатів для пацієнтів. Оптимальні поверхні штучного суглоба – 
це поверхня з дуже низьким рівнем стирання, низьким коефіцієнтом тертя, стійкістю 
до подряпин і біологічною інертністю. Вони також дають змогу збільшити розмір 
головки стегнової кістки, щоб мінімізувати частоту вивиху без пошкодження конічного 
з’єднання голівки і ніжки протеза. Таким матеріалом, що задовольняє сучасні вимоги до 
суглобових поверхонь штучних суглобів, є сучасна кераміка.

Ключові слова: тотальне ендопротезування кульшового суглоба; тотальне 
ендопротезування колінного суглоба; кераміка; поліетилен; тертя поверхонь.
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