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Abstract Alumina-on-alumina bearings in total hip
arthroplasty have been developed in an attempt to
minimise debris and the occurrence of osteolytic lesions.
The outstanding tribological properties of this bearing
system are explained by low surface roughness, high
hardness for major scratch resistance, and high wettabil-
ity. Since the 1970s, technological improvements in the
manufacturing process of alumina components together
with a better understanding of Morse taper technology
have provided a surgical grade material with high
density, high purity and small grains. Published studies
on the outcome of total hip arthroplasty performed with
this new generation of implants showed high survivor-
ship especially in young and active patients, with
survival rates free of revision of 90.8% to 97.4% at
ten years. However, concern remains over ceramic liner
fracture and squeaking, which has been noted recently
with increasing prevalence. This review will discuss the
current knowledge on the use of alumina-on-alumina
bearings.
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Introduction

Beginning with the early work of Boutin in France [1],
alumina-on-alumina (al-al) implants have become a reliable
alternative to metal on polyethylene bearings because of
decreased wear production and lower rates of osteolytic
lesions. During their initial use, until 1979, ceramic
implants resulted in a high rate of aseptic loosening of the
cemented socket and risk of component fracture, which
were mainly related to bad design and flaws in the material.
Incremental improvements in the manufacturing process,
design, and quality control have since significantly de-
creased the risk of fracture to approximately 0.02% to
0.1% [2]. Also, minimal wear rates together with limited
osteolysis can be expected for up to 20 years, provided that
sound fixation of the acetabular component is achieved.
During recent decades, different solutions have been
explored in our department to address the problem of
socket fixation, including the use of cement (from 1977 to
1983) [3], smooth screwed threaded Ti shells (from 1983
to 1989) [4], press-fit bulk alumina cups [5], and finally
press-fit Ti shells that allowed better and durable fixation
of the implants. Ti shells were initially covered with a
pure Ti grid (from 1989 to 1997), and then replaced by
hydroxyapatite-coated Ti shells with alumina modular
inserts (starting in 1997) (Fig. 1).

With this new generation of implants, the alumina-on-
alumina bearing represents a very promising option,
especially in young and active patients, with survival rates
free of revision of 90.8% to 97.4% at ten years [6, 7]. When
compared to metal-on-highly cross-linked polyethylene, the
alumina-on-alumina bearing appears to be as reliable and
durable at mid-term follow-up [8]. However, a number of
authors have recently raised concerns regarding the use of
titanium acetabular components coupled with ceramic
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Fig. 1 Current design of the socket: Hydroxyapatite-coated Ti shell
with an alumina modular insert. Courtesy of Ceraver Osteal (Roissy,
France)

press-fit liners including malseating of the ceramic liner,
fracture of the liner [9], and the occurrence of noise [10-12].

The aim of this review paper is to provide an overview
of current knowledge on the use of alumina-on-alumina
bearings in total hip arthroplasty.

Wear performance of al-al bearings

Ceramics were introduced in total hip arthroplasty because
of their low friction and high wear resistance [13]. Alumina
ceramic is a highly oxidised ceramic, obtained from
alumina oxide powder with bonding and Iubricating agents,
pressed and sintered at 1600°C. The outstanding tribolog-
ical properties of the alumina couple are explained by a low
surface roughness because of the low grain size (Ra=
0.02 um), a high hardness responsible for major scratch
resistance, a high wettability, and fluid-film lubrication
[14]. Also, sphericity and clearance between the alumina
femoral head and cup must be almost perfect to avoid
abnormal wear of al-al bearings, as reported in the past by
German groups [15—17]. In vitro wear studies have shown
that the optimal deviation from sphericity was +1 pum, and
clearance between the two components was 20-50 pm.
More will result in increased friction coefficient and less in
breakage of the fluid film lubrication. Also, high contact
stresses should be avoided because they are associated with
increased wear and wear particle shedding. It was found
that high contact stresses were associated with excessive
sphericity clearance (more than 50 um) and impingement
due to tilting of the socket or inadequate positioning during
surgery [14]. Clinical retrievals of al-al bearings have
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indicated steady-state wear rates of alumina bearings to be
a few microns per year [16, 18], and sphericity, surface
roughness, and wear volume to be directly related to
alumina grain size. In some instances, wear was as low as
a few microns for a 15-year period in use, which is 2000
times less than a regular metal-on-polyethylene sliding
couple and 100 times less than a metal-on-metal prosthesis
[19]. However, in abnormal situations massive wear of
alumina components may be observed, mainly due to the
use of old aluminas with a low density, and a very coarse
microstructure [20]. During the last 20 years, alumina
quality has improved progressively, which has resulted in a
correlated decrease of the microscopic wear and better
survival rates of implanted hips.

From a biological perspective, the usual reaction to
alumina wear debris is fibrocytic with very few macro-
phages and no giant cells (Fig. 2). In vitro studies have
shown that ingested particles will activate macrophage
production of proinflammatory cytokines, but in a lower
quantity than with polyethylene particles [21]. Macrophage
apoptosis occurred sooner and was more extensive with
alumina particles than with polyethylene particles of the
same size. This may explain the lower inflammatory
response to alumina particles and the lower incidence of
osteolysis around hip implants [21, 22].

Clinical outcome

The extensive literature reporting the outcome after total
hip replacement with the al-al combination must be
interpreted with caution, depending upon the period of
implantation, design of the prosthesis, and the method of

Anti-Col-I x 40

Fig. 2 Immunohistochemical study of type I collagen expression in
periprosthetic tissues around aseptically loosened al-al implants
showed mainly a fibrocytic reaction with very few macrophages and
lymphocytes. A/ alumina particles, Metr metallic particles
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femoral and actebular fixation. Our initial experience with
the cemented plain alumina socket gave disappointing
results, with a survival rate at ten years averaging 88.6%
[3]. Failures were mainly due to isolated aseptic loosening
of the acetabular component by acute debonding at the
implant—cement interface. This was confirmed in a longer
follow-up of patients operated by Pierre Boutin [23]. The
series was composed of 118 consecutive alumina-on-
alumina total hip arthroplasties done in 106 patients
between 1978 and 1980. The prostheses combined a 32-
mm alumina head and an all-alumina socket. Both
components were cemented in 85 hips, cementless in 29,
and the stem was cemented and the socket was cementless
in four. The mean age of the patients at the time of the
index arthroplasty was 62.2 years (range, 32—89 years). At
the 20-year follow-up evaluation, 45 patients (51 hips) were
still alive and had not been revised, 25 patients (25 hips)
had revision of either one or both components, 27 patients
(30 hips) had died from unrelated causes, and nine patients
(12 hips) were lost to follow-up. The mean Merle
d’Aubigné hip score was 16.2+1.8 at the latest follow-up.
Survival of the cup at 20 years with revision for any reason
was 85.6% (95% confidence interval range, 72.2-99%) for
cementless cups versus 61.2% (95% confidence interval
range, 46.8—75.6%) for cemented cups. Survival of the stem
at 20 years with revision for any reason was 84.9% (95%
confidence interval range, 71.1-98.8%) for cementless
stems versus 87.3% (95% confidence interval range,
77.4-97.1%) for cemented stems. Wear of the prosthetic
components was undetectable on plain radiographs. From
our institution, many papers have been dedicated to the
clinical outcome after total hip replacement in young
patients. From 1990 to 1992, 71 hybrid alumina-on-
alumina hip replacements were performed in 62 patients
with a mean age of 46 years at surgery [24]. The prostheses
comprised a cemented, collared, smooth stem of anodised
titanium alloy, a 32-mm alumina head and a press-fit,
hemispherical, metal-backed socket with an alumina insert.
Taking revision for any reason as the endpoint, the overall
survival rate was 93.7% at nine years (95% confidence
interval range, 87.7-99.7). One socket had a complete
radiolucent line less than 1 mm thick. There was no
component migration nor osteolysis (Fig. 3). In a recent
retrospective study, Petsatodis et al. [25] reported their
long-term results of 109 total hip arthroplasties performed
with a cementless alumina ceramic-on-ceramic prosthesis.
Six hips required revision surgery, and the cumulative
survivorship at 20.8 years was 84.4%. This was also
confirmed by Kress et al. [26], who showed excellent
results with a cementless al-al total hip arthroplasty at
10.5 years, with only one hydroxyapatite-coated stem
requiring revision for aseptic loosening, and one showing
a non-progressive osteolysis around a screw of a cup. These

Fig. 3 Twenty-five-year results after implantation of a cemented bulk
alumina socket

results show that improvements in socket fixation have
been possible when compared with earlier series of
alumina-on-alumina arthroplasties and that excellent results
can be expected in the long term, especially in younger and
more active patients.

Low rate of osteolysis

The limited incidence of osteolytic lesions observed with an
al-al combination has been confirmed by many authors who
gave several different explanations including a lower
concentration of wear particles in the periprosthetic tissue
around the bearing, which has been evaluated to be many
thousand times less than with a regular metal-on-
polyethylene couple [27], and the inert nature of the
material, which is highly oxidised and very well tolerated
both in massive and particulate forms [22, 28]. These data
have been supported by clinical studies. At 20 years follow-
up, osteolytic lesions were not encountered at the socket
nor at the femoral level [23]. Fye et al. [29] reported a very
limited osteolysis with the Mittelmeier prosthesis. Similar
results were reported by Gualtieri et al. [30] with a
cemented al-al prosthesis at eight years follow-up, and
Huo et al. [31] with a cementless prosthesis at nine years
follow-up. Hernigou et al. [32] recently investigated wear
and osteolysis on 28 ceramic-ceramic arthroplasties which
had survived 20 years without revision and without
loosening. Osteolysis could not be detected on anteropos-
terior pelvic radiographs but only on 3D volume from CT
scans, and was always significantly lower than that
observed with a ceramic-polyethylene couple. When pres-
ent, acetabular bone defects were most often contained
cavitary defects that might have been created by removal of
the cement from the acetabular anchorage holes when the
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sockets had been cemented. These defects can be managed
by using a component which is 2-4 mm larger or by using
an impacted morselised allograft. Acetabular reconstruction
with a Kerboull device and bone grafting is seldom
necessary when revising an al-al prosthesis. This situation
is mainly encountered during the revision of smooth
threaded acetabular shells that caused excessive peak forces
on the bone, leading to stress-induced bone resorption and
early migration of the cup [33]. Among the other factors
that might explain osteolytic lesions in al-al bearings, one
must also consider that after loosening there are many
materials grinding against each other thus producing
cement particulates and titanium alloy debris that can
trigger a chronic inflammatory response through the
enhancement of TNF « production (tumour necrosis factor
«) and macrophage activation [21]. Animal studies and
histological analysis of pseudomembranes from loosened
alumina cups suggest that this unexpected osteolysis was
probably induced by metal or cement debris rather than by
alumina particles [34]. Recently, Hatton et al. [35] showed
that ceramic wear particles generated under microseparation
conditions could induce osteolytic cytokine production by
human macrophages, but they estimated that the volumetric
concentration of the particles needed to generate this
response was extremely high and could not be achieved in
the clinical setting. We therefore consider that true osteolysis
can only be observed in abnormal situations such as
inadequate implant positioning, abnormal contact, or with
instability of the components.

Issues related to the use of al-al bearings
Fracture of ceramic implants

Ceramics are known to be brittle materials with no ductility
and limited bending strength. As the material has no
possibility to deform, implants break without warning.
The fracture toughness (Klc value) is used to measure the
brittleness of the material. Fracture will occur if the stress-
intensity factor K1 of one of the volume elements becomes
larger than the fracture toughness. The mode of failure
usually is related to the propagation of subcritical cracks,
which are favoured by stress concentration zones caused by
imperfections either at the surface or within the material
including pores inhomogeneities, scratches, and micro-
notches [36]. Several factors have been reported to increase
the risk of failure of ceramic heads including increased
body weight, high activity level, hammering of the femoral
head, and imprisonment of a foreign body between the
morse taper and the ball, but the most important is certainly
material quality. Since the 1970s, technical improvements
in the manufacturing process of alumina components
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together with a better understanding of Morse taper
technology have offered reliability and higher security,
and have resulted in a significant reduction of the ceramic
fracture rate [2]. Improvements in conical fixation technol-
ogy, particularly cone angle accuracy, tolerance, and
roughness, have yielded an increase in burst strength to
102 KN. With these improvements the fracture risk has
decreased from 1% to less than 0.004% with current-
generation alumina femoral heads [36]. Although dramatic,
these events have to be compared with other risks of
mechanical failure, such as metallic stem fracture, polyeth-
ylene wear, and polyethylene liner wear and fractures. In a
paper from Heck et al. [37], the incidence of alumina
ceramic fracture was less than metallic stem fracture or
polyethylene liner fracture.

The management of ceramic fractures is controversial.
The results of revision total hip arthroplasty performed in
these situations have been quite variable and disappointing.
Some authors reported catastrophic metallic head wear and
osteolysis caused by third body wear after incomplete
synovectomy [38—40]. We observed less dramatic features,
even though fracture remains a spectacular mode of failure
after total hip replacement. This is supported by Sharma et
al. [41], who followed up eight patients in whom a metal-
on-polyethylene bearing was implanted after a fracture of
the ceramic head. There were no revisions for polyethylene
wear, osteolysis, or aseptic loosening at a mean ten years
follow-up. It is of paramount importance to recognise
ceramic implant fractures early, before catastrophic material
deterioration occurs. If revision is performed with some
delay, massive destruction of bone and tissues may occur,
largely due to metallic debris originated from abrasive
effects of alumina particles on the metallic stem, neck or
socket.

Specificity of ceramic acetabular liner fractures

Over our 30-year experience with the alumina wear couple,
we have observed seven cases of ceramic liner fracture
[42]. They occurred soon after surgery (3—10 months), and
concerned small component sizes (50 and 52 mm in
diameter). Among the seven fractures, three were managed
by a single replacement of the alumina liner. Two ex-
perienced a refracture of the insert at five months and
88 months after the first revision surgery. Both involved
50-mm diameter sockets, of which the design had been
modified by the manufacturer in the year 2000 to diminish
the initial overlip of the liner in order to avoid impingement
with the femoral neck and improve theoretical range of
motion. At refracture, one hip was revised by changing the
head and the metal back for a larger one, and one was
revised by changing the head and implanting a cemented
polyethylene cup. The association of a thin liner and reduc-
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tion of the overlip acted as a stress riser on the rim of the
liner that not only explained the first fracture, but also the
second one. We suspect these fractures occur during
surgery, as was suggested by the four fractures that
occurred during the introduction of the liner in to the
metal-back and were replaced immediately. Also, great
attention must be paid to cleaning the interior of the
metal-backed shell from potential contaminants, and to
position the insert correctly before sealing it by gentle
hammering. It is likely that the incidence of intra-operative
chipping of ceramic inserts will significantly decrease in
the next few years, when surgeon education efforts will
be put into effect. Given our experience, we recommend
the replacement of the acetabular shell when revision is
performed for a fracture of the liner, especially in the case
of small socket sizes.

Squeaking

With the increasing number of prostheses implanted,
audible squeaking has arisen as a new complication. It
is a very annoying noise, similar to one emitted from
a nonlubricated hinge, and has been reported not only
with ceramic-on-ceramic but also with metal-on-metal
bearings. The incidence of squeaking varies consider-
ably, ranging from less than 1% to 20% [43-45].In a
recent prospective observational study on 1,486 ceramic-
on-ceramic total hip arthroplasties, 6% of the hips
developed squeaking but just nine patients required
revision surgery [46]. No association could be found
between component position and squeaking. The intensity
of squeaking decreased in about 30% of the patients but
did not resolve completely.

The exact mechanism for squeaking remains unclear.
Although several explanations have been proposed, it is
likely to be multifactorial and no definite conclusion can be
drawn from the reported series. Squeaking can be repro-
duced experimentally. Taylor et al. [47] demonstrated that
squeaking was encountered in association with stripe wear
and occurred during subluxation of the head across the
insert edge once the stripe wear began to form. He
suggested that lubrication conditions and contact stress
might also play a role in squeaking, which was confirmed
by in vitro bench tests that simulated hip squeaking [48]. In
these tests, squeaking only occurred when the film fluid
between the two surfaces was disrupted. Walter et al. [49]
suggested that squeaking may result from resonance of one
or other or both of the metal components especially when
there is a mismatch between the shell and the liner during
edge loading, which may cause the liner to tilt out of the
shell. Nevelos et al. [50] suggested that femoral head
microseparation due to femoral neck impingement on an
elevated metal rim may cause ceramic pullout and produce

4-mm wide wear stripes. They reported that microsepara-
tion was associated with a clicking sound. Finally, in a
recent study [51], the prevalence of squeaking was seven
times higher for patients who had received a titanium-
molybdenum-zirconium-iron-alloy stem as compared to
those who received a titanium-aluminum-vanadium-alloy
stem, suggesting that different stem alloys may have an
impact on the frequency of squeaking following a ceramic-
on-ceramic total hip arthroplasty.

Revision of al-al bearings

The revision of an al-al total hip arthroplasty has specific
features that are still debated in the literature. Since Pulliam
[52] reported on the case of a ceramic head breakage
implanted on a used taper, manufacturers have strongly
advised against reimplantation of a ceramic head on a used
trunnion. Potential damaged areas of the taper may create a
stress riser that can be responsible for the initiation and
propagation of a crack that ultimately would lead to a
fracture of the newly implanted head. Moreover, secure
fixation of the head on a damaged taper may be impaired
with a theoretical risk of massive wear from abnormal
movement between the head and taper. We believe that
from a surgeons point of view the removal of a well fixed
stem is demanding with respect to blood loss, surgical time
and possible later discomfort, and leads to an increased risk
of surgical complications that might seriously impair hip
function in the long term. Given the lack of clear data
available on the revision of ceramic-ceramic implants at the
time, during the past 30 years, we reused the same ceramic
ball after dissociation in seven hips, and reimplantated a
new ceramic ball on a used cone in 54 hips (45 alumina
heads, nine zirconia heads) [42]. In all cases, inspection of
the Morse taper only showed small scratches, and a
protection cap was used during surgery. Among these hips,
no ceramic fracture was observed at a mean 88+65 months
follow-up. Therefore, we strongly recommend making a
visual evaluation of the cone to test the ceramic head and
check if there is mobility and retain the stem only if these
checks are positive. If there is any uncertainty on the cone,
the stem should be definitely replaced. If the Morse taper
is damaged, one solution would be to replace the ceramic
head with a metallic ball. However, alumina particles
remaining in the surrounding tissues might cause third-
body wear of the metallic ball. Therefore, when a metallic
ball is implanted to replace a fractured ceramic head, care
must be taken to remove all ceramic particles from the joint
cavity. This includes a thorough lavage and debridement of
the hip, a complete synovectomy, and the systematic
replacement of a polyethylene cup in which particles can
be incorporated. Moreover, it is likely that the use of a
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chromium-cobalt head, which is tougher than stainless
steel, would reduce the risk of metallic head wear.

Conclusion

Over 30 years of experience with al-al bearings has allowed
us to draw some conclusions such that improvements in the
fabrication of current ceramics have dramatically reduced
implant fracture and osteolysis rates which were problem-
atic in the earlier generation of alumina implants. The
current alumina-on-alumina bearing system is safe if the
material is of high quality, if cone technology is accurate
and if the material has a significant thickness. Excellent
results may be expected without any physical limitation
especially in young and active patients. Revision is easy to
perform due to the lack of foreign body reaction and
osteolysis. Although al-al bearings have proven their
efficacy in the long term, concern remains over some risk
of fracture and the cost of the prosthesis. Surgical technique
is also highly relevant and effective surgeon education is
essential before performing an al-al total hip arthroplasty.
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