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Background: Ceramic surfaces offer excellent tribological properties and for this reason are frequently used in
younger patients with osteoarthritis of the hip. However, they may fracture easily owing to low tolerance to tensile and
impact stresses in particular. We report a case of early fracture of a currently available ceramic liner in a 44-year-old

woman with revision total hip arthroplasty.

Methods and Results: Scanning electron microscopy and macroscopic fractographic examination were done to
elucidate the cause of failure. These showed the fracture started most probably at the inner surface of the cup. Several
mechanisms of fracture initiation are discussed in the paper.

Conclusion: This is the first report on early fracture of the Plasma cup ceramic liner in white man. The fracture
occurred intraoperatively or early postoperatively while the diagnosis was determined much later despite the patient
had experienced sensations of subluxations long time before.

INTRODUCTION

Alumina-on-alumina ceramic hip prostheses were intro-
duced into the practice of total hip arthroplasty (THA) to
reduce periprosthetic osteolysis by significantly reducing
the generation of wear debris. Also, ceramic wear parti-
cles have much lower biological activity than do polyeth-
ylene particles'. Current alumina ceramics have excellent
tribology characteristics and good resistance to compres-
sive loading; their fatigue limits significantly exceed the
stresses induced by daily living activities?. Consequently,
they are often used in young patients with a higher level
of activity and increased motion demands.

Despite advances in manufacturing, alumina ceramics
remain a subject of concern due to their hardness and
limited fracture toughness, which may predispose them
to fracture3-*. Ceramic head and liner fractures have been
reported, often associated with massive metallosis and
exposure of the body to particles of titanium or cobalt-
chromium alloy from the metallic shell®. It was recently
found that serum titanium levels may remain elevated for
more than 1 year after revision’.

In this case report, we present a very early failure of an
alumina ceramic liner in a modern total hip arthroplasty.
Scanning electron microscopy and macroscopic fracto-
graphic analysis were performed, and possible mecha-
nisms of fracture initiation are discussed.

CASE REPORT

In December 1995, a 37-year-old woman underwent
a cementless Anatomique Benoist Girard (ABG) hip ar-
throplasty (Howmedica, Staines, England) for advanced
osteonecrosis of the left femoral head. Throughout the
normal course of the surgery and postoperative period
the patient was never fully satisfied with the surgery and
complained early of instability and intermittent pain. The
patient’s weight and height were 90 kg and 168 cm, re-
spectively (body mass index = 31.8).

In January 2002, the patient complained of pain, and
periprosthetic osteolysis was observed on x-ray (Fig. 1A).
Revision surgery was performed. Interestingly, no sign of
impingement of the neck of the stem on the edge of the
cup was identified on the polyethylene liner. A type-II® de-
fect was found at the acetabular site, and the region of the
major trochanter was largely destroyed by osteolysis, while
the diaphyseal bone was uncompromised. After meticu-
lous debridement of the osteolysis and spongioplasty, a
hemispherical cup (Plasma cup SC, Aesculap, Tuttlingen,
Germany) and press-fit stem (Wagner SL, Centerpulse,
Switzerland) were implanted. The outer diameter of the
cup was 52 mm; thus, a ceramic liner for a 28-mm-diam-
eter ceramic head was chosen (Biolox Forte, CeramTec,
Plochingen, Germany). The hip was confirmed to be
stable, with no observed neck-rim impingement in any
direction intraoperatively. On radiograph (Fig. 1B), the
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cup was observed to be settled across the Kohler line with
an abduction angle of 48°.

As early as 3 months after the revision surgery the pa-
tient again complained of pain. Early sepsis was excluded
by routine procedures including serological tests and aspi-
ration’. Neurological examination excluded neurological
disease as a primary source of complaints. One year later
the patient presented subluxations of the left hip. Thirty
months after the revision surgery, ceramic fragments were
apparent on x-ray (Fig. 1C) but were misjudged as ossifica-
tion. The difficulties with instability and pain increased
until October 2005 when squeaking manifested. However,
the patient refused revision surgery at that time. Revision
surgery was performed in May 2006 when the squeaking
noise accompanied each step, and gross dislocation of the
ceramic liner was observed on x-ray (Fig. 1D).

Arthrotomy revealed excessive metallosis, and 2 large
pieces of ceramic liner and numerous small ceramic frag-
ments (ranging from 1 mm to 1 cm) were retrieved. It was
clear when examining the components that the alumina
head had been articulating directly against the stable me-
tallic shell. The metallic shell and neck of the femoral stem
were damaged but not fractured. The femoral stem was
well fixed to the bone tissue; thus, a transfemoral approach
was used to extract it. After a meticulous debridement,
a cementless threaded cup (Bicon plus; Endoprothetik
plus, Switzerland) and Wagner revision stem (Zimmer,
USA) were implanted. The bearing surfaces consisted of
a polyethylene liner and alumina-ceramic head (Biolox
Forte).

Description of the retrieved surfaces

Following clearing and sterilization, the retrieved dam-
aged ceramic components were coated with gold (approxi-
mately 5 nm; Polaron E5100, Polaron, UK). They and
the metallic shell were examined using a stereo binocular
microscope with a fiber optical light source (JD and DG)
and a Tesla BS 340 scanning electron microscope (SEM;
RN) (Tesla, Czech Republic).

The retrieved metallic shell was greatly damaged, with
almost complete “wear-through” in some places where it
was obvious that the ceramic head had been articulating
(Fig. 2). An irregular net of grooves was observed, sug-
gesting long-term abrasion.

The ceramic liner was completely destroyed (Fig. 3),
and only a part of the original fracture surface was pre-
served at the time of surgery. The portions of the ceramic
liner remaining in the metal shell were greatly damaged,
probably by the interposed ceramic debris and impinge-
ment by the neck of the stem.

The prosthetic ball was not fractured. However, its
surface was seriously damaged by wear and had lost its
spherical shape. At the surface of the prosthetic ball, there
were signs of contact fatigue, together with pinholes after
chipping (Fig. 4).

The probable reason of fracture

Because the remnants of the ceramic liner retrieved
during surgery were severely damaged, assessment of the
true cause of failure was very difficult. Based on the mac-
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Fig. 1. A, Anteroposterior (AP) radiograph of the left
hip taken before revision surgery and showing
retroacetabular and femoral osteolysis (arrows).
B, AP radiograph of the same hip postoperatively.
C, AP radiograph taken 30 months later, demon-
strating small pieces of ceramic dislodged from
the shell (arrows). D, AP radiograph performed
before the second revision and showing dislocat-
ed large piece of ceramic liner (black arrow) and
many small ceramic pieces along the stem (white
arrow).

ro-fractography analysis of the destroyed parts of the ce-
ramic liner, it can be concluded that the primary fracture
was initiated at the inner surface of the cup (Fig. 3B). A
large part of the inner surface of the cup was damaged by
wear, most likely due to third-body abrasion prior to cata-
strophic fracture of the cup. The wear damage initiated
multiple cracks during the loading regime until 1 crack
reached a critical size, resulting in catastrophic failure.
We propose several possible causes for the fracture.
The first is the presence of a micro-defect (manufacturing
imperfection) at the surface or subsurface of the ceramic
material. The second is introduction of micro-damage in-
traoperatively during fixation of the liner to the metallic
shell. The third is trapping of a um-sized, hard foreign
body between the ceramic liner and the prosthetic ball,
initiating wear. The location of impingement could not
be identified due to severe damage and absence of large
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Fig. 2. A, A new cup created in the original metallic shell by the ceramic head after dislodgement of a large ceramic
piece. B, Detail of the sharp ridge of the newly developed cup (big frame). SEM: scale bar = 1 mm. C, Detail
of the undamaged metallic shell (intermediate frame) with fine roughness on the original surface. The deep
groove with an irregular edge was probably caused by a ceramic fragment. SEM: scale bar = 500 um. D, Detail
of the damaged surface (small frame) with a net of irregular striae probably caused by large ceramic debris.
SEM: scale bar = 20 um.

pieces of the ceramic liner rim. However, the neck of the
stem may have repeatedly impinged on the rim of the
acetabular cup until brittle fracture occurred at the pro-
truding rim, producing a chip that then may have been
trapped inside the bearing.

Improper positioning of the ceramic liner is another
reported cause of fracture. Had the liner not been fully
seated in the metallic shell, or had it been seated in an
angular position, this may have resulted in high point-
contact stresses during normal gait'’. Improper alignment
and positioning of the shell can encourage rim contact
referred to as stripe wear. Recent reports show that even
well fixed and properly positioned acetabular components
can exhibit this form of damage!'. The stripe wear phe-
nomenon is explained by micro-separation of the bear-
ing centers during the swing phase of normal walking
and subsequent edge loading on heel strike. Edge loading
can cause a localized concentration of stress between the
femoral head and the rim of the acetabular cup, leading to
a characteristic stripe wear pattern. Postoperative causes

of failure in such implants may be related to heavy falls,
dislocations, or repetitive subluxations.

DISCUSSION

We describe the catastrophic failure of a Plasma cup
SC ceramic liner in revision THA. Based on the patient’s
symptoms, it appears that the fracture occurred soon after
surgery. This implies the presence of a defect originating
in the manufacturing process or design, which was further
propagated in response to intraoperative (heavier reduc-
tion of the hip) or early postoperative (subluxations or
fall) events. In addition, the patient’s high weight (body
mass index = 31.8) may have accelerated crack propaga-
tion.

There is a previously reported case of fracture of a
Plasma cup ceramic liner in a 34-year-old man (67 kg,
164 cm) from South Korea, 1 year and 9 months after
surgery'2. The fracture was probably caused by neck-rim
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Fig. 3. A, Retrieved piece of ceramic liner with only a small area of preserved edge surface. B, View of the fracture
surface. The fracture was probably initiated at the inner surface of the liner (big frame) and grew under the
influence of a third-body abrasion wear mechanism. C, Detail of the interface between the fractured and un-
fractured surfaces of the retrieved portion of the ceramic liner. SEM: scale bar = 500 um. D, An articulating
surface of the ceramic liner (small frame) was damaged by ceramic wear. SEM: scale bar = 50 pm.

impingement due to extreme hip motions related to the
daily activities of Asian people, who frequently squat or
sit cross-legged. Evidence of contact between the femo-
ral neck and acetabular rim was reported as a common
feature on retrieved acetabular liners'> 3. Although such
extreme hip-joint motion is not likely in our case, stem-rim
impingement cannot be completely excluded.

Intraoperative findings in our study were unlike those
in the previous case report. Extensive metallosis was
observed, compromising the bone bed due to both dis-
semination of hard ceramic fragments and direct wear of
the metallic shell. In the Min et al'? report, the degree of
damage to the ceramic inlay, shown in Figure 5 of their
paper, was mild in comparison to that observed in our
study. Earlier surgery would undoubtedly have diminished
metallosis. The reasons for the delay were late diagnosis
and patient-related factors.

To prevent catastrophic development, early and reli-
able diagnosis is needed. In our patient, the history of
pain and feelings of subluxations continued from the
pre-revision stage and were superimposed on the specific

symptoms of ceramic liner fracture. In addition, other
sources, including sepsis and extrinsic sources of hip pain,
were investigated. This, together with late manifestation
on radiographs, led to delayed diagnosis. Toni et al** found
a positive correlation between ceramic liner fracture and
a noisy hip on clinical examination. They recommended
computed tomography (CT) and joint aspiration in any
snapping hip after ceramic THA to rule out early failure.
However, we doubt that particle analysis of the joint aspi-
rates is sufficiently widespread to enable routine examina-
tion. Also, if very early fracture occurs without dislocation
of ceramic fragments, then the results of CT examination
may be of limited value. Radiographic signs of fracture
occurred late in our case. However, we suspect earlier frac-
ture of the liner, since the ceramic pieces were contained
within the metallic shell, their release being difficult®.
Thus, awareness of that complication in conjunction with
close follow-up may be of paramount importance during
the early phase of ceramic THA failure.

The rate of ceramic liner fracture has been reported
to be between 0 % and 3.5 %, with a higher incidence
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Fig. 4. A, Gold-coated ceramic ball before SEM investigation with an almost completely damaged surface and loss
of ideal sphericity. B, Comparison of distinct regions of the surface of the prosthetic ball showing the wear
damage. SEM: scale bar = 500 um. C, The same area as in B but at a different viewing angle that illustrates
the damage features after contact fatigue load. SEM: scale bar = 500 um. D, Features of the damaged ceramic
surface and damaged surface of the liner (Fig. 3D) are similar. SEM: scale bar = 50 pm.

among sandwich-type ceramic cups versus 1-piece com-
ponents® >, Furthermore, the risk of fracture seems to
be greater in the Asian population, where squatting, kneel-
ing, and sitting cross-legged are more common than in the
Western population. However, in the Western population,
regardless of progress that has been made in optimizing
the design of the insert and neck, impingement is also
possible, especially with suboptimal implant positioning
and in patients with a high range of motion*. Regarding
the predisposition of alumina ceramic liners to fracture,
an essential question remains: does this material easily
fracture? Based on current quality requirements (FDA,
IS0, etc.), experimental studies, and the rare rate of these
events in clinical practice> > ' 8 the answer seems to be
no. The fracture strength of alumina ceramic liners was
found to be more than 70 kN, and modern modular
ceramic-on-ceramic hip arthroplasty can withstand a re-
petitive impact of up to 12 kN5, But naturally, the hip is
cyclically loaded with alternating phases of touch-down
and separation during gait. In addition, the hip joint nor-

mally transmits forces much lower than this, between 4.8
and 10 kN, depending on the method of measurement and
the type of daily activities, including unwanted stumbling
and falling?® ', As these values are far below the reported
fracture threshold of modern ceramic liners, events such
as fracture of a 1-piece ceramic liner should be interpreted
as irregularities that might be explained as part of a range
of pathological scenarios described in our case report.
The likelihood for fracture under physiological conditions
and precise operative techniques remains low.
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