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CASE REPORT

Ceramic on ceramic total HIP arthroplasty and liner
fracture. Two case reports and review of literature

Claudio Goretti, Federico Polidoro, Stefania Paderni, Alberto Belluat:
Department of Orthopaedic and Traumatology, “Santa Maria Delle Croci Hospital”, Ravenna, Italy

Summary. Background and aim of the work: Ceramic on ceramic bearing surfaces in total hip arthroplasty are
rising in number with the purpose of reducing debris osteolysis in young patients. New generation ceramics
drastically reduced the well known problem of liner’s fracture associated with this material but this still repre-
sents a complication. Methods: We present the only two cases of acetabular liner fracture we had in our depart-
ment, on a total of 252 patients, since we use CoC bearing surfaces in THR (2005-2019) analyzing symptoms
and causes of this complication. Review of recent literature focused on symptoms and causes of liners fracture,
well matched our cases. Results: In line with the analysis of literature, the major cause of liner fracture is
neck-cup impingement resulting in the “edge-loading” effect, followed by other factors like prosthesis design,
traumas and patient weight. From data also emerge the role of acoustic phenomena (e.g. squeaking) and CT
scan in the diagnostic process. Conclusions: Last generation ceramics should be used in CoC THR, implant
malposition and prosthesis design have a dominant role in liner fracture, squeaking should always be investi-
gated. CT scan have an important role in diagnosis. Implant revision with substitution of the bearing surfaces

is mandatory in case of fracture or impending fracture signs. (www.actabiomedica.it)
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Background and aim of the work

Ceramic-on-ceramic (CoC) bearing surfaces in
total hip arthroplasty (THA) were developed with the
purpose of reducing wear-induced osteolysis in young
and active patients undergoing total hip replacement,
thus theoretically decreasing the need for early aseptic
loosening revision of the implant. Indeed, the use of
other bearing surfaces routinely used in hip replace-
ment surgery are demonstrated to produce a much
higher rate of debris particles (1000 times more for
metal-on-polyethylene and 40 times more for metal-
on-metal surfaces(1)) and to be more related to bone
resorption (2) around the implant than ceramic-on-
ceramic surfaces. The typical low rate of debris pro-
duction in CoC implants seems to be related to their
extremely hard scratch-resistant surfaces and their hy-

drophilic characteristics that improve lubrication over
the bearing surfaces (3).

A still present problem with this kind of implant,
however, is the risk of liner and femoral head prosthet-
ic fractures, though the introduction of new genera-
tion ceramics (e.g. Biolox-Delta®), decreased the rate
of this complications to a 0,004% for femoral head and
1,12%-3,3% for liners (4-6).

Proposed causes of ceramic components fracture
are the neck-cup impingement due to excessive ac-
etabular cup anteversion especially during squatting,
kneeling, and sitting cross-legged (5, 7, 8), dislocation,
microseparation, trauma with implantation, and mal-
position of the implant (9, 10). In fact, the ideal ab-
duction and anteversion angles for the acetabular cup
appear to be respectively 45° to 55° and 10° to 15° (5),
higher angles relating to neck-cup impingement.
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The typical kinematics regarding neck-cup im-
pingement seems to be referred to two mechanisms:
the so called “edge-loading” effect, in which the con-
tact between the neck of the femoral component and
the edge of the cup produce the head subluxation
on the opposite side causing a stress rise at this level
where the fracture line starts; and a chipping ceramic
mechanism due to repetitive neck-cup contact on the
same side of the contact (11).

Clinical presentation of ceramic liner fracture can
vary from audible noise (squeacking) during walking,
or anyhow during active hip movement, to local insta-
bility, and in some cases can even remain undiagnosed
for long time. Otherwise ceramic femoral head frac-
ture is always a catastrophic event (12) presenting with
acute pain and hip impairment.

Investigation of a noisy-instable CoC THR
should include standard pelvis and hip X-rays and
a CT scan of the involved hip to detect any ceramic
periarticular fragments or a major fracture line; and a
needle aspiration of the articular synovial fluid to be
analyzed looking for ceramic fragments around or >5
um (12).

Considering the above, we review our CoC THR
registry, looking for ceramic fracture cases, diagnostic
process and treatment.

Materials and methods

We report the only 2 cases of ceramic fracture on
a total of 252 patients treated with CoC THR in the
period 2001-2019 in our department.

Case 1: 58 y.o. male with bilateral uncemented
THR implanted 9 years earlier. He presented to us
complaining a noise in the left hip began two weeks
earlier apparently causeless and audible during walking
and active range of motion of the interested hip, with-
out any other symptoms like pain or swelling. Stand-
ard X-rays of pelvis and left hip were taken, without
any sign of aseptic loosening or periarticular foreign
bodies. A CT scan proved a fracture line involving the
liner component. Revision surgery was then performed
with substitution of femoral head and liner with a new
generation ceramic of the same sizes. No chipping was

Case 1: no radiographic signs of periarticular ceramic bodies or
aseptic loosening

b

Case 1: TC sign of left THR liner fracture

Case 1: intraoperative finding of left THR liner fracture
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found on liner and no instability of the implant was
present so we supposed the cause of fracture was the
low resistance of the old generation ceramic used in
the previous implant, allowing us to let the metal-back
in place, verifying no neck-cup impingement after
component substitution.

Case 2: 82 y.o. male with bilateral uncemented
THR implanted 11 years earlier. He presented to us
complaining noise and pain in the right hip during
walking, began 6 weeks earlier apparently causeless.
Also in this case standard X-rays of pelvis and left hip
were taken, without any sign of aseptic loosening or
periarticular foreign bodies. CT scan confirmed the
suspect of a fracture line involving the liner compo-
nent. Revision surgery was performed. Liner inspec-

tion revealed a moderate chipping on the opposite side

Case 2: no radiographic signs of periarticular ceramic bodies or
aseptic loosening

Case 2: TC sign of right THR liner fracture

Case 2: intraoperative finding of left THR liner fracture

of the fracture line, and a corresponding mark on the
femoral neck in the same position, demonstrating a
low-grade neck-cup impingement. A substitution of
femoral head and liner with a metal-on-polyethylene
component was performed. We chose this option con-
sidering the age of the patient and his low-demanding
condition at the time of surgical procedure, to reduce

surgical related morbidity.

Results

Both patient healed without surgical related com-
plications and returned to the previous activity level
in a relatively short time: one month for the 58 y.o.
man and 50 days for the 82 y.o. man. At long term
follow-up (at least 2 years), we reported no limitations
in daily life activity in both patient, with a complete
return to his working activity for the youngest one. No
new symptoms or signs like squeaking or pain were
found in the revised hips.

Discussion and conclusions

THR can be considered a successful surgery and
patient and surgeon satisfaction is growing up year after
year with the improvement in surgical techniques and
implant materials. Anyway complications, although
decreasing in rate, are still present. A typical complica-
tion of ceramic-on-ceramic implants is ceramic frac-
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ture, partially solved with the use of new generation
ceramics, more durable and resistant to load; the other
side of the problem however can be related to surgi-
cal technique errors like incorrect positioning of the
acetabular cup, causing neck-cup impingement and
subsequent abnormal loading of the bearing surfaces.
In this regard, the ideal cup position seems to be 45° to
55° of abduction and 10° to 15° of antiversion (5). Au-
dible noise during ambulation, like squeaking, should
always alert the patient and the surgeon for possible
ceramic fracture and an early diagnostic protocol con-
sisting in X-rays, CT scan and synovial aspiration and
analysis should promptly be undertaken. Hip revision
surgery should be considered when a noisy CoC THR
presents radiographic or synovial fluid signs of ceramic
chipping or clear fracture lines (12).

Our experience with ceramic THR fracture is in
line with similar cases reported in literature; in the
here presented case reports we chose to revision the
implants in a minimally invasive way, by the only sub-
stitution of the old compromised ceramic components
with a new one in the first case and changing the tribo-
logic setup to a more favorable one in the second case.

Our choice of a minimally invasive procedure de-
pended on the absence of major impingement signs in
the first case and in the advanced age of the patient
(suitable for a metal on polyethylene implant) in the
second one, also considering that the fractured ceram-
ics belonged to an old generation material, allowing us
to avoid a complete revision of the acetabular cup.

In case of major impingement signs otherwise a
formal implant revision should be undertake.
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