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This case series reports the only 3 instances of ceramic liner breakage among patients who underwent
total hip arthroplasty (THA) with polyethylene—ceramic composite (sandwich-type) liners at our center
between 1999 and 2002. Breakages occurred at approximately 6 (n = 2) and 17 years (n = 1) after the
primary THA. Symptoms included audible crepitation, pain, and restricted motion during normal ac-
tivities. Surgical revisions utilized a polyethylene liner and third-generation alumina ceramic head, with
synovectomy and irrigation to remove debris (preventing third-body wear). All patients achieved good
long-term outcomes. Although infrequent, the risk of breakage increases over time, and several patients

Keywords: . . . . . ..
Hiﬁ arthroplasty still carry these liners years after THA. This case series underscores the importance of vigilant follow-up,
Primary THA patient education, and timely intervention to manage this infrequent but potentially catastrophic

Polyethylene complication.

Sandwich-type liners

© 2025 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee

Long-term Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction Although fourth-generation CoC bearings have considerably

Total hip arthroplasty (THA) using ceramic-on-ceramic (CoC)
bearings has progressively evolved over time. Since their intro-
duction in 1970 [1], CoC bearings have been widely adopted,
particularly in younger and more active patients, due to their wear
outstanding resistance [2-5]. Nonetheless, although ceramics
offered a key advantage over other bearing surfaces by minimizing
wear debris, early generations remained prone to breakage, making
fracture risk a persistent concern for orthopaedic surgeons [2,6].
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reduced fracture risk compared to previous generations [7-9],
owing to the zirconia-toughened alumina and increased bending
strength, this was not always the case [10,11]. However, before
these advancements, third-generation (sandwich-type) bearings
were developed in an effort to address the persistent risk of ceramic
breakage. These bearings integrated third-generation BIOLOX forte
alumina ceramic (CeramTec GmbH, Plochingen, Germany) with a
thermocompressed ultrahigh-molecular-weight polyethylene (PE)
interlayer positioned between the ceramic liner and the metal
acetabular cup. This design, marketed as Cerasul Alpha (Zimmer
Biomet, Winterthur, Switzerland; Fig. 1), was intended to reduce
ceramic fracture risk, as the PE interlayer was designed to dampen
impact forces and distribute stress more evenly across the ceramic
component [12,13]. However, despite its theoretical advantages,
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Figure 1. An intact Cerasul Alpha insert. paired with a ceramic ball head.

this design ultimately demonstrated higher-than-expected failure
rates, leading to its discontinuation [10].

This case series describes the natural history of primary THAs
using the sandwich-type liner, focusing on the clinical course
leading to revision surgery due to ceramic liner breakage—a failure
that is unique to this type of implant. It also complements previ-
ously published data provided by our research group [14], offering
valuable information on the implant’s long-term performance and
specific complications.

Patients were informed that data concerning their individual
cases would be submitted for publication, and written informed
consent was obtained individually from each patient. Institutional
review board approval was obtained (PR291/19) and confidentiality
was guaranteed according to current Spanish legislation (LOPD 3/
2018). This manuscript adheres to the CARE guideline [15].

Case histories
Between January 1999 and December 2002, Cerasul Alpha im-

plants were used in our tertiary hospital for primary THA. A cohort
of 54 adult patients (49 men) with 59 CoC implants (5 bilateral

cases) was established for periodic follow-up and has been detailed
elsewhere [14]. These implants, consisting of a sandwich-type liner
housed in a cementless Allofit titanium alloy shell with a ceramic
Cerasul ball head and Alloclassic cementless femoral stems (Zim-
mer, Winterthur, Switzerland) have not been used in our practice
since 2002.

In all cases reported below, revision surgery was performed
using a posterolateral approach. The acetabular cups and femoral
stems were firmly fixed and left in place, while the broken ceramic
components were meticulously removed. This required extensive
irrigation, synovectomy, and debridement to eliminate ceramic
debris embedded in the PE liner and surrounding tissues. Long-
term follow-up demonstrated good clinical outcomes, with all
patients returning to normal daily activities following revision
surgery. Case histories are summarized in Table 1.

Case 1

A 55-year-old male patient underwent primary THA for osteo-
necrosis. The clinical result was excellent until acetabular implant
breakage occurred 16 years and 7 months later during normal daily
activity following a minor stumble (Fig. 2a-c). Symptoms of the
sandwich-type liner breakage included audible crepitation, mild
pain, and loss of motion.

Intraoperative assessment revealed a stable acetabular cup and
femoral stem, with no abnormalities detected in the trunnion. The
new PE liner provided by the manufacturer was not fully stable
within the metal back. Consequently, a cemented PE liner
(Longevity Revision Polyethylene, Zimmer Biomet, Warsaw, IN) was
implanted, along with a third-generation alumina head (Fig. 2d).
Five years postrevision, the patient continues normal daily activ-
ities without complications.

Case 2

A 24-year-old male patient underwent primary THA for osteo-
arthritis secondary to a childhood condition (Perthes disease). The
patient experienced prosthetic hip dislocations at 4 and 60 months
postoperatively, both of which were successfully treated with
closed reduction under sedation. Five years and 11 months after the
primary THA, acetabular implant breakage occurred during normal
daily activity (Fig. 3). Symptoms included audible crepitation, mild
pain, and loss of motion.

The acetabular cup and femoral stem were firmly fixed and left
in place. Following the removal of ceramic fragments, a new PE
liner provided by the manufacturer was implanted, along with a

Table 1
Case summary.
Parameter Case 1 Case 2 Case 3
Age (y) 55 24 52
Sex Male Male Male
BMI (Kg/m?) 27.5 25.1 273
Date of primary THA January 2003 June 2000 November 2000
Date of breakage August 2019 March 2006 March 2006

Presentation Breakage during normal daily-life activity. Audible
crepitation, pain, and loss of motion

Side Right

Date of revision surgery August 2019

Abduction angle 35°

Anteversion angle 23°

Procedure highlights The new PE insert provided by the manufacturer was not
fully stable in the well-fixed metal back, so a cemented PE

insert was implanted instead.

Breakage during normal daily-life
activity. THR instability but no luxation
episode forewent the breakage.

Left

March 2006

45°

25°

Insert replaced by a PE liner and a
third-generation ceramic head

(no gross evidence of taper scratches).

Breakage after a little stumble 5 y after
the primary THA. Audible crepitation,
pain, and loss of motion.

Right

April 2006

42°

35°

Insert replaced by a PE liner and a
third-generation ceramic head

(no gross evidence of taper scratches).

BMI, body mass index; THR, total hip replacement.
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Figure 2. Anteroposterior radiographs of the pelvis performed (a) 10 years after primary THA surgery; (b) approximately 2 years before breakage (showing a dissociation between
the ceramic and the polyethylene liner); (c) immediately after the breakage (approximately 17 years after the primary total hip arthroplasty); and (d) after the revision surgery.

Figure 3. (a) Anteroposterior radiograph performed on the day of breakage and (b) an image of the broken ceramic insert removed.
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third-generation alumina head. As in Case 1, no gross evidence of
taper scratches was observed. Eighteen years postrevision, the
patient continues to perform normal daily activities without
further complications.

Case 3

A 52-year-old male patient underwent primary THA for osteo-
arthritis. Acetabular implant breakage occurred 5 years and 6
months postoperatively during normal daily activity (Fig. 4).
Symptoms included audible crepitation, moderate pain, and loss of
motion.

Intraoperative findings showed a firmly fixed acetabular cup
and femoral stem, which were left in place. The broken insert was
replaced with a PE liner provided by the manufacturer and a third-
generation alumina head, as no gross taper scratches were detec-
ted. Eighteen years postrevision, the patient continues to perform
normal daily activities without further complications.

Discussion

Alumina ceramic bearings offer numerous advantages,
including superior geometric form, a wettable surface, and
enhanced hardness, which collectively maintain lubrication and
increase resistance to third-body wear. Compared to metal-on-
metal and metal-on-PE joint configurations, CoC bearings feature
lower wear rates, minimal osteolysis, reduced revision rates, and
improved long-term prosthetic survival [4,12,16]. However, the
brittle nature of ceramics—characterized by limited tensile
strength—remains a significant drawback, with mechanical failure
posing an ongoing concern since their introduction. Advances in
manufacturing techniques have led to newer generations of
alumina ceramics with remarkably lower fracture rates [17].
Nevertheless, the stiffness mismatch between the ceramic liner and
metal socket renders the liner susceptible to abrupt or abnormal
forces, which can result in cracking. The sandwich-type liner was
designed with a PE interlayer to act as a shock absorber, theoreti-
cally reducing the ceramic fracture rate. Despite its promise, this

Figure 4. Broken ceramic insert.

composite liner has demonstrated significantly higher failure rates
than its conventional ceramic counterparts [6,18-20].

Several factors contribute to sandwich-type liner failure, such as
patient demographics, activity levels, trauma history, and surgical
factors. For instance, younger age, overweight/obesity, high activity
levels, and certain body positions, such as squatting or sitting cross-
legged have been implicated [6,16,18-21]. In contrast, none of the 3
cases herein reported featured overweight or high activity levels
nor reported adopting these positions.

Surgical factors, particularly cup positioning, are critical in
determining stress distribution across the acetabular cup and
femoral head. Optimal positioning is generally defined as <45°
inclination and 10°-15° anteversion [10,13]. Excessive anteversion,
such as a mean angle of 25.8° observed in one study’s failure group,
has been associated with increased risk of fracture [22]. However,
results from a cohort study conducted by our group indicated that
both the fracture and nonfracture groups had anteversion angles
exceeding these thresholds, which speaks against a direct rela-
tionship between cup position and liner fracture [14]. Additionally,
repeated ceramic head slippage from the liner can overload the
edges, leading to localized stress, cracking, and eventual cata-
strophic failure [23]. Case 1 in our series showed evidence of
ceramic slippage on plain radiography before breakage (Fig. 2b).
Notably, Table 2 presents a summary of the available data on
ceramic fractures, comparing our series with previously published
cases.

The quality and design of the sandwich liner itself are important
factors. At 4 mm, the ceramic component of these liners is thinner
than conventional designs, raising concerns about its brittleness
[6,19,20,25]. Small ceramic head diameters and reduced oscillation
angles further exacerbate issues by increasing the frequency of
impingement, subluxation, or dislocation. Additionally, the
mismatch between the hydrophilic ceramic and the hydrophobic
PE in an aqueous environment may promote water interposition,
creating a gap that predisposes to liner dissociation and fracture
[18-20,22].

Impingement and edge loading are frequently cited mecha-
nisms of ceramic failure [20,26-29]. Edge loading occurs when the
ceramic head contacts the liner’s rim in a subluxated state, result-
ing in striped wear patterns and localized stress propagation under
compromised lubrication [19,21,22]. This process generates high
torque and microseparations, contributing to rim wear, liner
dissociation, and eventual breakage [30]. Notably, case 1 in our
series featured dissociation between the ceramic head and PE liner
without instability before fracture. In contrast, the impingement
mechanism—particularly relevant in patients with habits such as
cross-legged sitting [6,17]—was not evident in our patients, as no
black staining or other impingement-related signs were found on
their liners.

Treatment strategies for ceramic liner fractures remain diverse
and debatable. Common options include metal-on-PE, CoC, or
ceramic-on-PE articulations. Given concerns about third-body
wear, we advocate for revising to CoC or ceramic-on-PE bearings
whenever feasible, while avoiding metal-on-PE bearings [31,32].
Additionally, several precautions are necessary when addressing
ceramic fractures. Immediate immobilization is essential to prevent
further damage to surrounding components. Intraoperatively,
meticulous synovectomy and extensive irrigation are critical to
remove ceramic particles, which can otherwise lead to third-body
wear and early failure of the revision device [24,31-33].

Taper damage is another critical consideration. Placing a new
ceramic head on a deformed taper can result in uneven stress
distribution, leading to subsequent cracking and failure [13]. While
cup removal may be necessary for small-diameter cups, most au-
thors discourage removing an otherwise intact acetabular cup or
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Table 2
Summary of the available evidence on acetabular ceramic fractures.
Study Hips Fractures, Time-to-fracture, Implant Revision bearing Cause
intervened n (%) mean (y) manufacturer type
Kircher et al. [16] 50 9(18) 2.5 Keramed CoP Impingement
Park et al. [6] 357 4(1.1) 3.1 Lima CoC Impingement
Haetal [17] 144 5(3.5) 3.0 Lima Unspecified Impingement and anteversion
Poggie et al. [19] 315 14 (4.4) 2.0 Implex Unspecified Weight and subluxations
Iwakiri et al. [18] 82 4(4.9) 5.6 Kyocera Unspecified Impingement
Park et al. [21] 102 2(2.0) 8.0 Lima Unspecified Impingement
Szymansky et al. [24] 132 7 (5.3) 2.7 Fourniture Unspecified Impingement and inclination
Hospitalieres
Viste et al. [10] 124 5(4.0) 7.0 Zimmer CoC Activity and inclination
Lopes et al. [22] 353 7(0.2) 43 Zimmer Unspecified Impingement
Shin et al. [12] 243 6(2.5) 8.7 Zimmer CoP Unspecified
Andeol et al. [25] 125 4(3.2) 125 Zimmer CoC Unspecified
He et al. [3] 300 5(1.6) 7.6 Lima CoC Impingement
Bellvitge University Hospital 59 3(5.1) 9.3 Zimmer CoP Unspecified

CoP, Polyethylene-on-ceramic.

femoral stem due to the potential for complications and bone
damage. Ultimately, the decision rests with the surgeon’s intra-
operative assessment.

Two of the fractures in our series occurred approximately
6 years after the primary THA, while the third occurred around 17
years after implantation. This highlights a potential concern for
increased failure rates as these implants age. No single factor
emerged as a definitive cause of failure in our patients, under-
scoring the multifactorial nature of sandwich-type liner fractures. It
is crucial to educate patients still using these prostheses on po-
tential red flags and failure-prone activities to facilitate early
recognition and intervention. To our knowledge, the implant was
discontinued in all hip surgery departments following the recog-
nition of its failure; however, no official recall was issued.

Summary

Despite a fracture rate of approximately 5% for PE-ceramic
composite (sandwich-type) liners placed before 2003, many pa-
tients still retain these implants 2 decades later. Implant fractures
remain a major complication with potentially catastrophic out-
comes. Factors such as obesity, high activity levels, trauma history,
and surgical issues like cup positioning have been linked to failures,
though their roles are debated. Fracture frequency may increase
over time, emphasizing the need for vigilance. Suspected fractures
require immediate immobilization prompt revision surgery,
including meticulous synovectomy and irrigation to remove
ceramic debris, which, otherwise, can cause third-body wear.
Revision strategies using a PE liner and third-generation alumina
head are effective in managing these cases.
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