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Abstract

Total Joint Arthroplasty (TJA) is an effective treatment for end-stage osteoarthritis. In 2019 there
were 95,677 primary total hip arthroplasty (THA) procedures performed in England, Wales and Northern
Ireland and this is set to increase with our ageing population and rising obesity. As implants used in
THA last on average 79.9% at 20 years, many patients require revision surgery which is associated
with increased risks of infection, venous thromboembolism and mortality. Ceramics have become an
increasingly popular implant bearing surface and their use has been increasing annually since 2008,
with ceramic-on-polyethylene implants accounting for 37.8% of all primary THA performed in England,
Wales and Northern Ireland. This is due to their reported properties of high wear resistance rate and
being biologically inert. This brief review will cover examples of reported mechanical failure leading to
component fracture, wear and audible hip squeaking in patients with ceramic implants. The ceramic
wear debris in turn can stimulate a host inflammatory response, leading to osteolysis, aseptic loosening
and pseudotumour formation. As ceramic use in hip arthroplasty increases, further understanding of the
mechanical and biological mechanisms driving implant failure is required to improve implant longevity
for patients and reduce revision surgery rates.
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Osteoarthritis

Osteoarthritis (OA) is a metabolically active condition characterised by loss of protective
hyaline cartilage on joint surfaces. The subsequent contact of articulating bone surfaces
within joints leads to subchondral sclerosis, cyst formation as well as osteophytes. This
manifests clinically as joint pain, stiffness, swelling and loss of function for 10% of men
and 18% of women aged over 60 years[1]. There are no licenced medications to limit OA
progression and when symptoms are refractory to conservative treatments such as analgesia
and physiotherapy, total joint arthroplasty (TJA) is indicated.

Total joint replacement

TJA is an effective treatment in end-stage OA using biomaterials to replace diseased
joint surfaces and in 2019 there were 95,677 primary total hip replacements performed in
England, Wales and Northern Ireland with osteoarthritis being indicated in 91.5% of cases[2].
This number is set to increase with our ageing population and rising obesity. As implants
last on average for 78.9% at 20 years there is an urgent need to understand mechanisms
driving implant failure, as revision surgery is associated with increased morbidity, mortality,
venous thromboembolism rates and poorer subsequent function[3].The most common
combination of hip replacement bearing surfaces are a metal alloy femoral head component
articulating with a polyethylene acetabular cup, which has been in use since the development
of the primary total hip replacement by Sir John Charnley in the 1960s[4]. However, metal-on-
polyethylene (MoP) implants have been implicated in adverse reactions to debris as a result
of phagocytosis of particulate debris by peri-implant macrophages, leading to osteolysis[5].
Ceramics have become increasingly popular as an alternative bearing surface in femoral head
components as compared to MoP, as they are considered to be more biologically inert and
have high wear resistance rates, in addition to reduced metal ion release from taper corrosion,
which is observed in metal implants complicated by aseptic, lymphocyte-dominated vasculitis
lesion (ALVAL)(6, 7). Given the increasing proportion of use of ceramic-on-polyethylene (CoP)
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in both cemented and uncemented implants annually since 2008

cases, it is important to understand the mechanical and biological

(Figure 1) and the projected increase in total hip arthroplasty —mechanisms of ceramic implant failure.
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Figure 1: The use of ceramic-on-polyethylene for primary total hip replacement has consistently increased in us-
age year-on-year while metal-on-polyethylene prostheses remain the most popular in England and Wales. Met-

al-on-metal implant usage peaked in 2008 but declined in popularity and now account for approximately 0.3% of

all primary hip replacements. Ceramic-on-ceramic implants, similarly to metal-on-metal, also saw an increase in
popularity which peaked in 2011 but has been declining since. Data is from The National Joint Registry 2020 [2].

Failure

Initial case reports identified a pattern of mechanical
implant failure due to fracture of ceramic-polyethylene sandwich
liner acetabular components in addition to worn ceramic head
components in hip arthroplasty implants[8,9]. However, there have
been a number of case reports detailing the failure of a ceramic
implants due to a variety of reasons. One case report detailed the
failure of a ceramic-on-ceramic (CoC) implant which had been
indicated for primary osteoarthritis 5-years prior in a 68-years
old patient who initially presented with a squeaking in their hip
which could be heard up to 25 metres away[10]. Analysis following
revision surgery demonstrated that the acetabular cup had
completely worn through and the femoral head had broken, this
wear equated to 10mm3/day for 1 year. Whilst this is an extreme
example, the incidence of hip squeaking ranges from <0.5 to 11%
following total hip arthroplasty and although it is usually not
associated with functional impairment or pain, it may be indicative
of serious prosthetic complications [4]. If hip squeaking following
CoC total hip arthroplasty occurs it may cause failure of the implant
and this will need to be taken into account in the future should
these implants become more popular. Additionally, it is likely that
overtime the accumulation of ceramic debris could cause a pro-
inflammatory response similar to that seen in failed metal-on-
metal (MoM) cobalt-chromium hip implants.

Pro-inflammatory pseudotumours are a benign mass of tissue
often associated with failure of cobalt-chromium implants and the
subsequent accumulation of cobalt debris. However, a case report
by Campbell et al.[11], described a 54-years old patient who had

received a CoC hip replacement 6-year prior, presenting with pain
and grinding in their hip when moving[11]. Interestingly, upon
radiological investigation a pseudotumour measuring 5x4x3cm
was found which when excised and stained using haematoxylin-
eosin, consisted a mixed immune cellular infiltrate including both
innate and adaptive immune cells. This is a clear demonstration
of the potential pro-inflammatory and immunomodulatory effects
of ceramic wear and highlights a clear similarity between the
immunological effects of metals such as cobalt-chromium and
reportedly inert ceramics. These case reports show a pattern of
failure which may vary in origin from fracture to extensive wear
which results in a pro-inflammatory response and the need for
costly revision surgery.

Biological mechanisms

Previous research has implicated toll-like receptor 4 (TLR4) in
the activation of monocyte and endothelial cell lines in response
to cobalt ions[12,13]. However, at present a limited repertoire of
literature has been published investigating the potential biological
implications of ceramic biomaterials. Early evidence detailing
biopsies taken from patients with CoC implants has shown
macrophage infiltration detected using immunohistochemical
staining[14] which suggests that ceramics are not inert as initially
presumed. An in-vitro study published by Germain et al. [15],
compared the cytotoxicity of clinically relevant cobalt-chromium
to alumina ceramic wear particles and concluded that alumina
particles which were generated in a hip simulator were mildly
cytotoxic, however, the cobalt-chromium particles used in this study
were much more cytotoxic and therefore of more focus throughout
the study [15].
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Mouse macrophage models have also been utilised and studies
have demonstrated the ability of alumina particles in combination
with ultra-high-molecular-weight-polyethylene (UHMWPE) to
increase TNFa secretion as well as inducing apoptosis [16]. These
findings agreed with a study published by Sterner et al.[17], which
demonstrated a four-fold increase in TNFa protein secretion by
THP-1 macrophage cells upon stimulation with alumina oxide
particles similar to that used in total joint replacement implants,
however, zirconium oxide particles which are also used in ceramic
prostheses demonstrated no effects on the secretion of TNFa in this
study [17]. Moreover, Bertrand et al. [18], also demonstrated that
peripheral blood mononuclear cells (PBMCs) cultured on ceramic
surfaces containing both alumina and zirconium experienced
significant secretion of pro-inflammatory cytokines IL-1 and IL-
6[18]. Additional findings in this study also showed that in tissue
taken at time of revision surgery in patients with CoP or CoP
implants had clear fibrotic changes [18]. Together these reports
present potential immunomodulatory implications of ceramic
biomaterials both in combination with other materials such as
UHMWPE and alone. Conversely, Bylski et al. [19], reported no
significant changes in the expression of TNFa or the pro-osteolytic
protein RANK by THP-1 macrophage cells stimulated with alumina
particles [19] which therefore demonstrates the paucity in the
current literature and brings into question the replicability of the
data previously published.

Conclusion

Ceramic use in hip arthroplasty implants is the most popular
alternative to MoP implants and with the projected increase in total
hip replacement demand, it is imperative that we take into account
the mechanical and biological mechanisms which drive implant
failure, in order to improve implant longevity for our patients to
reduce the need for revision surgery.
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