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Zircon is probably best known for its extensive use in modern ceramics —
from elegant tableware to bathrooms and kitchens. Due to its high refractive
index, it's highly regarded for making ceramic tiles and sanitaryware whiter
and brighter.

Yet, there is another type of zircon-based ceramic which may be less known but is essential in life-
enhancing orthopaedic applications.

Ceramics have been used in joint replacement surgery (arthroplasty) of arthritic hips and knees
since the 1970s.' In prosthetic hip and knee bearings, ceramic surfaces offer the significant benefit
of drastically reduced wear rates and excellent long-term biocompatibility, which can increase the
longevity of prosthetic hip and knee joints.'

The last 25 years have seen the development and increasing use of another zircon-based advanced
implant material for hip and joint bearing surfaces made from oxidised zirconium, known
commercially and patented as OXINIUM.
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How have joint replacements evolved?

Joint replacement is a highly successful operation that relieves pain and improves mobility. In the
US alone, approximately 790,000 total knee replacements and over 544,000 hip replacements are
performed annually.'

By their very nature, hip and knee replacements demand a high-performance material that can
deliver proven clinical performance and meet the expectations of patients for reduced pain and
increased activity.

The traditional type of hip replacement, for example, with its origins in the 1950s and 60s, is a
metal ball on a stem fixed into the femur (thigh bone) and a plastic liner - typically in a metal shell -
replacing the socket in the pelvis. In older patients, this type of hip replacement is unlikely to wear
out within their lifetime.

However, younger, more active patients are often advised to have a hip replacement made from
harder-bearing surfaces, such as ceramic-on-ceramic.?

OXINIUM, developed by medical technology company Smith+Nephew, is a ceramicised metal that
offers the best of both worlds for bearing surfaces - providing the wear resistance of ceramic and
the durability of metal.

It can be used in partial knee, total knee, primary hip, revision hip and revision knee joints.

What is the material science behind ceramicised metal?

An OXINIUM implant is composed of an oxidised zirconium (OxZr) alloy. The original metal surface
is transformed through heating in air at over 500°C to create a 5um thick ceramicised oxide.?

Ceramicised metal is a uniform surface transformation, providing the implant with the durability
of metal, the wear of a ceramic bearing, and fretting/corrosion resistance that, according to
Smith+Nephew, is better than both.**

The way the ceramicised metal is manufactured is
How is OXINIUM Technology

manufactured? unique, creating a ceramic oxide surface that is fully

The zirconium alloy core undergoes a integrated with the zirconium alloy of the implant. In
transformation at it ;urf.:wc-?‘ .upr.,:n heating, contrast to other materials used in arthroplasty, the
to form a ~5pm thick ceramicized surface.

ceramicised metal is not an externally applied coating,
which in severe cases can peel off, delaminate and cause
problems, particularly on the surface of bearings.

In testing OXINIUM’s resilience, Smith+Nephew
carried out 45 million simulated wear cycles, tested in
hip simulators, without any measurable loss in oxide
Not a coating but a . L. A X .
material transformation thickness. This is nine times the industry standard.’
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What are the benefits of using ceramicised metal for joint replacements?

As the number of cases and age of patients increases, orthopaedic
applications demand a high-performance implant material.

Corrosion, strength, wear and metal composition can all
impact implant survivorship and quality of the implant. 8°

Since its introduction, the OXINIUM technology has
been used in more than two million procedures over
25 years in 120 countries and when combined with
Smith+Nephew’s implant designs has seen proven

clinical performance in a range of patients. '*-"”

According to Smith+Nephew, OXINIUM has
several key properties that differentiate it
from other bearing materials:

*  Reduces wear and is twice the surface hardness (versus cobalt chrome)'®'?

*  Delivers the strength of a metal without the concern of surface phase transformation and

brittle fracture that has been observed in ceramic materials?® -2

*  Lower observed mechanically assisted crevice corrosion? 2
+  Contains virtually undetectable levels of nickel, cobalt and chromium?2¢

* 4,900 times more abrasion resistance than cobalt chrome after 10 million cycles of pin-on-
disc lab testing using bone cement?”

*  Goes beyond basic biocompatibility as it may also have a reduced impact on the inflammatory
response, as demonstrated by a lower pro-inflammatory cytokine expression in cells exposed
to OXINIUM Technology (versus CoCrMo and Ti alloy)?%

In terms of clinical performance data multiple national and regional hip registries have demonstrated
that ceramicised metal combined with highly crosslinked polyethylene has the lowest rate of revision
surgery in total hip replacement.3> #4445

In total knee arthroplasty, implants powered by OXINIUM perform at A/A* levels according to ODEP
(Orthopaedic Data Evaluation Panel) up to |3 years, providing excellent survivorship (the length of
time a joint replacement will last).?

One of the largest joint registries in the world has demonstrated that ceramicised metal combined
with highly crosslinked polyethylene has the best patient reported outcomes following hip
replacement. It also showed a significantly higher satisfaction and success rate with this bearing

combination.*?
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In total knee arthroplasty, implants powered by OXINIUM perform at A/A* levels according to ODEP
(Orthopaedic Data Evaluation Panel) up to |3 years, providing excellent survivorship (the length of
time a joint replacement will last).?

One of the largest joint registries in the world has demonstrated that ceramicised metal combined
with highly crosslinked polyethylene has the best patient reported outcomes following hip
replacement. It also showed a significantly higher satisfaction and success rate with this bearing
combination.*?

Figure HT34 Cumulative Percent Revision of Primary Total Conventional Hip Replacement by Bearing Surface (Primary
Diagnosis OA)
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The Australian joint registry is one of the largest and most respected joint registries in the
world. Its 2024 report demonstrated that the ceramicised metal on a highly crosslinked
polyethylene bearing in hip replacement surgery had the lowest revision rates of all bearing
combinations at 20 years. It showed a 38% reduction in revision rates compared to metal on
highly crosslinked polyethylene.*®

Smith+Nephew also cite the economic benefits of using ceramicised metal in arthroplasty for
both hip and knee implants - including lower readmission rates, lower lengths of hospital stay
and a greater likelihood of discharge to home (after controlling for patient demographics with
propensity matching).

However, there are also broader macro-economic considerations of getting people back on
their feet sooner and for longer with implants that perform better and last longer. For instance,
if people can get back to healthy, active living, they can work and contribute to society, which is
of great value to local and national economies.And an implant with assured longevity and less

prone to revision will reduce healthcare costs by avoiding follow-up primary care appointments,
and repeated hospital visits and assessments.
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How widely is ceramicised metal used in orthopaedic surgery?

Perhaps less well-known than other implant materials, OXINIUM ceramicised metal implants have
been used in arthroplasty for over 25 years.

Smith+Nephew introduced OXINIUM in 2001 as...

“a new material that improves performance and increases the
service life of total joint replacement systems”.

Whilst its benefits are proactively communicated, ceramicised metal is seemingly most widely used

in countries that follow evidence from joint registries. For example, the Australian Joint Registry has
sub-categorised ceramicised metal since 2010, distinguishing it from the other types of ceramic and
metal femoral heads, highlighting its strong performance.

Similarly, in the UK, the 2021 National Joint Registry covering England, Wales, Northern Ireland, the
Isle of Man and Guernsey published an independent research piece sub-stratifying ceramicised metal
and evidencing its successful performance. As a consequence, the use of ceramicised metal implants
has increased by 91% from 2021 to 2024, according to Smith+Nephew sales data.

Professor Edward Davis, a recognised expert and consultant in arthroplasty, first used an OXINIUM
femoral head in a hip replacement surgical procedure over |9 years ago.

“When you use an implant in a hip or knee replacement, you need the assurance that it's
hard-wearing, biocompatible, and unlikely to fracture.You want to avoid, where possible,
the need for patients to be re-operated on.

“One of the main advantages of ceramicised metal I've seen is its bearing properties. It
has an incredibly smooth surface, high wettability, and a low coefficient of friction, making
it very wear-resistant. It's also bio-inert, and incites a lower inflammatory response, which

means it's more biocompatible and, therefore, better for the patient.

“Ceramicised metal also has a main advantage in that it does not fracture, which is
particularly beneficial when you attach the ceramicised ball to a taper in the case of a hip
replacement. All these factors contribute to reducing the need for a patient to have a hip

redone which is what the clinician and the patient ultimately wants.”

... adds Professor Davis.
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Ceramicised metal beyond the femoral head - what's next?

It seems the role of zirconium-based ceramicised metal in arthroplasty is only likely to expand.

Modern dual mobility constructs (a ball within a ball) have shown to reduce dislocation and revision
resulting from dislocation for both primary and revision hip arthroplasty.’”3® However, loss of the
articulation between the inner femoral head (Intraprosthetic Dissociation or IPD), increased metal
ions, and intraoperative issues continue to be areas of potential improvement.?*#

Smith+Nephew has developed what it defines as the ‘next generation dual mobility design’, built on
its patented OXINIUM technology and learnings from dual mobility technology. It’s called OR30, a
dual mobility cup.

Rigorous testing by Smith+Nephew included two clinical studies and more than ninety individual pre-
clinical tests that has yielded more than twenty peer-reviewed abstracts and journal articles. The end
result is a device that is designed to increase stability, incorporate design elements that have a proven
clinical history, and simplify the surgical experience.

This will be another zirconium application that will gather momentum in the future!

Zircon and its derivatives, including zirconium, play a critical role in many applications that we rely
on in our day-to-day lives. While often unseen and not known about, zircon contributes greatly

to many sustainable applications. In this case, zirconium-containing OXINIUM, really does have the
power to transform lives enabling recipients to experience pain-free movement and return to their
active and fulfilling lives. With an ever-ageing population, the number of people needing hip and knee
replacements is increasing and so, likely, will the use of OXINIUM.

Further reading

Information on hip replacements

Hip Replacement - The National Joint Registry (njrcentre.org.uk

Information on OXINIUM
OXINIUM — Oxidized Zirconium

Moment of change brochure

Interactive collection of evidence — Oxinium Oxidized Zirconium Materials Science

www.zircon-association.org
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