SAOJ Autumn 2013_Orthopaedics Vol3 No4 2013/03/20 3:07 PM Page 44

Page 44

SA Orthopaedic Journal Autumn 2013 | Vol 12 • No 1

Controversies around modern bearing
surfaces in total joint replacement surgery
PB Oosthuizen MBChB
Senior Registrar
CH Snyckers MBChB, Dip PEC(SA), MMed(Orth), FCSA(Orth)
Consultant in Arthroplasty
Department of Orthopaedic Surgery, University of Pretoria
Reprints requests:

beyersoost@cybersmart.co.za

Abstract

Patients in need of total hip or knee arthroplasty are continuously getting younger which produce the need for
bearing surfaces that can withstand both the high functional demand as well as the longevity of the patient. New
developments are continuously flooding the market and the promotion of these products is directed towards
patients themselves who, most of the time, will not have the necessary insight to choose the best possible product.
Due to recent introduction into the market, these products all lack long-term independent clinical follow-up, but
all have promising results in manufacturer-funded, short-term clinical trials and laboratory simulator trials. This
leaves the surgeon with the dilemma of using new untested technology with potentially devastating results or
keeping to the tried and trusted. Technological advances in bearing surfaces include modifications of known materials and the introduction of totally new materials, all in an attempt to find the perfect bearing coupling. This paper
summarises the most important new developments in bearing surfaces and bearing couples in arthroplasty and
puts emphasis on the dangers of using untested technology.
Key words: bearing surfaces, arthroplasty, clinical evidence, new technology

Introduction

It is common practice for company representatives to provide orthopedic surgeons with the latest technology in
arthroplasty, often as their standard product. Most of these
products lack adequate supportive literature and can therefore be considered experimental. Furthermore, it is commonplace for commercial ‘research’ that almost invariably
has short follow-ups and small patient numbers, to be not
only biased, but also statistically entirely unconvincing.
In the light of the recent problems with metal-on-metal
bearing couplings it is certainly now time to question the
efficacy and more importantly, the safety of every new
implant that is introduced into the arthroplasty market.
Companies develop their own minor modifications to basic
principles in order to overcome copyright laws of pioneers
in the industry. Even if the original technology has good
long-term clinical data to support its efficacy, it does not
imply that the modifications of these products will be as safe
or effective as the original product.
Unfortunately, the surgeon is faced with a young, highly
demanding and well-informed patient who demands a
product that can withstand his or her needs. The dilemma is
whether the surgeon should use ‘safe’ older, clinically validated technology when the newer technologies that possibly
have improved outcomes, but potentially harmful side
effects, are available.

This article summarises available bearing surface technology and emphasises their shortcomings.

Background

Multiple bearing surfaces were experimented with in the
early history of hip arthroplasty. Boutin reported on the
use of ceramics as a bearing surface in 1970.1 With the
introduction of low friction arthroplasty using metal on
polyethylene (PE), Sir John Charnley developed a reproducible and safe bearing couple for total hip arthroplasty
(THA).2 Following these reports of 92% survival at seven
years the development of total knee arthroplasty also
adopted metal-on-PE as the standard bearing coupling.
This bearing relies on cobalt chrome metal inlays articulating with standard PE.
• Although this bearing coupling has proven itself clinically over the years,2-4 there remain concerns about
wear rates and particle creation in vivo over time.
Sochart et al examined non-crosslinked PE wear of
cemented sockets in patients younger than 30 years of
age. At 19.5-year follow-up, the mean total linear
wear averaged 2.1 mm (mean 0.12 mm/year).5
It is time to question the efficacy and more importantly, the safety of
every new implant that is introduced into the arthroplasty market

SAOJ Autumn 2013_Orthopaedics Vol3 No4 2013/03/20 3:07 PM Page 45

Page 45

SA Orthopaedic Journal Autumn 2013 | Vol 12 • No 1

• For patients with PE linear wear rates less than
0.1 mm per year, the 25-year survivorship was 90%. In
contrast, in those patients with a linear wear rate that
exceeded 0.2 mm/year the survivorship was less than
30% at 20 years.5
The search continues for bearing materials with maximum
wear potential. Our choice today is still limited to combinations of PE, metal and ceramics, in standard or modified
form.

Polyethylene (PE)

The Australian Hip Registry noted in their annual report
of 2010 that there has been increasing use of modified PE.
The use of this material has been associated with a reduction in the risk of revision in primary total conventional
hip replacement.6
Crosslinked PE has earned its place in arthroplasty with
adequate clinical trials to warrant its use with confidence.7-11
This process of low radiation crosslinking was started in
South Africa by Grobbelaar and co-workers who recently
published the longest follow-up to date on crosslinked PE
in THA. They reported a seven to eight times reduction in
PE wear over a mean of 20 years. It has been shown in that
series and various literature reports that up to 1 mm socket wear is acceptable. Thereafter the failure rate increases
rapidly due to pain, interface failure and osteolysis. In the
non-crosslinked PE form, this will take place in approximately ten years, but after crosslinking, the socket life
expectancy is increased seven- to eight-fold. This confirms
the absolute importance of PE crosslinking in total joint
arthroplasty.11
The theoretical risk of fatigue cracking in melted HXLPE
and in vivo oxidation of annealed HXLPE fuelled the latest
modifications of HXLPE.12 These include antioxidant diffusion, mechanical deformation or sequential low dose
irradiation with interspersed annealing. Collectively,
these modifications show improved simulated wear, oxidation and mechanical strength compared to earlier
HXLPE components. It is however important to realise
that companies use the clinical data of their original
HXLPE equivalents, combined with simulator data of
recent modifications, as the foundation for motivating a
good predicted outcome.
Locally the longest clinical follow-up of later modifications to HXLPE was presented by Dr Cakic at the 2010
South African Orthopaedic Congress in Port Elizabeth
which showed 0.031 mm/year wear rate over 10 years and
no measureable wear after 6 million cycles in simulator
testing of inhomogeneous crosslinked PE (Gammalink
Medical©).13
Table I summarises some of the new modifications of PE
and is derived from data supplied by the industry. It puts
emphasis on the short follow-up times and small sample
sizes typically associated with commercial research. The
five-year follow-up in 51 patients used for Stryker X3 poly
as well as the three patients in seven years used for Biomet
E-poly is not convincing enough to support the use of
these products. Futhermore, work by Grobbelaar et al
shows that irradiation doses of 50 KGy and 75 KGy used
in ArcomXL and AOX respectively is unlikely to cause any
significant crosslinking.14 According to the same author at
least 100–140 KGy is required and if a company decides to

deviate significantly from world experience, it should provide clinically significant data to support its methods.15-17
The data supporting these products is therefore statistically unconvincing, and the products can be considered
experimental.

Metal

Cobalt alloys are being produced with newer modern
techniques such as mould inoculation, forging and hot isostatic pressing which greatly reduce the shortcomings of
cast cobalt-chrome. Cobalt-chrome overall has excellent
wear and corrosion resistance, acceptable biocompatibility
and generally satisfactory fatigue life.26,27
Latest advances now aim towards changing the surface
of the metal component in order to achieve improved
wear rates and fewer complications associated with metal
debris. These include ceramified metals, ceramic coatings
and ion treatments of the metal surfaces. Again these surfaces show promising results in simulator and early clinical trials, but still lack long-term clinical follow-up.
Oxidised zirconium (Smith and Nephew Oxinium®,
1995) is a zirconium implant where only the surface of the
implant is ceramified. The Oxinium® surface theoretically
provides abrasion and wear characteristics of ceramic
components while the metal core provides mechanical
characteristics of cobalt-chrome components.28-30 It is a concern that zirconia (zirconium dioxide) ceramics failed in
earlier implants. The failure mechanism was related to the
metastable behaviour of the tetragonal phase transforming
under certain conditions to monoclinic phase and thereby
causing the grains to swell and push-out while weakening
the structural integrity. Hohls recently published a dissertation on 27 retrieved yttria-stabilised tetragonal zirconia
cups after an average of 10.3 in vivo years. He showed an
average of 53.6% monoclinic phase zirconia.31 The ceramic
surface in Oxinium® devices is formed directly in the monoclinic phase and is theoretically not subject to metastable
phase transformations and subsequent weakening. The
company did announce a voluntary recall of all cementless
knee implants utilising Oxinium® in 2003 which does raise
a concern despite the reason for failure not being related to
the bearing surface. Although the Australian Joint
Registry of 2011 reported the lowest revision rates (2.2%)
for the Oxinium® on HXLPE combination in hips, this was
only over seven years in 238 patients. This is low volume,
short-duration data and the same principles are applicable
to the products as those listed in Table I.
Titanium-niobium-nitride ceramic-coated implants
(Werkomed®, Biomet®, 2003) are another example of a
metal surface modification. It is a micro-ceramic applied
by a process of plasma vapour deposition on a cobaltchrome-molybdenum prosthesis. The theory is to minimise metal particulate wear, prevent corrosion and to
prevent metal ion release. Hamelynck and Woering summarised two-to-seven year clinical results motivating all
these characteristics, but with only one patient at sevenyear follow-up.32 In vitro studies also quoted in this article
showed no delamination at 5 million cycles. No significant
long-term trials with adequate patient numbers and
implant years could however be found in the literature,
which again makes this technology unproven and therefore experimental.
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Table I: Modifications in polyethylene
PRODUCT

X3®

E1 Poly®

ArcomXL®

COMPANY

TECHNOLOGY

LITERATURE

Sequential lower dose irradiation
with interspersed annealing

In vitro testing showed 64–97% reduction in
volumetric wear and no statistical difference in
tensile yield strength after exposure to extreme
oxidative environments compared to conventional
virgin PE.18 Clinical results showed a 97.8%
survivorship in 51 hips over five years.19

Biomet® (2007)

Vitamin E (antioxidant) diffused,
consolidated, highly crosslinked
PE

Improved oxidation resistance and mechanical
strength compared with irradiated and melted PE.
No detrimental effects of device fixation as shown
in rabbits and canine models.20-23 Only unpublished
clinical data presented in poster format at the 2012
Orthopaedic Research Society meeting showed no
failures in seven hips at three-year follow-up.

Biomet® (2005)

Isostatic compression moulded
PE exposed to 50 KGy dose
irradiation followed by anneal
heat treatment and solid state
deformation

Laboratory studies shows a 47%–64% decrease in
volumetric wear rate compared to ArCom® PE, a
30% increase in ultimate tensile strength, similar
wear-particle shape and size, and no measurable
oxidation under accelerated ageing.24 Unpublished
manufacturer-funded clinical data shows a 99.6%
survival rate at three years.

Stryker® (2005)

AltrX®
Altra-Linked
PE

Du Puy® (2007)

75 KGy dose irradiation followed
by remelting with Argon convection

Simulator studies show a 92% wear reduction
compared to conventional PE, 51% reduction
compared to Marathon XLPE in a metal-on-PE
coupling, a further 30% reduction when used in
combination with Biolox Delta® ceramic components and a 35% greater mechanical strength
compared to 3 times annealed PE.25 No clinical data
is available to date.

AOX®

Du Puy® (2011, not
yet available in
RSA)

75 KGy dose irradiation with
synthetic antioxidant (Covernox®)
impregnation and no heat treatment

No data available

Low Friction Ion Treatment (LFIT) (Stryker® 1991) is also
a metal surface modification where nitrogen ions are
embedded into the metal surface under high energy. This
theoretically increases wettability, improves lubrication
and decreases wear. Clinical data is available only in 55
hips over a minimum of three years showing a 28% reduction in wear rates with LFIT femoral heads.33

Ceramic
Ceramic is an inorganic, non-metallic solid which is usually manufactured by oxidising metal and heating it to
extreme temperatures. Ceramtec® is the company that supplies more than 80% of all the ceramic components to all
the companies worldwide. Therefore, most companies
have exactly the same ceramic technology. Proven efficacy
with third generation alumina (aluminium oxide) ceramics is available in the literature,34,35 but the small risk of
complications associated with this bearing triggered the
development of fourth generation Delta® ceramic components.

The latest technology from Ceramtec is Biolox Delta®
ceramic, a fourth generation ceramic.
• Biolox Delta® (2003)36
Biolox Delta® is an aluminum oxide matrix composite
ceramic consisting of 75% alumina, 24% zirconia
(ZrO2) and other trace elements.
Alumina ceramic provides the material’s hardness
and wear resistance, while zirconia, together with
other additives, provides improved mechanical properties by counteracting crack formation and propagation.
The most significant improvement with the development of Biolox Delta® was the improved mechanical
strength that allows manufacturing of component
geometries that were not previously possible. These
include ceramic knee components and thinner acetabular cups which provide the surgeon with muchneeded stability when performing THA in the young
active patient.
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Clinical data is limited to short- and medium-term
follow-up and is comparable to results of third generation alumina ceramics. Lombardi et al performed a
prospective, randomised, US FDA investigational
device exemption study on 44 patients using Delta
ceramic femoral heads on alumina acetabular cups
and compared it to a control group using alumina
femoral heads on PE liners. The mean follow-up was
six years and both groups performed equally.37
Hamilton et al recently published a prospective, randomised, multicentre trial on the early results of 264
hips using Delta ceramic components which showed
97% survivorship at 3.2-year follow-up.38
It is disturbing that, despite this short-term, smallsample size literature, Ceramtec® has sold 1.6 million
ball heads and 700 000 liners worldwide since the
launch of Biolox Delta®.

Advanced bearing couples
Classification
• Hard-on-soft bearing couples:
• Metal on highly crosslinked PE
• Ceramic on highly crosslinked PE
• Hard-on-hard bearing couples:
• Metal-on-metal
• Ceramic-on-ceramic

Hard-on-soft bearing couples
Metal on highly crosslinked polyethylene
Due to the significant difference in the manufacturing
methods of all the new PE components it would be ideal to
evaluate the performance of each component separately. It
is unfortunately very difficult to obtain this in vivo, but in
vitro data for each specific component does exist.
The big advantage of simulator studies is that it enables
one to evaluate different components under exactly the
same conditions, thereby removing all variables that could
influence outcomes. The problem however with available
simulator data is that not all companies test their products
in a standardised fashion. Most of these studies differ in
sample size, number of cycles, gait variability, presence of
third-body wear and also the type of simulator used.
Before evaluating clinical data it is important to take note
that osteolysis, loosening and revision rates are the dictating factors of a successful bearing and not only linear penetration or wear rates. Long-term clinical data clearly
show that there remains a large difference between simulator data and clinical outcomes and retrieval studies,
reflecting the multiple variables that exist in a biological
system.
Collectively, all the laboratory simulator studies of the
various companies showed drastically better results with
regard to with delamination, wear and mechanical
strength with highly crosslinked PE liners compared to
conventional UHMWPE liners. The companies that compared modified HXLPE to standard highly crosslinked PE
inserts also found significant reduction in wear and
improvement in mechanical strength of the modified
HXLPE inserts.39

Not many clinical studies are available that compare
HXLPE to conventional PE. Kuzyk et al did a meta-analysis of randomised control trials of crosslinked versus conventional PE for total hip replacement (THR) over the past
decade and found 12 studies in their inclusion criteria.
They concluded that crosslinked PE liners had reduced
radiological wear and osteolysis at a mean follow-up of 5.1
years, but there was no difference in revision rates
between crosslinked and conventional PE liners. No early
failures attributable to brittleness of the crosslinked PE
were reported.40
Kurtz et al in their review identified two level 1 articles
showing significant reduction in wear over a 7.2-year period that showed encouraging results with the use of
crosslinked PE. They did however conclude that definite
results await long-term follow-up.41
Grobbelaar et al recently published results of a cohort of
patients with the longest follow-up on crosslinked PE.
They reported a seven to eight times improvement in PE
wear as well as 16 patients with post-arthroplasty
improvement of the interface.11
In total knee replacement, Hodrick and Minoda both
found no significant difference in clinical or radiographic
outcome after six- and two-year follow-ups respectively.
Both studies had good sample sizes of cruciate retaining
and sparing primary knee arthroplasty with similar components in the conventional PE and HXLPE groups.42,43
Concern about the particle size and the dissemination of
these particles with unknown effects has been raised, but
it is still surrounded with controversy in the literature.39
Although the short-term clinical data on crosslinked PE
is encouraging, only long-term studies truly take the
patient and material-related factors into consideration
when assessing any superiority of crosslinked PE over
conventional PE liners. This is especially applicable when
the main aim is to prove longevity in a young active
patient.

Ceramic on highly crosslinked polyethylene
Ceramic bearings have tribologic advantages over metal
bearings and result in lower wear and osteolysis rates. The
main drawback of ceramic components is however the risk
for fracture which, up to recently, limited the use of ceramic components mostly to hip implants and smaller femoral
heads due to the need for thick acetabular components. It
is these mechanical properties that led to the development
of fourth generation ceramics, ceramified metals and
ceramic surface coatings.
Clinical data:
• Kim et al recently reported on 73 consecutive hips
using alumina on highly crosslinked PE. All patients
were younger than 50 years of age with an average of
47 years. Mean follow-up was 8.5 years. Results
showed no osteolysis or aseptic loosening using X-ray
and CT scan.44

Ceramic bearings have tribologic advantages over metal bearings
and result in lower wear and osteolysis rates
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• Verilast® Technology is Smith and Nephew’s trademark
for the Oxinium®-HXLPE bearing couple. Knee simulator results of Verilast® technology showed an 81%
reduction in mean volumetric wear and implant
longevity of up to 30 years. These results are however
inadequate to predict quantative wear results in vivo.45
The Australian joint registry did however show in their
2011 annual report that Verilast technology in THR surgery showed only 2.2% revision rate at seven years in
238 implants.
• Garvin et al reported on 56 THAs in a young, active
patient population using oxidised zirconium on
HXLPE. No patient had radiographic evidence of osteolysis and no patient had been revised for mechanical
loosening or wear at an average of 30 months.46
• Wroblewski et al did a prospective clinical trial on
19 hips using 22 mm heads, showing an average of
0.022 mm annual wear rate in vivo and similar results in
a simulator study. These results proved significantly
lower wear rates than in UHMWPE and the value of a
well-designed joint simulator.8
• Oonishi et al reported on clinical experience with ceramics in THR surgery and showed that alumina ceramics
decreased wear compared to metal heads when combined with UHMWPE, but had similar wear rates as
metal heads when crosslinked PE was used.47
• Hui et al showed in a prospective randomised control
trial that there is no clinical, radiographic or subjective
difference in 40 consecutive patients who received bilateral cruciate-retaining total knee arthroplasty. One knee
was done using Oxinium® femoral components and the
contralateral knee was done using cobalt-chromium
components, both on highly crosslinked PE. There were
also no adverse effects when using Oxinium® components. This study was done at only five-year follow-up,
and longer-term follow-up is necessary to better evaluate the performance of oxinium.48

Hard-on-hard bearing couples
Metal-on-metal
Poor manufacturing techniques and excellent results with
metal on UHMWPE caused metal-on-metal couplings to fall
out of favour in the 1980s. In 1988, Müller and Weber introduced the first second generation chromium-cobalt alloy
bearing under the brand name Metasul®. To date more than
140 000 units have been inserted.49 The most important difference is the improved manufacturing techniques used and
this technology is now applied in resurfacing systems as
well. These successes led to raised interest in the metal-onmetal bearing coupling.
After Du Puy® launched their ASR® metal-on-metal system
in 2003 the early clinical results provided by the manufacturer were promising. O’Sullivan did a single surgeon
prospective analysis on 340 consecutive hips with only three
neck of femur fractures and one wound infection after an
average of three years’ follow-up. Data on file at Du Puy®
indicated a 2.2% revision rate in 1 200 implants at two years.
Cobb reported a three-year cumulative survival rate for all
patients and all components of 97.4% in 1 030 patients. All
these abovementioned studies are however unpublished
and unobtainable data which was supplied on request from
Du Puy South Africa.
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Despite these excellent early results the ASR® ended up
being recalled after devastating outcomes. The Australian
Hip Registry concluded in its October 2010 annual report
that the metal-on-metal bearing surfaces do not appear to
be doing as well as the other bearing surfaces. This difference however was only apparent when the femoral head
size used is larger than 32 mm.6 The British Hip Society
released the following statement after their 2012 annual
meeting:50
• Stemmed, large diameter metal-on-metal primary
THRs using bearings of 36 mm or above should no
longer be performed until more evidence is available,
except in properly conducted and ethically approved
research studies.
• This advice does not apply to hip resurfacing.
• Patients who already have metal-on-metal bearing
implants should be followed up.
• The British Hip Society will continue to monitor the
latest research in this field and will provide further
guidance once more information becomes available.

Ceramic-on-ceramic
Ceramics are one of the most significant advances in total
hip and recently total knee replacement surgery.
Technological advances in manufacturing techniques are
now enabling the manufacture of implants with geometries
that were not possible previously.
The two most important concerns with ceramics are
mechanical strength and bearing noise. Until recently the
brittleness of ceramics limited their use to THR surgery,
but still with a risk of fracturing (0.004%) and dislocation
due to small head sizes in thick acetabular components.51
With the new Delta ceramics, companies can now manufacture not only thin acetabular cups with large femoral
heads, but also knee surface components.
Bearing noise is a potential problem with an incidence
ranging from 0.48% to 10%. The significance of squeaking
remains unknown with no evidence to suggest that
squeaking is a warning for implant failure.52 Stafford et al
performed a retrospective analysis of 250 ceramic-onceramic hip replacements in a young group of patients in
a single centre over 59 months. No patients reported
squeaking or radiological evidence of osteolysis or migration of the components. They noted that surgical technique and implant placement was extremely important.
The total revision rate was 2.4% with half of them being
for impingement-related problems and only one for
ceramic fracture.53
Petsatodis et al retrospectively analysed 85 first generation alumina-on-alumina THAs in young patients and
found a survival rate of 84.4% after 20 years. Six hips in this
study needed revision and all were for aseptic loosening.
Not one case of bearing noise or fracture was reported.
These fairly good results were achieved with old ceramic
technology which provides a promising future for ceramic
bearings.54
Recently Lee et al reported a 99% survival rate for any
cause after ten-year follow-up with third generation ceramics in 86 patients. Two of their patients needed a change of
the ceramic heads after fracture and 13 reported episodes
of bearing noise. They concluded that excellent results are
obtainable with this bearing surface but patients need to be
counselled about the risk for fracture and bearing noise.55
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Figure 1. Risk of revision following primary hip replacement (cumulative hazard with 95% confidence intervals), by
bearing surface

The above graph (Figure 1) obtained from the National
Joint registry for England and Wales however show minimally higher revision rates for ceramic-on-ceramic bearing
surfaces than ceramic-on-PE, but with metal-on-PE
remaining the best performing combination with regard to
with revision rates.56

Conclusion

The development of cutting edge technology in bearing
surfaces is driven by the quest to find the ideal bearing
couple that can withstand the demand of the young active
patient in need of total joint arthroplasty. These patients
are continuously getting younger with increased demand.
We are in the midst of an information-driven society and
companies are using ‘direct-to-patient’ marketing strategies to promote their products. It is therefore of utmost
importance that the arthroplasty surgeon is familiar with
new developments in order to guide patients in the right
direction to avoid sales gimmicks and rather base
decisions on evidence.
However, the rate of new developments is faster than the
rate at which we can perform adequate long-term followup clinical trials. This leaves us with the situation where
we have to choose between using evidence-based ‘old’
technology when potentially better implants are available,
or using new technology with the risk of devastating
results.
Furthermore, new technology costs money which
ultimately comes from the patient’s pocket. Society
demands value for money and this is now enforceable by
the Consumer Protection Act which has an effect on
everybody in the supply chain including the surgeon. We
simply do not have the evidence to justify massive
expenditure on advanced implants without clinical data
supporting their improved outcome compared to
traditional bearing surfaces.

The content of this article is the sole work of the authors. No
benefits of any form have been received from a commercial party
related directly or indirectly to the subject of this article.
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