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New materials and better 
information on the way 
older materials perform are 

having a significant impact on joint 
replacement—particularly for total 
hip arthroplasty (THA). At The 
Hip Society/American Association 
of Hip and Knee Surgeons 2012 
Specialty Day program, William J. 
Maloney III, MD, brought “The 
Bearing Dilemma in 2012” into 
sharp focus, with panelists focused 
on the evolution of polyethylene 
bearings, the use of ceramic-on-
ceramic (CoC) bearings, and the 
controversy over metal-on-metal 
(MoM), and a series of audience 
response questions.

Polyethylene: Then and now
According to A. Seth Greenwald, 
DPhil (Oxon), of Orthopaedic 
Research Laboratories, early use 
of ultra-high–molecular-weight 
polyethylene resulted in wear as an 
inescapable consequence of in vivo 
femoral articulation. The debris 
created set off a chain reaction, re-
sulting in osteolysis, bone loss, and 
ultimately THA failure. 

 As a result, multiple attempts 
were made to reduce wear and im-
prove materials. “The most impor-
tant—and perhaps overlooked—
manifestation was the influence of 
gamma radiation in an air environ-
ment as an end-point sterilization 
process,” noted Dr. Greenwald. 
Early research found that increas-
ing the radiation dosage not only 
reduced wear, but also created free 
radicals, which led to oxidative 
degradation—an issue that initially 
was not fully appreciated.

 “Along the way, a new genera-
tion of polyethylene alternatives 
emerged, whose common denomi-
nator was an appreciation of the 
importance of increased cross 
linking while minimizing oxidative 
degradation to reduce wear,” said 
Dr. Greenwald. The first generation 
of contemporary cross-linked poly-
ethylenes began to emerge in 1997, 
and subsequent variations have 
eliminated gamma irradiation as an 
end-point sterilization technique, 
but has now been incorporated 
into the manufacturing process.

 In measuring the performance 
of these new materials, Dr. Green-

wald looked at three factors: crack 
initiation, crack propagation, and 
abrasive wear.

 “How well can the material 
inhibit a potential crack—arising 
from a stress concentrator within 
the acetabular shell locking mecha-
nism or an imperfection in the ma-
terial—and prevent it from starting 
and spreading?” he asked. 

 Crack propagation refers to the 
spread of the crack through the 
component. “Fatigue crack propa-
gation resistance of these materi-
als decreases with increased cross 
linking and may not be suitable 
for orthopaedic components where 
high cyclic stresses are involved,” 
he said. 

 Abrasive wear is the third  
mechanism that influences the 
performance of these materials. 
Pointing to the interaction between 
radiation dose level and wear,  
Dr. Greenwald noted “a significant 
improvement of the wear rate and 
corresponding minimization of the 
osteolytic response by comparison 
to what we have called conven-
tional polyethylene.”

 He pointed to the increasing 
dominance of cross-linked polyeth-
ylene and the disappearance of con-
ventional polyethylene in orthopae-
dic hip implants. “The take-home 
messages are these,” he concluded. 
“Abrasion is the primary polyethy-
lene damage mode in THA designs. 
Midterm reports indicate that ad-
vanced cross-linked polyethylenes 
significantly improve wear perfor-
mance in THA, reducing the onset 
of osteolytic processes. Gamma 
irradiation has shifted from being 
the final sterilization mode to being 
part of the manufacturing process. 
Going forward, component place-
ment will play an increasingly im-
portant role to ensure the longevity 
of these materials.” 

The case for ceramics
As Carsten Perka, MD, of Berlin’s 
Center for Musculoskeletal Sur-
gery, Charité University Hospital, 
pointed out, “Biologic problems 
related to wear debris have stimu-
lated interest in alternate surfaces. 
Although the new polyethylenes 
appear to be a significant improve-
ment, they are not perfect. Ceramic 

has the lowest wear of all our ex-
perience to date.” 

 Dr. Perka noted that ceramics are 
extremely hard, scratch-resistant, 
and biocompatible; they also offer 
a low coefficient of friction, supe-
rior lubrication, and lower wear 
rates in comparison to other THA 
bearing surfaces. More than 7 mil-
lion ceramic devices have been im-
planted to date. 

 “There’s one more important 
issue,” he continued. “Bigger heads 
do not increase the wear rate. And 
sometimes there’s another advan-
tage—durability. Ceramic seems 

to be more stable than we expect. 
With today’s more active patient 
and lifestyle, we must look at long-
term survival rates, and ceramic 
performs very well.” 

 But, he acknowledged, concerns 
about squeaking and fracture risk 
continue. Although the causes 
may be multifactorial, Dr. Perka 
said that surgical technique could 
contribute to the problems. “The 
implantation technique of ceramic 
components is less forgiving com-
pared to other bearings. From my 
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The current climate

Five years ago, what was your 
bearing of choice for THA patients 

younger than age 50?

46%

20%

16%

18%

Metal on metal
Ceramic on ceramic
Ceramic on highly cross-linked 
polyethylene
Metal on highly cross-linked 
polyethylene

6%

17%

44%

33%

Today, what is your bearing of choice 
for THA patients younger than age 50?

13%

45%

35%

7%

What is the most common size 
for femoral heads?

28 mm

32 mm
36 mm

other

37%
50%

4% 8%

What do the current data on 
highly cross-linked polyethylenes 

suggest to you?

All commercial products are 
performing similarly.

Significant differences in 
clinically measured wear are 
based on manufacturing 
technique.

Osteolysis is a common 
problem seen after 8 years.

Fracture of the polyethylene 
liner is a serious ongoing 
concern.

At the end of the symposium, Dr. Maloney posed several audience re-
sponse questions. The answers, depicted below, provide an indication of 
the current status of bearing usage and beliefs about bearing performance.


