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INTRODUCTION: 
Osteoarthritis, rheumatoid arthritis and trauma can all lead 
to pain and discomfort of the knee. This can be treated 
with an arthroplasty. Problems in the past with total knee 
replacements have been osteolysis caused by the build up 
of particulate debris from the ultra high molecular weight 
polyethylene (UHMWPE) tibial component causing an 
immunological reaction leading to bone resorption and 
loosening of the component. This in turn causes pain and 
revision becomes necessary. The use of an alternative 
material to replace the UHMWPE could reduce the 
particulate debris created this in turn would reduce the 
immunological response to the wear debris leading to a 
longer functional and pain free prosthesis. Pitch carbon 
fiber reinforced PEEK has shown significantly lower 
wear than UHMWPE in pin on plate screening tests 
against CoCrMo.2 The evaluation of this wear couple has 
now been extended to include simulation of wear in a 
unicondylar knee prosthesis. 
 
MATERIALS AND METHODS: 
A unicondylar knee prosthesis which consisted of a 
CoCrMo femoral condoyle articulating against a pitch 
carbon fiber reinforced PEEK-OPTIMA tibial component 
was tested to 5 million cycles.  
 
The wear tests were conducted on a Durham six-station 
wear simulator. Stations 1 to 5 were articulating stations, 
loaded with a  maximum 3000 N, minimum 300 N. 
Flexion/ extension was 0 to 60º, active anterior/ posterior 
translation took place of ±2.5 mm and passive internal 
external rotation was allowed to occur. A speed of 1 Hz 
was used. These conditions are expected to produce 
similar motion profiles to those experienced in vivo.  The 
final station was used as a dynamically loaded soak 
control.  An unloaded soak control was also used. Each 
prosthesis was worn in a bath of bovine serum diluted to 
17 g/l protein concentration. Approximately every 
500,000 cycles the joints were cleaned and the wear 
assessed gravimetrically prior to replacement of the 
lubricating serum. 
 
Before and after wear testing, friction tests were 
performed to determine the lubrication regime. The 
Durham friction simulator was used, a load of 1000 N 
maximum and 100N minimum was used. A simple 
harmonic oscillatory motion was used of ±32.5º and a 
period of 1.2 s. Surface analysis of the components was 
carried out both before and after testing using a non 
contacting profilometer as well as SEM.  
 
RESULTS: 
Wear tests demonstrated an average wear rate of 
1.7mm3/million cycles for the medial condyle and  
 

 
 
1.02mm3/million cycles for the lateral condyle, taking 
into account the loaded soak control.  

Wear rates for unicondylar knee after 5M cycles
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Figure 1  Wear Results from each joint after 5M wear 

cycles 
The higher wear rate observed for medial compared with 
lateral components may be due to the increased load 
through the medial bearings but may also be due to the 
greater conformance of the lateral bearing. The results 
compare favorably with a similar assessment of a metal 
on UHMWPE unicondylar knee bearing which resulted in 
wear of 6.69 and 2.98 mm3/million cycles for medial and 
lateral components respectively3. This is approximately 
three times higher than the results found during this study.  
 
Friction results suggest that by the end of the test there 
appears to be less asperity contact and a lower friction 
factor indicating an improving lubrication regime. This 
agrees with the surface analysis results, which indicates 
that the surface becomes smoother and more negatively 
skewed over the course of the test. 
 
CONCLUSION: 
The unicondylar knee joints performed well during these 
tests with lower wear rates obtained than those for metal 
on UHMWPE.  Surface analysis showed small scratching 
on the metal counter face consistent with that seen for a 
metal on UHMWPE bearing. The PEEK surfaces became 
smoother over the course of the test.  These results 
suggest that CFR-PEEK may be utilised for in novel knee 
bearings designs which take advantage of the materials 
strength, creep and fatigue resistance. 
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