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INTRODUCTION: Hip simulators have been used 
extensively to carry out the wear testing of implants. It 
has been reported that there is no significant difference 
between the wear generated by various CoCr alloy 
microstructures in hip simulator studies1,2. However, high 
wear has been reported in heat treated and consequently 
low carbide (high carbon) MoM devices3 in vivo. In vitro 
the continuous, fast cycles, are protecting the bearing 
surface, negating the effect of microstructure on wear. On 
the contrary, the extensive range of kinetics and 
kinematics in vivo would break down the fluid film in 
MoM bearings resulting in the implant operating in less 
favourable lubrication regimes.  
AIM: To investigate the effect of microstructure on the  
wear performance of  MoM devices. 
MATERIALS AND METHODS: Three pairs of 50 mm 
as cast CoCr MoM devices and four pairs of 50 mm 
double heat treated CoCr MoM devices were tested in a 
ProSim hip wear simulator (SimSol, Manchester, UK) 
under new and more physiologically relevant conditions. 
The lubricant used in this study was new born calf serum, 
diluted with de-ionized water to achieve an average 
protein concentration of 20 g/l. 0.2wt% sodium azide is 
added as a preservative. Stop-start motion was 
implemented every 100 cycles4. Two sets of kinetics and 
kinematics were used; Condition one: The 
flexion/extension was 30° and 15° respectively. The 
internal/external rotation was +/- 10°. The force was Paul 
type stance phase loading with a maximum load of 3 kN 
and a standard ISO swing phase load of 0.3 kN. 
Condition two: The flexion/extension was +/- 22°. The 
internal/external rotation was +/- 8° 5,6. The force was a 
maximum stance phase load of 2.2 kN and a swing phase 
load of 0.24 kN 7. The two kinetics and kinematics 
conditions alternated every 100 cycles throughout the test. 
The frequency was 0.5 Hz 4.  Wear of the devices was 
assessed gravimetrically at 0.5, 1, 1.5 and 2 Million 
cycles(Mc). Ion analysis has been carried out using 
ICPMS method (Luleå, Sweden). All statistical analyses 
were performed at a 95% confidence level(CL) 
(Microsoft® Excel 2003). 
RESULTS AND DISCUSSIONS: The average 
cumulative weight loss in Figure 1 shows that under more 
physiologically relevant test conditions, the as cast CoCr 
MoM have shown significantly lower wear when 
compared to the double heat treated CoCr MoM devices 
(p < 0.05). The difference between the wear of the as cast 
and double heat treated MoM devices at 0.5Mc has 
further increased when they have reached 2Mc. 
The ion concentration results also show the same trend 
that is represented by the gravimetric results. However, 
the differences at 2Mc between the gravimetric weight 
readings and ion concentration are found to be 40% and 
71% respectively. It is postulated that the percentage 

increase can be attributed to the presence of smaller 
double heat treated wear particles present in higher 
quantities8 contributing to larger surface area exposed to 
corrosion and hence higher ion concentration levels.  

 
Figure 1. Average cumulative weight loss of as cast and 
double heat treated CoCr MoM devices (+/- 95% CL) 

 
Figure 2. Ion concentration expressed in terms of 
accumulated weight loss (+/- 95%CL). 
CONCLUSION:  
1.A new and more physiologically relevant test protocol 
has been successfully developed.  
2.This study shows that under more physiologically 
relevant test conditions the double heat treated MoM 
devices generate higher wear and much higher ion 
concentrations when compared with as cast MoM devices. 
3.The findings are in correlation with the clinical results 
showing higher wear and failure rates of the double heat 
treated MoM devices. 
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