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Introduction 
Head contact on the rim of the acetabular cup 
has led to observations of stripe wear in 
retrieved ceramic hip implants [Nevelos et al., 
2000]. Rim contact has been associated with 
mal-positioning of the bearing components 
[Fisher, 2011]. This study has calculated the 
resulting offset loading torque, and 
investigated design parameters that may affect 
the torques due to head-cup rim contact. 
 
Methods 
A rim contact model was analytically 
evaluated, considering a lateral translation of 
the head (d) with a major load in the vertical 
direction at the head centre (O1) corresponding 
to a ground reaction force at heel strike 
(F=2500 N) (Fig. 1).  

 
Figure. 1. Head contact on the rim of the cup 

 
A rounded rim with the centre (O2) was 
assumed for the cup. Additionally, an eccentric 
cup with the outer bearing centre (O') was also 
analysed. The contact force at the rim (A) was 
resolved into normal (Fn) and friction (Ff) 
components. The torque about the cup fixation 
interface was then calculated. A parametric 
study was conducted, assessing the effects of 
bearing design (cup rim radius, head size, cup 
coverage and eccentricity of cup), cup 
inclination, and bearing material combinations 
with representative coefficients of friction 
(CoF) (μ) on the torque (Table 1). 
 

 
 
  
 
 

 Table 1: Major parameters for bearings  

No 
Rim 

radius 
(mm) 

Cup 
inclination 

(degree) 

Cup 
coverage 
(degree) 

Cup 
Eccentricity 

(mm) 

Head 
size 

(mm) 

Bearing  
materials 

1 0.5/2/4 45 160 0 50 MoM* 

2 4 35/45/55 160 0 50 MoM 

3 4 45 140/160/180 0 50 MoM 

4 4 45 160 0/1/2/3 50 MoM 

5 4 45 160 0 28/36/50 MoM 

6 4 45 160 0 28 MoM/CoC/MoP 
  
* Metal-on-Metal (MoM); Ceramic-on-Ceramic (CoC); Metal-
on-Polyethylene (MoP) 
 
Results 
The typical torque calculated as a function of 
the translational displacement is shown for a 
50 mm MoM bearing (μ=0.1) (Fig. 2). The 
torque from the normal force increased linearly 
with increasing displacement while the torque 
due to friction was constant. The parametric 
study showed increased torque with increasing 
head diameter, eccentricity of the cups, and 
increased CoF of the bearing, but independent 
of cup rim radius, cup inclination and coverage 
considered.  
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Figure 2 Torque as a function of head translation  

 
Discussion 
Torques calculated were generally >7 Nm (Fig. 
2), indicating that the level which may cause 
cup loosening is reached [Wimmer, 2006]. 
Considering the combined effects of all the 
parameters studied, larger MoM bearings are 
more likely to be subjected to the most 
significant increase in torques due to the rim 
contact associated with the displacements. 
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