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INTRODUCTION 
Metal-on-metal hip resurfacing arthroplasty (MoMHRA) is a 
popular alternative to total hip replacement for younger 
patients. Despite low wear rates, metal-on-metal bearings 
release cobalt (Co) and chromium (Cr) ions into the body. 
There is evidence to suggest that the presence of these ions 
leads to adverse biological reactions [1].  
 
Previous work has shown that implant orientation influences 
wear [2]. In this study kinematic data collected from two 
patients with resurfaced hips were combined with hip contact 
forces collected from instrumented hip implants [3] to 
investigate the relationship between patient activity patterns, 
functional loading and metal ion levels. 

METHODS 
As part of an on-going study, a large cohort of MoMHRA 
patients had their serum metal ion levels measured. In this 
study, approved by the local ethics committee, there were 158 
subjects (201 hips). Two subjects, one with low serum metal 
ion levels (Subject A) and another subject with high serum 
metal ions (Subject B) were selected for this study (Table 1). 
Subject A had the Birmingham Hip Resurfacing (BHR) 
(Smith and Nephew, Birmingham, UK) and Subject B had the 
Conserve Plus (C+) (Wright Medical Technology, Arlington, 
TN, USA) devices (Table 1).  
 
Motion analysis data of each subject performing gait and stair 
descent was captured using a 12 camera VICON MX (Vicon, 
Oxford, UK). Immediately following motion capture, 10 retro-
reflective markers on the pelvis and thighs were replaced with 
multi-modality markers and the subjects underwent a CT scan. 
The 3D coordinates of the subjects’ acetabular and femoral 
components along with the positions of the multi-modality 
markers were recorded and input into custom routines 
developed in Matlab (The MathWorks Inc., Natick, MA, 
USA). With this software the data from the CT scans were 
combined with the kinematic data collected in the gait lab to 
determine the orientations and relative positions of the implant 
components during functional activity.  
 
Kinematic data were combined with hip contact forces 
reported by Bergmann et al., (1998). The hip contact force 
(HCF) was scaled to each subject’s body mass and 
transformed into the local coordinate system of the acetabular 
component. The intersection of the scaled and transformed 
HCF vector with the acetabular component was determined.  

 
Finite element (FE) models representing the subject’s 
acetabular and femoral components were created. The 
components were orientated at the positions representing 14% 
(peak force) of the gait cycle, 60% (end of stance) of the gait 
cycle (GC) and 52% (peak force) of stair descent. The 
influence of abduction angle on contact stress was investigated 
by increasing the abduction by 1° increments in the model up 
to a maximum of 10°. Models combining the orientation of 
Subject B’s acetabular component with Subject A’s scaled hip 
forces and dynamics were created for each of the activities. 
The abduction angle of this model was also increased by 
increments of 1° up to 10°. 

RESULTS AND DISCUSSION 
At 14% GC (Figure 1), the contact stresses on the acetabular 
components of Subject A remained unchanged despite the 
addition of 10° to abduction. In contrast, the contact stress on 
the acetabular component of Subject B increased by 308% 
when abduction was increased by 10°, indicating edge-
loading. The model combining Subject B’s orientation and 
component size with Subject A’s scaled and transformed hip 
contact force also remained unchanged for the range of angles 
analysed. 
 

 
Figure 1 Normalised contact stress on the acetabular 
component of Subject A & B compared with the combined 
model at 14% GC. 
 
At 60% GC the contact stress on the acetabular component of 
both subjects and the combined model increased as the 



abduction was increased (Figure 2). This was most 
pronounced for Subject B where the addition of 1° (61.2° 
abduction) caused a rise in contact stress indicating edge-
loading. The model would not converge with the addition of 
2°. Subject A and the combined model displayed increases in 
contact stress after 8° (equivalent to 53.6° abduction) and 4° 
(equivalent to 64.2°abduction) were added, respectively. 
 

 
Figure 2 Normalised contact stress on the acetabular 
component of Subject A & B compared with the combined 
model at 60% GC. 
 
The trend at 52% (Figure 3) of stair descent was similar to 
14% of gait. The contact stress on the acetabular component of 
both Subject A and the combined model remained unchanged 
up to 55.6° and 70.2° abduction, respectively. Subject B 
showed signs of edge-loading, with an increase of 108% in 
contact stress, when 9° (69.2°abduction) was added. 

 
Figure 3 Normalised contact stress on the acetabular 
component of Subject A & B compared with the combined 
model at 52% of stair descent. 

 
A limitation of this work was the combination of kinematic 
data and HCFs from different sources. However the inter-
subject variation in HCFs suggested that varying the abduction 
angle of the acetabular component by 10° accounted for this. 
A further limitation was the absence of a fluid layer between 
the acetabular and femoral components in the FE models. 

CONCLUSIONS 
Edge-loading of the acetabular component caused contact 
stress to increase by at least double. These findings suggest 
that edge-loading is a result of abduction angle and individual 
activity patterns. The combined model (Subject A’s scaled hip 
forces and dynamics with Subject B’s orientation) indicates 
that an individual’s activity patterns may be the dominant 
factor in determining whether or not edge-loading occurs. 
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Table 1: Subject details. 
Subject Gender Body 

Mass (kg) 

Implant 

Type 

Femoral Component 

Size (mm) 

Chromium 

(µg/l) 

Cobalt 

(µg/l) 

Radiographic Inclination 
Angle (Degrees) 

A Male 85.2 BHR 50 0.9 1.9 45.6 

B Female 81.3 CON + 42 13.8 15.2 60.2 

 


