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acetabulum in the cortical bone, but are found
central to the acetabulum in the cancellous bone,
in agreement with the results of Dalstra and
Huiskes [61]. Majumder et al were also found
that the maximum stresses in trabacular bone
were between 0.3-1.7 MPa in their study [62].
The stresses found in the cortical bone were
about 20 times higher than in the underlying
trabecular bone. Hence the pelvic bone acts as
a “sandwich construction” [63].

The stresses observed in the cortical bone of
both femur and pelvis were below the reported
ultimate strength for cortical bone under
compression (approximately 200 MPa) [64] and
reportedly below the fatigue strength for cortical
bone, quoted as 40 – 80 MPa @107 cycles [65]
but there are long-term concerns regarding the
combined action of cyclic joint forces and the
stress shielding effect in the femur.

There are significant differences in the
maximum predicted von Mises stresses
between anatomic and axisymmetric, finite
element models as shown in Table 2. However,

it must be noted that the only head-neck region
of femur was considered in axisymmetric, finite
element models. In anatomic FE model, the peak
von Mises stresses in head-neck region were
predicted as 6.84 MPa at the bottom of the neck
for cortical bone and 1.56 MPa at the end of stem/
cancellous bone interface. Ysibash et al were
also found that the maximum von Mises stresses
at the bottom of the neck were between 9-10
MPa for the applied load of 1500 N.

Conclusion

The contact mechanics and stress distribution
of a hemi-resurfacing arthroplasty hip joint has
been analyzed in this study by using three
dimensional anatomic, finite element methods.
Two and three dimensional axisymmetric finite
element models were also developed to
compare with the anatomic model. All
components of hemi-resurfacing arthroplasty of
hip joint were considered as isotropic,
homogeneous and linear elastic materials in
these FE models. The following are the
conclusions:

Figure 6: Von Mises stresses (MPa) in a) the cortical bone and, b) the cancellous bone of pelvis for
the hemi-resurfacing arthroplasty (BW=3200 N and muscle and subtrochantric forces, c=0.5 mm).

 Maximum von Mises stresses (MPa) 
Component Cortical bone Cancellous bone 

Model Femur Pelvis Femur Pelvis 
Articular 
cartilage 

PMMA  
Cement 

Subchon. 
bone 

Fem. 
Comp. 

3D Anatomic 39,24 17,68 3,35 2,21 0,58 1,24 4,22 17,43 
3D 
Axisymmetric 29,64 7,75 2,32 2,06 0,57 2,91 2,93 16,53 

2D 
Axisymmetric 6,47 6,87 1,19 1,42 0,51 0,99 1,97 7,22 

Table 2. Predicted maximum von Mises stresses in the components for the various metal on
cartilage  finite element models (BW=3200N and muscle and subtrochantric forces, c=0. 5 mm)
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• There was good agreement between contact
mechanics results achieved from anatomic
and axisymmetric FE models with
approximately 0.5% difference between
three-dimensional, anatomic and
axisymmetric models and approximately 7%
difference between three-dimensional,
anatomic and two-dimensional,
axisymmetric models. Therefore, it can be
concluded that the axisymmetric, FE models
can be used for contact mechanics studies
because they require less computational
time.

• The predicted maximum von Mises stresses
were observed in both cortical bone of femur
and pelvis. Significant differences were
found in the maximum predicted von Mises
stresses between anatomic and

axisymmetric, finite element models.
Therefore, it can be concluded that anatomic
FE models give more accurate results for
investigation of stress distribution on overall
hip joint.

• Stress shielding in the bone tissue was
found to occur with the hip hemi-resurfacing
prosthesis considered in this study. However,
the stress shielding was shown to be less
than those reported in literature for the MOM
hip resurfacings and conventional total hip
replacements.
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