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Prediction of Stress Distribution in the Ceramic Femoral Head after Total Hip

Replacement
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Ceramic femoral heads are now widely used in Total Hip Replacement (THR). Due to their high
biocompatibility and low ductility, ceramic femoral heads are considered to be suitable for young
and active patients. However, as in testing the mechanical stability of the femoral head, the
conventional proof test (standard ISO 7206-10) has its limit of showing axisymmetric stress
distribution on the contact surface, while non-uniformed stress distribution is expected after THR.
Since non-uniformed stress distribution can result in the increased probability of ceramic femoral
head fracture, it is considerable to evaluate the stress distribution in vivo-like conditions.
Therefore, this study simulated the ceramic femoral heads under in vivo-like conditions using
finite element method. The maximum stress decreased when increasing the size of the femoral
head and stress distribution was concentrated on superior contact surface of the taper region.

Key Words: Total Hip Replacement (THR
Method (FEM, =38t 4

71243

F; = Compression load

u = Coefficient of friction

o, = Radial stress

d = Diameter of the bore depth
T = Thickness of femoral head

o}, = Hoop stress

A X|2t&), Ceramic Femoral Head (M 2t2! Cf |2 5), Finite Element

2%4d A %<& (Total Hip Replacement, THR)
< A BHYE (degenerative arthritis), F7FE]l 2~
#A A (rheumatoid arthritis), & =T+ F34 A}
% (avascular necrosis of the femoral head), 2Z-4 7+
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Fig. 1 3D reconstruction of hip bone model from CT: (a)

Points data extraction of hip bone contour from CT,
(b) 3D solid model of hip bone
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Fig. 2 Three different diameters of femoral head designs:
28, 32 and 36 mm
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Fig. 3 Finite element of postoperative model: (a) Compo-

nents of postoperative model; stem, femoral head,
liner, acetabular cup, subchondral bone, cortical
bone, and cancellous bone, (b) Loading and boun-
dary condition
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Table 1 Material properties specified in the finite element

models
. Elastic modulus | Poisson’s

Part Material (MPa) ratio, v
Stem TiAl6v4 105,000 0.3

Femoral head Al,O4 380,000 0.245

Liner Al,O3 380,000 0.245
Cup TiAl6v4 105,000 0.3
Subchondral Bone 500 0.3
Cortical Bone 5,600 0.3
Cancellous Bone 100 0.3
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Table 2 Micromotion compared with in vitro data (load
applied = 1112 N)

Number of| Kwong et al. (um) Our study (Um)
SCrews Pole Periphery Pole Periphery

1 82.83+44.8 | 61.9+51.3 21.4 12.7

2 329494 | 53.64522 21.1 12.5

3 323+122 | 40.0+41.6 19.3 11.4

4 28.1£9.0 | 39.8435.1 18.5 10.3
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Fig. 4 Comparison of maximum principal stress (MPa)
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Fig. 5 Distribution of maximum principal stress in
femoral head under gait loading (28 mm)
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Fig. 6 Distribution of maximum principal stress in
femoral head under gait loading (32 mm)
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(a) Heel-strike (c) Toe-off
Fig. 7 Distribution of maximum principal stress in

femoral head under gait loading (36 mm)
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