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Analysis of Loosening Phenomenon in Artificial Hip Joint
Application Related to Design Parameters

Young Eun Kim, Chung Hwa Chung*

The human’s biomechanical structure keeps an optimal state by adapting the original
biomechanical structure according to a change in the physical- énviornment. This
phenomenon is believed to be the main cause of loosening of the total hip r'éblacement which
is used widely in these days.

In this study the bone density change due to artificial hip joint, which is generally believed
as bone-remodeling, was investigated by the finite element mothod. For this, 2-D FEM
models with 4 nodal point elements were constructed for intact and implanted cases. The
density was calculated by comparing the relative amounts of effective stress for these two
cases. In this way, calculated new density values were used in the next step as input values
and this procedure repeated until convergence was obtained.

Severe density change was detected at the femoral cortex of the proximal-medial side as
expected. Moreover, following surprising result was found from this analysis. Titanium alloy
prosthesis showed less density change compared to stainless steel prosthesis at earlier stage,
however, almost same amount of the density change was detected at final stage. It was also
found that other design parameters could not significantly affect its density change.
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Fig. 1 Flow chart of density change calculation
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Table 1 Material properties

Young'’s modulus | Poisson’ratio
Cortical bone 17.00 GPa 0.29
Cancellous bone 728.2 MPa 0.29
Bone-cement 3.011 GPa 0.19
Stainless steel 196.5 GPa 0.30
Titanium alloy 101.4 GPa 0.30
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Fig. 3 Density distribution of cortical bone for stainless steel stem
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