J. Biomed. Eng. Res:212-221, 2008

" el) S A FAKIST) ST, ‘At 2] A F e

Biomechanical Evaluation of Cement type hip Implants as
Conditions of bone Cement and Variations of Stem Design

H. S. Park’, H. J. Chun®, 1. C. Youn', M. K. Lee', K. W. Choi’

'Biomedical Research Center, Korea Institute of Science and Technology(KIST)
2Department of Mechanical Engineering, Yonsei University, Korea
(Received January 24, 2008. Accepted April 10, 2008)

Abstract

The total hip replacement (THR) has been used as the most effective way to restore the function of damaged hip joint. However, various
factors have caused some side effects after the THR. Unfortunately, the success of the THR have been decided only by the proficiency of
surgeons so far. Hence, It 1s necessary to find the way to minimize the side effect caused by those factors.

The purpose of this study was to suggest the definite data, which can be used to design and choose the optimal hip implant. Using finite
element analysis (FEA), the biomechanical condition of bone cement was evaluated. Stress patterns were analyzed in three conditions:
cement mantle, procimal femur and stem-cement contact surface. Additionally, micro-motion was analyzed in the stem-cement contact
surface. The 3-D femur model was reconstructed from 2-D computerized tomography (CT) images. Raw CT images were preprocessed by
mmage processing technique (i.e. edge detection). In this study, automated edge detection system was created by MATLAB coding for
effective and rapid image processing. The 3-D femur model was reconstructed based on anatomical parameters. The stem shape was
designed using that parameters. |

The analysis of the finite element models was performed with the variation of parameters. The biomechanical influence of each parameter
was analyzed and derived optimal parameters, Moreover, the results of FEA using commercial stem model (Zimmer’s VerSys) were similar
to the results of stem model that was used in this study. Through the study, the improved designs and optimal factors for clinical application
were suggested. We expect that the results can suggest solutions to minimize various side effects.
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Fig. 1, Main panel of automated edge detection system using MATLAB 7.0(a), Schematics of edge detection processing using automated edge detection system(b), 2D
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Table 1, Material properties of the stem, femur and bone cement
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Impiant (Ti—6AiI—4V)

Rigid body -

Cortical bone 11000 04
Cancelious bone 2100 0.3
Bone cement (PMMA) 2600 0.3
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Fig. 5. Regions of interest along the medial side of femur
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position of femur as a variation of Young’s modulus of cement
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