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Effect of total hip arthroplasty on biomechanical behavior of natural
femur

HAN Shu-yang®°, GE Shi-rong®°(a. College of Mechanic and Electrical Engineering; b. Institute of Tri-
bology and Reliability, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Objective To study the deformation and stress distribution of femur after total hip arthroplasty ( THA)
and its influence on the vibration mode and natural frequency of femur. Method Two finite element models of
natural femur and femur after THA were developed on the basis of computed tomography (CT) scans from a nor-
mal young man to investigate the biomechanical behavior of the subjectunder gait condition and make the modal
analysis. Results (1) After THA, obvious stress concentration was obtained around the prosthesis neck, and
the stress shielding was observed; (2) The peak stress of femur model after THA increased to 4. 36 times of the
original one; (3) The natural frequency for constrained mode was much higher than that of free mode; (4) With
the increase of vibration mode, the differences in natural frequency between two models became larger; (5)
Bending and twisting were the main vibration mode of femur, and there were no significant changes in vibration
mode before and after THA. Conclusions The prosthesis could change the mechanical and structural properties
of the original femur. In order to avoid prosthesis loosening derived from sympathetic vibration, the vibration prop-
erty of femur must be taken into consideration in the design of prosthesis.

Key words ; Total hip arthroplasty( THA) ; Femur; CT scans; Biomechanics; Finite element method; Stress dis-
tribution; Modal analysis
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Tab.1 The material properties of hip components!!!]
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Tab.2 Joint forces during the gait cycle
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Fig.1 Deformation and stress distribution contour of the two mod-
els (a) Deformation contour of normal femur, (b) Stress distri-
bution contour of normal femur, (¢) Deformation contour of femur
after THA, (d) Stress distribution contour of femur after THA
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Tab.3 The natural frequencies of the two models
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A
LR RERE LR RERE
1 59.396 59.103 491.85 456.79
2 72.552 72.826 628.10 570.95
3 373.97 418.61 1232.7 1126.9
4 443.29 482,40 1465.2 1380.1
5 546.97 618.83 1898.3 1498.5
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Fig.2 The first five vibration modes of the two models (a),

(b) Free mode, (c¢), (d) Constrained mode
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