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Mechanical Properties Analysis and Improved Design of Scaffolds
for Bone Tissue Engineering Based on Finite Element Method

SHI Xiaoquan, BAI Lingi, SUN Yazhou, LIU Haitao
( Department of Mechanical Engineering and Automation, Harbin Institute of Technology, Harbin 150001,
China)

Abstract: Objective To analyze the mechanical properties of bone tissue engineering scaffolds with different pore
structure and porosity, and improve the mechanical properties of scaffolds by changing pore structure.
Methods Square pore, spherical pore and cylindrical pore with different porosities from 55% to 75% were estab-
lished by SolidWorks software, and the surface-volume ratio of different structures was calculated. The stress dis-
tribution and equivalent compression modulus of different scaffolds were obtained by ANSYS Workbench soft-
ware. According to the stress distribution results, the scaffold with rectangular pore structure and cuboid element
structure was improved instead of square pores. Results With the increase of porosity, the surface-volume ratio
of the three structures increased. For the same porosity, the surface-volume ratio of square pores and spherical
pores was larger, while that of cylindrical pores was the smallest. The modulus and porosity of the three struc-
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tures were approximately linear. The modulus of the square pore and the cylindrical pore were similar. The stress

analysis on the square pore and two improved structures with 60% porosity showed that for the two improve struc-

tures, the wall stress on 4 edges parallel to the direction of applied stresses could be reduced by 15%.

Conclusions The surface-volume ratio and mechanical property of square pores were more advantageous than

spherical pores and cylindrical pores with the same porosity, and the two improved structures could improve the

mechanical properties of square pores. The two improved pores enriched the structure of tissue engineering scaf-

folds. The research findings provide the mechanical references for their clinical application.

Key words: bone tissue engineering scaffold; pore structure design; mechanical properties; finite element

analysis
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