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Fluid-structure interaction analysis to evaluate the mechanical modulation of MSCs in a
cubic bone tissue engineering scaffold

Department of Medical Technology and Tissue Engineering, Faculty of Life Science Engineering, School of
Interdisciplinary Sciences and Technologies, University of Tehran, Tehran, Iran
Department of Medical Technology and Tissue Engineering, Faculty of Life Science Engineering, School of
Interdisciplinary Sciences and Technologies, University of Tehran, Tehran, Iran

S. Jianian Tehrani

B. Vahidi

Abstract

In this study, for a multi-scale study, a cubic scaffold used in bone tissue engineering was modeled. The average inlet velocity and
outlet pressure at the pores were calculated to establish the boundary conditions for the micro section, which consists of a single unit
of the scaffold and mesenchymal stem cells.

Our results revealed that reducing the porosity in the cubic scaffold resulted in a 55% increase in shear stress experienced by the
cells. In this study, one of the points where the maximum tension occurred was the connection of the cilium to the cytoplasm (0.2-
0.8 Pa), which, according to previous studies, is an area where stretch-activated channels are known to exist. The results of this
research indicated that the cells located in the areas closer to the entrance and exit of the scaffold pores received higher levels of
shear stress (80% higher in cubic scaffolds with 800 um pore length and 90% higher in cubic scaffolds with 600 pm pore length).
These promising results offer a numerical basis for exploring the MSCs' fate at different frequencies.

Keywords: Cubic Scaffolds, Bioreactors, Mechanical Modulation, Multiscale Modeling, Mechanobiology, Cell Mechanics.
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