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A hyper-viscoelastic model for an individual stem cell subjected to cyclic loading
for mechanical modulation toward differentiating to Fibrochondrocytes
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ARTICLE INFORMATION ABSTRACT

Stem cells due to their ability for self-renewal and the potential of differentiating to different cell
lineages are the ideal choices in regenerative tissue engineering. Under cyclic loading, these cells could
differentiate to those kinds of cells that experience similar conditions inside the body, like osteocytes
and chondrocytes. In this research, the purpose is to investigate the effect of the 10 percent cyclic strain
with the frequency of 1 Hertz on the mechanical response of a single mesenchymal stem cell cultured in
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Meeysvevgcrh;mm stem cells a fibrin hydrogel block, using the finite element method and considering the role of integrins and
Cyclic loading implementing the Simo’s hyper-viscoelastic model for the cytoskeleton as long as the uniaxial loading

Hyper — viscoelasticity
Focal adhesions
Chondrogenic differentiation

leads the cell to differentiate toward Fibrochondrocytes. The results of presented model show that the
averages of the circumferential, radial and shear stresses are 240, 260 and 140 Pascal, respectively and
corresponding forces are 24, 45 and 15 Pico-Newton. The results imply that stresses and forces
generated inside the cytoskeleton are large enough to elicit a different response from the cell. These
research results can be very effective for better design of biological experiments.
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Fig. 7 The model including the cytoplasm, integrins, cell nucleus and a
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Fig. 5 Fibrin block model in Comsol (fibrin block size 20x10x3 mm,
dimensions of each polyethylene piece 6.5x10x3 and diameter of each
hole 4mm)
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Fig. 18 The circumferential force on line 2 within cytoskeleton in the

first 20 seconds of loading
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Fig. 20 The shear force on the line which makes a 45 degree angle with
the horizon within the cytoskeleton in the first 20 seconds of loading
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