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Abstract 
An accurate representa�on of cellular mechanobiology necessitates the inclusion of subcellular 
elements characterized by minute masses and dimensions. These minute objects yield mul�scale 
dynamic models with dispropor�onate terms, which require inordinate amounts of computa�onal �me 
to simulate. The computa�onal requirements limit the �me span of the simula�on to �me histories 
shorter than one second, even when employing supercomputers. This work presents a high-speed, long-
term, approach to simula�ng the mechanobiology of stem cells. The proposed approach separates the 
computa�onal �me from the size, and distribu�on, of masses of the subcellular elements, enabling the 
simula�on of weeks-long cellular processes within hours on a typical desktop computer. The accuracy of 
the approach is verified by the agreement between the computa�onal results and the experimental 
data.  
 
This work examines adipogenesis, the transforma�on of human bone marrow-derived mesenchymal 
stem cells (hMSC) into adipocytes, fat cells, a biochemically-induced differen�a�on process that spans 
two weeks. Stem cells undergo dras�c morphological altera�ons during differen�a�on. The cytoskeletal 
remodeling, morphological changes of the nucleus, and in-crease in lipid expression during adipogenesis 
are studied herein.  
Several physics-based, coarse-grained, biomechanical nuclear and cellular models of the adipogenic 
differen�a�on process are presented. These models include subcellular elements characterized by 
masses from femtogram to picogram in size and lengths from nanometers to microns in size. The forces 
ac�ng on these elements will be orders of magnitude larger than the masses. The correspondingly large 
accelera�ons necessitate the use of small �me steps to obtain an accurate solu�on. Numerically 
integra�ng this mul�scale model for such a long �me period is computa�onally infeasible with 
conven�onal methods. A novel scaling approach, based on method of mul�ple scales, is developed 
herein to resolve the dispropor�onality in terms of the dynamic model. This new approach dras�cally 
reduces computa�onal �me to several hours, on a typical desktop computer, for the two-week dura�on 
of adipoge 
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