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Statement of purpose: Cellular mechanics is an integral 
part of various cell physiological functions such as 
bioelectricity, motility, proliferation and differentiation. 
Recently, micro- and nano-fabrication approaches have 
been used to generate patterned surfaces for the study of 
cell-material interactions. From those studies, it is found 
that the topography and the distance between patterns are 
major factors that affect the cell responses such as 
adhesion, proliferation and motility. Cellular responses 
also vary depending on the type of the cell used [1]. It is 
of interest then to examine the mechanical properties of 
cells adhered on those patterned surfaces. Here our main 
aim is to examine how mechanical properties of cell 
change on different surfaces when the same loading 
conditions are used. We take advantage of the power of 
finite element modeling to simulate the mechanical 
responses of cells adhered on different patterned surfaces. 
Materials and Methods: ANSYS 9.0 simulation 
software (ANSYS, Inc) was used to design 3D finite 
element model of cell adhered on flat and rectangular 
groove micropatterned surface. Cell model was assumed 
to be axisymmetric and was rotated 3600 to get the 3D 
cell model. A hemispheriodal model cell was used with 5 
μm and 25 μm in height and diameter, respectively. The 
cell dimensions were selected based on the typical size of 
mammalian cells (10-50 μm in diameter) and others used 
in literature [2]. The rectangular groove micropatterned 
surface is 4 μm in height, 25 μm in length and 2.5 μm in 
pitch. On the patterned surface, cell membrane was 
assumed to conform to the contour of the underlying 
substrate without kink. “Element SOLID 92” and “free 
mesh” options from the software were used to break the 
model into discrete number of finite elements. Young’s 
modulus and Poisson’s ratio of the cell nucleus were 
taken as 5 kPa and 0.3, respectively [3]. Mechanical 
properties of the substrate were taken such that its 
Young's modulus is 1,000 times higher (i.e. stronger) than 
the cell. However, the Poisson’s ratio of the substrate was 
taken to be identical to that of the cell. Boundary 
conditions used in the simulations included: 1.The cell 
was immobilized on the substrate without any movement 
in all three directions, and 2. Pressure was applied on the 
top of the central portion of the cell, which has a surface 
area of 1 μm2. Von-Mises stress and deformation were 
used to indicate the mechanical properties of the adhered 
cell. The applied pressure was increased in a stepwise 
fashion on the tip of the cell until it stopped converging. 
The simulations were performed under static conditions. 
Results: When the pressure was increased, deformation 
and stress increased for both substrates on which cells 
were placed. Cell sustained more pressure with less 

deformation (Figure 1) and experienced less stress (Figure 
2) on rectangular groove micropatterned surface as 
compared to flat surface. A possible reason may be the 
increase in surface area on rectangular groove 
micropatterned surface as compared to flat surface. Since 
the stress is inversely proportional to surface area, an 
increase in surface area leads to a decrease in the stress 
level. The low deformation and stress level experienced 
by the cell may explain experimental observation that 
cells adhere favorably on rectangular groove 
micropatterned surface. 

 
Figure 1. Relationship between applied pressure and 
maximum deformation of cell adhered on flat and 
rectangular groove micropatterned surfaces. 

 
Figure 2. Relationship between applied pressure and 
maximum Von-Mises stress of cell adhered on flat and 
rectangular groove micropatterned surfaces. 
Conclusions: Mechanical properties, using Von-Mises 
stress and deformation as indicators, of cells adhered on 
flat and rectangular groove micropatterned surfaces were 
studied using finite element modeling. From these 
simulations it appears that rectangular groove pattern 
would lower the deformation and stress level of the cell, 
which may be important for cells to adhere favorably on 
particular patterned surface.  
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