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The Cellular Microenvironment and 
Initial Cell Spreading 

Many current questions in bioengineering hinge on 

the understanding of how a cell interacts with its 

micro-environment. To investigate that interaction, 

we propose a comprehensive dynamical mechanical 

computational model for cells. 
In this study, we concentrate on the dynamics of 

cell spreading as the first key aspect of a cell's in-

teraction with a substrate. It was found experimen-

tally, that cells initially spread according to “uni-

versal” dynamics [1]: During this purely mechani-

cal spreading, the radius of the spreading area in-

creases according to two distinct power laws: first 

with an exponent of ¼ and then ½.  
To investigate this behavior, we developed and sim-

ulated a model of a deformable cell that builds on 

earlier red blood cell (RBC) models; e.g. [2].  
In the experiments reported in [1], RBCs are osmo-

tically rounded and biotinylated to observe spread-

ing on various substrates. 

Methods  

The model discretizes the mechanical boundary of 

the RBC - membrane and cortex - into deformable 

triangles, which are fitted with spheres according to 

the local curvature. The interaction of those 

“sphered” triangles with the environment defines 

the forces acting on the nodes. The resulting move-

ment of the nodes is calculated using equations of 

motion derived from Stokes flow, i.e com-parable 

to the equation of motion to be found in e.g. [3].  

Results 

Simulations show that both regimes of initial cell 

spreading can be expected for a wide range of rea-

sonable parameters from this model. Corroborating 

the results from the much simpler, conceptual mo-

del described by Cuvelier et al., we can indeed 

follow in detail where forces are dissipated and vis-

cous deformation takes place – see Figure 1. 

Analysing the outcome of our simulations, it be-

comes clear, that there are two regimes of viscous 

deformation in the cell: firstly, just in the vicinity of 

the contact, later the whole cell volume will dissi-

pate the surface energy from the contact. 

 

Figure 1: Initial cell spreading of a rounded RBC 

and expected slopes from [1] 

In addition to the purely viscous deformations of 

the cortex taken into account by that model, we also 

are able to investigate aspects of the Stokes drag 

and friction between cell and substrate. The process 

of cell spreading is especially sensitive to the latter 

parameter. 

Discussion 

The described deformable cell model clearly sub-

stantiates the hypothesis, that initial cell spreading 

is a mechanistic occurrence which is governed by 

surface energy generating adhesion forces, friction 

and viscous deformation of the cytoskeleton.  

This clearly shows the potential of the deformable 

cell model as a tool to investigate dynamic proper-

ties of the cell-microenvironment interaction. 
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