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ABSTRACT

Adhesion enables cells to attach to surrounding cells or environment, which is essential in numerous
biological processes, including cell migration, maintaining structural integrity and signal transduc-
tion. The adhesion dynamics is regulated by specialized molecules at the cell’s surface [1].
Using the thermodynamically-consitent framework of phase-field modelling [2], we propose a new
model for cell-substrate adhesion. A coupling term is introduced into the free energy to account
for the adhesive interaction between the cell’s and substrate’s surface. In addition, the adhesion
strength and binding dynamics may be incorporated into the model by solving a surface partial
differential equation using a diffuse-interface approach [3]. The resulting adhesion model is a stiff,
higher-order, non-linear partial differential equation. The non-linearity originates from the noncon-
vex bulk free energy and from the regularisation of the coupling term to the cell’s surface, which
imposes stability restrictions for naive time-discretization schemes.

In this contribution, we will address the underlying foundations of our adhesion model in terms of
thermomechanical consistency and discuss energy-stability of discrete schemes to solve the equations
using the Finite Element Method.
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