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Growth of biological tissues is a process that involves the interaction of various chemical species. Fur-
thermore, recent experiments indicate that stress feedback from the mechanics to the reaction kinetics also
influences growth. Understanding how the reaction kinetics and mechanics are correlated is essential to un-
derstanding a variety of processes, such as embryonic development, bone regeneration, and cancer growth.
In this talk, I describe a general framework for modeling the interaction of reaction kinetics with the me-
chanics of a growing, viscoelastic tissue. The model of tissue mechanics allows for large deformations while
the reaction kinetics are modeled by reaction-diffusion equations where the nature of the reactions is deter-
mined experimentally. Growth and material response are modeled by a multiplicative decomposition of the
deformation gradient. The resulting coupled system of non-linear partial differential equations is solved in
three dimensions using an updated Lagrangian finite element method.

The model and computational framework is applied to the growth of a tumor in an agarose gel. Two
simulations related to the experiment of Helmlinger et al. [1] are presented. The first part of the experiment
illustrates that a tumor spheroid grown in an agarose gel under isotropic conditions reaches an equilibrium
size that depends on the stiffness of the gel. In the second part of the experiment, the tumor is grown in
a capillary tube that is one centimeter in length and one millimeter in diameter. In this case the spherical
symmetry of the tumor is broken, and the tumor grows into an ellipsoidal shape, with the primary growth in
the direction of the capillary axis. The simulations of these experiment illustrate the distribution and effects
of residual stresses from tumor growth in addition to verifying the proposed model.
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