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ABSTRACT

BIOMECHANICAL MODELING OF GROWTH AND REMODELING PROCESS IN
SOFT BIOLOGICAL TISSUE

Gürsan ÇOBAN

In this work, we constructed a novel collagen fiber remodeling algorithm that
incorporates the complex nature of random evolution acting on single fibers causing
macroscopic fiber dispersion. The proposed framework is different from the existing
remodeling algorithms, in a way that the microscopic random force on cellular scales
causing a rotational-type Brownian motion alone is considered as an aspect of vascular
tissue remodeling. A continuum mechanical framework for the evolution of local
dispersion and how it could be used for modeling the evolution of internal radius of
biaxially strained artery structures under constant internal blood pressure are
presented. A linear evolution form for the statistical fiber dispersion is employed in the
model. The random force component of the evolution, which depends on the mechanical
stress stimuli, is described by a single parameter. Although the mathematical form of
the proposed model is simple, it has been considered that there is a strong link between
microscopic evolution of collagen dispersion on the cellular level and its effects on
macroscopic visible world through mechanical variables. The underlying reason of the
model's simple design is not only to increase the computational efficiency of the
algorithm, but also to limit the impacts of parameter sensitivity, which is supposed to be
due to the technical the restrictions on the existence and uniqueness of solutions
encountered in the nonlinear remodeling processes. We believe that proposed algorithm
utilizes a better understanding of the relationship between the evolution rates of mean
fiber direction and fiber dispersion. Predictive capability of the algorithm is presented
using experimental data. The model has been simulated by solving a single layered
axysymmetric artery (adventitia) deformation problem. The algorithm performed well
for estimating the quantitative features of experimental anisotropy, the mean fiber
direction vector and dispersion measurements under strain dependent evolution
assumptions.
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