Morphoelastic remodeling of collagenous fibers under cyclic loading
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Soft tissues undergo remodeling processes, which are related to numerous biological, chemical
and physical processes. Different experiments such as [1] find that enzymatic collagen fiber
dissolution is slowed down when the fibers are stretched. This effect has been taken into
account in a continuum mechanics framework by Demirkoparan et al. [2]. In this continuum
mechanics framework the mechanical properties of the fibers have been modeled in terms of
the strain energy density of basic fiber entities, so-called protofibers, and a fiber survival kernel,
which describes the development of the fiber density with the deformation history of the
material. This kernel is modeled in terms of a constant fiber creation rate and a mechano-
sensitive fiber dissolution rate, which decreases with the amount of fiber stretch. The ground
substance matrix of the material is taken to be an incompressible neo-Hookean solid, which
despite its simplicity may provide a sufficient accuracy in describing the ground substance
properties.

The natural or undeformed configuration of the fibers may differ from the natural configuration
of the ground substance matrix. In different loading scenarios such as swelling [3] and
cylindrical inflation [4] it has been shown that the choice of the natural fiber configuration has a
crucial impact on the development of the fiber properties.

In our work we study the development of relation between loading and deformation of the
material for different fiber natural configurations, which may results into stiffening or softening
of the material with cyclic loading. The fibers natural configuration may coincide with the
natural configuration of the surrounding ground substance matrix, or the fiber may be
synthesized in a state of pre-stretch.
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