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Abstract

The mechanical response of human soft tissues strongly varies between individuals and depends
on many factors like for example age, sex, health state etc. The differences in the stress
can then reach 300% or even more (see, e.g. [1]). Against this background, application of
phenomenological models to patient specific simulations appears to be meaningless. Indeed,
such models can provide realistic predictions only on the basis of experimental data which
require invasive procedures for harvesting of test samples. Under these circumstances, it is more
promising to rely the modeling on the features common for all soft tissues. These are, first of all,
the micro-structure of soft tissues and their chemical composition. In this context, collagen is
the most important component which dominates the mechanical response of soft fibrous tissues.
Collagen fibers represent an assembly of collagen fibrils embedded into a proteoglycan rich
matrix. In turn, the collagen fibrils are build from tropocollagen molecules. This hierarchical
structure is just common for all soft tissues. The difference in their response is only due to
various amounts collagen, orientational distributions of fibers, dimension and packing density
of collagen fibrils as well as extended fiber lengths of the tropocollagen molecules. All these
data can be obtained for a particular tissue by a minimal invasive procedure and used to inform
a multi-scale model of collagen.

Such a model is proposed in the present contribution (see also [2, 3]). Accordingly, loading
of the tissue triggers sliding between fibrils and adjacent proteoglycan bridges [4]. The tropocol-
lagen molecules inside a fibril can be in an entropic or energetic state depending solely on their



current configuration. A statistical framework is utilized in order to describe a physically moti-
vated transition between these states of tropocollagen molecules. In addition, deformations of a
single tropocollagen molecule are affected by intensity of the cross-links to adjacent molecules.
Furthermore, the damage at the molecular scale is elucidated by the breakage of intramolecular
hydrogen bonds [5]. The so obtained model demonstrates good agreement to various experi-
mental data available in literature and could serve in future as a basis for the patient specific
tissue simulations mentioned above.
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