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Introduction

In order to better understand the biological tissues
micromechanics, structural constitutive models have
been developed which allow including considerations
about tissues microstructures. A key aspect of this kind
of modeling is to link the behavior between the
microscopic and macroscopic scales, and especially to
determine how the macroscopic strain will be
transmitted to the microstructural organization. In most
existing models, the affine assumption is taken to
perform the connection between scales. It relies on the
hypothesis that the microscopic strain can directly be
derived from the macroscopic strain through the tissue
transformation [1]. Here this hypothesis is taken to
compute a theoretical reorientation of the collagen
fiber network in plane connective tissues subjected to
uniaxial and biaxial loading. Using the experimental
data on liver capsule [2] and on skin [3], this
theoretical reorientation is compared to the observed
reorientation during these experimental campaigns to
assess the validity of the affine assumption.

Material and methods

The collagen fibers orientations used here come from
the experimental data published in [2] and [3]. Briefly,
the histograms of collagen fibers orientation have been
collected during mechanical loading on plane
connective tissues. Uniaxial tensile tests have been
conducted on mice skin and equi and non-equibiaxial
bulge tests have been performed on human liver
capsule, both coupled with imaging using multiphoton
microscopy. Therefore the evolution of collagen fibers
orientations during mechanical loading has been
assessed. The theoretical reorientation of collagen
fibers can be calculated [4], as derived from the initial
fibers orientations distribution and the transformation
gradient tensor by:
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where (@) is the orientation distribution in the
reference state and 77() is the orientations distribution
in the deformed state (associated to an angle f after
deformation). F is the transformation gradient tensor, C
the dilatation tensor and M the direction of a fiber
family defined by @ in the reference configuration.

Results

Globally speaking, we notice that this model of
reorientation based solely on geometric considerations
is not able to reproduce the observed reorientation. For
the samples which exhibited an important reorientation
during loading, for instance during non-equibiaxial
bulge tests (figure 1), the reorientation predicted by the
affine model is not important enough to successfully
account for the experimentally observed reorientation.
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Figure 1: Initial (yellow), experimental (red) and

theoretical (blue) orientation distributions of collagen

fibers in a liver capsule sample subjected to non-

equibiaxial bulge test.
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Discussion

The reorientation of the fibers network seems to
depend on other factors than just the applied strain.
Indeed, the structural interactions neglected in the
affine models appear to have a crucial importance in
the network reorganization. Therefore, the validity of
the affine assumption has to be investigated by
identifying the force transmission mode in the tissue,
especially among collagen fibers.
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