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INTRODUCTION

We aim to characterize the
biomechanical behavior of soft tissues by
comparing experimental data with
simulation. In this work, we present
applications of the implementation of
different hyperelsatic models in FEniCS [1],
an open-source FE code, on human skin
and artery. For that purpose, uniaxial
extension and inflation tests have been
studied.

APPLICATION ON HUMAN SKIN

The first application consists in
simulating the mechanical response of a
bi-material skin. The latter is composed of
a healthy region and a benign tumor,
called ‘keloid’ (figure 2). Previous studies
showed that the keloid growth is linked to
the mechanical properties of the skin [2].

Figure 2. Keloid scar
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Figure 3. Mechanical stress field as an output
of the framework

As a first trial, we have implemented an alternative form of
the compressible Neo-Hookean materials (2).

METHODS

The displacements u over nodes of a structure under constraints (loads or prescribed
displacement) are the solutions of the variational problem (1). Even if the geometrical
non-linearity is taken in account, we still need to implement a hyperelastic constitutive
law to model the nonlinear behavior of the soft tissues.
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dil(u + €v)

Vv € V(trial space) (1)

de

e=0

with = [ Y)dx — |, B.dx — [, T.ds and 1(u) the hyperelastic strain energy density.
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Figure 1. The framework process

APPLICATION ON ARTERY

The artery exhibits a hyperelastic,
nearly incompressible and anisotropic
behavior.

Anisotropy is due to the orientation
and distribution of collagen fibers
inside the arterial wall. and can be

expressed using energy-strain T I~ (3]
equation introduced by Holzapfel [3]:
k _
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where I, describes the orientation of collagen fibers, I; is a
model invariant and ¢y, k1, k, are material parameters.

An inflation test of the artery was simulated using different
hyperelastic laws. As shown in figure 5, the Yeoh model is the
best to reproduce the experimental data.
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Figure 4. The estimated parameters of the Neo-Hookean

model

CONCLUSIONS & PERSPECTIVES

* Inverse identification of a bi-material human skin’s parameters under

uniaxial extension test.

* Benchmark validation of arterial walls response to an inflation test.

of soft tissues.

 Understanding the intimal hyperplasia process induced by hand-arm

vibrations.

e Development of prevention system against keloid growth.
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Figure 6. Arterial wall inflation modelled using different hyperelastic laws implemented
in FEniCS (Experimental data and pameters values taken from [4]).

REFERENCES

[1] Automated Solution of Differential Equations by the Finite Element

Springer, 2012.

Method : The FEniCS book. A. Logg, K.-A. Mardal, G. N. Wells et al.

[2] .M. Ramakrishnan, K.P. Thomas, C.R. Sundararajan, Study of 1,000

: : : atients with keloids in SouthlIndia, Plast Reconstr Surg, 53 (1974) 276—
* An FE open-source framework to simulate the hyperelastic behavior 280 g, 53 (1974)

[3] G.A., Holzapfel, T.C., Gasser, & R.W., Ogden. (2000). A new
constitutive framework for arterial wall mechanics and a comparative

study of material models. Journal of Elasticity, 61, 1-48.
[4] J.-P., Vassal; S., Avril; K., Genovese. (2009). Caracterisation des

propriétés mecaniques d’ un troncon d’ aorte par méthode inverse basée
sur une mesure ex-vivo du champ de déformations, 19¢™¢ Congres
Francais de Mécanique, Marseille, 24-28 aodt.



