Numerical analysis of the dynamic behaviour of a nonlinear
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ABSTRACT

In order to understand the mechanisms in degenerative disc disease and support the design of
robust disc prothesis, accurate modelling of the intervertebral disc’s (IVD) dynamics is necessary. Many experimental studies relate changes in the mechanical properties of the disk to the
degenerative state of the IVD [1, 2]. However, further studies are necessary to better assess the
influence of parameters which may affect those mechanical properties on the dynamic behaviour
of the IVD, especially its dissipative behaviour. The goal of this work is to investigate the effect
the static preload and the frequency of excitation through numerical simulations.
The first step consists in developing a finite element model which accounts for the complexity
of the IVD (heterogeneity, fibre anisotropy, hyperelasticity, viscoelasticity). The hyperelastic
Holzapfel-Gasser-Ogden (HGO) material model [3] was implemented to describe the nonlinear
behaviour of the annulus fibrosus. The dissipative behaviour of the fibres is also considered
through a finite strain viscoelasticity model, compatible with the hyperelastic formulation [4].
The proposed finite element model is validated with numerical results from the literature, by
performing quasi-static simulations under compression loading on healthy IVD.
The second step consists in characterising the dynamic response of the IVD to a harmonic load
about a nonlinear preloaded state. The influence of the preload’s amplitude and the frequency
of excitation on the stiffness and damping properties of the IVD are to be related with the
dynamic response of the IVD.
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