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Project description 

Soft biological tissues are involved in many biomedical applications, from cardiovascular to digestive, 

from movement to neurology. Understanding their behavior can help analyzing their state (healthy or 

pathological), computing their response to a specific gesture, or predicting their interaction with 

medical devices. Soft tissues exhibit non-linear viscoelasticity, coupled with porous phenomena and 

potential damage. 

To characterize them, several methods are deployed, in-vivo and in-vitro, from ultrasound 

elastography to mechanical testing, associated to various ways to measure their response. However 

there remain several open questions on the identification of their behavior, related to experimental 

protocols and modeling assumptions. It is still difficult to choose the appropriate constitutive law and 

generate the relevant experimental data to ensure the robust identification of all the parameters of 

this law. It was notably shown in C4Bio European project, in which LBMC is involved, that it is very 

difficult to reproduce both experimental conditions and identified parameters. Researchers explore 

various ways to improve the identifiability of model, e.g. using multimodal measurements [1] or 

exploring innovative experimental designs to acquire rich enough data [2] Lately, the paradigm 

changed towards neural-network based identification, called model discovery [3]. 

This project aims to develop a framework to link classical hyperelastic and viscoelastic laws to the 

required experimental data to promote the parameters identifiability, notably using full-field 

measurements. We aim to explore isotropic and anisotropic constitutive laws, along with 

viscoelasticity, for both membranous and 3D tissues.  

The first step will be to develop a generic inverse identification method adaptable to different cost 

functions and measured quantities (forces, displacement, displacement fields, pressure, etc). The 

second step will be to test the identification process based on synthetic data generated by Finite 

Element simulation, for various types of tests and constitutive laws. The third step will be to evaluate 

the mechanical response sensitivity to the model parameters, to evaluate their identifiability and 

generate experimental good practice. A special focus will be on the effect of pretension all across the 

identification process. 

This project is strategic for LBMC, which is expert in soft tissue experimentation and can develop 

advanced experimental methods to feed models, driven by the knowledge acquired during this project.   
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