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Context: This  research  project  is  a  continuation  of  several  works  developed  within  the
Biomechanics and Bioengineering of the Musculoskeletal System (Bio2ms) axis of department 1 of
the  LEM3  on  the  behaviour  of  soft  biological  tissues.  It  focuses  on  the  behaviour  of  the
temporomandibular joint, a joint that has already been studied by means of several finite element
models developed in the team as well  as an initial  work on characterising the behaviour of its
components. This project also focuses on the behaviour of the skin, a biological tissue studied in
the context of a collaboration developed over the past three years with the burns unit of the Metz-
Thionville Regional Hospital.

Initially, a lot of work has been carried out within the group since 2010 on the behaviour of the
temporomandibular joint (TMJ), which is the site of many disorders and pathologies. This joint is
composed of bony structures as well as soft tissues with the articular disc, main component, of
which the behaviour is still very little known. However, the work carried out has made it possible to
build finite element models of the TMJ in its physiological environment and to construct a reference
database on the kinematics of this joint  [Sapin-De Brosses et  al,  2011; Alvarez Areiza et  al.  2013;
Creuillot et al. 2013; Koeppel et al. 2015; Creuillot et al. 2015; Tappert et al. 2017; Owashi Vallejo et al.
2017; Tappert et al. 2018; Sapin - de Brosses et al. 2019; do Nascimento et al. 2020; Tappert et al. 2022] .
Finite element simulations have highlighted the crucial role of the disc in damping jaw movements
and optimising the tribological conditions between the different components. Initial  work on the
characterisation of the disc behaviour was also carried out in the thesis of Lara Kristin Tappert,
defended in 2020. During this thesis project, an experimental bench was developed and allowed
the  identification  of  the  mechanical  properties  of  the  disc,  assimilated  to  a  thin  wall,  during
spherical  compression tests, on the basis of hyperelastic type behaviour laws.  However, much
work remains to be done, in particular to take into account the viscous character and the biphasic
composition of  the disc,  before these behaviour  laws can be integrated into the finite element
modelling of the TMJ developed in our group. On the other hand, more recent work has been
undertaken  on  the  behaviour  of  another  soft  biological  tissue,  the  skin,  which  can  also  be
assimilated to a thin wall. This work is conducted in partnership with the burns department of the
Metz-Thionville  Regional  Hospital  and  aims  to  improve  the  management  of  severely  burned
patients. Within the framework of this research, the experimental bench developed to characterise
the behaviour of the TMJ disc was used and enriched in order to be able to carry out electro-
mechanical couplings in addition to those previously mentioned.

Objectives  and  scientific  challenge: The  TMJ  consists  mainly  of  the  mandibular  condyle,  the
temporal fossa and the articular disc. The stresses imposed on the lower jaw on a daily basis are
transmitted to  the skull  via  the  articular  disc.  These loads  depend  on extrinsic  (normal  force,
amplitude  and  frequency  of  relative  movement,  etc...)  and  intrinsic  (T°C,  fluid  physiological
environment, etc...) parameters. Numerous couplings intervene within the disc tissue to maintain
and renew its structure. A modification of the physiological loads, voluntary or not, can be at the
origin  of  a  deterioration  of  the  joint,  measurable  at  a  macroscopic  scale  (thesis  project  of  T.
Koeppel, defended in 2017). This deterioration results from damage and remodelling mechanisms
of the disc and surrounding tissues. If diagnosed early enough, it could be minimised. In order to
reproduce and predict these phenomena, an accurate modelling of the behaviour of the tissues
composing  the  TMJ  is  necessary.  In  her  thesis  project,  Lara  Kristin  Tappert  developed  a
methodology for  determining the mechanical  properties of  the TMJ disc  using cyclic  spherical
compression  tests  at  different  speeds.  The  database  obtained  allowed  to  highlight  the  visco-
hyperelastic behaviour of the disc assimilated to a thin wall. The anisotropy of the tissue as well as



its  internal  stresses have been  addressed but  more measurements  are  needed  to  allow their
characterisation.  One  of  the  objectives  of  this  new  PhD  project  will  be  to  continue  these
developments  by  implementing,  for  example,  a  visco-hyperelastic  model  validated  by  the
measurements made by Lara Kristin Tappert. The addition of anisotropic and biphasic behaviour
will be dealt with in a second step in order to have a model that is as close to reality as possible.
This mimicry of the couplings in the tissue is essential to be able to predict its behaviour and its
evolution, from the organ (TMJ) to the cells that maintain its structure. The results of this work at
the tissue scale will  then be integrated into the global  finite  element models developed in  our
group. This expertise has been extended since 2019 to the characterisation of the skin, and more
particularly burnt skin, which can also be assimilated to a thin wall. Indeed, in terms of mechanical
response, the skin has a behaviour close to that of the TMJ disc. These measurements and the
associated  models  will  then  be  used  for  a  quantitative  understanding  of  the  parameters  that
influence the behaviour of the TMJ and the skin, in order to be able to propose adapted solutions
for dental surgery and/or prosthetic replacement of the TMJ, as well  as an optimisation of the
treatment conditions for burn victims. Indeed, whether it is during a modification of the maxillofacial
sphere or during a burn trauma, an alteration of the environmental conditions can notably lead to
premature wear or tissue degradation. It is essential to understand the multiphysical mechanisms
occurring in these tissues in order to be able to propose predictive simulations on the impact of
therapeutic and/or surgical acts.
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