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Indirect Dental Restoration (IDR) is a treatment proposed in conservative dentistry that consists of
removing the damaged part of the tooth, then filling the vacant space by bonding a prosthesis. In
recent years, Computer Aided Design and Manufacturing (CAD/CAM) has become a real boom for
the production of prostheses. However, in the software available on the market, the optimization of
the prosthesis is only based on geometrical considerations. No analysis based on mechanical
criteria is integrated into the CAD/CAM chain, even though mechanical stresses are one of the
leading causes of clinical failures.Previous work has shown interest in filling this gap through finite
element simulations of the mechanical behavior of the patient-specific prosthetic assembly. In
particular, it revealed the need to improve the mechanical modeling of the adhesive layer of the
dental assembly. This layer can be damaged and cause prosthesis debonding. The research carried
out during this thesis aims to enrich the knowledge on this critical layer and propose a model that
could be integrated into a new mechanical optimization component of the CAD/CAM chain.First,
the internal structure of adhesive layers of model assemblies was visualized in 3D using X-ray
microtomography. Using a segmentation method adapted to analyze these 3D images, the defects
present in the adhesive layer were detected and quantified. They were classified into two
categories: encapsulated defects in the adhesive mass and defects at the interfaces. Their size,
shape, and location in the adhesive layer were analyzed.Secondly, Miniature Mixed Mode Bending
(MMMB) tests were performed on millimeter-sized pre-cracked specimens loaded in mixed mode
I/11 to characterize the behavior of the adhesive layer. The adhesion of the weak interface of an
adhesive layer is estimated by the area method, which requires the measurement of the crack
length increase. A digital image correlation technique performs this measurement. The dispersion
observed in the estimate of adhesion masks the influence of the mixed mode ratio I/1l. Because of
these results, a mode | analysis of the behavior of the adhesive layers seems sufficient as a first
approximation to describe their mechanical behavior. Moreover, the observed dispersion is related
to the sensitivity of the adhesion to the bonding protocols and to the "parasitic" dissipated
energies, which are not dissociated from the fracture energy when estimating adhesion.Thirdly, a
cohesive zone model (bilinear traction-separation law defined by three parameters) of the
adhesive layer was identified through an MMMB test using the integrated-digital image correlation
technique. The reliability of this method is superior because it allows ignoring part of the
"parasitic" energy, which leads to an overestimation of the adhesion. Implementing this law in the
numerical models evaluating the stress states of the IDRs will allow for predicting the crack
propagation of the studied adhesive layer.Finally, thanks to these studies, a better understanding of
dental adhesive layers has been obtained, ultimately allowing for the optimization of manufacturing
protocols and increasing the durability of IDRs.

)S\ URL de la page : https://Imps.ens-paris-saclay.fr/fr/publications/modelisation-et-optimisation-
. mecanique-des-restaurations-dentaires-developpements



