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Résumé

Degenerative shoulder pathologies are currently treated by total arthroplasty or
hemiarthroplasty. In these cases, the complication rate reaches 22 %. Therefore, a new
spherical interposition implant has been developed. The implant is made with pyrocarbon
(PyC). It is inserted between the glenoid cartilage and a surgically-created humeral bone
cavity.

Short-term clinical results showed minimal cartilage wear and good bone remodeling in
contact with the implant. However, the origin of these results is not yet well understood. In a
previous study on human explants, it was showed that humerus bone remodelling involves
the synthesis of a neocartilaginous tissue, which partly explains the favourable clinical results.
Therefore, the effect of PyC on the remodeling of the surrounding tissues needs investigation.
Thus, this thesis aims to understand the origin of tissue remodelling on the bone and cartilage
side. Our strategy is: first, to carry out three parallel studies to dissociate the role of the
biology, the material, and the transmission of mechanical stresses; and second, to validate
the results thus obtained by associating the different aspects in an in vitro tissue
bioengineering model. Our methodology was based on 1) the expertise of retrieved explants;
2) the development of chondrocytes cultures in contact with the biomaterials; 3) the in vitro
biotribological simulations; and 4) the design of a simulator allowing to combine the
biological, physicochemical and tribological results obtained previously.

The final results showed better chondrogenic and osteogenic cell activity in the case of PyC
compared to CoCr. This was correlated with the PyC affinity to the phospholipids and with an
optimal transmission of the mechanical stress. The in vivo control of transmission of
mechanical stresses is essential to guarantee good results in the long-term. This thesis opens
up fresh perspectives on the control of this transmission through biomaterials to regenerate
the cartilage.



