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Background and scope of the work 

Bone is a living tissue able to adapt to its environment such as the insertion of implants, widely used in maxillofacial, 
dental and orthopaedic surgeries. Implants long-term stability is determined by adequate osseointegration, i.e., new 
bone growing around and onto the implant surface. A complex combination of biomechanical properties (structure, 
composition, mechanics) and a hierarchical structure spanning from the nano- to the macroscale define the quality of 
the interfacial bone tissue and condition the resulting interface strength. However, we still know little about how these 
properties evolve, both spatially (around the implant), and over time (as healing progresses and bone is remodelled), 
and how they impact the mechanical resistance of the bone-implant system. This thesis will setup a coupled 
experimental and in silico approach to determine how nanostructure and composition of the interfacial bone tissue 
evolve and drive the resulting mechanical strength of the interface. 

Tasks 

This PhD work represents a great opportunity to develop both experimental and numerical skills. The PhD student will 

be involved in experiments to produce the specimens (animal model, experimental surgery) and then to characterise 

the nanostructure and nanocomposition of the interfacial tissue, using high-resolution cutting-edge techniques which 

have rarely been applied to the bone-implant interface (e.g. FIB-SEM and SAXS). To identify key relationship among 

biomechanical parameters, the student will then develop computer models (e.g. homogenization approach) based 

and validated by experimental data, spanning the hierarchical scales of bone. 

Candidate profile 

The candidate should have a background in mechanics or physics, with a Master or a graduation from an engineering 
school. Knowledge in nanophysics, biomechanics, imaging and/or numerical methods will be a plus. Previous 
experience with experiments and/or modelling will be an asset. Motivation and curiosity, as well as interest in medical 
applications will be appreciated. 

Work environment 

The thesis will take place within the Biomechanics team of the research laboratory MSME (Multi-scale Modelling and 
Simulation), East-Paris University, on the Créteil campus. There will be a tight collaboration with the MSSMat (Soil, 
Structure and Material Mechanics, CentraleSupélec, campus Paris-Saclay), with surgeons (Hospital Henri Mondor, 
East-Paris University) as well as with a start-up company WaveImplant. It will be directed by Sophie Le Cann and Elsa 
Vennat. 

Contacts 

If you are interested and wish to discuss more, please contact Sophie Le Cann (Sophie.le-cann@u-pec.fr) and Elsa 
Vennat (Elsa.vennat@centralesupelec.fr). To apply, please send a CV, motivation letter and past grades; applications 
will be reviewed as received, for a start of the thesis in sept-oct 2021. 
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