
PHD OFFER SCIENCES2024 

   
 
 

Dynamic behaviour of a tibial prosthesis for the long jump - Optimization for the 
best conversion of kinetic energy at impulse 

Partner institution: ENSTA Paris 

Partner federation: Fédération Française Handisport 

 
 

SCIENCES2O24 is a project bringing together 50 researchers from 11 engineering schools in 
preparation for the 2024 Paris Olympic and Paralympic Games. At a time when differences 
between a gold medal and a fourth place are played for a few hundredths of a second away, all 
factors must be optimized. By using physics, mechanics and mathematics, SCIENCES2O24 develops 
innovative scientific solutions in synergy with the Ministry of Sport's "Performance 2024" 
programme, led by Claude Onesta. In this context, ENSTA is particularly interested in the 
Paralympic field and is involved in the project to improve the performance of long jump. 

 
The main objective of this thesis is to better understand the dynamic behaviour of the tibial 

prosthesis for athletes performing long jumps. Thus, the interaction of the prosthesis with its 
environment (athlete and track) during the different phases of the jump can be optimized to 
achieve improved performance by limiting the risk of injury. At the prosthesis level, several points 
are decisive: 

- The blade / ground interaction and in particular the energy return  
- The management of the socket (joint prosthesis/leg) 
- The study of the jump dynamics as a whole and therefore the constraints induced by the 

technique of jumping on the prosthesis 

The core of the thesis work here focuses on the role of the interfaces of the prosthesis: the 
blade/sole/track system and the socket/stump system in the context of impulse energy restitution. 
More specifically, the study will focus on the dynamic behaviour of these systems and the role of 
added elements (in particular the sole) in energy recovery. The material and architecture of the sole 



will for example be produced by additive manufacturing and designed so that its interaction with 
the blade and track during the running phase and during the jump impulse allows the best possible 
performance: a detailed modelling of the systems as well as an experimental study protocol will 
then be developed. The systems dynamic behaviour is indeed central to the athlete's ability to 
conserve the maximum kinetic energy resulting from his race to the impulse to go as far as possible. 
The interaction between the sole and the track but also on the connection between the sole and the 
blade are two entry points to architect the sole in such a way as to allow the most efficient running 
and impulsion. In scientific terms, three areas of study are envisaged: 

- Experimental study of the blade, sole, track and interlock/stump systems in real conditions 
(instrumentation, high speed camera, digital image correlation) 

- Experimental study of the proposed systems and materials using dedicated tests (vibrating 
devices, slow Hopkinson bars) and numerical modelling of the system 

- Optimization of materials and production by polymer additive manufacturing to improve 
performance. 

The study would end with a return to the track with a final validation of the optimized 
prostheses.  
 
Laboratory description: On 1st January 2014, ENSTA Paris, EDF, CEA and CNRS created the 
Institute of Mechanical Sciences and Industrial Applications to meet industrial and societal 
challenges related to the mechanics and durability of complex structures and systems. Research 
activities at IMSIA are characterized by a strong interdisciplinarity between several branches of 
fluid and solid mechanics, in particular multi-physical couplings, "intelligent" materials, the impact 
of manufacturing processes on material properties and the dynamic behaviour of structures. The 
studied problems are treated with a global approach that includes theoretical modelling, numerical 
resolution and experimentation phases that are closely intertwined. IMSIA is a joint research unit, 
in particular with EDF. The involvement of the EDF Foundation, which is very active in the field 
of disability, is already assured. 
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General remarks: the study will be conducted at IMSIA and will be the subject of collaboration 
with other laboratories within the SCIENCES2O24 consortium.  The candidate will have a background 
in mechanics or materials. A good knowledge of French or English is also essential. The 
participation of several international level athletes and cooperation with the Fédération Française 
Handisport are ensured. 
 
Contact: Jean-François Semblat (jean-francois.semblat@ensta-paris.fr), Fabien Szmytka 
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