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Context and preliminary work
Bone  tissue  is  a  complex  biological  tissue,  capable  of  adapting  to  its  mechanical
environment by optimizing its structure, a process known as bone remodeling. Ultrasound
stimulation (UStim) of bone regeneration was discovered in the 1950s and has been widely
studied since. However, the underlying mechanotransduction mechanisms (translation of
mechanical  stimuli  into  biological  response)  remain  poorly  identified  and  this  lack  of
knowledge  fuels  controversy,  preventing  the  development  of  efficient  and  optimized
therapeutic tools [1].
The  characterization  and  quantification  of  mechanical  stresses  induced  by  ultrasound
stimulation on bone cells (osteocytes) is essential to understand these mechanisms. 
To gain insight into this multiscale and multiphysics issue, the development of an in vitro
model is a first key-step. An in vitro UStim experimental set-up has been tested on 2D cell
cultures  (i.e.  inside  cell  culture  dishes)  [2].  This  experimental  set-up  is  coupled  to  an
equivalent  Finite  Element  (FE)  model  in  order  to  monitor  and  tune  the  acoustic  dose
delivered to the cells and thus provide a relevant interpretation of future biological results
[3].  However, in vivo, osteocytes are not in a 2D configuration. They are surrounded by a
fluid (called pericellular matrix) inside a complex 3D lacuno-canalicular network embedded
in the extra-cellular matrix (ECM). This 3D micro-environment affects the interaction of
UStim with cells and must be taken into account in both the experimental and FE models.
To this aim, a commercial  porous 3D scaffold (AlvetexTM)  has been implemented in  the
previous experimental set-up and an innovative BioMIM scaffold will  be developed in the
context of the ANR project INVICT-US.

The next step is to identify and quantify the mechanical stresses induced by ultrasound
stimulation on the osteocytes and to understand the hydrodynamic phenomena that cause
them. In this aim, the parallel development of a computational twin model is essential. It will
give access to mechanical  forces applied on the on the osteocytes,  data inaccessible
experimentally, which can be correlated to the experimental biological response. 

Objectives
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The  objective  of  this  PhD  project  is  to  to  advance  in  the  understanding  of  the
mechanotransduction  of  bone  cells  stimulated  by  ultrasound,  by  experimentally  and
numerically  modeling  the  interaction  of  ultrasound  waves  with  their  three-dimensional
mechanical microenvironment. 
One of  the challenge is  to identify the hydrodynamic  phenomena inside this 3D micro-
environment,  such  as  acoustic  streaming,  likely  to  be  involved  in  bone  cells
mechanotransduction  induced  by  ultrasound  waves  (Fig.  1).  These  investigations  will
concern I) theoretical studies on microfluidics channels  coupled with PIV experiments; ii)µfluidics, 
experimental  and numerical  measurements related to the  in vitro set-up integrating the
biomimetic scaffold and iii) a numerical study using a finite-element model representing a
realistic lacuno-canalicular network. 
This subject  is  part  of  a larger  project in  collaboration  with biologists  to correlate the
biological response of stimulated osteocytes to identified mechanical constraints.

Profile
The  candidate  must  have  academic  knowledge  and/or  experience  in  one  or  more
disciplinary areas related to the subject: (bio)mechanics of fluids and solids, acoustics. FE
modeling skills combined with a strong interest in experimental development is an essential
asset  to  allow  a  quick  handling  of  the  implemented  means.  He/she  will  have  to  show
synthesis,  communication,  rigor  and  methodology  to  be  able  to  invest  in  the  various
aspects of the work requested.

How to apply ?
Please  send  a  CV,   cover  letter  and  Master  (M2)  results  to  cecile.baron@univ-amu.fr;
carine.guivier@univ-amu.fr. You can join some recommendation letters.
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Figure 1: a) In vitro UStim of cells seeded in the 3D porous scaffold. b) Streaming velocities and fluid 
shear stress inside the 3D porous scaffold (Alvetex).
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