
HAL Id: hal-04544845
https://hal.science/hal-04544845

Submitted on 15 Apr 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Acoustic intensity monitoring in a 2D cell culture under
low intensity ultrasound stimulation

Elise Doveri, Cecile Baron, Carine Guivier-Curien, Jean-Claude Scimeca,
David Momier, Julien Houles, Vincent Long, Philippe Lasaygues

To cite this version:
Elise Doveri, Cecile Baron, Carine Guivier-Curien, Jean-Claude Scimeca, David Momier, et al.. Acous-
tic intensity monitoring in a 2D cell culture under low intensity ultrasound stimulation. IUS 2023,
International Ultrasonics Symposium, Sep 2023, Montréal Québec, Canada. �hal-04544845�

https://hal.science/hal-04544845
https://hal.archives-ouvertes.fr


Acoustic intensity monitoring in a 2D cell culture under low intensity ultrasound stimulation (LIUS)

1Laboratory of Mechanics and Acoustics CNRS/AMU/Centrale Méditerranée, Marseille, France   2IRPHE, CNRS/AMU/Centrale Méditerranée, Marseille, France

Philippe Lasaygues1, Elise Doveri1, Meysam Majnooni2, Carine Guivier-Curien2, Cécile Baron2

Background, Motivation and Objective
Low Intensity Ultrasound (LIUS) stimulation is a
therapeutic modality currently used clinically for
bone regeneration. However, the physical and
biological phenomena involved in the cellular
process of mechanotransduction are still poorly
understood. To gain insight into these multi-
physic and multi-scale phenomena, in vitro
studies on 2D cell culture dishes are essential, but
the relevant interpretation of the results requires
the evaluation of the intensity delivered to the
cells. However, the disturbing effects related to
the standing waves inside the culture medium
resulting from reflections of the waves at the
interfaces between the air, the culture medium
and the dish, are generally disregarded. In this
work, the objectives are the validation of an anti-
reflection cover, adapted to culture dishes,
allowing the elimination of standing waves, and
the development of a “twin” numerical modeling
allowing the monitoring of the acoustic intensity
delivered to the cells.

Material & Methods
The cover, which is a custom POM-tube
containing degassed water and a thick absorbent
foam, was placed over a (cell-free) culture dish.
Experiments were performed using a 1 MHz
transducer placed under the set. The intensity
(ISPTA) was evaluated using a needle hydrophone
by scanning the xy-plane of the acoustic field
under LIUS stimulation. Three configurations
were tested: without (case 1) and with (case 2)
the cover over the dish with a low water level
inside, and without the cover but with a high
column of water above (case 3). The 2D-
axisymmetric “twin” modeling was developed
under COMSOL Multiphysics®, using the
Pressure Acoustics module and Solid Mechanics
module for the wave propagation in the fluid and
solid parts, respectively.

Results/Discussion
The peak acoustic pressures obtained with the
cover containing a low water level are equivalent
to those that would be measured if the culture
dish contained a high water column. The cover
traps the transmitted waves, preventing standing
waves from occurring in the culture medium,
which is comparable to a column of water several
centimeters high. The "twin" modeling is used to
compare ISPTA inside the culture dish. To
conclude, through experimental and numerical
modeling, we are able to predict and monitor the
acoustic intensity in the 2D cell culture medium
under LIUS stimulation.

Copyright CNRS – LMA, This document may not be reposted or distributed in any form without the explicit permission of the CNRS


