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Abstract

Ultrasound stimulation of living tissues is a promising technique that can
be safely applied for regenerative treatments. However, the ultrasound-induced
mechanotransduction is still not well understood because of the large number
of parameters involved at different scales and their difficult experimental ac-
cessibility. In this context, in-vitro studies may help to gain insight into the
interaction between ultrasound and cells. Nevertheless, to conduct a reliable
analysis of ultrasound effects on cell culture, the monitoring of the acoustic in-
tensity delivered to the cells is of prime interest. Thanks to the development of
an innovative custom experimental set-up inspired from ultrasound stimulation
of bone regeneration conditions, major disturbing phenomena such as multiple
reflections and standing wave formation inside the Petri dish are eliminated.
Thus, the level of ultrasound stimulation, especially, in terms of spatial average
and temporal average intensity (Isata ), delivered to the cells can be monitored.
Then to properly estimate the level of ultrasound stimulation, a finite element
model representing the experimental in-vitro configuration is developed. The
numerical model manages in capturing the characteristics of the experimentally

measured acoustic intensity distribution as illustrated by the experimental and
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numerical Igata values of 42.3 and 45.8 mVV/cm2 respectively, i.e. a relative
difference of 8%. The numerical model would therefore allow exploring data
inaccessible to experimental measurement and parametric studies to be carried
out and facilitates the investigation of different virtual experimental configura-
tions.

Keywords: in-vitro ultrasound stimulation, acoustic intensity, numerical

modeling

1. Introduction

Within the last three decades, many researchers focused on ultrasound (US)
stimulation of living tissues and cells clinically and in animal and in-vitro mod-
els, confirming promising results [1-7]. Thus, these experimental works and
clinical studies demonstrated that low intensity pulsed ultrasound (LIPUS) in-
duced mechanical effects liable to trigger bone remodeling. However, the under-
lying mechanisms of this ultrasonic cell mechanotransduction are still unclear
and bone regeneration (USBR) remains controversial [8-12].

In order to address this issue and lay the groundwork for understanding the
ultrasonic cell mechanotransduction, in-vitro studies on cells are an essential
step.

Different approaches in in-vitro US stimulation are reported in literature
but several of them stress the difficulty of controlling disturbing phenomena
and monitoring the level of US stimulation. Indeed, in the most common con-
figuration called “well on water surface” configuration [13], a major concern is
the reflection of the incident wave at the interface between cell culture medium
and air. In this case, the reflected wave interacts with the incident wave and
can generate uncontrolled interferences such as standing waves that prevent
an accurate prediction of US stimulation level. These disturbing interferences
strongly depend on the growth medium height [13-15]. For instance, Hensel
et al. [13] reported a variation of A/4 ~ 0.5 mm in growth medium height can

lead to the increase or decrease of the acoustic pressure amplitude by the factor
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of 2 inside the Petri dish. In the “well on water surface” configuration, the level
of the acoustic exposure inside the Petri dish is also dependent on the distance
between the US emitter and the Petri dish bottom. It has been reported by
several experimental and numerical studies [16-18], but this value varies greatly
from one study to another.

Highlighted by these studies and others [19, 20], special attention must be
paid to distances and dimensions of the experimental set-up which significantly
influences the US exposure conditions and monitoring inside the Petri dish.

Aware of the importance of controlling the conditions of US stimulation to
achieve a relevant interpretation of the results, some studies propose a character-
isation of the acoustic field delivered in the Petri dish. However, to the authors’
knowledge, none of them propose a method for predicting and monitoring the
level of in vitro US stimulation.

Inspired by common experimental set-ups [16, 21-23] and performed numer-
ical analyses [17, 18], the present study uses an experimental set-up including an
innovative absorbing system to prevent multiple reflections and standing wave
formation, thus allowing the monitoring of the ultrasonic stimulation level of
the cells when they will be seeded inside a Petri dish.

From these controlled US stimulation conditions, a numerical model based
on the experimental set-up is developed in COMSOL Multiphysics® in order to
assess a quantitative estimation of the acoustic intensity (level and distribution)
where the cells are supposed to be seeded. This first model will be one of the
tools to understand cell mechanotransduction induced by US. The comparison
of experimental and numerical estimations of the acoustic intensity (level and
distribution) is used to tune and validate the numerical model. Once validated,
the numerical model allows the assessment of the US stimulation level at the
dish surface where the cells would be located, and this measurement is not
experimentally accessible. Moreover, parametric studies could be performed
using the numerical model to investigate the effects of different geometries and
acoustic signals to predict the US stimulation level and to guide the choice of the

optimized in-vitro US stimulation. The novelty of this approach is the numerical
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estimation of the acoustic intensity inside the Petri dish at the potential cell

location under controlled in-vitro US stimulation conditions.

2. Materials & Method

2.1. Intensity definition

The increasing use of ultrasonic devices in medical applications makes it
necessary to establish a standard procedure to measure the acoustic output of
these devices and thus control the potentially induced biological effects. It is
important to know the acoustic output not only should be able to calibrate the
measurements, but also should to be capable to predict the field for various
exposure conditions [24].

In designing and development of US medical applications, acoustic intensity
which is defined as the rate of energy transfer per unit time per unit area, is a
key parameter. The temporal average intensity (Ita) for a pulsed wave is then

given by

1 Tprp 2 t
Ia = / () 4 1)
0 pc

where p(t), p, c and Tprp are the acoustic pressure, the density, the speed of
the sound in the medium, and the pulse repetition period respectively. In most
para/medical devices, more descriptive criteria like IsaTa are required, which
is the Ipa averaged over the beam cross-sectional area. The most widely used

definition of the Igara is the one given by the FDA as

1
IsaTa = Ao //A Ita ds (2)
6

where Ag is —6 dB beam cross-sectional area such that the Itp measured
at a point inside Ag is greater than 25% of the spatial peak temporal average
intensity IspTa [25]. A simple method to calculate the Isara is proposed by

Preston [26]
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Isata = N ; (Ita);s (Ita); = 0.25 x Igpra (3)
where N is the total number of points measured inside the beam cross-

sectional area.

2.2. Ezperimental set-up and workflow

Transducer, hydrophone, and the water bath. The experiments are carried out
with an immersion transducer (Imasonic, Voray-sur-’Ognon, France) with a
center frequency of 1 MHz. The active diameter of the transducer is 13 mm.
In transmission mode configuration, acoustical measurements are performed
using a needle hydrophone with 0.5 mm diameter, a submersible wide-band
amplifier and a converter-coupler (Precision Acoustics Ltd, Dorchester, UK).
The sensitivity of the needle hydrophone at 1 MHz is 426 mV /MPa according
to the technical data sheet provided by the manufacturer. The transducer and
the placed overlying hydrophone are immersed in a degassed-water tank. The
velocity of the ultrasonic wave in water is equal 1474 m/s for a water bath
temperature of 17.8°C. The experiment room is air-conditioned and is kept
at a constant temperature. Experimental conditions do not change during the

tests.

Characterization of the acoustic field. The first step is to characterize the acous-
tic field of the transducer. To do so, the transducer is driven by a waveform
generator (TGA 1241, Thurlby Thandar Instruments Limited, UK). The dis-
tance D (from the transducer to the water/air interface) and the distance z
(from the transducer to the hydrophone) (Fig. 1) are first controlled using an
ultrasonic pulse-mode method, in reflection mode (the distance D), or trans-
mission mode (the distance z).

In the case of pulse-mode method, the temporal source waveform is a sig-
nal comparable to a Dirac delta function (in terms of the distribution), and
the output signal delivered by the transducer is comparable to a broadband

Gaussian function with a time duration of 6 us. The radio-frequency signals
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Figure 1: Synoptic view of the data acquisition and relative positioning of the hydrophone

and transducer (D = 450 mm and z € [3,48] mm)

(RF-signals) are conveyed from a 12-bit oscilloscope (Lecroy HDO 6104, Tele-
dyne Inc., Thousand Oaks, USA) to a personal computer using a USB interface
file transfer, and stored. The signal processing algorithms are implemented
using MATLAB® (The MathWorks, Inc., Natick, Massachusetts, USA).

To scan the US field, a micrometric electro-mechanical positioning scanner is
used to position the hydrophone, related to the active surface of the transducer,
and to evaluate the wave fields in the different XY planes along the Z-axis.
The distance traveled along the Z-axis is 45 mm, from 3 mm to 48 mm, with
a linear increment of 1 mm. Along the X and Y axes, the distance traveled
is 15 mm with a linear increment of 0.5 mm. For each position, an acoustic
signal is recorded, and the peak acoustic pressure is estimated from the mea-
surement (Volts versus sensibility of the hydrophone) of the maximum of the
Hilbert transform modulus of the RF-signals. Fig. 2a shows the normalized peak
acoustic pressure in both planes. The ultrasonic pressure distribution along Z-
axis is then obtained from the peak pressure measured at the center along the
Z-axis perpendicular to the surface of the transducer (Fig. 2b). As expected,
three zones can be distinguished: the near field from 3 mm to 25 mm where the
increasing peak acoustic pressure is unstable, the Fresnel zone between 25 mm
and 38 mm where the trend is more stable, and the far field after 38 mm where

the peak acoustic pressure decreases.
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Figure 2: (a) Normalized peak acoustic pressure in XZ and YZ planes, (b) US pressure

distribution along the Z-axis of the transducer.

Petri dish location. The Petri dish used in these experiments is a Corning model
(ref. 430196) with an external diameter of 55 mm, a depth of 15 mm and a wall
and bottom thickness of 0.8 mm. The material constituting the Petri dish is
polystyrene, in which the measured ultrasonic wave velocity equals 2367 m/s,
which is in accordance with the literature [27]. It is necessary to mention that
for the study presented here, no biological cells were introduced into the Petri
dish. The Petri dish is held above the transducer with a support that does not
disturb the performance and the acoustic field of the transducer. The distance
h in Fig. 3 between the transducer and the Petri dish (controlled using the
ultrasonic pulse-mode method, in reflection mode) is set to 25 mm (i.e. the
beginning of the Fresnel zone) to ensure maximum energy transmission and

stability in the Petri dish (Fig. 2b).

Absorbing system. A custom-designed absorbing system developed in the lab is
mounted above the Petri dish as shown in Fig. 3c. The dimensions, assembly
and materials have been carefully thought out and chosen to be compatible with
cell culture. A quick presentation is given in the following paragraphs.

The developed absorbing system was validated comparing three configura-

tions designed as discussed below:

e HW: High water level without absorbing system (Fig. 3a);
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Figure 3: Three configurations: (a) HW: High water level without absorbing system, (b)
LWog: Low water level without absorbing system, (c) LWoy,: Low water level with absorbing

system. In all the three configurations, the distances h = 25 mm and z = 28 mm.

e LWog: Low water level without absorbing system (Fig. 3b);

e LWo,: Low water level with absorbing system (Fig. 3c).

For all experiments presented from now on, the temporal source waveform is
a 1 MHz-burst signal with a duration of 200 us, an amplitude of 10V, (50 ),
and a pulse repetition period (Tprp) equal to 1 ms. It is also useful to note that
the configuration LW g is similar to the “well on water surface” configuration
studied by Hensel et al. [13] which is one of the classical ways to investigate the
in-vitro US stimulation of cells.

In the three configurations, the tip of the hydrophone was placed right in
the center of the Petri dish at the distance a = 2.2 + 0.1 mm from the bottom
of the Petri dish corresponding to z = 28 mm, and the distance D (transducer-
water/air interface) (Fig. 3) was sufficient to ensure that the hydrophone tip
remained fully immersed in vertical or horizontal positions. It is helpful to
mention that the distance D (equal to 450 mm) in Fig. 3a was much larger
than the distance z in order to prevent any interference with reflected waves at
the water/air interface in HW configuration. The time evolution of the sound
pressure at this point was compared for each of the 3 configurations (Fig. 4).

Comparative analysis over a duty cycle indicated that the relative mean dif-

ferences between HW and LW g configurations and between LW, and LW og
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Figure 4: Modulus of the Hilbert transform of the transmitted RF-signals at the distance

z = 28 mm along the axis of the transducer

were 52% and 41% respectively while it was only about 8% between LWq,
and HW. This confirms that the innovative absorbing system met its stated
objective by providing equivalent behaviour as high amount of water meaning
negligible perturbing phenomena. This equivalency between HW and LWg,
configurations provides the opportunity to perform current study in the HW
configuration and then apply the findings to future biological experiments with

the LWoy, configuration.

2.8. Numerical Model

In this study, a numerical finite element model is developed in order to assess
the level and distribution of the acoustic intensity delivered at the location where
the cells would be seeded, a location corresponding to a few microns above the
dish bottom surface, inaccessible experimentally with a hydrophone.

Inspired by the HW configuration (Fig. 3a), the numerical model is imple-
mented using the Pressure Acoustics, Transient module of the commercial soft-
ware COMSOL Multiphysics® v5.4. Due to cylindrical nature of experimental

set-up, the corresponding numerical model is considered to be 2D axi-symmetric.
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All dimensions and US parameters such as frequency, pulse repetition fre-
quency, and duty cycle, are those used in the experimental measurements. Mod-
ulus of the elasticity, density and Poisson’s ratio of the polystyrene Petri dish
are 3.6 GPa, 1050 kg/m?, and 0.34 respectively. Density and sound speed of
the water are 1000 kg/m3 and 1474 m/s respectively.

To mimic HW configuration, perfectly matched layer (PML) condition is
applied as boundary conditions on the water domain and on the top boundary
of the culture medium. The transducer is modeled as a boundary condition

generating an incident pressure wave defined as

ot 2) = posin(2wft — z/cy) 0 <t <200 ps 1)
0 200 pus <t <1 ms

where f = 1 MHz, z and ¢, are frequency, wave propagation direction and
wave velocity in water respectively. pg is the incident pressure amplitude which
will be determined later in Section 3.1.

An acoustic-structure boundary is applied on the water/polystyrene dish
interfaces to couple pressure acoustics equations to solid mechanics equations
requiring the continuity of the normal component of velocity and the balance of
forces at the interfaces.

The maximum mesh size is set to A\/10 where X is the acoustic wavelength
in each medium. That is to say, the maximum element size in water and
polystyrene Petri dish corresponds to 0.15 and 0.24 mm respectively. The com-
plete mesh consists of 29324 quadrilateral elements.

A necessary condition for the stability of a numerical scheme is that the
numerical domain of dependence bounds the physical domain of dependence
which is met by satisfying the Courant-Friedrichs-Lewy (CFL) number [28]. In
this study, time stepping is set to 40 ns to meet the CFL condition.

The computation time on a Dell® 7490 with 1.9 GHz processor and 16 MB
RAM, running on Ubuntu 18.04 LTS operating system, was approximately 55

minutes.

10
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2.4. Intensity calculations

The experimental pressure distribution is measured by scanning the XY-
plane at the distance z = 28 mm, and the intensities Ita, Ispra, and IgaTa are
then calculated (Eqgs. 1 and 3). The total scanned area is 2.25 cm? (15 x 15 mm?)
with a pitch of 0.25 mm. The intensities are calculated from stored RF-signals,
following the procedure describes above. The numerical intensities, Ita, IspTa,
and IgaTa, are estimated from the acoustic pressure map calculated at the dis-

tance z = 28 mm.

3. Results

3.1. Fxperimental and numerical matching

A first reference measurement is made in water at the distance z = 28 mm
to estimate the Iy distribution (Fig. 5). The intensity Ispta is valued at
89.6 mW /cm? allowing to define the Ag surface (Eq. 2) and calculate the inten-
sity IsaTa applying Eq. 3.

As the exact incident pressure delivered at the transducer active surface is
not experimentally accessible, a parametric study is carried out to define the
incident pressure amplitude pg implemented in the numerical model (Eq. 4).
Using the numerical model, the relationship between pg and Ispra and pg
and Isata (at z = 28 mm) is investigated (Fig. 6). A third order polyno-
mial function allows determining the value of py corresponding to the experi-
mental calculations of Ispra and Isara. A good compromise to match experi-
mental intensity measurements is pg = 57 kPa giving Ispra = 90 mW/ cm? and
Isata = 45.8 mW /cm?.

Fig. 7a plots a comparison between the experimental and numerical dis-
tribution with a similar grid resolution 61 x 61 with a 0.25 mm pitch. The
experimental and numerical intensities ITa profiles along diameter are plotted

in Fig. 7h.

11
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Figure 5: Experimental distribution of the intensities ITp (averaged over 1ms-cycle of stimu-
lation) at the distance z = 28 mm without the Petri dish. The white dashed contours indicate
the 0.25 x Igpra threshold that delineates the —6dB beam cross-sectional area (Ag). The

corresponding intensity IgaTa is calculated inside this white dashed line.
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Figure 6: Values and interpolation of the intensities IgaTa and Igpra as function of the

acoustic pressure pg estimated from the numerical model.
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Figure 7: (a) Experimental and numerical ITs estimation at the distance z = 28 mm in water
without the Petri dish. The white dashed contours indicate the 0.25 x Igpra threshold that
delineates the —6dB beam cross-sectional area (Ag); (b) comparison of the experimental and
numerical Ipa distribution. The experimental intensities ITp are plotted along the red X

(blue points) and Y (orange diamonds) axes.
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Table 1: Experimental and numerical intensities Igpra and IsaTa [mW/CmQ].

without the Petri dish || with the Petri dish

Ispra IsaTa IspTa Isata
Experimental 89.6 42.3 81.4 38.4
Numerical 90 45.8 81.9 36.8
Difference 0.4% 8% 0.6% 4%

3.2. Inside the Petri dish

Fig. 8a illustrates a comparison between experimental and numerical Ipa
distribution inside the Petri dish, keeping the acoustic pressure pg = 57 kPa.
The experimental intensities Ispra and Isara are 81.4 and 38.4 mVV/cm2 re-
spectively. Their corresponding numerical values are 81.9 and 36.8 mW /cm?.
Fig. 8b plots the experimental and numerical I15 profiles along the diameter of

the Petri dish. A summary of the results is given in Table 1.

3.8. Comparative analysis

In future biological experiments, the cells will be seeded inside the Petri
dish and their typical diameters vary from 5 to 20 pum. It is very delicate, if
not impossible, to evaluate this location corresponding to a few microns above
the surface of the bottom of the Petri dish without damaging the hydrophone.
Therefore, with the help of numerical modeling, it is possible to make measure-
ments which are not attainable by the experimental methods. For instance, the
intensities Ispra and Igara at the distance 10 pm from the inner surface of the
bottom of the Petri dish (z = 25.81 mm corresponding to position of the cells in
biological in-vitro experiments) are 64.6 and 28.2 mW /cm? respectively. Fig. 9
represents the equivalent intensity distribution delivered at the location where

the cells will be.

14
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Figure 8: (a) Experimental an numerical I7s estimation at the distance z = 28 mm in water
with the Petri dish. The white dashed contours indicate the 0.25 x Igpra threshold that

delineates the —6dB beam cross-sectional area (Ag); (b) comparison of the experimental and

numerical It distribution.

The experimental intensities ITp are plotted along the red X

(blue points) and Y (orange diamonds) axes.
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Figure 9: Numerical simulation of the ITa distribution delivered to the hypothetical cells at
the distance 10 pm above the Petri dish bottom. The white dashed contours indicate the

0.25 x Igpra threshold that delineates the —6dB beam cross-sectional area (Ag).

4. Discussion

There are many studies in the literature dealing with in-vitro US stimulation,
however the great variability of the stimulation parameters makes a compara-
tive analysis of the published results difficult. A review by Padilla et al. [§]
shows that for a given set of acoustical parameters, the configuration of the ex-
perimental set-up can lead to controversial results. For example, they cite that
Unsworth et al. [29] applied 1.5 MHz US burst with 20% duty cycle at 1 kHz
and the intensity Isata = 31 mW /ecm? to pre-osteoblastic mouse cells and ob-
served enhancement of matrix mineralization whereas Bandow et al. [30], using
the same acoustic conditions, demonstrated no improvements. Further inves-
tigation reveled that, in Unsworth’s experiments, the transducer was directly
coupled to the bottom of the Petri dish whereas in Bandow’s study, the exposure
was far from the surface of the transducer with an absorbing chamber avoiding
standing wave effects. These examples clearly state the importance of configu-
ration set-ups and confirm the need for controlled conditions and monitorable
system such as the one proposed in this study.

The goal of this study is to propose a numerical model allowing to estimate

16
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and predict the level of US stimulation that will be delivered to the cells when
they will be seeded in the in-vitro experimental set-up. This monitoring can
only be assured under controlled conditions obtained thanks to the absorbing
system.

Without the absorbing system, US waves are strongly reflected at the culture
medium/air interface and have a strong effect on the acoustic pressure inside
the Petri dish as shown in Fig. 4. This problem is frequently raised in the liter-
ature but rarely studied and resolved [13, 19, 23]. By mounting the absorbing
system, US waves are fully transmitted to the absorbing foam (Fig. 3¢) which
isolates multiple reflections and avoid the formation of standing waves inside the
Petri dish. Similar principles have been used in a few publications but without
investigating their effectiveness [17, 21, 22]. The effectiveness of the developed
absorbing system used in this study has been investigated (Fig. 4) demonstrat-
ing that the wave behaviour in the set-up with the absorbing system is similar
to a high amount of water above the Petri dish.

Once the US stimulation conditions are under control, the milestone was to
develop a numerical model that is essential to fully characterize the US field
and estimate the value of the acoustic intensity potentially delivered to the
cells inside a Petri dish. Furthermore, this numerical model will become a
relevant tool to further investigate the different parameters affecting the acoustic
intensity such as location of the Petri dish, frequency, and duty cycle.

As mentioned in the introduction, the issue is to monitor the level of US
stimulation. This level is currently associated to the acoustic intensity and
more precisely to the spatial average time average intensity Isara and the spa-
tial peak time average intensity Ispra. From the finite-element model mimicking
the experimental set-up, a relation between the source acoustic pressure pg and
the Isata and Igpra estimated without the dish has been established (Fig. 6)
in order to ensure similar US stimulation conditions between numerical and ex-
perimental models allowing them to be compared in a coherent way. Numerical
and experimental Itao maps calculated without the Petri dish are in accordance

as shown in Fig. 7. The comparison of the intensity values but also of the Ipa

17
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distribution is still satisfying when the Petri dish is placed above the transducer
(Fig. 8). Table 1 summarizes that the numerical model captures the main trends
of the experimental measurements in terms of intensity values IsaTa and Igpra.
Once the relevance of the numerical model is established, it is possible to use
it to evaluate the level of stimulation applied to the cell seeding area, which is
not experimentally accessible (Fig. 9).

The current study was subject to limitations and assumptions both experi-
mentally and numerically which may potentially affect the findings. Although
the numerical model provides similar trends as the experimental measurements,
there are still some discrepancies. Part of the explanation can come from the
fact that the numerical model is perfectly axi-symmetric whereas the trans-
ducer used in the experiments may have some intrinsic defects which can result
in asymmetry of the acoustic pressure even in the far field (Fig. 2a). Similar
results have been reported in [16, 20, 23].

Both models assume that the cell culture medium is water. A review on the
biologic materials used in the cell culture medium shows that their properties
are very close to water properties [13]. Nonetheless, it would be interesting to
investigate the influence of the introduction of the proper material with accurate
properties to represent the cells and possible interactions of cells on the acoustic
field inside the Petri dish.

There is also a lack of unanimity concerning the representative parameter
of US stimulation. It should be reminded that although the IgaTa is a widely
accepted parameter in research and development of the clinical devices, it seems
that it may not be sufficient for the evaluation of the acoustic intensity due
to the fact that the IgaTa calculation threshold (25% x Ispra or —6 dB) is
strongly dependent on Igpra where a typical extreme value can considerably
change the computed IsaTa. Another example is the same IsaTa value which
can be related to different Itp distributions. In addition, the technical data
sheet of the Exogen® indicates that it generates Isata = 30 mW /cm? + 30%.
This noticeable tolerance supports the argument that more rigorous criteria

(e.g. descriptive statistics such as standard deviation and/or weighing methods)
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alongside the Ispta and IsaTa should be applied to better describe the acoustic
field. The influence of the heterogeneity of acoustic intensity on the cells inside
the Petri dish should be studied in further work. Experimental improvements
can be made to ensure that as many cells as possible are equally stimulated to
optimize the interpretation of the biological response. The Ita distribution is
of prime interest in biological experiments as providing a uniform and optimal

stimulation to the cells seeded inside a Petri dish is of a great concern.

5. Conclusion

US stimulation is believed to accelerate bone cell regeneration. Though in-
vitro studies provide a better understanding of possible underlying mechanisms,
it is still a challenge to measure the acoustic intensity delivered to cells. This
study aimed to develop a numerical model mimicking the experimental set-up
of in-vitro US stimulation incorporating an innovative absorbing system. This
absorbing system is the prerequisite for monitoring the acoustic stimulation
conditions and allowing the numerical model to predict the acoustic intensity
level potentially delivered to the cells.

A wide variety of experimental protocols used for US stimulation makes it
difficult to compare the results of existing literature. Therefore, the develop-
ment of a numerical model in addition to a proven experimental device opens
perspectives to estimate the acoustic intensity delivered to the cells inside a
Petri dish under different configurations and acoustic parameters and thus take
up the challenge of an optimized biological experimentation.

The developed set-up addresses biologists’ concerns such as space and han-
dling with an incubator and biocompatibility of the materials used to avoid
contamination of the cell culture medium. In addition, the corresponding nu-
merical model will help to keep all the process of the stimulation under full
control which is not only a key factor for parametric studies, but also it can
contribute to the interpretation of results obtained with commercial devices

whose configurations and parameterization are imposed by the manufacturers.
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