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1. Introduction
In tissue engineering, in silico models are increasingly 
used to simulate the effect of  mechanical stimuli on 
cellular responses, enabling the design of  conditions 
that maximize tissue growth and regeneration. These 
models give access to stresses and strains that are chal-
lenging to measure experimentally. Among existing 
biomechanical systems, acoustic levitation is an emerg-
ing approach that enables biological samples to be 
stimulated in a contactless manner. Levitating droplets 
of  biologically-based hydrogels, cyclic compressions are 
applied (Wiedemann-Fodé et al. 2025) [Figure 1.a]. 
Wharton’s jelly (WJ) is a soft and gelatinous connective 
tissue found in newborn’s umbilical cord, and consti-
tutes a natural hydrogel highly promising for tissue 
engineering. While several computational studies have 
investigated the distribution of  the acoustic pressure 
field within a levitator (B. Andrade et al. 2010), the 
characterization of  strains and stresses distribution 
within a levitating droplet is still lacking. The develop-
ment of  computational models applied to WJ droplets 
in levitation requires knowledge on the WJ intrinsic 
properties, which constitutes the first objective of  this 
work. The second objective is to use these material 
properties in a computational model of  the droplet 
using Finite Element (FE) method to provide a deeper 

insight into the mechanical environment experienced 
by the embedded cells.

2. Methods
2.2 Mechanical characterization of Wharton Jelly
Wharton’s Jelly-based hydrogels were prepared by BIOS 
Reims laboratory. Magnetic Resonance Elastography 
(MRE) tests were conducted using a T2 RARE 
sequence and a local estimator frequency algorithm 
at different frequencies (200-400 Hz by 100Hz steps) 
(Loumeaud et al. 2025) to determine the WJ shear 
modulus [Figure 1.b]. The samples were also subjected 
to oscillatory rotation tests at different angular frequen-
cies (from 0.62 to 6.2 times × 102 Hz) at 20°C using 
a rheometer (AR2000 TA Instruments).This enables 
us to determine G' (storage modulus) and G'' (viscous 
modulus),using G'= .cosδ and G'= .sinδ with τ0 the 
shear stress amplitude, γ0 the shear strain amplitude 
and δ the phase shift between the two amplitudes. 
Rheological models (Maxwell, Jeffrey, Prony series) 
were identified based on experimental data using opti-
mization techniques.

2.2 Computational modelling of the levitating droplet
An in silico model based on the FE code FEBio 
was developed based on literature-based material 
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parameters (Baldit et al. 2022). The purpose was to 
study the behaviour of  an acoustically levitated droplet 
subjected to cyclic compression by modulation of  the 
input voltage, and therefore a varying applied acoustic 
pressure. In order to determine this pressure, an inverse 
approach based on experimental acquisition of  the 
shape of  WJ droplets during levitation was carried 
out [Figure 1.a]. Using the least-square method 
(minimizing node-to-node displacement between the 
simulated droplet and the experimental data), we 
aimed to determine the distribution of  acoustic pres-
sures. Computational simulations then gave access to 
displacements, strain and stress fields during levitation 
[Figure 1.c and d], and thus enabled to compute 
equivalent mechanical stimuli known to control the 
cellular fate (Boaretti et al. 2022).

3. Results and discussion
MRE results were successfully obtained for the WJ sam-
ple [Table 1], with temperature ranging from 17.8°C 
to 19.4°C. Given that WJ exhibits thermoresponsive 
gelation, generally going into a gel state around 30-37°C 
and remaining fluid at lower temperatures, further 
studies would need to be carried out to assess whether 
the 2°C difference between the start and end of  the 
experiment results in collagen self-assembly, which 
would explain the shear modulus values.

The Maxwell model was satisfyingly used to describe 
viscous behaviour, but was found to be not suitable for 
elastic behaviour. Its limitations highlight the need to 
explore alternative rheological models, such as Jeffrey 
or more complex viscoelastic models, better suited for 
biomaterials. Further adjustments are therefore needed 
to better characterize the WJ.

Table 1. MRE results for the WJ sample, with shear moduli 
(Pa) and temperature (°C) at each shear wave frequency 
value (Hz)

Freq. 200 300 400

Shear m. 41.05±9.9 60.79±5.9 86.53±24.5

Temp. 19.4 18 17.8

Credit: Simon Chatelin.

The inverse method used in FE modelling ena-
bled to determine a pattern of  the applied acoustic 
pressure based on an analytical pressure field of  the 

form P = P0 + A(|sin θ|), with P0 a base pressure 
and A the pressure variation, defining the highest 
pressure at the poles (θ = 0, π) and the lowest at the 
equator (θ =  ). Gravity was not yet implemented in 
the code, which explains the discrepancy between 
the experimental and simulated droplets. However, it 
will be included in further refinements of  the model’s 
boundary conditions.

FE calculations enabled to determine stress and strain 
distributions associated with tension modulation dur-
ing levitation, therefore providing insights of  how the 
local mechanical environment within the droplet will 
be distributed and transferred to embedded cells. Such 
results will establish a macro-micro link at the cellular 
level, i.e. how the mechanical environment influences 
cellular responses.

4. Conclusions
The present study constitutes the first attempt to model 
the mechanical state of  a droplet of  WJ during acoustic 
levitation, and thus represents a major step forward in 
the understanding and development of  this approach 
to mechanically stimulate cells. From the knowledge 
of  the mechanical environment experienced by cells, 
a better definition and description of  the macro-micro 
link would make it possible to provide comprehensive 
interpretation of  the forthcoming results of  cellular 
culture in levitation, and thus to optimize the parameters 
for modulating cyclic compression towards promoting 
cell response.

Figure 1. a) Experimental levitating droplet of WJ, b) MRE 
slice at 400 Hz, c) Displacement field and d) equivalent 
strain field obtained by simulation.

Credit: Simon Chatelin and Emilie Wiedemann-Fodé.
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