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Abstract—Knowing the mechanical properties of cells is very
important in cell detection, analysis of cell activities, diagnosis
and drug treatment. The determination of cell stiffness, which
used effectively in cell analysis, is carried out with different
measurement techniques. In this study, the stiffness of cells is
determined by comparison to the displacement of polystyrene
microparticles induced by vibration generated by piezoelec-
tric transducers. The difference of stiffness of the cells and
polystyrene microparticles is measured using a digital holo-
graphic imaging technique.
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I. INTRODUCTION

The mechanical properties of the cells are important in
biological processes, and therefore studies that measure the
response of the cells over external mechanical signals have
attracted great attention. Cellular mechanics is a determining
factor in cellular activities such as cell differentiation, migra-
tion, apoptosis, proliferation, wound healing, cell growth and
metastasis behavior [1], [2], [3]. Cell stiffness is a important
mechanical feature that is related to cell identity. For example,
it has been observed that the stiffness of metastatic cancer
cells is softer than benign cells [4], and studies have shown
that mechanical hardness is effective on migration ability [5].
For cell stiffness measurements, a wide variety of available
instruments have been developed such as optical tweezers [6]
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atomic force microscopy [7], micropipette aspiration [8], mag-
netic twisting and cytometry [9]. However, the low efficiency,
slow test speed, cell deformation, need for a highly-skilled
operator, and the collection of data from a low number of
cells are some of the limitations of measurement methods.
These limitations prohibit the cells from being correctly and
effectively characterized. For this reason, an efficient method
that has high efficiency and does not cause cell deformation
should be used. A method has been developed that is used very
effectively in general imaging and biomedical applications
and provides advantages over current methods [10]. Digital
holographic microscopy (DHM) provides to extract quantita-
tive measures of surface deformation and determines phase
profiles of biological samples. Digital holography ensures an
effective study of cell properties that have been very complex
to investigate in living cells, such as volume, thickness, cell
refractive index, proliferation, movement, and cell morphology
[11], [12], [13].

In this study, by applying surface acoustic waves created
with piezoelectric acoustic transducers on cells and micropar-
ticles, the depth map of the cells was obtained based on
the stiffness values of microparticles. The responses of the
cells at the specified frequency were visualized with a digital
holographic microscope and captured with a CCD camera.

II. MATERIALS AND METHODS

A. Manufacturing of the PDMS Fluidic Chamber

The chamber structure in which the cells were grown was
prepared using polydimethylsiloxane (PDMS). PDMS was
mixed with pre-polymer and curing agent materials at a 10:1978-1-7281-8073-1/20/ $31.00 c© 2020 IEEE
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Fig. 1: a) A schematic of the Mach-Zehnder setup that was used during the experiments. b) Shows the whole holographic
imaging system.

(w/w) ratio, respectively. After degassing, a 257.10.50 mm
piezoelectric transducer was placed into the polymer. The
PDMS cured at 60 C for 3 hours was peel off from the surface
and a chamber cut in front of the transducer at 12mm x 12mm
x 5mm sizes. Applying oxygen plasma treatment (Harrick
Plasma, USA) at high power, 400 mTorr, for 2 min, the PDMS
structure was irreversibly attached to the glass slide.

B. Cell Culture Procedure and Addition of Polystyrene Mi-
croparticles

The human umbilical vein endothelial cells (HUVEC) was
cultured in DMEM/F-12 cell culture medium supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin- strep-
tomycin. Confluent cells were washed with PBS then, Trypsin-
EDTA was added into the flask and cells were centrifuged at
1000 rpm for 5 minute. After centrifugation, cells were stained
with Tripan-Blue and counted utilizing Thoma chamber. Cells
were seeded into the fluidic chambers with 1000 cell/mm3
density. After 24 hours of incubation, microparticles were
added to the fluidic chambers with the concentration of 15
M by dilution in the DMEM/F-12 cell culture medium. PS
particles were incubated with the cells at 37 oC in a humidified
incubator containing 5% CO2 for 1 hour to stabilize.

C. Stimulation of Microbeads and Cancer Cells

To generate the vibration pattern on the microbeads and
cells, a bimorph piezoelectric transducer crystal (Steminc,
SMBA25W7T05PV) was used. The transducers were driven
by a 5 Hz periodic square wave generated by a signal processor
(model) and amplified to 100V by a voltage amplifier (model).

D. Measurement of Displacement by Digital Holographic
Microscopy

The schematic of the Mach-Zehnder setup that was used to
measure the low frequency vibration of microbeads and cells
is shown in Figure 1-(a). The experimental setup that was
constructed according to this schematic is shown in Figure 1-
(b). The imaging principle is based on measuring the phase
shifts between a reference beam which travels through empty

space and an object beam which travels through the object of
interest. The thickness of the object is then calculated as [14]:

t =
∆Φ

n− 1

λ

2π
(1)

Where ∆Φ is the phase shift, n is the refractive index of the
object and λ is the wavelength of the coherent light source.
The coherent light source is a 527 nm, 10mW DPSSL laser.
To solve for the twin image problem that is present in inline
interferometric setups, we need to obtain interferograms at
different phase shifts. These images are obtained using a piezo
motor that can induce 30 nm open-loop phase shifts on the
reference beam. These interferograms are then captured using
a CMOS camera (Zeiss Axiocam 702 mono).

E. Determination of Cell Stiffness With Reference to Mi-
crobeads

To determine the cell stiffness parameter we first assume a
mechanical model which can describe the mechanical defor-
mation on the cell membrane induced by the vibration of the
piezoelectric transducer. A simple yet effective such model
which has previously been used to model the small scale
deformations in the adherent cell membranes is the Kelvin-
Voigt model proposed. The differential equation describing the
Kelvin-Voigt model is:

σ = Eε+ µε̇ (2)

where E is the modulus of elasticity and µ is viscosity. Solving
this model for both the bead and cell displacement gives the
stiffness values for cells.

III. RESULTS

Experiments were performed using HUVEC and PS mi-
crobeads. 5 Hz periodic square waves were formed on HU-
VEC and PS microparticles using acoustic transducers. These
signals were amplified 100V by an amplifier. In this section,
we report the stiffness values measured using the methodology
described in Section II-E. Morphological measurement of the
microbeads and cells were captured using the DHM setup.
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Fig. 2: ((a) Exemplary depth maps from two extremums (at
minimum and maximum height) of a single HUVEC cell and
(b) displacement profile of a single HUVEC cell in response
to 5Hz vibration of the piezoelectric transducer.

Examplary depth maps from two extremums (at minimum and
maximum height) of microbeads and cells are given in Figure
2-(a) and Figure 3-(a) respectively. Additionally, displacement
profiles of a microbead and a single HUVEC cell in response
to 5Hz vibration of the PZT transducer are given in Figure 2-
(b) and Figure 3-(b) respectively. From these measurements,
the modulus of elasticity of the HUVEC cell was calculated
to be 1.64 kPa.

IV. CONCLUSION

In this study conducted for the classification of cells, the
acoustic signal was sent to PS microbeads and HUVEC cells,
and the stiffness of the cells was determined based on the
displacement of the microparticles. Morphological measure-
ment of microbeads and HUVEC cells displacement profiles
were obtained by DHM method, and the results obtained were
created using the Kelvin-Voigt model. In this context, the
elastic modulus of the HUVEC cell was calculated as 1.64
kPa in line with the reference measurements taken.
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