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1. Introduction

Nanotechnology is widely used in various fields such as
construction, medicine, and compounds, especially in
processes such as nanomanipulation. A general trend in this
process is examining the influencing structures and parameters
at the nanoscale. The submissions made in this process are
performed in phases 1 and 2, each with a different purpose.
Atomic force microscopy is used in various fields, such as
measuring atomic forces and surface mechanical properties at
the molecular level. It is also one of the most important tools
at the nanoscale. Atomic force microscopy captures nanoscale
images without the limitations of electrical sensing. And the
ease of guidance and more scanning environment it offers
researchers is one of the reasons it outperforms other scanning
microscopes. One of the important applications of atomic force
microscopy is the extraction of material properties, friction,
magnetic behavior, and mechanical properties. Other
applications include high-resolution imaging and nanoscale
cutting processes. Even after the success of atomic force
microscopy in materials science, chemistry and physics,
applications in biology were quickly found. Some of the
applications of this tool in medical science, property extraction
and nanomanipulation processes are listed below. In this
research, Young's modulus of breast cancer tissue was
calculated using Tatara's contact model. The experimental
tests carried out to draw the experimental diagram of the target
tissue have been repeated 5 times. A theoretical diagram was
also examined with an atomic force microscope, and created
from the contact model of the tatara and the shape generated
in this process. Finally, by comparing experimental and
theoretical graphs and also by considering Tatara's contact
model, the range of Young's modulus of breast cancer tissue
has been determined.

2. Investigation of nanomanipulation process and
experimental work

The parameters of the atomic force microscope have a
significant impact on the results of the process. For example,
in the first phase of manipulation (including the identification

of influential mechanical parameters such as particle geometry,
pole shape, contact model and critical force to move the
particle), two critical parameters of force and time have been
important. The most important factors affecting these critical
parameters are the length of the pole, the length of the needle,
and other dimensional characteristics of the atomic force
microscope. The effects of these parameters have been
qualitatively investigated in past researches.

3. Modeling using Tatara contact model

An important and fundamental point in using atomic force
microscopy is to know the shape change of particles when
using this microscope. It is possible to investigate this
deformation through the use of contact mechanics equations.
Since the type of micro/nanoparticles is the chosen target for
the simulation of contact mechanics in this study of biological
micro/nanoparticles, the utmost precision should be used in the
selection of contact theories. Tatara's theory is related to
hyperelastic bodies and is selected considering the factors
affecting biological cells. Equation 3 is derived by expanding
Equations 1 and 2.
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In Equations 1 to 3, the parameters F and a represent the
contact force and radius in the Tatara model, respectively. Also,

v, Poisson's ratio of the particle, v, Poisson's ratio of the
needle, E, modulus of elasticity of the particle, E, modulus

of elasticity of the needle, R, radius of the particle, R, radius
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of the needle and O, penetration depth are in Tatara contact
model.

4. Results
In this section, graphs of penetration depth and force versus

time were first extracted to extract the modulus of breast
cancer tissue. After drawing the experimental and theoretical
diagrams, this section calculates the Young's modulus
according to the Tatara contact model.

After preparing breast cancer tissue in the laboratory, the tissue
was placed on a microscope slide and examined with an atomic
force microscope. The graph in Figure 1 shows experimental
results of breast cancer sample testing. The force is in
nanonewtons and the penetrating power of the needle is in
nanometers. The experiment was repeated five times and the
experimental plot was extracted from the average.
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Figure 1. Atomic force microscope imaging results to
determine Young's modulus of breast tissue

5. Verification
To verify the accuracy of the results obtained, a comparison of

the results of this article with those of references 8 and 20 is
presented in this section. References 8 and 20 use Hertzian
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contact model. This contact model considers the simplest
contact conditions without considering adhesion forces. Due
to the importance of adhesion in tissue studies, Tatara contact
model was used in this study to simulate manipulation by
examining experimental results. As Figure 8 shows, the
Young's modulus magnitude for the Tatara model is equal to
2.25 kPa, which roughly corresponds to the Young's modulus
magnitude for Hertzian contact model in both references, 1.6
and 1.23. The difference in Young's modulus values is also due
to this difference in the contact model equation.

6. Conclusion
The process of nanomanipulation moves particles at the

nanoscale with the aim of improving or altering the properties
of materials, and also studies at the nanoscale to understand
the structure and mechanical and chemical properties of cells
and other tissues. It is so important that it has been introduced
in various industries. It was also important in medicine.
Research conducted in the fields of medicine and cancer show
how important it is to know the structure of cancerous and
healthy tissue for the recovery and diagnosis of this disease.
The elastic modulus is one of the desirable properties for
distinguishing between healthy and cancerous cells. Therefore,
a second stage investigation of manipulation of biological
particles was carried out in this article with the aim of
extracting the elastic modulus. Reviewing previous studies and
examining experimental charts obtained from atomic force
microscopy imaging, we believe that Tatara contact model is
suitable for this study. To ensure experimental test results, an
experimental chart is created by averaging 5 tests. Finally,
simulations and comparisons performed in MATLAB
software calculated a range of 2-2.5 kPa values for the
modulus of elasticity of breast cancer tissue according to
Tatara contact model. In future studies, it is possible to present
studies on the influence of different environments on the
manipulation process of micro/nanoparticles, the influence of
different shapes of atomic force microscope rods, and other
environmental and geometric parameters.

Wang, et. al. Korayem, et.
[20] al.[8]
1.23 1.6

Figure 2 Comparison of validation of force values and critical time obtained from the
current research with references 8 and 20
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Manipulation of Breast Cell Tissue with the Aim of Calculating Young's Modulus, Using Tatara
Contact Theory and Atomic Force Microscopy

Moein Taheri Hamed Faraji Peyman karimi

Abstract Atomic force microscopy is a powerful and precise tool for identifying particle properties and studying
intermolecular forces, surface topography, and particle manipulation in the micro-nano dimension. Nanomanipulation
is one process that makes good use of this tool. Today, with advances in science and technology, manipulation is used to
modify and manufacture the properties of materials, produce more valuable medical components and fewer raw
materials, alter the structure of living cells and much more. We are working at the nanoscale. Therefore, in this study,
we used atomic force microscopy to investigate the mechanical properties of breast cancer tissue during the
nanomanipulation process. By considering the changes induced by the displacement force, force curves and penetration
depths are plotted over time. Given the importance of nanoparticle-particle contact and the tatara contact model and
breast cancer tissue geometry, simulations were performed to extract the Young's modulus. Experimental experiments
and experimental charts were also performed to verify the agreement between the results of the simulation process based
on atomic force microscopy. Finally, using the comparisons made in this study and considering the tatara contact model,
a range of 2-2.5 kPa was calculated for breast cancer tissue volume.

Key Words Cancerous tissue, Contact model, Nanomanipulation, Atomic force microscopy.
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