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Abstract Today, liver cancer ranks sixth among cancers
and ranks fourth among the causes of death. Examining the
condition of the body and early recognition of this disease
can be effective in its control and treatment. Examining the
mechanical properties of the liver tissue and studying its
Young's modulus will identify the health status of the tissue
and the patient. In this research, Young's modulus has been
theoretically calculated using slab friction models, reset
integration, and Bleiman and Sorin models. Also, using
atomic force microscope, this modulus has been extracted
experimentally. Comparison of theoretical and experimental
modules obtained will have similar results. According to the
examination of texture and relationships at the nano level,
the second model of Billman and Sorin is more accurate due
to the smaller range of changes and the more complex
equation. Therefore, it is suggested to use the second model
of Billman and Sorin in future researches.

Key Words Liver cancer tissue, Dahl friction model, Reset
integration, Bleiman and Sorin friction models, Atomic force
microscope.

1- Introduction

Excessive growth of liver cells leads to the formation of a
mass in the upper and right part of the abdomen and causes
liver cancer. Today, with the increase in the incidence of this
disease, this cancer is named as the sixth most common
cancer and the fourth cause of death due to cancer. Primary
liver cancer originates from the cells and tissues of the liver.
Consequently, investigating and studying the properties of
these areas will identify the condition of the tissue. The use
of atomic force microscope with the approach of moving
nanoparticles plays an important role in extracting the
mechanical properties of tissues and nanoparticles. Choosing
suitable friction models to calculate the force and depth of
penetration in scanning by an atomic force microscope will

increase the accuracy and precision of the experiments.
Therefore, various investigations have been conducted all
over the world to assess the mechanical properties of
different tissues using the friction model. Moreover, some
research has been performed to examine the used model and
compare the friction models. The present research aimed to
investigate the liver cancer tissue in order to identify its
mechanical properties by the Young's modulus. In this study,
slab friction models, reset integration, and Bliman and
Sorine models are used exclusively. Young's modulus was
first extracted experimentally using the atomic force
microscope nano tool. Finally, the results of theoretical
simulations were compared with experimental diagrams. As
a result of comparing and matching these two groups of
graphs, Young's modulus of liver cancer tissue was
determined. The innovation of the current research is the use
of different friction models for the first time in investigating
the mechanical properties of liver cancer tissue and
extracting its Young's modulus.

2- Modeling

In this section, the governing equations of some of the
different friction models available in the articles are
reviewed and explained, and their relationships and
applications are explained. The models used in this study
were four Dahl models, reset integration, and Bliman and
Sorine models. Following examining their governing
relationships, the Bliman and Sorine model had the best
effect on the obtained results. The equation of this model is
as follows [1-4]:
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3- Experimental studies

In order to obtain the mechanical properties of the liver
cancer tissue, investigations have been performed by
scanning with a force microscope. Examination of tissue
using atomic force microscope requires preparation of
cancerous tissue or its culture. The tissue separated from the
body, after being placed and cut to the desired dimensions, is
placed in paraffin preservative solutions. Afterwards, the
tissue is dried and placed on a slide. Topographic images of
the tissues are extracted by the software associated with the
device.
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3D image
Figure 1. Topography recorded by atomic force
microscope

4- Conclusion

In this article, the range of Young's modulus of liver cancer
tissue was investigated using atomic force microscopy by
four slab friction models, reset integration, and Bliman and
Sorine models. In this research, the module obtained from
the experimental technique and the theoretical methods were
compared. The results showed that the comparison of
Young's modulus values experimentally and using the
second model of Bliman and Sorine had a closer range to
each other. Therefore, the average Young's modulus is
predicted to be 1.2 kPa. In Figure 2, using reference [5], the
correctness of the research can be seen. According to this
diagram, the obtained Young's modulus is close to the
previous researches.
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Figure 2. Comparison of force-penetration depth theory
diagrams

Understanding the mechanical properties of cancerous
tissues can be effective in preventing and controlling the
proliferation process. The use of atomic force microscope
and various friction models calculates the Young's modulus
of the tissue with the closest and least damage. In this
research, liver cancer tissue was evaluated using atomic
force microscopy, slab friction models, reset integration, and
Bliman and Sorine models.

The main purpose of this research was to investigate the
effectiveness of friction models used in the force and depth
of liver cancer tissue penetration. In this research, Young's
modulus was theoretically calculated at the nanoscale due to
the measurement of modulus using atomic force microscope.
Among the methods used, the model obtained using the
Bliman and Sorine model was more accurate than others.
The minimum and maximum differences in the Bliman and
Sorine model had a smaller value and a tighter tolerance than
others. Furthermore, by comparing the graphs governing all
four models and paying attention to equation 2, it can be seen
that this equation is more complicated. Nanoscale studies
require more complexity due to the importance of surface to
volume. Therefore, using a model with the complexity of
relationships, followed by higher accuracy, will extract a
more desirable module.
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