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Abstract

Introduction: An intelligent alloy stent can be used in the upper
respiratory system to reduce problems such as deformation according
to the actual body conditions compared to other stents. This study
studied the behavior of two types of intelligent alloy stents with
different metallurgical properties using the finite element method
(FEM).
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Eﬁﬂ Methods: Tracheal geometry was obtained from a healthy person's
___:-::-D;Erq-g:-',"g computed tomography (CT) images. Then, a finite element model of
L o a real human trachea was selected to analyze the deformation of the
(= o trachea after the prosthesis implant. Finally, it was analyzed under the

maximum average static pressure entering the trachea using the fluid-
structure interaction (FSI) approach. A mesh based on structured
elements for the tracheal wall and an unstructured mesh for air-fluid
were created to perform simulations in ANSY'S software.

Findings: The deformation of the stent was analyzed and compared
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Keywords: with the deformation of the healthy trachea in the absence of the
Intelligent alloys, Stent, Trachea, : Prosthesis. The results showed that the most deformation in the
FEM, FSI trachea before stenting is up to 3.8 mm. The behavior of intelligent

alloy 2 with 5.8 mm deformation was more consistent with tracheal
deformation conditions for real body conditions without the presence
of a stent. As much as the deformation is reduced by the amount of
stress concentration in the stent-trachea junction, the risks of stent
displacement and patient suffocation are avoided.

Conclusion: This research can provide a suitable way to determine
the behavior of intelligent stents according to the effects of their
different metallurgical properties.
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Extended Abstract

Introduction

Stents with intelligent alloys are usually tubes
that are inserted into a part of the upper
respiratory system to allow airflow and keep the
airway open after the tumor is removed. The
superelastic properties of the intelligent alloy,
which can be closer to the viscoelastic behavior
of the tissue, reduce the risk of stent damage to
the body. Therefore, respiratory problems,
including stent displacement and, as a result,
airway obstruction, can be significantly
reduced.

Materials and Methods

The macroscopic model for explaining the
superelastic behavior of intelligent alloys is
based on Helmholtz's thermodynamic free
energy and based on the elastic-paste theory.
Where the strain consists of two parts: the
change of state, and the other is linear elastic.
In the present study, the properties of intelligent
alloy for stents were considered a sub-program.
The geometry used in this study is a collection
of digital medical images in DICOM format. It
is related to a 30-year-old man who was taken
at the MRI Radiography Center of Shiraz and
transferred to Mimics software. The first stage
of making a model is to retouch it; the optimal
value of the upper and lower pixel limits of the
images must be searched. According to the
investigated geometry, which includes the nasal
inlet to the end of the trachea, the air interval is
given to the software. In fact, by adjusting this
interval, all the air areas in the body can be
identified. In this study, ANSYS 2022 R1
software was used due to its optimal computing
power in the field of medical applications such
as stents.

36

Results and Discussion

It is tough to simulate the behavior of intelligent
stents for reasons such as the completely
nonlinear behavior of the material, the complex
geometry of the respiratory system, and the
large deformation. The model presented in this
study, based on the 3D nonlinear finite element,
has the ability to predict the biomechanical
behaviors of intelligent stents for use in the
upper respiratory system. The highest stress is
created at the connection between the stent and
the trachea, and its value varies from
approximately 74.8 kPa for intelligent alloy 1
to 1.83 kPa for intelligent alloy 2. Therefore, it
is essential to pay attention to the surgical
method of placing the stent in the patient's body
due to the concentration of stress created at the
connection point of the stent. This research can
provide a suitable way to determine the
biomechanical behavior of stents used in the
upper respiratory system, considering the
effects of their metallurgical and biomechanical
properties.
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