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Abstract: In this paper we have proposed as a work to highlight influence of the exponential anisotropic 

contribution on the pressure of a stenosis artery and then on the Cauchy stress components. The geometry of the 

stenosis has been given, which allowed us to calculate and simulate the elementary invariants and components 

of the Cauchy stress tensor of a stenosis artery with an application on three potentials in order to see this 

influence. Through mathematical calculations we also show that the stenosis makes the artery lose its capacity 

to be incompressible and we determine an exact solution of the internal pressure from certain boundary 

conditions. The simulation of non zero components of Cauchy stress tensor and pressure accordind to the three 

models allowed us to show how the fibrous reinforcement from exponential model can influence pressure and 

stress components of the artery when it has stenosis. 
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I. Introduction 
Cardiovascular diseases or diseases of the circulatory system is the leading cause of death in developed 

countries. It is for this reason that the study of arterial structures and their prosthetic substitute constitutes an 

issue of primary importance for biomedical research [1,2]. The description of the anisotropic hyperelastic 

mechanical behavior of a mechanical cylindrical tube is still useful to better understand the diseases that plague 

the cardiovascular system [3]. For the achievement, many kinematics translating the geometries of these arteries 

when they are healthy as well as when they are affected by pathologies have been defined. These studies of 

many variables and tensors allow many authors to obtain expressions as invariants, stresses and internal pressure 

with certain condition[3]. To reach their objective in the case of certain biomechanical models, the authors must 

choose on various strain energy functions which allow to realize such work among which we can quoted the 

polynomial, exponential, power or logarithmic form [4]. These energy potentials have been established as part 

of a phenomenological approach that describes the macroscopic nature of arteries and there are functions of 

elementary invariants [4]. Most of these mechanical studies have different and diverse objectives and one part of 

this is most often concentrated in the analysis of stresses and pressure in incopressible or compressible, isotropic 

or anisotropic case [5,6,7]. In an other part there are interested to explains and demonstrates that flow through 

Venturimeter is comparable to flow through stenotic artery, discarding other complicated physiological factors 

[8]. As a contribution in the modeling of cardiovascular diseases, we are interested to know how the artery 

behaves at the level of invariants, stress components and internal pressure when it is reached by stenosis from its 

defined geometry. We will choose three models of energy potentials in order to determine an exact solution of 

the internal pressure. The elementary invariants, the non-zero components of the Cauchy stress tensor and the 

internal pressure of the stenosis artery will be simulated and analyzed in order to highlight the differences that 

can be observed between these mathematical objects. These simulations will allow us to see the influence of the 

three models in order to provide better data for the fibrous manufacture and improvement of vacular prosthetic 

substitutes. 
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II. Formulation of the problem 
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3.2 Pressures and stresses 

Firstly let’s consider the deformation energy function in isotropic and incompressible case of the Diouf-Zidi 

model [2] for the modeling of the human carotid 
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The simulation of pressures from the three models shows increasing sinusoidal bahavior when the 

stenosis progress with two types of paces: the Diouf-Zidi isotrope and anisotrope models have the same and 

greatest values for a value of z but the Zidi-Cheref model records the lower values. We can also see that more 

the stenosi progress, more the diffrence between the both Diouf-Zidi models and the Zidi-Cheref model is biger. 
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The simulation of Cauchy stress tensor components from the three models shows increasing or 

decreasing sinusoidal bahavior when the stenosis progress. We have the main components of Diouf-Zidi which 

follow the same pace which is different to that of Zidi-Cheref model. The radial-axial components of the Diouf-

Zidi models have the same bahavior with a small difference between them with the anisotrpic biger than the 

isotropic model and the radial-axial component of Zidi-Cheref model follows a different pace.  

 

Remark 2  

The simulation allowed us to see that the pressures of the different models describe the parables with 

the two Diouf-Zidi models that follow the same values. The same behavior is also observed on the level of the 

Cauchy stress tensor components of the Diouf-Zidi models excepted the radial-axial component which gives 

small difference. As an important result, we have shown through these simulations that the exponential 

anisotrope contribution have an influence on pressure and stress components of an artery affected by stenosis 

with certain material parameters. 

 

IV.    Conclusion 
In this paper we have proposed a modelization of mechanical behavior of an artery affected by stenosis. 

The kinematics of deformation translating the disease of the stenosis is defined. A kinematics which allowed us 

to determine the mechanical tensors which in turn allowed us to calculate the five isotropic and anisotropic 

invariants of the stenosis. From these invariants, we have mathematically showed that the stenosis disease forces 

the artery to lose its compressibility. We defined subsequently the Cauchy stress tensor in compressible and in 

the anisotropic case. By neglecting the volume forces and with certain boundary conditions, we have determined 

the different components of the Cauchy stress tensor then give an exact solution of the internal pressure which is 

a logarithmic form. The application on three models shows that the exponential anisotrope contribution have an 

influence on pressure and stress components of an artery affected by stenosis. Pressure and Cauchy stress tensor 

components allowed us to highlight that the exponential model translate a better behavior of an artery affected 

by stenosis and will be a good tool for the manufacture and improvement of vascular substitutes. 

 

V.   Outlooks 
As perpectives of our learning in biomechanic, this study can be the begining of a very important 

subject in the development of a model generalizing the behavior of diseases that deform the artery for the 

improvement of the vascular substitutes.  
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