
 

 

Abstract: The finite element method was used 
for evaluation of the geometry optimization on 
mechanical performance of nitinol stent old design 
vs. new optimized design for the Z-shaped closed-
cell self-expanding stent. This type of stent is most 
common in clinical practice. The stents devices 
used for this research were made by laser cutting 
from Nitinol tube form, by application of expanding 
and crushing force. The behavior of two different 
stent models was analyzed: old Palmaz-Schatz 
design and optimized design obtained on the basis 
of the results from topology optimization of the old 
Palmaz-Schatz design (i.e. modern design form).  

Main reason for using Palmaz-Schatz stent 
geometry is because this is a very simple 
geometry with enormous potential for 
modification. Models calculation show that modern 
design has better clinical behavior due to lower 
chronic outward force, better superplastic 
behavior and higher radial resistive strength. 

 
Index Terms: Finite element analysis (FEA), 

Mechanical performance, Nitinol stent, topology 
optimization 

1. INTRODUCTION 

TENOSIS of the coronary artery in one of the 
well-known diseases related to the vascular 

system [1]. Treating this disease is known but 
complicated process. The selection of an 
appropriate stent depends on the involvement of 
variable lengths of arteries and the divergence of 
the lesion. Atherosclerosis and aging have 
resulted in many material and geometrical 
changes. PTA (Percutaneous Transluminal 
Angioplasty) has been used as a modern and 
acceptable treatment for fixing occlusive lesions 
in a coronary artery. Stents devices of various 
designs are currently in use to restore patency in  
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atherosclerotic coronary arteries. Comparing to 
steel BMS (bare metal stents) Nitinol stents have 
a lot of advantages when used in coronary (as in 
many other) arteries due to their self-expandable 
geometry, capacity of radial force and their ability 
to endow grave recovery. The super-elastic stents 
are used for solving many problems such as post 
implantation restenosis, inaccurate dynamic 
behavior, bending limitations and insufficient 
radial strength [2]. In this paper, we compared 
results of two stent designs, old design and 
modern design, obtained by optimizing old stent 
design. 

2. MATERIAL AND METHODS 

2.1 Geometrical Models 

Commercially made stents have very strict 
geometry and manufacturers provide insufficient 
information about the effects of geometry on the 
behavior of the stents. To test this approach in 
stent optimization, we used Palmaz-Schatz stent 
geometry because this is a simple geometry with 
enormous potential for modification. Basic 
geometry with details is presented in Figure 1. 3D 
model of stent device based on these geometry 
parameters was created in software package 
CAE Abaqus/ Standard v.6.11 (Dassault 
Systèmes, Providence, RI, USA). The geometry 
of the new model used for comparison was 
obtained as a result of topological optimization of 
Palmaz-Schatz stent geometry. 

2.2 Topology Optimization and Modern Stent 
Design 

New geometry model was created from the 
suggestion related to topology optimization of 
Palmaz-Schatz (Figure 1). The stent model was 
discretized with a large number of elements in 
order to obtain the best result of optimization. 
Topology optimization was performed in 
TOSCA® [3] software package. Optimization 
based on two optimization rules: minimization of 
the model volume and retention (or increase) of 
the maximal strain of the basic model. The results 
of topological optimization are presented on 
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Figure 2.  
Based on these results, we removed part of the 

model material on some critical areas and 
generate new modern optimized geometry. 
Details geometry and of new stent design was 
presented on Figure 3. 

2.3 Material Property 

Finite element analysis (FEA) was performed in 
Abaqus® CAE software package (Dassault 
Systèmes, Providence, RI, USA). The present 
study is merely focused on the effect of the 
properties of superelastic Nitinol on the behavior 
of the stents designed for clinical applications. 
For the super-elastic behavior of the stent 
models, Abaqus has two UMAT constitutive 
material models based on approaches proposed 
by Auricchio et al. and by Qidwai and Lagoudas, 
respectively [4 -10].  

In this paper Nitinol model was used based on 
the study of Auricchio, Tylor and Lubliner, with 
extensions of Rebelo [4 - 10]. 

The properties of material used in simulation 
are presented in Table 2 for Auricchio model and 
in Table 3 for Lagoudas model. Graphical 
comparison of the results between experimental 
data for stress-strain curve and Lagoudas and 
Auricchio models is presented in Figure 4. 
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Figure 1 Palmaz-Schatz design geometry 

 

Figure 2 Results of topological optimization in 
TOSCA® 

 

Figure 3 Modern optimized geometry based on results 
from TOSCA

®
 topology optimization 



 

 
Figure 4 Comparison of results between 

experimental data and Auricchio and Lagoudas model 

 

Figure 5 Boundary conditions for expanding models 

2.4 Meshing and Boundary Condition 

Due to the very complex geometry for 
simulation only two rings of stent were used. For 
boundary condition, polar coordinate system was 
used (Figure 5). The cylindrical configuration of 
the stent was then obtained by transferring nodal 
coordinates from a Cartesian coordinate system 
to a cylindrical coordinate system. The cylindrical 
configuration of the stent was then imported into 
ABAQUS v6.11 for analysis. Nodes in the middle 
of stent model are fixed in Z direction. All nodes 
on the cylinder were fixed in X and Z directions, 
and the displacement was set in R direction. The 
cylinder membrane was discretized using 2034 
reduced-integration membrane elements 
(element type: SFM3D4), and stent model 
discretized using 22 920 reduced-integration 
continuum elements (element type: C3D8R), 
respectively. Meshing data are presented in Table 
1.  

Utilizing the surface to surface contact between 
cylinder surface and inner stent surface, it was 
assumed that both surfaces are hard and there 
was no friction between them. 

Table 1 Mesh parameters of models 

Material Element 
type 

No. of 
elements 

No. of 
nodes 

Stent C3D8I 22 920 40 788 

Cylinder SFM3D4 2 304 2 340 

3. RESULTS 

Simulation results are presented for the old 
Palmaz- Schatz design geometry on Figure 6 and on 
Figure 7 for new optimized design. By comparing 
of this result, it can be noticed that maximal 
stress and strain are much lower on the modern 
design model than on the old design model. 
Results from FEA indicate that geometry 
optimization process decrease in maximum 
stress from 823.3 to 613.7 MPa results in a 
decrease in maximum strain from 0.07925 to 
0.06419.  

Also, from distribution of stress and strain 
conclusion could be made that the old design has 
a lot of positions with stress and strain 
concentration. During the design process of stent 
model, the main aim of constructors is to predict 
and remove this position of stress and strain 
concentration, because they can cause fracture 
of elements. The main advantage of topological 
optimization is reduction automatically reduction 
of this critical places. Comparing of these two 
designs by visual can be notice some of the 
weaknesses of the old design (no rounded edges, 
no rounded corners etc…). 

 

Figure 6 Simulation results of the strain field for old 
model design 

 

Figure 7 Simulation results of the strain field modern 
model design 



 

4. CONCLUSION 

Effect of topology optimization and modeling 
new design of stent nitinol device: Z-shaped, 
closed-cell, self-expanding stent show a big 
improvement on mechanical performance in 
comparing with old Palmaz design for the: Z-
shaped, closed-cell, self-expanding stent. Results 
show that Nitinol stents with modern design have 
some lower values for a maximal stress and 
strain and much less geometry position with a 
concentration of stress and strain. These are 
related with main function of topology optimization 
to automatically remove model material on these 
critical positions. 

In the paper, we presented novel approach in 
stent modeling based on topology optimization. In 
this way, we can substantially improve design and 
simplify our stent model. It is very important to 
reduce critical strain and stress in an early phase 
of stent model designing and improve design 
performance from a mechanical and clinical point 
of view. Also, all analysis is performed by using 
nitinol material property with a superelastic 
behavior reveals a desirable performance from a 
mechanical and clinical behavior point of view. 

This is first study were the process of 
optimization stent geometry is performed totally 
automatically only guided by results obtained from 
process of topologically optimization. The results 
show that this approach can be used in the 
optimization process of other existing or new 
design of stents. 

The biggest advantage of the proposed 
optimization method is the possibility to avoid 
human mistakes during the designing process 
and prevent expensive optimization during 
mechanical tests. 

APPENDIX 

Table 2 Properties of materials used in simulation. 
Data based on the Auricchio model [4-5, 11-12]. 

Property Data 
Austenite elasticity EA (MPa) 45 000 
Austenite Poisson’s ratio 0.33 
Martensite elasticity EM (MPa) 38 0000 
Martensite Poisson’s ratio 0.33 
Transformation strain 0.055 
Loading (MPa T-1) 6.7 
Start of transformation loading (MPa) 590 
End of transformation loading (MPa) 640 
Reference temperature T0 

0
C 37 

Unloading (MPa T
-1

) 6.7 
Start of transformation unloading (MPa) 300 
End of transformation unloading (MPa) 270 
Start of transformation stress in 
compression (MPa) 

- 

Volumetric transformation strain 0.055 
Strain limit (%) 8 
Af temperature 

0
C 11 

 

Table 3 Properties of materials used in simulation. 
Data based on Lagoudas model [5, 12]. 

Property Data 
Austenite elasticity EA(MPa) 45 000 
Austenite Poisson’s ratio 0.33 
Martensite elasticity EM(MPa) 38 0000 
Density (kg/m

3
) 6450 

Thermal Conductivity KA (W/(m K)) 18 
Austenite specific heat (J/(kg K)) 320 
Austenite thermal expansion coeff. (1/K) 10e-6 
Martensite thermal expansion coeff. (1/K) 6.6e-6 
Stress influence coefficient for austenite 
(MPa/K) 

-0.851e6 

Stress influence coefficient for martensite 
(MPa/K) 

-0.452e6 

Martensite finish temperature (Mf) K 235 
Martensite start temperature (MS) K 250 
Austenite start temperature (AS) K 251 
Austenite end temperature (K) 284 
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