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Abstract: One of the most important cardiovascular diseases is atherosclerosis, which often leads to narrowed (or stenosed)
arteries that obstruct the flow of oxygen rich blood. In the case of coronary arteries, this may limit the oxygen delivery to
the heart muscle and can lead to a heart attack. The blood flow through these narrowed arteries is often restored by inserting
folding structures, named Stent. A Stent is expandable tube-like device that is inserted into a natural conduit of the body to
restore a disease-induced localized stenosis. The aim of this study is to provide a computational approach for evaluating the
effect of Stent materials on biomechanical outcomes and the deployments of Stents in different condition. A linear Finite
Element (FE) procedure is carried out using the Generic Stent geometry, to quantitatively predict the effect of mechanical
properties such as stress, strain and density of these biomaterials on Stent behavior during the deployment. A quantitative
comparison is made for exploring the effect of different materials on the deployment of Stent. The study is considered

significant in understanding the role for Stent materials affect on the biomechanical responses to the coronary Stenting.
Key words: - Stents, linear Finite Element.

. INTRODUCTION
A Stent is an expandable tube-like device that is inserted into a natural conduit of the body to restore a disease-
induced localized stenosis. Nowadays, many of the clinical procedures are required in very wide range of medical activities
and it is the new frontier in the research of medical devices design. Stents have to overcome a wide range of technical and
design problems related to miniaturization [1]. Therefore, a Stent provides an excellent answer to the increasing trend for
less invasive and therefore less traumatic procedures. The study of the material and the geometrical properties of the Stent
can provide useful indications on its performance and on its interaction with the target vessel [2].

1. DESIGN OF CARDIOVASCULAR STENT IMPLANT
The variables below define the key aspects of Stent geometry as shown in fig.1[3].
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Fig.1Unit cell Stent geometry as cut state

Copyright to JIRSET www.ijirset.com 4059


http://www.ijirset.com/

....._QJ

b

;-'

4
[ «

h IRSET ISSN: 2319-8753

International Journal of Innovative Research in Science,

Engineering and Technology

(ISO 3297: 2007 Certified Organization)
Vol. 2, Issue 8, August 2013

STENT DESIGN INPUTS

Number of columns of struts along the length of the Stent (No) = 6

Number of columns of struts around the circumference of the Stent (Ngyys) = 12

Outer diameter of the tube from which the Stent is fabricated (Dyye) = 1.66 mm

Wall thickness of the tube from which the Stent is fabricated (t) = 0.111 mm

Length of a strut, measured between the quadrants of the inner arcs of opposite apices (Lgyytinner) = 0.56 mm
Width of an apex in the raw (Wpe,) = 0.1 mm

Axial gap between adjacent columns of struts (Xprigge) = 0.2 mm

Width of a bridge element in the raw (Wpriggeraw) = 0.092 mm

Number of bridges around the circumference of the Stent (Nprigges) = 2

STENT PROCESS INPUTS

The variables below relate to various assumptions regarding the manufacturing processes used to fabricate the Stent.

C.

Effective kerf width between struts when fabricated (W) = 0.025 mm
Total amount of material removal from feature during finishing operations (Mygn) = 0.036 mm

STENT DIMENSION CALCULATION

This section explains the calculations of a number of derived Stent characteristics and dimensions

o

Number of cells around the circumference of the Stent (N )
Nstruts

Ncell =T= 6

Fully constrained outer diameter of the Stent (Dcyimp) = Diwpe =1.66 mm
Effective length of the strut (Lggy. )

Lstrut = Lstrut inner + Wapex raw = 0.656 mm
Width of each strut in the as-cut or raw state (W )

XD
W, = wae = 0.434 mm

Width of each bridge (Wyyigge) = 0.092 mm
Width of each apex (Wepex) = 0.1 mm
Wall thickness of the Stent (t) = 0.111 mm
Diameter of the Stent (D) = 4.0 mm
Diameter of the vessel (Dyes) =3 mm

STENT LENGTH CALCULATION

Axial length of a repeating unit cell (a full strut plus half a bridge on each end) in the constrained state (Xcen crimp )
Xcell crimp — Lstrut inner + 2Wapex + Xbridge = 0.965mm

Axial length of the full Stent in the constrained state (X¢otatcrimp )

Xtotalcrimp = Xcell crimp X Ncol - Xbridge = 5.59 mm

Axial length of a repeating unit cell (X, )

Xcell = (Lstrutinner X cos ed) + 2Wapex + Xbridge = 0.848 mm

Axial length of the full Stent at the expanded diameter (Xoca1 )

Xtotal = (Xcell X Ncol) - Xbridge = 5.09 mm

FS is the foreshortening of the Stent, or percentage reduction in length as the Stent expands from the constrained state to the
analysis diameter

RS = Xeellaimp_Keell o106 — 1379 0

cell
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MASS ESTIMATION

Outer surface area of a single strut (Agut )

Astrut = (Lstrutinner - Wkerf) X Wstrut = 0.232 mmZ
e Outer radius of an apex (R,pex )

RapeX = Wit = 0.434 mm
e Outer surface area of a single apex ( A,pex )

Aapex =nX (Rapex )2 +2x Rapex X (Wstrut - Wapex) = 0.092 mm2
e Outer surface area of a single bridge (Apyigge )

Abridge = (\/ Xbridge X Ybridge ) X Wbridge =0.0581 mmz
e Total outer surface area of the Stent ( A ontact )

Acontact = (Astrut + Aapex) X Nstrut X Ncol + Abridge X Nbridge X (Ncol - 1) =23.909 mmZ
e Cylindrical area of the vessel occupied by the stent (Acyiinger)

— 2
Acylinder =7 X Dves X Xtotal =47.97 mm

Percent Coverage Area (PCA)
PCA = feontat_ 5 100 = 49.84%

cylinder

Percent Open Area (POA)
POA = (1-PMA)/100=50.15 %

Now, knowing the surface area at the outer surface and inner surfaces of each feature, the volume of each
feature can be estimated by multiplying the average of these by the wall thickness.

Vitrae = £ X =22= 0,0128 mm’
Vapex =t X AF"% =0.0051 mm®

Vorigge = t X 25 = 0,0032mm’
With the volumes of each feature know, the total volume of the Stent can be calculated using a
formulation similar to that for Vy. below.

Veota = (Vstrut + Vapex) X Nggrut X Neop + Vbridge X Nbridge X (Ncol - 1)
Vioral = 1.32 mm®

e Mass of SS316L Stent = Density X Vi, = 10.956 gm

e Mass of ZINC Stent = Density X Vi, = 9.4248 gm

e  Mass of Nitinol Stent = Density X Vi, = 8.614 gm

I1l.  SELECTION OF MATERIALS
The material used for human cardiovascular Stent implants are conventional materials, with heavier in density, not
economical and unstable. It is observed that implant materials are affecting the coronary vessel where the failure of implant
is maximum due to wear, corrosion and fatigue. These problems are due to improper material selection. Therefore in this
paper work, an economical, low density and stable materials is selected. Here Stent is subjected to various load conditions
to conduct the FEA. By carrying out linear static analysis of the Stent strength and expansion behavior can be determined

[4].
Table 1 gives the properties of good materials that can be used for Stent. The Stent material should have to obey
the following requirement for its usage.
1. Biocompatibility.
2. Density.
3. Flexibility.
4. Ability to support the duct wall.
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5. Ability to expand.
Table 1 Properties of Materials

. Density of Materials in Poissons ratio Modulus of elasticity (E) in Mass in
Materials 3
g/cc v) GPa gm
SS316L 7.85 0.303 193 10.362
Zinc 7.14 0.33 115 9.424
Nitinol 6.53 0.30 28 8.514

The above materials listed in table -1 have less mass for the selected geometry of the stent and meeting the entire
requirement that a stent material should have. Hence they are selected for carrying the FE analysis.

IV. FINITE ELEMENT ANALYSIS OF THE STENT
a. FINITE ELEMENT ANALYSIS

FEA consists of a computer model of a material or design that is stressed and analyzed for specific results. It is
used in new product design, and existing product refinement. Modifying an existing product or structure is utilized to
qualify the product or structure for a new service condition. In case of structural failure, FEA may be used to carry out the
design modifications/optimization [5]. Finite Element Analysis can be carried out by following the three stages. The flow
diagram of the FE analysis is shown in fig.2.

b. MODELING METHODOLOGY

The first sketch in the Stent part is the strut sketch. This strut sketch is carefully constructed such that its entire
feature must be obtained. The sketch is fully constrained, which can balance the challenges to achieve the Stent models in
CATIA VR20.The sketch is created on the front plane, and the first geometry features placed in the sketch form a rectangle
comprised of construction lines. The bottom horizontal line can be anchored at one end to the origin, and the top horizontal
line is placed at a distance of strut above the bottom line.

These two lines define the bounds of the strut in the vertical or circumferential direction, and the spacing between
them will vary depending upon the diameter of the Stent. Vertical lines are then placed at the left and right, forming a
construction rectangle that will bind the strut at all times. Note that the horizontal length of the construction rectangle is not
defined, but rather it is dependent upon the defined length of the strut. It should also be noted that the expanded
configuration assumes that the strut will be perfectly straight, while in reality an expanded strut bend with a curvature
which is too complex to represent in this simple model. Finally the created 3-Dimensional model of Generic Stent is shown
in fig.3.meshing has done in hypermesh commercial software, the model shown in fig .4.
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Fig. 3 Stent Implant model
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Fig. 4 Meshed Model

c. BOUNDARY AND LOADING CONDITIONS

For valid results, an FE mesh should be subjected to realistic boundary and loading conditions that are
representative of the actual conditions. For the analysis of Stent deployment, the Stent must be free to expand and contract
in the radial and longitudinal directions, yet fixed such that rigid-body motions are prevented as shown in fig. 5. Generally,
a small number of nodes in each of the discretized components in the analysis are constrained from movement in a very
specific number of directions to avoid any rotational or translational movement. In terms of loading conditions, Stent
expansion is typically achieved through displacement control, pressure control, while studies in which Stent expansion has
been achieved through pressure control involves the application of a pressure load on the inner surface of the Stent as
shown in fig. 6.

Fig.5 Boundary Condition Plot
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Fig.6 Loading Contion Plot
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V. RESULTS AND DISCUSSION
The Linear Static analysis is carried on Stent implant model considering the pressure loads exerted by human body
and pressure exerted while implanting the Stent though the body viz 0.1MPa, 0.4MPa, 0.8MPa, 1.2MPa, and 1.6MPa. The
results are tabulated (Table 2, 3 and 4) and discussed for the realistic use and for the materials listed in Table 1.

Contour Plot
Contour Plot Displacement(Mag)
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Fig.7 Displacement plots for different pressure

a. RESULTS OF FEA
Table 2 Results Summary of SS316L, ZINC and Nitinol

SS316L ZINC Nitinol

. Maxim Maxim Maxim Maxim Maxim Maxim

S | Pressu | Maximum um . um . um
. um Maximum um Maximum um

| re Displace Von . Von . Von

Von - Displacement( Von . Displacement( | Von .

n Load ment Misses Misses mm) Misses Misses mm) Misses Misses

o | (MPa) (mm) Strain Stress Strain Stress Strain Stress

(MPa) (MPa) (MPa)

1| 01 |66026-03 |23 | 4728 | 1150E-02 | °49F | 474 | 37esE-02 | 1B08E-| 4748
04 04 03

2 0.4 2.64E-02 9.892E- 189.1 4.636E-02 2.197E- 189.6 1.506E-01 7.233E- 189.9
04 03 03

3 0.8 5.282E-02 1.978E- 378.3 9.273E-02 4.395€- 397.2 3.01E-01 1.447E- 379.8
03 03 02

a| 12 |79236-02 | 2988 | 4739 | 1301E-01 | O9%%F | 4751 | ao010801 | ZYOF | 4755
02 03 02

5| 16 | 1.056E-01 3'95’;5 631.9 | 1.855E-01 8'73395 6333 | 5.355E-01 2'835’5 634.5

b. DISCUSSION
The displacements of all considered materials are shown in fig.7 and fig.8. The maximum displacement is
observed for the maximum pressure load of 1.6 MPa. It is seen that displacement for SS316L is 0.0105mm for the pressure
load of 1.6MPa and maximum displacement for Nitinol is 0.535mm under pressure load of 1.6MPa.
The strain developed for considered materials when subjected to the pressure loads of 0.1MPa, 0.4MPa, 0.8MPa,
1.2MPa, and 1.6MPa are shown in fig. 9. The maximum von misses strain is being observed as 0.00395for SS316Lunder
1.6MPa and a least strain of 0.00879 is seen for the Zinc material under load of 1.6MPa.
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The von misses stress developed for considered materials when subjected to the pressure loads of 0.1MPa,
0.4MPa, 0.8MPa, 1.2MPa, and 1.6MPa are shown in fig.10. The maximum stress is being observed that 634.5 N/mm? for
Nitinol under 1.6MPa and a least stress of 631.9 seen for the SS316L under load of 1.6MP
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Fig. 10 Von-Misses stress of cardiovascular Stent implant of different material.

V. CONCLUSIONS
Displacements obtained for the materials Nitinol, SS316L and Zinc are 0.535mm, 0.105mm and 0.185mm
respectively for 1.6MPa pressure load. Therefore Stent materials most suitable for getting more radial displacement are

Nitinol and SS316L. These materials can be recommended as future cardiovascular implant materials.

The mass of Generic Stent Model with SS316L, Zinc and Nitinol is 10.95 gm, 9.4248 gm and 8.514 gm
respectively. As the Stent made out Zinc and Nitinol are showing less mass for the same configuration and geometry, these

can be used as future cardiovascular implant materials.

2. Dr. Charles Hufnagel designed the first mechanical heart valve was implanted. This first valve was a ball valve and. This valve was implanted in a
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