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1 Introduction deployment. We concentrate on Cardiocoil nitinol stenf]. The

. . . _ experimental and clinical performance of this stent was exten-
The unacceptably high restenosis rigafter the stenting pro ively studied by several authdrs7—21]. The crucial role of ap-

cedure stimulated many studies of the topic in order to understaf‘g%priate stent sizing was emphasized by Hong ef2d]. The
thrf)cgggrheantlﬁz Isnt\é%l':/?rieli]act:rt]se vF\)/irt%C?r?:. Q‘:etpegmzl stlai?]e Osfot ardiocoil stent has a relatively simple geometric structure suit-
pressure eit the contact area. This pressure r{asya ce)%)s/idgrablrgslle for the purposes of mathematical description. This enabled us
ﬁ the st at .'th' t?] . 82l When th % evelop an efficient analytical interaction model convenient for
uence on e stress state within the artery we: enthe analysis. Specifically, our model demonstrates the influence of
stent is unsuitable and the pressure is too high it may cause Iog;j geometric and elastic parameters of the problem omlaie-
injury of the artery as well as h'g.h stresses in the_art_erlal Walge factordefined by the stresses appearing at the interface con-
Both these factors increase the risk for a restenosis, |nclud|nq%t zone. Knowledge of this factor and, in particular, its depen-

narrowing of the lumen. A correlation between the suboptimglence ypon the stent-artery radial mismatch is important for
stent dilatation with the occurrence of restenosis was reported bosing the correct size and type of Cardiocoil stent for each

Akiyama([3]. Injury of the artery was also shown to cause inflamsatiant “In addition, the obtained analytic solution could provide

mation resulting in rapid multiplication of cells and the formatior.,,venient benchmark problems to be used as guidelines in the

of a layer(neointima, producm_g a harrowing of the lumea]. search for more accurate and, consequently, more advanced nu-

Rache[5] and Rachev et a[6] investigated the stress dependent,qrical approaches.

remodeling of the vessel wall as possible causes of restenosis. g gnalytical model of an elastic circular cylinder representing
The stress state in the artery that had been injured after stenfjfg artery is given in the next section. Section 3 describes a stent

depends upon its geometry and the mechanical properties in cQiiich is considered to represent an elastic curvilinear rod. The

bination with the properties of the stent. The stiffness and othgppjinear stent-artery interaction problem is formulated and

mechanical properties of stents were investigated by many sjed in Sec. 4. The numerical results are presented in Sec. 5,
searchers. Most of the studies are based either on the experimejitded by the concluding remarks.

approacH7-10] or on the numerical modelind1,12. Analytical
models were also used in a number of studies to verify the experi-
ments[13,14].
Stent-artery interaction which requires a model that is capa%&
of simultaneously evaluating the stent and the artery, however, Hfas Artery Model
been less investigated. Holzapfel et F5] used a numerical The assumption that an arterial wall can be modeled as a ho-
model for the balloon-expended Palmaz-Schatz stent: the authorsgeneous elastic layer and an artery as a cylindrical membrane
considered the problem in a framework of finite strains and ther a hollow elastic cylinder was accepted by many authors. Holza-
arterial wall being composed of several layers with different propfel et al.[22] considered this model in the framework of a large
erties. Auriccio et al[16] also investigated the interaction of astrain analysis. Rachejf] used a different two-layered model,
balloon expanded stent with an artery and suggested a modifigdile Auriccio et al.[16] considered the artery and the plaque as
design in order to reduce the nonuniformity of the contact stredssimilar homogeneous isotropic materials. In order to reveal the
distribution. main features of the stent-artery interaction in the present study
The goal of the present research is to investigate theoreticalle employed a relatively simple model in which the artery is
the main features of the mechanical interaction of an artery withcansidered as being a circular hollow cylinder made of homoge-
self-expanding stent undergoing only elastic deformations durimgous elastic material. As such, the geometry of the cylinder is
completely defined by the wall thickneksand the radius of the
R — middle surfacer (Fig. 1). The elastic properties of the artery walls
2o whom correspondence should be addressed. are described by the Young modulBsand the Poisson ratip.
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script received: September 10, 2004. Associate Editor: Fumihiko Kajiya. more sophisticated artery model, for example, for a three-layer
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need for employing a nonstandard system of helical curvilinear
coordinates for the analysis. In such a system, the radial coordi-
natez remains the same while the coordinateg are replaced by
the helical coordinateg, s as two mutually orthogonal systems of
helices (see Fig. 2a)). On the cylindrical surface=const=R,
these coordinates vary within the following limitsa<q<a,

-0 <s<, The cylindrical and the helical coordinate lines on the
shell surface are presented in FighPwhere the strip of the width
2a=Hsin « is depicted. The strip is obtained by cutting the shell
along the coordinate ling=const and deploying it to a plain
figure. The relations between the coordinates are given by the
rotation matrix as it is seen from Fig(19:

Fig. 1 Artery segment and cylindrical coordinate system {S} ) { sina  cosa }{y}

q

model corresponding to Intima, Media, and Advestitia or for g, e considered symmetry the stresses and strains are periodic
multilayer model, while the simplest formulation adopted in thfn x andy with the periodsH and 27R, respectively, while they
prgrient pl""%erng'\]fetz us tthr?t f'rr?t fpﬁlrtof'mgt'gn'r blem hin are independent of. This allows us to consider the fields at any

€ solution ot the stent-artery Interaction proble 9€s Aflvensfor arbitrary extended. In such representation, the stress
the knowledge of the compliance of both constituents of the s Ids are periodic in the direction with the period equal toa2

tem. The radial compliance of the cylinder subjected to the inni e radial displacements beina independers afe also periodic
pressure along the helical strip is calculated in two steps. First, P 9 P P

problem on the corresponding thin-walled shell with helical load" &

ing is solved analytically. Then, in order to take into account the w=w(q) (3)

finite relative thickness of the shell, this solution is corrected by

the use of numerical results of an auxiliary problem which will b&egarding the remaining two displacementsind v, one must

specified later. take into account that they have components linearly depending
The system of curvilinear cylindrical coordinatesy,z withy  onx, i.e.,

=R@ is defined as shown in Fig. 1, and the corresponding dis-

@)

—-cosa Sina | | X

placements are denoted & ,w, respectively. The elastic behav- U=Ti(Q) + eeX 4)
ior of the thin-walled shell subjected to normal internal pressure
p(x,y) (the stent-artery contact is assumed to be frictionléss v =2(Q) + X (5)

defined by a system of three partial differential equilibrium equ
tions with respect tai(x,y),v(x,y) andw(x,y) (see, for example,
Ref.[23]).

The pressure is applied to the artery by the stent which is cog-
sidered as a helical rod. Consequently, the contact zone is a hel
strip of width b defined by the rod’s cross section. Its location is

"Whereso and ¢ are the averaged strain along tha@xis and the

angle of torsion about this axis, respectively.

Substituting the expressions foyy from (2) into the mentioned
tem of partial differential equations and usi(®—(5), after
e manipulation, we obtain

completely determined by the anglebetween thes axis and the Fu v P VoW
vector tangential to the helisee Fig. 2a)). Note, that the value tlﬁ ~ 5 ogSin 20+ RogSna= 0 (6)
corresponds to the deformed state of the stent, it will be deter- q q q
mined during the solution of stent-artery interaction problem. ”
Clearly 2P0 _COsaow V' AU AL -
1+K)t— - - >Sin 2o + k"R—3cosa =0
2mR aq R dgq 2dq aq

a= arctanr (1) )
whereH is the pitch of the heliXsee Fig. 2a)). ~ -

In the present work we concentrated upon studying the defoﬂ4 + @ﬁg + zi w_ a—vc05a+ veg + vﬂsina = w
mations appearing in the middle part of the stent-artery mechani’d R d9° KR[R dq Jq Ds
cal system and did not consider the regions where the stent termi- (8)
nates. Consequently, the distributed loading applied to the artery
is assumed to be constant along the contact strip. In this case the 1+ h2 ER
stress-strain state within the artery will possess the same screw  wherev* = ——, ki= —;, sS T
symmetry as the contact helix zone itself. This fact dictates the 2 12R? 121-v9)

ty=sifa+vcoda, t,=vsirfa+coda

It is assumed that the coordinate ligg=0 corresponds to the
middle of the helical contact zone of width(see Fig. 2b)). Then,

in accordance with the helical symmetry of the deformed shape of
the shell, the radial displacementgq) are represented by an even
function and the nontrivial parts of the displacements tangential to
the shell surfac@i(q) andv(q) are odd functions. Consequently, in
view of the 2 periodicity of these functions, it is suitable to
present them by the following Fourier series:

~ .M
Fig. 2 Cylindrical shell with helical coordinate system (a); the {G,v}= 2 {un,vn}sm—q (9)
shell deployed to a strip  (b) n=1 a
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* cognmq/a) and integration oveq yields the system of three lin-

7n
w= E WnCOS—q (10) ear algebraic equations for deriving the triple of unknown coeffi-
n=0 a cients u,,v,, andw, for eachn=1,2,.... For formulating the

The unknown coefficients are defined after substitutiof@pfind problem on stent artery compatibility, we are interested primarily
(10) into (6)—(8) in a standard manner. Multiplication of the firstin radial displacement. The coefficientg, n=1,2,... are found
two equations by the sinwg/a) and the third one by the to be

W= V+t3k2R4Qn
" Daa{ts(vp, - vpy) - 2(psty — vsirPa)[ (1 +K2) - v pcogall’
*sin 2o\ 2 Rn\?
with t3=(1+k2)tlt2—<V '2 ) , pi=1+k2<%n) =12 (11)
I
The remaining coefficienti, appearing in(10), which represents RK2Q, QuR?
the average radial displacement of the artery, is obtained by a Wo = 2D.a(1 -1 = 2aEh (19
simple integration of Eq(8): s
RO Finally, the radial displacement of the artemy along the helix
Wo = 0_ veoR (12) g=0 in accordance witli10) is
2Da
The valueQ,, in the earlier equations represent the Fourier coef- _ 2 20
ficients in the expansion of an external pressure Wa = = Wn (20)
a
Q :f p(g)cognmg/a)dg (13) where the coefficientss, are defined fron{11) and (19) and de-
" a pend upon the applied loading. This loading will be found later

. ) . ) . from the compatibility conditions for the deformations of a stent
Since our intention is to investigate the problem of pressure agng an artery.

plied to an artery by a stent, it is worthwhile to consider the | et ys now verify the obtained solution by examining a limiting

specific case of distributed line loading case. Consider the case of the line loadiid) and (15) and
p(g) = Q8(0) (14) assume that t_he angte increases. Then_ the_ pitch of_the hetik
) ) ) defining the distance between the loading lines, as it is seen from
where 5(g) denotes the Dirac-delta function. For this case (1), will decrease and in the limiting situation, wherapproaches
_ _ 90 deg, the shell will be subjected to the uniform radial pressure
Q=Q n=0,1,2,. (19 Po Which is the average of the external forces
The magnitude of the average elongation per unit length in the
x directiongq in Eq. (12) together with the rotation per unit length _Q
o are derived from the boundary conditions. In the considered Po= 2a (21

problem these conditions are expressed by the conditions of equi-

librium in a cross section of the shell perpendicular toxtexis. Substituting the latter relation t€l9) (recall, that for the line
In accordance with the assumption that there is no tangential Inading Q,=Q) one obtains the radial displacement of the shell
teraction between the stent and the artery, we consider the case@hciding with the average value

pure normal loading applied to the internal surface of the shell in 5

the radial direction. Therefore, the resultant axial fafgeand the We = PR (22)
torqgue momenM applied to the cross section, which is a circular %" Eh

ring with the radiusR, are equal to zero .
9 q The last formula represents the well-known solution for the prob-

F,=0, M:=0 (16) lem of an elastic ring subjected to the internal pressure. The cal-
lations based on the suggested algorithm were carried out for
se to 90 deg, and the difference from the limiting analytic value
) was found to be less than 0.1%.

he ratio of the wall thickness to diameter in normal arteries is
0.1. Consequently, the radial compliance determined by means of

The resultants are expressed in terms of the internal forces caIEP
lated per unit length of the ring. Deriving these forces from thﬁ\a0
obtained expressions for the displacements and carrying out

integration one obtains

Fy = 2mk(Req + vwp) the thin-walled shell model represents a rather rough approxima-
(17) tion. In order to improve the model we will compare the compli-
My = kR(v = 1)t ances for the thin-walled shell and for the thick hollow cylinder in

an auxiliary problem. The obtained difference will be expressed
by a coefficient which will correct the solution for the thin-walled
ell under helical loading.
In the auxiliary problem the loading to the shell/cylinder inner
Wo surface acts not along the helical line but along the periodic sys-
go= vy and =0 (18)  tem of circular rings perpendicular to the longitudinal axis. The
distance between the rings is equal to the pittiof the helix.
Consequently, in accordance witt?), the value ofw is found to  This problem, in contrast to the original one, possesses the axial
be symmetry and very convenient for a solution.

Hence, from the assumptiond6), it follows that the average
longitudinal and rotational components of the shell deformatio
are given by
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koM, = tM, - B=0 (29)

In addition, since the stent is supposed to be unstressed x the
direction and untwisted around theaxis, it may be concluded
that Q=0 andM,=0 or

Tcosag +Bsinag=0 (29

Mpsin ag+ M cosaq + (Tsin ag— Bcosap)rg=0 (30

Finally, the elasticity equations relating the stent deformations
with the internal moments are given by

My, = El(ky — ko) (31)

M, =Gl y(to—to) (32

ereE, G are the Young and the shear modulus of the stent
aterial, respectively, is the moment of inertia of the wire cross
section about the direction, and  is the polar moment of inertia

8t the section.

The nonlinear system of Eq&3)—(32) completely defined the
stress-strain state of the stent and can be employed for deriving its
compliance in the radial direction, a property which is of prime
3 The Stent Model importance for the study of stent-artery interaction. This compli-

The second constituent of the considered mechanical systenaige expressed by the dependengl,) is determined in the
the Cardiocoil stenf17]. It is depicted in Fig. 3. In order to following way. First, the couplery, ag providing the solution for
describe its mechanical behavior we will employ the model of ggs. (23)—(26) and (28)~(32) are found by an incremental proce-
helical rod (as an inclusion in an elastic matrixieveloped by yure with ther‘o,aio starting point corresponding to the unde-
Slepyan et al[24]. The spatial location of the wire is defined by;ormed position. The obtained values are then substituté@7n
the parameters of the corresponding hefxag passing through anq the magnitude o, corresponding to the given, is calcu-
the center of the wire cross sections. The curvakgrand torsion |ated. An illustrative numerical result is presented in Fig. 5, in
to of Fhe helix as deflne_d b_y the use of the Frenet orthogonghich the dependence of the normalized stent dianjerpon
coordinatesr,n,b shown in Fig. 4 are the external line pressur, is depicted. Here, a stent with an

Sir? ag outer diameterd;=5 mm and with a helix angle,=81.2 deg
(23)  made of a circular wire with a diameter 0.25 mm is considered.

Fig. 3 Curvilinear helical wire subjected to radial loading qd,

The calculations were based on the finite element method. T\IR,

radial displacement of the thick-walled artery was then obtainq‘gﬁ
from that for a thin-walled shell mod€R0) using the corrective

multiplier equal to the ratio of the corresponding displacements
the auxiliary problem.

fo The material of the stent is NiTinol with an elastic moduls

sin a,Cosag =46.6 GPa and a Poisson raiie0.3. The type of the nonlinear-
top=——— (24) ity with a positive second derivative in the working region
fo 3 mm<dy<5 mm conforms with the experimental results pre-

We will further denote the parameters related to the undeformeginted by Jedwab and Cldrt4] for a stent composed of several
(initial) position of the wire by the superscripit namely helices. The information on the decreasing of the external pressure
r, ap, Ky, th. The principal vector and the principal moment actindor a very large stent deformations is understood from the physical
at the wire cross section can be presented by the use of tHe@nsiderations and probably may be used in studying stent deliv-
s_independent Componemes Coordinate is the same as in theery prOblem. The |0ng|tud|nal stent deformat|0n n Bhdlrec'[lon
previous section is defined by the deviation of the helix anglg from its initial
value ag. The dependence afy upon the external pressure is
found to be similar to the behavior adf,.
_ Additional support for the validity of the developed stent model
M =M,7+Mn +Mgb (26) comes from experimental results of Schrader and BE§RrThe
One of the initial assumptions of the considered model of theompliance of stents was experimentally investigated in that study
stent-artery interaction is that the tangential stresses at the intamd expressed in terms of the external presgurand the radial
face are negligibly small. Consequently, the only external loadingeformatione,. A comparison of the analytical and the experimen-
applied to the stent is the distributed normal foedirected tal results for the NiTinol stent with an external diameter 3 mm, a
along the vecton. Then from the equilibrium equations it follows helix angle ai0:81,2 deg and a wire cross section 0.09
thatN=0, M,=0 and X 0.12 mm is presented in Fig. 6. The agreement is reasonably
kT - tB=-q 27) good, the difference that does exist may be explained by the_effect
n of the shear stresses at the loaded surface of the stent which are
present in the experimental device and are absent in the analytical
model. Consequently, the pressure required in the experiment to
reach the specific stent radial contraction is higher.

Q=Tr+Nn+Bb (25)

4 Stent-Artery Interaction

In developing a suitable model for stent interaction with a dis-
eased artery we have to take into account the role of plaque in
diminishing the width of arterial lumen. In the clinical setting,
balloon angioplasty is usually carried out before the stent insertion

in order to bring the inner diametel_ﬂ;S of the diseased artery to

Fig. 4 Frenet orthogonal coordinates used for the stent the sizedgs which is equal to the inner diameter of a healthy
description artery di.; As a result, the preinflation situation in which the
340 / Vol. 127, APRIL 2005 Transactions of the ASME
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Fig. 5 The influence of the external radial line pressure g,, on the normal-
ized outer stent diameter d,

outer diameters of the diseased and the healthy arteries are edpeds to a stress-strain state that appears as the result of a geomet-
but the inner diameters are different reverts to the situation it mismatch between the springse., the outer diameter of the
which the inner diameters are the same but the outer ones srent exceeds the inner diameter of the ajtemyd the external
different. The outer diameted$ of the diseased artery is thenforce (i.e., the blood pressureNote that one of the springshe

determined from mass conservation steny is assumed nonlinear. The nonlinear elastic responce of the
— — \ ) NiTinol coil stent is caused by the geometrical nonlinearity, and
(dgi? - (dii)? = (dF9)? - (dii)? (33 we take this into account. In contrast, for the artery model the

The tube obtained after inflation will include the arterial issuBnysical nonlinearity may have an importance; we, however, use
and the existing plaque. The elastic properties of the sick artdfy linéarly elastic model. The determinati@nd the accoupof
are significantly influenced by the desease. According to Holz{!® artery physical nonlinearity seems to be an important task in
phel[15] the increase in the isotropic elastic responce of the sorH#S field. e - '
parts of the Intima may approach 150%, a certain change taked he compatlblllty condition that needs to be fulfilled at the
place even in Media and only Adventitia remains unaltered. NeSt€nt-artery interface has the form
ertheless we will assume here that the tube material may be con- ) )
sidered as isotropic elastic with the same elastic properties as s + 2W, = dp + 2w (34
those of a healthy artery. The earlier simplifying assumptions are
somewhat presumptuous, but we contend that they are reasonaitiierew? and w® are the respective radial displacements of the
within the framework of the present study to obtain the firstrtery and the stent at the interface, alyds the outer diameter of
approximation analytical results. the stent in the unloaded position. The displacements which are

Stent-artery interaction lends itself well to study by means of @used by the average blood presquyyand by the pressune, at
model. The self-expanding stent and the postinflation artery ctre stent-artery interface, can be easily calculated using the results
be considered as two elastic springs. Inserting one into anotlier the radial compliances obtained in the previous sections.

1.6 T " T T " " .
p.(atm) “4] :
1.2 | -
1]
0.8} »
0.6} .

04 .

. present study —

02 . Schrader & Beyar » »

0 ‘ . . ‘
0 0.005 0.01 0015 002 0.025 0.03 0.035

&

Fig. 6 The external radial pressure on the stent  p, vs relative radial con-
traction &, for the 3 mm stent with the rectangular cross section 0.09
X0.12 mm
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Table 1 Interaction of arteries having 75% area stenosis with 3 mm (a) and 5 mm (b) stents.

(@

Inner diameter of inflated artery before stentiimgm) 2.90 2.70 2.50
Difference between the stent and the artery diameselsam) 0.10 0.30 0.50
Circular Artery diameter after stent implantatiémm) 2.93 2.83 2.71
cross section Damage factoB 4.23 13.0 23.11
Rectangular Artery diameter after stent implantatiomm) 2.92 2.75 2.60
cross section Damage factoB 1.95 6.78 12.94
(b)

Inner diameter of inflated artery before stentimgm) 4.90 4.70 4.50
Difference between the stent and the artery diameXelsam) 0.10 0.30 0.50
Circular Artery diameter after stent implantatiGmm) 4.93 4.82 471
Cross section Damage factob 2.82 7.8 13.26
Rectangular Artery diameter after stent implantatiomm) 4.91 4.73 4.56
Cross section Damage factob 1.02 2.93 5.35

The unknown interface pressupg,is derived by a simple trial-  The damage factors for stents with rectangular and circular
and-error procedure in order to fulfilB4). A damage factor char- cross sections are given in Table 1. Two standard outer stent di-
acterizing the level of forces acting between the stent and arterggheters of 3 mnfTable 13 and 5 mm(Table 1 are considered.
surfaces is defined as the normalized interface pressure Accordingly, circular wires have diameters of 0.15 and 0.25 mm,

and the dimensions of the rectangular cross section are 0.09

D= Psa (35) X0.12 mm and 0.13%0.18 mm. The results are calculated for
Po three radial stent-artery mismatchasl=0.1,0.3,0.5 mm which
A parametric study of this factor will be presented in the followcorrespond to the healthy arteries with diameters 2.9, 2.7, 2.5 mm,
ing section. respectively, for Table 1a, and 4.9, 4.7, 4.5 mm for Table 1b. The

area stenosis is assumed to be 75% for all the cases. The results
N ical R | show that the increase of the lumen after stent implantation grows
5 umerical Results monotonically with the increase of the radial mismatch and ap-
The manufacturer’s recommendation for choosing the stent giroaches the maximum value of 0.21 mm for the circular wire and
ameter for a specific patient is based mainly on the mismatohl mm for the rectangular or{@able 1a. The smaller extent of
between the outer radius of the stent and the inner radius of therease in the latter case is understandable since the rectangular
artery. On the other hand, the same radial mismatch may leadwie stent is more compliant. Consequently, the damage factor for
very different contact pressuréand, consequently, damage facthis stent is found to be significantly less than that for the stent
tors that defines arterial injurydepending upon the compliancewith a circular cross section. Specifically, for the maximal radial
of the stent, the diameter of the artery and the percent of stenosissmatch 0.5 mm the difference between the damage factors is
This is important for choosing the correct therapeutic solutiombout 240% for the 5 mm stents and 180% for the 3 mm ones.
The numerical results presented later illustrate the earlier depenMoreover, it can be noted that the damage factor seems to be
dencies for the Cardiocoil stent. proportional to the radial stent-artery mismatch. This fact is illus-

0.1 0.2 0.3 0.4 0.5

Fig. 7 Dependence of the damage factor D upon the radial stent-artery
mismatch Ad for the case of a circular wire. The arterial diameter is fixed
and the stent diameter is varied for each curve. The dashed line corre-
sponds to the healthy 4.75 mm artery.
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Fig. 8 Dependence of the damage factor upon the wire’s diameter for the 3
mm diameter and 5 mm diameter stents, the radial mismatch with the artery
is 0.25 mm

trated by the data presented in Fig. 7 which presBnftsr injured  enlarging of the wire diameter leads to the increasing of the radial
arteries of 2.75, 3.75, and 4.75 mm with 75% stenosis. The gragfiffness of the stent. On the other hand, when the wire becomes
for the healthy artery is also given for reference. The dependenggker, the stent-artery contact area increases as well, which may
of the damage factor upon the mismatch is found to be very cloggcrease the contact stresses that define the damage factor. The
to linear. For the limiting valu&d=0 when the outer diameter of |aer gbservation helps to understand the reduction of the damage

the stent is equal to the inner diameter of the artery, the contzfg tor for the 3 mm stent observed for large wire diameters. The
pressure under the stent is, in fact, equal to average blood pres-

sure. Consequently, the stent-artery interaction vanishes and,t ment|oned effects of stent _radlal stn‘fenlng "’”?d increasing of

accordance with35), the damage factor in this case is equal tthe interface contact area having the opposite influence on the

unity. contact stresses explain the nonmonotonic behavior of the damage
The influence of the stent geometry on the damage factor f@ctor as a function of the helix angte(Fig. 9). It is interesting to

75% area stenosis is presented in Figs. 8 and 9. In the former, tiage that for the circular wire stent, the maximum is seen for the

diameter of the circular wire varies. The results for the 3 and dngles in the vicinity of 80 deg, and this is the value for the

mm stents with a 0.25 mm radial mismatch reveal a general treg@rdiocoil stents currently employed in clinical practice.

of moderate increasing of the damage factor with increasing of the

wire diameter. This phenomenon is in agreement with the fact that

4 .
rectangular wire
v
2
O L L L i L L L L L

70 72 74 76 78 80 82 84 86 88

« (deg)

Fig. 9 Dependence of the damage factor upon the helix angle a (in the
undeformed position ) for the 3 mm (dashed lines ) and 5 mm (solid lines )
stents. The radial mismatch with the artery is 0.25 mm for all the cases.
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