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The success of stents to restore blood flow in atherosclerotic peripheral arteries is low relative to coronary 

arteries. It has been shown that joint flexion induces a mechanical environment that makes stent placement in 

these arteries highly incompatible, and damage and destruction of stents has been recorded. However, the 

effect of this environment on the stresses in the arteries is unknown. It is hypothesised that the stresses 

induced in arteries as a result of this mechanical environment could be sufficient to explain the relatively low 

success rates. To investigate this hypothesis, a finite element model of the stent-artery interaction was 

developed. Following stent expansion, bending was simulated by applying a displacement boundary condition 

to the artery. It is found that high stresses occur at the proximal/distal ends of the stent. As stress and vascular 

injury are hypothesised to cause restenosis, the results presented here suggest that the mechanical environment 

of peripheral arteries could be the predominant cause of high restenosis rates.  
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1. Introduction 

The placement of stents in arteries to relieve blockages caused by atherosclerosis has proved highly successful 

in coronary arteries. Restenosis rates have been reported at below 10% from six month follow ups for bare 

metal stents (Jorgensen et al., 2003, Moer et al., 2001), while more recent studies have shown that even 

patients with acute myocardial infarction experience binary restenosis rates of 21.3% for bare metal stents and 

9.3% for drug eluting stents after one year (Menichelli et al., 2007). However, similar treatments have proved 

less successful in peripheral arteries, or arteries outside the heart. It has been shown that the iliac artery 

experiences more intimal hyperplasia than the coronary artery, but with less subsequent restenosis in porcine 

tests. The differences in restenosis rates between the two types of artery are not statistically significant 

(Krueger et al., 2006). Distal to the iliac arteries, the differences in restenosis rates between peripheral and 

coronary arteries is more evident. The superficial femoral artery, for example, has long-term patency rates that 

are reported to vary between 8 and 89% (Matsi et al., 1995, Mukherjee et al., 2001). Strecker et al report 2 

year patency rates of 51%, reducing to 48% after 3 years (Strecker et al., 1997). The use of more flexible self-

expanding nitinol (shape memory alloy) stents has improved performances somewhat, but binary restenosis is 

still reported to be 24% at 6 months (compared with 44% for PTA alone) (Schillinger et al., 2006). Stent 

fracture has also been reported in case studies (Babalik et al., 2003, Solis et al., 2006), while a broader study 

showed a stent fracture rate of 24.5% in peripheral arteries at a mean follow up of 10 months (Scheinert et al.,

2005). While almost half of the fractures were classified as minor (single strut fracture), a quarter were major 

(complete separation of stent segments) and a strong correlation was shown between stent fracture and 

restenosis. Primary patency rates at 12 months were 84.3% without stent fracture and 41.1% where stent 

fracture occurred. This study also showed the importance of stent design and the number of stents implanted 

in fracture rates, as well as demonstrating that fracture is more likely in longer stented lesions. The latter 

finding is supported by Strecker et al (Strecker et al., 1997), who showed that restenosis rates are higher 

Page 3 of 27

URL: http://mc.manuscriptcentral.com/gcmb

Computer Methods in Biomechanics and Biomedical Engineering

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

where longer stents are used. There is little data available for popliteal and tibial angioplasty and stenting 

procedures, though it has been reported that high initial success rates are followed by poor long-term results 

(Mukherjee et al 2001). It is reported that femoropopliteal arteries, as well as being more susceptible to 

restenosis, account for 50% of peripheral obstructive lesions (Solis et al., 2006). 

 

The reasons for the relatively high failure rates of stents placed in the femoral and popliteal arteries are not 

fully understood. However there are a number of known differences between coronary and peripheral arteries 

which may help to explain the variation in success rates; the first is size. Stents implanted into coronary 

arteries are typically less than 4mm in diameter, while stents implanted into peripheral arteries can be up to 

10mm in diameter, depending on location. Blockages in peripheral arteries often require the use of longer 

stents compared with coronary arteries, with single peripheral stents commonly being as long as 80mm. A 

second potentially important difference is the variation in vessel wall thickness and composition with distance 

from the heart. Generally, arteries close to the heart are more elastic to allow for volumetric change during 

pulsatile blood flow, while peripheral arteries are more muscular and do not distend as much. Although 

coronary arteries, classified as muscular arteries, are an exception to this rule, their composition is still 

different to peripheral arteries (Martini, 2004). A third key difference between coronary and peripheral 

arteries in the lower limb is the mechanical environment; both are subject to pulsatile loading cycles but the 

magnitude and shape of the waveforms can differ. The maximum and minimum pressures are comparable in 

the coronary and iliac arteries (Mills et al., 1970) whereas other components of loading are quite different. 

Coronary arteries such as the right coronary artery (RCA) and left anterior descending (LAD) arteries are 

attached to the myocardium, and as such experience displacements and deformations as the heart beats. The 

behaviour of an RCA and LAD over two cardiac cycles has been recorded by Ding et al (Ding et al., 2000,

Ding et al., 2002). Significant displacement, bending and torsion have been reported in both arteries, with 
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diseased portions of the arteries exhibiting significantly higher average torsion than normal portions of the 

same vessel. In general, these arterial motions have been investigated in relation to their influence on vessel 

deformations and hemodynamics (e.g. Ding et al., 2000, Weydahl et al., 2001, Zeng et al., 2003), in particular 

wall shear stresses, while less is known about the influence of such motions on arterial stresses post-stenting.  

 

The mechanical environment of the peripheral arteries, especially the femoral, popliteal and tibial arteries is 

influenced by joint movement. Flexion of the knee, for example, can cause occlusion of the popliteal artery 

due to compression even in healthy patients (Hoffmann et al., 1997). This is because flexion of the knee 

causes a bending effect in the artery. Bending of arteries typically occurs about a hinge point, which has been 

defined as the “first curve in the peripheral artery in an acute angle towards the femur that appeared during 

knee flexion” (Diaz et al., 2004). The concept of a hinge point was first introduced by Duda et al (Duda et al.,

2002), who suggested that vessel movement and compression might introduce and develop hinge points in 

stented arteries. This is expanded upon by Diaz et al (Diaz et al., 2004), who specified the location of hinge 

points in popliteal arteries affected by PAD and related their formation to knee flexion of up to 100°. While 

the dynamics of the femoral and popliteal artery segments have not been documented in the same manner as 

coronary arteries, inspection of angiograms during knee flexion (Diaz et al., 2004, Duerig et al., 2002)

suggests greater bending compared with the coronary arteries. The extreme mechanical environment 

experienced by stents in the popliteal and distal femoral arteries due to joint flexion is documented by Kroger 

et al. (Kroger et al., 2004) and Solis et al (Solis et al., 2006). These reviews illustrate how stents are bent by 

knee flexion, in some cases leading to mechanical failure of the stent. Rosenfield et al (Rosenfield et al.,

1997) also identify stent compression as the mechanism for restenosis in the superficial femoral artery, 

although the cause of compression is not identified. 
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It has been hypothesised that rates of restenosis are related to damage, or injury, in the artery following stent 

deployment (Schwartz, 1994). Therefore, it can be said that stents which reduce the stress in the arterial wall 

are less likely to induce restenosis, while factors that increase stress in the artery are likely to promote 

restenosis. These factors include stent design (Bedoya et al., 2006, Lally et al., 2005, Prendergast et al.,

2003), material properties, over expansion of stent (Ballyk, 2006) and possibly bending of the vessel. The 

finite element method has proved extremely useful in modelling the mechanics of stent expansion and stent-

plaque-artery interactions and it has been demonstrated that finite element modelling is useful for analysing 

stent/wall stress distributions (Takashima et al., 2007). Stent expansion has been modelled using a number of 

different approaches, including the expansion of the artery beyond the diameter of the stent and subsequent 

removal of pressure (Lally et al., 2005), application of pressure directly to the internal faces of the stent (Chua 

et al., 2002, Holzapfel et al., 2005, Migliavacca et al., 2005), and explicit but simplified cylindrical balloon 

models that use various material models to simulate the changing stiffness of the balloon as it unfolds (Chua 

et al., 2003, Chua et al., 2004, Gay et al., 2006, Wang et al., 2006). Only recently has the interaction between 

a folded balloon and stent been modelled (De Beule, 2006, Laroche et al., 2006). 

 

To date, the majority of studies investigating stent-artery interactions have focused on coronary vessels. While 

the principle of expanding a stent in a peripheral artery is similar, the mechanical environment within 

peripheral arteries is different to that within coronary arteries due to greater vessel bending caused by joint 

flexion. It is hypothesised that repetitive joint motion following stenting in peripheral arteries induces 

excessively high stresses in arterial walls, thereby increasing vessel damage and subsequently promoting 

restenosis. To test this hypothesis, a finite element model of a stent within a peripheral artery was developed. 

The stent was expanded in the artery, after which a bending boundary condition was applied. The percentage 

of tissue volumes within specified stress ranges can then be determined before and after arterial bending. If it 
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is shown that bending the artery significantly increases its stress state, then it can be said that this bending 

could be responsible for higher rates of restenosis in peripheral arteries.  In addition, the stresses in the stent 

due to cyclic loading will be investigated. 

 

2.  Materials and methods 

2.1 Model Geometry 

The geometry of the stent modelled is based on a Palmaz design. In its unexpanded state, the stent is 20mm in 

length and has an outer diameter of 3mm, with a wall thickness of 0.1 mm. The artery is modelled as having a 

length of 40mm, a diameter of 10 mm (Radegran et al., 2000) and a thickness of 1 mm (Learoyd et al., 1966). 

The plaque within the artery was modelled as a uniform hollow cylinder, with a thickness following pre-

dilation by balloon angioplasty of 0.5 mm and a length of 14.4 mm. The plaque is 5.6 mm shorter than the 

unexpanded stent, see Fig. 1. A further reduction in computational time was achieved by taking advantage of 

symmetry and using a one quarter model of the system with symmetrical boundary conditions applied. 

 

2.2 Material models 

The material for the stent was simplified as a bi-linear elasto-plastic model based on micro specimens of 316L 

stainless steel (Wiersma et al., 2006), with a Young’s modulus of 188 GPa, and a tangent modulus of 0.513 

GPa. The materials for the artery and the stenotic plaque were hyperelastic models described by a Mooney-

Rivlin model, given generally as  

 ( ) ( ) ( ) ( )∑
∞

=

−−−=
0,,

321321 333,,
kji

onm
ijk IIIaIIIW

(1)
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The specific form of this equation used here is: 

 ( ) ( ) ( ) ( )( ) ( )31302111
2

120201110 333333 −+−−+−+−+−= IaIIaIaIaIaW , (2) 

where the strain invariants, I1, I2 and I3 are functions of the principal stretches, λ1, λ2 and λ3 as follows: 
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The parameters,  aijk, are taken from Lally et al (Lally et al., 2005).  

 

Three dimensional, eight-node, first order isoparametric elements (Marc type 7) were used for the stent. Nine-

node, first order isoparametric elements (Marc type 84) with mixed (full and Herrmann) formulation were 

used for the artery and the plaque, due to the ability to incorporate Mooney-Rivlin material models with this 

type of element.  

 

Frictionless contact was assumed throughout, except for the plaque and artery, which were bonded together. A 

mesh density study was carried out to ensure that the mesh used was sufficiently refined by increasing the 

number of elements in the artery from 24,000 to 100,000 and 192,000 and analysing the stresses. It was found 

that peak Von Mises stresses varied by less than 2%, while stress distribution graphs showed volume changes 

of less than 1% within each specified stress range.   

2.3 Boundary Conditions 

To reduce the computational cost of modelling the interaction of the stent, balloon, plaque and artery, it was 

decided to simplify the modelling of the expansion process. This was achieved by applying pressure directly 
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to the inside faces of the stent elements without modelling a balloon. However, due to the closed cell design 

of the stent, the finite element model predicted expansion of the extremities at a far greater rate than the centre 

of the model, leading to incomplete expansion of the stent. This ‘flaring’ or ‘dog-boning’ affect is 

characterised in various ways and reported to different degrees in the literature (Chua et al., 2002, Liang et al.,

2005, Migliavacca et al., 2005, Wang et al., 2006), though full expansion of the stent occurs. To simulate the 

constraint of the balloon, which generally prevents the stent from expanding beyond the specified diameter of 

the balloon, spring elements were incorporated into the model (see Fig. 1b & c). 

 

The springs had a multi-linear stiffness; the stiffness was very low (0.1 N/m) until the stent reached its 

nominal diameter, at which stage the stiffness increased sharply to 1,000N/m to prevent further expansion of 

the stent beyond the diameter of the balloon. These springs were attached to nodes along the centre-line of the 

stent geometry which were constrained in the radial direction and tied longitudinally to nodes on the stent to 

allow for foreshortening. Using this approach, it is assumed that the stent was expanded using a non-

compliant balloon. For the purpose of this investigation, the bending of the artery was modelled as a simple 

three-point bending, similar to standard tests carried out to examine the flexibility of stents (Ormiston et al.,

2000). This was simulated by expanding the stent in the artery, allowing recoil by removing the pressure, and 

applying a fixed displacement of 10mm to the distal end of the artery, see Fig. 2. Accounting for symmetry, 

this is similar to three point bending. This test was run using models of the artery with and without the 

presence of atherosclerotic plaque. To quantify the stresses in the arterial wall following expansion, recoil and 

bending, the volumes of stress within particular stress ranges were analysed. This was undertaken by 

assigning a single stress value to each element, which was defined as the average Von Mises stress within the 

element. The percentage volume within defined stress ranges was calculated from these results.  
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3. Results 

3.1 Expansion 

The result of stent expansion using internal pressure and constraint with spring elements was initial flaring of 

the stent, with the extremities expanding at a greater rate than the centre, followed by full expansion. This 

initial flaring causes the crowns at the end of the stent to dig in to, or pinch, the artery wall at an angle (Fig. 

3).  

 

Flaring, or dog-boning, is defined by Wang et al (Wang et al., 2006) as  

 

%100×
−

=
Central

CentralDistal

D
DD

Dogboning
 (4)

 

Where Ddistal is the diameter at the end of the stent and Dcentral is the diameter at the centre of the stent. Using 

this formula, it was predicted that dog-boning reached a peak value of 52% when 24% of the expansion 

process is completed.  

 

Following stent expansion, almost the entire artery is defined as being within a stress range of 0-0.2 MPa, 

with or without the presence of plaque (Fig. 4 & 5). In the model with plaque present, there is a very small 

(<0.15%) percentage of the artery volume with a Von Mises stress greater than 0.5 MPa. When the plaque is 

not present, there are again small amounts at 0.5 MPa or greater, but also slightly larger volumes (1.5%) at 

greater than 0.9 MPa, see Fig. 5.  
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3.2 Recoil 

 

Recoil of the stent (the decrease in diameter of the expanded stent once the pressure is removed caused by 

elastic recovery) results in a reduction in stress in the artery wall. In the model with a plaque, 99.7% of the 

artery is in the first stress range of 0-0.1 MPa, see Fig. 4. In the model with no plaque, 98.6% is within the 

same range. However, small volumes of highly stressed tissue remain even after recoil, with an insignificant 

reduction in volume within this range, see Fig. 5.   

 

3.3 Bending 

 

When the artery is bent around the stent, increased tissue stresses are predicted, see Figs. 4 and 5. With a 

plaque present, the volume of artery at lower stress levels (<0.1MPa) is reduced from 100% after recoil to 

30% after bending. The amount of artery within the high stress ranges also increases, with none of the vessel 

wall above 0.4 MPa before bending and 11.4% within ranges above 0.4 MPa after bending. The trend is 

similar when no plaque is present in the model, with 98.5% of the artery below 0.2 MPa before bending and 

21% at the same level after bending; none of the artery is stressed above 0.4 MPa before bending, 4.9% is 

following bending (Figs. 4 & 5). The high peak stresses in the artery are located at the distal/proximal end of 

the stent both before and after bending, see Fig. 6. When the bending boundary condition is removed and the 

artery is straightened again, the stress states are almost identical to those before the artery is bent, with the 

peak stress reducing from 320kPa (before bending) to 153kPa when the bending has been removed. As might 

be expected, the stresses within an unstented artery due to bending are significantly lower than that predicted 
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in a stented artery, however interestingly they are generally higher than in the unbent stented artery following 

expansion (see Fig. 6). 

3.4 Stress in Stent 

 

Crimping prior to deployment is not simulated in this model, so it is assumed that the initial stress within the 

stent is zero. Kröger (Kroger et al., 2004) reported that stent deformation and destruction could result from the 

mechanical conditions experienced by peripheral stents. This model shows considerable permanent 

deformation after one cycle and high stresses in the stent, see Fig 7. When bending is applied to the stent, the 

highest variation in stress occurs close to where two struts are connected, with a peak stress  of 376.8 MPa. 

The stress at this point is 163.2 MPa when bending is not applied, giving a cyclic stress range of 213.6 MPa 

due to vessel bending.  

 

4. Discussion  

 

Although the difficulties following implantation of stents in peripheral arteries have been documented (Matsi 

et al., 1995, Mukherjee et al., 2001, Strecker et al., 1997), the reasons for this have never been analysed fully 

from a biomechanical point of view. The finite element analysis presented in this paper is used to predict the 

change in stress in the peripheral artery following stenting and bending of the vessel. Bending the artery 

following stenting significantly increases the stress in the artery with and without a plaque present, with a 

slightly greater average stress when plaque is present. 
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Flaring, or dog-boning, as defined by Wang et al (Wang et al., 2006), reaches a peak value of 52% when 24% 

of the stent expansion is complete (Fig. 4). While this is higher than that of 43% reported by Wang et al 

(Wang et al., 2006) for stents with an open-cell design, non-uniform balloon expansion can result in extreme 

cases of dog-boning with even higher values, the degree of which depends on stent design, balloon length and 

rate of application of pressure. During expansion, the flaring affect causes the proximal/distal crowns of the 

stent to be the first parts to impinge on the vessel wall. This occurs at an angle rather than parallel as would 

happen with ideal expansion, inducing high stress. Although almost uniform expansion of the stent ensues 

once the nominal inflation pressure has been reached, regions of localised high stresses remain (Fig. 6). This 

is significant as it has been shown that the manner of stent deployment is important in determining injury 

(Squire, 2000) and acute vascular injury can occur at the ends of stents (Wang et al., 2006). Therefore the 

stress within the artery during and after expansion, particularly the peak stresses, depend in part on the 

expansion characteristics of the stent. When the plaque is present in the artery, it acts as a buffer layer, giving 

a more uniform circumferential and radial stress distribution within the artery during expansion, though the 

stress values are higher due to greater radial displacement of the artery. As the artery is stretched further 

radially it is kept further from the stent by the intermediary layer of plaque. This reduces the affect of the stent 

crowns that induce high stresses at the ends of the stent. There are still areas of high local stress at the same 

location, however they are of lower magnitude than the unstenosed artery.   

 

In an artery with no plaque present, small volumes of the artery are at high stresses, greater than 0.9 MPa, 

after the stent is expanded. The areas of high arterial stress during expansion correlate with the ends of the 

stent impinging upon the artery due to dog-boning. These stresses remain when the pressure is removed and 

the stent recoils. When the artery is bent, high stresses occur in the artery distal to the stent as well as the 
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region at which the artery is in contact with the stent. High stresses are also predicted in this distal region in 

an unstented artery following bending (see Fig. 6c). The peak stresses in the stented artery following bending 

are still located at the end of the stent in line with the location of the stent crowns (see Fig. 6b). This could be 

attributed to the stent ‘anchoring’ part of the vessel and therefore inducing a high stretch in the tissue 

immediately adjacent to the stent during bending. 

 

The complete and uniform expansion of the stent in vitro requires the use of a non-compliant inflation 

balloon. A study by Liang et al (Liang et al., 2005) showed that using a simplified, cylindrical balloon caused 

the distal ends of the stent to tilt, pinching the artery wall. This is attributed to the plaque being shorter than 

the stent, and not providing support for the parts of the stent distal to the plaque. While this is suggested as a 

factor in increasing vascular injury, it can be shown from the result presented here that even if the stent’s 

eventual deployment is uniform, the path taken is still an important factor in determining vessel stresses. 

Therefore, to reduce arterial stresses, and hence vessel damage, it is important to minimise flaring during 

expansion. 

 

The slight difference in the stresses in the artery after bending has been applied and after bending has been 

removed can be attributed to the plastic deformation of the stent following bending. Because the artery and 

plaque are modelled as being hyperelastic, if no plastic deformation takes place the stress states after bending 

and re-straightening would be identical. As knee flexion is necessary for locomotion, it can be said that a 

stented artery will be subject to a cyclic stress with a high stress state following bending caused by knee 

flexion, and lower stresses during extension. This cycle, could be sufficient to cause restenosis in peripheral 

arteries following stenting. Any permanent deformation of the stent and incomplete stent apposition (ISA) 

would be expected to reduce vessel wall support and influence the blood flow through the artery, possibly 
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causing turbulence. The changing geometry of the vessel, caused by bending of the artery and by the reduced 

support from the deformed stent could also affect blood flow. The affects of altered fluid dynamics have not 

been investigated in this paper.    

 

A S/N (stress/cycle) curve for microscopic samples of 316L stainless steel shows that a stress amplitude less 

than 420 MPa is required to be within the fatigue limit for a plain specimen with no cracks or notches 

(Wiersma et al., 2006). Although the stress range calculated for this stent using a bi-linear model shows that 

the stress range is less than that required for fatigue failure to occur, there are factors which suggest fatigue 

may be a problem. The effect of a mean stress superimposed onto a cyclic stress on the fatigue characteristics 

of a material can be accounted for using the Goodman curve/formula as follows: 

 









−∆=∆

TS

m
m σ

σ
σσσ 10

(5)
 

Where 0σ∆ is the cyclic stress range for failure in Nf cycles under zero mean stress, mσσ∆ is the same for a 

mean stress of mσ and TSσ is the ultimate tensile strength. Values of 420 MPa for the stress range and 600 

MPa for TSσ for a required fatigue life of one million cycles were taken (Wiersma et al., 2006). Stresses of 

393.75 MPa following bending and 146.25 MPa at the same point before bending give a stress range of 247.5 

MPa with a mean stress of 270 MPa. This represents the highest mean stress seen in the stent. The 213.6 MPa 

stress range predicted by the model is slightly less than the value of 231 MPa required to remain below the 

fatigue limit, suggesting that the stent will not fail by fatigue. However, this factor of safety is likely to be too 

low for a stent deployed in the real artery with its more complex shape, loading conditions and plaque 

geometry.  
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When analysing the results presented here, it is important to consider the assumptions and simplifications that 

are necessary to model the complex interactions. The arterial model, though suitable for this study, neglects 

certain aspects of the material behaviour of such tissues (Holzapfel et al., 2000, Holzapfel et al., 2005). There 

is no curvature along the longitudinal axis of the vessel, and symmetry is assumed. The plaque and artery are 

modelled as homogenous and isotropic materials. In reality, vessel deformations are complex three 

dimensional phenomena, rather that simple bending in one plane. In our model the artery is not pre-stressed, 

and blood pressure is not applied. Stress relaxation occurs relatively quickly in arteries. This stress relaxation, 

fatigue of the artery and other time-dependant properties are not studied in this paper. Despite these 

simplifications, the model is believed to be adequate for the purposes of this study, and is valid for 

comparative studies.  

 

The affect of the mechanical environment in some peripheral arteries on stents has been documented. This 

study quantifies the variation in stresses caused by the mechanical factors described by Diaz et al. (Diaz et al.,

2004) and shows that this alone could account for the complications experienced in the placement of 

peripheral stents. The slotted tube design of the stent modelled in this paper gives it a flexibility lower than 

open cell designs and, despite its previous use in peripheral arteries, is not best suited for placement in an 

environment where bending will occur. It would be expected that more flexible stent designs would reduce 

arterial stresses due to bending, but may not resolve the problem of permanent deformation. It is proposed that 

finite element models such as that presented here could prove to be useful tools for comparing peripheral stent 

designs in terms of flexibility and stress induced in the vessel wall, as well as for testing new and modified 

designs in order to reduce stress and damage in the artery. The model also supports the idea that stents should 

be designed specifically for use in arteries that are subject to significant amounts of bending. 
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List of Figures 

Figure 1 

(a) Geometry of unexpanded stent in stenosed artery, showing stent, plaque and artery. Note that due to 

symmetry, only a quarter model is used. Stent and artery are constrained in the longitudinal direction half way 

along the length of the segment (the right-hand side of figure) , and in circumferential direction in the plane 

that cuts the segment into two semi-cylinders (b) Schematic of spring concept used to model constraint of 

balloon. (c) Single stent cell, showing location of spring elements. 

 

Figure 2 

Stent, plaque and artery geometry showing (a) initial geometry, (b) expanded stent, (c) expanded stent 

following recoil, (d) application of displacement boundary condition to model 3-point bending of artery. In 

this case, a single node at the top corner of the artery at the mid-plane (right-hand side of figure) is 

additionally restrained in all directions, while the end of the artery is displaced downwards. (e) removal of 

displacement boundary condition. 

 

Figure 3 

The dog-boning effect caused by the mechanics of the stent expansion.   

 

Figure 4 

Stress volume distribution for stent expanded in an artery with plaque showing results for expansion, recoil 

and bending. 
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Figure 5 

Stress volume distribution for stent expanded in an artery with no plaque showing results for expansion, recoil 

and bending. 

 

Figure 6 (a), (b) & (c) 

Von Mises stresses in artery (plaque and stent not shown) (a) following stent expansion, and (b) following 

bending of the artery. (c) Stresses in an unstented artery following bending. Note: stress scales are different. 

 

Figure 7.  

The deformed stent following (a) expansion and (b) one bending cycle in the XZ plane and XY plane.  
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Figure 1 
Geometry of unexpanded stent in stenosed artery, showing stent, plaque and artery. 

Note that due to symmetry, only a quarter model is used. 
 

(a)    (b)    (c) 

(d)    (e) 
 

Figure 2 
Stent, plaque and artery geometry showing (a) initial geometry, (b) expanded stent, 
(c) expanded stent following recoil, (d) application of bending boundary condition 

and (e) removal of bending boundary condition 
 

Plaque 

Stent 
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Figure 3 

The dog-boning effect caused by the mechanics of the stent expansion.  
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Figure 4 

Stress volume distribution for stent expanded in an artery with plaque showing results 
for expansion, recoil and bending. 
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Figure 5 
Stress volume distribution for stent expanded in an artery with no plaque showing 

results for expansion, recoil and bending. 
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Figure 6 (a), (b) & (c) 
Von Mises stresses in artery (plaque and stent not shown) (a) following stent 

expansion, and (b) following bending of the artery. (c) Stresses in an unstented artery 
following bending. Note: stress scales are different. 
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(a)                                                                (b) 
 

Figure 7 (a) & (b) 
The deformed stent following (a) expansion and (b) one bending cycle from two 

different views 
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