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Abstract 
Plasticity is an important characteristics of 

atherosclerotic plaque that is often overlooked when 

characterising its mechanical behaviour. A parameter 

study was undertaken to investigate the implications of 

varying elastic stiffness against yield stress in a finite 

element angioplasty model. The result of these 

simulations show the complex relationship between the 

implemented plasticity models and resulting plastic 

strains in plaque. 

 

1. Introduction 
Atherosclerosis is a major cause of cardiac disease 

and strokes worldwide. This occurs due to the blockage 

of an artery by a lesion of atherosclerotic plaque. 

Minimally invasive devices are used to unblock affected 

arteries (stents) and collect plaque material (filters). An 

in-depth understanding of the mechanical behavior of 

atherosclerotic plaque is imperative for the 

computational modelling of these devices in the design 

and development stages. [1] While substantial advances 

have been made in computational power, allowing for 

more complex analysis of device deployment and 

implantation, accurate material models of plaque are 

lagging behind. The current understanding of the elastic 

and inelastic behavior of plaque is highly deficient. 

This study investigated the effects of the elastic 

stiffness and yield stress on the plastic deformation in an 

occluded vessel using both von Mises and crushable 

foam models. 

 

2. Methodology 
Two arterial samples were prepared from ovine 

aortas. The samples were uniaxially tested in the 

circumferential and axial directions. The force data 

outputted was converted into nominal stress and strain. 

A modified anisotropic hyperelastic material model, 

coefficients is calibrated using the experimental data. 

An artery of radius 6.5mm with an occlusion of 50% 

was modelled as an axisymmetric part in Abaqus 6.13. A 

rigid body was used to be representative of an 

angioplasty balloon in order to crush the plaque. The 

plaque was allowed to recoil by simulating the balloon 

retraction. 

Plasticity of the plaque was modelled with perfect 

plasticity with both a von Mises yield criterion and a 

crushable foam criterion. The von Mises plastic strain 

does not permit volume change whereas the crushable 

foam does allow for this in analyses. A constant yield 

stress of 0.4MPa was applied to both plasticity models. 

A parametric study was carried out to investigate the 

relationship of the elastic stiffness to the lumen gain, and 

the equivalent plastic strain. 

 

3. Results 
The results uncover a complex relationship between 

the elastic stiffness, lumen gain and the plastic strain in 

the plaque. 

 

Figure 1: Plot of the maximum lumen gain versus the 

ratio of elastic stiffness and yield stress. 

It is evident from Figure 1 that the lumen gain is 

higher in the crushable foam models. This is expected 

due to the allowable volume change resulting in higher 

plastic strains. Other findings from the results include 

higher levels of maximum principal strain in the von 

Mises model in comparison to the crushable foam model. 

Also similar profiles were exhibited in terms of PEEQ 

with both plasticity models, with crushable foam 

demonstrating slightly higher levels of PEEQ. 

 

4. Discussion 
As can be seen from the results, plasticity may play an 

important role in plaque deformation during angioplasty 

and thus far has been neglected in previous studies. 

Understanding the relationship between plaque’s elastic 

and inelastic properties is critical in the design of medical 

devices. A more comprehensive model for plaque could 

provide an accurate method of assessing the 

biomechanical behavior of vascular medical devices in-

vivo. 
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