
Computational Bench Testing to Evaluate Mechanical Performance of a Polymeric Stent 
Pre-Degradation 

 
A.C. Bobel1, S. Petisco2, J.R. Sarasua2, W. Wang3, P.E. McHugh1 

 
1Biomechanics Research Centre (BMEC), Biomedical Engineering, College of Engineering and Informatics, NUI Galway, Ireland. 

2 Department of Mining-Metallurgy Engineering and Materials Science & POLYMAT, University of the Basque Country (UPV/EHU), School of 
Engineering, Alameda de Urquijo s/n. 48013 Bilbao, Spain 

3 The Charles Institute of Dermatology, School of Medicine and Medical Science, University College of Dublin, Ireland. 
 

a.bobel1@nuigalway.ie 
 

Keywords: Biomedical Engineering, Materials Science  
 

Abstract 
Over the last decade, there has been a significant 
volume of research focused on the utilisation of 
biodegradable polymers such as Poly-l-lactide-acid 
(PLLA) for applications associated with cardiovascular 
disease. Unfortunately, these products are still in their 
market infancy, meaning there is a clear lack of long 
term data which can support their mechanical 
performance in-vivo. Moreover, the load carry capacity 
and other mechanical properties essential to a fully 
optimised polymeric stent are difficult, timely and costly 
to establish. On this basis, the research presented in 
this study is concentrated on the finite element 
simulation of the mechanical performance of PLLA, 
which is a fully biodegradable polymer, in the stent 
application, using a non-linear viscous material model. 
 
1. Introduction 
Biodegradable polymers are attractive for use in 
cardiovascular stenting due to their high 
biocompatibility and unique ability to be fully absorbed 
by the human body. One such material, PLLA, is 
characterised by its good mechanical properties and 
slow degradation time [1], thus making PLLA 
particularly desirable for stent applications as it can 
potentially provide sufficient mechanical support to the 
vessel wall 
 
2. Methods 
Computational bench testing was undertaken using FEA 
(Abaqus/Standard 6.12). Three representative real stent 
geometries were selected for examination under three 
different mechanical performance testing categories as 
illustrated in Figure 1. These computational tests are 
assumed here to be a valid representation of bench 
testing of fully polymeric coronary stents  [2]. As PLLA 
material behaviourally responds to changes in loading 
rate in a highly non-linear manner, basic elastic, 
hyperelastic, plastic or linear viscoelastic models are 
generally not sufficiently representative[3], and a more 
advanced material model is needed in order to 
accurately capture the behaviour of PLLA. In this study, 
the parallel network viscoelastic model was investigated 
to determine its suitability to represent the material 
response of PLLA. 

 

 
Figure 1 Schematic representation of computational bench tests 

3. Result 
The non-linear viscous material model is able to capture 
a short-term (pre-degradation) mechanical performance 
prediction for fully polymeric stents could be obtained. 
And, on the basis of stent radial strength, the model has 
demonstrated itself to be quite reliable when the 
predictions are compared to published experimental 
data for polymeric stents. 
 
4. Discussion 
The ability of the stent to withstand radial compression 
and therefore prevent stent/artery collapse is of major 
importance for stent development. A detailed study was 
carried to highlight the significance of geometrical 
design and material properties in terms of their effects 
on stent radial performance. As well as the stent 
geometry choice, the stent strut thickness and the 
material elastic properties have a crucial effect on the 
stent behaviour. 
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