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Abstract 
Vascular scaffolds, or stents, are widely used in the 

treatment of ischaemic heart and other cardiovascular 

diseases. Considerable challenges exist for the use of 

biodegradable materials in such applications, with one 

such challenge focused on preserving the structural 

integrity of the material as degradation takes place. 

Poly-L-lactic acid (PLLA) is considered one of the most 

promising polymers for the design of biodegradable 

stents; however, to date vascular devices composed of 

this material have not yet been adopted in widespread 

clinical use. Further research is necessary to gain a 

better understanding of how the inherent mechanical 

properties and structural integrity of this polymer 

change during in-vivo degradation and how this can be 

most effectively harnessed for the design of an optimally 

performing biodegradable stent. 
 

1. Introduction. 
 

The coronary stent market is estimated to have a value 

of €5 Billion per year and the market for peripheral 

devices is growing close to €1 Billion [1]. Both of these 

sectors are at present governed by balloon expandable 

bare metal stents and drug eluting stents. However, 

there is still a demand for improved technologies, to 

account for incidents of in-stent restenosis and in-stent 

thrombosis observed particularly in peripheral devices 

[2]. While the advent of drug eluting stents has helped 

to lessen such complications to a certain extent, further 

improvements are still sought.  

    Biodegradable stents are therefore being developed 

as part of the next generation of stent design. The 

benefits of a biodegradable stent are diverse, including 

that if the stent is degraded and absorbed by the body, it 

will not act as an obstacle for future treatments 

[3].There is much reported on the successful use of 

PLLA as a principal material in dissolvable sutures and 

in orthopaedic fixation devices [4], however, PLLA has 

not yet been adopted for widespread clinical use in the 

design of stents.  This is due in part to a current lack of 

precise engineering modelling tools for the design and 

analysis of biodegradable stents.  

 

2. Methods.  
 

PLLA is a synthetic aliphatic polyester, which is 

eliminated from the body through hydrolytic 

degradation. This research aims to use combined 

experimental and computational techniques to 

investigate PLLA degradation and how it impacts on 

the mechanical and structural properties of the material.  

The first phase of this research involves using finite 

element methods to develop an enhanced degradation 

model which will fully describe how the physical and 

chemical aspects of degradation affect material 

behavior for a PLLA stent. A number of different 

modelling techniques which describe this process have 

been studied, including physical diffusion reaction 

models and phenomenological damage based 

techniques. A user subroutine UMAT has been 

developed based on a Knowles’s strain energy density 

function [5] in addition to degradation functions 

described in the literature to investigate changes in 

material behavior. Experimental in-vitro degradation 

studies will be carried out on samples of PLLA to verify 

such models.   
 

3. Results and Discussion. 
 

A physical model for the biodegradation process has 

been studied for a one dimensional case and evaluated 

against sourced experimental data using computational 

techniques. A number of damage based models have 

been investigated and incorporated into a UMAT and 

the model has been evaluated against sourced 

experimental results [6]. In conclusion, there is an 

evident need for a robust mathematical model to 

describe the degradation process and accurately account 

for complex changes in material structure and 

morphology. Further validation of and enhancements to 

the proposed degradation models would allow for 

exploration of the long term mechanical properties of a 

PLLA based coronary stent. 
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