
INTRODUCTION 
Coronary stents have revolutionised the treatment of 
coronary artery disease. While coronary artery 
stenting is now relatively mature, significant 
scientific and technological challenges still remain. 
One of the most fertile technological growth areas is 
biodegradable stents; here there is the possibility to 
generate stents that will break down in the body once 
the initial necessary scaffolding period is past (6-12 
months) [Grogan, 2011] and when the artery has 
remodelled (including the formation of neo-intima).  
Current finite element (FE) stent degradation models 
(validated using in vitro experiments) tend to estimate 
complete magnesium stent degradation in a period of 
days [Grogan, 2011], while in vivo data estimates 
complete degradation in a period of months.  
These current FE models do not include a 
representation for the active response of the arterial 
tissue following stent implantation, i.e. neo-intimal 
remodelling. This may explain the discrepancies 
between current stent degradation models and clinical 
data.  
 

METHODS 
Stent degradation in the context of a remodelling 
artery is simulated to explore how neo-intimal 
remodelling influences the mechanics of a degrading 
stent. The representation of neo-intimal remodelling 
is based on the work of Lally [Lally, 2004] and here 
itis implemented in Abaqus software (DS-SIMULIA, 
USA) through a thermal analogy formulation. The 
arterial lumen is meshed with a “ghost mesh” with 
negligible initial mechanical properties (see Figure 1).  

 
Stress in the artery due to stent deployment is used to 
generate a damage parameter D, which acts like a 
source term that results in a diffusion of cells into the 
ghost mesh. If the concentration of cells in a small 
region or element is denoted n, the change in the cell 
concentration, dn/dt is computed by;  
 

 
where k is the diffusion coefficient of cells into 
arterial tissue, ∇2 is the Laplace operator, D is the 
damager parameter and c is a constant which relates 
the damage parameter to cell proliferation rate. 
Elements in the ghost mesh become activated 
(assigned tissue mechanical properties) when the 
local cell concentration reaches a threshold level.  
This model is combined with a simplified 
implementation of stent degradation where uniform 
degradation is represented through the linear 
reduction in the elastic properties of the material 
(Young’s modulus) over a defined period of time. 
 

RESULTS 
The results of the arterial neo-intimal remodelling 
simulations with a biodegradable stent show that neo-
intimal remodelling around the stent struts has a 
significant effect on the stent mechanical response 
and should not be ignored when considering stent in-
vivo loading performance. 

 
 
DISCUSSION 
As shown in Figure 2, as degradation proceeds over 
time the stent deforms (stent strain increases) and 
scaffolding support is lost. However once neo-intimal 
remodelling initiates, this deformation is noticeably 
retarded with the remodelled tissue generating a 
certain level of mechanical support for the stent. 
This result could contribute to the explanation as to 
why biodegradable metals stents degrade and lose 
scaffolding capability more slowly in-vivo (where 
tissue remodelling is occurring) in comparison to in-
vitro. 
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