




118 
 

 
 

 
Fig. 5.44 The location of maximum von-Mises stress on the coating component of model 

C. 

 

 
Fig. 5.45 The curve of von-Mises stress on the coating component of model C along the 

cropped path of the unit cell structure analysis. 

 

 As a final remark, it is considered that the validation of the generated 

computational results is necessary. However, experimental measurements for the 

mechanical behaviors from these small DES medical devices are not trivial tasks. For 

now, the simulation results of maximum stress locations show qualitatively consistent 

prediction to the experimental coating fracture phenomenon as shown in Chapter 1. The 

FEA model developed through the current study is thought to be readily applied to 
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predict the mechanical responses of DES systems including thin coating components. 

Further, it is anticipated that this work can be used as a basis to guide the optimized DES 

designs including the geometry and material factors. In the future, it is planned to extend 

the present research to incorporate much advanced computational analysis techniques and 

theories.  
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Chapter 6. Summary 

 

Advanced computational numerical methods have emerged as essential tools for 

the assessment and optimization of the performance of biomedical devices such as 

coronary stent products. In the present thesis, we employed the finite element analysis 

(FEA) computation technique to predict the mechanical behavior of drug-eluting stents 

(DES) medical devices that are interfaced with drug-polymer coatings. To date, FEA has 

been widely utilized in a large number of studies of DES products to investigate the 

mechanical properties and their biomechanical impact on the diseased coronary artery 

during deployment. Over the past decade, rapid improvement of computational power has 

led to a considerable improvement in the level of complexity and sophistication involved 

in these studies. Today, elaborate models of commercially available stents, tri-folded 

catheter balloons, and stenotic arteries are regarded as the norm, despite the idealized or 

simplified material properties are often used to describe the behavior of complicated 

biological tissues. However, the contemporary research trend also includes the 

development of sophisticated hyper-elastic constitutive material models that can replace 

the previous simplified approximations. 

In this study, unlike the previous investigations focusing on bare metal stents 

(BMS), we have considered the comprehensive DES system that incorporates the drug-

polymer coating in the FEA model. FEA model has been developed to reliably predict the 

stress distributions in the various components of DES system. The developed FEA model 

allows to evaluate and compare the impacts of material/geometrical parameters. Our 
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models also include the examination of the stress distributions in the biological 

environment, i.e., atherosclerotic plaque and arterial wall. 

Validation work has been initially carried out to verify that 2D and 3D coating 

elements produce consistent results. Then, using 2D coating elements, the influences of 

strut thicknesses and coating thicknesses on the von-Mises stress concentrations in the 

coating were examined. From the results, it has been observed that the strut thickness and 

coating thickness of stent are one of the dominant factors to determine its mechanical 

performance. DES system with thicker strut exhibited much higher von-Mises stress 

accumulation than thinner strut. And, it was also predicted that the stress on coating 

component increases as the coating thickness increases. Incorporation of the arterial wall 

and atherosclerotic plaque components in the computational system enables to investigate 

the stresses on the inner surface of arterial wall that can be utilized to understand the rate 

of in-stent restenosis (ISR). In our study, it has been found that the strut thickness plays a 

very important role in determining the degree of recoil phenomenon. Through a series of 

FEA computations, we showed that the recoil rate increases and the stress on the arterial 

wall decreases by adopting thinner struts in noticeable amounts. In addition, the regions 

with maximum and minimum von-Mises stress were identified, and the circumferential 

normal stress is turned out to be the major contributor to the stress concentrations out of 

the 2D three stress components. 

Finally, it is considered that the development of a more complicated model would 

be necessary to quantitatively examine the fracture mechanisms of DES coatings with 

various geometry/material designs. Toward this, developing models containing multi-

layered 3D elements for coating components is required to evaluate the shear stress 
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components in the coating/stent platform interface areas. Further, an advanced fracture 

theory such as cohesive zone model can be included in the computational analysis. 

However, all of these efforts will require a comprehensive 3D analysis that significantly 

limits the size of the computational domain even with the modern computational 

techniques and resources. Development of such advanced model remains as a future work 

with considerable challenges.  

1. Limitations 
 

 Evaluating shear stresses was unable to be performed since using 2D elements. 

 Material properties for drug-polymer component are assumed to be pure polymer 

and homogeneous. 

 Consideration of transient behavior of stent deployment was neglected. 

 

2. Findings 
 

 FEA model to predict the stress distributions in the various components including 

drug-polymer coating in DES medical devices has been developed. 

 2D and 3D coating elements showed almost identical results in von-Mises stress. 

 Maximum local von-Mises stress in the stent strut increases by 8.5 % when the 

strut thickness increases from 60 µm to 100 µm. 

 Maximum local von-Mises stress in the coating component increases by 4.7 % 

when the coating thickness increases from 7 µm to 20 µm. 
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 Normal stress along the stent circumferential direction shows the highest 

distribution. 

 Incorporation of the arterial wall and atherosclerotic plaque compounds in the 

computational system enables to investigate the stresses on the inner surface of 

arterial wall that can be utilized to understand the rate of ISR. 

 The recoil rate increases and the stress on the arterial wall decreases by adopting 

thinner struts in noticeable amounts. 

 The regions with maximum and minimum von-Mises stresses in coating 

components for each model were identified. 

 Adhesion strength between the coating and the strut platform must be greater than  

o 50~55 MPa for the SYNERGY system 

o 0.6~1.0 MPa for the TAXUS Express2 system 

o 65~70 MPa for the Biomatrix FLEX system 

considered in the current work to avoid the coating delamination upon 

implantation. 

 

3. Future works 
 

 Developing models containing multi-layered 3D elements for coating component 

is required to investigate shear stresses. 

 Refinement of model will require including more accurate material properties (i.e., 

existence of drug phases). 
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 Pressure control with explicit method needs to be adopted to evaluate transient 

behavior of stent in future work. 

 Propose optimum DES with advanced materials and geometric design. 


