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Abstract
Thinner biodegradable magnesium alloy stents, also known as BMgSs, enable quicker endothelialisation to 

postpone deterioration and improved clinical efficacy. However, because to their low elastic modulus and eventual 
elongation, thin walled BMgSs constructions are more vulnerable to problems than conventional non-degradable 
stents, including inadequate support capacity and breakage, during rapid expansion. This work optimised a thin-walled 
BMgSs structure. Our BMgSs was built using a ZE21B alloy with a high breaking elongation and superior mechanical 
qualities. Response surface models and an optimised configuration were used to optimise the support ring structure of 
a typical stent Bio Matrix using finite element analysis. Obtained from a BMgSs with a thin wall. The initial thick-walled 
stent, which was 150 lm thick, had a radial strength equivalent to the optimised thin-walled stent, which was 100 lm 
thick. 
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Introduction
The use of permanent metallic drug-eluting stents can result in long-

term complications like stent thrombosis and chronic inflammation 
[1]. These drawbacks have led to the development of bioresorbable 
scaffolds BRSs, which release blood vessels from permanently 
implanted metal stents, preventing the late adverse effects associated 
with DESs. BRSs can be classified into biodegradable polymeric and 
metal stents, which include biodegradable magnesium, alloy stent other 
degradable polymer stents currently on the market also have the issue 
of thick struts, such as Xinsorb, which was pulled from the market by 
the Food and Drug Administration in 2017 due to thick struts and strut 
malposition. Scaffold In comparison to biodegradable polymeric stents, 
the BMgSs has evolved quickly with enhanced biocompatibility and 
increased mechanical qualities [2]. However, the BMgSs still exhibits 
fast and uneven deterioration. a thick biodegradable magnesium alloy 
stent results in delayed endothelialisation to postpone degradation 
and worse clinical outcomes; in contrast, a thinner biodegradable 
magnesium alloy stent produces faster endothelialisation to postpone 
degradation and better clinical outcomes [3]. The risk of late restenosis 
is significantly increased by stent thickness greater than 100 lm, 
according to earlier research. Reasonable structural design is one 
of the key components for vascular stents to operate as predicted. 
The  performance of conventional metal stents can be improved at a 
reasonable cost by optimising the stent design using finite element 
analysis FEA [4]. By using a shape optimization technique, the 
equivalent plastic strain of expand (PEEQexpand) was decreased 
during the deformation of BMgSs [5]. 

Discussion
This optimization technique may efficiently reduce stress corrosion 

and make stent deformation more uniform throughout the crimping 
and expansion process, however the stent remained very thick [6]. For 
the structural thin-walled BMgSs designs that increase radial strength 
and decrease the in this investigation, a 150 lm thick stent's thickness 
was decreased to 100 lm. Residual stress is difficult [7]. The primary 
axis, the length and breadth of the ring, and the support structure's 
four parameters were parameterized [8]. Optimal Latin Hypercube 
Sampling was used to create training sample points during design 

optimization. The response surface approach is used next. The link 
between the parameters and the four optimization goals PEEQexpand, 
radial strength, radial recoiling, and surface coverage are established 
using a proxy model. Last but not least, the optimised thin-walled 
BMgSs structure is obtained and contrasted with the original stent 
arrangement, which incorporates the maximal principal Stress, radial 
strength, and vascular injury consequences [9]. In this work, a Bio 
Matrix stent form was examined. The stent was developed using a 
typical geometrical sin-wave crown and the design of two s-shaped 
links to achieve better bending flexibility [10]. The stents were laser-
cut directly from the micro-tubes, followed by electrochemical 
polishing and ultrasonic cleaning [11]. The geometries of the stent 
under consideration are described in. Per chloric acid ethanol solution 
is the electrolytic polishing solution used in the experiment [12]. The 
cooling to lower the thickness of the stent to 100 lm, a larger polishing 
margin and a longer polishing duration were established in thicker 
wall microtubules. a stent of type CX.The stents were crimped using an 
American Block wise crimping machine, and they were expanded using 
a balloon catheter and an inflator device [13]. An optical microscope 
was utilised to capture the morphological changes in the stent during 
balloon inflation and deflation under a pressure of 0–6 atm [14]. The 
findings are displayed in illustrates the structural change and the 
maximum primary stress distribution of the extended original 150 lm 
thickness Bio Matrix stent. Statistical analysis was carried out using 
Origin to analyse the response outcomes of sample points after FEA [15]. 
By balloon dilation, including foreshortening, RR, and the dog-boning 
effect, the differences between the BIOMATRIX-150-lm and OPT100-
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lm stents were confirmed. The BIOMATRIX-150-lm and OPT-100-lm 
stents both exhibited adequate deformation stability and did not rotate 
circumferentially throughout the deformation procedure. The canine-
boning impact of At 1.5 and 2.0 atm, respectively, the BIOMATRIX-
150-lm and OPT-100-lm stents was the most noticeable, but they 
vanished at 3.0 atm. The radial strengths of the stents are displayed in. 
All of the stents could be completely extended while maintaining their 
strength. The comparison stent's thickness was lowered by 50 lm, and 
the radial strength was decreased, while the structure was the same as 
the BIOMATRIX-150-lm stent. The strut thickness is a crucial factor 
regardless of whether the stents are permanent or biodegradable. Both 
biodegradable polymeric and metallic stents are impacted by thick 
struts, so the next generation of these materials is moving toward 
thin struts. Increased strut thickness is associated with a significant 
increase in late thrombotic stenosis rate and increased likelihood 
of ST-segment elevation myocardial infarction. However, there are 
techniques to enhance, such as structural optimisation design. Thin-
walled stents can easily result in inadequate radial strength or stress 
concentration. Here, we suggest a structural layout for a BMgSs with 
thin walls. L, W1, R, and W2 are the four parameters that have been 
established for the parameterized structure. Together with The radial 
support strength of the stent can be efficiently increased by lowering 
the L of the stent. This outcome could help with future studies on 
scaffold optimization. One of our optimization aims is to make the 
crimping and expanding process of the BMgSs equally deform, which 
can lessen high-stress locations and the likelihood of quick expansion 
fractures. This study examines the structural changes of struts with 
uneven widths using two parameters: the width of the support ring 
and the width of the arc. Combining, it is evident from the parameter 
adjustments resulted in a considerable reduction in the optimised 
widths, which lessened the impact of the scaffold's equivalent plastic 
strain. Contrasting parameters for the research has several restrictions. 
First, the parameterized design of the stent's thickness and form were 
fixed. Future stent development may go in the direction of creating 
a more precise and thorough stent structural design optimization 
technique. Future research might, for instance, move in the direction 
of replacing parameter optimization with free topology optimization. 
In this work, a particular kind of thin-walled biodegradable ZE21B 
alloy was investigated. Experiments were used to confirm the design 
of the stent structural optimization. The best parameters were found 
via RSM proxy model optimization, and some BMgSs features and 
its performance were examined. The following inferences are taken 
from the results. A stent's thickness can be decreased to significantly 
lessen the blood vessel damage. in comparison to However, it would 
be excessively costly and difficult in terms of computing. Second, the 
study of these vessels is based on ideal geometry. The output would be 
more enlightening if intra-vital imaging and patient-specific vascular 
geometry were used. Finally, because this work involves prospective 
research, it is not possible to consistently generate matching thin-
walled micro tubes in the lab. Future research will ensure the use of 
thinner, more reliable micro tubes. Development of scaffold products. 
The radial strength was determined using experimental measurements.

Conclusion
The authors state that they have no known financial conflicts 

of interest or close personal ties that may have seemed to affect the 
work described in this study. Better clinical outcomes and quicker 
endothelialisation are made possible by thinner biodegradable 
magnesium alloy stents BMgSs. However, because to their low elastic 
modulus and eventual elongation, thin-walled BMgSs constructions are 
more vulnerable to problems than conventional non-degradable stents, 

including inadequate support capacity and breakage, during initial 
expansion. This work optimised a thin-walled BMgSs structure. Our 
BMgSs was built using a ZE21B alloy with a high breaking elongation 
and superior mechanical qualities. An optimised configuration of a 
thin-walled BMgSs was created using response surface models and 
finite element analysis to improve the support ring structure of a typical 
stent Bio Matrix. The optimised thin-walled stent's radial strength 
was comparable to the original thick walled stent's, and its maximum 
principal strain was lower. The tests for radial strength and balloon 
dilation were both successful. Experiments revealed that there was no 
strut breakage and that the optimised stent had enough deformation 
stability during the crimping and expansion operations. Additionally, 
following optimization, the maximum primary stress area of the stent 
and the damage to the stenotic artery were both greatly reduced. The 
use of permanent metallic drug-eluting stents DESs can result in long-
term complications like stent thrombosis and chronic inflammation. 
These drawbacks have led to the development of bioresorbable scaffolds 
BRSs, which release blood vessels from permanently implanted metal 
stents and thereby prevent the late adverse effects associated with DESs. 
Structural design Finite element analysis Biodegradable magnesium 
alloy stents Radial strength.
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