Author’s Accepted Manuscript

Optimizing the deformation behavior of stent with
nonuniform Poisson's ratio distribution for curved
artery

Yafeng Han, Wenfeng Lu

PII: S1751-6161(18)30815-4
DOI: https://doi.org/10.1016/j.jmbbm.2018.09.005
Reference: JMBBM2970

To appear in:  Journal of the Mechanical Behavior of Biomedical Materials

Received date: 24 May 2018
Revised date: 18 August 2018
Accepted date: 2 September 2018

Cite this article as: Yafeng Han and Wenfeng Lu, Optimizing the deformation
behavior of stent with nonuniform Poisson's ratio distribution for curved artery,
Journal of the Mechanical Behavior of Biomedical  Materials,
https://doi.org/10.1016/j.jmbbm.2018.09.005

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/jmbbm
https://doi.org/10.1016/j.jmbbm.2018.09.005
https://doi.org/10.1016/j.jmbbm.2018.09.005

Optimizing the deformation behavior of stent with nonuniform Poisson’s ratio distribution for

curved artery

Yafeng Han, Wenfeng Lu*

Department of Mechanical Engineering, National University of Singapore, 9 Engineering Drive 1,
117975, Singapore
*Corresponding author. Email address: mpelwf@nus.edu.sg, TEL.: +65-94231556
Abstract

Stent implantation at a highly curved artery has always been a challenge, considering the relatively
high chance of in-stent restenosis (ISR) caused by severe straightening effect and high strain energy
over the vessel wall. In this paper, a novel optimization based design method was proposed to
manipulate the deformation behavior of the common ring-and-link stent. By changing the location of
the connection point between rings and links, traditional ring-and-link structure was modified to
achiever tunable Poisson’s ratio (PR). With the nonuniform cellular structure design method
proposed in a previous study, PR distribution of the stent structure was optimized to achieve the
desired curvature. As a result, the obtained stent structure with nonuniform PR could perfectly fit
into the curved artery after expansion, without causing any obvious vessel straightening. To validate
the proposed method, two different vessel models were introduced. Firstly, a short vessel with a
constant curvature was set as the design objective, and both numerical and experimental tests were
conducted. Further, a patient-specific vessel was applied. Both test results showed that optimized
stents would cause much smaller vessel straightening. Moreover, vessels stented by the optimized
structures had much lower stress concentration and strain energy. All those properties will decrease

the possibility of ISR significantly.
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