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Computational Study of the Effect of Torsional Loading on the Behavior of Nitinol Stents
in the Femoropopliteal Artery
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Abstract

Smart stents made from the shape-memory alloy Nitinol are gaining importance in medicine thanks to their
temperature-dependent shape change and superelasticity. Predicting their behavior before fabrication can
reduce surgical risks and improve treatment outcomes. This study examines three stent types—Smart Flex,
Tigris, and Viabahn—using finite element analysis to evaluate their performance under torsional loading at
suitable temperatures for superelastic behavior. Using the Auricchio model in Abaqus to describe Nitinol’s
material properties, the simulations showed that the Smart Flex stent delivered the best overall performance.
It exhibited the most favorable effective strain (0.05889), displacement (0.04943 m), stress level (528.4 Pa),
low force (266.9 N), high martensite fraction (0.8001), and the widest hysteresis loop in radial and
circumferential loading. The Smart Flex model also showed the greatest twist and torsional moment (4.652
Nm), outperforming both Tigris and Viabahn. However, when comparing simulation results to experimental
data, the Tigris stent demonstrated the highest accuracy, with a difference of 23.22%. Smart Flex and
Viabahn showed larger deviations at 34.78% and 57.71%. Despite these differences, the study confirms the
strong predictive value of simulation methods and highlights Smart Flex as the most suitable option for
complex medical conditions.
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