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Optimal design of intravascular stent arc-strut element structure based on biomechanical

performance

Lao Yong-hua, Zhi Xiao-xing, Lin Ze-feng, Li Xiao-nin, Cen Ren-jing, Huang Yue-shan

Abstract

BACKGROUND: Support the expansion of blood vessels in the implanted process of requires stent structure with complex
biomechanical properties. The structure can achieve optimal overall performance by integrated multi-objective optimization.
OBJECTIVE: Based on designs of various intravascular stent structures, the features parameters were extracted for optimization

analysis of biomechanics.

METHODS: Based on the analysis of biomechanical behavior: metal-based coverage, the maximal stent stress of expansion,
maximal stent radius of expansion, axial recoil rate, radial recoil rate, finite element analysis software ADINA was used to
establish 81 stent structures of closed, parallel, and open-arc strut element with different circumstantial unit number, arc-strut
width and axial length of the stent unit element; the non-dimensional method and multi-objective optimum ranking was used to

analyze the stent biomechanical behavior.

RESULTS AND CONCLUSION: Results showed that mixture structure of stent with closed, parallel, and open-arc strut element
can be designed, and that the structure possesses mainly large axial length of the stent’s closed, parallel strut element and small
arc-strut width uniformly. It is significantly important for the stent structural design and mechanical behavior evaluation system.
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Figure 1 Bend arc-strut model
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Table 1 Finite-element analysis of biomechanical performance of intravascular stent’s arc-strut element structure
Close arc-strut Parallel arc-strut Open arc-strut
Strut width W Axis length L
Element (n) (cm) (cm) Fi Fo(MPa) Fs(cm) F, Fs Fy Fp(MPa) Fs(cm) F, Fs F, F(MPa) Fs(cm) F, Fs
4 0.4 0.6 0.08 184.73 0.28 0.54 0.09 0.06 205.12 0.40 0.60 0.08 0.06 192.67 0.41 0.47 0.06
1 0.07 189.97 1.89 0.50 0.13 0.06 208.26 1.67 0.56 0.11 0.06 207.55 1.98 0.43 0.09
1.4 0.06 200.45 511 0.62 0.09 0.06 214.56 484 0.64 0.08 0.06 226.14 3.94 0.60 0.09
0.5 0.6 0.09 195.53 0.25 0.59 0.08 0.08 223.65 0.20 0.53 0.07 0.08 211.71 0.38 0.52 0.06
1 0.07 200.77 1.86 0.60 0.11 0.06 226.79 1.62 0.59 0.10 0.06 226.58 1.95 0.52 0.08
1.4 0.07 206.01 3.48 0.64 0.11 0.06 229.94 3.21 0.55 0.10 0.06 241.46 3.51 0.48 0.08
0.6 0.6 0.11 206.33 0.23 0.63 0.07 0.10 242.17 0.10 0.57 0.06 0.09 230.75 0.34 0.56 0.05
1 0.10 211.57 1.84 0.70 0.10 0.10 245.32 1.57 0.72 0.09 0.09 245.62 191 0.65 0.07
1.4 0.10 216.82 3.45 0.66 0.10 0.09 248.47 3.16 0.68 0.09 0.09 260.49 3.48 0.61 0.07
8 0.4 0.6 0.12 233.05 3.77 0.54 0.06 0.11 267.25 3.50 0.60 0.05 0.11 279.14 3.20 0.47 0.05
1 0.12 236.99 498 059 0.09 0.11 269.61 469 0.60 0.08 0.11 284.72 3.79 0.55 0.07
1.4 0.11 243.54 6.99 046 0.09 0.11 273.54 6.67 0.52 0.08 0.10 308.89 6.33 0.39 0.09
0.5 0.6 0.15 243.86 3.75 0.59 0.05 0.13 285.77 3.45 0.53 0.04 0.13 298.18 3.16 0.52 0.04
1 0.14 249.10 5.36 0.60 0.08 0.13 288.92 5.04 0.59 0.07 0.13 313.05 473 0.52 0.07
1.4 0.13 254.34 6.97 0.64 0.08 0.13 292.07 6.62 0.55 0.07 0.12 327.92 6.30 0.48 0.07
0.6 0.6 0.17 254.66 3.73 0.63 0.04 0.15 304.30 341 057 0.03 0.15 317.21 3.13 0.56 0.03
1 0.17 259.90 5.34 0.70 0.07 0.15 307.45 499 0.72 0.06 0.15 332.09 470 0.65 0.06
1.4 0.16 265.14 6.95 0.66 0.07 0.15 310.60 6.58 0.68 0.06 0.14 346.96 6.26 0.61 0.06
12 0.4 0.6 0.18 274.99 465 054 0.06 0.16 313.27 463 0.48 0.05 0.16 351.10 3.51 0.48 0.05
1 0.17 280.23 6.27 0.50 0.10 0.16 316.42 6.21 0.56 0.08 0.16 369.69 546 0.43 0.09
1.4 0.16 285.47 7.88 0.46 0.10 0.16 319.56 7.80 0.52 0.08 0.15 384.56 7.03 0.39 0.09
0.5 0.6 0.20 285.79 463 059 0.05 0.18 331.80 458 0.53 0.04 0.18 370.13 3.47 0.52 0.04
1 0.19 291.03 6.24 0.60 0.08 0.18 334.94 6.17 0.59 0.07 0.18 385.01 5.04 0.52 0.07
1.4 0.19 296.27 7.86 0.64 0.08 0.18 338.09 7.75 0.55 0.07 0.17 399.88 6.61 0.48 0.07
0.6 0.6 0.22 296.59 461 0.63 0.04 0.20 350.32 453 0.57 0.03 0.20 389.17 3.44 0.56 0.03
1 0.22 301.83 6.22 0.70 0.07 0.20 353.47 6.12 0.72 0.06 0.20 404.04 5.01 0.65 0.06
1.4 0.21 307.08 7.83 0.66 0.07 0.20 356.62 7.70 0.68 0.06 0.19 418.92 6.57 0.61 0.06
F1: Metal coverge Fi; F,: Stress F,; F3: Diameter Fs; F4: Axial recovery Fg; Fs: Radial recovery Fs
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