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Recent observations have shown that artery stenosis occurs as multiple-stenosis in 70% of patients with 
atherosclerosis plaques. Accordingly, the frequent occurrence of double-stenosis in blood arteries has 
inspired this paper to investigate and compare the plaque rupture risk in different arrangements of 
common plaque shapes in a double-stenosis. The plaque von- Mises stress in plaque fibrous cap is 
calculated by finite element modeling of the fluid-structure interaction (FSI) between the blood flow, 
artery and plaque components. Arbitrary Lagrangian- Eulerian approach is employed for FSI 
simulations and a benchmark problem dealing with wave propagation in a fluid-filled elastic tube is 
used for model verification. Transient velocity and pressure conditions of actual pulsatile blood flow 
through coronary artery are prescribed. The blood is assumed to be a Newtonian fluid and hyper-elastic 
material model is employed for describing nonlinear behavior of the human tissue composed of the 
arterial wall, lipid core and fibrous cap. It was observed that the arrangement, composed of two diffused 
plaques, is subjected to the maximum von- Mises stress, while the arrangement of ascending-
descending plaques experiences the minimum von- Mises stress. The effect of different parameters such 
as the stenosis degree, the space length between the plaques, and the plaque length is studied and 
discussed. 
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Fig. 1 Common plaque types, 1: Protruding 2: Ascending 3: 
Descending 4: Diffuse 
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Fig. 2 Different dual arrangements of four common plaque 
types 
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Fig. 3 Dimensions for protruding-protruding double stenosis 
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Fig. 4 The sequential fluid-structure coupling algorithm 
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Fig. 5 Inlet flow pattern for Coronary artery [26] 
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Fig. 6 A simplified view of the problem for denoting the 
boundaries. 
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Fig. 7 Convergence test results for element number 
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Fig. 8 Convergence test results for time step size 
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Fig. 9 Comparison of Newtonian and non-Newtonian 
models for blood flow 
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Fig. 10 Radial displacement of artery outer wall 
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Fig. 11 von- Mises stress distribution in first and second plaque 
of diffuse-diffuse arrangement 
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Fig. 12 Maximum von-Mises stress of double-stenosis 
arrangements in stenosis degree of 60% . 
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Fig. 13 Maximum von-Mises stress of double-stenosis 
arrangements in stenosis degree of 75%  
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Fig. 14 Maximum von-Mises stress of double-stenosis 
arrangements in stenosis degree of 90%  
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Fig. 15 Flow streamlines and pressure difference value for 
different plaque types 
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Fig. 16 Effect of the distance between plaques on von-Mises 
stress 
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Fig. 17 The scheme of the plaque length change 
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Fig. 18 Maximum stress value in different plaque types for 
plaque length of 4.5 and 6 mm 
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Fig. 19 Maximum stress values in different double-stenosis 
arrangements for plaque length of 4.5 and 6 mm 
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