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Abstract

BACKGROUND: Mechanical factors can affect the angiogenic ability of vascular endothelial cells. How the vessel number affects the hydrodynamic properties
of microvessels remains to be clarified.

OBJECTIVE: To investigate the influence of vessel number on the hydrodynamics of vascular networks based on computational fluid dynamics.
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METHODS: Three three-dimensional models of vascular network with different vessel numbers were constructed using the Geometry module of ANSYS 19.0
software, and then the vascular network was meshed to tetrahedral elements in Mesh module. The vascular network was assumed to rigid wall without slip,
and the blood was assumed to laminar, viscous, and incompressible Newtonian fluid. Blood density, velocity, and a series of blood viscosity coefficients were
also established. The Navier-Stokes equation was used for calculation. Hydrodynamic properties of different parts of vascular network with different vessel

numbers were analyzed and compared.

RESULTS AND CONCLUSION: The streamline, velocity, and mass flow all had the same trend in the vascular network, that is, the outlet and inlet were higher
and the middle junction of vascular network was lower. The more the number of vessels, the thinner the blood flow lines in each part of the vascular network.
Also, the velocity, mass flow, and wall shear decreased with the increase of the number of blood vessels. Therefore, the changes in vessel number could
influence the hydrodynamic environment in the vascular network. Computational fluid dynamics indicates that the changes in vessel numbers can influence the
hydrodynamic properties of blood, and provides a new idea for treating bone hypoperfusion-induced diseases (fracture nonunion, bone defect, osteoporosis,
etc.) through tonifying kidney and activating blood circulation based on the coupling between angiogenesis and osteogenesis.

Key words: vessel number; computational fluid dynamics; angiogenic-osteogenic coupling; tonifying kidney and activating blood circulation; fracture nonunion;

bone defect; osteoporosis
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Figure 1 | Three-dimensional model of the vascular network
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Figure 2 | Tetrahedral mesh for the vascular network
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Figure 3 | Inlet, outlet and direction of blood flow
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Figure 4 | Observational sites of the vascular network
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Figure 6 | Blood velocity at different parts of the vascular network under
different number of vascular branches
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Figure 7 | Mass flow at different parts of the vascular network with
different numbers of vascular branches
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Figure 8 | Wall shear stress at different parts of the vascular network with
different numbers of vascular branches
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Table 1 | Relative surface area of the vascular network with different
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