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Fluid-structure interaction analysis on hemodynamics of vertebral
arteries during physiological activities of cervical spine
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Abstract: Objective To further understand the biomechanical relationship between activities of cervical spine and
blood flow of vertebral artery (VA) by developing the VA finite element model and calculating the fluid-structure
interaction. Methods Based on the normal model of cervical spine and the developed CO0-T1 finite element model
with bilateral VA, the flexion and extension, right and left lateral bending, right and left axial rotation movement of
cervical spine at physiological velocity were simulated. The effects of cervical activities on stress of vertebral arte-
rial wall were observed, and the biomechanical interaction between the vessel wall and fluid was calculated by flu-
id-structure interaction equation to obtain the hemodynamic parameters. Results The maximum stress was usu-
ally concentrated on the both sides of C2 transverse foramen, where the second arc of vertebral arterial wall pro-
truded into the cranial direction during cervical activities. The maximum strain of the vessel wall was most obvious
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during the extension and lateral bending movement, with strain ratio of 23. 04% and 35. 5%, respectively. The
maximum stress on the vessel was located in the position of contralateral transverse foramen during lateral ben-
ding movement, while the maximum strain on the vessel was located in the position of ipsilateral transverse fora-
men during rotation movement. In aspect of cervical spine range of motion (ROM) , the minimum volume flow
rate occurred within 30%-40% of the physiological ROM. The volume flow rate-time curve of bilateral VA was simi-
lar during flexion and extension movement, when the circulation of flow rate was completed for two times within
0.5 s. The peak and valley of ipsilateral blood flow in volume flow rate-time curve occurred earlier than that of con-
tralateral blood flow during lateral bending movement, while the results of rotation movement were opposite. Con-
clusions The obtained stress features of bilateral VA vessel and the law of the volume flow rate-time curve valida-
ted the experimental results with those in the literature, which could reasonably explain the clinical phenomenon.
The established model would provide an ideal platform for researches on vertebral artery-related diseases.
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Tab.2 Blood flow parameter of the bilateral vertebral artery under six degrees of freedom
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Fig.3 Flow rate-time curve of the model at outlet cross-section during 0.5 s under different cervical activities

(a) Flexion, (b) Extension, (c) Left lateral bending, (d) Right lateral bending, (e) Left torsion, (f) Right torsion
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