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BACKGROUND MATHEMATICAL PROBLEM

Importance
Shear stress at the vessel wall is suspected to play a role in vascular disease.

Atherosclerosis preferentially occurs in areas of disturbed flow or low shear
stress, whereas regions with normal shear stress seem to be spared.

= motion equation

— =0 - Maxwell model

Previous work:
« Emphasis on radial rather than longitudinal displacements.

o
« Vessel wall treated as thin, having no thickness. - displacement equation:
« Wall material treated as rigid or elastic e 5
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Recent experimental studies have demonstrated clear longitudinal dynamics boundary conditions: e
within the thickness of the vessel wall, [1]

Maximum stress within the thickness of the vessel wall, during one
cardiac cycle and for different degrees of viscoelasticity.
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] « Oscillatory shear stress or displacement exerted by pulsatile flow on the
- endothelial layer will be transmitted through the vessel wall in a manner which
T depends critically on the degree of viscoelasticity of the wall material.

o |f the wall material is sufficiently viscous, shear stresses and displacements

within the wall thickness are confined to a thin layer close to the inner boundary.
o If the wall material is less viscous, more elastic and more rigid, as may occur in

e 1 disease or aging, the shear stresses are transmitted almost in full magnitude

from the inner boundary to all layers of the vessel wall.

= o The viscous property of the wall material may thus be seen as a

| “protective” element against the axial oscillatory drag force of pulsatile flow,
s while its absence may mark a deterioration in the mechanical “agility” of the
wall.
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