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Evaluation of Regional Elastic Modulus of Cylindrical Shell
with Nonuniform Wall Thickness
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Abstract

We have been attempting to evaluate the elasticity of the arterial wall by measuring the small changes in its thickness caused

by heartbeat in order to provide a method for diagnosing atherosclerosis noninvasively. Although the elasticity of the arterial

wall has been evaluated noninvasively by measuring change in artery diameter and pulse-wave velocity, no method for

noninvasively evaluating the elasticity of the arterial wall from change in its thickness has yet been reported. Using the phased

tracking method proposed by our group, we measured small changes in thickness, changes of less than 100 zm, in each regional

area, which corresponds to the diameter of the ultrasound beam. From change in thickness, the elasticity of the arterial wall

can be evaluated with better spatial resolution than that obtained with measurement of change in arterial diameter and pulse

wave velocity. Here we propose a method for evaluating the elastic modulus of the arterial wall with nonuniform wall thickness

by measuring changes in its thickness. In basic experiments employing silicone rubber tubes with nonuniform wall thickness as

a model of the artery, the elastic modulus of each silicone rubber tube is evaluated from the determined change in wall thickness.

These experimental results confirm the promise of the method proposed here.
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Table1 Size, Speed of Sound, and Elastic Moduli of
Three Different Silicone Rubber Tubes

Internal Wall Sound Elastic
Diameter Thickness Velocity = Moduli

Tube

Rubber tube A 4.0mm 1.5mm 992m/s 5.7 MPa
Rubber tube B 7.5mm 2.5mm 1291 m/s 1.9 MPa
Rubber tube D 5. 1mm 0.7mm 947m/s 1.2 MPa
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Table 2 Evaluation of Elastic Moduli of Three Different
Silicone Rubber Tubes

Tube E,
Rubber tube A 5.8 MPa
Rubber tube B 2.0 MPa
Rubber tube X (first layer) 1.4 MPa
Rubber tube X (second layer) 1.2 MPa
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Fig.14 Measured strain in the radial direction (tube C).
(a) Drive signal of the artificial heart. (b) Inter-
nal pressure. (c) Strain in the radial direction of
the inner layer. (d) Strain in the radial direction

of the outer layer.
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Fig.15 (a) Relationship between internal pressure and
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(tube C). (b) Relationship between internal pres-
sure and strain in the radial direction of the outer
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