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Summary

We solved numerical solutions of Advani-Lee’s equation, which treats free vibrations of fluid-
filled spherical shells, and forms the basis for non-invasive estimation of left ventricular myocardial
elasticity. Numerical results showed that elasticity is approximated by E=86.5-a2-f2 (E: elasticity (dyn/
cm?), a: internal radius (cm), f: eigenfrequency (Hz)). To examine the accuracy of this theoretical
equation in estimating elasticity, we made 7 spherical shells of silicone rubber, and compared the
estimated elasticity by this equation with that by a standard stretch test. The elasticity calculated by
Advani-Lee’s equation and by stretch test proved to be nearly identical. Therefore, we concluded
that we can estimate the elasticity of a spherical shell using this equation. We calculated the myo-
cardial elasticity at the first heart sound emission in 25 normal persons with a simplified (approxi-
mated form of) Advani-Lee’s equation. The mean elasticity in normal subjects was (7.04+2.46) x 10
dyn/cm?.
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Vibration mode (n)
Eigenfrequency (f) Young modulus

Left ventricular (a) ~ Advani-Lee’s equation — (=Left ventricular_
internal radius myocardial elasticity

Left ventricular (h) per unit)
wall thickness
Fig. 1. Schematic explanation of the new method to estimate left ventricular myocardial

elasticity.
By measuring determination of left ventricular internal radius, wall thickness, vibration mode and

eigenfrequency, left ventricular myocardial elasticity can be estimated from Advani-Lee’s equation.
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Fig. 2. An example of numerical solutions of Advani-Lee’s equation (vibration mode is 2 and

wall thickness (h) is 1 cm).
Solid lines indicate the relationship between eigenfrequency and elasticity with equation (1). Closed
circles indicate the values from equation (2). The figures 1.0, 2.0, 3.0 are internal radii of the sphere.

Equation 1=C,3%4C,3*+C,y32+C,; equation 2=86.5-a2-12,

BOEIPRENEBEELRE S L>TS. ## E=86.5.a2.f2 (2)
% Ip AR T R 1o fE R, (1) xR 3em P E: #{kfE (dyn/em?), a: PR (em), f: @F
ORI AK 8% nEET, (2) Rz k v:EM B (Hz).
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Fig. 3. An example of transfer function of a silicone spherical shell.
Horizontal axis represents frequency applied to the silicone spherical shell (Hz). Vertical axis (mag)
represents absolute magnitude of the transfer function. The peak frequency of the transfer function

is an eigenfrequency of the silicone spherical shell.
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Fig. 4. Distribution of myocardial elasticity at
the moment of the first heart sound emission in
25 normal persons.
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