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Ultrasonic Measurement of Bone Density and Young’s Modulus
(Examination of Accuracy of the Measurement)
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This study was performed as a part of the research on the ultrasonic measurement in vivo of
bone porosity, density, Young modulus and hardness. It was clarified that the bone porosity
estimated by Biot’s theory agrees well with the actual porosity within an accuracy of 59. In the
estimation the structure factor involved in the Biot’s theory was determined as a value of 2. In this
evaluation, an use of the propagation velocity of the fast wave is more advantageous to estimate the
bone porosity than using the one of the slow wave. The estimated bone density by Biot’s theory
yields only +5% differences from the measured value by the Archimedes method. Therefore, bone
density can be estimated precisely by using the proposed ultrasonic wave method.
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Fig.2 Experimental apparatus.
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Table 1 Physical properties of the materials

White Mg
0%Cu | ALalloy
Metal SUS3M4 aloy
Wb WAZn | 204T3 | oo
EGPA 540 197° 110 703 452
p .
lkgfon 7270 8030 8500 2700 1738
g ¢ 35mm N
Fig.3 Specimen.
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Fig.4 Schematicillustration of the experiment
for determination of the value of n.
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Fig. 6 Determination of wave velocity.
(WJ2 : f=067)
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Fig. 7 Schematic illustration of wave propagation.
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Table 2 Comparison between predictions and
measurements (white metal).
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05 198 2455 2460 02
067 | 199 2026 2025 +0.1
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Fig. 8 Relationship between nand (£ ,/p5)"2.
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Fig.9 Comparison between calculated and Real
Porosity (case:n = 2).
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Fig. 10 Ultrasonic velocity as a function of porosity
predicted by Biot's theory (for the case of
white metal , n =2).
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Table 3 Physical properties ofbovine fernur [1].
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Fig. 11 Relationship between bone density predicted
by Biot's theory p» and the one from the

Archimedes method p.
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Fig. 12 Relationship between Young's modulus

predicted by Biot's theory Eb and reference [8].

Good agreement between them can be
confirmed from this plot.
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