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Measurement of Acoustic Impedance of Bone
by Considering Reflection and Attenuation of Soft Tissue
Using the Ultrasonic Reflection Method

Hitoshi Asa1, Hiroshi KANAI and Noriyoshi CHUBACHI

Abstract

A recently proposed system for diagnosing osteoporosis by measuring the acoustic impedance of bone fails to provide the

necessary step of taking reflection loss at the interface between the bone and the soft tissue as well as propagation loss in the soft

tissue into account. Here we propose an ultrasonic reflection method that compensates for these losses. Preliminary experiments
using PMMA /Bakelite and rubber/Bakelite composite models indicate the validity of this method. Values obtained in vivo with

and without compensation differed significantly.
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Fig.l Transmission line model for the heel.
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Fig.2 Block diagram of the measurement system used in
this study.
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Table1 Measurement Condition of the System

Center frequency of transducers : 1.0 MHz
Distance between two transducers : 140 mm
Diameter of two transducers : 20 mm
Sampling frequency : 10 MHz

Table 2 Characteristics of Materials for Model Measured
by Ultasonic Transmission Method

Material  Velocity Density Acoustic Impedence
m/s X 10°kg/m* X 10°kg/m? + s
Bakelite 3921 1.357 5.31
PMMA 2727 1.213 3.31
Rubber 1628 1.294 2.10
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Fig.3 Two-layer models: (a) two-layer model consisting
of PMMA and Bakelite (model 1), (b) two-layer
model consisting of rubber and Bakelite (model 2) .
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Fig.5 Power spectra of the reflected waves: (a) power
spectrum of waves reflected from the water/Bake-
lite interface;(b) power spectrum of waves
reflected from the water/PMMA interface of two-
layer model consisting of PMMA and Bakelite ;
and (c) power spectrum of waves reflected from
the PMMA /Bakelite interface of the two-layer
model consisting of PMMA and Bakelite.
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Fig.6 Waves reflected from the water/PMMA interface
and the two-layer model consisting of rubber and
Bakelite.
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Table 3 Acoustic Impedance Obtained From the Experi-
mental Two-Layer Model Consisting of PMMA
and Bakelite

Without compensation : 4.13X10%kg/m? - s

With compensation : 5.41X10°kg/m? + s

Table4 Acoustic Impedance Obtained From the Experi-
mental Two-Layer model Consisting of Rubber
and Bakelite

Without compensation : 2.42X10°kg/m? « s

With compensation : 5.07X10°kg/m® * s
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Fig.8 Power spectra of reflected wave : (a) power spec-
trum of wave reflected from water/Bakelite inter-
face ; (b) power spectrum of wave reflected from
water/soft tissue boundary of the heel;and (c)
power spectrum of wave reflected from soft
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Table5 Acoustic Impedance Obtained in Measurement
from the Heels of Normal Young Subjects A
and B in vivo

Subject A Subject B

Without compensation (10°kg/m?-s): 2.24 2.21
With compensation (10°kg/m? - s) : 2.42 2.38
Thickness of soft tissne (cm) : 0.97 1.13
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