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ABSTRACT

Currently available non-invasive clinical methods for diagnosin g osteoporosis
are mainly associated with ionizing radiation. Ultrasonic assessment of bone dis-
ease is a more recent technology. A theoretical explanation for the relamonship be-
tween ultrasonic parameters and bone structure is necessary.

Thus, two types of bone samples of perspex (HAP) and perspex-glass beads
were produced. Eachtype was made with a different fraction of constituents. The
ultrasonic properties of these samples were measured.

The results of velocity measurement showed rise of velocity in the samples
when the volume fraction of the HPA or glass beads increased with a different
trend.

A theoretical model for the velocity in a composite material was developed
and the results of the two samples were used to test the model. The results showed
a good agreement for the perspex-glass bead sample at different volume fraction,
while the agreement between perspex-HAP was not as good as the other sample.
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INTRODUCTION

A primary clinical problem today-concerns the early
detection of osteoporosis. Currently available non-inva-
sive clinical methods for detection of osteoporosisinclude:
SPA(single photon absorptiometry) of cortical bone,
DPA(dual photon absorptiometry) of the spine, and
QCT/(quantitative computerized tomography). All of these
methods are associated with ionising radiation.'?

Ultrasonic assessment of bone disease is amore recent tech-
nology. Two ultrasonic parameters involved, attenuation and ve-

locity, have been measured in normmal and pathological bone in
both cortical and cancellous bone by a number of researchers.>*

The previous measurements have shown different speci-
ficity and sensitivity of these parameters due to the bone
density and structure. Although several workers’® attempted
to solve this problem, there is no theoretical explanation
for the mechanism of ultrasonic attenuation and velocity in
bone as it is extremely complicated. Perhaps one approach
is to measure attenuation and velocity in a synthetic bone
phantom under controlled parameters, and monitoring each
effect of the bone parameters on attenuation and velocity,

Table I: The quantities of physical parameters of bone components and materials

used for the bone samples.’

p(gem?)  v(ms?) Z(kgm?s™) o(dBem* MHZ™)
Fat 0.94 1450 1.36x 10° 0.6
Collagen 143 2100 3x10¢ 1
HAP 3.17 6400 19 x10° 2
Perspex 1.2 2700 32 xI10 2
Glass(soda) 2.5 5600 14 x10° 0.5<
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Determining the Velocity of Ultrasound in Bone

In the following section, a simple theoretical model is
described to explain the velocity of ultrasound in a com-
posite material as a function of velocity of ultrasound in its
constituents and the fraction of each component.

Consider a layer of composite with two constituent ma-
terials with thickness of d (Fig. 2). One of the constituents
is taken to be the background matrix and the other to be the
embedded material. In the case of perspex-HAP or perspex
- glass beads the matrix is assumed to be the perspex while
in bone, fat is playing a similar role.

Let a plane ultrasonic wave generated by a transducer
(transmitter) located on one side propagate through the
sample and be detected by another transducer (receiver)
located at the opposite side of the sample.

The delay between transmission and arrival of the lead-
ing edge of signal at the second transducer will be close to
the minimal necessary time for a wave to pass through the
sample, say path A in Fig. 2. The transit time of the signal
through the sample depends on the amount of the matrix
and the embedded material in the matrix traversed by the
ultrasound signal. Therefore, if the velocity of ultrasound
in the embedded material is greater than in the matrix, the
more embedded particles there are present, the earlier the
ultrasound signal arrives at the second transducer.

Assuming the fraction of unit thickness of the sample
occupied by the embedded material is u then, the remain-
der, /-u, is the fraction of unit thickness of the composite
occupied by matrix material. The transit time of signal in
the medium can be written as;

1=t +t, @)
in which t, and t, are transit times of ultrasound signal

in the embedded and matrix material, respectively. In a
sample with the thickness of d, we have;

t= l;(li (3)
(= (lc-u)d @

where ¢, and c, are the velocity of ultrasound in the
embedded and matrix material, respectively. Substituting
in equation 2, then:
ud + (I-uYd=d (u I-u)

e (5)
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using the simple equation;

C= df

t

and substituting in equation 5, we have:
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Assuming a homogenous distribution of particles in the
matrix and the average number of particles in unit volume of
the sample to be N, and if the particles in the sample are
spherical with an average radius of r, then the value of u#in
a unit distance is;

u= (Vem)”= (N x 4 x m)»= 1.6rN"? (7
3

V .is the fraction of unit volume occupied by embedded
particles. For the general case (with embedded particles with
arbitrary shape) instead of using equation 7, one can use equa-
tion u= mN"? where m is the shape factor to be determined.
Combining equations 6 and 7 then;

1
“CLGNFr(%e) 1) @®)
CICZ CZ
To calculate relative proportions of the two components,
each mass is usually measured. To obtain n (number of par-
ticles in the composite), the equation used is;

M, =pV =px4 nrn 9)
and therefore:

3M, (10)
4pnr’

n=

where, Mem, Vem and p are the total mass, volume and
density of the embedded material in the matrix, respectively.
The value of n obtained is total number of embedded par-
ticles in the total volume of the sample. But in equation 8 we
need to know the number of particles per unit volume(N),
and it is therefore necessary to measure the total volume of
the sample (V) and using the equation of N= #/V; to obtain .
Alternatively, u (the fraction of the length occupied by em-
bedded particles) required for equation 6 can be written as;

U= (A)IB — ( Mem )1/3 (ll)

Vv pV

and therefore, it may be esaier to write equation 7 in
terms of mass and density of the embedded particles and
total volume of the sample, hence, we have;

1
c=
( /Wg;m)lxa(cz-q) . ]7 (12)
dvm C,C, c,
(pV 1/36167 (13)

Meml/} (Cz_Cj) _ (pV)1/3 C1

Equation forthe composite of glass beads in perspex with
different porportions of glass beads is drawn in Figure 3.
Experimental results for two types of glass beads are also
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Fig. 3. Velocity of ultrasound in perspex-glass beads at dif-
ferent volume fractions.

shown in this figure.

The results for HAP- perspex are shown in Fig. 4, along
with the theoretical curves using equation 6.

From the curves it is clear that the above calculation
gives a slightly higher velocity compared with the experi-
mental results. It may be concluded that there is a lag in
transferring energy from perspex to glass beads at the in-
terfaces which causes the velocity to be less than would
be, regarding serial addition of the time taken for ultrasound
to transmit through each of the components. It is clear that
the experimental and theoretical results predicted by the
abovetheoryare very well matched for the case of perspex-
glass beads, but there is less agreement between the theo-
retical and experimental results in the case of HAP-perspex
composition.

The difference in behaviour between the samples of
HAP-perspex and perspex-glass beads may arise from the
fact that HAP and perspex, unlike perspex glass beads, are
not inert in response to each other.
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