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Th is  paper describes a me thod  of  measur ing u l t rasound ve loc i t y  to  high accuracy in 
small samples of  reasonably  homogenous  substances. Results ob ta ined  w i t h  some body  
f l u ids  and bra in t u m o u r s  are given. 

Introduction 

For the application of ultrasonic techniques in medicine it 
is often desirable to know the ultrasound velocity in 
normal and pathological human tissue with an accuracy of 
about 1% (Schiefer and Kazner, 1967; Pia and Geletneky, 
1968). 

This paper describes a method for measuring this velocity 
with an accuracy up to 0.1%. However such an accuracy 
may only be obtained and is only meaningful if the sub- 
stance is fairly homogeneous. The accuracy of  the method, 
the fact that only about 3 cm 3 of substance is needed and 
the fact that the measuring can be carried out instan- 
taneously (the measuring must take placejmmediately 
after removal of  the tissue) are the advantages of this 
method. Moreover, the experimental random-error can be 
estimated. 

Finally some results concerning the ultrasound velocity 
and the characteristic impedance of some body fluids and 
brain tumours are given. 

Method 

The principle of the measuring is based upon the "sing- 
around" method as described by Greenspan and Tschiegg. l 
Fig. 1 shows the block diagram of our measuring system. 
The pulse generator excites the piezo-electric transmitter. 
When the sound pulse arrives at the receiver crystal, it is 
amplified to increase the flank steepness. The amplified 
signal triggers a monostable multivibrator. The square 
pulse from the multivibrator triggers in return a new pulse 
from the pulse generator. The multivibrator has a 
recovery time which may be adjusted for optimum 
stability. 

Thus the transmitting crystal is excited in a frequency,f,  
dependent on the time in which the sound pulse crosses 
the interspace, l, between the crystals and on a number of 
fixed electronic and other delays. The crystals are 2 MHz 
transducers from Krautkraimer, Siemens AG, Germany. 
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The relation between the frequency f, the distance l 
between the crystals, and the ultrasound velocity c can be 
written as 

1 l 
= constant + 

f c 

With I fixed, the frequency has a stability of 0.05%. The 
distance can be adjusted with an accuracy of 10 5 m, and 
from the regression of  f upon l, the velocity (together 
with its experimental random-error) can be computed. 2 

Because the sound velocity depends on temperature, the 
temperature of the tissue was also measured, with an 
accuracy of 0.1 K. 
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Fig.1 Block diagram of the measuring system used. 
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R e s u l t s  

To demonstrate the accuracy of  the method, Fig.2 shows 
the temperature-dependence of  the sound velocity in water 
(not degassed). In the temperature range concerned a 
linear approximation gives the following relations 

c = 1488.5 + 3.09 (T - -T)  

A c  

AT 
- (3.09 -+ 0.03) ms -1 K -1 

c~ = 1488.5 +- 0.5 ms t 

where T is temperature, and T = 21.7°C (294.7 K) which is 
the average temperature of  the measuring points. 

Table 1 gives examples of  the sound velocity in some body 
liquids and brain tumours. In some cases also the density 
0 (determined with an accuracy of  about t%) is given. 
From these two quantities one can compute the character- 
istic impedance Z of  the substance. For plane waves Z is 
given by 

Z= Oc 
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Fig.3 Typical waveform at the output of the receiver 

The density was not determined at the same temperature 
as the velocity. If  one assumes temperature-coefficient 
behaviour similar to water, one can neglect the small dif- 
ference (less than 2 K), since a chafige of  3 K results in a 
difference in densfty in water of  less than 1%. 

Using the values of  ultrasound velocity in brain tissue in 
relation to the temperature 4 and the density of  brain 
tissue, 8 0 = 1036 kgm -3  at 22°C, one can estimate the 
quantity R of  energy that will be reflected at a surface 
between brain tissue and substance. R is given by 

tZ1 - Z 2 f 2  
R = - -  

Z 1 + Z 2 

with Z 1 and Z 2 being the characteristic impedances. 

R e m a r k s  

Velocity dispersion was not taken into account. 7 The 
group velocity c was measured rather than the velocity v 
of a simple harmonic wave (see Fig.3). The difference 
between the velocity c of  a group and that of  the mono- 
chromatic wave is given by 

1 1 f Ov 

C V 1' 2 Of 

So if the substance is dispersive the results could be dif- 
ferent from those measured using a continuous harmonic 
wave. 

Fig.2 Velocity of ultrasound in water (not degassed) as a 
function of temperature. The symbols used refer to the 
fol lowing results: 
• author's measurements (not degassed) 
• N. Siefen, 1938 (degassed) 
[] Handbook of Chemistry and Physics 1968/69 
© E. Kuwahara, 1939 
A E. Schreuer, 1939 
v J. lizuka, 1967 
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Table 1 Ultrasound velocity, density, characteristic impedance and reflection coefficient of normal brain tissue of some body 
fluids and brain tumours 

Number of 
T measuring c error t9 Z R 

Substance [°C] points N [ms -1 ] [%] [kgm -3 ]  [106 Nsm - 3  ] [ x l05  ] Source 

water (not 23.5 20 1493.5 0.1 997:41 1.4896 - -  ~? from handbook of 
degassed) Chemistry and Physics 

1968/69 

blood ) 23.2 10 1549.6 0.7 1036 1.605 3 Heparinised samples 
blood i 24,2 11 1556.4 0.3 1041 1.621 9 from four dif ferent 
blood 22.6 10 1570 1.5 1053 1.653 43 patients 
blood , 22.4 12 1565 8 1036 1.62 11 

CSF I 24.4 9 1515 3 1006 1.524 47 Fresh samples from 
CSF I 25.0 11 1509.5 0.5 1006 1.519 54 three dif ferent 
CSF 21.8 11 1499 2 1005 1.506 62 patients 

meningioma 19.0 20 1524.2 0.4 After three hours 
immersion in 
formaline 

meningioma 19.8 20 1524.5 0.5 1031 1.572 0.3 Af ter  forty-eight hours 
immersion in 
formaline 

ependymoma 20.0 18 1501 3 1024 1.537 17 
astrocytoma 24.9 27 1517 8 1079 1.64 18 
glioma 22.3 17 1500 3 1026 1.539 22 

Formalised samples 

glioma 22.2 20 1529.1 0.6 1021 1.561 6 Fresh samples 
astrocytoma 27.5 41 1545.4 0.4 - -  - -  - -  

meningioma \ 19.7 20 1557 2 - -  - -  - -  Five di f ferent slides 
meningioma ~, 19.7 20 1546 1 - -  - -  - -  of one tumour 
meningioma ~ 19.7 21 1569 2 - -  - -  - -  
meningioma ~ 19.7 14 1548 2 - -  - -  - -  
meningioma J 19.7 14 1569 2.5 - -  - -  - -  
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