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ABSTRACT. Important information about anatomic functionality of biological tissues, as well as the presence of the tumors or of the foreign bodies can be obtained using physical parameters characterizing the ultrasound propagation in the tissues.

The velocity and the absorption coefficient of ultrasound in biological tissues were measured using a pulse method. The pulse generator had a frequency of 103 Hz and the high frequency generator had a variable frequency in the range (1-4) MHz. Ceramic plates were used as generator and receiver of the ultrasounds.

The measured parameters were used to estimate the adiabatic compressibility and the internal pressure in the studied tissues.

Introduction
Ultrasound action on complex molecular media may result in various modifications such as: stimulation of chemical reaction, water decomposition in H and OH radicals - which is followed by hydrogen peroxide generation-polymerization and de-polymerization, cell membrane disorganization due to proteins damages (especially enzymes), lipids and vitamins damage. Protein molecule modifications are dependent on the side chain and lateral chain nature as well as on the gases dissolved in protein suspension. Protein de-polymerization could be related to the cavitation phenomena, precisely on the implosion forces acting on cavitation bubbles. De-polymerization was noticed only when the dissolved gas was oxygen. Enzymatic activity of various proteins is diminished, vanishes or it is not affected by ultrasound action. When enzyme activity is affected, then a mass transfer under ultrasound waves occurs. Glucose, fructose and saccharine may be hydrolyzed under ultrasound action and new compounds may be generated in the initial liquid matrix. Some vitamins such as C vitamin are destroyed while the biosynthesis of other vitamin, such as D2, is stimulated by ultrasound waves. 

Energy absorption in animal tissue is given by:
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where P is absorbed power, I1 is the ultrasound intensity, S is the tissue surface, d is the tissue width and a
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 is the absorption coefficient.

In the Table II the absorption coefficient is given for different tissues.

Physical quantities that are able to describe ultrasound propagation are velocity and acoustic impedance (see formulas and Tables II and III): 
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where v is ultrasound velocity, 
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is tissue density, V and P have the meaning of volume and pressure and 
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is the adiabatic compressibility coefficient.

Table I. 

Absorption coefficient in biological media (C. C. Tudose, 1997)

Frequency (MHz)
Tissue
Absorption coefficient (cm-1)

0.800
Muscle and grease
0.141

0.800
Grease tissue
0.102

800
Muscle
0.192

2.400
Muscle and grease
0.472

1.000
Water
0.0003

1.000
Sanguine plasma
0.007

1.000
Blood
0.02

1.000
Muscle
0.2-0.5

1.000
Liver
0.17

1.000
Kidney
0.22

1.000
Grease
0.13

1.000
Bone
3.2

Table II. 

Ultrasound velocity and impedance in some biological media at 24 0C 

(Schmitt &Brown, 1970)

No
Propagation medium
Acoustic impedance (g/cm2/s)
Propagation velocity(m/s)

1
Water
1.48
1480

2
Blood
1.64
1547

3
Brain
1.56
1514

4
Muscle
1.63
1567

5
Collagen
1.68
1680

6
Soft tissue
1.55
1550

7
Bone
6.9
3550

8
Dentine
8.0±0.4
3600±200

Ultrasound velocity in biological media is dependent both on the protein concentration of biological liquids composing the biological tissue and on the external pressure - factors that are influencing tissue density. 

But the influence of these factors is depending on temperature so that, in the present study, we carried out measurements on the ultrasound velocity in biological tissue for different temperatures.

Materials and methods

An ultrasound pulse method was utilized to measure acoustic wave velocity. A laboratory device designed and assembled in our labs was used for the biological tissue exposure.
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Pulse generator had a frequency of 103 Hz while the high frequency had a variable frequency in the range 1-4 MHz. Three adiabatic rooms, having an ultrasound generator and receptor ceramic plates with the frequencies of 1, 2 and 4 MHz, were used in our experiments. The cells containing tissue samples had different lengths and are bounded to the generator and receptor of ultrasound through two acoustical adapters, in which ultrasonic damages are negligible (fig. 1).

Water, rabbit blood and beef liver, were the biological materials that we tested. Temperature was varied between 24 0C and 39.5 0C using a Unicam Specac Digital Temperature Controller Unit.

Results and discussion

[image: image14.wmf]water

y = -0,0229x

2

 + 1,0627x + 

1466,8

R

2

 = 0,9976

1470

1472

1474

1476

1478

1480

20

25

30

35

40

45

50

temperature 

velocity

Ultrasound velocity recorded for every tested temperature is given in the graphics below. In all three cases there is a decreasing of ultrasound velocity to the temperature increasing, a second order polynomial being the mathematical function that fits better the experimental points (according with literature data - Naghy, I., 1984).
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Figure 2a. Ultrasound velocity (m/s) in water (R2-square correlation coefficient). Temperature in 0C.

Figure 2b. Ultrasound velocity (m/s) in rabbit blood (R2-square correlation coefficient). 

Temperature in 0C
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Figure 2c. Ultrasound velocity (m/s) in beef liver (R2-square correlation coefficient).

Temperature in 0C

In the Table III the coordinates for maximum points of the polynomial approximation functions are given.

Table III. 

Ultrasound maximum velocity values as computed by polynomial approximation

No.
Sample
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1
Water
23.20
1479.13

2
Rabbit blood
22.59
1547.27

3
Beef liver
22.02
1598.08

It results that velocity is reaching a maximum value for a certain temperature that is very closed to the 24 0Celsius, i.e. the lowest temperature considered in our experiments. Some unavoidable error sources affected results in Table III, so that in the case of water experiments the velocity obtained experimentally for 24 0Celsius is lower than the maximum velocity. 


In Figs. 3 a-c some mathematical correlations were revealed between the three investigated media. It is obvious that linear functions fit experimental data. From line slopes, one may observe the same order relation for every temperature:
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To get an interpretation on this relation we combine the relations (2) and (4):
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and look to the Table II, where is obvious that:
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So, we may say that coefficient 
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 is the one that need to take adequate values to assure the inequality (5). Further experiments are designed to get this coefficient. One can see that linear correlation coefficients are high, but distinct from the unit, revealing direct proportionality relationships but also peculiar behavior of the tissue couples considered in the above graphs. This may be related to the different values of tissue impedance and adiabatic coefficient.

Conclusion

1. Ultrasound velocity in the tested biological media decreases to the temperature enhancing, in the temperature range tested inhere, following a second order polynomial.

2. For any tested temperature value, ultrasound velocity is higher when the protein concentration is higher

3. Linear correlation between pairs of biological media was obtained, slope values reflecting various differences in protein, oxygen and glucose concentration.

Further investigations are designed in order to evaluate adiabatic compressibility coefficient and absorption rate, since medical applications (diagnosis and therapy) are requiring such information in order to compute ultrasound energy doses.
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Figure 3b. Linear dependence of ultrasound velocity (m/s) in water on the ultrasound velocity (m/s) in liver
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Figure 3c. Linear dependence of ultrasound velocity in blood on the ultrasound velocity in liver
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Figure 3a. Linear dependence of ultrasound velocity (m/s)


 in water on the ultrasound velocity (m/s) in blood
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Figure 1. Block schema for determination of the velocity and absorption coefficient of ultrasound in mammalian tissues
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