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Introduction:

The continuing use of ultrasonic techniques in warious
branches of elinical medicine has been Tollowed up by cons=
iderable effort to establish whether or not insonation ecan
be harmful, Although no deleterious effects have yet been
establiahed,‘some of these may not become. apparent for one
or more generations. For the present any harmful effects
can only be Investigated by means of animal experiments,
chromosomes studies, and e¢linical observations (Taylor and

Dyson, 1972).

Gold berg, (1975) reported that, "it has never been -
reported any adverse effect attributable to ultrasound,”
numerous studies showed that ultrasound is safe at intenai-

ties below 100 MW/sq.Cm,

Taylor and Newman (1972) found that expeaure to ultra-
sound waves frequencies higher than that used for cliniecal
diagnosis, causes modification of surface properties changes

in membrane permeability or even cell rupture,

The aim of this wcrki-Is to study liver function teats

inpatients with bilharzial liver fibrosis before and

after ultrasonic axposure,
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_ Historical  Review

_ Physical Principles  Of Ultrasound
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I) HISTORICAL REVIEW

- Carlsen, 1975, reported that tha c_uriea in I880 obsge:
ved that a mechanical stress applied to a: quarfz crystal
caused an electrical potential, conversely, jwhe-l an ‘elec.:-‘
trical potential was apnlied across. the cryntal,' tﬁe'la’tt‘#.
er would deform slighty (Piezoelectric and reverse piezoce-
lectric effect). The niezoelectric effect is the heart of
the present ultrasound imaging systema, The first ultras-

ound instrument was the dog whistle developed in I8RO,

Langevin, 1928, reported th use of high frequency
sonic power for detection of submarines, Attempts were

made to apply ultrasund for medicel diagnosis juat prior

to the second wofld WAL,

Howry amd Bligs 1952, one of the pioneers of disgnosti
ulrasound, de{reloped the principles of compound canning.

The echoes received were displayed as intensity nodulated

dots on a large phoaphor screen.

Wild, I952, one of the earliest pioneers, demons:
trated that ultrasound could detect differences between

normal tissues, benign and malignant tumours of the breast

with 903/ accuracy. '

Donadd et al.,, 1958, is responsible for the development
of contact scanning concept, and for pioneering the extens-

ive application of ultrasund in obstetrice and gynaecology.
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Through efforts of these early investigators and
others working with them and after them, diagnostic ultr-
asound has evolved into a highly useful tool of diverse

clinical application ( El-Bassioney, I1978).

1I) PHYSICAL PRINCIPIES OF ULTRASOUND

Goldberg, I975 defined sound waves as mechanical waves
tranemitted through molecular media by causing alternative
condensations and rarefactions. One condensation and one

rarefaction constitutes one cycle.
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Figure (1): Ultraaound wave,conaiat of compressions
and rarefactions propagated along the sound beam
axis within a molecular medium, (Carlsen, 1975).
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Wwave Length : 18 defined as the distance from one

pressure peak to the next pressure peak. Wave length in

medical application ranges from 0.I«1.% mm.
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Frequency: The frequency of sound is defined as the number of
waves per unit time and expressed in terms of Hertz (Cycles

per second).

~--Hertz = one cyle/sec,
- Kilo Hertz = 1000 cycles/sec., = K. Hertz,
- Mega Hertz = 1,000,000 cycle /sec, = M,Hertz = MHz,

The range for diagnostic ultrasound is about 0,5-20 MHg

Velocity: Tt equale the wavelength timed the frequenoy, which

is constant,.

Thus, in a given medium, the frequency is inversely pro-

portional to the wave lenght (Baker, 1974),

The velocity is modified by the density and eleaticity
of the:'medium (Barnett and Morley, 1976).

The velocity is more in solids than in liquids, and is
more in liquids than in gases, Thus air in the lung or gas in

the bowel presents a barrier to ultrasonic examination,

Ultrasonic waves: Ultrasound is defined as a form of

acoustic vibration with erqnencies 80 high that it cannot be

perceived by the human ear, The human ear can detdet sounds

with frequency ranging between 20 and 20,000 hertz, Ultrasounds

have freguency higher than 20,000 while infrasounds have
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_ 20 Ha o=
RUDIBLE RANGE
20,000 Ha
=
50,000 Ha ULTRASONC
— —— CLEANERS
904000 Hz
MEDICRL APPLICATIONS |
20,000,000 Hx
-

Figure (2) Ultrasound is sound above the detection

of the human ear. The frequency range for med-

ical application is in the megaHertz range,

(Carlsen, 1975).
frequency less than 20 Hertz, both cannot be heard (Pigure2)
This is an arbitary physiologic-definition, since man exhib-
its great variations in the upper limits of his acoustie
perception (Carlsen, 1975).

Iﬂtensity: I1s defined as the power per unit area, measured in
milliwatts per square surface area (M.w/sq.cm). The powéi? is
the rate at which energy 1is propagated past an imaginary
surface perpendicular to the sound beam, 1t is expressed in

watts.
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Attenuation: 18 the decrease in intensity of a sound

beam passing through a medium. It im expressed as '"half
value layer" which is the distance that sound can travel
before its initial intensity is reduced to the half, Bone
has a smaller value than fluid, so bone attenuation is

greater than fluilds.

Attenuation is caused by many factors as absorption
of sound energy by tissue, divergence of incident beam on .
interfaces by refraction and scattering, Attenuation depe-
nds on the propefties of the medium and the frequency of the
wave (Baker, 1974),

Acoustic impedance: It expresses the overall transmi-

sgion of ultrasounds in a given medium, and equalas the

veloc ity times the density of the medium (Baker, Y974),

Reflection and refraction of sound wave: Reflection

occurs at the interface between two media having different
acoustic impedance (Figure 3). It is expressed as "preasure

amplitude co-efficent " (R)

ITERFACE

Q0
o °

903
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PROPRLATED wavE

Figure (2); At thehoundary between two media having different
acoustical densities a reflection will oocour
end a portion of the propagated wave will

continue. (Carlaen, 1975).
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and depends on impedance mismatch the two media, K¢ soft
tissue-hone interface, great amount of ultrasonic energy

is absorbed, depending on the calcium content of the bone
also most.tha energy is refleoted because of great mimmatoh
in acoustic impedance (Garrett et al., I975). The remaining
energy, from the propagated wave, will continue into the

second medium as refracted wave,

Since uitrasound waves are directional in nature they

resemble light and obey optical laws.

Resolution: It is the minimal distance between two
point targets required to recognize each point distinctly.
It depends on the. sanic frequency, higher frequencies have
better resolution but fall off rapidly, while lower frequ=-
encies héve excellent transmission (Penetration) but poor

resolution (Baker, I974).

There are two types of, reaolution, lateral (azimuthat)
which recognizes point targets in line perpendicular tou
the axis of sound beam, and it is Inversely proportional
to the beam width. The latter depends on the diameter of

sound source (crysta), the frequency and the distance from

the source (Baker, J1974).

The second type of resolution is the axial (or depth)
one, distinguishing point targets on a line parallel to the

sound beam. Axial resolution depends on the wave length.

Pilezoelectric Effect: (Figure 4). Is the heart of the

present ultrasound imaging systems (@ arlsen, I975).
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