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ZZ Other

/ (Pitkin et al.; 1991) .

INTRODUCTION

Ultrasonic echoscopy 1s rapidly becoming accepted as

a standard method of examining the abdominal organs. There

alr g

s many departments using tNls eguipment and so many different

types of machines commercially available {Rebinson et

1972)

ad.y

Of the many technologic developments of the past quarter

century , non has become as thoroughly integrated into the
practice of obstetrics and gynecology as diagnostic
uvltrasonography . It 15 Dbased aon technnology developed +for
military purposes in world war 11 , but its potential
applicability to the solving of the mysteries of the uterus and
its contents was first recognized by Ian Donald , who plaved the

maior role i1n disseminating and populari1zing a new religion
= — e ——

There is no doubt that sonar has{ to offer/ obstetrics

gynecology . but also obstetrics and gynecology has  to
1t in the wider field of medical diagnosis . It 15 olear
our branch of midicine has provided sonar with 1ts Ffirst

breakthrough (Donald et ai.., 1989 .
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Before gynecologists came on the scene 1t is true that
work was being done on an increasing scale 1n the fields of

neurology ., cphthalmology and cardiclogy . but the technical

difficulties of applying sonar on a wide and varied Cfigffm_ﬂisi’;; ,

Fe going hard . The real punch has come 1n the course aof the

last 10 years , during which gynecologists have increasingly

interested themselves in i1ts applications (fonald et al.; 1548%).

Ideally , development of technology should include the
consideration Of several i1mportant guestions, with reasonably
firm answers required before itgs incarporation i1nto clinical
use . As the first pr}prity . 15 1t sangl Then , what are 1its

y2
uses and limitations 7 Finally . what 1s the cost and 15 it

CQEE_:#§££g££iXEﬁ€§%n the case of wltrasonograpby . as  1hdeeaq
with other technologic developments i1n medicinge ., this seguence
was not followed . Instead , the technigue was introduced and
adopted widely . no doubt i1nfluenced by the commercial 1nterests
of the makers and users of the egquipment , before there was much

1in the way of logical consideration of these essential guestions

{tFitkin et al.; 12991} .
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AIM OF THE WORK
THE AIM OF THIS WORK IS TO CLARIFY THE ROLE OF ULTRASONOGRAPHY IN
OBSTETRICS AND GYNECOLOGY .

g

Central Library - Ain Shams University



CHRPTER 1

ETORICH \EW[EUJN{J

Central Library - Ain Shams University




HISTORICAL REVIEW

The history of ultrasonic 1s rela t ively short one {Donala

et al.; 1747) .

In 1880 (13 vyears before the discovery of x - rays), Pierre
and Jagques Curie discovered the pilezoelectric properties of
crystals and demonstrated that an electric charge wlll develop
whern mechanical energy 1t applied ACt Oss thelr surface

{Gottesfeld et al.; 19758) .

It was necessary for engineering practice first to catch up
and to introduce to us the echo sounding technique for the
detection_o% flows Iin metals with the same principle, though
miniaturized , as had been developed 1n the 1914 - 1918 war for
the detection of German U — boats lurking within the depth of

the occean {(Jonald et al.; 19a%) .

Medical sonar has thus benefitted from the availability of
industrial equipment which rapidly grew to a position of every
day usage (Donaldet al.; 17a%7)

Dussik (1?42) in Austria began by trying to measure the
transmission of ultrasonic energy througnh the intact brain buat

he failed (Panaldet al.; 175%) .

The  use of "reflectoscope” (b he rirst ultrasonic

inetrument} dates back to 1945 (Donaldet ai.: 1949 .
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The echo information supplied by a single scanning beam 15
difficult to unravel unless it is depicted 1n two dimensions av
jeast ., the first two dimensional sonograms were produced by
Howry and Bliss 1n 1930 {Donalo et al.; 19497 .

By the original pioneer work in the United States by Wild .
Howry . Reid and Bliss in the early 1930°s soft tissue studies
became possible , but their experiments were carried out onh
animals and corpses {(Donsld et al.; 1959) .

Danald was able to cut a lot of the corners which they had
first to round and used high - frequency ultrasonic waves +or
detecting changes in the texture of living tissues (Donolg et
al.; 1%959) .

Much of the original work with diagnostic ultrasound in the
field of obstetrics and gynecology was undertaken by Donald in
Scotland (Donald and Abdulla 1947 ; Dangld et al., 194%) .

The principles of the use of ultrasound in obstetrical and

gynecological diagnosis were Fully discribed by Dormrald .
MacVicar and Brown (1758! tCampbell et al.; 1958) .Gther
"apostles" rose up and Jjoined the movement : Taylor ., Thaompson .,

Gottesfeld and Holmes in the United States (7oylor etal.; 1954 ¢

Thompsoan et ail.: 1945 ; Gottesfreliod et ai.: 1984 ; Gottesfeld et
ad.y I957) , Campbell in Scotland ana England (Campbell ,1968 i
Campbell , 1969 ; Campbeli and Dewhurst |, 1971) , and Robinson
in Australia {Robinscon , 1973

Ly
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PHYSICS OF ULTRASOUND

Sound 15 the orderly transmission ot mechanical viprations
through a medium . The number of this vibrations per second &

the frequency (f) {Chudieigh and Fearce , 1985) .

The human ear capable of hearing freguencies of between

16,000 and 20,000 cycles per second .The unit of frequency 1s

] the(EEEEEB(Hz) « which 1s equal to one cycle per second . 0One

million Hertz equals one Mega Herz (MHz) Ultrasound by
definition is beyond the range of audible sound and therefore

has a frequency greater than 20,000 H:z (Jiskin , 1991)

The atomic and molecular structure of a medium will
determine both the velocity and wave characteristics of any

transmitted mechanical wave (sound) (Jiskin 12910 .

The speed of Sound :

The spead with which ultrasouna passes through a medium
depends upon the density and the glasticity of the medium .
The more dense or rigid the medium . The agreater the velocity of

ultrasound iChudleigh and Fearce , 1%8&8) .
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A fixed relation—-ship between acoustic speed , wavelength
and freguency exlsts as follows

Vo= f 3

Where V is the speed of sound in conducting wmaterial

{meters / second) , ¥ is the freguency (Hertz) , and }. 15 the
wave length (meters!) . If the acoustic speed within  any glven
meterial is constant , then as the Ffreguency 1ncreases ., the
wavelength decreases . Thus spatial resolution improves with

increasing frequency {(Jiskin 1991)

The depth of a structur; within theldey is estimated from
the velocity . and the time taken for the ultrasound beam to
travel to the structure and back again (go — return taime) from
the formula :

depth = velocity /7 go — return time x ﬂ& ‘{Chidleigh

and Fearce, 19850 .

Intensity of Sound :
Intensity 1s the measure of the "strength"” of a sound wave.

Consider an imaginary plane positioned perpendlicular to a sound

wave . Fower 1is then defined as the rate at which energy passes
this plane . The unit of power is the watt . Intensity 1is
defined as power per cross ~ sectional area and 1s erpressed as
watts per square centimeter (Wrcm®) (Ziskin . 17910
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Production of Ultrascund :

Ultrasound waves are produced by applying a short pulse of
electricity to a piezoelectric crystal . This causes the
crystal to change its width . The change 1n width causes the

particles of the adjacent medium to vibrate .

These vibrations are propagated through the medium as

a pulsed , sinusoidal wave (Chudleigh and Fearce , 1985) .

The generation of ultrasound had to await the discovery of
piezo — electric crystals . Piezo — electric crystals are able
to respond faithfully to applied electric signals at high
frequencies to produce ultrasonic waves , and they likewise ara

able to convert accurately ultrasound waves into corresponding

electric signals . The most important natural crystals
possessing this property is quartz . Although quartz has been
used in ultrasonic generators for many years , 1t has now been

replaced in medical devices almost entirely by synthetic cerami:z
crystals such as barium titanate and lead zirconate titanate
(FZT) . because these synthetic gcrystals possess bettor

mechanical properties and are easier to fabricate than quartz

(Ziskin , 1991) .

T ~ N
The piezo -~ slectric crystal (togather with 1ts housing) is

m
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known as a transducer .It acts both as a transmitter ano
receiver of ultrasound (Chudleigh and Fearce , 1986) .
Types of Transducers :

Transducer probes come in & variety of shapes and sizes .

each of which is designed for a particular application . Some of

the more common types are cylinderical , flat ., perivascular ,
aspiration and multielement transducer arﬁayE . The cylindrical
or pencil — shaped transducer is designed for those examinations

reguiring scanning or searching for a particular structure .

4

The flat transducer , 1n the shape of a disk , is useful
for prolonged monitoring since it can be taped to the skin and

need not to be held throughout the examination period .

The perivascular type is a cuff that is mounted around an

exposed artery or vein at the time of surgery . Very small
transducers can be mede and mounted on catheter tips , which can
then be inserted into blood vessels or the ureters , allowing
close inspection of these structures . The aspiration transduce-

15 essentially a flat transducer with a central aperture througn
which a hypodermic needle camn be i1inserted . This transducer

allows simultanous viewing of the needle tip location and

surroundilng anatomic structures and 15 usetul for

amnincentesis . Various multielement transducer arrays arg

presently availble . In these probes ., as many as &4 or more
&
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