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INTRODUCTION

Varicus me+hods are ncw availeble for clirical

exrloration of <he breast. The most corrmonly  used
nethods provide irnformation essentially on nmorprhology
ard structure, including macrcsceopic data. {Paipaticn,
radiography, echeograchy) and micrescopic data {cy-olagy,
histology). By contrast, the <thermal methods, amcng
“hem sxin  thermography  usirng infrared scanrers cr

ligquid crystals films, offer <the advantage of givirg
information o thermorhvsiclogy. The superficia
thermal patterr of <tha breast is in Ffact rela==d <o

setabolism and wvascuilarizazion within the znderlyirg

tissues. It may therefcre be charged significanzly
as a result oI normal phencmera le.g., =Trks manrnstrual
cvclis CY  Eragnancy) cxr Tathclegical Drocssses. As

carcers vary so widely, 1ot cnly irn +their his=ologic
it is impertant to study +he zchermoclogical dimension,
which is related tc the varicus preperties of cancer.

Lawson Introducad infrarsd thermography Zer

the eosvalvation ¢f reast lesicrs ir 19356 (Gautherie,

1983). Infrarsd <thermograchy is  parformed  with  <he

1se  of  remcte-sensing scanners which analyzse thermal

radiation from

r

1]

skxin in the infrar=d range of

elecztromagnretic spectrur {Gautherie et al., 1972).

Central Library - Ain Shams University



In the last 10 years, the development of systamTs

in which thermecsensitive liguid crystal filcs are

used has resulted in renswed interest in this medalitv.

"

In liguid crystal thermograzhy, thermosensitive

cholesteric liguid crystals deposited on spscial films
are used. Plates ccntaining these films are ©brouch=

irto contact with the skin and provide direct obsarvatrion
of the cutaneous thermal pattern as a coloursd nmas.
Dramatlic improvemernts in <his techrologv have occcurred,

particularly in the areas cf thermal and spatial

resclution.
The interpretation of ©breast <thermograms sheoulsl
ret depend upcn subjective feelings bu-  should  use

a certain objective schame which =akes intc cernsiferaticn

]

both thea acsolute temperaturs diffararncss between
both breasts and changss in the +thermovascular patterns.
Numerical scores can now be assigned to each abreormality
and the sum of these single scores can be related
te  the ultimate thermal class &ssigned {Gautherie,

1983).

The aim of this work is <o spotlight thz possibls
rcle of liguid crystal thermograghy as a <%o3l in *he
diagnosis c¢f breast lesions not o raplace but to
complemant the widely usaed well krnown nethods of breast

irvestigatiors.

Central Library - Ain Shams University
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PHYSICAL CONSIDERATIONS

Thermography is the procadure by which the heat na-
turally emitted by the body 1s detectsd, measured ard ima-

ged. The resultant image -the thermcgram- is a wvisualiza-

h

tion of the distribution of <tha heat tatterns of the pedy

n

urface. This hesat is naturally emitted as a resul: of
either normal body function or dissase or injury

(Gautherie, 1983).

Twe methods cf thermal imaging are presently avai-
lable for <=xroutire thermograchic assessment of Dbreast
heglth, infrared therrmcgraphy ard liguid cryvstal thermogra-
phy. Althcugh both are non invasive, they ars totally 3if-

farent in

ct

teir underlying vphvsical zrinciples and techno-

lcgy (Gautherie, 1973).
Infrared Thermography

Infrared thermography 1s perforned witnn the use of
remote~-sansing scanrners which analvze <harmal radiaticn
from the skin ir the infrared range of the electromagnetic
spectrum (Gautherie et al,, 1972)}. Electronic devices cou-
pled to the scanner and fitted with microprocessors allow
real-time display of images which represent “he =emperature

distrikbutior ovar a large part cf the body.

These machines ares accurate, reliable and zar be
tsed for thermcgrachic studiss in a wariztv of pathologic

circumstances. Howaver, their relztive hich cecst has limi-

Central Library - Ain Shams University



ted +their utility to specialized departments, mostly in

hospitals (Gautherie, 1983).

Infrared radiaticen is an eleciromagnetic radiaticn.
Thus it shares the characteristics of wave moztlons and spa-
cifically those of electromagnetic radiations. It is part
cf the same wide spectrum of wave liks rzadigticnrns that

include radioc and light wawes, ultraviclet ravs, xX-ravs,

and cosmic rays. Infrared lies just beyvond the rad end of

wavelength and lower energy than 1light ravs. Irfrared
energy or heat radiation, 1s enitted as a functicn of local
tenperaturs (Gautherie et al., 1972). 211  obfects
ir nature seek to acguire or remain in thermal eguilibw=ium

with +thelr surroundings. Thus ar

1)}
m
n
[0}
HHy
11
Y
()]
03]
et
|_J
]
¢

infrareg rays. Metarclism generaTes neat. L
Tetabclism is  of:ten increased in areas ©of mnmalignant
tumour, inflammation, or irjury. Circulaticn and

some other body mechanisms contribute to the rwain-erarnce
of human thermal eguilibrium. Ir the course of these
processes, some arsasgs of +*ha skin will be warmer ard
othars cooler. Rlzhough invesible, <this srontarecusly
emitted radiarnt erergy, which 1is fundarmenzal o =zll
nature, is the physical basis for <herrmograchy (Evans
and Gravelle, 1973}.

Apparatus and Principles Employed

There are a number of xachines ceorercially

Central Library - Ain Shams University



The EMI Thermoscan
This scarrer allows an easy change from a “wo—-dimern-—
sioral tc a sirgls lirs scan. The horizontal and vertical

fields are scannsd by means cf rotating plarne mirrors(Evans

and Gravelle, 1973).

The Pyroscan

The pyroscan was the first British apparatus te be

L
]

velcped for mnsdical thermcgraphy. The detecticn unit

uses ar indium antimcnide cell cocled with liguid ritrcgen.
The infrared radiaticon is fccused by mirrors on to a sen-
sitive indium antimeonide cell, A change in conductance in
<he cell is ceonverted intc an eguivalient voltage to preduce
a kplacx and white picture on & spscizl “vpe of zaper (Evans

and Gravelle, 1973).

The Barnes Medical Thromograph
This eguipmen* uses a thermistcr detector and has

a2 scanning time o©f abcut 3 mirutes. The <thermistor cell

needs no cocling and has a wide spectrum of response to in-

frared radiation (Evans and Gravelle, 1973).

Central Library - Ain Shams University



Liquid Crystal Thermography

Liguid crystal thermography a nrew modality of ther-
mography uses certain chemical substances which are choles-
terol derivatives that selectively reflect polarized light
in a spectrum of narrow wave lengthgs. Theay have sirons mo-
lecular rotatory power and specific colour temperaturse res-
ponses that are utilized incolour thermography (Crissy et
al., 1970). The adaptatiorn of ligquid crystals to thermo-
Graphy in previous years was hampered by the necessityv of

skXin preparation with black, water-based paint in the form

I

cf a spray prior to the actual applicaticn of liguid crys-
tals to the skin (Pochaczevsky and Meyers, 1979). Rigid
plastic pla<tes subseguently skin preparatiorn ard srraving,
but the unyieldirng plates precludes uniform ccntact between
the liquid crystals and the skin, particularly whan applied
to the spine o©r extremeties. The resultant thermograms
were, +therefore, inadeguate. 2 new contact *hermograchic
technique using liguid crystals embeded in elastometric
Flexi-Therm was first adapted clinically for breast thermo-
granhyv. The methed was further refined for wuse with
the extremities by nmourting the elastic sheets, which
had been impregnazted with liquid crys=als, on inflatable

frames or boxes. The resultant ligquid crystal "air

pillows" cculd +hen ke closely contoured to anv share

Central Library - Ain Shams University



or body surface. Six or mors air pillow" boxes ars
used and pregressively numbered from 24 to 35 to corrsspond
to the medium celsius temperature ranges of the
incorporated liquid crystal “lexi-Therm sheets. Liguid
crystals have accurate arnd reliable colour respcnses
to specific *“emperature changes. The lowest temperaturs
irn.  the liguid crystal thermal gradient is displayed
as darkx Lbrown. As “empsrature risgses, the colour changes
from dark brown to tan, reddish brown, vellow, greesn,
light blue, and then dark blue. The highest temperature

(hyperthermia) ig indicated by a darx blus colour

w

ré <tha 1lcwest temperature , hypothermia, by a dark

brewn colour (Pochaczevsky et al., 1982}).

The Thermographic Examination
Patients ars prepared by disrobing znd waiting in

ar air-ceornditioned, draft-free room feor 15 minutes. Th=

"air pillow" selected is the one with the widest display
Zcr the patient's skin temperature, A 30 °C box is
initially used. If brown colours seem tCc predominate, skin
temperature 1is +toco cold for that particular box, since
brown represents the lowest temperature on the liquid crys-
tal cclecur scale. A 28 °C box is then substituted. If blue

cclours predeominate with the 30 °C bex, the skin temperatur

)

is too warm, since bklue irdicates the highest tamperature
on the liguid crystal ccleur scale. A 32 °C box is then
used. The appropriate beox is then firmly pressed against

the patient's skin. A coloured image promptly ap
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