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Summary. A personal method of sequential analysis of Contact Thermographic (C. T.) pictures
by means of a light source with a suitable line spectrum is described. The contact spectro-ther-

0,l°C. The sequential isotherms give the best morphological and functional assessment of the
vascular network. The C.S.T. performs a real time thermal angiography with challenge test. The
computerized storage of the doubtful C.S.T. patterns could be utilized as a quantified risk factor
in healthy women.
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A) INTRODUCTION

The development and steady increase of po-
pularity of Contact Thermography (C.T.) as a
diagnostic method in breast pathology are
mainly the result of the possibility of achieving
the detailed morphology of the breast thermal
picture with simple and relatively low-cost
means.” However, this technique is still faulty
versus infra-red tele-thermography (I.T.) due
to the missing quantification of the thermal
image. It is known that the quantitative aspects
of T. exhibit a considerable interest for the ob-
jective information it supplies on both the
thermo-morphologic and biologic levels in the
evolution of tumours.5

In the present paper a method is described,
which makes the C.T. examination quantita-
tive by determination of the distribution of iso-
therms and the relevant temperature values by
spectroscopic techniques, hence the term Con-
tact Spectrothermography (C.S.T.). Moreover,
isotherms are dicussed, in order to understand
their biologic meaning.

A K N O W L E D G E M E N T S. The Authors  thank Dr.  B .  TE O-
FOLI and Miss. T. PA N A G I O T O P U L U  for their contribution
to the clinical preliminary trial with the C.S.T. unit.

1. Introduction to C.S.T. requires a brief
hint as to the structures and properties of li-
quid crystals, substances which occur natu-
rally in a state intermediate between solid and
liquid. These liquid crystals form the base of
C.T.2 With respect to their structure, liquid
crystals may be differentiated into nematics,
smectics and cholesterics.

a) Nematic liquid crystals consist of elongat-
ed molecules oriented along a preferential di-
rection (director). The order is only orientati-
onal, whereas the positional order is missing.

b) Smectic liquid crystals are characterized
by orientational order and also by a partial po-
sitional order.

c) Cholesteric liquid crystals, in an idealized
albeit not rigorously correct model consist of
overlapping molecular layers. Each layer con-
sists of long ((optically active)) molecules
which are oriented along a preferential direc-
tion (director). The various layers are slightly
twisted with respect to each other (Fig. 1) so as
to give origin to a helicoidal structure.3 The
reason for this type of molecular arrangement
must be sought in the chiral symmetry of each
single molecule, which is induced in the whole

mechanical model contributed to a better un-
derstanding of this type of structure (Fig. 2).
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I BRAGG’s law3 by which one may establish an
univocal relationship between the wave-length
of the maximum of selective reflection and the
pitch P of the helix (knowing the incidence
angle), which is in turn a one to one function
temperature T.7

The analytical expression of this law for
example for perpendicular incidence, is given
by

(1)

the liquid crystal. For simplicity, the selective

(idcalizad model). of the light on an isothermal surface covered

The portions of endless screws represent the
molecules with chiral symmetry. This is the
symmetry, for example, of a dextrorotatory
screw, which reflected mirror, gives the image
of a screw tightening in opposite sense or vice-
versa. A pile of these portions of screws affords
a spiral-shaped structure by joint or by steric
arrangement. Pooled quantimorphous struc-
tures may compensate partially or totally by va-
rying the pith of helix to the infinite in the ev-
ent of complete compensation, i.e. the middle
pile, as in a real cholesteric mixture of com-
pounds with a variable pitch.’

2. One of the most important properties of
the helicoidal structure of cholesteric liquid
crystals is the selective reflection of in-
cident light.’ This reflection follows the

ith an appropriate cholesteric mixture. The
earn of white light (including all the radia-
ons of the visible spectrum) scans from above
he cholesteric structure (Fig 1). The light
eam meets the first molecular layer and,
hrough the effect of its amsotropy, undergoes
double linear polarization parallely and per-

endicularly to the nematic director. The pa-
allel component is reflected, whereas the per-
endicular component is transmitted to the
ayer immediately below, which is slightly
wirted.’

The light undergoes again a subdivision into
parallel riflected component and into a trans-

mitted perpendicular component, and so on
with the following layers, with the final result
of having a circulary polarized light in one
sense, which is reflected by the various layers,
and a circularly polarized light in the opposite
sense which is transmitted in the various lay-
ers.’ Finally, the latter one is eliminated by ab-
sorption by covering in black the test surface.
Therefore, the component of light reflected by
the various layers is only persisting, which en-
hances its intensity at a certain wavelength
being circularly polarized, only when it is ref-
lected by layers of iso-oriented at half-pitch
distance (BRAGG’S condition). The macroscop-
ic result is to have on the isothermal surface an
even colour corresponding to the selectively
reflected wavelength.

On the contrary, in the instance of a thermal
gradient (Fig. 3), the helix pitch is variable and
accordingly also the selectively reflected wave-
length will be variable. Therefore, a range of
reflected colours, which cover the whole vis-
ible spectrum will be possible. Since the colour
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affords only subjective data on temperature it
is necessary to analyse spectroscopically the
reflected light.

B) CONTACT SPECTROTHERMOGRAPHY

1. Spectrothermographic method

After having described the principles of li-
quid-crystal T, by stressing the quantitative
reactions between selectively reflected wave-
’ length and temperature, the methods to mea-
ure the distribution of temperature in a ther-

mally uneven surface, such as the human skin,
may be described.

A thermally inhomogeneous surface exhi-
bits, however, isothermal areas which, covered
with a liquid-crystal plate, show areas of the
same colour (isocromatic areas).

The principle of C.S.T. is the determination
of the wavelength selectively reflected by an
isochromatic-isothermal area by spectral ana-
lysis and knowledge of the relationship bet-
ween this wavelength and temperature. There-
fore, it may be stated that C.T.S. is the method
which enables to build up the image of an iso-
thermal area as well as the corresponding value
of its temperature by spectroscopic techni-

ues. It is obvious that this applies to all the
otherms, i.e. for the whole chromatically
neven thermal image. These are the essential

of the method (Fig. 4):
a) the area of interest is covered by a

containing properly dosed micro-cap-
sulated cholesteric mixtures and thus respond-
ing in a suitable thermal interval;

b) the plate is illuminated from a line-spec-
trum source; 9

c) this image is photographed by placing in
front of the lens of the camera some filters in
sequence, which select the spectrum lines of
the source, so that for each filter a photogram
is achieved which evidences the relevant iSO-
chromatic-isothermal area;

d) finally, the appropriate values of tempera-
ture are assigned to the isotherms by reading
the diagram wavelength- temperature.

2. Spectrothermography unit

This method has been operative by creating
an equipment (Fig. 4), which enables one:

Fig. 4. Spectrographic unit(laboratory prototype). 1) alight
source with discontinuous spectrum, i.e. a line-spectrum
source; 2) a plate of liquid crystals with appropriate ther-
mal resolution: 3) a monochromator consisting of a set or
suitable f’ilters; a) an instant camera; 5) a flash with con-

tinuous spectrum.

a) to record photographically the traditional
multichrome thermograms;

b) to separate various isothermal areas i n
distinct photograms;

c) to measure the temperatures of these iso-
thermal areas.
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3. Spectrothermographic procedure

a) Separation of isotherms: the discontinu-
ous spectrum light cutting in the liquid-crystal
plate is emitted by a mercury lamp.

The whole energy radiating in the visible of
the lamp is virtually distributed into 4 lines
(Fig. 5) which are very narrow, namely suffi-
ciently monochromatic. These 4 wavelengths,
before reaching the camera, are selectively ref-
lected by the liquid crystal plate in correspon-
dence with 4 different isochromatic-isother-
ma1 areas. Inserting now, between the camera
and the plate, some filters in sequence, which
serve as monochromator, the 4 isotherms are
separated into 4 distinct photographs.

Since it is possible to build up some plates
responding at different thermal intervals, the
number of isotherms may be increased to com-
ply with all the diagnostic requirements in
breast C.T.

b) The  quardfication of isotherms is ob-
tained ascribing to the various isotherms a
temperature value, according to a diagram
which shows the wavelength (A,) of the maxi-
mum of selective reflection as a function of
temperature (Fig. 6).

The shift of these maxima at the change of
temperature is plotted (Fig. 7) and is an

A

example of calibration curves of liquid crystal
plates. The values read in correspondence with
the lines of the spectrum lamp (404.7 nm, 456
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nm, 564 nm, 580 nm) are the required tempera-
ture values.

The hyperbolic trend of calibration curves
makes the measurements of temperature (t)
more sensitive at the longest wavelengths,

preferable to read the t-values only in corre-
spondence with the lines 580 nm, 564 nm and
456 nm, omitting the lowest at 404.7 nm.

c) Spectrothermographic breast pictures.
The C.S.T. examination refers to both

mammae, starting with a single plate. Whenev-
er intermediate temperature values are re-
quired, other plates with different thermal in-
tervals are to be used. Fig. 8 demonstrates the
high selective power in the thermal picture of
the breast, as well as the exact quantification of
the temperature value.

C) DISCUSSION

1. AdVantagea of contact
spectrothermography

At this point, in view of the possibilities of
the method, the advantages and the interesting
aspects in comparison with the other T. techni-
ques at present in use in diagnostic of breast
pathology are listed.

a) very low costs. The C.S.T. method is com-
parable to I.T. and sometimes more reliable as
far as contrast, thermal resolution, etc. are in-
volved.

b) Opposite to panchromatic conventional
C.T. examination, the C.S.T. method allows a
better comparison between the 2 breasts.

c) Concerning the diagnostic clinical value,
C.S.T. through the quantitation of the T. im-
age, contributes to its objectivation, which is
presently missing in usual C.T. (Fig. 9). In par-
ticular, the vascular network is well defined
both from the morphological point of view,
and from the thermal one. The close correla-
tion between the tumoural growth rate and its

thermogenesis justifies the interest of these re-
marks. A hyperbolic pattern between the
doubling time of tumour volume and the
amount of heat of metabolic source produced
for time and volume unit was described in the
thermographic Literature.’ This heat trans-
mitted by convection from the venous blood
flows is correlated with the temperature of the
vessel itself. Concerning isotherms having in-
termediate temperatures or low temperatures,
they are usually depending on the mode of
transmission of heat by conduction to the skin,
proportionally to bioconducibility of tissue it-
self.

d) The seriated isotherms at increasing tem-
peratures allow a real time thermal angiography
and consequently make several dynamic tests
easier.

e) Moreover, this method enables to study
the chronologic evolution of the thermal beha-
viour by quantitative criteria.

2. Future Of Contact
spectrothermography

There are many possibilities in the use of
C.S.T.:

a) The quantitation of a large number of iso-
therms and consequently the computerized
analysis makes the calculation of average tem-
perature easy; indeed, they are given by the
summation of the products of isothermal areas
by the relevant temperatures divided by the

nificant isothermal profile (e.g., hyperthermal
vascularization) and the established average
temperature for a large number of cases could
be utilised to statistical codings of suspect pat-
terns.

These findings could be considered as a pre-
clinical sign of hidden breast disease or as a
risk factor in healthy women.
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Fig. 9 A-B. C.S.T. of both breast. A) Conventional C.T.: the arrow shows a large hyperthermic area with an ill-defined
vascular network in the right breast. B) C.S.T. at 35.6 “C: there are no isotherms on the left breast; in the right breast the

vascular- hyperthermic network is well evident (arrow).
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Thermographic findings as related to the
menstrual cycle

by G. PINO, G.E. SERRA, G. GATTI, M.L,RIGOLI, T. MASSA and S. TOMA

Scientific Institute for the Study and Treatment of Cancer, Genoa (Italy)

Summary. The purpose of this research was to evaluate the changes in thermographic breast
patterns during the various phases of the menstrual cycle (days 1-4-i O-l 4-21-28). The prelimin-
ary findings confirm already published data showing a period of decreased mammary vasculari-
zation around the 21st day of the menstrual cycle. We believe that this finding can be an useful
factor in thermographic breast examination in women belonging to the age group we examinat-
ed in which we observed the greatest number of false positive thermograms.

Key words: breast thermography, risk factors, menstrual cycle, breast vascularisation.

A) INTRODUCTION
cycle in order to identify the most favourable

The diagnosis of breast pathology especially time for C.T. examination of the breast. This
cancer, must be as early and accurate as pos- way, it is possible to decrease the influence of
sible in order to be able to perform a radical the physiological variability and to render the

interpretation of C.T. findings most reliable.
large screening program has been introduced.’
Besides the physical examination (P.E.), other
techniques such as Diaphanoscopy (D.), Ther- B) MATERIAL AND METHODS
mography (T.), Mammography (M.) and Cyto-
logical examination (C.) have been utilized. ’

Fifteen volunteer asymptomatic low-risk
women were studied. Women undergoing es-
troprogestinic treatment and those with irregu-
lar menstrual cycles were excluded from the
study group. Ages ranged from 25 to 38 yrs.
C.T. examination was repeated for 3 consecu-

21st and 28th day. Exams were performed
keeping the air temperature ,time of exposure,
posture of the subject and cooling time cons-
tant. The P.E. and C.T. examinations were per-
formed by 2 staff physicians of the I.S.T. The
C.T. pictures were compared in a double blind
system by the 2 staff physicians so that the ther-
mographic evaluation would not be influenced
by the P.E. examination. C.T. pictures have
been classified in 4 classes increasing in vascu-
larisation (l-2-3-4).

For each method the financial charge on one
side and the risk or the disturbance for the pat-
ient on the other side must be taken in ac-
count. Contact Thermography (C.T.), is the
most recent available method in a mass screen-
ing program.4 The C.T. pattern of the breast
depends upon the metabolic activity either di-
rectly (thermal background) or indirectly (vas-
cular tree) demonstrated. It is even not the
same in all women depending on their age and
hormone levels (menstrual cycle, oral contra-
ceptives, pregnancy, nursing, etc.). The C.T.
examination provides vascular or metabolic
characteristics that can be classified in func-
tion of the intensity, extension and vascular
morphology. There is no fixed standard therm-
ic topography; thermogenesis is dependent on
the age and endocrine profile (menstrual cycle,
presence of oral contraceptives, pregnancy); in

mains unchanged, within certain limits.‘. 6

‘Aim of this study is to evaluate the modifi-
cation of C.T. patterns during the menstrual

C) RESULTS

Modifications of CT. patterns .during the
menstrual cycle were observed in all women.
The average C.T. behaviour in the 4 vasculari-
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Fig. 1. Variation of vascularisation during the menstrual

cycle: average values.

sation classes has to be distinguished from that
observed in each of the 4 classes.

1. In the global series the following results
were observed (Fig. 1):

a) Diffuse hyperthermia all over the breast
(thermal background) was observed from the
1st to 4th day.

2. Taking in account each vascularisation
class (Fig. 2), the thermal trend during the
mestrual cycle has been differently inf-
luenced:

b) A peak hyperthermic background and hy- a) In the first class (very poor basal vascula-
per-vascularisation were noticed at the 14th risation) only a peak of hyper-vascularisation

day. Both the thermal background and the hy-
per-vascularisation were cancelled by the cool-
ing dynamic test, persisting only in 3 women in
the peri-areolar area.

c) A peak of maximum vascularisation w a s
seen on the last day of the menstrual cycle.

d) The lowest grade of vascularisation w a s
observed near the 21st day of the cycle.

No correlation between age of patient and
amount of vascularisation was seen. In one
woman persistent hyper-vascularisation was

noted in the left upper quadrant, even on the
21st day. This woman was re-examined by the
staff physician who found a slight glandular
thickening at the site of the hyperthermia. The
M. examination revealed a fibro-adenosis pla-
que. A biopsy confirmed the clinical and ra-
diological results.
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is identified at the 21st day. No other thermal
modifications were observed during the other
days of the cycle.

b) In the second class (poor basal vasculari-
sation) there were 2 peaks of hyper-vasculari-
sation, the highest one at the 10th and the lo-
west one at the 21st day.

c) In the third class (middle basal vasculari-
sation) there were also 2 peaks, the highest at
the 4th day and the lowest at the 28th day.

d) In thefourth class (rich basal vascularisa-
tion) there were 3 peaks of the same intensity,
at the lst, 14th and 28th day of the menstrual
cycle.

Cl DISCUSSION

Before all, the variability of C.T. vascular
modifications during the menstrual cycle in
each vascularisation class must be empha-
sized. Nevertheless, referring to the average
C.T. behaviour, it is possible to state that the
collected information can be utilized in order
to choose the optimal period for C.T. examina-
tion during the menstrual cycle. The high in-

cidence of the C.T. false positivity in the range
of age between 20 yrs-40 yrs, requires that the
C.T. examination has to be performed in the
period of minimal breast vascularisation. The
personal results put this C.T.-time at the 21st
day. This indication may be accepted whenev-
er a mass screening has to be performed. On
the contrary, when a C.T. examination has to
be performed not as a screening but in a symp-
tomatic woman, then the C.T.-time has to be
chosen according to the information provided
by the 4 class curves (Fig. 2).
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Biological bases in the thermographic study
of breast cancer

by L. ACCIARRI and M. TONEGUTTI
Department of Radiology, University Hospital, Verona (Italy)

SummaryThe factors contributing to the thermographic picture in breast cancer are analyzed.
In particular, the biological and functional features are taken in consideration, that is tumoural
heat hyperproduction, hemodynamic abnormalities and transfer of hyperthermia to the skin. The
technical features related to thermography are also shortly reminded.

Key words: breast cancer, heat hyperproduction, hemodynamic abnormalities, thermography.

A) INTRODUCTION
grating the morphological data achivied by the

Since its early use in medicine, thermogra- other diagnostic methods.
phy (T.) yielded satisfactory results in oncolo- At the present time both infra-red thermo-
gy, in particular in breast cancer diagnosis. In graphy (I.T.) and contact thermography (C.T.)
fact, T. provides functional data, perfectly inte- are used without any difference; they have in



the thermic pictures they provide may be diffe-
rently analysed. The C.T. pictures allow an
ideal morphological analysis of the hyper-
thermic areas, whereas the I.T. picture allows
to quantify more exactly the temperature diffe-
rences (AT) among the various areas of the
breast. Obviously, the T. map results from the
superficial thermal distribution; the thermal
changes induced by the abnormalities of the
breast metabolism and vascularisation in the
deeper layers are therefore only indirectly de-
tectable by means of their heat transfer to the
skin surface.

5) JUSTiflCATlON TO THE
THERMOGRAPHIC APPROACH TO
BREAST CANCER

The justifications to the T. approach to
breast cancer and to the T. pictures formation,
are related to the following factors:

and environment

mental factors.

a) Heat hyperproduction in the tu-

marks about the tumoural heat hyperproduc-

breast cancer examined during surgery, with
direct thermometry by means of thermocou-
ples inserted in the tumoural mass and in the
lateral toracic a. and v. The temperature of the
arterial blood flowing to the tumour proved to
be lower than that of the tumour itself; the ve-
nous blood temperature, although lower than
that of the tumour, has always been superior
than that of the arterial blood. The tumoural
hyperthermia is therefore not dependent from
the arterial blood inflow but only from the tu-
mour itself. The tumour hyperthermia is due
to a biochemical-metabolic abnormality of
the neoplastic cell. Most affected is the glyco-

whereas the fat and protein breakdown
cycles are substantially preserved:

a) the glycolytic breakdown presents a first
step resulting in the breakdown of glucose into

two molecules of pyruvic acid, with the pro-
duction of four molecules of ATP; i) in the
normal cell - aerobic conditions - the glucose
breakdown is completed through the oxidative
processes of the KREBS cycle up to the produc-

pyruvic acid. On the whole, 36 molecules of

Being the potential energy of the glucose

acid produced by the glycolysis is not broken
down via the KREBS cycle, being transformed
into lactic acid: in this step, no ATP is produ-
ced whereas 2 molecules of it are even burned.
In the anaerobic glycolysis 2 molecules of ATP
are therefore formed, with an energetic gain of
18 Kcal. Being the potential energy of this sys-
tem of 80 Kcal, there will be a waste of 62 Kcal
(78%); I6 iii) the comparison between the 2 meta-
bolic cycles of the normal and tumoural cell,
shows distinctly that one molecule of glucose
has to be broken down, in order to produce 36
molecules of ATP in the normal cell in the
KREBS cycle, whereas 18 molecules of glucose
have to be broken down in the anaerobic cycle
of the tumour cell in order to form the same
amount of ATP. The global heat dispersion is
therefore much greater in the tumoural cell (18
molecules of glucose x 62 Kcal = 1116 Kcal) vs.
the normal cell (1 molecule of glucose x 356
Kcal). 16

waste dependant from the biochemical abnor-
malities of the tumoural metabolism, better
defined the tumoural thermogenesis and its
strict relationship with the growth of the tu-

bolic thermogenesis corresponding to the quan-
tity of heat produced by the tumour/volume/
time, shows the following relations: i) typical

strict relationship with the doubling time of the
neoplasm, being the heat production directly

highest values in most cases in which a lym-
phatic spread of the neoplasm is present (carci-
nomatous lymphangitis, lymph-node metasta-
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influences the heat production. In fact, al-
though the neoplastic cellular growth rate gra-
dually diminuishes along with the tumour vo-
lume increase - with proportional decrease of
thermogenic activity -, the quantity of heat
produced by the neoplasm increases proportio-

b) Tumour-dependant hemodynamic
abnormalities: the increase of the energetic
needs of the tumour, as well as the pharmaco-
dynamic action induced by the various subs-
tances it frees, alter the zonal hemodynamic

the latter are characterized by:
a) increase of the vascular network to and

from the neoplasm; this is the most evident
proof of the arterial hyperafflux and of the in-
creased venous outflow. Hemodynamically,
the tumoural nodule acts as an artero-venous
listula because of the loss of the capillary bar-
reer in the intratumoural vascular network.22

This is the cause of the vascular anarchy, typi-
cal of the angiographic pattern of malignan-
cies, whatever the affected site. The markedly
increased arterial blood flow to the tumoural
nodule and the following venous outflow re-
sult in hectasia, even neoformation of vessels
which in normal conditions would not be de-

This mechanism acts on all vessels encircl-
ing the tumour, being responsible of the vascu-

both typical features of a neoplastic hyperaff-
lux. These vascular abnormalities are always
close to neoplasm. The importance of vascular
neoformation and hectasia has also a prognost-
ic value, being related to the tumoural growth
speed;

p) abnormalities of vascular morphology; the
neoplasm may be responsible of abnormali-
ties, certainly less dramatic than the diameter
changes and the vascular anarchy: this is due
to stretching of vessels by infiltrative lesions,
to compression by non-infiltrating space-occu-
pying lesions, as well as to amputation or hec-

c) Skin transfer of tumour hyperther-
mia: along with the tumoural thermogenesis,
the heat waste is the other fundamental step in
the formation of the T. pattern in the neo-
plasm.

The heat produced at different layers - in
the neoplasm - is transferred to the adjacent
tissues, thus to the skin, too: this, according to
the following ways of heat waste:

a) tissue conduction: the quantity of heat
transfer from the tumoural focus to the skin is
strictly dependant from the thermic conductiv-

higher the thermic conductivity of a tissue, the
more evident will be the tumoural heat transfer
to the skin. Truly, the fat is an excellent isola-
tor because of its low thermic conductivity,
whereas the glandular tissue is an excellent
conductor. In presence of a lesion, oedema in-
creases the heat conductivity of a tissue, whe-
reas the latter is reduced by skin thickening.

The heat wasted by conductivity is respon-

overlying the neoplasm to which it is thus to-
pographically strictly related; obviously, the
deeper the tumour, the wider will be the skin
hyperthermia, but .the lesser will be its

>

ly formed vessels do not only provide to the tu-
mour vascularisation, but they do also act as
refrigerators, removing the heat excess pro-

system, mainly by the large veins; the quantity
of carried heat is in fact proportional to the

Whereas the neoplastic vascular anomali-
ties dependant from the hyperafflux (hectasia,
neoformation, anarchy) are usually topogra-
phycally strictly related to the tumour, and are
normally more evident in the T. pictures of su-
perficially located tumours, the large veins
draining the heat from the neoplastic territory
have not such a strict relation with the tumour:
they are in fact detectable even at great dis-
tance from the former. Sometimes, the large
veins may be the only sign of a deeply located

ic ducts are another means of heat waste. For
this reason nipple hyperthermia plays an im-
portant role in breast cancer diagnosis. Be-
cause of the richness of the galactophoric net-
work and of its spatial distribution, there is not
always topographic relation between nipple
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hyperthermia and tumoural focus; the lat-
ter might be even very distant and
deep.

fact, the sensitivity is higher in the long wave-

lour) (At = 1,4 °C); 22
d) According to the dlfferent ways of

heat waste, it may be clearly understood that
everyone is responsible of the skin transfer of
heat hyperthermia, in a different degree: the

waste is especially related to the depth of the
tumour:

a) tumours with supeficial location: tissue
conduction is the preferred way of waste, fol-
lowed by convection. The T. pattern usually
corresponds topographically to the tumour site
(hot spot);

of heat transfer to the skin is vascular convec-
tion, followed by galactophoric convection. A

tected (tissue conduction). This means that in
many cases the T. pathologic pattern does not
coincide topographically with the tumour site.’

b) linear resolution: it is the minimum
distance necessary for the identification of two
separate thermic signals: a) in infra-red ther-
mography the linear resolution depends from
the sensitive surface of the infra-red detector,
as well as from the features of the optic system.
It usually ranges between 2 mm (observations
at a distance of one meter) and 3 mm (observa-
tions at a distance of 3 meters from the

near resolution is stricly affected by the lateral
thermic spread, characterized by the presence
of a chromatic halo around the T. image of the

is also strictly related to the nature of the sup-

In the case the support allows a sufficient
shielding effect on the lateral spread of heat,

2. Factors related to the thermographic
diagnostic technique Cl CONCLUSION

T. (both I.T. and C.T.) is widely accepted to
be the most reliable technique in the thermic
analysis of wide skin surfaces: other techni-
ques (thermometers, thermocouples, etc.), al-
though sensitive, provide signals which are
spatially too scattered and are therefore not

The ways of heat production, of hemody-
namic adaptation, of heat waste as well as the
strictly technical factors regarding T., are basic
factors in the evaluation of the tumour thermo-
graphic map. Theoretically, no breast cancer
would be missed at diagnosis. Truly, it happens
that:

The diagnostic use of T. is ensured by the
fact that two parameters are kept, by the pre-
sently available apparatuses, within ideal li-
mits, namely:
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a) sensitivity: it is minimum value of
thermic gradient (At) necessary for the distinc-
tion between two points of the skin surface; a)
in infra-red thermography the sensitivity is
stricly related to the main features of the infra-

mography the sensitivity is defined as the
thermic gradient (At) necessary for the display

lated to the kind of mixing of the cholesteric li-

lem is quite complicated, since the relation

1) although breast cancer always sends a

is extremely variable, being from time to time
marked (highly thermogenic tumours) or very
weak. At the same time many ((alternative))
heat sources, do exist: they have nothing to
share with tumours, being therefore respon-
sible of T. false positive errors.

present, the latter may sometimes be unable to
reach the skin in a quantity sufficient to modify
the thermic map.

3) Although T. is able to record the skin
thermic variations, some skin abnormalities are
present, which make it useless.

formation (hot-cold, with intermediate va-
lues): this makes the T. technique unfit to be



used alone in the diagnosis of breast patholo-
gy. T. has therefore to be inserted in a screen-
ing program: physical examination and mam-
mography have, however, always to be the
first-hand techniques; this way, also T. will be
able to provide satisfactory results.
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