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SUMMARY . The tbermographic vascular breast modification during the menstrual cycle were examined in
48 women of ages from 18 to 48 years, chosen from a population sample presenting negative clinical and

mammographic  examinations.

Six grades of vascularisation were found; two points of maximum vascularisation were observed cor-
responding to the ovulatory and the premenstrual phase with minimal or absent vascular pattern in the
post-menstrual and luteal phases. The aim of the research was to choose the best period of the menstrual
cycle for performing thermographic examinations of the breast, and to have an indirect index of steroidal

hormone activity.
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The modification undergone by the mam-
mary gland during the various periods of life
forbid us to consider it as a static anatomo-
functiond entity influenced solely by pre-in-
formation of a genetic character. We may di-
stinguish between three orders of modifica-
tion:

1) modifications connected with develop-
ment, maturity and senescence of the organ;

2) modifications related to pregnancy and
nursing;

3) modifications related to the menstrual
cycle which themselves take on a cyclic cha
racter.

These last are the easiest to study because
of the short lapse of time in which they occur,
and they take on a specid importance, moreo-
ver, in as much as not infrequently they beco-
me a source of trouble to the female and as-
sume a pathological significance.

A typical example of this limit-situation is
provided by the pre-menstrual syndrome cha-
racterised by a sense of tension, sengitivity and
increase in the nodularity of the organ.

The hypotheses on the origin of this phe-
nomenon are principaly two.

The former regards the proliferation of the
mammary tissue and the latter regards only
vascular engorgement.

A histological control of the first hypothesis

not being possible, the second becomes more
reliable.

On the basis of the above considerations
dynamic telethermography seems particularly
suitable for the prolonged study of breast mo-
difications inherent in the menstrua cycle:
D.T.T., indeed, supplies gquantitative and mor-
phological data on the surface vascularisation
Of the breast 1, 2,15, 19, 20, 21, 22, 24, 25,

Furthermore, since this sort of investigation
is extended in time, one should bear in mind
that D.T.T., apart from satisfying the require-
ments of repeatability, safety, speed and fa
cility of performance, is adso agreable to the
subject.

In our Institute, therefore, a study of the
vascular modifications of the breast inherent
in the menstrual cycle was undertaken by
means of D.T.T.

Before going on to set out the methods and
results of this study, we think it fit to review
the hormonal cibernetics of the breast.

OUTLINE OF THE HORMONAL
CIBERNETICS OF THE BREAST

The trophic and functional state of the
mammary gland is influenced by the whole
endocrine make-up but the study of these
influences is very difficult because the hu-
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man mammary gland is not comparable to
the anima one and also the study of mam-
mary tissue cultivated in vitro is not possible
for a sufficient time 11 12, 18,

The most religble data come from the tech-
nigques of radioimmunological dosage of the
hormones 2 27,

From this data we may deduce that the most
important hormones in the physiology of not
pregnant mammary gland are oestrogens and
progesterone % 12, 13, 14,17,

A) Oestrogens

These are the hormones of greatest impor-
tance in mammary physiology and in particu-
lar in sexual dimorphism.

Their action is comparable as regards both
uterus and breast, and aso on the connective
and epithelial component 3 4 ¢,

At cdl level they perform an activity favou-
ring epithelial mitosis.

In small doses, comparable to those occu-
ring naturaly, in the folliche phase of the
menstrual cycle, they carry out their function
mainly at the level of the tubules of the mam-
mary gland, favouring lengthening and multi-
plication.

At higher doses they may induce a differen-
tiation in the direction of acinus formation,
which is aso enhanced by progesterone.

They dso have a local action inhibiting the
lactogenic effect of prolactin.

The effects of oestrogens on the vasculari-
sation of the breast are of special interest for
our study: they increase vascular deficiency,
hydration and capillary permeability, perhaps
by liberating histamine or prostaglandin
E1 10, 23,

Autoradiographic methods show that Estra
diol attaches itsdlf to the vascular walls of the
target organs, and it is likely that from here,
and by means of the above mentioned effects,
it causes the blood engorgement and connecti-
ve oedema which are chemically manifested in
the engorgement syndrome.

B ) Progesterone

At mammary level progesterone aso fulfills
a double function a cell and vascular level.
On the epithelia of the mammary gland
progesterone has an action inhibiting mitoses
in the proximal part of the tubuli, while it
favours mitoses in the direction of acinus for-
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mation in the distal part; its action comple-
ments the action peculiar to the oestrogens.

An additional feature of progesterone is
that of intervening as a mitotic inhibitor only
at a very precise moment of the cell reproduc-
tive cycle, i.e. immediately after mitosis and
before D.W.A. synthesis begins.

That explains the importance of the fact
that the duration of increase of pregesterone
is an essential element for the intendity of its
action: indeed a minimum duration of the
Iuteal phase of 12 days is necessary in order
that all the sexua epitheiia cells may undergo
the influence of progesterone 3. 7.

At vascular level the progestinic action is
sharply opposed to that of oestrogen, dimini-
shing the vascular permesbility and the con-
nective oedema, but hardly influencing the
state of vascular dilation.

In conclusion, the eutrophia of the mam-
mary gland and its cyclic modifications are
related mainly to a delicate equilibrium bet-
ween oestrogen and progestinic influences
which express themselves in modifications in
the location and number of epithelial mitoses
and, a the expense of the vasa network, in
modifications of calibre and permeability.

MATERIALS AND METHODS

For our research we used an AGA Thermo-
vision Mod. 680 Thermograph provided by
the Ingtitute of Radiology of the University of
Modena.

This thermovisual type apparatus is provided
with normal, inverted and isothermic function
representation.

In our research we always used inverted
representation performing thermograms in the
frontal position, oblique anterior right and
oblique anterior left positions, regulating the
apparatus to different sensibility ranges (At
2°C At I°C, At 0,5°C).

Subsequent controls were always carried
out with the same range adjustments.

Research was performed on 48 women of
ages from 18 to 48 years, chosen from a po-
pulation sample presenting negative clinical
and mammographic examinations;, a prelimi-
nary thermographic examination had been per-
formed with the aim of showing possible ther-
mic or vascular abnormalities.

The selected women were informed before-



hand of the aims, methods and harmlessness
of the research in which they were invited to
take part; this was in order to avoid any in-
fluence from emotional factors and to obtain
their fully conscious consent.

The subjects underwent repeated thermogra
phic examinations throughout two menstrual
cycles, in the same basic conditions of tempe-
rature, humidity, ventilation and skin cooling,
and care was taken to carry out the examina
tion a the same time of day for each subject
in order to reduce to a minimum the possible
influence of factors connected with the pas-
sing of time.

From 5 to 8 thermographic outlines per
cycle were performed on each subject.

In order better to study the variations in
superficial venous vascularisation, we worked
out a system of classification divided into six
grades of vascularisation, characterised also
by morphologica differences (Graph 1).
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Graph 1. Grading of breast vascularisation.

RESULTS

In 77% of the cases we found a morpholo-
gical and quantitative variation of the super-
ficia venous pattern, presenting a cycle rate
in relation to the various phases of menstrua-
tion.

In particular two points of maximum va-
scularisation were observed corresponding to
the ovulatory and the premenstrual phases.
These were divided by periods of minimal or
absent vascular pattern in the post-menstrua
and luteal phases.
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Graph 2. Vascular variations.

For purposes of control repeated thermo-
graphic examinations were carried out on a
further group of 12 women who had advanced
at least 5 years beyond the menopause age,
and no variation of vascularisation was ob-
served in these controls.

Graph 2 gives a graphic representation of the
vascular variations found in relation to the
menstrual cycle, based on the quantization
proposed by us. The continous line represents
the median progress of the phenomenon, while
the horizontal lines represent the levels of in-
dividual observations on 10 subjects.

It is interesting to note the parallelism bet-
ween the curve of the superficia vascular va
riation rate and the curve of the amounts of
Estradiol in the urine shown in Graph 3.

The similarity of rate of the two phenomena
would lead one to identify the blood quantity
of Estradiol as the major factor in vascular
changes in the breast.

Nevertheless a difference of qualitative type
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between the images of the vascular pattern
in the ovulatory phase and the premenstrua
phase is present in the maority of the cases
observed. Jn fact, in the premenstrual phase
the vascular pattern appears more fractiona
ted and twisted than in the ovulatory phase;
this image being perhaps due to the prolife-
ration of acini induced by progesterone, which
is absent in the ovulatory phase.

Variations in mammary vascularisation sho-
wed themselves to be more intense especialy
in the premenstrual phase, in subjects with a
more serious mammary engorgement syn-
drome,

ce of endogenous hormones which are likely
to be inhibited by the treatment itself.

This point, therefore, aso tells in favour of
the hormone responsability in vascular modi-
fications of the breast.

The percentages of variations of vascula-
risation, among our cases, are given in Tab. I,
where the subjects have been divided into 3
groups according to age and where the abso-
lute values and percentages of the variations
encountered in each individual group have
been indicated.

In Fig. 1 and 2 the thermographic sequen-
ces of two cases are reported, showing the

Tab. 1. Variations of vascularisation for age.

% vascular variations observed

A Number of
ge patients absolute percentage

1st group

18-27 21 43.7% 16 761 %
2nd group

28-37 14 29.2% 12 85.7 %
3rd group

38-48 13 27.1% 9 69.2%

total total
18-48 48 37 77.08%

On the other hand, subjects presenting
small variations or none at al gave a thermo-
graphic picture of « cold breast », with little
or no vascularisation and in 4 cases yielded
laboratory findings of hypoestrinism.

Our cases included two women who under-
went oestro-progestinic contraceptive therapy.
During the menstrual cycle they showed no
variations worthy of note, but rather a high
degree of basal vascularisation.

Also included were 5 women undergoing
oestro-progestinic therapy according to the
sequential  technique, taking increasing doses
of oestrogen during the cycle and superimpo-
sing progesterone during the last two weeks:
all these subjects showed a constant increase
of vascularisation throughout the cycle up to
the menstrual phase, when a sudden decrease
took place.

Both these ways of administering oestrogen-
progesterone gave a vascularisation graph
which varied in accordance with the oestro-
gen dosage but without reflecting the influen-

variation in superficial vascularisation in co-
njunction with the variation of the menstrua
phases.

CONCLUSIONS

On the basis of the results obtained it
seems possible to draw two main conclusions:
the first, of special thermographic interest,
concerns the method of performing the exa
mination with a clinical aim: in fact, given
the variable nature of the vascular pattern, it
seems appropriate that the telethermographic
observation, directed towards diagnosis, be
effected around the twenty-first day or the
seventh day of the menstrua cycle, i.e. when
vascularisation is minimal, in order the better
to get a thermic image of neoplasm or a patho-
logical picture in general.

It would also be appropriate to perform mo-
re than one thermographic picture at intervals
of a few days in order to appreciate the con-
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Fig. 1. Case 11, G. I'., age 24. Variations in superficial vascularisation, in conjunction with
the menstrual phase. (A: 7th day; B: 14th day; C: 21st day; D: 28th day).

trast between vascular variability and static-
ness of the eventual pathological image.

The second conclusion concerns the vexed
field of mammary endocrinology.

The difficulties inherent in the endocrino-
logical study of the mammary gland have been
previoudy stated: telethermography may con-
gtitute a valid means of investigation in this
field, since the morphologica and quantitati-
ve variations of vascularisation of the breast
may represent a direct index, even if not im-
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mediately capable of interpretation, of the
hormone influences to which the organ is
subject.

Moreover, when one considers the problems
raised by the discovery of tissue receptors of
the steroidal hormones, the value of a direct
index to hormone activity at tissue level be-
comes even more evident.

The trend towards endocrinology in onco-
logical therapy at the present time aiso sug-
gests the possibility of telethermographic mo-



Fig. 2. Case 18, M. T., age 22. Variations in superficial vasculariaation, in conjunction with
the menstrual phase. (A: 7th day: B: 14th day: C: 21st day; D: 28th day).

nitoring of local effects of this therapy, along
with the possibility of immediate check-up on
its effectiveness.

We hold that the above conclusions are
sufficiently suggestive to lead us to continue
the research by introducing the parameter of
radioimmunological hormone dosage, or by
researching into the cause-effect relation bet-
ween the quantity of hormones in circulation
and their peripheral effect.

The aim of this is to standardise the re-

sults yielded by D.T.T. in the field of en-
docrinologg.

REFERENCES

1. AARTs N.J.M.: Mcdische Thermographie,
Bergman Ed., Tilburg, p. 38, 1969.

2. AmAL.RIC R., SPITALIER J. M., LEVRAUD J.,
ALTsCHuLer C.: Les images thcrmovisuelles
des cancer du sein et leur classification. Se-
minaire AGA Thermovision. Cor. Médit. wed.,
216, 13-22, 1972.

148



10.

11.

12.

13.

. ANDERSON |. N.. Peck E. T.. CLArRk T. H.: Nu-

clear receptor estrogen complex: relationship
between concentration and earlv uterotroahic
responses. Endocrinology, 92, 1488, 1973:

. ANDERSON S. G.. HAcksHAW B. T.. The effect

of estrogen on uterine blood flow and its di-
stribution in non pregnant ewes. Am. J.
Obstet. Gynek., 119, 389, 1974.

. BAcksTorM T., CARSTENSEN H.: Estrogen and

progesterone in plasma in relation to premen-
strual tension. J. Seroid Biockem., 5, 257,
1974,

. Bairp D. T., FrRaser 1. S.: Blood production

and ovarian secretion rates of estradiol 17
and estrone in women throughout the mens-

trual cycle. 1. Clin. Endocrinol. Metab.. 38,
1009, i974.
. BERNARD ., LiGNIERES B., de DARGACHA F.:

Progestérone et sein. Gazette Md. France,
80, 3641, 1973.

. BienBaum S. F.: Breast temperature as a test

for pregnancy. Obstet. Gyn. N.Y., 27, 378,

. CAROLYNE PARRY, IRWIN M. FREUNDLICH,

JoHN D. WaLLACE: Breast thermograms in
ovulatory and anovulatory menstrual cycles.
Brit. J. Radiol., 45, 507-509, 1972.

CeciL H. C., HANNuM J. A., BiITMAN J.:
Quantitative characterization of uterine va-
scular permeability changes with estrogen.
Am. J. Pkysiol., 211, 1099, 1966.

CerIANI R. L., ConTESso C., NATAF B.: Hor-
mone requirement for growth differentiation
of the human mammarv gland in organ cul-
ture. Cancer Res., 32, 2190, 1972.

CHEN L., LiNnDNER H. R., LANCET M.: Mito-
genic action of oestradiol 17 on human myo-
metrial and endometrial cells in long ferm
tissue cultures. J. Endocr., 59, 87, 1973.
DiecKk MaNN H.: Ueber die Histologie der
Brustdriise bei gestdrten und ungesttkten
Menstruationsablauf. Virckows Arch. f. Path.
Anat., 256, 321, 1925.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

149

DorrmAN R. ;' Anti-estrbgenic compound in
« Methods in human research ». New York
Academic press. p. 113, 1962.

DrAPER J. W., Jones C. H.: Thermal patterns
of the female breast. Brit. J. Radiol., 42, 401-
410, 1969.

DrAPER J. W., BoaG J. W.: Skin temperature
distribution over veins and tumours. Pkys.
Med. Biol., 16, 645-654, 1971.

Ers M., KALLEBERG A.: The action of an
ord high dosed oestrogen-protestogen combi-
nation on the human breast. Acta; Endocri-
nol., 70, 143, 1972.

FLaxman B. A.: In vitro studies of the human
mammary gland effect of hormones on proli-
feration on primarv cell cultures. I. Invest.

Dermatol., 61, 67, 1973.
Gros C. H., GAUTHERJE M., NourJAaT P.,
VROUSOS C.

a?opllcations médicales de
la thermographle infrarouae. Acta Electron,
12, 63-119; 1969.

HABERMAN J. D., Francis J. E., Love T. J.:
Thermografic response to loca externa heat
sources. Radiology, 102, 341,348, 1972.
ISARD H., SHiLo R.: Breast thermography.
Am. J. Roentgenol., 103, 921-925, 1968.
LapAYOWKER M. S., KunDEL H. L., ZISKIN
M.: Thermographic patterns of the female
breast and their relationship, to carcinoma
Cancer, 27, 819-822, 1971.

LieNiERES B.: Cybernetique du sein. Senolo-
ga, 1, 52, 1975.

LLoyp-WiLLiams K.: Thermography in breast
cancer. Brit. J. Radiol., 42, 75, 1969.
MaLinlac J W.: Arterid blood supply of the
breast. Arch. Surg. Chicago, 47, 329-343, 1943.

SpEerT H.: Loca action of sex hormones.
Pkysiol. Rev., 28, 23, 1949.
WiLLiams K. L.: Influence of hormones on

the temperature of the skin overlying prima
ry cancer of the breast and secondary de-
posits. Ann. Rep. Brit. Emp. Cancer Camp.,
454, 1967.



