Automatic diagnosis of thermomammograms
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SUMMARY. In this work are presented the parameters we automatically obtained from a digitised ther-
momammography, their significance and the results obtained through the comparison between the com-

puterized and medical diagnosis.
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INTRODUCTION

During the last few years a research project
has been carried on a the « National Cancer
Institute » of Milan regarding the development
of a method to optimize and standardize a
safe procedure for the early diagnosis of mam-
mary cancer, in order to make mass screening
and follow-up economically possible.

This research coordinated and partidly fi-
nanced by the C.N.R. (contract N. 76.00323.
86), is organized in the following sectors:

1) The study and selection of sensors which
cover the infra red range, with a senshility
spectrum fitting the curve of thermic emis-
sion of the human skin, and with commuta-
tion frequencies which give an increase of
detection of 1,5-2 pointgmillimeter, and the-
refore a better resolution of the thermographic
image.

2) The improvement of the diagnostic infor-
mation through the extraction from the ther-
momammograms of qualitatively more sele-
ctive parameters 4 3.

3) The study of the temperature variation on
the surface of the breadt, as a function of the
thermofluid-dynamic condition of the mam-
mary tissue and of the environment tempera-
ture.

4) The development of mathematical mo-
dels for tissue, cysts, blood perfusion and tu-
moral structures.

5) The setting of a software package to
create a file of maps of digitised thermomam-
mographic signals on the mass memory of a
computer 2

6) Development of a program of satistical

analysis for the management of the extracted
information and for automatic diagnosis %3 6.

To summarize; the aim is to transform, ex-
ploiting its intrinsic potentiality, thermo-
mammography from a useful but limited tech-
nigue to an instrument of higher resolution,
capable of increasing the information on the
tumoral pathology of the breast, and of im-
proving the early individuation of the signals
which characterize it.

Our work has been limited to points 2,5
and 6 because the medical competence and
the available instrumentation made it diffi-
cult to consider the remaining ones.

The other sectors have been partidly studied
by the section of bioengineering of the Poli-
technic of Milan and partidlv by the « Centre
for the Study of Aerodynamics » of the Poali-
technic of Naples.

PRESENTATION OF THE PROCEDURE

A first description of the agorithms for the
cregtion of the file of the maps and for the
pattern recognition of the breast appeared in
« Acta Thermographica » 2. To recall briefly
the results we reproduce in Fig. 1 an example
of the printout of a thermographic image me-
morized in the computer and in Fig. 2 the
printout of the automatic recognition of the
more important zones. mammary areas and
the references of the neck and sternum.

Extraction of significant parametres
for the diagnosis

At first we andised the thermic structures
present in a thermomammogram and their
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2. Automatlc pattern recognltlon of the breast, neck and sternum.
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Fig. 3. Vascular network of the original image.

correlation to the presence of neoplasms. As a
result of the analysis we tried to define the
same kind of information used by the human
operator in his visua analysis expressed in the
form of suitable parameters. In addition, sta-
tistical measures were defined, which, as di-
gtinct from the previous ones, are quantified
with difficulty by the human eye and there-
fore can usefully integrate the normal para-
meters of evaluation.

As a result, three « sets » of measures accor-
ding to different needs of evaluation and in-
terpretation have been formed.

The first set consists of those elements which
give us a measure of the dtatistical distribution
of the temperature level in the area of greatest
interest.

This information is collected in the follo-
wing parameters:

1) The average temperature and its standard
deviation in each desired area

2) Computation of the center of mass and
of the polar moment (a measure of dispersion
of the hot spots with respect to the center of
mass) in the same areas as in point 1.

This data is utilized for multiple compa-
rison. For example: to compare the average
temperature of any controlateral areas, and to
verify, (through the standard deviation and
the polar moments) these values derived from
similar distributions of the hot spots.

The second set is formed by the parameters
which describe the shape.

Those under consideration are:

1) The number of parts (connected sets)
each isotherm surface is composed of;

2) The perimeter and the area of each iso-
thermic surface;

3) The gradient map obtained through a
convolution of the digitised original image
with a « gradient operator ».

We can cdculate with these data a « form
index » in each examined area and for each
temperature level, as a ratio between the
square of the perimeter and the area of each
isothermic region. In areas of high temperatu-
re gradient this form index can be used to
calculate the probability as to whether such a
gradient depends on the venous distribution
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Stan-
Average dard Center of Polar
temperature deyia— mass moment
tion
MAP 4.23 297 7.64 15.62 2941 28.11 1361 2.64 | 0.0 0.0 0.0 0.0
PSIN 4.28 3.51 7.07 13.14 29.87 2956 14.09 276 | 0.0 0.0 0.0 0.0
PDES 4.19 242 8.23 18.14 2893 26.64 13.12 252 1| 0.0 0.0 0.0 | 0.0
STER 5.22 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 I 0.0
COLL 5.81 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MSIN 360 7441 1715 19.88 2511 2436 584 023 | 0.10| 9.00 2800 259.00
MDES 3.60 091 18.12 2525 3442 18.04 326 00 0.13 | 15.00 39.00 | 79.00
S18 4.16 0.77 2.56 18.72 42,05 29.23 6.67 0.0 0.16 4.00 3.00 18.00
S1D 3.71 0.27 | 1093 25.33 4427 19.20 0.0 0.0 0.17 | 34.00 120.00 0.0
S28 1 4.62 0.0 0.0 6.40 34.67 49.07 9.87 0.0 0.20 8.00 16.00 | 103.00
S2D 453 00 | 00 028 5417 3750 806 00 | 022 1000  19.00|  30.00
S38 240 15.66 | 40.66 3645 392 211 0.60 0.601 0.17 | 14.00 23.00 1.00
S3D 283 344| 3844 3937 1219 3.75 281 0.0 lo1711300 19001  11.00
S48 2.68 19.46 | 36.65 1991 1086 7.24 5.43 0.45 | 0.12 3.00 16.00 46.00
S4D 3.12 0.0 28.41 42,05 2045 7.20 1.89 00 0.16 6.00 19.00 10.00
Fig. 4. First table of the extracted parameters.
Number of parts
Perimeter of the isothermic surface each isothermic surface is composed of
MAP 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSIN 0 0 0 0 0 0 0| O 0 0 0 0 0 0
PDES 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STER 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLL 0 0 0 0 -0 0 0 0 0 0 0 0 0 0
MSIN 85 192 210 249 217 60 3 8 15 14 20 9 9 1
MDES| 12 170 256 305 206 40 0] 9 716 17 16 6 0
S1S 3 10 68 132 82 18 0 I 0 0 0 0 0 0 0
S1D l 1 23 74 125 53 0 010 0 0 0 0 0 0
528 0 0 21 80 114 31 0 | 0 0 0 0 0 0 0
$2D 0 0 1 98 122 26 ol o 0 o 0 o 0 0
S3S 49 111 79 13 7 2 2] 0 0o 0 0 0 0 0
S3D 11 83 20 36 12 9 ol o 0 -0 0 0 0 0
S4S 3 71 42 24 14 9 1] o 0 0 0 0 0 0
S4D 0 64 91 46 19 5 0 | 0 0 0 0 0 0 0
Fig. 5. Second table of the extracted parameters.
List of symbois (Figs. 4, 5). map: Total image — psiN: Left area with respect to symmetry axis -
poes: Right area with respect to symmetry axis - ster: Sternal area - cor: Neck area - wsin:

Left breast - MmDEsS: Right breast - SIS; First quarter of left breast - S2S; Second quarter of left
breast - S3S; Third quarter of left breast - SIS; Fourth quarter of left breast - SID; First quarter
of right breast - S2D; Second quarter of right breast - S3D; Third quarter of right breast - S4D;

Fourt|

quarter of right breast.
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or whether it is a hot spot due to an under-
lying neoplastic process.

The third set is finaly composed by those
parameters the combination of which allows
us to classify each thermogram as one of the
principle « thermic patterns » conventionally
adopted (avascular uniform, vascular linear,
vascular irregular, avascular mottled).

For this purpose we use two quadlitatively
very different agorithms:

1) The first one, makes use of a convolution
grid corrisponding to the « laplacian opera
tor » for a digitised spazia function, and trans-
forms the original image into another one
where only the vascular network is brought to
evidence (Fig. 3).

On this new map we can operate in diffe-
rent ways. a) extracting form descriptors of
the kind mentioned above, to classify them
in one of the standard thermic pattern; b) to
verify the symmetry of the venous network;
¢) to remove from the origina image the ther-
mic contribution due to the veins, in order to
better identify the iperthermies due to possible
neoplastic processes.

2) The second algorithm computes the ave-
rage dimension of the mammary thermic
structures: for example in an « avascular uni-
form » pattern the thermic structure has in-
frequent variations of temperature level, the-
refore the average dimension of the isothermic
regions will be dightly lower than those of
the breast. A « vascular network » pattern is
instead characterized by many variations of
temperature level and the average dimension
of the isothermic areas will be much lower
than those of the breast.

It is possible, by an adequate statistical cal-
culation, to point out these differences evaua
ting the size of the more frequent structures.

CONCLUSIONS

It is clear, from our description, that our
aim is to describe the degree of thermomam-
mographic pathology evaluating the statisti-

cal behaviour of a certain set of well defined
suitable parameters. Therefore tables have been
made, (Fig. 4 and 5), to carry out an initia
critical examination of the present approach,
to construct an agorithm capable of evalua
ting the whole set of parameters and to dia
gnose a case as negative, positive or uncertain.

These tables give us an immediate compari-
son of the values of the parameters extracted
from the controlateral symmetric zones, mak-
ing easy the assessment of discrepancies.

Due to a lack of instruments and to tech-
nical difficulties we have applied this proce-
dute only to sixteen digitised maps.

We redize that the reliability of such data
is not sufficient to give us definitive results.

Preliminary result of the cases we have pro-
cessed indicate a good correlation between po-
sitive diagnosis expressed by a specidist and
the presence of anomalous asymmetries among
the elements in the tables.

These preliminary results seem to give a
positive indication of the possibility of buil-
ding a useful automatic system for the early
detection of breast cancer.

REFERENCES

1 Dwyer S. J., McLAREN R. W., HAarLow C. A.:
" Computer-aided diagnosis of breast cancer
from thermography. Congress on pattern reco-
gnition and artificia intelligence. New York,
1976.
2 Fava G., LEoNARDI G., PieTROIUSTI M., VI-
- caNoTTI G., Zonea G.: Breast thermography:
an approach to pattern recognition. Acta Ther-
mographica, 1, 183-184, 1976. .

3. 00l H., MIK1 Y.: Computer anaysis of breast
cancer thermograms. Jap. J. Med. Electron.
& Biol Eng. (Japan), 14, 111-117, 1976.

4. Von FourNIER D., KuTTic H., CURLAND S.,
Poser H.: Auswertung von Thermogrammen
mit dem Computer in der Mammarkarzinom
Diagnostik. Sfrahlentherapie, 145, 406-414, 1973.

5. WinTER J,, Stein M. A.: Computer image pro-
cessing techniques for automade breast ther-
mogram interpretation. Comput. Biomed. Res.,
6, 522-529, 1973.

6  ZiskiN M. C., NecIN M., PINER C., LAPAYOW-
KER M. S.: Computer diagnosis of breast ther-
mograms. Radiology 115, 341-347, 1975.

154



