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The work is aimed on the study of the peculiarities
for the distribution of optical density of DNA in the in-
terphase nuclei of buccal epithelium upon the patholo-
gy of mammary glands, from the point of view of sta-
tistical and geometrical theory of pattern recognition.
Two new indices characterizing this distribution — ra-
tio of modal class volumes and relief index — are pro-
posed.

The smears of buccal epithelium were obtained from
patients with breast diseases cured in the Department
of Breast Cancer of the Institute of Oncology (Kyiv,
Ukraine). Age of the patients was in the range of 25 to
50 years. The scanograms of the interphase nuclei of
buccal epithelium in patients suffering from fibroade-
noma (FA, n = 12), fibroadenomatosis (FAM, n = 14),
and cancer of the mammary gland (n = 41): infiltrative
ductal cancer (IDC, n = 11), infiltrative lobular cancer
(ILC, n = 18), infiltrative ductal-lobular cancer (IDLC,
n = 10) and scirrhus (n = 2) are investigated.

For the purposes of this study smears from various
depth of the spinous layer were obtained (conventio-
nally they were denoted as median and deep), after
gargling and removing the superficial cell layer of the
buccal mucous. The smears were dried out under room
temperature and fixed for 30 min in Nikiforov’s mixture.
Then, a Feulgen reaction was made with cold hydroly-
sis in 5 N HCl for 15 min at 21–22 °C. Optical density of
the nuclei was registered by scanning cytospectropho-
tometry at wave length of 575 nm and probe 0.05 µm.
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In each preparation, 10 to 20 nuclei were investigated.
The DNA-fuchsine content in the nuclei of the epithe-
liocytes was defined as a product of the density and
area (in terms of conventional units). The scanograms
obtained as a results of the investigations of the nuclei
of the cells were analyzed using statistical and geo-
metrical methods of pattern recognition [1–4].

The scanogram of the DNA distribution is a rectan-
gular matrix
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where rij are values of pointwise optical density of chro-
matin in interphase nuclei of the cell, expressed in terms
of conventional unit of measure, and n, m are the num-
bers of points of the scanogram along vertical and hor-
izontal lines, respectively. Usually the scanogram con-
tains 8 or 9 rows and columns, hence it consists of 64
or 81 numbers.

The first index, termed the ratio of modal class volu-
mes (RMCV), is obtained by considering the set of all
scanograms as an unarranged set of random values
from some general population, and by distributing this
set into 3 modal classes consisting of the random val-
ues from the predefined ranges

M1 = {sij : 0 ≤ sij < 0.15}, M2 = {sij : 0.15 ≤ sij ≤ 0.30},
M3 = {sij : sij > 0.30}, and, finally, by calculating the ratio
of volumes of the modal classes M1 and M2 in kth scan-
ogram:
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(k), j = 1, 2 is the number of the elements

from the modal class Mj
(k) (for example, card M2

(k) is the
number of the points in kth scanograms where the DNA
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optical density varies from 0.15 to 0.30). RMCV is calcu-
lated by the average of all scanograms for each patient:
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This statistical index contains the information about
the distribution of the DNA optical density in the inter-
phase nuclei of epitheliocytes in buccal epithelium.

The second index, called relief index (RI), is based
on the geometrical interpretation of the features of the
patient’s scanogram. To calculate this index, we con-
sider the patient’s scanogram as a surface of the func-
tion of two arguments sij = s(i, j), where (i, j) are the
coordinates of the points in scanogram (Fig. 1). To cha-
racterize the relief of the surface that corresponds to kth

scanogram, we calculate the average slope of its slic-
es with respect to the coordinates i and j:
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RI  is determined as the average of all scanograms
for each patient by a formula:
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where N is the number of scanograms. By calculation of
mentioned indices for all scanograms from the training sam-
ples, we determine the corresponding confidence regions.

The confidence regions constructed are half planes
bounded by order statistics of the samples consisting of
the indexes V and R, respectively. The confidence limits
for these indexes are equal to the minimal and maximal
order statistics. According to [5], the probability that
(n+1)th sample value of index from the same population
will exceed the maximal order statistics, is equal to
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where x(n) is the maximal order statistics (the nth order
statistics) and xn+1 is the (n+1)th sample value. Thus, the
significance level of the confidence rectangle is equal to

.

The evaluation of the above indices was based on
patients’ scanograms, and checking whether the point
(V, R) belongs to the corresponding confidence region

(Fig. 2) constructed for the bulk of the distribution corre-
sponding to the given significance level with the help of
ordered statistics or the 3σ-rule. We use the confidence
intervals constructed with the help of ordered statistics.

Let us calculate the probabilities of the errors of the
first and second kinds of proposed method. Suppose
the main hypothesis H is that the patient is suffering
from breast cancer, and the alternative competing hy-
pothesis H′ is that the patients is suffering from fibro-
adenomatosis. As it is well known [6], the probability of
error of the first kind is defined as the probability of
rejection of the hypothesis H when it holds true. In our
case it is equal to p(H′|H). To estimate the probability
p(H|H) we use the formula shown below.

The significance levels for the confidence regions
corresponding to breast cancer and benign diseases
was computed for the case when IDLC was ignored.
For the case when IDLC was included the confidence
region was the same. So, we have

1) for breast cancer α1 = p(R < 0.0925) = 3/32 =
0.09375;

2) for benign diseases α2 = p(V > 0.2090) = 3/27 =
0.11111,

(the order statistics x(n-1) and x(n) from the sample
corresponding to breast cancer and the order statistics
y(1) and y(2) from the sample corresponding to benign
diseases were ignored).

We can estimate the sensitivity and specificity of
the method of diagnosis of breast cancer:

1) in the case when IDLC is ignored
p(H|H) = p(R > 0.0925 & V < 0.2090) = 30/31 ≈

0.9677,
p(H′|H′) = p(R < 0.0925 & V > 0.2090) = 24/26 ≈

0.9231.
2) in the case when IDLC is taken into account
p(H|H) = p(R > 0.0925 & V < 0.2090) = 33/41 ≈

0.8049,
p(H′|H′) = p(R < 0.0925 & V > 0.2090) = 24/26 ≈

0.9231.
Thus, we see that the IDLC may be recognized among

others hystological forms of breast cancer on the basis of
the analysis of the relief index of scanogramms.

In conclusion, it is shown that the optical density of
DNA in the nuclei of buccal epithelium from breast can-

Fig. 1. The surface of DNA optical density in the scanogram of a
patient suffering from infiltrative ductal cancer of the mammary gland

Fig. 2. Confidence regions for the relief indices and ratios of modal
class volumes for patients suffering from diseases of the mam-
mary gland (including IDLC)
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ÀÍÀËÈÇ ÎÏÓÕÎËÜÀÑÑÎÖÈÈÐÎÂÀÍÍÛÕ ÈÇÌÅÍÅÍÈÉ ÄÍÊ
ÈÍÒÅÐÔÀÇÍÛÕ ßÄÅÐ ÁÓÊÊÀËÜÍÎÃÎ ÝÏÈÒÅËÈß Ó ËÈÖ

Ñ ÇÀÁÎËÅÂÀÍÈßÌÈ ÌÎËÎ×ÍÎÉ ÆÅËÅÇÛ

Öåëü: èçó÷èòü ñòàòèñòè÷åñêèå è ãåîìåòðè÷åñêèå îñîáåííîñòè ðàñïðåäåëåíèÿ îïòè÷åñêîé ïëîòíîñòè ÄÍÊ â
èíòåðôàçíûõ ÿäðàõ áóêêàëüíîãî ýïèòåëèÿ ïðè ïàòîëîãèè ìîëî÷íîé æåëåçû. Ìåòîäû: ïðîâîäèëîñü êëèíè÷åñêîå
îáñëåäîâàíèå ïàöèåíòîâ, öèòîãåíåòè÷åñêîå èññëåäîâàíèå ìàçêîâ áóêêàëüíîãî ýïèòåëèÿ è êîìïüþòåðíûé àíàëèç
èçîáðàæåíèé. Ðåçóëüòàòû: ïîêàçàíî, ÷òî çëîêà÷åñòâåííûå íîâîîáðàçîâàíèÿ ìîëî÷íîé æåëåçû ïðèâîäÿò ê
èçìåíåíèÿì â áóêêàëüíîì ýïèòåëèè, êîòîðûå õàðàêòåðèçóþòñÿ ïîâûøåíèåì îïòè÷åñêîé ïëîòíîñòè ÄÍÊ â
äèàïàçîíå îò 0,15 äî 0,30 óñëîâíûõ åäèíèö ïî ñðàâíåíèþ ñ òàêîâûì â äîáðîêà÷åñòâåííûõ íîâîîáðàçîâàíèÿõ.
×óâñòâèòåëüíîñòü ïðåäëîæåííîãî êðèòåðèÿ äèàãíîñòèêè ðàêà ìîëî÷íîé æåëåçû êîëåáëåòñÿ â ïðåäåëàõ îò
80,5% äî 96,8%, ñïåöèôè÷íîñòü ðàâíà 92,3%.
Êëþ÷åâûå ñëîâà: ðàê ìîëî÷íîé æåëåçû, îïóõîëüàññîöèèðîâàííûå èçìåíåíèÿ, áóêêàëüíûé ýïèòåëèé,
äîâåðèòåëüíûé èíòåðâàë, ðàñïîçíàâàíèå îáðàçîâ.

cer patients compared with that in patients with benign
diseases of mammary gland is characterized by an in-
crease for 0.15-0.30 conventional units. The sensitivity
of the proposed criterium in the studied cases (exclud-
ing IDLC) was 96.8 % and its specificity was 92.3%, whilst
including IDLC — 80.5% and 92.3%, respectively.
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