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Abstract
The goal of this work was to improve the efficiency of early detection of
isolated clustered microcalcifications, the earliest indicators of breast cancer.
The presence of isolated clustered microcalcifications in the mammary gland
significantly increases the range of variation of effective atomic number and
significantly changes the form of its distribution. Isolated microcalcifications may
not be visible at traditional mammograms. However, the fact of its presence in the
mammary gland can be set analytically by the form of the distribution of the effective
atomic number. The distribution of the effective atomic number in the tissue without
microcalcifications is symmetrical and close to the normal law. But the breast with
isolated clustered microcalcifications is characterized by asymmetry and high values
of the maximum effective atomic number.The coordinates of the location of isolated
microcalcifications can be calculated mathematically.
The histograms of maximum value of the reconstructed atomic numbers for 102
fragments of breast tissue without microcalcifications (301x301 pixels) (a) and for 48
fragments of breast tissue with microcalcifications were obtained. It is shown that the
distributions of the reconstructed atomic numbers do not overlap. it proves that the
type I errors (false positives , false conclusion about the presence of

microcalcifications) is practically equal to zero. However, the type II errors, ( false
negatives, skip microcalcifications) is related to its size granules, the number
fragment pixel, the thickness of the breast and its assessment requires further
research.
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Introduction
Microcalcifications in the breast in 35% [1,2] of cases is an indicator of cancer.
Detection of even a single microcalcification in the breast may indicate the beginning
of the process of calcination, and of the origin of cancer disease. Despite considerable
progress in the field of breast imaging [3] it is still difficult to detect a single
microcalcification using traditional screening mammography, especially if its size is
less than 100-150 µm. It is almost impossible to detect a single microcalcification by
dual-energy subtraction [4] and dividing [5] mammograms, as well as by
visualization of linear combinations of effective atomic number and density [6, 7].
The use of various filters in the visual processing of traditional mammograms [8]
increases the contrast of the image, however, does not allow to identify isolated
microcalcifications. The problem is not solved by using tomosynthesis [9]. Isolated
microcalcifications are not detected and for scattered radiation [10].
Significant difference of the effective atomic number of microcalcifications
from the atomic number of breast tissue may be the basis for their analytical
identification.

Material and Methods

Traditional digital mammogram presents the visualization of the distribution of the
proportion of photons that have passed the breast without interaction, which is
defined for a source with a continuous spectrum as

N E = Emax
= ∑ f ( E )e − µt ( Z t , E ) ρ t d t − µmc ( Z mc , E ) ρ mc d mc ∆E ,
N 0 E = Emin
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of

photons,

N - the number of detected photons which have passed mammary gland without
interaction, µi, ρi, di mass attenuation coefficients, density, thickness of the breast
tissue (t) and microcalcifications (mc), respectively, f (E) - a function of the density
distribution of source energy defined by its spectrum, Zt, Zmc - effective atomic
numbers of tissue and microcalcifications for f (E), respectively, ΔE - value of the
step in the discrete representation of the energy spectrum.
The presence of microcalcifications increases the effective atomic number of
the breast area, because Z microcalcifications is 12-14, and the breast tissue - 6,3-7.
Despite the fact that the size of microcalcifications pellets (less than 0, 2 mm)
is significantly less than the thickness, compressed breast on mammography (20-50
mm), their accumulation at mammograms appear very clearly. This is due to the fact
that their density is more than twice the density of tissue, as well as the fact that the
mass attenuation coefficient is proportional to the atomic number of the 3-4-th
degree.
The ratio of mass attenuation coefficients for low and high-energy for
monochromatic radiation determined by the ratio of the logarithms of the registered
shares of radiation and depends only on the effective atomic number and is
independent of the density
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The mass attenuation coefficients are determined by radiation energy and
atomic number. But mammorgaphy is based on using sources with a continuous
spectrum. In this case, the ratio of the logarithms will depend not only on the
effective atomic number, but also on the density and thickness of the breast [11]
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If for monoenergetic spectrum, the effective atomic number of the breast as a
multicomponent object can be calculated, for the continuous spectrum, its value is not
defined. And it is impossible to measure the mass attenuation coefficients of
multicomponent structures for such spectrum.
The papers [11, 12] have shown that for continuous spectra mathematical mass
attenuation coefficients must be used.
It is their ratio determines the effective atomic number which is invariant to the
density and thickness of the breast.
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Fig. 1. The effect of the presence of microcalcifications on the distribution of the
effective atomic number Z in the breast: a) - the dependence of the effective atomic
number of breast tissue with microcalcifications on its size (Dmc) for
varying its thickness (Db); b) - the hypothetical distribution of Z in the breast
without microcalcifications; c) - the same in the breast with microcalcifications
Figure 1 shows the dependence of the effective atomic number of breast tissue
with microcalcifications on the its size for different breast thickness. The smaller the
breast thickness, the higher the effective atomic number of the breast tissue with
microcalcifications.
The distribution of effective atomic number in the mammary gland without
microcalcifications is closed to the normal laws and is symmetrical in Zmin- Zmax
range (Fig. 1b). However, the presence of at least one single microcalcifications leads
to its asymmetry, since Z in this area is significantly higher. (Figure 1c).
The distribution of effective atomic number determines the fact of the
existence of individual microcalcifications in the breast.

Results
The distributions of the reconstructed effective atomic number in the mammary
glands without microcalcifications (Figure 2) is relatively constant and their values
vary in a very wide range: 6 ... 10. Such variation is not determined by the
distribution of the actual values of the effective atomic number in the breast, but low
counting statistics of detected photons. The number of detected photons by the
elemental detector of scintillator matrix is not more 100 photons. It leads to variation
of the reconstructed effective atomic numbers in the mammary gland in the range of
12 ... 15%.

Figure 2. Three fragments of mammograms breasts (30x30 mm) without
microcalcifications (top row) and the corresponding distribution of the reconstructed
atomic numbers (bottom row)

Figure 2 shows three examples of distributions reconstructed effective atomic
number in the breast without microcalcifications. As it is seen the maximum value
does not exceed 10.
Figure 3 shows two examples of mammary gland with microcalcifications. The
distribution of the reconstructed atomic number in the overwhelming number of
pixels is similar to its distribution in the breast without microcalcifications. However,
the presence of individual microcalcifications essentially shifts the distribution to the
left. In this case the atomic numbers reach to inadequate significant values (18-20)
that, of course, significantly exceed the value of the real effective atomic numbers
(Figure 1).
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Figure 3. Two breast microcalcifications example, deposition in the milk ducts (top
row) and breast cancer with severe diffuse fibrous mastopathy (bottom row): a) fragments of mammograms; b) - the distribution of the reconstructed atomic number;
c) - coordinates of the mammograms pixel, which correspond to microcalcifications
locations

This overestimation is due to the impossibility to sync mammograms obtained at the
high-energy and low-energy radiation perfectly.
This leads to the fact that the ratio of absorption coefficients of breast tissue
t + mc

with microcalcifications at low-energy µ L

to absorption coefficients of breast

tissue without microcalcifications at high-energy

µ Ht .

But this ratio is significantly greater than the ratio of the attenuation coefficients

of tissue without microcalcifications and tissue with microcalcifications [4]
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This effect only heightens the sensitivity of the reconstructed atomic number to
the presence of individual microcalcifications in the breast.
Figure 3c shows the calculated pixel coordinates of the mammogram where the
reconstructed effective atomic number greater than 12.
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Figure 4. Histograms of maximum value of the reconstructed atomic numbers: a) for
102 fragments of breast tissue without microcalcifications; b) for 48 fragments of
breast tissue with microcalcifications

Figure 4 shows the histograms of maximum value of the reconstructed atomic
numbers for 102 fragments of breast tissue without microcalcifications (301x301
pixels) (a) and for 48 fragments of breast tissue with microcalcifications.

As it is seen, these distributions do not overlap. In this connection, we can
assume that type I errors (false positives , false conclusion about the presence of
microcalcifications) is practically equal to zero. However, type II errors, ( false
negatives, skip microcalcifications) is related to its size granules, the number
fragment pixel, the thickness of the breast and its assessment requires further
research.

Conclusion

The distribution of the reconstructed effective atomic number in the breast
enables identification of isolated clustered microcalcifications which are not visible at
traditional mammograms.
The fact of its presence in the mammary gland can be set analytically by the
form of the distribution of the effective atomic number.
The coordinates of the location of isolated microcalcifications can be
calculated mathematically.
The reported study was funded by RFBR according to the research project № 1607-00251 а.
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