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 Electrical conductivity index (IC), calculated during the
electrical impedance examination, is a quantitative value, 
which characterizes the status of the breast. The results of
1,632 electrical impedance mammograph examinations, 
obtained from healthy women from different age groups, were
analyzed.

 Age groups: 20-30 (380 women) 
31-40 (428 women) 
41-50 (449 women) 
51-60 (375 women). 

Types of mammary gland structure from the perspective of 
electrical impedance mammography



Types of mammary gland structure from the perspective 
of electrical impedance mammography

Fluctuations of electrical conductivity index in 1,632 studies were as follows: lower 
limit – 0.01 conventional units, upper limit – 0.68 conventional units. In order to 
identify the structure of electrical impedance index distribution there were elaborated 
8 ranges of criteria at a step of 0.09 and the quantity of studies was calculated in 
each range (Table 1).

Table 1. Arrangement of electrical conductivity index frequencies.



 Fig. 1 The frequency histogram 
of electrical conductivity index 
data. Mean electrical
conductivity index constituted 
0.29, median value – 0.29 and 
mode - 0.26.

 Fig. 2. Frequency histogram of
electrical conductivity index 
data and percentile ranges.

Types of mammary gland structure from the perspective 
of electrical impedance mammography



two percentile ranges 3% < IC < 0.09

3-10% IC = 0.1-0.14

More than 50% women of the group 20-30 years

Group of women 20-30 years

The low electrical conductivity index (IC) is characterized by the prevalence of 
ductal and acinar epithelium over connective tissue in the mammary gland 
structure. 

(The phenomenon of low conductivity can be explained by the presence of a large 
number of membranes of epithelium cells in the mamma. It is known that cell 
membranes possess capacitance and act as a strong barrier for electrical current.)



two percentile ranges > 97% IC > 0.53

90-97% IC = 0.47-0.52

More than 50% women of the group 50-60 years

Group of women 50-60 years

The high electrical conductivity index (IC) is characterized by:

 “loss” of acinar/ductal epithelium
 progressive decrease of estradiol secretion occurs, terminal-duct secretory

epithelium is substituted by connective tissue with a varied correlation of tissue 
elements

 loose connective tissue, filling the space between bodies, blood vessels, nerves, 
muscles and other structures of the body, creates the internal environment



The electrical conductivity index (IC) varies from 0.21-0.35 in women of all
age groups
Mixed type of the mammary gland structure with prevalence of acinar/ductal or 
amorphous component respectively (different combinations of acinar/ductal 
components and connective tissue with adipocytes)

All groups of women 20-60 years



Mammary gland „density“

The structure of the mammary gland determines 
their density. Thus, the defined ranges of electric 
conductivity correspond to different types of 
mammary gland “density”.

Low values of electric conductivity correspond to 
“dense” breasts of the so-called combined 
ductal/lobular type. 

High values of electrical conductivity index are 
characteristics of the amorphous type of breasts, 
consisting mainly of fat and connective tissue. 

A distinctive feature of this method for evaluating 
structure of the breast is the expression of its 
anatomical and histological structure in numerical 
terms.



Mammary gland structure from the perspective of electrical impedance mammography 
execution and breast density types according to the classification of the American 

College of Radiology (ACR).



The assessment of the average electrical conductivity in healthy women of different ages 
allowed creating the percentile curves of age-related electrical conductivity.

Age-related conductivity is the alteration of 
electrical conductivity of the breast with 
respect to age-related percentile curve of 
electrical conductivity.

The so-called percentile method as an 
approach to brief description of distributions 
is wide-spread in medical and biological 
research. 

This method does not require the data on 
distribution structure, i.e. it is non-
parametric. 

Age-related conductivity

Percentile curves of age-related 
electrical conductivity



Mammary gland impedance image evaluation



Mammary gland impedance image evaluation



Very important rule:

For assesment of the 
mammary gland image we 
pick the second slide 
(11 mm depth) for the 
visual identification of the 
state of the breast!

The second slide is the 
best for mammary gland 
evaluation.

Mammary gland anatomy



Assesment of the contour



Mammary gland contours

Contour deformation:



Hyperimpedance of the contour 
(a 51-years-old patient)

Mammary gland contours



 The nipple consists of the large number of
sebaceous glands as well as of the extension
which is the opening of the excretory ducts of the
breast lobules, surrounded by fibrous tissue.

 High electrical impedance of the nipple is
determined by the absence of the excretory ducts
of perspiratory glands in it.

 In the electrical impedance tomogram the nipple is
visualized as a centrebased linear
hyperimpedance formation at 1st and 2nd scans
with eletrical conductivity below 0.3 c.u., located
closely to the lactiferous sinus zone.

Mammary gland anatomy - nipple



 The areola of the mammary gland is the area of
hairless pigmented epidermis. In the dermis of
the areola there are circular smooth muscle
fibers which cause the nipple erection when
contracting. In the interior of the areolathere are
numerous sebaceous and apocrine glands.
Large sebaceous glands located on the
periphery of the areola cause the formation of
protrusions, Montgomery's tubercles.

 In the electrical impedance tomogram the areola
is visualized as a circular or oval
hyperimpedance formation surrounding the
lactiferous sinus zone in the center of the image.
Its eletrical conductivity is below 0.3 c.u.

Mammary gland anatomy - areola



Pictures of nipple and areola

MastitisT2 N0 M0



 A lobe of the mammary gland contains a multitude of
lobules which are made up of repeatedly branching
lactiferous ducts and are separated by the connective
tissue. Every lobe has one main excretory duct which
opens on the outside surface of the nipple.

 Before reaching the nipple milk ducts gain in breadth
and create a lactiferous sinus (sinus lactiferi) which
accumulates secreta as well as the milk produced in the
alveoli, both being characterized by low electric
impedance. There are about 15-25 sini in the
retromammilary area.

 The lactiferous sinus zone is imaged as a vast centre-
based hypo-impedance area, the electric conductivity
exceeding 0.7 c.u.

 Visualized
 Hypoimpedance area with conductivity 0.7 c.u. (contain

secret/milk)
 Isoimpedance area with conductivity 0.5 c.u. (dosn`t

contain secret/milk)
 Located in the center of image

Mammary gland anatomy – sinus lactiferi



 Each m. g. consists of 15 - 20 independent
units – breast lobes. The lobes are separated
by interlobular septs, composed of dense
corrective and adipose tissues.

 The septa, which form the connective tissue
carcass of the mammary gland, are
represented as hyper-impedance areas with
electrical conductivity within 0.3 – 0.4
conventional units that spread radially from
the areola (centre).

 The adipose capsule is clearly seen as
hyperimpedance areas with conductivity not
exceeding 0.3 c.u. in the periphery of the m.
g. and in the retroalveolar areas

Mammary gland anatomy - septa



The mammary glands consist of alveolar-tubular glands, grouped into small lobules, from
which the lobules are formed. In EI mammograms the parenchyma is represented as iso-
hypoimpedance area with conductivity of 0.3 – 0.7 c.u., located between the septa.

Mammary gland anatomy - parenchyma



Mammary gland anatomy - capsule

The capsule of the mamma is formed by the leaves
of the superficial fascia and is surrounded by the
subcutaneous fat. Between the fascial capsule of
the gland and the fascia of breast itself there are
retromammary adipose tissue and friable
connective tissue

Retromammary tissue

Connective 
capsule 
tissue

Retromammary adipose tissue is visualized on 6th and 7th scans as a hyperimpedance
homogeneous formation of irregular shape with the electrical conductivity index less than 0.1
conventional units (cu), located in the center of the mammogram. Adipose tissue intimately covers
the body of the breast (capsula adiposa mammae).



Local electrical conductivity

<0.2 0.3 – 0.5 0.6 – 0.9 >0.95

Hyperimpedance Isoimpedance Hypoimpedance Animpedance

The shades of colours used to identify various impedance areas
on the images of mammary gland





Mammary gland anatomy

Anatomy (a 39-years-old patient)



Mammary gland anatomy

Displacement of internal structures
(a 50-years-old patient)



Mammary gland anatomy

Hyperimpedance contour around the focus
(a 67-years-old patient)



Mammary gland anatomy

Changes of electrical conductivity
(a 67-years-old patient)



Lactic sinus zone

Lactic sinus



Lactic sinus

Lactic sinus



Mammary gland impedance image evaluation



Mean electrical conductivity index and histogram
of electrical conductivity distribution

Mean electrical conductivity index



Mean electrical conductivity index and histogram of 
electrical conductivity distribution



Divergence in electrical conductivity distribution

Mean electrical conductivity index and divergence in electrical conductivity 
distribution between the left and right breast



Mean electrical conductivity index and divergence in electrical 
conductivity distribution between the left and right breast



Divergence in electrical conductivity distribution

Mean electrical conductivity index and divergence in electrical conductivity 
distribution between the left (right) and the normal breast



Mean electrical conductivity index and divergence in electrical 
conductivity distribution between the left (right) and the normal 

breast



Mean conductivity index of the selected area and histogram of 
electrical conductivity distribution

Local changes of electrical conductivity



Comparative electrical conductivity

Divergence between the histograms  > 40%
(It is the difference of the conductivity between left and right breast or norm; according 
Kolmogorov – Smirnov the nonparametric test divergence more than 40% is highly informative)

Peak = conductivity of left and right breast or the peak of norm



Visual and matematical assesment of mammary gland



EIM vs. ACR

ACR - American college of radiology



Early diagnostics of breast cancer

Visual and quantitative assessment data of the electroimpedance image of the 
patients’ breasts from the main and the reference groups.



The scale of electrical conductivity of the tissues of the mammary 
gland
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Cancer

Simple form

Complicated form

Infiltrative form
Giant form



Cyst

Extended dacts 
in the zone 

of lacteral sinus
Local extended 

dacts
Single cyst

Plural cyst

Plural cyst



Mastitis

Infiltrative

Abscessing

Abscessing

Outcome



Scarves

Healing primarily 
by tension

Reproducibility

Healing secondarily 
by tension


