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Work on the study of electrical conductivity of
tissues, including skin, first appeared about 40 years
ago [12]. Since that time, the number of publications,
despite their interesting results, is relatively small [7-
11].

The skin, despite the superficial localization, be-
ing a difficult object for visualization, for a long time
remained only the subject of histological examination
[2, 5, 7, 9-12]. Existing methods (for example, optical
coherence tomography, IR thermography, etc.) allow
to study only the surface and the nearest surface struc-
tures of the skin [2, 5, 6, 10].

A more extensive methodological apparatus is
available for monitoring skin vessels [5], while the
deep structure of the latter is difficult for non-invasive
study [1, 2, 5]. In this regard, the work on profiling of
the skin by its dielectric properties attracts attention
[1, 3, 4, 6, 8], but this information is isolated and
jerky. This is, in particular, due to the lack of availa-
ble diagnostic tools for assessing the dielectric charac-
teristics of the skin and other tissues [3, 4].

In this regard, the aim of the study was to study
the possibilities of near-field microwave sensing in
assessing the structure of human and rat skin.

Material and methods

The study, which included a single microwave
sounding, was performed in 20 practically healthy
people and 20 healthy mature male Wistar rats.

Near-field microwave sensing of tissues was per-
formed using a special installation created in the Insti-
tute of Applied Physics of the RAS (Nizhny Novgo-
rod), as well as specialized software that interfaces the
installation with a PC and allows to calculate the real
part of the dielectric permeability [3]. The dielectric
characteristics of the skin were evaluated at depths of
2 to 5 mm using a series of probes.

Measurement in all examined people was per-
formed on the forearm at a single point, and in ani-
mals — at one point, localized in the middle part of the
back, on a pre-epilated surface.

The obtained data were processed in the program
package Statistica 6.1.

Results and discussion

It was found that the real part of the dielectic
permeability of human skin increases monotonously
with increasing depth of sounding (Fig. 1), showing a
tendency to increase by 1.74 times when comparing
the parameter values obtained at depths of 2 and 5
mm (p<0.05).
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Fig. 1. The profile of dielectric permeability of the
skin in healthy people (in rel. un.)

This is due to the fact that the value under consid-
eration is cumulative, and each subsequent value in-
cludes the previous as well as the contribution made
by tissues located from the previous to the current
level of sensing. On the basis of the obtained data, a
linear mathematical model of the change in the di-
electrical permeability of the skin is constructed,
which sufficiently describes its subsurface profile
(determination coefficient - 0.94).

The linear regression equation, which allows to
predict the value of dielectric permittivity at other
sensing depths, is presented in the following form:

y=6,4125ex+15844 (1)

Analysis of the dielectric properties of rat skin al-
lowed to establish that the permeability of the latter is
significantly, almost an order of magnitude lower than
in humans, but the nature of the dependence of the
considered parameter remains, demonstrating a mo-
notonously increase in the value with a maximum at a
depth of 5 mm (fig. 2).
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At the same time, the level of the studied parame-
ter at the minimum and maximum depths differs by
2.55 times (p<0.01), which is related to the assess-
ment of deeper structures in rats during microwave
profiling by a single date that performs sounding at a
depth of 5 mm.

For the microwave profile of the skin of rats, we
also formed the linear regression equation, as well as
for humans, which fully reflects the experimentally
obtained values of the dielectric permittivity (the de-
termination coefficient is 0.91). This equation has the
following form:

y=155ex+0,455 (2)
Conclusion

The conducted studies allowed to establish a pic-
ture of the deep distribution of dielectrical permeabil-
ity of the skin of healthy people and animals (Wistar
rats), which can serve as a physiological microwave
pattern for the study of subsurface tissues, including
various layers of the skin and the nearest subcutane-
ous structures. It is shown that the real part of the die-
lectric permittivity at all the studied depths in humans
is much higher than in rats, and monotonically in-
creases with an increase in the sensing depth in the
range from 2 to 5 mm in increments of 0.5 to 1 mm.

The stability of this pattern precedes the possibil-
ity of using the method of microwave profiling of the
skin in the assessment of its structure in normal and
local changes (benign and malignant neoplasms,
burns, etc.), and the obtained equations can serve as a
guide for the subsequent study of the dielectric char-
acteristics of human cover tissues and mature rats in
different experiments.
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