
СТМ ∫ 2018 ∫ vol. 10 ∫ No.3    125

 сlinical medicine 

Resonance Near-Field Microwave Probing  
as a Method for Exploration of Deep Burn Wound Structures  
in Experiment
DOI: 10.17691/stm2018.10.3.15 
Received November 12, 2017

А.K. Martusevich, DSс, Head of the Laboratory of Medical Biophysics, Institute of Traumatology and Orthopedics1;
S.Yu. Krasnova, Junior Researcher, Laboratory of Medical Biophysics, Institute of Traumatology and Orthopedics1;
А.G. Galka, Junior Researcher, Laboratory of Medical Biophysics, Institute of Traumatology and Orthopedics1;  
Junior Researcher, Laboratory of Space Plasma Modeling2;
P.V. Peretyagin, Junior Researcher, Department of Experimental Medicine with Vivarium,  
Institute of Traumatology and Orthopedics1;
А.V. Kostrov, DSc, Head of the Laboratory of Space Plasma Modeling2

1Privolzhsky Research Medical University, 10/1 Minin and Pozharsky Square, Nizhny Novgorod, 603005, Russia; 
2Federal Research Center Institute of Applied Physics of the Russian Academy of Sciences, 46 Ulyanova St.,  
 Nizhny Novgorod, 603950, Russia

The aim of the investigation was to study the diagnostic value of the near-field microwave probing in the assessment of the normal 
and experimentally burned rat skin profiles.

Materials and Methods. The investigation was performed on 30 mature Wistar male rats divided into two groups of equal size. The 
animals of the control group (n=15) did not undergo any manipulations except for a single microwave probing. A contact thermal burn 
covering 20% of the body area was modeled on the rats of the main group (n=15). Near-field microwave probing was carried out using 
a device designed in the Institute of Applied Physics of the Russian Academy of Sciences (Nizhny Novgorod, Russia) which enables the 
estimation of the object dielectric permittivity. A set of probes was used to assess dielectric characteristics of the skin at the depth of 2–5 mm.

Results. Real part of dielectric permittivity of the skin and subcutaneous structures in normal rats was determined to rise monotonously 
with the increase of the probing depth from 2 to 5 mm and a pitch of 0.5 to 1 mm. The tissues of the burn wound demonstrate a higher 
level of real part of dielectric permittivity relative to the intact skin, the shift having different temporal dynamics. That is immediately after the 
burn application, changes of the parameter in the superficial biological tissue layers prevail and a day later they prevail in the deeper ones.

Conclusion. The method of the resonance microwave investigation can be used to monitor the structure of the skin in norm and in 
local changes including the depth of thermal tissue injuries.
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Introduction

The overall prevalence and non-decreasing 
incidence of thermal traumas predetermine not only the 
development of innovative technologies of treatment 
of heavily burned patients but improvement of the 
diagnostic apparatus of combustiology [1–3]. At present, 
greatest importance for this cohort of suffers is a clinical 
assessment of the local status including the assessment 
connected with the use of a series of empirical 
algorithms for determining special characteristics of 
the received trauma (the rule of nines, etc.) [2–4]. At 
the same time, a great amount of diagnostic difficulties 
remain in combustiology connected with specifying 
precise borders of a burn injury, evaluation of the viability 
of tissues in the periwound zone, wound uniformity, 
and so on [1, 3, 5]. Separately stands the problem of 

verifying the injury depth of the skin and subcutaneous 
structures [5, 6].

To solve a variety of these tasks apart from the empiric 
approach prevailing in real clinical practice, the value of 
IR thermal imaging are being studied. This technology 
has been shown to be informative in some situations, 
however, it makes it possible to evaluate the state of 
the skin surface and the nearest underlying structures 
only. Modern options of ultrasound examination, though 
possessing high informativity and resolution in other 
pathology, fail to achieve the appropriate contrast in 
case of a thermal trauma [1, 5–7].

An additional difficulty encountered in tissue 
visualization in combustiology is a physical barrier 
(temporary and constant wound coatings) between the 
probe and the skin surface which is not always possible 
to remove for conducting diagnostic manipulations (for 
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example, when biocoatings containing matrices with 
stem cells are used) [5, 6, 8, 9]. This is an obstacle for 
the majority of methods for examination of subsurface 
structures or integument, for US investigation in 
particular. All this inspired the researchers to seek and 
test fundamentally different technologies of profiling 
deep burn wounds and a periwound zone [8]. 

In this regard, a relatively new method of near-field 
resonance microwave profiling based on the study of 
tissue dielectric properties, i.e. dielectric permittivity and 
conductance, attracts special attention [8, 10–14]. This 
technique has been shown by previous investigations 
[15–17] to be highly informative in dermatology. It 
provides the possibility to make primary and differential 
diagnosing of various skin diseases and monitor the 
efficacy of the conducted treatment predicting the 
transition of the patient to the phase of remission. 
However the technique has not been previously used in 
combustiology.

The aim of the study was to study the diagnostic 
potentialities of near-field microwave probing in profiling 
a rat skin in norm and in the area of the experimentally 
burned wound.

Materials and Methods
The investigation was performed on 30 mature 

Wistar male rats divided into two groups of equal size. 
The animals of the control group (n=15) did not undergo 
any manipulations except for a single microwave 
probing. A contact thermal burn covering 20% of the 
body area was modeled on the rats of the main group 
(n=15) according to the proprietary methodology [18], 
and immediately after the injury and then 24 h later, the 
dielectric properties of the burn wound tissues have 
been studied.

All manipulations with the animals were carried out 
in compliance with the Guide for the Care and Use of 
Laboratory Animals (National Research Council, 2011); 
National standard of the Russian Federation 33044–
2014 “Principles of Good Laboratory Practice”; ethic 
principles of the European Convention for the Protection 
of Vertebrate Animals used for Experimental and other 
Scientific Purposes (Strasbourg, 2006). The study 
protocol was approved by the Ethics Committee of the 
Privolzhsky Research Medical University.

Near-field microwave probing was carried out using 
a system, designed in the Institute of Applied Physics of 
the Russian Academy of Sciences (Nizhny Novgorod, 
Russia), and specialized software interfacing the 
system and computer, and enabling the calculation of 
real part of dielectric permittivity [11, 16]. Skin dielectric 
characteristics were assessed at the depths of 2–5 mm 
using a series of probes. Measurements in all animals 
were taken at the same point localized in the middle 
part of the back on the preliminarily depilated surface. 
The results were processed using Statistica 6.0 
software.

Results and Discussion
The results of the investigation showed the possibility 

of analyzing the dielectric properties of the rats skin 
in vivo by means of the examined device. The level of 
subsuperficial structure dielectric permittivity at the 
examined depths (2–5 mm) has been found to be less 
than 9 standard units and to monotonously rise with the 
increase of the probing depth (Figure 1). 

Taking into account that each value is cumulative, i.e. 
shows the conductance of the entire subsuperficial layer 
up to the indicated depth (Figure 2), and the maximum 
parameter level is registered at a distance of 5 mm from 
the skin surface (see Figure 1), this is also reflected in 
the characteristic of the applied probing method as a 
near-field one.

The level of the examined parameter at the minimal 
and maximal depths differs by 2.55 times (p<0.01) 
which is determined by the assessment of the deeper 
structures in the rats performing microwave profiling by 
the probe working at the depth of 5 mm. It can be also 
explained by the fact that each subsequent dielectric 
permittivity value includes the previous one together 
with the contribution made by the tissues located in the 

Figure 1. Dielectric permittivity profile of the skin and 
subcutaneous structures of healthy rats according to the 
data obtained by near-field microwave probing

Figure 2. Schematic presentation of resonance near-field 
microwave probing of the subsuperficial structures
D — probe diameter; ε(r) — dielectric permittivity of the 
medium being probed; σ(r) — conductance of the medium 
being probed
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range from the previous to the current probing level [11, 
19–21].

Based on the data obtained from the intact rats, a 
linear mathematical model of alterations in the dielectric 
permittivity of the animal skin has been built describing 
fully enough its subsuperficial profile (coefficient of 
determination — 0.91). Linear regression equation 
allowing prediction of the dielectric permittivity value at 
other probing depths is presented in the following form: 

y=1.5x+0.455,

where x is a probing depth (mm), у is the level of 
dielectric permittivity at a given depth (standard units).

This model can be applied to calculate physiological 
level of dielectric permittivity of the subsuperficial rat 
skin structures which may serve as a reference point 
for revealing its changes caused by various pathologic 
processes.

At the second stage, near-field microwave probing 
was used to study the dielectric properties of the skin 
and superficial tissue deep profiles in the animals with 
preliminarily induced thermal trauma (in the form of a 
contact thermal burn on the pre-depilated skin surface of 
the back). The dielectric permittivity of the subsuperficial 
tissues of the experimental burn wound was assessed 
immediately after the injury and a day after its modeling. 
It allowed the deep skin profiles to be formed by this 
parameter in the course of the experiment and in 
comparison with the intact biological tissue (Figure 3).

The dielectric parameters of the burn wound 
have been established to differ significantly from 
the properties of the intact tissue, these shifts being 
characterized by the growth of real part of the medium 
dielectric permittivity at both time points of observation. 
Thus, immediately after the thermal injury, the greatest 
changes have been noted in the nearest subsuperficial 
skin layers (2–3 mm) in which the examined parameter 
increases many times relative to the values in the 
intact rats (by 7.46 and 9.47 times at the probing depth 
of 2 and 3 mm; p<0.05 for both cases) making about 
24.0 and 25.8 standard units, respectively. It may be 
due to an intensive rapid local heating of the tissues at 
a small depth immediately after the exposure, whereas 
the deeper layers have not yet been involved in this 
process.

Later (a day after the injury), the depth profile of the 
skin dielectric permittivity transforms essentially (see 
Figure 3). In this period, deepening of the subsuperfical 
structure damage takes place which is accompanied 
by the decrease of the examined parameter at minimal 
depths (2–3 mm) with its growth relative to the intact 
skin at a distance of 3.5–5.0 mm below the skin surface 
(p<0.05 for all cases). The maximum of the dielectric 
permittivity was registered at the depth of 4 mm which 
corresponded to the zone of the most severe damage 
in our experiment. It speaks of a partial cooling of the 
superficial skin layers with simultaneous overheating of 
the most proximal ones and, consequently, shifting the 

injury focus to the deeper layers. The data presented 
prove the possibility of monitoring the depths of the 
thermal tissue injuries and create an experimental 
basis for testing the processes of burn deepening in the 
posttraumatic period. 

Thus, the investigations performed with the help of the 
near-field microwave probing made it possible to create 
a depth profile of the dielectric permittivity distribution for 
the skin of the healthy animals (rats of the Wistar line) 
which may serve as a physiological microwave pattern 
for the subsuperficial tissue study including various skin 
layers and the nearest subcutaneous structures. Real 
part of the skin dielectric permittivity was found to rise 
with the increase of the probing depth in the range of 
2 to 5 mm with a pitch from 0.5 to 1 mm. This allowed 
creation of the linear mathematical model of the depth 
structure of the examined parameter level distribution.  

The model may help to predict the level of dielectric 
permittivity in deeper subsuperficial skin structures.

The tissues of the burn wound were found to 
demonstrate a higher level of real part of dielectric 
permittivity compared to the intact skin, these shifts 
having temporal dynamics: immediately after the thermal 
injury, changes of the parameter in the superficial 
biotissue layers prevail whereas a day later they prevail 
in the deeper ones.

Conclusion
The detected stability of the microwave profile 

enables the application of near-field resonance 
microwave probing of the skin for the assessment of 
its structure in norm and in local alterations (benign 

Figure 3. Dielectric permittivity profile of the skin and 
subcutaneous structures of the rats in norm and in 
experimentally-induced burn according to the data 
obtained by resonance near-field microwave probing
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and malignant neoplasms, burns, etc.) and the derived 
equation may serve as a reference point for further 
studies of dielectric characteristics of the skin tissues in 
diverse experiments. 
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