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ABSTRACT

The authors of this lecture performed a comprehensive analysis of possible mechanisms for stimulating reparative
processes after thermal skin damage using nanosecond repetitive pulsed microwave (RPM) radiation. The study
analyzes both thermal and non-thermal mechanisms of the biological action of electromagnetic radiation, with
special emphasis on the molecular aspects of the effects of nanosecond microwave pulses. Special attention is paid
to the role of membrane proteins, calcium-dependent signaling pathways, and extracellular matrix components
in realizing the regenerative potential of low-intensity microwave exposure. The study reveals the complex
relationships between the physical parameters of RPM radiation (intensity, frequency, duration of pulses) and the
activation of key cellular processes that ensure accelerated healing without scarring. The work uses experimental
data obtained on models of burn injuries in laboratory animals (Wistar rats) using spectrophotometric, hematological,
and histological methods. RPM radiation is a promising physical factor for stimulating skin regeneration, acting
through non-thermal mechanisms. The combination of RPMs with cell therapy and pharmacological agents can
become the basis of new protocols for the treatment of burns and other skin injuries. Further research is aimed at
developing personalized treatment regimens, taking into account phases of the injury.
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PE3IOME

ABTOpBI IPOAHATU3UPOBAIH BO3MOXKHBIE MEXaHU3Mbl CTUMYJIALMU PENapaTUBHBIX IPOLECCOB I10CIE TEPMUUCCKUX
MOBPEKACHUN KOXH C MOMOLIBIO JEHCTBHS HAHOCEKYHJHOTO HUMITYJIbCHO-IIEPUOJHUUYECKOIO MUKPOBOJIHOBOIO
nznyuenust (UTIMU). [IpoBesieH aHaiu3 Kak TEIIOBBIX, TAK U HETCILIOBBIX MEXaHU3MOB OHOJIOTHYECKOT0 ICHCTBUS
3JIEKTPOMArHUTHOTO M3JIyYeHHUs], C 0COOBIM aKIIEHTOM Ha BO3MOJKHBIE MOJIEKYJISIPHBIC aCIEKThl B3aUMOACHCTBHS
UIIMUM c¢ xieroynbiMu cTpykTypamu. Ocoboe BHHMaHHE YAEJICHO POJIM MeMOpaHHBIX OENKOB, KaJIbLWii-
3aBUCUMBIX CHUIHAJbHBIX IyT€ll M KOMIIOHEHTOB BHEKJIETOYHOIO MAaTpHUKCa B pealu3allid pereHepaTUBHOIO
[OTEHLIMaJIa HU3KOMHTEHCUBHOI'O MUKPOBOJIHOBOI'O BO3CHCTBUSL.

B paboTe packpbIBaoTCs CIOXKHBIE B3aHMOCBSI3H MeXKAy (pusndecknmu napamerpamu UIIMU (MHTEHCHBHOCTS,
9acToTa, JUIUTENHFHOCTh WMITYJIBCOB) M AaKTHBAIMeH KIIOYEBBIX KIETOYHBIX IIPOIECCOB, OOECHETHBAIONINX
YCKOpEHHOE 3akuBIIeHHEe Oe3 pyOmeBaHus. lIcnosp30BaHBI AHKCIEPHMCHTAIbHBIC NaHHBIE, MOTyYCHHBIE Ha
MOJENSAX 0’KOTOBBIX MOBPEXIECHHH y JJaOOPaTOPHBIX XHUBOTHBIX (KPBICHI JIMHUHU BucTap), ¢ IprIMEHEHHEM CIIeK-
TpPOoOTOMETPUIECKHX, TEMATOJIOTHIECKHIX U THCTOJIOTHIECKIX METO/IOB.

WIIMU npencraBnseTr co00i MepCreKTUBHBIA (GU3NUECKU (HAKTOp U CTUMYJISIIMK PEreHepauu KOXH, Ieh-
CTBYIOIIMH Yepe3 HeTemioBbie MexaHn3Mbl. KomOunanus UTIMU ¢ kinetouHoit Tepanueii u papMakoIornyecCKUMHU
areHTaMu MOXKET CTaThb OCHOBOW HOBBIX IPOTOKOJIOB JIEYEHUS OXKOTOB M JPYTUX NOBPEXKICHUHN KOXHU. [lanbHei-
HINE MCCIEI0BAHUS HANPABIEHB! Ha pa3pabOTKy MEPCOHATN3HPOBAHHBIX CXEM BO3JEHCTBUS C ydeToM (a3 paHe-
BOTO IIpoLecca.
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KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HWHTEPECOB,
CBSI3aHHBIX C MyOJUKaNneil HaCTOSIIEH CTaThH.

Hcrounuk puHancupoBaHus. PaboTa BINONIHEHA B paMKaX rOCyIapcTBEHHOTO 3aaHusl MUHUCTEpCTBA HAYKU U
BhIcIIero oopasosanus Poccuiickoit @enepannu (FWRM-2021-0002).

Jas umtupoBanus: Camoiinosa A.B., XKapkosa JLII., bonbmakos M.A., T'octioxuna A.A., 3aiiues K.B., Ko-
no6osrukoBa H0.B., PocroB B.B., Brixomues I1.B. MexaHu3Mbl BOCCTAaHOBIICHHSI M PETeHEPAIMH TEPMUUECKHX
MOBPEXIEHUN KOXKH ITOCPEACTBOM HAHOCEKYHIHBIX MUKPOBOJIHOBBIX UMITYJIECOB. broaremens cubupckoil meou-
yunot. 2026;26(1):152-162. https://doi.org/10.20538/1682-0363-2026-1-152-162.

INTRODUCTION

physical factors (in particular, low-intensity pulsed

electromagnetic radiation) [1-6], the problem of

Despite the significant number of studies on
developing methods for the treatment of skin injuries
(including thermal ones) using pharmacological
approaches, surgical methods, and the impact of

effective stimulation of regeneration remains relevant
inmodern medicine. This necessitates the development
of more effective methods that will allow to optimize
the time and quality of tissue repair.
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The aim of this lecture was to consider possible
mechanisms and modern ways to repair damaged
tissues, including after thermal injury.

EPIDEMIOLOGY OF BURN INJURIES AND
THEIR SOCIAL AND PSYCHOLOGICAL
CONSEQUENCES

According to statistical data, burns rank sixth in
the profile of injuries in patients admitted to medical
institutions of the Russian Federation, with the annual
incidence exceeding 300 thousand cases. In about 20%
of cases, thermal damage affects open areas of the body,
which determines high importance of rehabilitation of
post-burn deformities with subsequent prevention to
ensure a satisfactory quality of life and psychosocial
adaptation.

Clinically significant cosmetic defects following
burn injuries can lead to persistent maladaptation,
including disability, impaired social functioning,
and the development of psycho-emotional disorders,
which underscores the need for an integrated approach
to rehabilitation of this category of patients [7].

FORMATION OF SCARS AFTER THERMAL
INJURIES AND MODERN APPROACHES TO
THEIR ELIMINATION

According to the study [8], final burn scar
formation ends after an average of two months. The
degree of hypertrophic scar severity is determined
by a number of factors, including the depth and
area of burn injury, individual regenerative abilities
of the body, as well as timeliness and adequacy of
medical care at early stages of the injury. In case of
third-degree burns, the key task of treatment is to
prevent the development of gross scar deformities,
especially when injuries are localized in aesthetically
significant areas (facial region, limbs) or on the joints,
where excessive scarring can lead to contractures and
limited mobility [7]. In cases of delayed repair or
failure of natural epithelialization, surgical treatment
is indicated, including autologous skin grafting, aimed
at accelerating wound surface closure and minimizing
the risks of blood loss and infectious complications.

Modern protocols for prevention of keloid and
hypertrophic scars provide for comprehensive
conservative  therapy, which includes local
treatment with silicone gels (Kelo-Cote, Dermatix,
Contractubex, Mederma); intrascar injections of
glucocorticoids (Diprospan, Kenalog), physiotherapy
methods (electrophoresis with Fermencol or Lidase),

ultrasound therapy with hydrocortisone, magnetic
therapy, and balneotherapy as part of rehabilitation
programs. The specified measures are most effective
in the first 12-18 months after the injury, during
the period of active scar formation. Taking this into
account, optimizing duration of medical rehabilitation
of patients with burns seems to be the key direction
in reducing the risk of disabling consequences and
improving the quality of life [8].

MODERN ASPECTS OF THE BIOLOGICAL
ACTION OF REPETITIVE PULSED
MICROWAVE RADIATION ON
REGENERATIVE PROCESSES

Modern research demonstrates a growing
interest in the study of the biological activity of
various physical factors that are able to modulate
regenerative processes. Special attention is drawn
to nanosecond repetitive pulsed microwave (RPM)
radiation, which has a pronounced impact on various
levels of biological organization, from cellular
structures to the whole body [9-11]. The conducted
experimental studies allowed to reveal the key
patterns of the biological action of RPM radiation.
It was established that the nature and manifestation
of the observed effects are strictly dependent on the
impact parameters, including pulse repetition rate,
radiation intensity, number of applied pulses, and
total exposure duration [12].

The most important achievement of the conducted
research was confirmation of the RPM ability to
significantly accelerate the reparative processes in full-
thickness skin lesions [13]. In addition, a pronounced
reparative effect was revealed in experimental models
of ulcers of gastric mucosa (ethanol-induced and
neurogenic ulcers in laboratory animals), which
indicates the prospects for a local application of RPM
radiation in regenerative medicine [14].

Modern experimental data indicate a pronounced
regenerative ability of RPM radiation in thermal
skin lesions in laboratory animals (Wistar rats) [12].
Of particular interest is the combined use of RPM
radiation with injection of stem cells from red bone
marrow, demonstrating a synergistic effect that
manifests itself in accelerated and complete wound
healing with absence of keloid transformation of scar
tissue with minimal severity of the inflammatory
reaction [12].

The obtained results create the theoretical basis for
development of innovative reparative therapy methods
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for skin lesions. The supposed mechanism of observed
synergism may include activation of proliferative
processes with simultaneous stimulation of cell
migration and differentiation, as well as induction of
collagen remodeling and proliferation of endogenous
fibroblasts. Transformation of granulation tissue into
fibrous connective tissue, neogenesis of hair follicles
(the appearance of characteristic bulbs), and ultimately

UMD puem
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complete restoration of the cytoarchitectonics of
the dermis are histological confirmation of the
effectiveness of the combined impact of stem cells
and nanosecond RPM radiation (Fig. 1) [6, 12].
These changes are reliable markers of the completed
regenerative process, which confirms the prospects for
further study of combined techniques using physical
factors and cellular technologies (Fig. 1).

200N

Fig. 1. Histological sections of skin regenerates of the Wistar laboratory rats on day 30 after modeling burn injury in the controls

with self-healing without correction (left) [12] and after the combined use of nanosecond RPM radiation and the injection of

cultured red bone marrow cells (right). / — newly formed epidermis; 2 — young granulation tissue; 3 — reticular dermis, represented

by powerful collagen fibers of dense irregular connective tissue; 4 — papillary dermis layer, represented by fibroblasts of loose
fibrous irregular connective tissue; 5 — hair follicles. Staining with modified Azan

In spite of the accumulated experimental material
demonstrating the stimulating effect of RPM radiation
on wound healing, there is still no unified concept
explaining the mechanisms of interaction of RPM
radiation with the structural components of the skin.
Due to bioethical limitations, such studies are possible
exclusively on animal models, which determined the
aim of this work: to study the primary mechanisms
of RPM energy absorption by damaged skin covers
and to analyze the stimulating effect of nanosecond
microwave pulses on regeneration in the experiment.

PHASE SPECIFICITY OF THE
PHYSIOTHERAPY IMPACT DURING
SKIN REGENERATION

To optimize therapeutic approaches using RPM
radiation, it is necessary to have detailed understanding
of the histological and molecular changes occurring
in damaged skin at various stages of regenerative
process, which sequentially replace one another with
partial temporary overlap.

According to literature data, skin is a complex
organ consisting of two main layers: epidermis
and dermis (Fig. 2) [15]. The epidermal layer is
characterized by pronounced structural organization,
including pilosebaceous units that combine follicular
structures and sebaceous glands associated with them
as well as interfollicular epithelium. The dermal
layer is morphologically subdivided into a superficial
papillary zone and a deeper reticular layer, with
the dermal papilla performing regulatory function
in relation to the hair follicle cycle and the muscle
attached to it ensuring motor activity of the hair.

The dermis contains numerous cellular elements
(fibroblasts, immunocompetent cells), vascular and
nervous structures, as well as dermal adipose tissue
(Fig. 2, a). Hypodermis, represented by subcutaneous
adipose tissue, is localized directly under the dermal
layer. Repair of skin lesions starts immediately after
injury and includes successive stages of hemostasis
and inflammatory reaction (Fig. 2, b). The forming
fibrin matrix not only prevents blood loss, but also
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creates structural basis for migration of various cell
populations. During the proliferative phase, it is
possible to observe active migration and proliferation
of keratinocytes, fibroblasts, and endothelial cells
with parallel reorganization of the extracellular
matrix (ECM) (Fig. 2, ¢). The remodeling phase is
characterized by structural transformation of collagen
fibers and elimination of temporary cellular elements
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(Fig. 2, ¢). It should be noted that, according to
experimental data [16] with small excision injuries in
laboratory mice, hair follicles do not fully regenerate,
and the defect is replaced with scar tissue (Fig. 2,
¢), whereas with extensive injuries, after completion
of epithelialization, it is possible to observe the
phenomenon of wound-induced hair follicle
neogenesis (WIHN).
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Fig. 2. Structural and functional arrangement of skin covers and dynamics of their repair and regeneration: from homeostatic
mechanisms to phases of the wound healing process. The scheme integrates modern concepts of the histological structure of the
skin and successive stages of its repair after injury (a—d), including the key cellular and molecular events. The dynamics of healing
reflects: phases of hemostasis and inflammation (a) with formation of a fibrin clot and migration of immune cells; proliferative phase
(b) with active re-epithelialization, angiogenesis, and formation of granulation tissue; as well as remodeling (c, d), demonstrating
either scarring of small wounds (c) or regeneration with neogenesis of hair follicles and sebaceous glands in cases of extensive
damage (d). The scheme emphasizes the role of dermal stem cells, the dynamics of ECM remodeling, and critical significance of
cell — cell interactions at each stage [15, 16]. I — epidermis, 2 — papillary layer of the dermis, 3 — reticular layer of the dermis, 4 —
white adipose tissue of the dermis, 5 — hair, 6 — sebaceous gland, 7 — muscle that pulls hair upright, 8 — hair bulb, 9 — blood vessels,
10— fibrin filaments, /7 — components of ECM (collagen, elastin) [15, 16]

THE MECHANISM OF ABSORPTION OF
NANOSECOND MICROWAVE PULSE
ENERGY

Experimental data obtained on a burn injury
model in Wistar rats show significant improvement in
regenerative processes both with local 4-fold exposure

to RPM radiation alone and with its combination with
the injection of cultured red bone marrow cells. The
effect is manifested through reducing the time of
complete epithelialization and, with optimal exposure
parameters, through scar-free skin regeneration. It is
important to note that the effectiveness of exposure
was strictly dependent on radiation parameters, such

156 Bulletin of Siberian Medicine. 2026; 25 (1): 152-162



Reviews and Lectures

as the repetition frequency of microwave pulses, their
intensity, and total number [6, 12].

Fundamental research would suggest that
initiation of reparative processes is related to the
features of electromagnetic energy absorption by
biological tissues [17]. The physical mechanisms of
this phenomenon include generation of conduction
currents (caused by the movement of ions under the
effect of external radiation) and displacement currents
(caused by oscillations of dipole molecules). In this
case, the thermal component of the biological effect
associated with the heating of tissues during the
passage of induced currents is essential [18].

The complex histological organization of skin
covers and underlying structures, characterized by
pronounced  electrophysiological  heterogeneity,
leads to spatial unevenness in the distribution of
the induced electric field and, as a result, to local
temperature gradients. The theoretical foundations

of this phenomenon were laid in studies on bilayer
lipid membrane (BLM) models in the 1980s [19, 20].
It was experimentally established that the difference
in dielectric permittivity between the electrolyte (g of
solution) and the Teflon partition (g of Teflon) leads
to concentration of electromagnetic field in the area
of the membrane-forming hole, where the specific
absorption rate (SAR) can be 2—3 orders of magnitude
higher than the values in the surrounding solution
(Fig. 3) [19, 20].

A similar mechanism for focusing electromagnetic
energy can be implemented in microvessels of the skin,
where the heterogeneity of the electrical properties of
tissues creates conditions for local thermal effects. It
is worth noting that, according to the data [21], the
key factor contributing to the acceleration of repair
under extremely high-frequency electromagnetic
exposure (EMR of EHF) is precisely the improvement
of microcirculation in the perifocal area of damage.

AR profile plane in the membrane hole

Fig. 3. Specific absorption rate in the solution along the edges of the bilayer lipid membrane. Note: the excess SAR in the solution
filling the membrane (on the left) compared to the average overheating in the whole volume [19, 20]

A legitimate question arises about the applicability
of the thermal effect model to RPM radiation.
Experimental studies on the epididymal adipose tissue
model in laboratory mice [22] demonstrated that
exposure to 4,000 nanosecond pulses with peak power
flux density of 1,500 W/cm? caused a temperature
increase of no more than 0.08 °C. Taking into account
electrophysiological heterogeneity of biological tissues,
it can be assumed that even local overheating of blood in
microvessels unlikely exceeds 10 times the value of the
baseline temperature effect, which limits the maximum
local temperature increase to about 0.2 °C. Such
insignificant temperature gradient is physiologically
incapable of inducing significant vasodilation and, as a

result, cannot explain the observed improvement in the
trophism of regenerating tissues.

These data allow to exclude with a high degree of
probability the thermal mechanism as the main factor
responsible for stimulation of reparative processes
under the effect of RPM radiation and suggest
existence of alternative, non-thermal mechanisms of
biological action. One of the possible non-thermal
mechanisms may be indirect activation of skin mast
cells, leading to the release of histamine, which was
demonstrated in experiments with low-intensity (up to
50 uW/cm?) EMR of EHF [23].

It is known that histamine is able to modulate
expression of heat shock proteins, which, in turn,
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activates endothelial nitric oxide synthase (eNOS)
contributing to an increase in NO production [24].
The combination of these processes ensures the
development of a vasodilator effect and improvement
of the microcirculatory channel in the perifocal area
of the injury. The obtained data suggest that the
mechanism of the stimulating effect of low-intensity
nanosecond RPM on wound healing is a complex,
multilevel process involving both intracellular
signaling cascades and intercellular interactions,
which requires further detailed research.

ANALYSIS OF NON-THERMAL
MECHANISMS OF SKIN REGENERATION
BY LOW-INTENSITY RPM

In the process of skin injury repair, the crucial role
is attributed to the ECM and stem cells, which is a
complex dynamic system ensuring the structural and
functional integrity of tissue components (Fig. 4) [25].
The ECM performs multiple functions: it serves as a
mechanical framework of connective tissue, mediates
intercellular interactions, regulates transport of
substances and cell migration, and also acts as a depot
for growth factors, ensuring their controlled release in
accordance with the phases of regeneration. The most
important mechanism of stem cell regulation on the
part of the ECM is realized through the maintenance
of cellular polarity, orientation of the mitotic spindle,
and control of the asymmetry of cell division [26]. By
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binding growth factors and interacting with cellular
surface receptors, the ECM modulates the transmission
of molecular signals and regulation of transcriptional
activity, thereby determining the morphofunctional
characteristics of regenerating tissue [27].

Fibroblasts, as the main effector cells, exercise
strict control over synthesis and proteolytic
degradation of the ECM components, which directly
affects the processes of self-renewal, proliferation, and
differentiation of stem cells. Involvement of the ECM
in the formation of specialized stem cell niches, unique
microenvironments that support the pool of progenitor
cells, is of particular importance [28]. In these
niches, transmembrane integrin receptors mediate
transmission of signals from the ECM to stem cells,
regulating their proliferative activity and mobility
(Fig. 4) [28]. Integrins specifically interact with the
key ECM ligands, including fibroblast growth factor
(FGF), tumor necrosis factor (TNF a), interleukin (IL)
1, IL-6, and fibronectin fibers. Activation of integrin
receptors initiates a cascade of intracellular signals,
in particular through the PI3K/AKT pathway, that
stimulates migration and endothelial differentiation
of mesenchymal stem cells, significantly enhancing
their reparative potential [29]. Thus, modulation of
the dynamics of ECM remodeling and activation of
components of stem cell niches can be considered as
some of the key mechanisms of stimulation of wound
healing under the impact of RPM radiation.
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A
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Fig. 4. Possible targets for the impact of nanosecond RPM, providing stimulation of skin lesion regeneration. Explanations are
contained in the text
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The impact of nanosecond RPM radiation is
potentially able to modulate affinity of interaction of
the ligands with integrin receptors, changing efficiency
of signal transmission and functional activity of
corresponding proteins. The similar mechanism can
be realized through Ca*-dependent processes in
accordance with the Adey model [30], which explains
the frequency dependence of biological effects
of electromagnetic actions. Under certain RPM
parameters, calcium ions that stabilize the liquid
crystal structure of cell membranes can dissociate
from surface receptors, increasing fluidity of the
membrane bilayer and conformational mobility
of integrins. Microwave pulse energy is sufficient
to transfer the key molecular components in the
active state, that leads to a change in the efficiency
of the total signal cascade.

Electromagnetic radiation of non-thermal
intensity, which includes nanosecond RPM
radiation, is able to influence intracellular

signaling pathways through several interrelated
mechanisms: changes in membrane permeability
for Ca** ions; modulation of calcium binding
to surface polyanionic structures; regulation
of calcium interaction with calcium-binding
proteins (calbindin, calretinin) [31] and matrix
metalloproteinases (MMP)[32]. MMPsplay the key
role in ECM remodeling by controlling processes
of cell adhesion, differentiation, and proliferation
in the wound zone, which promotes minimization
of scarring changes [28, 32]. Nanosecond RPM
radiation can alter calcium-dependent activity of
MMP, inducing controlled degradation of ECM
components (collagen, elastin). This process leads
to a decrease in the volume of scar tissue and
creation of space for migration and differentiation
of stem cells, which ultimately promotes full-
fledged regeneration of all skin layers.
Calcium-activated dual oxidase (DUOX), a
membrane enzyme involved in the generation
of reactive oxygen species (ROS), may be an
important molecular target of RPM radiation
[33]. It can be assumed that the impact of RPM
can modulate catalytic activity of DUOX,
changing the kinetics of conversion of molecular
oxygen in hydrogen peroxide, which acts as
an important paracrine messenger in cellular

signaling pathways. An increase in the local
concentration of hydrogen peroxide in wound area
initiates a cascade of physiological reactions:
increased leukocyte recruitment, activated
proinflammatory M1 macrophages, responsible
for cytokine production, and anti-inflammatory
M2 macrophages, promoting resolution of
inflammation and re-epithelialization [33].

The ability of DUOX to take part in realization
of “respiratory explosion” of immunocompetent
cells, the key mechanism of antimicrobial
protection in the wound, is of particular interest
[33]. This assumption is consistent with the results
of previous studies, which recorded changes in the
levels of peroxides, lipid peroxidation products,
and oxidative modification of proteins in the liver
and blood of the laboratory animals (outbred mice)
after the impact of RPM [34, 35].

Thus, it is possible to assume the existence
of a DUOX-mediated mechanism in which
RPM radiation, through activation of this
enzyme and subsequent generation of hydrogen
peroxide and other ROS, triggers a complex
network of signaling pathways regulating key
processes of wound healing: cell migration and
proliferation, differentiation of cellular elements,
neoangiogenesis, and mobilization of the stem cell
pool. This mechanism may explain the observed
acceleration of reparative processes under the
impact of RPM radiation, although additional
experimental studies are required to definitively
confirm this hypothesis.

CONCLUSION

The performed analysis of possible molecular
mechanisms of stimulation of reparative processes
in burn injuries of the skin under the effect of RPM
radiation of non-thermal intensity allows us to form
comprehensive understanding of the multilevel
regulation of regeneration processes. However,
it is necessary to take into account that existing
data do not exclude the presence of additional, yet
unexplored, pathways of biological action of RPM,
which can significantly contribute to the observed
therapeutic effect of accelerated and high-quality
healing without cicatricial complications.
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Systematic study of correlation dependences
between impact parameters (radiation intensity,
pulse repetition rate, number of pulses per session,
and total number of procedures) and dynamics of
reparative processes, that would allow to optimize
treatment protocols and maximize clinical
effectiveness, acquires particular importance.
Deep understanding of fundamental mechanisms
stimulating regeneration of thermally damaged
skin opens up prospects for the development of
combined therapeutic approaches combining the
effect of RPM radiation with cellular technologies
(injection of mesenchymal stem cells) or
pharmacological agents (cytokines, growth
factors).

Early initiation of comprehensive treatment
aimed at preventing functionally significant com-
plications of burn injury, in particular hypertrophic
scarring, using rational combinations of medical
therapy, surgical methods (dermotension,
autologous skin grafting), and physiotherapy
procedures is of particular importance. Such a
multimodal approach makes it possible not only to
improve the quality of the regenerated skin, but
also to significantly reduce rehabilitation time in
patients with burn injuries.

Accumulated experimental data create the
theoretical basis for the development of innovative
methods to stimulate healing of superficial skin
defects of various origins that can be widely
used both in burn medicine and in the treatment
of trophic ulcers, diabetic skin lesions, and other
pathological conditions accompanied by violation
of skin integrity. A promising direction of further
research is detailed decoding of molecular and
cellular mechanisms of synergistic action of RPM
in combination with biologically active substances
and cellular preparations, which will make it
possible to create personalized treatment protocols
taking into account features of pathological
process in a particular patient.
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