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Abstract

Introduction: The development of new approaches for local therapy and treatment of burns of varying depths remains a critical

challenge in modern burn medicine.

Purpose of the Preclinical Study: To evaluate the efficacy of weak, pulsed, non-ionizing, non-thermal electromagnetic fields (EMFs)

applied through non-invasive electromagnetic therapy in accelerating the healing of burn wounds in a rabbit model.

Materials and Methods: A non-randomized preclinical study was conducted at the educational vivarium of the Far Eastern State
Agrarian University (Russia) using 24 rabbits (average age: 1.5 years; weight: 3.2 kg), divided equally into two groups. The control
group received only 0.9% NaCl wound irrigation. The experimental group was exposed to non-invasive EMF therapy at a distance of

12 meters from the device, in addition to standard NaCl treatment. The total study duration was 30 days.

Results: The experimental group demonstrated significantly faster wound healing compared to the control. By day 21, the average
wound area in the EMF-treated animals was reduced to approximately 1 cm?, accompanied by extensive granulation tissue formation.
Burn wounds were initially inoculated with a monoculture of Staphylococcus epidermidis (106 CFU/mL), and while similar bacterial
growth was observed in both groups initially, pathogenic flora such as E. coli, Pseudomonas aeruginosa, and Proteus spp. were absent
from the wounds of the EMF-treated group by the end of the study. Rabbits in the control group exhibited signs of sepsis and multiple
organ failure, and all died between days 8-10. In contrast, all animals in the experimental group survived the full study period.

Necropsy confirmed acute sepsis in the control group, whereas signs of endotoxemia were observed in a few experimental animals.

Conclusion: The application of non-invasive EMF therapy significantly accelerated burn wound healing in the rabbit model and

demonstrated a systemic immunostimulatory effect, resulting in complete survival of animals in the treatment group.

Keywords: Non-Invasive Electromagnetic Therapy; Pulsed EMF; Non-lonizing Radiation; Burn Wounds; Burn Disease; Ambustion;
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Introduction restoration of coagulation homeostasis, butalso in the advancement

Modern combustiology encompasses not only innovations of local burn treatment techniques [1-8,13,15]. Among these,

in extracorporeal detoxification, protein deficit correction, and the development of novel methods for managing superficial (I-1I

degree) and borderline burns (IIIA-IIIB) is of high clinical relevance
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[2]. These types of burns comprise 60-80% of all burn injuries per
100,000 patients annually [2,11].

While effective local treatment in superficial burns (I-1I)
primarily accelerates healing regardless of total burn area,
appropriate management of borderline burns can drastically
influence prognosis and outcome [2,7,8,11,13,16]. In third-degree
burns, damage extends into the reticular dermis, making epithelial
regeneration reliant on adjacent skin structures such as hair
follicles and sebaceous glands [3-5]. Inadequate local therapy
or secondary bacterial infection often results in burn wound

progression and worsened disease severity [1-16].
Histologically, three burn zones are recognized:

e (Coagulation zone: irreversible tissue necrosis [2,8-15].

e  Stasis zone: characterized by compromised microcirculation
and biochemical damage (e.g., lipid peroxidation and oxygen
free radicals), making it prone to secondary necrosis if not
managed [12,15,17,18].

e Hyperemia zone: marked by inflammation, redness, and
swelling [2,8-15].

Innovations targeting the stasis zone with anti-inflammatory
strategies could significantly improve outcomes for this patient

cohort.

In addition to advancements in composite wound dressings,
recent studies highlight the potential of external EMFs of varied
intensities and durations in modulating burn wound healing [21-
26]. The mechanism behind EMF action may involve nanobubble
cluster formation in intercellular fluid, which alters ion exchange

across cell membranes [27-28].

The COVID-19 pandemic prompted renewed interest in EMF
therapy, with promising results using low-noise, non-invasive
EMF technologies in patients with mild-to-moderate SARS-CoV-2
infection. These therapies were evaluated in randomized clinical
trials at Samara State Medical University (Russia), demonstrating

safety and efficacy in 222 patients [29].

Objective: To conduct preclinical trials evaluating the safety
and efficacy of the TOR electromagnetic therapy device in treating

infected burn wounds in a rabbit model.
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Materials and Methods

A prospective, non-randomized preclinical study was conducted
at the vivarium of the Faculty of Veterinary Medicine, Animal
Science, and Biotechnology, Far Eastern State Agrarian University
(Blagoveshchensk, Russia), from June to December 2024. Twenty-
four clinically healthy rabbits (mean age: 1.5 years; average weight:
3.2 kg) were used.

Burn Model: Standardized thermal burns were induced using a
heated metal stamp (diameter: 5.5 cm), applied for 10 seconds to
the interscapular region without pressure, creating a wound area
of approximately 19 cm? (confirmed by the V. Schubert formula
[30]: A =L x W, where L is length and W is width).

Study Groups
e  Group 1 (Control): 12 rabbits received only 0.9% NaCl wound

irrigation.
e  Group 2 (EMF-treated): 12 rabbits received NaCl treatment

and EMF exposure (from a device placed 12 m from the animal
cages)ondays0,3,5,8,12,17, 21, and 26.

The study duration was 30 days. No necrectomy was performed.
Daily clinical monitoring included local wound assessment,

thermometry, and overall health status.

Laboratory assessments

¢ Blood tests: Total protein, albumin, glucose, creatinine, urea,
ALT, AST, bilirubin (total and direct), alkaline phosphatase,
electrolytes (Na*, K*, Cl7), cholesterol, triglycerides, GGT,
alpha-amylase, LDH, total calcium, uric acid.

e Microbiological evaluation: Wound exudate cultures.

e Red bone marrow: Collected on days 0, 8, and 21.

Testing was conducted at the accredited “VET UNION”
veterinary laboratory under contract No. 4089 (dated 10.06.2024),

using certified equipment.

All procedures followed the “National General Ethical Principles
of Animal Experimentation,” in accordance with the European
Convention for the Protection of Vertebrate Animals (March 18,
1986). Protocol approval was granted by the Bioethics Committee
of the Far Eastern State Agrarian University (Protocol No. 2, dated
03.06.2024).
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Results

In the control group, by day 5 post-burn, the average wound
area increased by 11.3 cm? Between days 5 and 8 (with only
two animals surviving), a further increase of 3.9 cm?® was
recorded. Conversely, in the EMF-treated group, significant wound
contraction was observed beginning on day 5. By day 8 (after three
EMF exposures), all animals showed an average reduction of 17.3
+ 5.1 cm? in wound area, with visible granulation tissue emerging
in several cases. This healing trend continued throughout the
study. By day 21 (after six treatments), the average wound area in
the EMF group had reduced to approximately 1 cm?. Six animals
had achieved complete epithelialization, with early hair regrowth

noted at the wound site.

69

Infections in both groups initially showed presence of
Staphylococcus epidermidis (10° CFU/mL). However, by the
end of the experiment, no E. coli, Pseudomonas aeruginosa, or
Proteus spp. were detected in the EMF group wounds. Control
group animals, in contrast, developed polymicrobial infections.
Biochemical analysis showed stable values within physiological
norms in the EMF group. All control animals died by day 10,
exhibiting systemic signs of sepsis and multi-organ failure.
Necropsy confirmed acute septicemia in the control group, and
only minor signs of endotoxemia in a few EMF-treated animals.
A detailed summary of wound healing progression is provided in

table 1, with photographic documentation shown in figure 1.

Ambustion area, cm?
## Animal
Initial 5t day 8" day 12t day 17 day 21* day
Control

1 1 19,1 25,1 33,7 - - -

2 2 19,1 32,7 - - - -

3 3 19,1 33,7 - - - -

4 4 19,1 29,6 - - - -

5 5 19,1 25,7 - - - -

6 6 19,1 36,7 - - - -

7 7 19,1 38,1 - - - -

8 8 19,1 23,3 - - - -

9 9 19,1 37,4 - - - -

10 10 19,1 22,9 - - - -

11 11 19,1 31,6 - - - -

12 12 19,1 27,4 34,8 - - -

M+m 19,1+1,3 30,3+4,4 34,4 £11,7 - - -
Experimental

1 1 19,1 10,5 7,8 8,9 4,9 Complete regeneration
2 2 19,1 23,9 18,7 17,2 - -

19,1 22,4 17,2 15,4 15,1 0,59
4 4 19,1 24,7 18,6 17,2 16,1 Complete regeneration
5 5 19,1 24,3 16,4 19,8 15,4 Complete regeneration
6 6 19,1 18,7 18,3 13,7 - -
19,1 30,6 22,2 15,3 15,3 0,11
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8 8 19,1 20,7 11,9 9,2 19,8 Complete regeneration
9 9 19,1 23,4 19,0 89 10,4 2,28
10 10 19,1 17,9 17,4 18,9 55 Complete regeneration
11 11 19,1 27 24,8 17,2 13,6 Complete regeneration
12 12 19,1 22,1 15,2 17,2 - -
M+ m 19,07 + 22,18+5,6 17,3+5,1 149 +5,5 129+6,1 -

1,3

Table 1: The infected burn wounds area of rabbits during the experiment.

Figure 1: Dynamics of burn wound recovery from the 5th to the
21t day in both groups: A - 5™ day, experimental group; B - 21%
day, experimental group; C - 2" day, control group; D - 8" day,

control group.

When assessing the microbiocenosis of the animals’ skin in
both groups prior to burn wound modeling, most cases revealed
the presence of a conditionally pathogenic monoculture of
Staphylococcus epidermidis at a concentration of x10° CFU/
mL. On the 5% day after wound induction, microbial analysis
of the control group showed that nine rabbits had developed

pathogenic monocultures or associations involving Enterobacter

cloacae, Escherichia coli, Enterococcus faecalis, and Proteus
mirabilis, with concentrations exceeding x10° CFU/mL. By the 7t
day, Staphylococcus aureus and Pseudomonas aeruginosa were
also identified in wound exudates, both as monocultures and in

microbial associations.

On the 5th day in the experimental group, after EMF treatments,
microbial contamination of the wounds revealed monocultures of
Staphylococcus equorum, Pantoea agglomerans, Staphylococcus
sciuri, Staphylococcus aureus, Staphylococcus xylosus, and
Staphylococcus vitulinus, along with microbial associations
involving Enterobacter cloacae and Staphylococcus aureus. By the
7% day, the microbial composition of wounds in the experimental
group was limited to staphylococcal monocultures: Staphylococcus
sciuri, Staphylococcus aureus, and Staphylococcus xylosus. Over
the course of the study, particularly by the 21t and 30" days, the
microbiocenosis of the skin in the experimental group underwent
several changes. Notably, no highly pathogenic strains such as E.
coli, Pseudomonas aeruginosa (“blue pus bacillus”), or Proteus

species were detected on the wound surfaces at any point.

Analysis of the clinical blood test data showed persistent

erythrocytopenia, a reduction in total hematocrit, and
leukocytopenia throughout the duration of the experiment (Table

2).
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Control,n =12

Experiemntal, n = 12

Indicators ®omn = 12t day | 17" dayn | 21 dayn
10 5tpn=3 8thp=2 5%n=7 | 8"dayn=6
n=9 =9 =9
WBC 3,0+£0,2 2,1+1,0 2,8+0,07 6,7+6,3 2,8+04 2,6+0,3 2,7+0,2 2,804
(leukocytes),10%/1
Neu (neutrophils), 1,3+0,4 1,0+0,3 0,7 +0,04 - 0,7+0,2 06+01 | 0,7%0,2 0,5+0,2
10°/1
Lym (lymphocytes), 1,2+0,1 12+01 | 1,7%0,09 - 1,7+0,2 1,802 | 1,9+02 | 19+03
10°%/1
Mon 01+0,1 02+0,1 0,16 + - 0,07 £0,01 0,06 + 0,08 + 0,09 + 0,03
(monocytes),10°/1 0,055 0,01 0,02
Eos (eosinophils), 0,2+0,1 0,1+0,01 0,03 - 0,1+0,04 0,05 + 0,09 = 0,09 + 0,04
10%/1 0,015 0,01 0,03
Bas basophils), 10°/1 03+0,1 0,2+0,07 0,15+ - 0,2+0,06 0,13+ 0,2+0,01 | 03+0,03
0,005 0,01

Neu (neutrophils), % 46,7 + 2,3 35172 26,9 +1,00

- 23,341 208+24 | 176 +2,6 | 154+3,3

Lym (lymphocytes), % | 43,6+2,1 | 485+10,7 | 60,0+ 1,65

- 62,8+6,3 688+3,1| 620+£48 | 67,751

Mon (monocytes), % 3,8+0,6 56+1,3 59+2,10

- 3,0£05 2,8+0,5 3,7+0,6 3,1+0,8

Eos (eosinophils), % 1,9+0,8 3204 1,5+0,60

- 3,108 2,3%0,3 3207 3,1£09

Bas (basophils),% 4212 | 76+19 | 56%0,05 - 78+14 | 53206 | 9406 | 10,6+0,8

RBC (erythrosites), 33:02 | 8461 | 23:089 |23+02 | 19£02 | 1,801 | 2905 | 29%06

10%2/]

HGB (hemoglobin), g/l | 92,5+7,0 | 1247+3,8 | 124+1,00 | 494+ 116 £2 119+3 | 130+8 13849
3,6

HTC (hematocrit), % | 22,1+18 | 133+0, 913,5 + 160+ | 128+14 |11,5+09 | 17,7+3,5 | 155+37

5,55 1,3

PLT (platelets), 10°/n | 239+17 | 199+39 | 256+48 | 884+ 190+£29 | 120+£18 | 121+15 | 12321
23,8

PCT (thrombocrit), % | 0,127+ | 0,1£0,02 | 0,16+0,07 - 0,10£0,01 | 0,07+ 0,06+ | 0,082%0,01

0,01 0,01 0,01

Table 2: Indicators of rabbit blood clinical analysis of over the entire experiment duration.

When examining bone marrow punctures in both groups, no
significant deviations were observed in erythroid, granulocytic, or

megakaryocytic lineages.

Analysis of biochemical changes in the control group on the
5th and 8th days revealed that the primary abnormalities were

associated with increased activity of liver transaminases, indicating

the development of cytolytic syndrome. Triglyceride levels were
found to be 15% below the reference norm. By the 8th day, a
twofold increase in cholesterol levels (hypercholesterolemia) was
detected in the control animals. During the same period, elevated
amylase levels (amylasemia) were also recorded, exceeding the
reference value by 23% (Table 3).
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Control Experimental

Indicators Initial 5% day 8 day Initial 5% day 8thday | 12""day | 17" day 21t day

N=12 N=3 N=2 N=12 N=8 N=10 N=9 N=9 N=9
ALT, u/1 57,5+ 6,4 72 +23 66,5 + 56,6 +35 | 58+3 44 +3 59+ 4 60+3 49+ 4

11,5
AST, u/1 55+8 44 £ 14 28,5+ 296+33 | 245% 36,5+ 5912 5011 66+8
11,5 3,4 10,5
Albumen, g/1 38+0,7 34+3 36+3 346+05 | 331+ |338+12 | 361 33+2 361
0,4
Alpha-amylase, 334+29 253+80 | 411177 | 1795 187 £9 188 £ 7 199+3 | 26311 250 £15
u/l
Total bilirubin, 1,9+0,2 1,7 1,7 1,7 1,7 1,8+0,1 | 1,801 | 1,8+0,1 1,8+ 0,05
umol/1
Gamma-GT, u/1 8+1 6,6+1,6 101 6,4+04 7x1 6,6+0,7 5+0,3 5+0,8 5+0,3
Creatinine, 10° 103 +7 122 +6 113+£26 | 99,1+£3,6 | 100+3 112+6 97 +6 151+ 14 141 £ 14
umol/1
Ureal, mmol/ 7,8+0,3 7,3+0,8 9+4 73+02 |44+02| 51+03 |48+03 | 57+0,3 4,6+0,2
Crude protein, g/1 74 +4 69,3+5,3 67,5 £ 626+12 | 61+x1 | 622+16 | 68%3 65+2 66+ 2
112 12,5
Triglycerides, 1,06+£0,13 | 09%0,2 09+0,2 08+0,1 |14+03 1+0,1 1,5+0,1 1,52 + 1,54 £ 0,02
mmol/] 0,02
Cholesterol, 1,3+0,2 1,7+0,4 3+2 1,7+01 |16+01| 1,8+01 | 18+01 | 1,7+0,1 1,8+0,1
mmol/]
Alk Phos, U/1 64,1+11,3 | 13,3+£56 | 66+23 393+£39 | 381+ 7112 66,2 + 64+3 58+3
4,4 4,2
Phosphatase alka- 3501 4,0£0,1 3505 | 35+003 |[31+£06| 3101 |31+01 | 3,2%01 3101
line, u/1
Table 3: Indicators of rabbit blood biochemical analysis of over the entire experiment duration.
In the experimental group, all major biochemical parameters The overall results of the preclinical trials were both remarkable

remained within reference ranges throughout the duration of and unexpected for the research team (Table 4).

the study, and any deviations observed were not considered

diagnostically significant.

By the 8th day of the experiment, 10 animals from the control
group had died. The remaining two were withdrawn from the
study. In contrast, all animals in the experimental group survived

until the end of the observation period.
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Anatomical examination of the deceased control animals

revealed clear signs of acute sepsis, including venous stasis in

all parenchymal organs, marked vascular injection, and multiple

hemorrhages on the serous membranes. Additional findings

included toxic hepatitis, cholangitis with biliary dyskinesia,

nephritis with hemorrhagic foci, and septic splenitis with splenic
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infarctions. The two control animals removed from the experiment
also showed signs of advanced burn disease and toxicemia, with
predominant damage to the liver and pancreas. In the experimental
group, the pathomorphological features of endotoxemia were

notably less severe.

Animal number

Days of experiment

1St

EIEN

5th

e | e | 8" 21

Control

C1

C2

C3

C4

C5

Cé

Cc7

C8

c9

C10

C11

C12

Wound modeling

euthanized

dead

dead

dead

dead

dead

dead

dead

dead

dead

dead

euthanized

Experiment

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

Wound modeling

Planned euthanasia

Planned euthanasia

Planned euthanasia

Planned euthanasia

Planned euthanasia

Planned euthanasia

Table 4: Mortality dynamics and days of scheduled culling throughout the experiment.
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Discussion

As a result of the preclinical trials involving EMF therapy in
rabbits with modeled burn wounds (ambustions), the effects of
weak, non-ionizing, non-thermal pulsed electromagnetic fields
(PEMF) on the healing of superficial and borderline-depth burns

were studied.

When analyzing the mechanisms behind the accelerated wound
healing observed with EMF exposure, two primary pathways of
influence can be identified. On one hand, EMFs act on ion-exchange
channels in cell membranes, increasing the regenerative potential
of epithelial cells preserved in the appendages of the skin within the
zones of burn-related paranecrosis. This promotes cell proliferation
and improves microcirculation in the surrounding dermal layers
[31-40]. These effects contribute to uniform granulation tissue
formation and facilitate consistent epithelialization [31,33,35-
38,42-45], ultimately preventing secondary deepening of the burn

wounds and enhancing wound contraction.

On the other hand, EMFs appear to suppress acute-phase
inflammatory responses: lipid peroxidation is inhibited, the
generation of reactive oxygen species is reduced, and cellular
antioxidant systems are activated [17-20,44-49]. As a result, the
cellular and tissue-level inflammatory processes become more

balanced, creating a more favorable environment for regeneration.

It is also important to consider that all regenerative cellular
processes occur in the context of a specific microbial environment,
which can significantly influence healing outcomes [38-41]. The
present experiment demonstrated that the presence of highly
pathogenic “noisy” microflora on wound surfaces interferes
with the establishment of stable microbial communities-even
among conditionally pathogenic organisms. The reduction of
such pathogenic interference in the experimental group likely

contributed to faster wound healing.

In addition to these local cellular effects, EMFs also appear to
exert an organoprotective function. The therapy likely plays a role
in stabilizing cell membranes under the systemic stress of burn-
induced endotoxemia. This was reflected in the preservation of
normal biochemical blood parameters in the experimental group,

despite the presence of burn pathology [42-49]. This observation
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was further supported by necropsy findings in the experimental
animals, which showed only minimal organ changes. The indirect
organoprotective effect of EMF therapy may be associated with
reduced toxic burden due to prevention of wound deepening,
limited microbial contamination, and enhanced wound cleansing
likely

contributed to the 100% survival rate observed in the experimental

and regeneration processes. Together, these factors

group despite the presence of burn disease.

Conclusions

e In rabbit models with burns of I-IIl degree, treatment with
a non-invasive electromagnetic therapy device significantly

accelerated wound healing.

e  Weak, non-ionizing, non-thermal pulsed electromagnetic fields
(PEMF) may serve as an effective adjunct in the treatment of
burns classified as I-11I1A, and can be used in combination with

standard wound care protocols.

e  Preclinical trials demonstrated that, in addition to local cellular
effects, EMF therapy has a systemicimmunostimulatoryimpact
that supported full survival of rabbits in the experimental
group under conditions of burn disease. However, the precise
mechanisms behind this systemic effect require further

investigation.

Bibliography

1. Kastenmeier A, et al. “The evolution of resource utilization in
regional burn centers”. /] Burn Care Res 31.1 (2010): 130-136.

2. AD Fayazov, et al. “Modern methods of local treatment of burn
wounds”. Bulletin of Emergency Medicine 12.1 (2019): 43-47.

3. Abousy M, et al. “Surgical management and outcomes of
levamisole-induced vasculitis in a burn center: A case series”.
JAAD Case Report 13 (2021): 36-42.

4. Britton GW, et al. “Critical Care of the Burn Patient”. Surgical
Clinics of North America 103.3 (2023): 415-426.

5. Chai]JK, et al. “Analysis on treatment of eight extremely severe
burn patients in August 2nd Kunshan factory aluminum dust
explosion accident]”. Zhonghua Shao Shang Za Zhi 34.6 (2018):
332-338.

Citation: Alexey G Vaganov,, et al. “Preclinical Trials of Distant Non-invasive Electromagnetic Therapy Accelerating Burn Wounds Recovery in Model

Animals". Acta Scientific Medical Sciences 9.8 (2025): 67-76.


https://pubmed.ncbi.nlm.nih.gov/20061848/
https://pubmed.ncbi.nlm.nih.gov/20061848/
https://pubmed.ncbi.nlm.nih.gov/34136623/
https://pubmed.ncbi.nlm.nih.gov/34136623/
https://pubmed.ncbi.nlm.nih.gov/34136623/
https://pubmed.ncbi.nlm.nih.gov/37149378/
https://pubmed.ncbi.nlm.nih.gov/37149378/
https://pubmed.ncbi.nlm.nih.gov/29961288/
https://pubmed.ncbi.nlm.nih.gov/29961288/
https://pubmed.ncbi.nlm.nih.gov/29961288/
https://pubmed.ncbi.nlm.nih.gov/29961288/

Preclinical Trials of Distant Non-invasive Electromagnetic Therapy Accelerating Burn Wounds Recovery in Model Animals

10.

11.

12.

13.

14.

15.

16.

17.

Chen B, et al. “Clinical characteristics and risk factors for
severe burns complicated by early acute kidney injury”. Burns
46.5(2020): 1100-1106.

Jerrard DA and Cappadoro K. “Burns in the elderly patient”.
Emergency Medicine Clinics of North America 8.2 (1990): 421-
428.

Klifto KM, et al. “Factors Associated with Mortality Following
Burns Complicated by Necrotizing Skin and Soft Tissue
Infections: A Systematic Review and Meta-Analysis of
Individual Participant Data”. Journal of Burn Care and Research
43.1(2022): 163-188.

Eggerstedt M., et al. “The care of necrotizing soft-tissue
infections: patterns of definitive intervention at a large referral
center”. Journal of Burn Care and Research 36.1 (2015): 105-
110.

Maximus S., et al. “Patients With Burns Versus Patients
With Complex Skin and Soft-Tissue Disease: An Analysis of
Outcomes in the United States”. Journal of Burn Care and
Research 37.2 (2016): e125-130.

Forjuoh SN. “Burns in low- and middle-income countries: a
review of available literature on descriptive epidemiology, risk
factors, treatment, and prevention”. Burns 32.5 (2019): 529-
537.

Atiyeh BS,, et al. “Burn prevention mechanisms and outcomes:
pitfalls, failures and successes”. Burns 35.2 (2009): 181-193.

Dissanaike S and Rahimi M. “Epidemiology of burn injuries:
highlighting cultural and socio-demographic aspects”.
International Review of Psychiatry 21.6 (2009): 505-511.

Puthumana JS., et al. “Risk factors for cooking-related burn
injuries in children, WHO Global Burn Registry”. Bull World
Health Organ 99.6 (2019): 439-445.

Peck MD. “Epidemiology of burns throughout the world. Part
I: Distribution and risk factors”. Burns 37.7 (2011):1087-100.

Thombs BD and Bresnick MG. “Mortality risk and length of
stay associated with self-inflicted burn injury: evidence from
a national sample of 30,382 adult patients”. Critical Care
Medicine 36.1 (2008): 118-25.

Genestra M. “Oxyl Radicals, Redox-Sensitive Signalling
Cascades and Antioxidants”. Cell Signal 19 (2007): 1807-1819.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

75
Droge W. “Free radicals in the physiological control of cell
function”. Physiological Reviews 82 (2002): 47-95.

Halliwell B and Gutteridge JM. “Free Radicals in Biology and
Medicine; Oxford University Press: New York, NY, USA (2006):
190.

Usselman RJ., et al. “The Quantum Biology of Reactive Oxygen
Species Partitioning Impacts Cellular Bioenergetics”. Scientific
Reports 6 (2016): 38543.

Gurhan H.,, et al. “Effects Induced by a Weak Static Magnetic
Field of Different Intensities on HT-1080 Fibrosarcoma Cells”.
Bioelectromagnetics 42 (2021): 212-223.

M., et al. “Effects of Photobiomodulation on
Degranulation and Number of Mast Cells and Wound Strength
in Skin Wound Healing of Streptozotocin-Induced Diabetic
Rats”. Photomed Laser Surg 36.8 (2018): 415-423.

Bagheri

Dastgheib M., et al. “Role of magnetic Field in the Healing of
Cutaneous Leishmaniasis Lesions in Mice”. Archives of Razi
Institute 75.2 (2020): 227-232.

Kouhkheil R, et al. “The effect of combined pulsed wave low-
level laser therapy and mesenchymal stem cell-conditioned
medium on the healing of an infected wound with methicillin-
resistant Staphylococcal aureus in diabetic rats”. Journal of
Cellular Biochemistry 119.7 (2018): 5788-5797.

Pouriran R, et al. “The Effect of Combined Pulsed Wave Low-
Level Laser Therapy and Human Bone Marrow Mesenchymal
Stem Cell-Conditioned Medium on Open Skin Wound Healing
in Diabetic Rats”. Photomedicine and Laser Surgery 34.8
(2016): 345-354.

Bunkin NF, et al. “Stochastic Ultralow-Frequency Oscillations
of the Luminescence Intensity from the Surface of a Polymer
Membrane Swelling in Aqueous Salt Solutions”. Polymers 14
(2022): 688.

Bunkin NF, et al. “Dynamics of Polymer Membrane Swelling
in Aqueous Suspension of Amino-acids with Different Isotopic
Composition; Photoluminescence Spectroscopy Experiments”.
Polymers 13 (2021): 2635.

Bunkin, NF, et al. “Long-Term Effect of Low-Frequency
Electromagnetic Irradiation in Water and Isotonic Aqueous
Solutions as Studied by Photoluminescence from Polymer
Membrane”. Polymers 13 (2021): 1443.

Citation: Alexey G Vaganov,, et al. “Preclinical Trials of Distant Non-invasive Electromagnetic Therapy Accelerating Burn Wounds Recovery in Model
Animals". Acta Scientific Medical Sciences 9.8 (2025): 67-76.


https://pubmed.ncbi.nlm.nih.gov/31839503/
https://pubmed.ncbi.nlm.nih.gov/31839503/
https://pubmed.ncbi.nlm.nih.gov/31839503/
https://pubmed.ncbi.nlm.nih.gov/2187691/
https://pubmed.ncbi.nlm.nih.gov/2187691/
https://pubmed.ncbi.nlm.nih.gov/2187691/
https://academic.oup.com/jbcr/advance-article-abstract/doi/10.1093/jbcr/irab045/6157895?redirectedFrom=fulltext
https://academic.oup.com/jbcr/advance-article-abstract/doi/10.1093/jbcr/irab045/6157895?redirectedFrom=fulltext
https://academic.oup.com/jbcr/advance-article-abstract/doi/10.1093/jbcr/irab045/6157895?redirectedFrom=fulltext
https://academic.oup.com/jbcr/advance-article-abstract/doi/10.1093/jbcr/irab045/6157895?redirectedFrom=fulltext
https://academic.oup.com/jbcr/advance-article-abstract/doi/10.1093/jbcr/irab045/6157895?redirectedFrom=fulltext
https://academic.oup.com/jbcr/article-abstract/36/1/105/4568876
https://academic.oup.com/jbcr/article-abstract/36/1/105/4568876
https://academic.oup.com/jbcr/article-abstract/36/1/105/4568876
https://academic.oup.com/jbcr/article-abstract/36/1/105/4568876
https://pubmed.ncbi.nlm.nih.gov/26379188/
https://pubmed.ncbi.nlm.nih.gov/26379188/
https://pubmed.ncbi.nlm.nih.gov/26379188/
https://pubmed.ncbi.nlm.nih.gov/26379188/
https://pubmed.ncbi.nlm.nih.gov/16777340/
https://pubmed.ncbi.nlm.nih.gov/16777340/
https://pubmed.ncbi.nlm.nih.gov/16777340/
https://pubmed.ncbi.nlm.nih.gov/16777340/
https://pubmed.ncbi.nlm.nih.gov/18926639/
https://pubmed.ncbi.nlm.nih.gov/18926639/
https://pubmed.ncbi.nlm.nih.gov/19919203/
https://pubmed.ncbi.nlm.nih.gov/19919203/
https://pubmed.ncbi.nlm.nih.gov/19919203/
https://pubmed.ncbi.nlm.nih.gov/34108754/
https://pubmed.ncbi.nlm.nih.gov/34108754/
https://pubmed.ncbi.nlm.nih.gov/34108754/
doi:%2010.1016/j.burns.2011.06.005
doi:%2010.1016/j.burns.2011.06.005
https://pubmed.ncbi.nlm.nih.gov/18090371/
https://pubmed.ncbi.nlm.nih.gov/18090371/
https://pubmed.ncbi.nlm.nih.gov/18090371/
https://pubmed.ncbi.nlm.nih.gov/18090371/
https://pubmed.ncbi.nlm.nih.gov/17570640/
https://pubmed.ncbi.nlm.nih.gov/17570640/
https://pubmed.ncbi.nlm.nih.gov/11773609/
https://pubmed.ncbi.nlm.nih.gov/11773609/
https://academic.oup.com/book/40045
https://academic.oup.com/book/40045
https://academic.oup.com/book/40045
https://www.genomeweb.com/subscribe?utm_medium=sem&utm_campaign=upper:163804738955:upr:sub:anon:always&utm_source=gg&utm_content=sad:na&utm_term=cell%20biology%20research&gad_source=1&gad_campaignid=21061289201&gbraid=0AAAAADwsjYwn1Gt0ENxet2i58FOUtajse&gclid=EAIaIQobChMIld6ant7DjgMVbalmAh3ZcgmuEAAYASAAEgKxifD_BwE
https://www.genomeweb.com/subscribe?utm_medium=sem&utm_campaign=upper:163804738955:upr:sub:anon:always&utm_source=gg&utm_content=sad:na&utm_term=cell%20biology%20research&gad_source=1&gad_campaignid=21061289201&gbraid=0AAAAADwsjYwn1Gt0ENxet2i58FOUtajse&gclid=EAIaIQobChMIld6ant7DjgMVbalmAh3ZcgmuEAAYASAAEgKxifD_BwE
https://www.genomeweb.com/subscribe?utm_medium=sem&utm_campaign=upper:163804738955:upr:sub:anon:always&utm_source=gg&utm_content=sad:na&utm_term=cell%20biology%20research&gad_source=1&gad_campaignid=21061289201&gbraid=0AAAAADwsjYwn1Gt0ENxet2i58FOUtajse&gclid=EAIaIQobChMIld6ant7DjgMVbalmAh3ZcgmuEAAYASAAEgKxifD_BwE
https://pubmed.ncbi.nlm.nih.gov/33735454/
https://pubmed.ncbi.nlm.nih.gov/33735454/
https://pubmed.ncbi.nlm.nih.gov/33735454/
https://pubmed.ncbi.nlm.nih.gov/30004319/
https://pubmed.ncbi.nlm.nih.gov/30004319/
https://pubmed.ncbi.nlm.nih.gov/30004319/
https://pubmed.ncbi.nlm.nih.gov/30004319/
https://pubmed.ncbi.nlm.nih.gov/29574990/
https://pubmed.ncbi.nlm.nih.gov/29574990/
https://pubmed.ncbi.nlm.nih.gov/29574990/
https://pubmed.ncbi.nlm.nih.gov/29574990/
https://pubmed.ncbi.nlm.nih.gov/29574990/
https://pubmed.ncbi.nlm.nih.gov/27227981/
https://pubmed.ncbi.nlm.nih.gov/27227981/
https://pubmed.ncbi.nlm.nih.gov/27227981/
https://pubmed.ncbi.nlm.nih.gov/27227981/
https://pubmed.ncbi.nlm.nih.gov/27227981/
https://www.mdpi.com/2073-4360/14/4/688
https://www.mdpi.com/2073-4360/14/4/688
https://www.mdpi.com/2073-4360/14/4/688
https://www.mdpi.com/2073-4360/14/4/688
https://pubmed.ncbi.nlm.nih.gov/34451175/
https://pubmed.ncbi.nlm.nih.gov/34451175/
https://pubmed.ncbi.nlm.nih.gov/34451175/
https://pubmed.ncbi.nlm.nih.gov/34451175/
https://www.mdpi.com/2073-4360/13/9/1443
https://www.mdpi.com/2073-4360/13/9/1443
https://www.mdpi.com/2073-4360/13/9/1443
https://www.mdpi.com/2073-4360/13/9/1443

Preclinical Trials of Distant Non-invasive Electromagnetic Therapy Accelerating Burn Wounds Recovery in Model Animals

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Fatenkov OV Davydkin., et al. “Efficacy of the TOR Non-invasive
lectromagnetic Therapy Device for Remote Treatment of
COVID-19: Phase II Clinical Trial. Results”. Bulletin of the
Medical Institute of Continuing Education 4.4 (2024): 25-34.

Savchenko YuP and Fedosov SR. “Methods for Determining the
Size of the Wound Surface”. I I. Grekov Surgery Bulletin 166.1
(2007): 102-105.

Iryanov YM and Kiryanov NA. “[Reparative Osteogenesis and
Angiogenesis in Low Intensity Electromagnetic Radiation
of Ultra-High Frequency]”. Vestnik Rossiiskoi Akademii
Meditsinskikh Nauk 3 (2015): 334-340.

Yuan ] Xin and F Jiang W. “Underlying Signaling Pathways and
Therapeutic Applications of Pulsed Electromagnetic Fields
in Bone Repair”. Cellular Physiology and Biochemistry 46.4
(2018): 1581-1594.

Ploskonos MV, et al. “Assessing the biological effects of

microwave irradiation on human semen in vitro and
determining the role of seminal plasma polyamines in this

process”. Biomedical Reports 16.5 (2022): 38.

Ziskin MC. “Millimeter waves: acoustic and electromagnetic”.
Bioelectromagnetics 34 (2013): 3-14.

Subbotina TI., et al. “Effect of low-intensity extremely high
frequency radiation on reproductive function in wistar rats”.
Bulletin of Experimental Biology and Medicine 142 (2006):
189-190.

Betskii OV, et al. “Low intensity millimeter waves in medicine
and biology”. Critical Reviews in Biomedical Engineering
(2000): 247-268.

Pokorny].,etal. “Biophysicalaspectsofcancer--electromagnetic
mechanism”. The Indian Journal of Experimental Biology 46.5
(2008): 310-321.

Guo J., et al. “Iron oxide nanoparticles with photothermal
performance and enhanced nanozyme activity for bacteria-
infected wound therapy”. Regenerative Biomaterials (2022): 9.

WangX., etal. “Copper single-atom catalysts with photothermal
performance and enhanced nanozyme activity for bacteria-
infected wound therapy”. Bioactive Materials 6.12 (2021):
4389-4401.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

76

Wang L. “Multifunctional Magnetic Copper Ferrite
Nanoparticles as Fenton-like Reaction and Near-Infrared
Photothermal Agents for Synergetic Antibacterial Therapy”.
ACS Applied Materials and Interfaces 11.35 (2019): 31649-

31660.

LiY, et al. “Analysis of the therapeutic effect of artificial leather
embedding combined with fascial sleeve flap transplantation
on chronic wounds of lower limbs with bone and plate
exposure”. BMC Surgergy 22.1 (2022): 69.

Kazarian NS., et al. “[Treatment of patients with purulent
wounds by using the original method of hydrodynamical
drainage]”. Vestnik Rossiiskoi Akademii Meditsinskikh Nauk 12
(2013): 64-68.

Lipatov KV, et al. “Use of physical methods in the treatment of
purulent wounds”. Surgery Moscow 10 (2001): 56-61.

Lambert N,, et al. “Quantum Biology”. Nature Physics 9 (2013):
10-18.

Arndt M., et al. “Quantum Physics Meets Biology”. HFSP Journal
3 (2009): 386-400.

Tiersch M., et al. “Open Quantum System Approach to the
Modeling of Spin Recombination Reactions”. The Journal of
Physical Chemistry A 116 (2014): 4020-4028.

Adams B and Petruccione F. “Nature’s Novel Materials: A
Review of Quantum Biology. In Encyclopedia of Condensed
Matter Physics, 2" edition; Chakraborty, T, Ed.; Academic
Press: Oxford, UK (2024): 593-604.

Andreev AA, et al. “Simulation of Mechanical and Thermal
Wounds of Soft Tissues”. Bulletin of Experimental Biology and
Medicine 173.3 (2022): 287-292.

Amini A, et al. “Stereological and molecular studies on the
combined effects of photobiomodulation and human bone
marrow mesenchymal stem cell conditioned medium on
wound healing in diabetic rats”. Journal of Photochemistry and
Photobiology B: Biology 182 (2018): 42-51.

Citation: Alexey G Vaganov, et al. “Preclinical Trials of Distant Non-invasive Electromagnetic Therapy Accelerating Burn Wounds Recovery in Model
Animals". Acta Scientific Medical Sciences 9.8 (2025): 67-76.


https://www.researchgate.net/publication/387229926_EFFICACY_OF_THE_TOR_NON-INVASIVE_ELECTROMAGNETIC_THERAPY_DEVICE_FOR_THE_REMOTE_TREATMENT_OF_COVID-19_CLEARANCE_PHASE_II_CLINICAL_TRIAL_RESULTS
https://www.researchgate.net/publication/387229926_EFFICACY_OF_THE_TOR_NON-INVASIVE_ELECTROMAGNETIC_THERAPY_DEVICE_FOR_THE_REMOTE_TREATMENT_OF_COVID-19_CLEARANCE_PHASE_II_CLINICAL_TRIAL_RESULTS
https://www.researchgate.net/publication/387229926_EFFICACY_OF_THE_TOR_NON-INVASIVE_ELECTROMAGNETIC_THERAPY_DEVICE_FOR_THE_REMOTE_TREATMENT_OF_COVID-19_CLEARANCE_PHASE_II_CLINICAL_TRIAL_RESULTS
https://www.researchgate.net/publication/387229926_EFFICACY_OF_THE_TOR_NON-INVASIVE_ELECTROMAGNETIC_THERAPY_DEVICE_FOR_THE_REMOTE_TREATMENT_OF_COVID-19_CLEARANCE_PHASE_II_CLINICAL_TRIAL_RESULTS
https://vestnikramn.spr-journal.ru/jour/article/view/39
https://vestnikramn.spr-journal.ru/jour/article/view/39
https://vestnikramn.spr-journal.ru/jour/article/view/39
https://vestnikramn.spr-journal.ru/jour/article/view/39
https://pubmed.ncbi.nlm.nih.gov/29694967/
https://pubmed.ncbi.nlm.nih.gov/29694967/
https://pubmed.ncbi.nlm.nih.gov/29694967/
https://pubmed.ncbi.nlm.nih.gov/29694967/
https://pubmed.ncbi.nlm.nih.gov/35386108/
https://pubmed.ncbi.nlm.nih.gov/35386108/
https://pubmed.ncbi.nlm.nih.gov/35386108/
https://pubmed.ncbi.nlm.nih.gov/35386108/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3522782/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3522782/
https://pubmed.ncbi.nlm.nih.gov/17369936/
https://pubmed.ncbi.nlm.nih.gov/17369936/
https://pubmed.ncbi.nlm.nih.gov/17369936/
https://pubmed.ncbi.nlm.nih.gov/17369936/
https://pubmed.ncbi.nlm.nih.gov/10999395/
https://pubmed.ncbi.nlm.nih.gov/10999395/
https://pubmed.ncbi.nlm.nih.gov/10999395/
https://pubmed.ncbi.nlm.nih.gov/18697613/
https://pubmed.ncbi.nlm.nih.gov/18697613/
https://pubmed.ncbi.nlm.nih.gov/18697613/
https://pubmed.ncbi.nlm.nih.gov/35812348
https://pubmed.ncbi.nlm.nih.gov/35812348
https://pubmed.ncbi.nlm.nih.gov/35812348
https://www.sciencedirect.com/science/article/pii/S2452199X21001936
https://www.sciencedirect.com/science/article/pii/S2452199X21001936
https://www.sciencedirect.com/science/article/pii/S2452199X21001936
https://www.sciencedirect.com/science/article/pii/S2452199X21001936
https://pubs.acs.org/doi/10.1021/acsami.9b10096
https://pubs.acs.org/doi/10.1021/acsami.9b10096
https://pubs.acs.org/doi/10.1021/acsami.9b10096
https://pubs.acs.org/doi/10.1021/acsami.9b10096
https://pubs.acs.org/doi/10.1021/acsami.9b10096
https://pmc.ncbi.nlm.nih.gov/articles/PMC8882289/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8882289/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8882289/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8882289/
https://pubmed.ncbi.nlm.nih.gov/24741945/
https://pubmed.ncbi.nlm.nih.gov/24741945/
https://pubmed.ncbi.nlm.nih.gov/24741945/
https://pubmed.ncbi.nlm.nih.gov/24741945/
https://www.researchgate.net/publication/11593632_Use_of_physical_methods_in_the_treatment_of_purulent_wounds
https://www.researchgate.net/publication/11593632_Use_of_physical_methods_in_the_treatment_of_purulent_wounds
https://www.researchgate.net/publication/233923372_Quantum_biology
https://www.researchgate.net/publication/233923372_Quantum_biology
https://pmc.ncbi.nlm.nih.gov/articles/PMC2839811/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2839811/
https://pubs.acs.org/doi/10.1021/jp209196a
https://pubs.acs.org/doi/10.1021/jp209196a
https://pubs.acs.org/doi/10.1021/jp209196a
https://www.researchgate.net/publication/373079117_Nature's_novel_materials_A_review_of_quantum_biology
https://www.researchgate.net/publication/373079117_Nature's_novel_materials_A_review_of_quantum_biology
https://www.researchgate.net/publication/373079117_Nature's_novel_materials_A_review_of_quantum_biology
https://www.researchgate.net/publication/373079117_Nature's_novel_materials_A_review_of_quantum_biology
https://link.springer.com/journal/10517
https://link.springer.com/journal/10517
https://link.springer.com/journal/10517
https://pubmed.ncbi.nlm.nih.gov/29604553/
https://pubmed.ncbi.nlm.nih.gov/29604553/
https://pubmed.ncbi.nlm.nih.gov/29604553/
https://pubmed.ncbi.nlm.nih.gov/29604553/
https://pubmed.ncbi.nlm.nih.gov/29604553/

	_GoBack

