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Abstract: The purpose of this review is to familiarize with the possibilities of using NO-containing gas
streams in traumatology and restorative medicine. It reflects the main mechanisms of action of nitric oxide,
methods of exogenous delivery of NO and the clinical experience of Russian doctors on the use of NO therapy.
The theoretical and clinical data presented in the review substantiate the effectiveness of the use of NO gas
streams in injuries and their complications such as scarring processes and chronic osteoarthritis.

Nitric oxide is a gas molecule with a wide range of biological effects - bactericidal, vasodilating, pro- and anti-
oxidative, pro- and anti-apoptotic and pro-proliferative. It also has the ability to activate neutrophils and

macrophages, potentiate collagen synthesis, which significantly accelerates full-fledged regeneration.

Keywords: NO - therapy, rehabilitation therapy, nitric oxide, NO - containing gas flow.

1. Introduction

According to data from (Sheu et al 2016) in the USA annually, in 4.3 million cases, injuries
sustained at sports facilities or in places of active recreation required a doctor's consultation, while
3.2 million people repeatedly sought medical help. In approximately 230,000 cases, patients re-
quired hospitalization. Thus, athletes and people who lead an active lifestyle make up a fairly large
part of the patients of traumatologists and sports doctors [1]. The need for daily training, a long
period of rehabilitation, and high risks of post-traumatic complications require doctors to search
for new methods of helping this group of patients.

Nitric oxide (NO) is a well-known gaseous molecule that regulates many physiological and
pathophysiological processes in the body, which made it possible to single out a separate clinical
direction — NO therapy. Currently, exogenous nitric oxide is used in surgery, oncology, dermatol-
ogy, ophthalmology, otolaryngology and many other specialties (Huerta S., 2015, Shekhter A.B.,
2020, Chernysheva M. M., 2018).

Currently, it is known that NO synthases are represented by three isoenzymes that are en-
coded by different genes, have different localization and are involved in a variety of physiological
and pathological processes. Two isoenzymes, endothelial (eNOS) and neuronal (nNOS) are con-
stitutive, they provide continuous formation of low concentrations of NO through cyclic guano-
sine monophosphate (cGMP) in vascular endothelial cells and neurons, respectively. Inducible
NOS (iNOS) is produced only in response to the action of pathogens - lipopolysaccharides and
proinflammatory cytokines (for example, interferon, INF-a, tumor necrosis factor (TNF)), etc.),
which are generated by neutrophils and macrophages in response to damage [4, 5]. In the wound
and in inflammatory processes, NO levels increase in the first hours after injury and reach a peak
onday 2 [3, 6-9]. It is known that NO derivatives can play an anti-inflammatory role (Feelisch M.,
2008, Hsu C. C. et al., 2017). Nitric oxide has direct and indirect effects, which is determined by
its concentrations in tissues [2, 10, 11].

The main causes of nitric oxide deficiency in wounds are hyperglycemia, insufficiency of the
synthetic cell system, weak or excessive exogenous stimulation of immune system cells, which is
accompanied by impaired function of chemokines and cytokines necessary for leukocyte and mac-
rophage migration, synthesis of regenerative factors, angiogenesis and fibroblast activation [12-14].
In view of this, the study of exogenous ways to increase the concentration of NO in wounds is an
effective and promising direction in medicine.

The purpose of this review is to analyze the works devoted to the problem of treatment of
traumatic injuries, including those related to sports with the help of exogenous NO.
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2. Experience

Experience of practical application of exogenous NO-therapy for injuries:

The use of NO-therapy has already been studied in patients with moderate to severe rheuma-
toid arthritis (n =76), in whom traditional treatment was insufficiently ineffective. The course of
therapy using the plasma-chemical device "Plason’, which generates high concentrations of nitric
oxide (500 ppm), included 10-12 daily procedures, for 5-8 minutes for each affected joint. The treat-
ment was carried out through intact skin. Most patients repeated the same course after 3-4
months. As a result, patients noted the complete disappearance of pain, edema, hyperemia, resto-
ration of joint mobility after 5-8 procedures, laboratory parameters normalized in the same time
period. The patients did not take anti-rheumatic drugs, they had no relapses a year after treatment.
link.

The use of Plason in the same regimen was also successful in 83% of patients with various
forms of osteoarthritis with synovitis of the knee, shoulder and hip joints. Patients (n = 43) noted
a decrease in the severity of edema after 2-3 procedures and pain after 3-5 procedures. Joint mobil-
ity improved after 4-10 procedures. The positive effect persisted for a year after treatment, which
made it possible to reduce the dose of drugs (Vasilets V. N. et al., 2015).

The technique was used in both football players with bruises (n = 19) and track and field
runners with tendovaginitis (n = 12). Before that, athletes received traditional physiotherapy pro-
cedures for 2-6 weeks, but they did not always have a pronounced positive effect. Blowing of the
NO-CGF grass area (containing gas flow) was carried out for 10 seconds per 1 cm2. The course of
therapy was 6-8 days. As a result, pain intensity decreased statistically significantly after the first
session. After the fourth session, the athletes were able to start full-fledged training [61].

NO-therapy was performed in patients with injuries and inflammatory changes in the liga-
ments and tendons of the knee and shoulder joints, feet, menisci of the knee joint; muscles of the
lower leg, hips and shoulders. NO-CGF (containing gas flow) was used in the maximum mode, for
10-15 seconds per 1 cm?2 of the affected area. The course of therapy included 8-12 sessions. Signifi-
cant pain relief during movement and reduction of edema was observed after 2-3 sessions. After 4-
6 sessions of NO-therapy, the range of motion in the joints was restored and athletes could resume
training [66].

In patients with injuries to the tendons of the hand with an open fracture of the clavicle, an
open fracture of the mandible, intraoperative tissue treatment with a Plason apparatus was per-
formed in the mode of coagulation and stimulation. In the early postoperative period, the NO-
therapy regimen was used. As a result, patients noted a decrease in soft tissue edema in the area of
surgery and a decrease in the intensity of pain syndrome. The use of NO-CGF for wound treatment
after removal of metal structures (8 patients) allowed to reduce the number of hematomas and
seromas in the postoperative period [65].

NO-therapy was performed intraoperatively for 1-3 minutes with plastic surgery of the ten-
dons of the hand (3 cases) and tendon transplantation from the forearm (2 cases). In the postop-
erative period, the Plason device was used in the mode of stimulation and NO-therapy for 2-3
minutes daily. As a result, in all cases, wound healing occurred by primary tension, the severity of
edema and pain syndrome was moderate [46].

3. Discussion

The use of NO-therapy has shown its effectiveness in traumatological patients, including
those with various forms of osteoarthritis, as well as patients with rheumatoid arthritis. At the
same time, these nosologies have a high social significance, since they often occur in young pa-
tients, especially in athletes, which is manifested by pain, functional disorders and a decrease in
physical activity. However, the role of nitric oxide in these diseases is not fully defined. At the
cellular level, the manifestations of posttraumatic osteoarthritis are characterized by apoptosis of
chondrocytes and osteoblasts, the release of a large number of pro-inflammatory mediators (IL-1,
IL-6, TNF-T and others), changes in the extracellular matrix (decrease in glycosaminglycans, col-
lagen, increased activity of matrix metalloproteinases) (Punzi L. et al., 2016, Sward P. et al., 2013,
Golovach I. Yu., & Egudina E. D., 2019).

It is known that in the acute phase of the inflammatory process, surface zone chondrocytes
actively express an enzyme involved in the synthesis of NO-inducible NO-synthase (iNOS). iNOS
formation is also induced by mechanical and biochemical factors, including inflammatory media-
tors such as IL-1a and TNF-]. NF-kB (Vuolteenaho K. et al., 2007). At the same time, specific inhi-
bition of iNOS and nitric oxide synthesis reduces the intensity of catabolic processes implemented
by IL-1a, matrix metalloproteinases and peroxynitrite.

At the same time, NO derivatives can play an anti-inflammatory role and, according to some
authors, do not matter in the progression of joint lesions (Feelisch M., 2008, Hsu C. C. et al., 2017).
In particular, the introduction of exogenous nitric oxide or activation of iNOS contributed to the
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synthesis of collagen types I and 11, an increase in proteoglycans in tissues (Xia W. et al., 2004, Shi
H.P. et al., 2007, Abramson S., 2008).

Moreover, in most studies on the role of nitric oxide in the pathogenesis of osteoarthritis, we
are talking about the primary etiology of the disease, and not about post-traumatic (Studer R. et
al., 1999, Vuolteenaho K. et al., 2007, Leonidou A. et al., 2018). Studies on the effect of NO-contain-
ing gas flow to stimulate the regeneration of articular cartilage in post-traumatic osteoarthritis
have not yet been conducted. It would be interesting to study the functional activity of joints be-
fore and after treatment with NO-containing gas streams (including long-term results of articular
cartilage regeneration in an experiment) in experimental modeling of post-traumatic osteoarthri-
tis. In addition, conducting a comprehensive morphological, morphometric and immunohisto-
chemical study will allow us to study the possibilities of reducing inflammation and stimulating
the regeneration of articular cartilage with NO-therapy, as well as to justify the effectiveness of
NO-therapy in the treatment of knee joint and periarticular injuries.

The study of functional and subjective changes in the state, as well as the dynamics of inter-
leukin levels IL-1, IL-6, IL-8, IL-10, C-reactive protein in patients with posttraumatic osteoarthritis
before and after nitric oxide therapy can contribute to the development of practical recommenda-
tions for the use of nitric oxide in traumatology and rehabilitation medicine.

5. Conclusions

According to the literature, NO has a wide range of biological effects and can promote tissue
regeneration in a short time. NO-therapy has found its application for the treatment of various
pathological conditions and diseases. However, the possibility of using NO-therapy in restorative
medicine is an urgent, but extremely poorly studied problem that requires comprehensive studies
to determine the leading mechanisms of action of nitric oxide, optimal therapy regimens, and to
determine indications and contraindications for its use.

Author Contributions: Conceptualization, V.Z.; methodology, software, D.S.; validation, formal analysis,
K.K.; investigation, P.C.; resources, data curation, A.L; writing—original draft preparation, K.K. and A.I;
writing—review and editing, D.S.; visualization, supervision, V.Z.; project administration, A.I. All authors
have read and agreed to the published version of the manuscript.”

Funding: This study was not supported by any external sources of funding.

Informed Consent Statement: The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the Institutional Ethics Committee of Sechenov University (protocol number 05-
19 dated 25 November 2019).

Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

L. SheuY, Chen LH, Hedegaard H. Sports- and recreation- related injury episodes in the United States, 2011-2014 // National health statistics
reports. 2016; (99):1-12.

2. Vodovotz Y, Barcellos-Hoff MH. Direct and indirect modulation of the inducible nitric oxide synthase by nitric oxide: feedback mechanisms
in inflammation // Nitric oxide and inflammation. 2001; 41-58.

3. Muhl H, Dinarello CA. Cytokine regulation of nitric oxide production // Nitric Oxide and Infection. 2002; 77-94

4. Moncada S, Palmer RM, Higgs EA. Nitric oxide: physiology, pathophysiology, and pharmacology // Pharmacological Reviews 1991;
43(2):109-142.

5. Forstermann U, Sessa WC. Nitric oxide synthases: regulation and function // European Heart Journal. 2011; 33(7): 829-837.

6.  Schiffer R, Udaya Tantry M. Inhibition of Nitric Oxide Synthesis in Wounds: Pharmacology and Effect on Accumulation of Collagen in
Wounds in Mice // The European Journal of Surgery. 1999; 165(3): 262-267.

7. Han G, Nguyen LN, Macherla C, Chi Y, Friedman JM, Nosanchuk JD, Martinez LR. Nitric Oxide-Releasing Nanoparticles Accelerate
Wound Healing by Promoting Fibroblast Migration and Collagen Deposition // The American Journal of Pathology. 2012; 180(4): 1465~
1473.

8. Witte MB, Barbul A. Role of nitric oxide in wound repair // The American Journal of Surgery. 2002; 183(4): 406-412.

9. Schwentker A, Vodovotz Y, Weller R, Billiar TR. Nitric oxide and wound repair: role of cytokines? // Nitric Oxide. 2002; 7(1): 1-10.

10.  Thomas DD, Heinecke JL, Ridnour LA, Cheng RY, Kesarwala AH, Switzer CH, Miranda KM. Signaling and stress: The redox landscape in
NOS?2 biology // Free Radical Biology and Medicine. 2015; 87: 204-225.

1. Ridnour LA, Thomas DD, Mancardi D, Espey MG, Miranda KM, Paolocci N, Wink DA. The chemistry of nitrosative stress induced by nitric
oxide and reactive nitrogen oxide species. Putting perspective on stressful biological situations // Biological Chemistry. 2004; 385(1): 1-10.

12.  ZhangH, Nie X, Shi X, Zhao ], Chen Y, Yao Q, Sun C, Yang J. Regulatory Mechanisms of the Wnt/B-Catenin Pathway in Diabetic Cutaneous
Ulcers // Frontiers in pharmacology. 2018; 9: 1114.

13.  Kitano T, Yamada H, Kida M, Okada Y, Saika S, Yoshida M. Impaired Healing of a Cutaneous Wound in an Inducible Nitric Oxide Synthase-
Knockout Mouse // Dermatology research and practice. 2017; 2184040.

14.  MacLeod AS, Mansbridge JN. The Innate Immune System in Acute and Chronic Wounds // Advances in wound care. 2016; 5(2): 65-78.

32




Journdl of Clinical Physiolody and Pathology (JISCPP) 2023,2 (2) ISSN 2989-1116 (Online)

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.
30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

Yurieva OV, Dubrovina VI. The role of cyclic nucleotide signaling systems in the regulation of immuno-pathogenesis // Acta Biomedica
Scientifica. 2012; (2-1): 159-163.

Shaw CA, Webb DJ, Rossi AG, Megson IL. Cyclic GMP protects human macrophages against peroxynitrite-induced apoptosis // Journal of
Inflammation. 2009; 6(1): 14.

Daiber A, Xia N, Steven S, Oelze M, Hanf A, Kroller-Schon S, Li H. New Therapeutic Implications of Endothelial Nitric Oxide Synthase
(eNOS) Function. Dysfunction in Cardiovascular Disease // International Journal of Molecular Sciences. 2019; 20(1): 187.

Daiber A, Oelze M, Daub S, Steven S, Schuff A, Kroller-Schon S, Hausding M, Wenzel P, Schulz E, Gori T. Vascular redox signaling, redox
switches in endothelial nitric oxide synthase and endothelial dysfunction // Systems Biology of Free Radicals and Antioxidants. 2014; 1177~
1211

Daiber A, Steven S, Weber A, Shuvaev VV, Muzykantov VR, Laher I, Li H, Lamas S, Munzel T. Targeting vascular (endothelial) dysfunction
// British Journal of Clinical Pharmacology. 2017; 174:1591-1619.

Montfort WR, Wales JA, Weichsel A. Structure and Activation of Soluble Guanylyl Cyclase, the Nitric Oxide Sensor // Antioxidants and
Redox Signaling. 2017; 26(3): 107-121.

Coneski PN, Schoenfisch MH. Nitric oxide release: part III. Measurement and reporting // Chemical Society Reviews journal.
2012:41(10):3753-8.

Thomas DD, Ridnour LA, Isenberg JS. The chemical biology of nitric oxide: implications in cellular signaling // Free Radical Biology and
Medicine. 2008;45(1):18-31

Shekhter AB, Serezhenkov VA, Rudenko TG, Pekshev AV, Vanin AF. Beneficial effect of gaseous nitric oxide on the healing of skin wounds
// Nitric Oxide. 2005; 12(4): 210-219.

Duchesne C, Banzet S, Lataillade ], Rousseau A, Frescaline N. Cold atmospheric plasma modulates endothelial nitric oxide synthase signal-
ling and enhances burn wound neovascularization // The Journal of Pathology. 2019; 249(3):368-380.

Tsymbal AA, Kirichuk VF, Andronov EV, Antipova ON, Smyshlyaeva IV. The effect of electromagnetic radiation of the terahertz range on
the frequencies of nitric oxide indicators of the gas and electrolyte composition of blood under stress // Electronic scientific and educational
journal "Health and education in the XXI century”. 2012; 14 (12): 385-386. (in Russian).

Kong MG, Kroesen G, Morfill G, Nosenko T, Shimizu T, van Dijk J, Zimmermann JL. Plasma medicine: an introductory review // New
Journal of Physics. 2009; 11(11): 115012.

Lukin SYu, Soldatov YuP, Stogov MV. Complex correction of pathophysiological disorders in orthopedic and traumatological patients using
electromagnetic waves of the terahertz range at frequencies of nitric oxide radiation // Questions of balneology, physiotherapy and thera-
peutic physical culture. 2018;95(6):58-66.

Svistunov AA, Tsymbal AA, Litvitsky PF, Budnik IA. Experimental and clinical substantiation of the use of electromagnetic waves of the
terahertz range at the frequencies of radiation and absorption of nitric oxide and oxygen in various forms of pathology //Bulletin of the
Russian Academy of Medical Sciences.2017; 72 (5): 365-374.

Bryan NS. Nitric oxide enhancement strategies // Future science OA. 2015; 1(1): FSO48.

Yang T, Zelikin AN, Chandrawati R. Progress and Promise of Nitric Oxide-Releasing Platforms // Advanced Science. 2018; 5(6):1701043.
Chiesa JJ, Baidanoff FM, Golombek DA. Don't just say no: Differential pathways and pharmacological responses to diverse nitric oxide
donors // Biochemical Pharmacology.2018;156:1-9.

Fridman G, Friedman G, Gutsol A, Shekhter AB, Vasilets VN, Fridman A. Applied plasma medicine. Plasma Processes and Polymers. 2008;
5:503-33

Walsh JL, Kong MG. Contrasting characteristics of linear-field and cross-field atmospheric plasma jets // Applied Physics Letters.2008;
93(11): 111501

Morfill GE, Shimizu T, Steffes B, Schmidt H.-U. Nosocomial infections—a new approach towards preventive medicine using plasmas //
New Journal of Physics. 2009; 11(11): 115019.

Heuer K, Hoffmanns MA, Demir E, Baldus S, Volkmar CM, Rohle M, Opléinder C. The topical use of non-thermal dielectric barrier discharge
(DBD): Nitric oxide related effects on human skin // Nitric Oxide.2015; 44:52-60.

Wang T, Sun B, Xiao H. Effects of gas temperature on NOxremoval by dielectric barrier discharge // Environmental Technology, 2013; 34(19):
2709-2716.

Yu B, Zadek F, Fischbach A, Wiegand SB, Berra L, Bloch DB, Zapol WM. Intratracheal injection of nitric oxide, generated from air by pulsed
electrical discharge, for the treatment of pulmonary hypertension in awake ambulatory lambs // Nitric Oxide.2020; 97:11-15

Malik MA, Jiang C, Heller R, Lane J, Hughes D, Schoenbach KH. Ozone-free nitric oxide production using an atmospheric pressure surface
discharge - A way to minimize nitrogen dioxide co-production // Chemical Engineering Journal. 2016; 283: 631-638.

Namihira T, Tsukamoto S, Wang D, Katsuki S, Hackam, R, Okamoto K, Akiyama H. Production of nitric monoxide using pulsed discharges
for a medical application // IEEE Transactions on Plasma Science. 2000; 28(1): 109-114.

Kithn S, Bibinov N, Gesche R, Awakowicz P. Non-thermal atmospheric pressure HF plasma source: generation of nitric oxide and ozone
for bio-medical applications // Plasma Sources Science and Technology. 2009;19(1): 015013.

Kabisov RK, Sokolov VV, Shekhter AB, Pekshev AV. Pilot experience with exogenic NO-therapy for postoperative wound and radiation
lesions management in cancer patients // Russian Journal of Oncology. 2000; 24-29.

Shekhter AB, Kabisov RK, Pekshev AV, Kozlov NP, Perov YL. Experimental and clinical validation of plasmadynamic therapy of wounds
with nitric oxide // Bulletin of Experimental Biology and Medicine. 1998; 126: 829-834

Pekshev AV, Shekhter AB, Vagapov AB, Sharapov NA, Vanin AF. Study of plasma- chemical NO-containing gas flow for treatment of
wounds and inflammatory processes // Nitric Oxide.2018; 73: 74-80.

Shekhter AB, Pekshev AV, Vagapov AB, Telpukhov VI, Panyushkin PV, Rudenko TG, Fayzullin AL, Sharapov NA, Vanin AF. Physicochem-
ical parameters of NO containing gas flow affect wound healing therapy. An experimental study // European Journal of Pharmaceutical
Sciences. 2019; 128: 193-201.

Malone-Povolny MJ, Maloney SE, Schoenfisch MH. Nitric Oxide Therapy for Diabetic Wound Healing // Advanced Healthcare Materials.
2019; 8(12):1801210.

Vyrenkov YE, Esipov AV, Musailov VA, Moskalenko VV, Shishlo VK, Povalyaev AV. The use of nitrogen monoxide in surgical practice //
Physiotherapy, balneology and rehabilitation. 2014; (1): 33-40.

Marakhonich LA, Bordenyuk VI, Pekshev AV, Vagapov AB. The effectiveness of clinical application of air-plasma NO-containing gas streams
in outpatient conditions // Inpatient replacement technologies: Outpatient surgery. 2016; (1-2): 97-101.

Achkasov EE, Esipov AV, Pekshev AV, Musailov VA. Use of an Exogenous Nitric Oxide Generator for Treatment of Peritonitis // Biomedical
Engineering. 2018; 52(1): 64-67.

33




Journdl of Clinical Physiolody and Pathology (JISCPP) 2023,2 (2) ISSN 2989-1116 (Online)

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l

62.

63.

64.

65.

66.

67.

68.

Suzdaltsev IV, Pykhtin YY, Pusty SA, Panchenko AS, Minaev SV. Clinical and laboratory evaluation of the use of nitrogen monoxide-con-
taining gas flow in programmed laparosanation in patients with widespread purulent peritonitis // Medical Bulletin of the North Caucasus.
2017; 12 (4):401-403.

Andryushenkova NA, Lokteva ME. Features of healing of purulent wounds of the face and neck when using an air-plasma flow // Bulletin
of the Smolensk State Medical Academy. 2010; (2): 15-18.

Maltsev PA, Zhuravlev VP, Darwin VV. The use of nitrogen monoxide in minimally invasive surgical treatment of abscesses and phlegmon
of soft tissues of the maxillofacial region // Bulletin of the Smolensk State Medical Academy. 2010; (2): 92-95.

Marakhonich LA, Moskalenko VI, Bespalko VI. The use of flame streams and nitrogen monoxide in the complex treatment of a gunshot
wound // Mater. XXXII scientific-practical conf. 5 CVKG of the Air Force. "Problems of efficiency of medical care and standardization in
healthcare’.2002; 170-171.

Hrupkin VI, Slostin SN, Pisarenko LV. Comparative assessment of the biological effect of physical plasma energy on the course of the wound
process in a gunshot soft tissue and musculoskeletal wound // Modern gunshot trauma: Materials of the All-Russian Scientific Confer-
ence.1998; 54-55.

Davydov Al, Kuchukhidze ST, Shekhter AB, Khanin AG, Pekshev AV, Pankratov VV. Clinical evaluation of intraoperative use of an air
plasma flow enriched with nitrogen monoxide during operations on the uterus and its appendages // Questions of gynecology, obstetrics
and perinatology. 2004; 3(4): 12-17.

Davydov Al, Romanova EN, Pekshev AV. Prospects of clinical use of the air-plasma flow of nitrogen monoxide in gynecology // In the col-
lection “Topical issues of obstetrics, gynecology and perinatology *.2001; 164-169.

Kvasha OI, Bykov VP, Sinelshchikova IV, Borkhanov AH, Al-Daravish DA. NO-therapy in the complex treatment of burn ischemia conjunc-
tiva (clinical studies) // Medial Magazine. 2013; 4 (9): 49-51

Gundorova RA, Shekhter AB, Kvasha OI, Pekshev AS, Feraizi E. Net-therapy in the treatment of wounds of the eyelid // Ophthalmic sur-
gery.2010; 3: 28 -32.

Nosova OA. Treatment of inflammatory middle ear diseases with exogenous nitrogen oxide // Almanac of Clinical Medicine. 2010; 22: 25-
28.

Svistushkin VM, Shevchik EA, Rogatkin DA, Nikiforova GN, Golubovsky GA, Zakharova NM, Lapitan DG. The use of NO-therapy in the
early stages after tympanoplasty // Almanac of Clinical Medicine.2012; 26: 68-73.

Osipyan EM, Gandylyan KS. The effectiveness of complex treatment of patients with osteomyelitis of the lower jaw of odontogenic or
traumatic genesis (Clinical and experimental study) // Medical Bulletin of the North Caucasus.2008;12 (4): 43-46.

Zaborova VA, Seluyanov VN. Exogenous nitric oxide in the treatment of knee ligaments and tendovaginitis of the Achilles tendon in ath-
letes. http://prosportlab.com/works/conference/conf-53-thesis-1

Kabisov RK, Sokolov VV, Shekhter AB, Pekshev AV, Maneylova MV. The first experience of using exogenous NO-therapy for the treatment
of postoperative wounds and radiation reactions in cancer patients // Russian Journal of Oncology. 2000; 1:24-29.

Reshetov IV, Kabisov RK, Kravtsov SA, Matorin OV, Shekhter AB. Features of the clinical application of the Plason air plasma device during
reconstructive plastic surgery in oncology // In the collection "NO-therapy: theoretical aspects, clinical experience and problems of the use
of exogenous nitric oxide in medicine".2001; 74-76

Larichev AB, Shishlo VK, Lisovsky AV, Chistyakov AL. The possibilities of exogenous nitrogen monoxide in the prevention of postoperative
wound infection // Surgery Magazine named after N.I. Pirogov. 2011; 7:31-35.

Marchenko SB, Makarchenko VE. Experience in the use of plasma scalpel-coagulator "Plason” in the conditions of a garrison naval hospital
// Health. Medical ecology. The science. 2012;47-48(1-2): 89-92.

Vasilets VN, Shekhter AB, Guller AE, Pekshev AV. Air plasma-generated nitric oxide in treatment of skin scars and articular musculoskel-
etal disorders: Preliminary review of observations // Clinical Plasma Medicine. 2015; 3(1): 32-39.

Pavlovich VA, Ezrokhin VM. Experience in the treatment and prevention of keloid and hypertrophic scars in the face and neck // Dentis-
try.2008; 87(2):4649.

Pavlovich VA, Ezrokhin VM, Shechter AB. NO-therapy of keloid and hypertrophic scars in the face and neck: application experience //
Bulletin of Aesthetic Medicine.2009;8(2):50-57

34




