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MoDeRn MetHoDs oF non-InVAsIVe CoRReCtIon 
FoR DIstURBeD ReGIonAL BLooD CIRCULAtIon 
tHRoUGH PHYsIotHeRAPeUtIC MeAsURes
(LITERATURE REVIEW)

a B s t r a C t  — Microcirculatory disorders resulting from 
disturbed mechanisms for blood flow regulation, or 
developing as secondary disturbances, are the focal point 
within the pathogenesis of most pathological conditions in 
cardiology, surgery, dentistry and other areas of medicine. 
Aim of study: to analyze and summarize the literature data 
focusing on the contemporary opportunities for non-
invasive correction of regional blood circulation disorders 
using physiotherapeutic methods.
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I n t R o D U C t I o n
The microcirculatory bed provides transporta-

tion needed for plastic and energy metabolism directly 
into the body cells, as well as for the removal of their 
metabolism products, thereby creating the conditions 
for due functioning in tissues and organs. Coherent 
interaction of all the links in this system is possible due 
to regulatory influences from the nervous, humoral 
mechanisms, as well as the involvement of factors 
released by endotheliocytes [1, 2].

Considering the important role that microcir-
culation system plays in most pathological processes, 
potential correction of microcirculatory disorders and 
improving trophism in tissues appears a very attractive 
option in treating a variety of diseases and pathologi-
cal conditions in dental practice, as well as in offering 
rehabilitation for patients who underwent reconstruc-
tive interventions on maxillofacial areas.

R e s U L t s  A n D  D I s C U s s I o n
Microcirculation disorders developing as a result 

of regulatory mechanisms disturbances are known to 
be the cause behind a number of pathological condi-
tions; in some cases they may be of secondary nature, 
anyway they are present in most diseases in cardiology, 
surgery, dentistry, etc. [3, 4].

A powerful factor that aggravates the state of the 
endothelium in the vascular wall is tobacco smoking. 
Tobacco intoxication doubles the number of endothe-
lium cells circulating in the peripheral blood, which 
is a sign of endothelium desquamation. This effect is 
caused not only by the capacity of nicotine to inhibit 
NO-synthase, which is involved in the production of 
endothelial nitric oxide, yet also by the direct toxic 
effect that cigarette smoke works on endothelial cells 
[5].

The deterioration of regional blood flow through 
the development of hypoxia and trophic disorders, 
changing permeability of the vascular walls, play an 
important role in the pathogenesis of inflammatory 
and dystrophic periodontal diseases. It has been also 
found that in case of insufficient oxygen supply to the 
tissue, free radical oxidation is activated, which, under 
progressive inflammatory reaction, will only aggravate 
the course of the pathological process [6, 7].

Of great interest are the changes in microcircula-
tion occurring in the tissues after a dental implant 
installation. Numerous studies focusing on this issue 
have revealed that the status of the vascular bed and 
the level of blood flow play a key role in reaching os-
seointegration. Therefore, under ischemization of the 
surrounding tissues, there is a tendency towards the 
development of fibrous and cartilage tissues rather 
than bone structures, which has a negative impact on 
orthopedic treatment prognosis [8, 9].

For non-invasive correction of microcirculation 
disorders, the pharmaceutical industry offers antihy-
poxants or antioxidants — drugs that increase tissues 
resistance to hypoxia or inhibit the development of 
free radicals, respectively. Drugs belonging to these 
groups can be used systemically or locally as part of 
comprehensive therapy for treating periodontal dis-
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eases, in case of face and jaws traumas [10, 11].
However, in case of using pharmacological 

agents, it is important to consider the risk of side 
effects and in increase in the cost of treatment. These 
drawbacks of pharmacotherapy point at the need to 
search for new non-medication methods for correct-
ing microcirculation issues. Such methods include 
low-intensity electromagnetic radiation (EMI) of the 
millimeter-wave range with a wavelength (λ) of 1–10 
mm and an extremely high frequency of 30–300 GHz 
(EHF-therapy), as well as laser therapy, where only 
the wavelength range is specified (100 to 30,000 nm). 
It should be stressed that when the requirements for 
these methods are observed, no side effects will occur, 
be that mutagenic or carcinogenic. At the same time, 
the processes of reparation are stimulated, microhemo-
dynamics is activated, while nutrients are improved in 
the tissues; besides, immunomodulation and analgesic 
effects are triggered [12].

The advantages of EHF and low-intensity laser 
therapy include their good compatibility with other 
physiotherapy methods as well as with each other. 
Parfenova S.V., et al. (2018), for instance, in her respec-
tive work showed possible correction of the platelets 
aggregation and adhesive activity in chronic inflamma-
tory periodontal diseases, employing a combination of 
EHF and laser irradiation using a Matrix device [13].

Recently, a large number of works have been 
focused on the therapeutic application of terahertz 
frequency range electromagnetic radiation (EMR 
THF; 100 GHz – 10 THz), which stands in between 
extremely high frequencies and the optical infrared 
range. This wavelength range is interesting in terms of 
its containing the molecular emission and absorption 
spectra (MSEA) of such inevitably important cel-
lular metabolites as molecular oxygen, nitrogen oxide, 
carbon dioxide and a number of others. The potential 
for controlling the reactive capacity of the mentioned 
metabolites in order to mediate metabolic regula-
tion in cells and tissues explains the huge interest that 
researchers take in this method [14].

A number of papers have focused on studying the 
effect of terahertz radiation at the nitric oxide MSEA 
frequencies of 150, 176–150, 664 GHz. Nitric oxide 
(NO) is well known as one of the most important 
vascular wall tone regulator. Being a powerful vasodila-
tor and antiplatelet agent, nitric oxide is important in 
regulating blood circulation and proper blood supply 
to organs and tissues [15].

The effectiveness of THF therapy in this frequen-
cy range has been shown in a series of experiments on 
animals where hemodynamic disturbances were trig-
gered by acute or chronic immobilization stress [16].

The normalizing effect of EMR THF at frequen-

cies 150, 176–150, 664 GHz on the antioxidant blood 
system [17], on the state of the gas and electrolyte 
composition of blood [18] has been shown.

Clinical studies of THF-radiation of this frequen-
cy range showed their high efficiency in cardiology, 
traumatology, and dentistry. Techniques have been 
developed for exposure to EMR THF at nitric oxide 
frequencies, which increase the effectiveness of treat-
ment for patients with angina pectoris [19].

The capacity of terahertz radiation at frequencies 
of 150, 176–150, 664 GHz to improve blood rheo-
logical properties and microcirculation allow using it 
for prevention of venous thrombosis in patients with 
lower limb fractures [20], as well as a factor stimulating 
regeneration and shortening the consolidation period 
for fractured bones [21].

THF electromagnetic radiation at the frequency 
of nitric oxide MSEA has found its application in 
dentistry. A.V. Zelenova, N.V. Bulkina, et al. (2015) 
compared the results obtained through using a stand-
ard mode for treating patients with rapidly progressing 
periodontitis and the outcomes of applying the same 
mode yet combined with a course of THF therapy at 
NO frequencies. A comparative analysis involving the 
two groups showed that there was better dynamics of 
inflammation relief, as well as a more complete restora-
tion of blood supply in periodontal tissues observed 
in the group that featured THF therapy as part of the 
treatment [22].

Equally interesting for experimental and clinical 
medicine is the radiation of the terahertz range at the 
frequencies of the atmospheric oxygen radiation and 
absorption molecular spectrum of 129 ± 0.75 GHz. In 
biological systems, oxygen acts as the main oxidant, an 
essential link in energy-intensive metabolic processes. 
It is part of plastic and energy metabolism reactions, 
the synthesis of biologically active substances required 
to maintain the vital functions of the body [23].

The group of authors conducted a series of ex-
perimental studies demonstrating possible correcting 
effect of terahertz range electromagnetic waves with a 
frequency of 129.0 ± 0.75 GHz on blood coagulation 
and fibrinolytic properties, nitrite concentration, and 
systemic hemodynamic parameters [24, 25, 26].

The antianginal effect of terahertz therapy on the 
atmospheric oxygen molecular spectrum frequency 
has been studied, as well as its effectiveness in treating 
unstable angina has been demonstrated [27].

The study by L.A. Zyulkina (2018) proved, both 
experimentally and clinically, the feasibility of using a 
specially developed course of irradiation with electro-
magnetic waves in the terahertz range at a frequency of 
129.0 GHz through various stages of treating inflam-
matory and dystrophic periodontal lesions [28].
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According to N.V. Bulkina, L.A. Zyulkina, et al. 
(2017), planning of reconstructive dental interven-
tions should be carried out in view of the oral micro-
circulation system functional status. Dystrophic and 
inflammatory changes in the oral cavity are accompa-
nied by disturbed microcirculation and functions of 
the vascular wall endothelium, which affects the course 
of the regeneration & reparation. Improving micro-
circulation through THF-therapy at the frequency of 
atmospheric oxygen of 129.0 GHz in the intervention 
zone takes place as a result of restoring the vascular 
wall balance, i.e. due to the endothelium factors (both 
vasoconstricting (endothelin (1-38, big), asymmetric 
dimethylarginine (ADMA) and vasodilating (en-
dothelial nitric oxide synthase (eNOS), nitrite level) 
[29] expressed by the vascular wall.

Non-invasive correction of regional blood flow 
disturbances through physiotherapy can be used for 
treating various pathologies in the maxillofacial region 
[30-41].

C o n C L U s I o n
In view of the above, the data available from re-

spective literature shows that the modern physiothera-
py method, terahertz range electromagnetic radiation, 
has a powerful potential in regulating various physi-
ological processes, including systemic and regional 
hemodynamics and blood rheological properties. 
Considering the fundamental role that blood supply 
plays in most pathological processes affecting organs 
and tissues, search for new ways of its non-invasive cor-
rection through THF-therapy appears quite deserving 
due effort and requires further investigation.

R e F e R e n C e s
1.  Kozlov V.I.  Blood microcirculation system: clinical 

and morphological aspects of the study // Regional 
blood circulation and microcirculation. - 2006. - Vol.5, 
№1. - P. 84-101. (In Russ.).

2.  Taylor M.S., Choi C.S., Bayazid L., Glose-
meyer K.E., Baker C.C.P., Weber D.S.  Changes 
in vascular reactivity and endothelial Ca2+ dynamics 
with chronic low flow // Microcirculation. – 2017. – 
Vol. 24 (3). – P. 1-15.

3.  Sycheva, Yu.A., Gorbachev, I.A., Orekhova, 
L.Yu., Grigorieva, L.G., Chudinova, TN  The 
role of violations of regional microcirculation and 
metabolic disorders in the pathogenesis of hyperten-
sion and inflammatory periodontal diseases // Parod-
ontologiya. - 2014. - T.19, №2. - P. 32-35. (In Russ.).

4.  Molotkova OV  Microcirculation and endothelial 
function: theoretical principles, principles of diagnosis 
of disorders, the value for clinical practice: scientific 
and methodological manual / Ed. O.V. Molotkova, 
O.V.Halepo. - Smolensk, 2015. - 111 p. (In Russ.).

5.  Kirichuk V.F., Glybochko P.V., Ponomareva 
A.I.  Endothelial dysfunction // Saratov: Izd-vo Sara-
tovsky honey. un-that. - 2008. - 129 p. (In Russ.).

6.  Krechina E.K., Kozlov V.I., Maslova V.V. 
 Microcirculation in periodontal gingival tissues. - M .: 
GEOTAR-Media, 2007. - 80 p. (In Russ.).

7.  Bulkina N.V., Zelenova A.V., Tokmakova E.V., 
Bashkova L.V.  Modern aspects of the treatment of 
hemodynamic disorders in patients with rapidly pro-
gressive periodontitis // Modern problems of science 
and education. - 2014. - №6. - P.1046. (In Russ.).

8.  Ivanov P.V., Makarova N.I., Bulkina N.V., 
Zulkina L.A.  Modern concepts of osseointegration 
of dental implants // News of higher educational insti-
tutions. Volga region. Medical sciences. - 2018. - №4. 
- P. 205-217. (In Russ.).

9.  Cicciu M., Fiorillo L., Herford A.S., Crimi S., 
Bianchi A., D`Amico C., Laino L., Cervino G. 
 Bioactive titanium surfaces: interactions of eukaryotic 
and prokaryotic cells of nano devices applied to dental 
practice // Biomedicines. – 2019. – Vol.7 (1). – P. 
1-13. 

10.  Ivanov P.V., Malanin I.V., Stomatov A.V., Gri-
bovskaya Yu.V.  Antioxidant therapy in the complex 
treatment of periodontitis // Fundamental research. 
- 2008. - № 11. - P. 23-27. (In Russ.).

11.  Georgiadi N.A., Lyanova D.K., Georgiadi T.V., 
Slonova V.M., Galabueva A.I.  Antihypoxants 
in the pathogenesis and treatment of inflammatory 
periodontal diseases // Russian Dental Journal. - 2011. 
- №2. - P. 15-17. (In Russ.).

12.  Moskvin S.V., Khadartsev A.A.  EHF-laser 
therapy.  Tver: Triada Publishing House, 2016. - 168 p. 
(In Russ.).

13.  Parfenova S.V., Bulkina N.V., Kobzeva Yu.A., 
Parfenov A.K., Klinger I.S.  Effect of combined 
laser and EHF irradiation on the correction of mi-
crocirculatory disorders in inflammatory periodontal 
diseases // Science and Innovations in Medicine. - 
2018. - №2 (10). - P. 69-72. (In Russ.).

14.  Kirichuk V.F.  Regularities and mechanisms of the 
biological action of electromagnetic waves in the tera-
hertz range / V.F. Kirichuk, A.A. Tsymbal. - Saratov: 
Publishing House Sarat. state honey. University, 2015. 
- 291 p. (In Russ.).

15.  Kirichuk V.F., Velikanova TS, Ivanov A.N. 
 Influence of TGCH-radiation at the frequencies of 
nitric oxide on the post-stress hemodynamic changes 
in white rats // Regional blood circulation and micro-
circulation. - 2010. - V. 9, № 3. - P. 70-76. (In Russ.).

16.  Ivanov A.N.  Regulatory effects of waves in the 
terahertz frequency range // Medical Bulletin of the 
Internet Conference. - 2012. - Vol. 2, No. 6. - P. 392-
399. (In Russ.).

17.   A method for normalizing the activity of an antioxi-
dant system in an experiment / V. Kirichuk, A. A. 
Tsymbal: RF Patent No. 2386459 of December 29, 
2008.

L i t E r a t u r E
r E v i E w



20 |  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  2  |

18.  Tsymbal A.A., Kirichuk V.F., Andronov 
E.V., Antipova O.N., Smyshlyaeva I.V.  Effect of 
electromagnetic radiation of the terahertz range at 
the frequencies of nitric oxide on the indicators of the 
gas and electrolyte composition of the blood under 
stress // Electronic Scientific and Educational Bulletin 
"Health and Education in the XXI Century". - 2012. - 
Vol.14, №12. - P. 385-386. (In Russ.).

19.  Golovacheva, TV, Parshina, S.S., Afanasyeva, 
TN, Kirichuk, V.F., Vodolagin, A.V., Glukho-
va, N.A., Petrova, V.D., Vodolagina, E.S., 
Medvedeva M.A., Nesterova M.V.  Efficiency of 
THF radiation with a frequency of molecular emission 
spectrum and absorption of nitric oxide in patients 
with stenocardia // Electronic Scientific and Edu-
cational Bulletin "Health and Education in the XXI 
Century". - 2011. - Т.13, №7. - P. 306-307. (In Russ.).

20.  Kireev S.I., Kirichuk V.F., Bogomolova N.V., 
Dulatov R.M., Krenitsky A.P., Yamshchikov 
ON, Markov D.A.  Comprehensive prevention of 
venous thrombosis in trauma patients // TSU Bul-
letin. - 2010. - Т.15, №5. - P. 1515-1518. (In Russ.).

21.  Bogomolova N.V., Dulatov R.M., Kireev S.I., 
Kirichuk V.F., Krenitsky A.P.  A comprehensive 
experimental and clinical study of the effectiveness of 
EHF-therapy at the frequencies of nitric oxide in the 
rehabilitation treatment of patients with bone frac-
tures. Herald of New Medical Technologies. - 2010. 
- T.17, №1. - P.107-110. (In Russ.).

22.  Zelenova A.V., Bulkina N.V., Olenko E.S., Tok-
makova E.V.  Efficiency of using terahertz electromag-
netic radiation in complex treatment of patients with 
rapidly progressive periodontitis // Saratov Journal 
of Medical Scientific Research. - 2015. - Т.11, №4. - P. 
556-561. (In Russ.).

23.  Krenitsky A.P.  Development and creation of 
medical devices based on an experimental study of 
the effects of therapeutic effects of electromagnetic 
radiation of the EHF and TGCH ranges on biological 
environments: Dis. ... Dr. those. Sciences / Krenitsky 
AP - Saratov, 2016.

24.  Kirichuk V.F., Tsymbal A.A., Krenitsky A.P., 
Mayborodin A.V.  The use of terahertz radiation at 
a frequency of atmospheric oxygen of 129.0 GHz for 
the correction of hemocoagulation and fibrinolytic 
disorders // Biomedical radio electronics. - 2009. - № 
9. - P. 11-16. (In Russ.).

25.  Kirichuk V.F., Tsymbal A.A.  The effect of 
terahertz radiation at the frequency of atmospheric 
oxygen 129.0 GHz on the concentration of nitrites in 
the blood under various types of experimental stress 
against the introduction of a non-selective inhibitor of 
the constitutive isoforms of NO-synthase // Bulletin 
of experimental biology and medicine. - 2011. - № 10. - 
P. 416-419. (In Russ.).

26.  Kirichuk V.F., Antipova O.N., Velikanov V.V., 
Velikanova T.S.  Changes in systemic hemodynamic 
parameters in the main vessels in animals in the experi-
ment and the possibility of their correction with the 
help of electromagnetic terahertz irradiation at the 

frequencies of the molecular spectrum of radiation 
and absorption of atmospheric oxygen. // Bulletin of 
medical Internet conferences. - 2012. - Vol. 2, No. 6. - 
P.442-445. (In Russ.).

27.  Parshina S.S., Strelnikova O.A.  Terahertz 
therapy at the frequencies of the molecular spectrum 
of oxygen is a new promising method of treatment 
in cardiology. // Bulletin of medical Internet confer-
ences. - 2013. - Vol. 3, No. 6. - Р. 955. (In Russ.).

28.  Zyulkina L.A.  Planning strategy for reconstructive 
dental interventions in various functional states of the 
oral microcirculation system: dis. ... Dr. honey. Sci-
ences / Zulkina L.A. - Saratov, 2018.

29.   Planning reconstructive dental interventions for 
various functional states of the oral microcirculation 
system: monograph / N.V. Bulkina, L.A. Zyulkina, 
P.V. Ivanov, A.P. Vedyaeva. - Penza: PGU Publishing 
House, 2017. - 56 p. (In Russ.).

30.   Clinical manifestations of temporomandibular joint 
dysfunction in patients with free-end edentulous 
space / E.N. Pichugina, V.V. Konnov, N.V. Bulkina, 
T.V. Matytsina, M.V. Vorobeva, S.N. Salnikov, R.N. 
Mukhamedov, V.A. Mikailova, I.V. Matysina // Archiv 
EuroMedica. – 2019. – Vol. 9; 1. – Р. 175-176. https://
doi.org/10.35630/2199-885X/2019/9/1/175

31.   Causes behind distal occlusion / M.V. Vorobieva, V.V. 
Konnov, N.V. Bulkina, A.A. Bizyaev, D.N. Maslen-
nikov, A.S. Khodorich, E.S. Popko, S.V. Konnov, I.V. 
Matytsina // Archiv EuroMedica. – 2019. – Vol. 9, 
№ 1. – Р. 191-193. https://doi.org/10.35630/2199-
885X/2019/9/1/191

32.   Morphofunctional changes in temporomandibular 
joint correlating with its morphological variations in 
patients with dentition defects complicated by distal 
occlusion / V.V. Konnov, A.P. Vedyaeva, D.Kh. Raza-
kov, E.N. Pichugina, T.V. Matytsina, S.N. Salnikova, 
M.V. Vorobeva, R.N. Mukhamedov, I.V. Matysina // 
Archiv EuroMedica. – 2019. – Vol. 9; 1. – Р. 52-58. 
https://doi.org/10.35630/2199-885X/2019/9/1/52 

33.   Temporomandibular joint morphology at orthognatic 
bite / A.R. Arushanyan, V.V. Konnov, A.P. Vedyaeva, 
D.Kh. Razakov, T.V. Matytsina, D.N. Maslennikov, 
R.N. Mukhamedov, A.S. Khodorich, I.V. Matysina // 
Archiv EuroMedica. – 2019. – Vol. 9; 1. – Р. 18-19. 
https://doi.org/10.35630/2199-885X/2019/9/1/18

34.  Domenyuk D.A., Porfyriadis М.Р., Buday-
chiev G. M-A.  Contemporary methodological 
approaches to diagnosing bone tissue disturbances in 
children with type 1 diabetes. Archiv EuroMedica, 
2018; 8(2): 71-81.

35.  Basov А.А., Ivchenko L.G., Domenyuk D.A., 
Dmitrienko T.D., Nuzhnaya C.V.  The role of 
oxidative stress in the pathogenesis of vascular com-
plications in children with insulinable sugar diabetes. 
Archiv EuroMedica, 2019; 9(1): 136-145. https://doi.
org/10.35630/2199-885X/2019/9/1/136

36.  Davydov B.N., Domenyuk D.A., Dmitrienko 
S.V.  Peculiarities of microcirculation in periodont tis-
sues in children of key age groups sufficient type 1 dia-

L i t E r a t u r E
r E v i E w



21|  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  2  |

betes. Part I. Periodontology, 2019; Vol. 24; 1-24(90): 
4-10. DOI: 10.25636/PMP.1.2019.1.1

37.  Davydov B.N., Domenyuk D.A., Dmitrienko 
S.V.  Peculiarities of microcirculation in periodont 
tissues in children of key age groups sufficient type 
1 diabetes. Part II. Periodontology, 2019; Vol. 24; 
2-24(91): 108-119. DOI: 10.33925/1683-3759-2019-
24-2-108-119

38.  Davydov B.N., Domenyuk D.A., Bykov I.M., 
Ivchenko L.G., Dmitrienko S.V.  Modern possi-
bilities of clinical-laboratory and x-ray research in pre-
clinical diagnostics and prediction of the risk of devel-
opment of periodontal in children with sugar diabetes 
of the first type. Part I. Periodontology, 2018; Vol. 23; 
3-23(88): 4-11. DOI:10.25636/PMP.1.2018.3.1

39.  Domenyuk D.A., Davydov B.N., Dmitrienko 
S.V., Sumkina О.В., Budaychiev G. M-A.  Changes 

of the morphological state of tissue of the paradontal 
complex in the dynamics of orthodontic transfer of 
teeth (experimental study). Periodontology, 2018; Vol. 
23; 1-23(86): 69-78. DOI:10.25636/PMP.1.2018.1.15

40.  Lepilin A.V., Rajgorodskij Yu.M., Grigoryevа 
D.A., Erokina N.L., Bakhteeva G.R., Domeny-
uk D.A.  Reasoning for the application of violet laser 
physiotherapy device following surgeries in the oral 
cavity. Archiv EuroMedica, 2018; 8(2): 111-114.

41.  Kulikova N.G., Domenyuk D.A., Zelensky 
V.A., Tkachenko A.S.  Evaluation of the effective-
ness of pharmaco-physiotherapeutic treatment of 
catarrhal gingivitis on the results of the condition 
of mucosal immunity of oral cavity in women in the 
postpartum period. Medical Bulletin of the North 
Caucasus. 2017; Vol. 12; 4: 417-421. (In Russ., English 
abstract). DOI: 10.14300/mnnc.2017.12117.

L i t E r a t u r E
r E v i E w


