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Hayu4Hble nccnepoBaHus U NPAKTUYECKUE UHCTPYMEHTbI
COBPEMEHHOM1 KypOpTONOoruu: BKNag B peanmsaumio HauuoHAIbHbIX
uenen passutusa Poccum B cpegHecpo4YHOM NepcneKkTusee

3y6apeBa H.H."", ) KamkuH E.I'.2

"HayuoHaneHbIl MeduyuHcKul ucciedogamesnsckuli yeHmp peabunumayuu u Kypopmosoauu MuH3dpasa Poccuu,
Mockea, Poccus
2 MuHucmepcmeo 30pasooxpareHus Poccutickol ®edepayuu, Mockea, Poccus

PE3IOME

BBEAEHUE. CaHaTopHO-KypopTHbIn komnnekc (CKK) Poccninckon OepepaLn MOXET C YCnexom peanv3oBaTb akTyasbHble TPeKn Co-
BpeMeHHOCTU. JOCTUXKeHNA POCCUINCKON KypopTosiorim obLyenprsHaHbl BO BCeM MUPE, TaK Kak CBsi3aHbl C AOKa3aTelbHbIMY NOAXOAa-
MU K pa3paboTke neyebHbIX METOAMK M KOMMEKCHBIX MPOrpaMM C MCMONIb30BaHUEM NPUPOAHbIX fleuebHbIX pecypcoB.

LIEJTb. AHann3 TekyLyen CTPYKTYpPbl 1 POAN OCHOBHbIX 3nemeHToB CKK, ero pecypcHoro n Hay4yHoro noTteHumana, Co3aaHHbIX B Npo-
Lecce NOCTPOEHMA NPEEeMCTBEHHOCTM CaHAaTOPHO-KypopTHOro neyeHus (CKJ1) ¢ okaszaHMem KauecTBEHHOWN 1 AOCTYNHOW NepBUYHOMN
1 Cneynannu3npoBaHHON MeanLUHCKON NoOMOoLM Hacenenuio Poccun.

MATEPUAJIbl U METO/AbI. icnonb3oBanucb UHCTPYMEHTbI MeANKO-CTaTUCTUYECKOrO aHanun3a pa3BuTus MHGPACTPYKTYpPbl, KOEYHOTO
doHga, pecypcos ans CKJ1 B Poccnm; metogonorus SWOT-aHanm3a cunbHbIX 1 cnabbix ctopoH CKK Poccun; TeopeTrnyeckme oCHOBbI
MEHe>KMeHTa U HayuHble NoAXOoAbl MO O6LEeCTBEHHOMY 340POBbIO U OPraHM3aLny 30PaBOOXPaAHEHNS.

PE3YJIbTATbl U OBCYXAEHUE. [Mpn npoBeaeHnn aHan13a, peneBaHTHOro TeKyLlen CMTyaunmn pa3BUTNA CAaHaTOPHO-KYPOPTHbIX Op-
raHun3zayui (CKO) Poccun, BbisiBNEHbl HEKOTOPbIE TEHAEHLMU U NPO6IeMbI, C KOTOPbIMY CTONIKHYNACh KYPOPTONIOrUA CTPaHbl B MOC/es-
HUe rofbl. B HacTosee BpemMs OTMeYaeTca yCuUieHne PUCKOB N3MeHeHNsA TpaanLMOHHOIO NPaBoOBOro CTaTyca neyebHO-0300poBM-
TeNbHbIX MECTHOCTEN, KYPOPTOB 1 KyPOPTHbIX TeppuTopurii. imetoTca n gpyrne HepelleHHble BOMPOChI, CBA3aHHble C HE[OCTaTOUYHbIM
pasBuUTUeM NHPPACTPYKTYpbl, UdpoBU3aLnmn, obecnevyeHHOCTbIo Kagpamu 1 ap. B To xe Bpemsa cneflyeT OTMETUTb MHOTME CUSIbHble
CTOPOHbI POCCUNCKOW KypOPTONOrK, B NEPBYIO O4Yepefb, CBA3aHHbIE C BbICOKMM Hay4YHO-MeTOANYECKMM CONMPOBOXKAEHNEM 1 BHepe-
HUEM B CaHaTOPHO-KYPOPTHYIO MPaKTVKy HOBEMLINX 3PEKTUBHBIX HEMEANKAMEHTO3HbIX TeXHONOrui. B 6nvxalilee Bpems notpe-
6yeTca pa3paboTka cTpaTernyecknx HanpasneHun passutna CKK go 2036 r., KoTopble NpuBeayT K Pa3BUTHI0 HOBbIX BO3MOXXHOCTEN
KypopTonoruu ans GopMnpoBaHUs OTBETOB Ha COBPEMEHHbIE Bbl30Bbl 06LLECTBEHHOIO 30POBbsA HAaceIeHNA CTPaHbI.
3AKNKOYEHME. [Ina [oCTXKeHNA HauMOHaNbHbIX Lienei pa3Butusa Poccum B cpeHeCpOUHO nepcrneKkTrBe 60sbloe 3HaYeHne nmMeeT
CKK. HakonneHHbI B TeUEHNE MHOTVIX AeCATUNETU OMbIT MPYMEHEHUA NPUPOAHBIX TeyebHbIX PecypCcoB B PasnnyHbIX neyebHo-npo-
dunakTMyecknx n peabunmTaumMoHHbIX NPorpaMmax nogTeepxaaet Bo3amoxxHocT CKJT B coxpaHeHnW HaceneHns 1 yKpenieHum 340-
poBbA Nogein.

KJTHOYMEBDIE CJTOBA: caHatopHo-KypopTHbIi KOMMNEKS, MPUPOAHbIE fleueGHbIe pecypcbl, HALMOHasIbHbIE LIeNn pasBuUTHs

Ina yntuposaHus / For citation: 3y6apesa H.H. KamkuH E.I. HayuHble nccnegoBaHma 1 npakTnyeckmne MHCTPYMEHTbI COBPEMEHHOM
KypopTonornn: BKnag B peanunsaunio HauMoHanbHbIX Uenen pa3sutna Poccnn B cpegHecpoyHon nepcnektuse. BecTHMK
BOCCTaHOBUTENbHOW MeanuuHbl. 2025; 24(4):10-18. https://doi.org/10.38025/2078-1962-2025-24-4-10-18 [Zubareva N.N., Kamkin E.G.
Scientific Research and Practical Tools of Contemporary Balneology: Contribution to the Implementation of Russia’s National Medium-
Term Development Goals. Bulletin of Rehabilitation Medicine. 2025; 24(4):10-18. https://doi.org/10.38025/2078-1962-2025-24-4-10-18
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Scientific Research and Practical Tools of Contemporary Balneology:
Contribution to the Implementation of Russia's National
Medium-Term Development Goals

Natalia N. Zubareva'”’, 'z’ Evgeny G. Kamkin?

" National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia
2 Ministry of Health of the Russian Federation, Moscow, Russia

ABSTRACT

INTRODUCTION. Health resort complex (HRC) of the Russian Federation has the potential to successfully implement the topical tracks
of our time. The achievements of Russian balneology are universally recognized all over the world, as they are associated with evidence-
based approaches to the development of therapeutic techniques and complex programs using natural therapeutic resources.

AIM. Analysis of the current structure and role of the main elements of the health resort complex, its resource and scientific potential,
created in the process of building the continuity of health resort treatment (HRT) with the provision of quality and affordable primary
and specialized medical care to the population of Russia.

MATERIALS AND METHODS. The tools used were medical and statistical analysis of the development of infrastructure, bed stock,
resources for health resort treatment in Russia; SWOT-analysis methodology of strengths and weaknesses of the Russian health care
system; theoretical foundations of management and scientific approaches to public health and health care organization.

RESULTS AND DISCUSSION. The analysis relevant to the current situation of development of health resort organizations in Russia has
shown some trends and problems faced by the balneology of the country in recent years. Currently, there is an increase in the risks
of changing the traditional legal status of therapeutic and recreational areas, resorts and resort territories. There are other unresolved
issues related to insufficient development of infrastructure, digitalization, staffing, and others. At the same time, one should note many
strengths of Russian balneology, primarily related to high scientific and methodological support and introduction of the latest effective
non-medication technologies into health resort practice. In the near future it will be necessary to develop strategic objectives for the
development of the health resort complex up to 2036, that will lead to the development of new opportunities of balneology to provide
answers to the current challenges of public health of the country’s population.

CONCLUSION. To achieve Russia’s national development goals in the medium term, the health resort complex is of great importance.
The experience accumulated over many decades in the application of natural therapeutic resources in various therapeutic, preventive
and rehabilitation programs confirms the potential of health resort treatment in preserving the population and strengthening people’s
health.

KEYWORDS: health resort complex, natural therapeutic resources, national development goals
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BBEOEHUE

B ykase lNpe3ungeHTa Poccuickon Mepepaumm ot 7 mas
2024 r. N2 309" onpepneneHbl CeMb HaLMOHaNbHbIX Lenen,
Ha peanusauunio KOTOpbIX fOKHa ObITb HanpaBnieHa fes-
TENbHOCTb BCEX CYOBEKTOB YNpaB/ieHUA B CUCTEME 340aBO-
OXpaHeHUA CTpaHbl.

MeTogonorua NnocTpoeHna cUcTeMbl YCTOMYMBOTO pPas-
BUTKA Nt0OOro obulecTBa HEBO3MOXKHa 6e3 onpepeneHus
uenen pasBuUTKA, KNIOYEBbIX HanpaBieHWn BCEro Hapopa-
HOrO XO03AMNCTBA, OTAENbHbIX OTpacnen, chep peAtenb-
HocTW. B nocnenHee Bpema OTAeNbHble POCCUICKME Yye-
Hble (M3mannosa M.A., 2021; MNywkapes N.10., 2020) Bcnen
3a KOMMJIEKCHBbIMM 3apYyOeXHbIMU NccnegoBaHnamm (2018-
2020 rr.) onncbiBalOT METOANYECKNE MOAXOAbI, B KOTOPbIX

1 Yka3 MNpe3ungeHTta Poccuiickon Oepepaunn ot 7 mas 2024 r.
Ne 309 «O HaumoHanbHbIX Lenax pa3sutua Poccuinckon
Qepepaunn Ha nepuog fo 2030 roga M Ha NepCrneKkTUBY
no 2036 roga»

ARTICLES

ocoboe MecTo OTBOAUTCA oTpacnam, GoOpMUPYIOLMM Ye-
noeveckuin Kanutan, cbepam cbepekeHns 300POBbA Ha-
cenenua [1-3].

CaHaTopHO-KypopTHbIN Kommnnekc (CKK) Poccuiickon
Depepaunm MOXET C YCNeXoM peann3oBaTb akTyalbHble
TPEeKN COBPEMEHHOCTN.

CKK BKtouyaeT COBOKYMHOCTb OObEKTOB 1 BMAOB Aen-
TeNbHOCTY, obecneunBaloWMX neyeHne, 03[0POBNEHMne
N MeQULUMHCKYI0 peabrnnutauuio rpaxkaaH, npodunaktuky
3aboneBaHnii Ha OCHOBE KCMOJIb30BaHMA NPUPOAHbIX Ne-
yebHbIX pecypcoB. B cpegHecpouHOM nepcrneKkTBe Bax-
HO BbIAABUTb N UCNOJSIb30BaTb CUSIbHbIE CTOPOHbI, BO3MOX-
Hoctu CKK c Tem, uTobbl onpefenuTb Kpyr akTyasnbHbIX Ha-
YUYHO-NMPaKTUYECKMX 3afay ero pasBuTus.

JocTvKeHnA pPOCCUNCKON KypopTtonorum obenpu-
3HaHbl BO BCEM MUPE, TaK Kak CBA3aHbl C AOKa3aTeNIbHbIMU
nogxofamu K paspaboTtke neyebHbIX METOANK 1 KOMIIEeKC-
HbIX MpPOrpaMm C KCMONb30BaHMEM MPUPOAHbIX neyed-
HbIX pecypcoB. Tonbko 3a 2003-2024 rr. 661710 NpoBeeHo
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nopsaka 2300 HayuHbIX M3bICKaHWUI B 3Ton obnacTtu. MNony-
YeHHble Ha OCHOBaHWWN NPOBEAEHHbIX PaHAOMM3NPOBAH-
HbIX KAMHUYECKNX NCCNefoBaHUN pe3ynbTaTbl NpefcTaBs-
nAT cobon AoKa3aTeNbHyo 6a3y A4 BKIOUYEHNA MeTO0B
caHaTopHo-KypopTHoro neuenusa (CKJT) B KnuHuMueckue
pekomeHpaumn. 3a nocnefHue 15 net npodunbHbIMK Ha-
YUHbIMW OpraHM3auuammn 1 Kapepgpamm By3oB Obino pas-
paboTaHO 1 BHefpeHO B MPaKTWKy cBbie 400 HOBbIX
N YCOBEPLUEHCTBOBAHHbIX MeaULNHCKMX TexHonornn CKJI
N 03[0POBMIEHNSA, MPOBEAEHbl MHOFOUNCIIEHHbIE NCCNefo-
BaHMA No oueHKe 3GGEKTUBHOCTN NPYMEHEHNA Npupoa-
HbIX NleyebHbIx pecypcos (MJIP) n onybnukosaHo 6osnee
5 TbicAY Hay4YHbIX TPYAOB.

LEJb

AHanm3 TeKylen CTPYKTYpbl U PO OCHOBHbIX 3Me-
meHTOB CKK, ero pecypcHoro n Hay4yHoro noteHumana,
CO3/aHHbIX B MpoLecce MOCTPOEHUA MPEEMCTBEHHOCTM
CKJ1 c oka3zaHnem KayeCTBEHHOW 1 AOCTYMHON NePBUYHON
M cneynann3rvpoBaHHON MeANLMHCKON MOMOLM Hacene-
Huto Poccun.

MATEPWUANDbI U METOAbI

Mcnonb3oBanucb  MHCTPYMEHTbI  MEAUKO-CTaTUCTU-
UecKoro aHanmsa pasBuUTUA UHOPACTPYKTYPbl, KOEUHOro
doHpa, pecypcos ana CKJ1 B Poccun; npuMeHANncb mexa-
HM3Mbl CMCTEMHOrO MOAXofa MpW aHanm3e pe3ynbTaToB
Hay4YHbIX UCCNeAOBaHUN CBOWCTB MPUPOAHbLIX JleuebHbIX
pecypcoB B Nporpammax fieueHus (03gopoBsneHns, peabu-
NNTaLMK) pasHbIX HO30MIOTWI Y Pa3HbIX MO0-BO3PACTHbIX
rpynn HaceneHua Poccuu; ncnonb3oBanacb MeTofosnorusa
SWOT-aHanm3a cunbHbIX U cnabbix ctopoH CKK Poccun
(BO3MOXHOCTEW 1 Yyrpo3); TeopeTnyeckne OCHOBbI MeHeq-
MMeHTa 1 Hay4Hble MoAXoAbl Mo obLiecTBEHHOMY 3[0pPO-
BbIO M OpraHn3auuy 3paBooXpaHeHNs.

Bbinn BbIABMHYTBI CieytoLne rmnoTesbl:

1. B nepcnekTnBHOM pa3BUTUY 34PaBOOXPaHEHNA MO-
XeT notpeboBaTbCA YTOUHEHMe HamnpasieHWi MiaHupo-
BaHuA CKJ1, 0300poBUTENbHbIX, peabnnmnTauuoHHbIX NpPo-
rpamm Ana BCex MONIOBO3PacTHbIX rpynn HaceneHua Poc-

BECTHUK BOCCTAHOBWUTENIbBHOM MEQULIUHDI | 2025 | 24(4)

CUK, KOTOPbIE YYMTbIBAOT Er0 CUJIbHbIE (Clabble) CTOPOHDI,
BO3MOXKHOCTU U Yrpo3bl.

2. na pocta apdektnsHoct CKJ1 rpaxkgaH B cpeHe-
CPOYHOW NepCrneKkTUBe 3KCMepTHOe COoobLWeCTBO, opra-
HW3aToOpPbl 3[4PaBOOXPaHEHNA, MeANLMHCKAA obLlecTBeH-
HOCTb MOTYT YTOUHUTb LiefienonaraHne, MUCCUIO, BUAEHNE
pa3BUTMA KYpOPTHOrO Aena CTpaHbl ANA AOCTUPKEHUA Ha-
LMOHasbHbIX Lenen pa3sutua Poccuickon Oepepaumn.

PE3YJIbTATbl U OBCYXAEHUE

CaHaTOpHO-KYpOpTHaA oTpac/ib ABNAETCA OAHUM UX
K/oUeBbIX CyOBEKTOB peanu3auuy HauMOHaNbHbIX Lie-
nen pa3sutuAa Poccmm, a 3HaUUT NMeeT BCe BO3MOXKHOCTY
BHECTW CBOW BKNapg B cOepexeHue HaceneHusa CTPaHbl.
B nepByto ouepefib 3T0 MOXeT ObITb 0becneyeHo 3a cuet
NoBbILEeHUA JOCTYNHOCTM 1 KavecTBa CKJ1, adpdekTrBHOrO
NCMOMb30BaHNA MPUPOAHBIX NleyebHbIX pecypcoB, pa3Bu-
T™MA neyebHO-03[0POBUTENIbHBIX MECTHOCTEN, KypOopToB,
KYPOPTHbIX PErMOHOB 1 peanu3aunm 1nx ieuebHo-03[0po-
BMTENbHOIO TYPUCTUYECKOro NoTeHurana.

MakTopamu BHeLLHeN cpefbl, BAUAIOWNMN Ha pe3ynb-
TaTbl peanu3auumn TeKyLWmnx 1 cpeaHecpoUHbIX 3ajay pas-
BUTWA NtoO6OM OTpacin, ABNATCA 3KONOrMYeckne, coun-
anbHble, ynpasneHyeckue [4].

Mpu 3TOM 0 HeobXxoAMMOCTW pPeneBaHTHOCTM 3afad
pa3BUTUA OTHENIbHbIX MOACUCTEM N OOBEKTOB 3[PaBOOX-
paHeHVA NPUOPUTETHLIM HaLMOHaNbHbIM LieNAM Havanu
roBOpuTb CO BPeMeH peanu3auuy HauMOHasbHbIX MPO-
ekToB 2006-2014 rr. Tak, B paboTtax MatHeHKo A.C. (2007);
AdaHacbeBa M.M., Waw H.H. (2014) packpbiBatoTca 0cCo-
6eHHOCTM NpOorpaMMHO-LEeNeBoOro Metofa YynpaBieHus
1N GUHAHCMPOBaAHMWA FOCYAAPCTBEHHbIX MPOEKTOB M MPO-
rpamm [5, 6].

Mpn npoBefeHWn aHanu3a pPa3BUTUA CaHATOPHO-KY-
popTHbIX opraHm3aumin (CKO) Poccumn BbiABNEHbI HEKOTO-
pble TEHAEHUUN 1 Npobnembl, C KOTOPbIMU CTOSIKHYNaCh
KypOpTONOrva cTpaHbl B NocieaHve rofbl.

Cnabble CTOPOHbI (PUCKK Pa3BUTKA) N CUIIbHbIE CTOPO-
Hbl CKJ1 Ha coBpeMeHHOM 3Tare MOryT ObITb NpefCcTaBneHbI
cnegyowmmmn obobweHusmm (Tabn. 1).

Ta6nuua 1. SWOT-aHanm3 pa3BuTuA CAHAaTOPHO-KYPOPTHOro KoMmnekca Poccum (coctaBneHo aBTopamm)
Table 1. SWOT analysis of the development of the health-resort complex in Russia (compiled by the authors)

CunbHble cTopoHbl / Strengths

Cnabble cropoHbl / Weaknesses

PocT BHyTpeHHero Typusma 1 MOOUAbHOCTY rpaXkaaH

B pernoHax Poccuu; HoBble HanpaBieHUs Bbe34HOro Typusma /
Growth of domestic tourism and mobility of citizens in Russian

regions; new destinations for inbound tourism

CokpalleHrie NnaTeXxecnocobHOro HaceneHus,
CHVXXEHMWe [oNUN HaceneHns TPyLoCNOCOOHOro
Bo3pacTa / Decrease in solvent population, decrease
in the share of working-age population

Hay4yHo-npakTnyeckmii NoTeHunan COBETCKOM KYpopTOnornu,
6a3a HayyHO 060CHOBaHHbIX MeTogoB CKJ1, npeeMcTBEHHOCTD

CO CreLnanm3npoBaHHON MeANLIMHCKON nomMoLbio / The
scientific and practical potential of Soviet balneology, the
framework of evidence-based methods of health resort
treatment, continuity with specialized medical care

MartepuranbHo-TexHMYecKas 6a3a, MPopUIM KOeYHOro
doHpaa 1, Kak cnefcTBme, NPeanoXeHne YCiyr He
afanTMpPOoBaHbI MOA HOBble MOTPEOHOCTM HaceneHus
B CAHAaTOPHO-KYPOPTHBIX U PeabUANTALMOHHbIX
ycnyrax / Facilities and resources, bed stock profiles
and, as a consequence, service offers are not adapted
to the new needs of the population in health resort
and rehabilitation services

Poccuiickme annapatbl ans GrsmyecKmx MeToaos,
oTeuecTBeHHble NpupofHble fleyebHble pecypcbl / Russian
devices for physical methods, domestic natural therapeutic
resources

MapkeTrHroBble NpaKkTUKK, LndpoBble CepBUCHI ANA
otabixatowmx /Marketing practices, digital services for
vacationers

CTATbU
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OkoHyaHue mabnauuywi 1/ Table 1 End

Bo3moxHocTu / Opportunities

Yrposbi / Threats

PaclumpeHune nporpamm BbIXOQHOIO AiHA, MPOrpaMm AN cemen
1 Monofexu, paclumpeHmne ambynatopHbix ycnyr / Expansion
of weekend programs, programs for families and youth,
expansion of outpatient services

Cnap cnpoca Ha TpagMUMOHHbIE YCIYT, HEFrOTOBHOCTb
MEHEe[PKMeHTa K MIHHOBaLMOHHbIM peLueHusam /
Decline in demand for “traditional” services,
unwillingness of management to innovative solutions

Pa3BuTue HayKu, BOBNEUEHVE 1 yAep»KaHVEe MOSIOAbIX YUEHDbIX;
MOVCK HOBbIX BO3MOXHOCTEN A/1A UCMOMb30BaHNA NPUPOAHbIX
neyebHbIx pecypcos / Development of science, involvement
and retention of young scientists; search for new opportunities

HenoctaTtouHas «TabenbHas» OCHALLEHHOCTb
OoCHoBHbIMY cpefcTBamu / Insufficient «standard»
equipment of fixed assets

to use natural therapeutic resources

MoTnBauua naTeHTHON [EeATENbHOCTM N BHELPEHWIA

B MPAKTUKY pe3ynbTaToB KINHUYECKUX UCCNefoBaHun /
Motivation of patent activity and introduction of clinical
research results into practice

Oednumnt KBanndrLMpPOBaHHbIX KagpoB
(MeANUMHCKIX, aOMUHUCTPATUBHbIX) A1
abdekTnBHOM featenbHocTu / Shortage of qualified
personnel (medical, administrative) for effective work

CoKpalleHre TPaanLMOHHOrO NaueHTONoToKa Bbe3f-
Horo Typu3ma B Poccuiickon OepepaLun, CokpalleHme Ha-
ceneHus TPy#ocnocobHOro Bo3pacrta B pernoHax Poccuu,
n3MeHeHre NoTPebHOCTN B CAaHAaTOPHO-KYPOPTHbIX 1 pea-
OGUNNTALIMOHHBIX YCNyrax B YyCOBUAX COBPEMEHHOWN feMO-
rpaduueckon cuTyaumm ABNATCA HOBbIMU Bbl3OBaMM ANA
pa3sutua CKK.

B 10 e BpemA B Tabnuue 1 oTMeUYeHO 1 06bEKTUBHOE
Hanmume CUNbHbIX CTOPOH pa3sutua CKO, BbigeneHbl BO3-
MOXHOCTW iNA pOCTa pe3ynbraTuBHoCcTY meTtofos CKJI.

OpHuM 13 BakHenwunx snemeHToB CKK asnstoTtca ne-
4yebHO-03J0POBUTENbHbIE MECTHOCTU U KYypOPTbl C pacmno-
NOKEHHbIMW Ha UX TEPPUTOPUN MPUPOAHBIMY NIeUeBHbIMU
pecypcamu 1 UHPPACTPYKTYpPOW ANA OCYLLeCTBIeHNA aed-
TenbHocTy no CKJT 1 opraHmn3aummn oTabixa HaceneHus, Ty-
PUCTNYECKON 1 peKpeaLliOHHOW AeATeNbHOCTM.

B HactoAwmMin MomeHT Mo AaHHbIM [ocygapcTBeHHO-
ro peectpa KypoptHoro ¢oHaa Poccuickon Pepepauun
(Peectp KypopTHoOro ¢oHpa) HacumTbiBaeTca 252 neveb-
HO-0340POBUTENIbHbIE MECTHOCTU (KypopTa, KYpPOPTHOro
pervoHa). [laHHble 0 rpaHMLax OKPYroB CaHUTapHOM (rop-
HO-CaHWTapHO) OXpaHbl UMeloTcA Nub y 203 KypopToB,
1 elle mMeHblue (B 123 cnyyanax) MHPopmMaLmM O KypopTax
BHeceHO B EAVHbIN roCcyaapCTBEHHbIA peecTp HeaBUMKK-
mocTu (EFPH). Ha momeHT co3paHua Peectpa KypOpTHOro
¢doHpa B 2007 1. NeyebHO-0340POBUTENBHBIX MECTHOCTEN,
KypOPTOB, KYpOPTHbIX PerMoHoB 6bi10 280. KonnuecTseH-
HaA pa3HMLa OTYaCcTV CBA3aHa C M3MEHEHUAMU CMOCO60B
dopmMUpoBaHUA rpaHnL, BHOBb CO3[JaBaeMblX KypOpTOB,
NnepecMoTPOM CMbIC/TOBbIX OMpefeneHnin 1 CTaTycoB Jie-
4yebHO-03J0POBUTENbHBIX MECTHOCTEN, KypOopTOB B NOC-
negHue ropbl'. CornacHO COBPEMEHHbIM HOPMAaTVBHbIM
[OKYMeHTaM, KypopT obasaH obnagatb He Tonbko [P,
HO 1 opraHusauyuamm CKJ1, meguuUnHCKon peabunutaumm

1 MocTaHoBneHue MpasBuTtenbctBa Poccuiickon Mepepaunn
oT 19 mioHA 2024 r. Ne 822 «O6 yTBepxaeHun MNpasun npu-
3HaHUA TEPPUTOPUN NeYebHO-03[0POBUTENBHON MECTHO-
CTbto pefilepanbHOro 3HauyeHus, KypopTom dpeaepasibHOro
3HaYeHNA VNN KYPOPTHbIM pernoHom, Mpasun npmnsHaHmua
TeppuTOopUK NIeyebHO-0340POBUTENIBHON MECTHOCTbBIO pe-
rMOHANIbHOrO 3HAYeHUA WM KypOpTOM pPervmoHasibHoro
3HayeHnA 1 lpaBua yCTaHOBNEHWA, U3MEHEHWNA TPaHuLy
N ynpasgHeHVA neyebHO-0340POBUTENBHOW MECTHOCTU,
KypopTa 1nm KypopTHOro pervoHa»

ARTICLES

N NHOW KYPOPTHOMN UHpPpacTpyKTypoir. MecTHOCTb »Ke Mo-
XeT He pacronaraTb BCeM BblllernepeuncieHHbIMU 06b-
eKTaMu, HO MeeT NPW 3TOM NOTeHLMan opraHn3aumnn Ky-
popTa, Tak Kak COAEPXNT B rpaHuULaX CBOeN TeppuTopumn
NPVPOLHbIN NleYebHbIN pecypc.

K 2030 r. cTtaBUTCA 3ajaya OKOHYaTeNIbHO 3aKpenuTb
cTatyc u rpaHuuybl 100 % neyebGHO-03[0POBUTENBHbBIX
MECTHOCTEW, KYpopTOB, KYPOPTHbIX PErmoHOoB>.

Hapsapgy ¢ neye6HoO-0300pOBUTENBHBIMA MECTHOCTAMMU
MJIP Takxe ABNAOTCA OAHVMU M3 OCHOBHbIX 3/IEMEHTOB
CKK. CornacHo paHHbiM PeecTpa KypopTHOro ¢oHpza, Ha
TeppuTopumn cTpaHbl nmeetca 1472 yuteHHbix MNJ1P, BKto-
YalLMX MUHepanbHyto BoAy, leuebHble rpasu, neyebHble
rasbl 1 npoyee.Jlnwb 726 Taknx pecypcos, nnv meHee 49 %,
UMeIoT cneumanbHble-MeANUNHCKME 3aKtoYeHns, N TONb-
KO 4 13 HUX — CO CTaTycoM 6eccpouHble.

CpeaHeCcpOYHbIMN MEePCNeKTUBHBIMW HanpaBaeHAMN
paboTbl B pamkax nccnegosanua MNP AsndATca: onpene-
NeHne NX HOBbIX CBOWCTB 1 akTMBHOE NCMONb30BaHMe B Ca-
HaTOPHO-KYPOPTHOWN AEATENbHOCTU U MeAULMHCKON pea-
6unuTaymmn. 3To ABNAETCA OOHVM U3 UHCTPYMEHTOB peasnu-
3alMM HaUMOHANbHOWM Lenn Mo COXPaHEeHWIo HacesieHus,
YKpPenneHuio 340poBbA 1 MOBbILeHNA 6iarononyyns nio-
pen. 3agaun 060CHOBaHHOIO MCNOJIb30BaHWA NoTeHLMana
MJIP KoppenupyloTca C HauMoHanbHOW Lenbio obecneye-
HMA «9KONOrMyeckoro 6narononyyma», B KOTOPOW CTaBUT-
€A 33/4a4a YCTONYMBOro Pa3BMTMA 0COO0 OXpaHAEMbIX Npu-

2 MMpwuka3 Munsgpasa Poccun ot 27 mapta 2024 r. N° 143H
«O6 yTBepKASHMM KnaccnduKaumum NPUPOAHbIX evebHbIX
pecypcoB, yKa3aHHbIX B NyHKTe 2 cTaTbn 2.1 OepepanbHo-
ro 3akoHa ot 23 ¢eBpana 1995 r. N2 26-O3 «O nprpoaHbIX
neyebHbIX pecypcax, leuebHO-03[0POBUTENIbHBIX MECTHO-
CTAX U KypopTax», NX XapaKTepUCTUK 1 NepeyHa MeanLmH-
CKMX NMOKa3aHW 1 NPOTUBOMOKa3aHW AN1A CaHaTOPHO-KY-
POPTHOrO NeyeHnsa 1 MeAULMHCKON peabunutaumm ¢ npu-
MeHeHMeM Takux NPUPOAHbIX JleuebHbIX pecypcoB»

3 Q®epepanbHbiii 3akoH 0T 4 aBrycta 2023 1. N2 469-03 «O BHe-
ceHun n3meHeHni B ®epepanbHbiit 3aKoH «O NPUPOAHBIX
neyebHbIX pecypcax, neyebHO-03A0POBUTENbHbIX MeCT-
HOCTAX U KypopTax», OTAeNbHble 3aKoHoAdaTesNlbHble aKTbl
Poccuiickorn Oepepauun n Npu3HaHUM YTPATUBLLMMU CUTY
OTAENbHbIX MONOXEHU 3aKOHOAATeNIbHbIX akToB Poccuii-
ckon Mepepaunn»
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POAHBIX TEPPUTOPUIA U CO3[aHNE YCIOBUN A1 SKONormye-
ckoro Typusma. JleuebHO-0300pOBUTENIbHbIE MPOrpaMmbl,
peanusyemble B CKJ1, OCHOBbIBAOTCA Kak Ha MPUMeEHEHWN
TPaAMLMOHHbIX METOAMK C ucnonb3osaHuem MNJIP, Tak 1 Ha
KOMMNIEKCHOM MCMONb30BaHUN MHHOBALMOHHBIX $ur3no-
TepaneBTUYecKnx, pednekcotepaneBTUYECKMX, KUHE3NO-
NOrnYeCcKnx TEXHONOIMIM. 3TN BONPOCHI aKTyann3npyoTca
ana CKK B cBeTe peanusaumm 3agay HaunoHanbHOWM Lenu
«TeXHONornyeckoe NnaepcTeo» [71.

B cpenHecpouHol nepcnekTvBe notpebyeTca pocT
JONN BHEAPEHHbIX B KAMHWYECKYI0 MPaKTUKY pesynbTa-
TOB MPUKAAAHbIX Hay4HbIX MCCIeAoBaHWIA, NPOBOAUMbIX
B MHTepecax 3[paBOOXpPaHeHna nyTeM OMOoMeanULUHCKIX
N KOTHUTUBHbIX TexHonorui. K 2036 r. ygenbHbI BeC BHe-
610[PKETHBIX NCTOUYHMKOB B CTPYKTYpe 3aTpaT Ha Hayu4Ho-
nccnegosatenbckre paboTbl (HayyHo-UCCnefoBaTENbCKME
N OMbITHO-KOHCTPYKTOPCKME paboTbl) Ao/mkeH npubnu-
3UTbcA K43 % [8].

PocT MOGUNBHOCTY rpa)kaaH BHYTPW CTpaHbl U Mony-
NAPHOCTb OTAbIXa B POCCUNCKUX PErMOHAX CO3JaeT HOBble
BO3MOXHOCTU U ANA Pa3BUTUA MedULMHCKOro Typu3ma,
N OnAa peanusauun nNporpaMm O340POBJIEHUA FpakaaH
Poccnn. Mo paHHbIM PeecTpa KypopTHoOro poHaa, B 2024 .
B CKO 3a¢pukcnmpoBaHo noyTn 7,33 MSIH pa3MeLLeHHbIX NnL,
yto Ha 110 TbiC. 6onblle, yem B 2022 T. (PUKCMPOBANOCH
7,22 MNH yenoBsek). 3agaydeit Ha 2030 1. ABNAETCA JOCTUXe-
H1e 9-MUNNIMOHHOWM OTMETKIM NO KONNYECTBY OTAbIXAOLLMX.
CrpaTernyecku BaxkHbiM ana Poccuiickon Oepgepauunn Ha-
npasfeHnem B npefcToAwme rogbl (2025-2036 rr.) 6yget
npusneyeHne NHOCTpaHHbIX rpaxgan ana CKJ1, megmumH-
CKon peabunutaumm, o3goposneHus. NMapTHepcTeo Poccnn
C NpUrpaHnYHbIMK rocygapctesamu, ctpaHamm bPUKC cesa-
3bIBaeT pa3BUTME CaHATOPHO-KYPOPTHOro cekTopa C Ha-
LMoHanbHon uenbto «Typram u roctenpummctao» n Oepe-
panbHbIM NPOEKTOM «TypUCTMYECKan NpUBIeKaTeNIbHOCTb
cTpaHbl». K 2030 r. KonnyecTBo TYPUCTUYECKMX NOE3[0K NO
Tepputopun Poccuiickon Qenepaunm JOMKHO COCTaBUTb
140 MAH efnHNL, @ YACNEHHOCTb MHOCTPAHHbIX rpaxAaH,
pa3MeLleHHbIX B KOJEKTVBHbIX CpeAcTBax pasmelle-
HUA, — 16 MNH yenoBek [9].

Hannune nHTepeca K cOTpyaHNYECTBY B chepe Kypop-
TonorMm Habnopaetca co CTopoHbl Pecnybnuk: Kasax-
ctaH, lOxHaa Ocetna, benapycb, TagxukmctaH, TypkmeHu-
CTaH 1 gp.

B KOHTeKCTe AaHHbIX LiefieBbIX YCTAHOBOK BaXKHbIMM 3a-
Javamu pa3sutna CKK aBnATca nsyyeHme notpebHoCTU
nauveHToB (OTAbIXaloLWKMX), BKNOYAA UHOCTPAHHbIX; PEBU-
3uA cywecTsytowmx nporpamm CKJ1, osgoposneHua n me-
OVNUMHCKON peabunmtauun.

B coctaB CKK, 6e3ycnioBHO, BK/IOYEHbI OpraHu3auuu,
okasbiBatowme ycnyrm no CKJ1, n cBA3aHHble C 3TUM 06b-
eKTbl pa3melLeHms, a TakKe HayuHble 1 obpa3oBaTesibHble
opraHusauuu B chepe KypopTHoro aena. [laHHble opraHu-
3aLum ABNAIOTCA OCHOBHOW KJIMHUYECKOW 1 pecypcHOM Ha-
301 ana npumeHeHua MJ1P.

B HacToALwwee BpemA, No faHHbIM PegepanbHON Ciyx-
6bl Mo Hag3opy B cdhepe 3apaBooxpaHeHus (PocagpaBHag-
30p), NMLEH3MM Ha OCYLLeCTBIeHNe MefVLUHCKON fen-
TenbHoCcTV Npu CKJT nmetot 2263 opraHmsaunn. B Peectpe
KypopTHoro ¢poHaa HacuntbiBaetca 1736 CKO. Mo cpaBHe-
Huto ¢ 2023 1. 3TO POCT, TorAa COCTOANO Ha yyeTe B PeecTpe
KypopTHoro ¢oHaa 1734 opraHumsaumm. MNpn 3Tom, No aaH-
HbIM opULMANBHON CTaTUCTUKK, TaKUX opraHu3aumin 1704.
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N3 obwero Konmyectsa 152 opraHusauumm, Uan 4ytb me-
Hee 9 %, nmetoT pepepanbHyto COOCTBEHHOCTb. 25 % BCeX
CKO no Peectpy KypopTHOro ¢poHgaa, unu 404 n 38 cooTeeT-
CTBEHHO, MMeloT cob6CTBEHHOCTb cybbekToB Poccuinckon
QOepepaumm 1 myHuyunanuteTos. Moyt 66 % Bcex CKO,
unn 1142 opraHusauuu, npeacTaBieHbl UHbIMU GopMamm
cobctBeHHOCTU. PepepanbHbIMU OKPYramu, TO eCTb Ninae-
pamu no konnuectsy CKO anatotca: LieHTpanbHbIN OKpyT,
nmetowmnn 173 rocygapctBeHHbIX 1 161 yacTHyt0 opraHu3a-
uuio, FOXHbIN OKpYr co 122 rocyfapcTBeHHbIMM 1 297 YacT-
HbIMW caHaTopuAMU 1 MNpuBoOMKCKMI defepalnbHbIi OKPYT,
nmetowmnn 117 n 223 opraHnsaymm, COOTBETCTBEHHO.

KaK n3BecTHO, B CpefjHECPOYHON NepcrneKkTrBe cncteme
3[paBOOXpaHeHna CTpaHbl NoTpebyeTcA pelueHve 3agay
denepanbHoro npoekta «lpoponmxkntenbHaa U akTUBHaA
MWN3HbY, BK/TIOYEHHOrO B peanu13aumio HaLMoOHanbHOM Lenn
«COXpaHeHne HaceneHus, yKpenaeHne 340poBbA 1 MOBbI-
LweHre 6narononyyna niogen». MoXHO OTMETUTb criefyto-
Lme BaXKHble MHAMKATOPbI MO 3ajavyaM AaHHOro npoekra:
exerofHoln pocT (Ha 10 % no cpaBHeHWIO C NpeabIAYLWNM
rogom) umcna nuy ¢ 6onesHAMM cucTembl KpoBoobpallie-
HMA 6e3 OCTPbIX CephAeYHO-COCYANCTbIX COObITUI; B perun-
OHaNbHbIX MefMLUHCKUX nofpa3geneHnax (cosdaHHbIX,
OCHalLleHHbIX) HabntogaeTca He MeHee 85 % GOnNbHbIX C Ca-
XapHbIM fnabeTom 1-ro 1 2-ro TMMNOB OT YMCNa NNL, Nogne-
Xalymx gucnaHcepHomy HabnogeHuto [10].

B TeueHue pecatunetnin Ha 6a3e CKO npoBoamnocb
ycreLHoe BOCCTaHOB/EHNVE NaLMEeHTOB NoC/e COCYANCTbIX
KaTacTpod. Tak, yCTaHOBNEHO, UTO NaLMEHTbI, MepeHecLune
MHaPKT MMOKapha, npolleawne nporpaMmbl MeguLH-
ckom peabunutaumm B CKO, umenn 10,5 gHel BpeMeHHOMN
HeTpyAoCcnocobHocT, 8 % MOBTOPHbLIX CilyyaeB UHdap-
KTa 1 22 % cny4aeB NOBTOPHbIX rocrnmTanv3aymim npoTms
43,5 OHel BpemMeHHoW HeTpygocnocobHoctu, 12 % cny-
yaeB MOBTOPHbIX UHAPKTOB 1 41 % cnyyaeB MOBTOPHOMN
rocnuTann3aumm COOTBETCTBEHHO Y UL, He NpPOLUeALnX
CaHATOPHO-KYPOPTHbIN 3Tan goneymsanua [11].

B HacToALee Bpema NpofoKaeTca BHeApeHMe HayYHO
060CHOBaHHbIX MeTOoOB peabunuTaumum NauneHToB C Co-
LManbHO 3HauMMbiMK 3aboneBaHMAMM 1 MOCNeACTBUAMM
TpasM n onepaumit B CKO, nmerowwmx nMueH3nto Ha npoBe-
LeHVe MeVLMHCKOW peabunmTaumm.

MpepcTaBnAeTcA BaXHbIM OFPOMHbBIA MpodunakTmye-
ckmin noteHuyman CKK. K 2035 r. gona rpaxpgaH, BegyLmx
300poBbIi 06pa3 xusHu (30XK), pomkHa OypeT cocTas-
nATb He MeHee 14,8 %. OpraHM3auMOHHbIM MEXaHN3MOM
rocyfapcTBa B 3TOW YacTW CTAHOBATCA MeponpuATUA Mo
OOHOBNEHVIO Mofenu LEeHTPOB 3[0POBbsA, OCHALEHWUIO
ux obopypoBaHvem [OnA BbiABNeHUA GaKTOPOB pUCKa
pa3BuTMA 3aboneBaHWU, AMHaMUYECKOMY HabnogeHuo
3a COCTOAHMEM 3[0POBbA rpakgaHamy C BblABIEHHbIMU
daKTopamn purcKa, a TakxKe No yrnyb6seHHOMY U3yyYeHuio
N KOppeKLMN paLlMoOHOB NMUTaHWA HaceneHus B CybbeKTax
Poccniickon ®epepauymmn. Bknag nporpamm CKJT B poct
gonu rpakgaH, npusepxeHHbix 30K, TpygHO nepeoue-
HUTb, @ OAHNM 13 NOCNEAHNX MHCTPYMEHTOB, peanm3yemMblxX
B HanpasneHnn o6HoBneHnA mogenu pabotbl CKO ¢ Hace-
neHvem (oTabixatowmrmm) no NnpodunakTrke 3aboneBaHuni,
pa3BuTMio HaBblkoB 30K MOXHO CUMTaTb COBMECTHbIV NPO-
ekT OI'bY «HaumoHanbHbIN MegULNHCKUIA NccneaoBaTesb-
CKUIM LeHTp peabunutayum n Kypoptonorun» MmnHsgpasa
Poccm n OIBY «HauuoOHaNbHbIN MeAULVHCKUA uncche-
[OBaTeNIbCKUI LeHTP Tepanuu 1 NpodunakTmyeckomn me-
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AVuuHb MuH3gpaBa Poccum no opraHusaumm KabuHe-
ToB 30K B caHatopuax. [lpegnonaraeTca opraHusauma
3-HepeNbHbIX HTEPAKTMBHbIX Nporpamm (6 3aHATUN B He-
[enio) AnA oTAbIXaoWMX MO 0TKa3ly OT KypeHUs, ankorons;
npodunaKkTKe OXMPEHNA 1 HaBblkaM 300POBOro NUTaHUS;
TexHUKam 60pb6bl CO CTpeccom 1 GU3NYECKON aKTUBHOCTY.
OpraHu3aLoHHO-MeToANYeCKNe MNOAXOAbl B MUIOTHOM
pexume B Hayane 2025 r. 6yayT peanusoaHbl B CKO, nog-
BefgomMcTBeHHbIX OIBY «HaumoHanbHbI MeOULMHCKWIA UC-
cnepoBaTenbCKUN LeHTP peabrunutaumm n KypopTonorumy»
MwH3gpasa Poccun.

CrpyKTypa KoeyHoro ¢oHma gna CKJ1 rpaxpaH B Poc-
C/M OXBaTblBaeT B HACTOALMIA MOMEHT 395,83 TbiC. Kpyro-
CYTOUHbIX KOeK, HacuntbiBaeTca 685 CKO, pacnonoxeHHbIX
B pa3HbIX perroHax Poccuu, KoTopble MMELT Npoduib «60-
Ne3HN CUCTEMbI KPOBOOOpaLLeHUs», 532 opraHmnsaumm —
npodunb «bonesHn 3HAOKPUHHOWM CUCTEMbI, PacCTPOW-
CTBa MUTaHWA 1 HapylleHnAa obmeHa BelecTB» 1 676 op-
raHmsauyun — ana CKJ1 6onesHeln opraHOB NULLEBAPEHUS.
B 927 opraHusauusax CKK ocyuiectenaioT npopunbHoe CKJ1
N MeAMLVHCKYI0 peabunmtaumio naumeHTbl ¢ GonesHAMM
KOCTHO-MbILIEYHOWN cuctemMbl. KoeuHbiln ¢doHp ana neue-
HUA 6onie3Hell OpraHoOB [AblXxaHWA pa3BepHynn 966 CKO
n 818 opraHu3aunin OKasblBalOT leUeHne, 0340POBMEHNE,
MeAULMHCKYI0 peabunutaLuio Ana nuL, MetoLnx 6onesHm
LieHTpanbHoON (nepudepryeckoit) HepBHOM cuctemsl [12].

HomepHoi ¢oHg CKO HacumtbiBaeT 155,57 TbiC. HOMe-
POB, TOJIbKO OKOJIO 4 %, Unn HemHorum 6onee 6,14 Tbic.,
HOMEepPOB JOCTYMHbI AnA nHBanugos. B 2024 r. B 1,3 pa3a
YBENMYUIIOCh NO CpaBHeHuIo ¢ 2023 1. KONMYeCTBO pa3sep-
HYTbIX KOEK B CaHaTOpKAX, CaHaTOPUAX-NPOPUNaKkTopusax,
rpase- n 6anbHeonevebHULAX, KYPOPTHbIX NOMKANHUKAX:
c217,6 o 273,12 TbiC. KoeK. Takne KOMKM COCTaBAIOT MNOY-
™ 69 % Bcero koe4yHoro ¢poHga. bonee 63,33 TbiC. Kpyrno-
CYTOUHbIX KOeK, Unmn 16 % Bcero KoeyHoro poHaa, pyHKLM-
OHUPYIOT Ha 6a3e caHaTOPHbIX 0340POBUTENbHbIX Narepe
KpyrnorognyHoro AencTBUA 1 B CaHaTOpUAX ANA AeTen.

AHanu3 KoeyHoro GpoHaa CBUAETENbCTBYET O 6OJbLUKX
neyebHO-peabNNTaLMOHHbIX BO3MOXHOCTAX CKO. CeTb
CKO Poccuu fonmkHa AMHaMNYHO pa3BUBaTbCA, COBEPLLEH-
CTBYA KayecTBO M AOCTynHOCTb nporpamm CKJ1 ana nuy
C 3aboneBaHUAMMN PA3NYHOTO KIAUHUYECKOro npoduna
n pna xutenen Bcex cybbekToB Poccuinckon Qepepaymn.
Mpw 3TOM MMmeeTcA Npobnema HeCOOTBETCTBMA 0KoJO 15 %
BCero koeuHoro GpoHaa, unu 48,7 TbiC. KOeK, HOMeHKnaType
CKO 1 gpyrym NULEH3MOHHBIM KPUTEPUAM.

TpebyeTca yHUdUKaLMA NOAXOA0B K paboTe KOEYHOro
¢doHga Bcex CKO cybbekToB Poccuiickon Oepepauun ana
pocTa MPOU3BOAMTENBHOCTM TPyAa MeAULMHCKUX paboT-
HWKOB, YAOBNETBOPEHUA NOTPeOHOCTM B OTAbIXE, 0340POB-
NEeHnK, NeYeHN N MeULMHCKOW peabnnutaumm pasHbix
MONOBO3PACTHbIX FPYMN HaceneHua cTpaHbl. MNapannenb-
HO € 3TuMK 3apavamu peflepanbHan 1 permoHanbHasa ceTb
CKO ¢ 2025 r. B 100 % KonnyecTBe BK/IOYAETCA B peanmsa-
L0 HaLMOHaNbHOW LieNn «yCTonYmBasn 1 AUHaMUYHasn 3Ko-
HOMMKa», NPMHMMAA Mepbl MO POCTY MPON3BOANTENIbHOCTH
TpyZa Ha OCHOBe KOHTPONA 3arpys3ku koeuyHoro ¢GoHza,
yBennyeHma obopoTa Konku [13].

[lononHWTeNbHbIM NHCTPYMEHTOM Pa3BUTUA CETU N NPO-
duneir caHaTopues Poccun B Gnvikarilume rofibl CTaHOBUTCA
HanpasneHne y4yaCcTHWKOB CreLnanbHO BOEHHOW onepa-
L nocne cneymann3vpoBaHHON MeAULMHCKON NMOMOLL
C yyeTom cocToAaHuA mnx 3goposba B CKO. B Poccnn Hacum-
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TbiBaeTcAa 585 CKO, nmerowmx NUUEH3NIO Ha OCyLLecTBre-
HVUe MeOVUMHCKON AeATeNlbHOCTW MpW OKa3aHuu crneuu-
anM3npPOBaHHON MeAMLMHCKOM NOMOLUM MO MeAULMHCKON
peabunutaymn.

YnoBneTBOpeHne MHOroobpasHbIX MOTPeOHOCTEN K-
Tenen Poccuu, KoTopble BbICTYNalOT ApaniBepoOM pa3BuTUA
CKK, HaknagbiBaeT onpepenieHHble TPeboBaHUA KO BCeMn
nHdpacTpyKType caHatopueB. Mo gaHHbIM PeecTpa Ky-
popTHOro ¢poHzAa, B HAaCTOALWMIA MOMEHT 32,3 % cocTaBnAeTt
06N NPOLEHT U3HOCA 38aHNI 1 48 % — o6 NPOLEHT
N3HOCa MeAMLMHCKOro 06opyaoBaHmA.

Pa3Butne MatepuanbHo-TexHuyeckon 6asbl CKK co-
NPAXXEHO C HaLMOHaNbHOW Lenbio «MHpacTpyKTypa Ana
XU3HW» 1 C 3apaYamin defepanbHoro npoekta «MogepHu-
3auMA KOMMyHanbHOW MHOpPACTPYKTypbi». [MpegycmaTtpu-
BaeTcA 3aMeHa, MOAEePHM3aLMA OCHOBHOrO 060pyaoBaHMA
1 nepexof Ha sHeprocbeperatoLiie TEXHONOI M BO MHOTUX
CeKTopax SKOHOMUKM CTpaHbl [14].

B cpeaHecpouHon nepcnektuse pa3sutna CKK Poccun
notpebyetca obecneuntb COOTBETCTBME YPOBHA MaTepu-
anbHo-TexHMYeckon 6a3bl CKO TpeboBaHMAM MOPAAKOB
OKazaHuWAa NpPOoGUNbHON MeAULUHCKON peabunutaumu,
KOHTPOJbHbIX 3HAaUYEHWUI KayecTBa WHXEHEPHOW WHOpa-
CTPYKTYpbI 1 3HeprocbepexeHua. CobniofeHmne Takmx Tpe-
6oBaHM GypeT cnocobcTBOBaTb pPa3paboTKe KOMMieKc-
HbIX LeneBblx nporpamm coyetaHua CKJ1 n megmnuuHckom
peabunmTaumn, B TOM Yncie AnA KUTenen HOBbIX CyObek-
ToB Poccuinickon Oepepayuun.

YueHble B 0651aCTN opraHm3aLmm 34paBoOXpPaHeH s, Ta-
Kune kak Crapogy6o B.W., MNMueeHb [.B (2006), Pancbepr B.A.,
Ky3sbmuHa H.B., lUnnenko t0.B (2000), WnwknH C.B., Bna-
coB B.B., boapckun C.I. (2017), MonyHuH A., MoxoB A.A.
(2021), eanHOAYLWHbI BO MHEHWM, YTO METOAbI YMPaBeHnA
B CMCTeMe 3[paBOOXPaHEHMA JOMKHbI ONMpPaTbCA Ha ob-
Lme NPUHLUMNbI TEOPUW MeHeAXMEHTa, MeAUNLIMHCKYIO CTa-
TUCTUKY 1 SKOHOMUYECKME MHCTPYMEHTbI [15-18].

be3ycnoBHO, Ba)kHelWwen cocTaBnAwLllen obecneye-
HMA BbICOKOrO KauyecTBa OKa3aHUA MegVLUMHCKOW MOoMo-
wu B CKO asnaetca npodeccroHanbHasa NoAroToBKa BCeX
COTPYAHUKOB, paboTalolWwmx B CaHaTOPHO-KYPOPTHOW OT-
pacnu. KagpoBsbli CcOCTaB opraHu3auuii, OCyLeCcTBAAo-
wmx CKJ1 (o3p0poBneHne) HaceneHna CTpaHbl, COrfacHo
[aHHbIM PeecTpa KypopTHoro ¢oHAa, yKOMMIeKToBaH
Ha 94 % OT NoTpPebHOCTN BpayebHbIMY Kagpamu, BKITlOUaeT
10 Tbic. 558 Bpayel (Ha 1942 yenoBeka MeHbLUE, YeM ObINO
B 2023 r.). YKOMMAEKTOBAHHOCTb CPeAHNM MeAULUHCKAM
nepcoHanom coctasnset 81 %, nanm 27 toic. 351 yenosek
(HWKe noyTtn Ha 5,6 Tbic. No cpaBHeHuto ¢ 2023 r.). B CKO
TPYAATCA 768 4yenoBeKk M3 uYmcna HeMeZUUUHCKOro nep-
COHasa, yKoOMMnIeKTOBaHHOCTb KOTOpbIX cocTasnseT 80 %.
YKOMMNNIEKTOBaHHOCTb BpayebHbix gomkHocTen CKO, noa-
BeAoMCTBeHHbIX MuH3gpaBy Poccun, coctaBnAna Ha Ha-
yano 2025 r. 72,5 %, pomkHoCTen cpegHero MeguumnHCKoro
nepcoHana — 80,9 % [19].

CouunanbHble, 3KOHOMUYECKME © obpa3oBaTesibHble
TPeKu B KagpOBOW NOAUTUKE 34PaBOOXPAHEHNA HE JOMXK-
Hbl NPUBOANTb K AncOanaHCy MeaULUHCKUX KagpoB AnA
CKO Kak no crneyunanbHOCTAM, TaK 1 B pa3pe3e BO3pacTHOMN
anddepeHymaumn. [JencTBEHHbIMU MepaMn YMeHbLLEHUA
kagposoro aeduumta B CKO moryT ctaTb: npuBneyeHune
Bpayen n cpefHero MeauUMHCKOro nepcoHana Ha paboty
BaXTOBbIM MeToAOM (Nepuoanyeckasa Wimn ce3oHHas pabo-
Ta) B Te PervoHbl, rge OCTpo ollyllaeTcsa HexBaTka Mefu-
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LIMHCKOTrO NepcoHarna; BBeeHne permoHamm 1 Be4OMCTBa-
MW [OMOJSTHUTENIbHBIX MEP COLMANbHOW NOAAEPKKN Mefu-
LUHCKUX pabOTHMKOB (Hanpumep, KOMNEeHcaUMA 3a HaeMm
(apeHay) xunbAa.

OTtmeTnm B 3TOM cBA3M, uTo LLnnosa B.M., Enpgawes C.A,,
Abaes 3.M., lOpkuH 0.10. (2004) oTMeualoT Ba’KHOCTb UC-
cnefoBaHUAa 3PPeKTUBHOCTA MCNONb30BaHMA KaApoBOro
noTeHuMana MeguLMHCKMX OpraHm3aL i, ot KOTopo 3aBu-
CAT BCe 06beMHO-PUHAHCOBbIE MOKa3aTenn AeATeNbHOCTHU.
Takme nccneposatenu, Kak labyesa J1.A., MNasnosa H.O.,
3ybapea H.H., B 2018 . oTMeyvatoT BaXKHOCTb BEJOMCTBEH-
HbIX U KOPNOPAaTUBHbIX YNPaBeHYECKNUX TEXHONOMUI Nog-
JeprkaHnA 300pOoBbA Kak OCHOBbI GOPMUPOBAHUA YeNOBe-
yeckoro Kanutana [20, 21].

B CKK, Kak n B Uenom B cucteme 34paBOOXpPaHeHMA
CTpaHbl, TPebyoT COBEPLUIEHCTBOBAHNSA:

® VHCTPYMEHTbI MpUBNEUYEHNsA, BOBMIEUEHUS, yaep,a-

HMA OCHOBHOFO MeAMUMHCKOro W HeMeaUUMHCKOro
wrtaTHoro coctaBa CKO;

e obpa3oBaTefibHble MOAYNM Ha Mporpammax MoAro-

TOBKM (NepenoaroToBkn): ANA Bpauvein pusmnyeckom
N peabunuTaunoHHON MeAULMUHbI, MeQULNHCKNX
cectep no peabunutayuu, cneynannctos no ¢Gusu-
yeckon peabunutauymu; gna cneumannctoB rno opra-
HU3aLUUKN 34PaBOOXPaHEHNA N OOLWECTBEHHOMY 3[0-
POBbIO;

o OYHKUMM pabOTHMKOB OTAENIOB KaApoB C aKLEHTOM

Ha KOMMeTEHLUN NO YrNpaB/ieHNo NePCOHaNIoM.

Mpu peanu3aumn KagpoBOW MOAUTUMKMA BaXkHbIM Ha-
npaBneHnemM ABMAETCA pPa3BUTME MPAKTUK HacTaBHMYe-
CTBa W BKJIag, MONOAbIX HayUYHbIX KafpOB B UCCNef0BaHMA
no CKJI. Takoe HanpaBneHne NmeeT cTpaTernyeckoe 3Ha-
yeHMe B CBeTe HauuoHanbHoW uenu «Peanusauma no-
TeHUMana KaxAoro YenioBeKa, pas3BUTME €ero TajaHToB,
BOCNUTaHME NAaTPUOTUYHOM M COLMANIbHO OTBETCTBEHHO
JIMYHOCTU», Y fLAHHOTO HaNpaBNeHNA eCTb UHAMKATOP, CBA-
3aHHbIA C POCTOM A0 MOMOAbIX Ntofel, BOBIEYEHHbIX
B MeponpuATUA, HamnpaBfieHHble Ha NpodeccMoHanbHoe
pa3sutue [19].

MepnumHcKne Kagpbl NOBbIWAT YpoBeHb Npodeccu-
OHaJbHbIX 3HAHWA Ha NMPOTAXKEHWUW BCEl CBOEN AeATesNb-
HocTu. [py 5TOM Co3faHne HayUHbIX LLKOJ, OOMEH OMbITOM
n coBepleHcTBoBaHMe TexHonorun CKJ1 ctaBuT HOBble
3afaun aAnAa NpuBMeYeHNA N yaep KaHUA MOJTIOAbIX TaNaHT-
NMBbIX U TBOPYECKUX MeAUKOB B opraHusauun. bonblwoe
3HauyeHne 3TOM B MlaHe MMEIT MAacCoBble MEPOMNPUATUA
LUIMPOKOWM HamnpaBfieHHOCTU: obpa3oBaTesibHble MacTep-
Knacchl, CTpaTermyeckmne ceccum € NPOEKTHbIMU peLleHNs -
MU, HayYyHO-MNpaKTUYeckne KoHdpepeHunn n np. Monogple
HayuHble Kagpbl, COCTaBNAA MOTEHUMan COBPEMEHHON
KYPOPTONIOrK, MOKa3blBalOT BOB/IEYEHHOCTb B pelleHune
NpPaKTUYeCKnX BOMPOCOB JSIeUeHUA 1 0340POBMEHUA NaLy-
€HTOB C MCMOJIb30BaHUEM MPUPOAHBIX NeyebHbIX pecyp-
coB. OHM NMEIOT BCe BO3MOXXHOCTU aKTUBHO peann3oBaTb
CBOW TBOpPYECKME CMOCOOHOCTU B MWU3HW COBPEMEHHOMN
CKO 6narofaps yyactuio B Hay4yHO-MpaKTUYECKNX KOHe-
pPeHUMAX, LWKOSIAX MOSTIOAbIX YUY€EHbIX, MOArOTOBKE NMPOTOKO-
NOB KNNHNYECKMX anpobaLnii, 3asBOK Ha rpaHTbl U guccep-
TAUMOHHbIX NCCIefoBaHUN.

K 2030 r. nocpefncTtBOM HaUMOHanbHOW LNdPOBON
nnathopmbl «300pPOBbE» CTAaBUTCA 3afadya obecrneyeHus
NnepCcoHanu3MpoBaHHOIO  (MHAMBKAYaNbHOrO) noaxopa
K JleYeH Mo NaLMeHTOB, YTO MO3BOJINT COKPATUTb CPOKM He-
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abdpeKkTMBHOrO NpebbiBaHNA NaLMeHTa Ha KOWKe, caenaTtb
[OCTYMHbIM MPOAKTUBHbIA MOHUTOPWHI COCTOAHNA CBOEro
300pOBbA.

[na Bcero MegMLUMHCKOro U aAMUHNCTPATNBHO-YMNpPaB-
NeHYecKoro nepcoHana cospemeHHon CKO TpeboBaHnem
BPEeMeH, BO MHOTOM OnpefAeneHHOM 3anpocaMu naumeH-
TOB, CTaHOBUTCA LMdpoBaa rpaMoTHOCTb, paboTa ¢ couu-
anbHbIMK ceTaAMU U UndpPoBbIMK cepBucamu. MiHbopmaTtu-
3aumAa n umdpoBmM3aLma CepBUCOB ANA OTAbIXaloWwmx (naym-
eHToB) B CKO — 370 BKNlag B peanvsaumnio HaunoHanbHOM
uenn «Uundpposaa TpaHchopmauma rocygapCcTBEHHOroO
N MYHMLUMNANbHOTO yrnpaBieHnsa, SKOHOMUKIM U coLmanb-
How cdepbi» [22].

3a npeppigywnii nepuon passutua CKK 6binn npo-
BefleHbl MeponpuATiA No MHPopMaTM3aLuK, CBA3aHHbIe
¢ ynyJweHnem nHdpactpyktypbl CKO, BHegpeHuem 1 co-
BEpLUEHCTBOBaHVEM MeMNLNHCKNX NHGOPMALMOHHbBIX CU-
cTeMm, pa3Butuem focyaapCTBEHHOrO peecTpa KypopTHOro
¢doHpa Poccuniickon Oepepaunn.

B 6onbwmnHcTBe CKO BHeapeHbl U GYHKLUMOHUPYIOT
MeAVLMHCKME NHGOPMaLMOHHbIE chcTeMbl. ECTb nonoxu-
TeNIbHbIA OMbIT KOMMYHMKaLMA C OTAbIXAOWMMN B COLM-
anbHbIX ceTAX. ECTb yaauHble npakTuku undpoBoro map-
KeTWHra, OpOHNPOBAHUA U MOKYNKN NyTeBOK (ycnyr) u np.
OpHako roBopuTb O CUCTEMHOCTU, MacCOBOCTU U 3ddek-
TUBHOCTU MOAOOGHbLIX NPaKTUK ANIA MPUHATAA yrNpaBfieHYe-
CKNX peLueHnii MoKa, K coxaneHuto, He npuxoauntca. K ce-
pbe3HbIM Npobnemam undposon TpaHchopmauyum B CKO
MOKHO OTHeCTU Te $aKTbl, YUTO MeanUMHCKMe MHGopMaLm-
OHHble CMCTEMbI peann30BaHbl Ha Pa3nnYHbIX Niatdopmax
1 IMeIoT Pa3Hblil ypOBEHb MHTErpaLmm b1u3Hec-npoLeccos.
Kpome Toro, 6a3oBble 6M3Hec-mMpoLecchl, peanusyemble
B CKO, pa3po3HeHbl 1 He CTaHZapPTU3MPOBaHbI, YTO NpU-
BOAWT K BO3HUKHOBEHMIO pAJa ornepauuoHHbIX npobnem.
BbllecKkasaHHOe cBUAeTENbCTBYeT O pparmMeHTauum WH-
bOpPMaLMOHHbBIX CMCTeM B MacluTabe perMoHoB 1 OTAENb-
HbIX OpraHm3aumi. EguHon paboTbl ¢ 6onblIMMK JaHHbIMU,
KOTOpble CTaHOBATCA OCHOBOW YNpaBfieHVA B COLManbHOM
chepe, Noka Ha Takmx nnathopmax MOCTPOUTb HeNb3A.
B cBA3M C 3T!M TpebyeTca BceCTOpOHHee pa3Butue Lndppo-
BM3aLun U MHPopMaTM3aL MM NPOLECCOB B AeATENbHOCTU
CKO, uTo co3pacTt HoBble BO3MOXXHOCTU 3P PEKTHBHbIX KOM-
MYHMUKaLWA C oTabixalowmmuy (naymeHTamm) Ha udpoBbIxX
nnatdopmax. locnegHre AaOT HOBble MapKETUHrOBble
WHCTPYMEHTbI ANA MPUBNEYeHUA HaceneHusa pasHbIX CyOb-
€KTOB Ha 03[]0POBUTESNIbHbIE, CAHAaTOPHO-KYPOPTHbIE U pe-
abunuTaLMoHHbIe NPOrpamMmmbl.

Taknm obpa3om, NpoBefeHHbI aHann3 coctoaHma CKK
Poccuniickon Oepepauum cBULETENbCTBYET O €70 BbICOKOM
pecypcHOM 1 HayYHOM MoTeHumane, HeobxoaMMOCTN pas-
pPaboTKM cCTpaTernyecknx HanpaeneHun passutna CKK
40 2036 r., 4To NpuBeAeT K pa3BUTUIO HOBbIX BO3MOXKHO-
CTe KypopToniorum ana GpopmnpoBaHNA OTBETOB Ha CO-
BPEeMeHHble BbI30Bbl OOLLECTBEHHOro 3[0POBbA Hacene-
HMA CTPaHbI.

3AKJTIIOMEHUE

MaTepuanbl 1 MeToAbl, pe3ynbTaTbl MCCIeAOBaHNA
B LleIOM MOATBEPXKAaloT NnepBOHayvanbHble rMnoTesbl, Bbl-
OBVHYTble B cTaTbe. [1efiCTBUTENIbHO, B MEePCNeKTUBHOM
pa3BUTMM 30paBOOXPaHEHMA MOXKeT NOTpeboBaTbCA YTOuU-
HeHue HanpasneHun nnaHnposaHua CKJ1, o3goposBuTtenb-
HbIX 1 pPeabnnUTaLNOHHbIX NPOrpaMM AnA BCeX NMOSI0OBO3-
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pacTHbIX rpynn HaceneHusa Poccuu, KOTopble yunTbiBalOT
cunbHble (cnabble) CTOPOHbBI, BO3MOXKHOCTY U YTPOo3bl.

Mpw 3TOM ycrneHne prckoB N3MeHeHUA TPaanLMOHHO-
ro NpaBoOBOro cTaTyca neyebHO-03[0POBUTENIbHBIX MeCT-
HOCTel, KYPOPTOB 1 KYPOPTHbIX TEPPUTOPUIA, HapAAy C 13-
MEHEHMEM NPaBWS MOJlyYeHUA paspeleHnin (MeguumH-
CKWX 3aKJT0UYeHNIN) Ha ncrnosnb3oBaHue MJ1P B KoMnieKCHbIX
nporpammax CKJ1 pa3Hbix rpynn HaceneHna C pas3inyHoOm
naTosiorner 30OPOBbs, MOXET COCTaBNATb NpobnemMbl Ans
pa3BuTua oTaenbHbix opraHusaumn CKK. Nmetotca n gpy-
rme HepelleHHble BONPOChI, CBA3aHHbIE C HEAOCTAaTOYHbIM
pa3BUTMEM MHPPACTPYKTYPbI, LNPPOBU3aLIMM, ObecneyeH-
HOCTbIO Kagpamu 1 ap.

CnepnyeT OTMETUTb MHOIME CUJIbHbIE CTOPOHbI POCCUIA-
CKOW KypOopTOnoruu, B NepByto oyepeb CBsA3aHHbIe C Bbl-
COKMM Hay4YyHO-MeTOANYECKUM COMPOBOXAEHUEM U BHe-
OPeHVeM B CaHaTOPHO-KYPOPTHYIO MPaKTUKY HOBEMLINX
30 deKTUBHbBIX HEMEeANKAMEHTO3HbIX TEXHOSOMNIA, YTO Mo-
3BoniAeT B Komnnekce ¢ [MJIP nonyunTb gnuTtenbHble CTON-
Kue KnvHuyeckre s¢ppeKTbl y NaLMeHToB Pa3iNYHOro Knm-
HUYeckoro npoouns.

PocT MOGUABHOCTY FpaxgaH BHYTPW CTpaHbl 1 nony-
NAPHOCTb OTAbIXa B POCCUNCKNX PErvMoHax CO3AaloT HOBbIe
BO3MOXXHOCTM He TONbKO ANA Pa3BUTMA MEAULMHCKOTO Ty-
pu3Ma, HO U ANA NPOrpPamm pPasHOW MPOACIKUTENBHOCTU
03f0poBneHus, peabunutauumn rpaxkaaH Poccun. Kpome
TOro, CTpaTernyeckn BaxxHbim ana Poccuinckon Oenepauum
HanpafieHneM B npeacTosLme rogabl (2025-2036 rr.) byaet
npuBneyeHve Xutenemn U3 cTpaH-naptTHepos Poccumn n 13
NPUrpaHNYHbIX rOCyAapCTB.

OueBngHo, yto ana pocta adpdekTmHocTM CKJIT rpa-
[laH B CpefHeCPOYHO NepcrneKkTrBe 3KCMepTHOe coobLe-
CTBO, OpraHuM3aTopbl 34pPaBOOXPaHEHUsA, MeAULUHCKaA
06LeCTBEHHOCTb  AOSIKHbI  YTOUHUTb  LienenonaraHue,
MUCCUIO, BUAEHME Pa3BUTUA KYPOPTHOro Aena cTpaHbl
ONA [OCTVKEHMA HauMOHanbHbIX Lenen pa3sutua Poc-
cunckon Megepaunn. B 6nuxariwee Bpema notpebyertca
pa3paboTka cTpaTernyeckmnx HanpaeneHun passutna CKK
4o 2036 r., KoTopble NpuBeayT K Pa3BUTUIO HOBbIX BO3-
MOXKHOCTEl KypopTtonoruu gna GopmMmpoBaH/iA OTBETOB
Ha COBpPEeMEeHHble Bbl30Bbl 0OLLECTBEHHOrO 30POBbA Ha-
ceneHus cTpaHbl.
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3y6apeBa Hatanua HukonaeBHa, JOKTOP SKOHOMMYECKMX
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PE3IOME

BBEJEHUE. B HacToAwem 0630pe MpuBOAMTCA aHanu3 Kivmatoreodusmyecknx GakTopoB apKTMUECKON 1 Cy6apKTMUeCKON 30H
Poccuiickon Qegepauun (PO) n nocnefcTBmin nx He6NaronpuATHOrO BANAHNA Ha 3A0poBbe. OnmncaHbl OCHOBHbIe KMmaTtoreorpadu-
YyecKre XxapaKTepuUCTUKN 3TUX 30H B PO, npeAcTaBfieH TakKe NepeyeHb MMeoLMXCA NPUPOAHBIX euebHbIX pecypcoB v [eCTBYOLMNX
KNMMaTnyecknx 1 6anbHeonornyecknx KypopToB.

LIEJIb. O606WwunTb CBeAeHWA O KNMMATUYECKNX OCOBEHHOCTAX apPKTUUYECKON 1 Cy6apKTUYeCKOl 30H (KTIMMaTUYeCKMX NOACOB), NX BUA-
HUW Ha OPraHN3M YenoBeKa, UMEeLLMXCA NMPUPOLHbIX euyebHbIX pecypcax, BKItoUYas BO3MOXHOCTUN NX TepaneBTUYeCKOro BO3LeNCTBIA.
OCHOBHOE COAEPXXAHUE OB30PA. CypoBble KnvmaToreorpaduyeckme ycnoBua NoAAPHON U NPUMONAPHON 30HbI OKa3biBalOT He-
6naronpuATHOE BAMAHME Ha OPraHM3M MPULLIOro N KOPEHHOTO HaceneHys, BbI3blBalOT PAA cneundruyeckmx natonormyecknx coctos-
HUIA 1 NOBBILLAIOT YaCTOTY BO3HUKHOBEHMA U TAXKECTb TeUeHUA MHOTMX 3aboneBaHuin. BmecTe ¢ TeM, B 3TUX 30HaX MMeIOTCA OTAeSbHble
Tepputopuu, 6oratble NPUPOAHBIMU NeyebHbIMY pecypcamu (Mpexae BCero MMHepasbHbIMU BOAAMY, Ie4ebHbIMU FPA3AMM), @ TakKe
neyebHbIM KNMMaTOM. B cBA3M € 3TM, 0cO60€ 3HaueHne NprobpeTaeT HEO6XOAMMOCTb anbHeNLero 3yyeHnsa NPUPOLHbIX nevebHbIX
pecypcoB, KOTopble MOryT ObITb Upe3BblYaliHO BOCTPeOOBaHbI C yYeTOM BbICOKOW MOTPEBHOCTY Y HaceneHns B 0340POBEHUN.
3AKJTIOYEHUE. OTtaenbHble permoHbl, pacnosioXKeHHble B apKTUUYECKO 1 Cy6apKTUYeCKo KnMMaTnyeckmx 3oHax PO, obnagatot npu-
ponHbIMM neYyebHbIMK pecypcamu, KOTopble, HapAZy C NPUMEHEeHMEM BCEro KOMIIeKca A0CTaBAAEeMbIX U3 APYruX KypOpPTHbIX MeCT-
HOCTel MPUPOAHBIX NeyebHbIX pecypcoB, MOryT ObiTb B NepPCrNeKTUBE MCMOMb30BaHbl B PaMKax 03[0pOoBNeHVA 1 NPoGUIaKTUKN He-
6naronpuATHOro BAAHWA GakTopoB cpefbl 06UTaHNA (GU3NUYECKNX, XMMUYECKUX, BMONOrMYeCcKmnx, CoLMnanbHbIX) y HaceneHus, npo-
KMBatoLero 1 paboTaloLlero B CNOXHbIX KnMMaToreorpapryeckmx yCnoBurax apKTnyeckor 3oHbl Poccuiickon Oefepanmm, BKoYan
MaJiounciieHHble KopeHHble Hapoabl CeBepa.

KJTFOMEBDIE CJIOBA: «numatoneueHvie, apkTnueckas v CybapKTUiecKas KNMMaTuyeckie 30Hbl Poccum, ApKTIKa, cpeaa o6u-
TaHus
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Development Prospects for the Arctic and Subarctic Climate Zones
of the Russian Federation: a Review

Igor P. Bobrovnitskii'23, () Sergey N. Nagornev*, ') Andrey A. Parfenov®,
Irina A. Grishechkina®", "2’ Maxim Yu. Yakovlev>¢, ) Larisa A. Marchenkova?,
Andrei l. Popov?®, (2 Irina V. Semenova’®, ' Ekaterina A. Gurevskaya’,

Olga N. Gorelikova®, ‘= Natalia N. Zubareva®

" National Medical Research Center of Surgery named after A. Vishnevsky, Krasnogorsk, Russia

2 Institute of General Pathology and Pathophysiology, Moscow, Russia

3 Institute for Biomedical Problems of the Russian Academy of Sciences, Moscow, Russia

4 Central State Medical Academy of the Administrative Directorate of the President of the Russian Federation, Moscow, Russia
* National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

¢1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

ABSTRACT

INTRODUCTION. This review provides an analysis of the climatic and geophysical factors of the Arctic and Subarctic zones of the
Russian Federation (RF) and the consequences of their adverse effects on health. The main climatic and geographic characteristics of
these zones in the RF are described, and a list of available natural healing resources and operating climatic and balneological resorts is
also presented.

AIM. To summarize information about the climatic features of the Arctic and Subarctic zones (climate zones), their impact on the
human body, available natural healing resources, including the possibilities of their therapeutic effects.

MAIN CONTENT OF THE REVIEW. The harsh climatic and geographic conditions of the polar and subpolar zones have an adverse
effect on the body of the migrant and indigenous population, cause a number of specific pathological conditions and increase
the frequency and severity of many diseases. At the same time, in these zones there are certain territories rich in natural healing
resources (primarily mineral waters, therapeutic muds), as well as a healing climate. In this regard, the need for further study of natural
healing resources, which may be in great demand given the high need of the population for health improvement, is of particular
importance.

CONCLUSION. Certain regions located in the Arctic and Subarctic climate zones of the Russian Federation have natural healing
resources, the use of which, along with the use of the entire complex of natural healing resources delivered from other resort areas,
can be used in the future within the framework of health improvement and prevention of the adverse effects of environmental factors
(physical, chemical, biological, social) among the population, including small-numbered indigenous peoples of the North, living and
working in the difficult climatic and geographical conditions of the Arctic zone of the Russian Federation.

KEYWORDS: climate treatment, Arctic and Subarctic climate zones of Russia, Arctic, habitat

For citation: Bobrovnitskii I.P, Nagornev S.N., Parfenov A.A., Grishechkina I.A., Yakovlev M.Yu., Marchenkova L.A., Popov A.l, Semenova L.V,
Guryevskaya E.A., Gorelikova O.N., Zubareva N.N. Development Prospects for the Arctic and Subarctic Climate Zones of the Russian
Federation: a Review. 2025; 24(4):19-31. https://doi.org/10.38025/2078-1962-2025-24-4-19-31 (In Russ.).

*For correspondence: Irina A. Grishechkina, E-mail: grishechkinaia@nmicrk.ru

Received: 28.02.2025
Accepted: 04.06.2025
Published: 16.08.2025

BBEAEHUE

MoTpebHOCTb B HOBbIX NMPUPOAHbIX 3Hepropecypcax
ANA Pa3BUTUA MPOMBILLIEHHOCTM U TpaHCnopTa npuse-
na MWIMOHbI NIOAEN 3a NocsiefHee CToneTne U3 Aapyrux,
B TOM UMC/E I0XKHbIX PErMOHOB B apKTUUecKylo 1 cybap-
KTuueckyto 30Hbl Poccniickon QOepepaunn (PO), Kotopble
TEPPUTOPMANBHO OTHOCATCA K 30He ceBepHoW EBpasuwu.
Henb3a oTHOCUTb KNMMaTUYeCKNEe OCOBEHHOCTU apKTuye-
CKOW 1 CybGapKTMYeCKON 30H K OAHO3HAYHO Hebnaronpu-
ATHbIM [1-4]. Ha Taknx oOWMpPHbIX TEPPUTOPUAX NMEIOTCA
palrioHbl C NPUPOAHBIMYK NleyebHbIMU dpaKTopamMu, JOCTYn-
HbIMW KaK KPYIbIA rofl, Tak U CE30HHO, KOTOPble MOXHO
NCMNonb30BaTb A5 03J0POBJIEHNA XKUTENEN aPKTUYECKUX
pernoHos [5, 6].

B HacToAWee BpemsA MPOAOKAETCA MOUCK TEPPUTO-
puii, obnagatowmx NPUPOSHbIMU neyebHbIMK pecypcamu,
K KOTOPbIM B COOTBETCTBUN C AEeNCTBYIOLMMI HOPMATUBHO-

NPaBOBbIMW AaKTaMW OTHECEHbI: MUHepasibHble BOAbI, Jie-
uebHble rpA3N, UMeloLre neYebHble CBOWMCTBA MoNe3Hble
nckonaemble 1 creynuduUeckre MUHepasbHble Pecypchl,
neuyebHble NPUPOLHbIE Ta3bl, a TakkKe NleyebHbIN Knumar'.
B 3TOW CBA3U MHTEPECHBIM 1 MEPCMEKTUBHBIM NPeaCTaBIsA-
€TCA PacCMOTPEHVE BO3MOXHOCTEN apKTUUECKNX Teppu-
Topuii PO € TOUKM 3peHna UCNOb3YOWMXCA NPUPOAHBIX
neyebHbIX PECYpPCOB, B paMKax 030POB/EHNS.

1 MepepanbHbIN 3aKOH OT 4 aBrycTta 2023 . N2 469-03 «O BHe-
ceHun n3meHeHni B ®epepanbHbiit 3aKoH «O NPUPOAHBIX
neyebHbIX pecypcax, NleyebHO-03[0POBUTENIbHBIX MeCT-
HOCTAX U KypopTax», OTAeNbHble 3aKoHoAdaTesNlbHble aKTbl
Poccuiickorn Oepepauun n Npu3HaHUM YTPATUBLLMMU CUTY
OTAENbHbIX MONIOXKEHU 3aKOHOAATeNIbHbIX akToB Poccuit-
ckon Mepepaunn»
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LIENb

0606WKNTb CBEAEHUA O KNMMATUYECKMX OCOOEHHOCTAX
ApPKTMUECKON 1 CyBapKTMUECKON 30H (KNMMaThyeckux no-
AICOB), UX BJIMAIHAN Ha OPraHW3M YENOBEKA, VMEIOLLUNXCA
NPUPOAHbIX NleYebHbIX pecypcax, BK/oYas BO3MOXHOCTY
NX TepaneBTUYECKOro BO3AeNCTBYUS.

OCHOBHOE COAEPXAHUE OB30PA
Knumamozeodusuueckue gpakmopeoli
apkmuyeckol 30Hbl Poccutickotii ®edepayuu

Knnmat XonopHowm 30Hbl 3eMnn UAW BbICOKUX LIMPOT
B CeBepHOM MoONyLapuy OXBaTblBaeT apKTUYECKMI MOAC
¢ LleHTpanbHOM APKTUKON 1 CyGapKTMYeCKMiA NoAC C pai-
OHaMV CeBepHee U 1XKHee nonapHoro Kpyra (60° 33') [7, 8].
Knumat dopmupyeTca nog BAnaHMem Komnnekca $akto-
POB, K KOTOPbIM OTHOCAT HM3KME TeMnepaTypbl, HU3KYIO
abCONIOTHYIO U BbICOKYIO OTHOCUTENIbHYIO BNAXKHOCTb, Be-
Tposou pexum [9, 10]. Tak, makcumanbHbin nogbem CosH-
Lla Hag ropu3oHTOM COCTaBnAeT Ha yposHe 80-11 napanne-
nn (Hoas 3emns) Bcero 33° Ha ypoBHe 70-i napannenu
(Tnken) — 43°, Ha ypoBHe 60-n napannenu (CaHkT-MeTep-
6ypr) — okono 53° ¢ ponrotoi gHA netom Ao 18 yacos
30 MMHYT, a 3uMon — 5 yacos 30 Mu1HyYT. B pe3synbTaTte 3TOrO
BCA MONAPHaA 1 NPUMNONAPHaA 30Hbl UMeloT Hebonbluoi
nNpuTOK conHeyHoro Tenna [10-12]. Ha rpaHnue apkTtnye-
CKOI 30Hbl PO neTHre TemnepaTypbl BO3Ayxa B CpefHeM
coctasnatoT 10 °C. MnH1ManbHble TeMnepaTypbl B panioHe
nonioca xonopa (Akytua) — -70 °C, a y KOxkHoro nontoca —
—-90 °C. [InA apKTMYeCcKoro Kanmata XapakTepHbl YacTble
MeTenu, CunbHble BeTpbl (Ao 40 M/c), pe3Kkune konebaHua aT-
MocdepHoro faBneHus. Bo Bpema cnunbHOro Betpa TpeHue
BO3[yXa O NOBEPXHOCTb CHEXHbIX MONen NOBbIIAET NOHW-
3aymio Bo3gyxa. MpofomKMTeNbHOCTb TEMOro BPeMeHU
Ha nostcax cocTaBnsAeT okono 1 mecAua, a Ha nobepe-
Xbe — 2-3 mecaua [13, 14]. Nepuog ynbTpadroneToBoro
dedurymta nnm ynbtpadunoneToBbiX CymepeKk NpomosKaeT-
cA 6onbluyto YacTb roga. MonHaa ynbtpaduonetoBas Houb
B XOJIO[HOWM 0o6uTaeMon 30He gnutcsa 3-4 mecAua. B ston
30He HeCKONbKO MOBbIWEHa KOoCMUYecKasa paguauns, 4va-
CTO BO3HMKAIOT MarHuTHble Oypu, nonapHble cuaHuA [10].

KauecTBO OKpy»KatoLleln cpefbl B apKTUYECKON n cy6-
apKTmyeckor 3oHax PO Takxe HeOLHOPOAHO, C HaMuem
NPUOPUTETHLIX 3arpA3HUTENeN B onpefenieHHbIX panoHax,
uTo 0bYyCNIOBNMNBAET PAL 3aboneBaHNii y KOPEHHOTO 1 NPU-
LUIOro HaceneHna Ha JaHHbIX TeppuTopmax [15-17].

3aboneeaemocme HaceseHUs 8 apKmu4ecKol 30He
Poccutickoli ®edepayuu

Knumatodumsnonorma yenoseka B reorpaduyeckmx yc-
NOBUAX MONAPHON 1 NPUMONAPHON 30H MEET CBON 0COOEeH-
HoCTW. Jliofn, AONTO XMBYLLME B apKTUUYECKON 30He, NocTe-
MEeHHO NMPUBbIKAIT K CBOEOOPA3HOMY CBETOBOMY PEXMMY
N PYrUM KnumaTtnyecknm dpaktopam, HO MHOrve Nccieno-
BaTenu npu obcnefoBaHUN 300POBbLIX JINL, MPUXOAAT K Bbl-
BOZY, UYTO ANA NPOXMBAKLUX B KIMMaTe XOSIOAHON 30HbI
XapaKTepHbl yANnHeHVe NepuogoB Bo30yKAeHNA 1 nepe-
BO30Yy»KAeHNA LieHTpanbHOWM HEPBHOW CUCTEMbI B MEPUOAbI
MOMAPHOro AHA M HOYM, CKNOHHOCTb K MMNoTOHWKY, bpaau-
Kapaun 1 yBenIMYeHnio OCHOBHOTO obmeHa [18]. Y xuTenei
B apPKTNYECKOW KNMMATNUYECKON 30He BO3HMKaeT pag ¢punsmo-
NOTNYEeCKN HebNaronpUATHbIX CUMMTOMOB WS COCTOAHNIA,
TaKUX Kak rmnognuHamMms, rmnoBUTaMMHO3bl, MUKPO3IeMeH-
TO3bl, FMNEPNUNUAEMUA, TUMOTNNKEMUA, TUMOKCUA, MMY-
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HopebuUWTbI, TMNepTeH3NA B MasoM 1 GONbLIOM Kpyrax
KpoBooOOpalleHNsa, [eCUHXPOHO3bl, Ce30HHaA Aenpeccus,
CHVXeHVe ¢u3nyeckon paboToCnoCco6HOCTM Ha Xonofe.
OnucaHbl cneyndryeckne CoCTOAHUA, K KOTOPbIM OTHOCAT
LMPKYMMNONAPHBIA  TMMOKCUYECKNA CUHAPOM, MOAAPHYIO
OAbILLIKY, CMHAPOM MOMIAPHOIO HaMpPAKEeHUA, MOAAPHbIN
afanTMBHbIA MeTabonmyeckun Tun n ap. [13, 18, 191.

Ona apkTuyeckom n cybapKTUYECKON KIMMaTUYeCKNX
30H PO xapakTepHbl 6onee BblCOK/E YpOBHM 3aboneBae-
MOCTW N CMePTHOCTU HaceneHua. Cpeamn HaceneHna valile
BCTpeuatoTca 6one3Hn cMcTeMbl KpoBOOOpaLleHUa 1 opra-
HOB [bIXaHWUA, KOCTHO-MbILLIEYHOWN 1 HEPBHOW CUCTEM, Op-
raHoB NuLLeBapeHna, NopakeHns 3y6oB (kaprec) 1 KocTen
(paxuT, oCcTEONOPO3), MeANeHHOe 3aXKMBNEeHNe paH, a Tak-
e OCNoXHeHuA Npy 6epeMeHHOCTU U TAXenoe TeveHune
pogos [13, 20].

Y nuu, paboTalolmx B BbICOKMX LIMpOTax 3abonesae-
MOCTb Bbllle, YeM y paboTatowmx B cpefHer nonoce Poc-
cun. Mpwr 3Tom 3ab6oneBaHNA HaUYNMHAKTCA B OTHOCUTENIbHO
MOJIOJOM BO3pacTe, NMPOTeKaloT Taxenee, ocTpble GopMbl
6onesHeln valle nNepexopnaT B XPOHMYECKMe, Bbille PUCK
NnoABJIEHNA CepheYHO-COCYANCTbIX 3aboneBaHuii, ualle
n B bonee paHHem Bo3pacTe HabnAaloTCA neTanbHble
ncxoppl [13, 21-28]. B cybbekTax apkTuueckor 30Hbl PO
yalle, YemM B pYruMx pervoHax BblAiBNeH MeTabonunuyecku
obycnosneHHbI AnabeT. OH HOCUT TPaH3UTOPHbIN Xapak-
Tep 1 Nerko Mmoxet GpopmMrnpoBaThb KINHUYECKMe NponBe-
HWA caxapHoro grabeta BToporo Tuna [29, 30].

YCTaHOBNEHO, UTO y NPUE3XKUX B apPKTUYECKYI0 30HY PO
XKUTenew valle BCTpeYaloTca He ToNbKo 6one3Hn opraHoB
AbIXaHWA, NpoTeKatoLwmne ¢ onpeaesieHHbIMU KINHNYECKN-
MU ocobeHHocTAMM [31], HO 1 NponcxoauT rnybokas nepe-
CTpOViKa MMMYHHOM 3alnTbl Ha GOHe upe3mepHbIX Tpebo-
BaHWN, NPeAbABNAEMbIX K opraHu3amMy. Ha GoHe cHuxeHuA
UMMYHOJIOTYECKOW PeakTUBHOCTA CO3[al0TCA YC0BMA
ANA Pa3sBUTMA PasMYHbIX MATONOrMUYeCcKMX MpPoLLeccoB
(obuwan oHkonormyeckasa M UHPEKLNOHHO-BOCNaNNTENb-
HasA 3aboneBaemMoCTb 3HaUUTENbHO Bbille Y NPULLIOro Ha-
cernleHNA No CpaBHEHNIO C KOPEHHbIM) [32].

leozpadchusa apkmuyeckol u cy6apkmuyeckou
Knumamud4ecKkux 30H Poccutickoti ®edepayuu

ApKTnyeckass © cybapKTnyeckaa KumMaTmyeckue
30Hbl PO — 370 ceBepHaA OKOHeYHOCTb EBponenckon
n Asvatckon vacteii PO, BKnoyaowasa B ceba pervoHbl,
pacnonoeHHble 3a MonApPHbIM KPYrom 1 B NpuieraoLmx
CeBEpPHbIX LIMPOTaX, PaCcnoNoXKeHHbIX BAONb Nobepexbsa
mopen CesepHoro JlegoButoro okeaHa: bapeHueBa, Kap-
ckoro, JlanteBblx, BocTtouHo-Cubmpckoro n Yykotckoro.
Mnowaab 3TOro pervioHa cocTaBnAeT nopagka 2,2 MUNan-
OHOB KBafpaTHbIX KUIOMETPOB, BKIOUaOWNX 9 cybbek-
TOB P®. 3TV pernoHbl xapakTepusyotca CypoBbIM KiiMMa-
TOM, BEYHOW MepP3/10TON N YHUKaNbHOW 3Kocnctemon [33].

PacnpocTpaHeHHOCTb y4aCTKOB CyLUM Ha 6ONbLUON No-
LaAn No3BONAET apKTUUYECKOW 1 CybapKTUYECKON Knnma-
Tyeckum 3oHaMm PO 3axBaTbiBaTb HECKONbKO MPUPOAHBIX
30H. Kaxkaas 13 30H obnagaeTt CBOMMMU XapaKTepHbIMU OCO-
6eHHOCTAMM KNIMMaTa 1 pacTeHuin [34-39].

Ha pucyHke 1 npepacTaBneHbl apKTuyeckme 1 cybapktu-
yeckne Knmmatuueckme 30Hbl PO, a Takke cektopa 3TWX
MoACOB, OT/IMYalOLWMECA MO KOMMIEKCY MeTeoposiormye-
CKUX anemeHTOB. Tabnuua 1 npefcTaBnAeT OCHOBHbIE K-
MaThUeCKmne XapaKTePUCTUKIM STUX 30H.
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Puc. 1. Knumatuueckue 30Hbl B Npefenax 3anafjHom 4acTy eBpa3minckoro KOHTMHeHTa Ha Tepputopun Poccninckon Qe-
Zepauuu (po3oBbil 1 CBETNO-GMONETOBbIN LiBETa 0603HAYAIOT TEPPUTOPUN, BXOAALLME B aPKTUYECKYIO KITMMaTUYECKyIo
30Hy EBponeiickon 1 AsnaTckon yacTein Poccuinckon ®epepaumm, cBeTno-rony6oi uBeT 0603HavaeT apKTUUYECKY Knu-
MaTunyeckyto 30Hy EBponeiickon n Asmnatckoli yactein Poccuiickon Oeflepauum, WTPUXOBKOW 0603HaUeHbl 30HbI, MOTEH-
LManbHO noaxopsLyme As CaHaTOPHO-KYPOPTHOIO JieUeHMs NaLEeHTOB)

Fig. 1. Climatic zones within the western part of the Eurasian continent on the territory of the Russian Federation (pink
and light purple colors indicate territories included in the Arctic climate zone of the European and Asian parts of the
Russian Federation, light blue color indicates the Arctic climate zone of the European and Asian parts of the Russian

Federation, hatching indicates zones potentially suitable for health-resort treatment of patients)

Xapakmepucmuka cy6apkmu4ecKkoli 30Hbl
Poccutickoli ®edepayuu

Cybapktnuecknin nosc (cybapktnueckaa 3oHa PO) —
reorpaduueckmini noac 8 CeBepHOM nonywwapun, rpaHuLb
KOTOPOro MPOXoAAT BAOJIb apKTUUYECKOro nosca Ha ceBepe
1 YyMepEeHHOro nosca Ha tore.

CybapKTnyecKkmin NoAC — 3TO PErvioH B CEBEPHOM Mo-
Nywapun, PacnonoXKeHHbI HenocpeACcTBEHHO Ha tore oT
ApKTnKK, 3aHMMatowmnn vyactn Anackum, Kanagol, Ucnangun,
CkaHguHaBun, Cnbmpn n LLetnaHacknx ocTpoBOB. JlexuT
nprumMmepHo mexay 60° n 70° ceBepHON WNPOTHI.

K cybapktuueckomMy nosicy otHocaTca Tepputopun PO,
pacrnonoxeHHble 3a lMonAapHbIM Kpyrom B npefenax Boc-
ToyHO-EBponeincKon paBHMHbI 1 3anagHon Cubnpwu, a Ha
CeBepo-BOCTOKe BCe TeppuTopum — K ceBepy oT 60° ce-
BEPHOW LWMPOTbI.

NaHawadT MecTHOCTM BblpaXkeH ropamu, paBHUHaMK,
60/10TUCTBIMM HU3VMHAMU Y MHOTOUYUCSIEHHBIMX O3epamui
N pekamn. PacTuTenbHbI MOKPOB pacronaraeTca ouara-
mu. MpeobnagatoT B faHHOW MECTHOCTY JINLLANHUKA U MXM
B YKPbITbIX OT BeTPOB y4yacTkax. OHU u nokpbiBatoT 1-3 %
MOYB B 30He NlefAHbIX NMYCTbIHb 1 A0 65 % Ha rpaHuLe TYHAP.
Ha ceBepe apKTuMueckux MyCTbiHb OOUTAIOT MpenmyLie-
cTBeHHo nuwanHukn: Cladonia thomsonii n gp., Nephroma
parile, Parmelia fraudans, Parmelia saxatilis u gp., Hypnales
n Sphagnopsida mxu. OT4enbHO MOXHO BbIAENUTb Takune
pacTeHus, Kak Bogopocnu. Vix HacuuTbiBatoT fo 150 B1uaos,
OHW 3aHUMAIOT NOABOAHblE MJIOWAAN CEBEPHbIX MOpel
1 JlenoBnTOro okeaHa. HekoTopble 13 NOABOAHbIX Pa3HO-

ARTICLES

BUOHOCTEN, Hanpumep, Laminaria, n3sectHaa Kak «mop-
CKaA KanycTa», MMeloT XO3ANCTBEHHOe 3HayeHune [35].

B cybapktnyeckoin 3oHe PO npeobnagaloT TyHAPLI
N necoTyHapbl. B 6onee xonofHom ceBepHOW 4acTu Bbl-
fJensAetca TyHApoOBaa 30Ha (TyHApa), a B b6onee Tennow
IOKHON — NecoTyHApoBasA 30Ha (necotyHpapa). JlecHon
¢doHp cocTaBnaet 371,9 MUNNMOHOB reKTapoB, JleCHble
3emnu — 296,2 MWIIMOHOB reKTapoB, MOKpPbITaa fecom
Tepputopua — 273,6 MWANMOHOB reKkTapoB. KpacHas
KHMra Poccnn copepxut cnepymowme Buabl pacTeHWUN:
Anemoéne baicalénsis, Megadenia pygmaea, Cypripedium
macranthos.

B pmaHHbIX 30Hax npeobnafjaeT yMmepeHHO KOHTUHEH-
TanbHbIN KNumat [11, 13]. KnumaT oTnmyaeTca NpogomKkum-
TeNbHOWN 31IMOW, O6UNbHBIMWN OCafKaMN N HETUMNYHBIM Te-
yeHnem BpemeH roga. [1na 3Tux MecTHOCTel He CBONCTBEH-
Ha NoBceMecTHaA BeyHasa mep3noTa. [poJomKnTenbHoOCTb
CONMHEYHOrO CMAHUA cocTaBnaeT B cpegHem 50-170 gHen
B 3aBNCUMOCTU OT PETrIOHOB.

K BocToKy oT Ypana B apKTunuyeckon 3oHe PO meTeopo-
NIornyecKkre 3nemMeHTbl CTaHOBATCA 6onee CTabuNbHbIMN.
Oco6eHHOCTbI0 BHYTPUKOHTUHEHTASIbHbIX Y4aCTKOB apKTu-
yeckol 30Hbl PO ABnsAeTcA BblicoKaAa cTabunbHOCTL Gapu-
yecKkmnx nokasatenen (aTMocpepHOro gaBneHus), B CBA3N
C YeM KJIMMaT AaHHbIX obnacTel GnaronpuaTeH Aaa nayu-
€HTOB € 60N1e3HAMYN CUCTEMBI KPOBOOOPaLLEHNA.

OcobeHHOCTbIO 3aMafHOro CeKTopa apKTUYECKON 30HbI
PO asnaetca 6nm3ocTtb bapeHueBa MopsA, KoTopasa ycunu-
BaeT BAMAHME TEMOBOro CeBepOaT/iaHTUYeCKoro Tteve-
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HUA. TeMnepaTypHbIN AMana3oH 3UMOWN COCTaBnAeT OT -6
0o —30 °C. BeTep HOCHUT MYCCOHHbI XapaKkTep: 3MMOK Npu-
XOAAT I0XHble BETPa C MaTepyrKa, TeM CaMblM NMPUHOCA Cy-
XYI0 MOPO3HYI0 NOroAYy, a 1eToM NPUXOAAT CeBepHble BeTpa
oT bapeHLeBa mMops, B pe3ynbrate KOTOPbIX MOBbILIAETCA
BNIa’KHOCTb BO3JyXa U CTOWT nMpoxfafHaA noroga. Temne-
paTypHbIVi Anana3oH B NIETHUI Nepuog CocTaBnaeT oT +12
0 +16 °C ¢ MaKcMasnbHbIM 3adpUKCMPOBaAHHbIM 3HaYEeHU-
em +29 °C. OcagKku pa3fIMYHON MHTEHCMBHOCTW BbiNagatoT
Kpyrnblil rog, pacnpenenascb HepaBHOMeEPHO. TeM caMbIM
coyeTaHVe HU3KMX TeMMepaTyp, CUbHbIX BETPOB, OCaiKOB
1 NOBbILWEHHOW BNAXKHOCTW AenaeT KAnumaT CypoBbIM, YCu-
N1Bas olyleHne Mopo3a. Bbicokasa BnaKHOCTb 06YCOB-
NMBAET BbICOKYI0 YacTOTY OHPOHXONEroYHbIX, PEBMaTONOMU-
YecKmnX 1 Npoumx 3aboneBaHui.

Mo3TOMYy OCHOBHbBIMU NEeYebHO-03[0POBUTENIbHBIMM
dbakTopamy B fl@aHHOM KIMMATMYeCKOM MoAcCe BbICTyMatoT
MUHepanbHble BOAbl U KPEMHUCTbIE TepMasibHble UCTOY-
HWUKW, NocnefHne pacnonoxeHbl B MaragaHckon obnactu
N npeacTaBneHbl KPEMHUCTbIMK TePMasibHbIMU BOAAMU
XNOPUAHO-TUAPOKaPOOHATHO-CYNbdaTHbIMK HaTPUEBBLIMY,
NCMONb3YIOLWNMUCA HaPYHO.

B apKTruecKon 30He HaxoAATCA TaK1e MeCTOPOXAeHNA
MUHepanbHbIX BOf, Kak AHenTbiBUCCKOe (r. BopkyTa), Ko-
MaHtopckoe (. YcnHcK), MapumanbHble Boabl (pecny6nvka
Kapenua) n 1. a. lpynna ncroyHnkos MNoim-Ba-LWop, pacno-
NOXKeHHaA Ha TeppuUTOpUN HeHeLKoro aBTOHOMHOIO OKpY-
ra, COgepK1T 8 NCTOYHUKOB C TemnepaTypon +18-+28 °C
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N npepactaBneHa cnaboTepmanbHbIMU ManOMUHeEpPanin3o-
BaHHbIMW XNOPUAHO-HaTpueBbiMM Bodamu. B tOraHckom
panioHe XaHTbl-MaHCMNCKOro aBTOHOMHOFO OKpyra —
lOrpa BCKpbITbI MOROOPOMHbIE  XNOPULHO-HATPUEBbIE
CpefHe- 1 BbICOKOMUHEPaNM30BaHHbIe BOAbI, NCMOMb3yto-
Wwueca ana 6anbHeonornyeckoro nprMmeHeHus. B Mpumop-
CKOM palnioHe ApXaHrefnbCcKom 065acT GYHKLMOHMPYIOT
CKBaXVHbl C CyNnbdaTHO-XNOPULHBIMUA KasbLeBO-HaTpu-
€BbIM/ N1e4ebHO-CTONOBbIMM U BbICOKOMMHEPaNn30BaH-
HbIMW XNIOPUAHBIMU KaNbLeBO-HaTPUeBbIMK BOJaMM1 LA
Hapy»KHOro NpumeHeHus. Ha ctapernwem KypopTte Poccum
«MapumarnbHble BOAbI», pacrnosnioxeHHoM B Pecnybnuke Ka-
penua, fob6biBaloTCA neyebHO-CTONOBbIE MMAPOKapOOHaT-
Ho-CynbdaTHble MarHMeBo-KasbLMieBble XXene3ncTble BOAbI.

B apKTryeckom nosce, BK/oYatLem B cebs aTnaHTmye-
CKYI0, CUBMPCKYIO 1 TMXOOKEAHCKYI0 TepPUTOPUM, a TakKe
TEeppUTOPUN BHYTPMAPKTUYECKON 006nacTn, OTCYyTCTBYIOT
3aperncTprpoBaHHble CaHAaTOPUMN COrMacHO HAaHHbIM To-
Cy[apCTBEHHOro peectpa KypopTHoro ¢oHza PO. B cy6-
apKTUYECKOM MOoACe TakXe CaHaTOPHO-KypopTHaA fnes-
TeNbHOCTb He ocyuecTBnaeTcA [37-39].

leorpaduueckmin nosc B CeBepHOM nosyLapui, KoTo-
pbii obnagaet neyebHO-0340POBUTENBHBIMK PaKTOpamu
n aBnaeTca 6anbHEONorMYyecky 3HauYMMbIM, — 3TO aTnaH-
TUKO-apKTMYecKasas ob6nacTb ymepeHHoro nosca [38-42].
B maHHbIX reorpadryecknx WrpoTax oCyLecTBAAIT CBOK
[eATeNIbHOCTb CaHaTOPHO-KypOPTHble opraHu3auuu [36].
CBefleHNA O HUX NpeacTaBneHbl B Tabnuue 2.

Ta6nuua 2. CBefieHNA 0 cCaHaTOPUAX 30H apKTMYecKom 1 cybapkTuueckor 3oH Poccniickon Mepepavmm [36]
Table 2. Information about sanatoriums in the Arctic and Subarctic zones of the Russian Federation [36]

MecTo pacnonoxeHus /

HanmeHoBaHume / Name .
Location

MpupopaHbie neyebHble pecypcbi /
Natural therapeutic resources

Pecny6nuka Kapenus,
KoHOOoNOXCKNin palnoH,
noc. MapuuanbHble
Boabl / The Republic
of Karelia, Kondopoga
district, Marcial Waters
village

000 «CaHaTopuin
«MapuuanbHbie
Boabi» / Martial Waters
Sanatorium, LLC

MwuHepanbHasa Boaa (kenesuctasa cynbdaTHas
rmapokapboHaTHaA MarHmeBo-KanbLmneBas, crlabokucnas)
JNeuebHasn rpasb (NpecHoBogHaA cnabocynbbuaHan
BbICOKO30J1bHas canponenesas) / Mineral water (ferrous

sulfate hydrocarbonate magnesium-calcium, slightly acidic)

Therapeutic mud (freshwater low-sulfide high-ash
sapropelic)

AO «Jleye6HO-
npodunakTnyeckoe
yupexpeHue eCTeCTBEHHOro
osgoposneHna «<KnuHnka
Kusau» / Kivach Clinic Medical
and Preventive Institution of
Natural Rehabilitation, Joint
Stock Company (JSC)

Pecnybnuka Kapenunsa /
The Republic of Karelia

JleuebHbIN KNMaT (YMEPEHHO KOHTUHEHTANbHbIN) /
Therapeutic climate (temperate continental)

Pecny6nuka Kapenus,
r.Metpo3zasopfck / The
Republic of Karelia,
Petrozavodsk

AO «CaHaTopui «benble
Kknioun» / Belye Klyuchi
Sanatorium, JSC

MuHepanbHada Boga (cnaboyrnekncnas
ManloOMUHepann3oBaHHasA M1HepasbHasa cynbdaTHo-
rmgpokapboHaTHanA KanbLMeBas C NMOBbIWEHHbIM
copeprkaHnem KpeMHUEBOM KUCNOTbI, ClaboKncnasn)
JleyebHasn rpasb (npecHoBofHasA cnabocynboraHan
BbICOKO30JIbHasA canpornenesas)
Jleye6HbI KNMMAT (YMEPEHHO KOHTUHEHTANbHBIN) /

Mineral water (weakly carbonated, low-mineralized mineral
sulfate-hydrocarbonate calcium with a high content of silicic

acid, slightly acidic)

Therapeutic mud (freshwater, low-sulfide, high-ash sapropelic)

Therapeutic climate (moderate continental)
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lpodomxeHue mabnuyel 2 / Table 2 Continued

MecTo pacnonoxeHus / MpupopaHble neyebHble pecypcbl /

Haumenosanue / Name Location Natural therapeutic resources

MwuHepanbHas Boaa (XNopuaHbI HaTPUEBBI GPOMHBII,

Pecny6nuka Komu, GOpPHbI paccos, CIAbOKNCIIO-HENTPaNbHbI)
FAY PK «CanaTopuii KvaKI'IOFOCT.CKVIVI JleuebHas rpﬂ‘aib (npecHoBogHas cynbburaHas canponveneBaﬂ)
«Cepéroso» / Seregovo paioH, c. Cepéroso / Jleye6HbI KNMMAT (YMEPEHHO KOHTUHEHTAbHBIN) /
pero 9 The Republic of Komi, Mineral water (chloride sodium bromine, boric brine, slightly
Sanatorium .
Knyazhpogostsky acidic-neutral)
district, Seregovo village Therapeutic mud (freshwater sulphide sapropel)
Therapeutic climate (temperate continental)
MwuHepanbHas Bofa (xnopuaHaa rugpokapboHaTHanA
Pechv6mKn Komu 6e3 cneyndryeckmx KOMNOHEHTOB)
TAY PK «CaHaTopwuii Y ' JleuebHasn rpasb (nnosas cynbdurgHan), cnabolenoyHas /

c. Maxxra / The Republic

of Komi, Pazhga village Mineral water (chloride hydrocarbonate without specific

components)
Therapeutic mud (silt sulphide), slightly alkaline

«Jlo3bim» / Lozym Sanatorium

JleuebHas rpasb cynbdaTHOM (XNOpUAHO-CyNbGaTHOW,

[BY3 PK «leTcKuii caHaTopuil Pecny6nuku Komu, FI/IJJ,pOKap6OHVaTHO XOPUAHO C)v/ﬂbd)aTHOI/I (MarHM?BO
. r. CocHoropck / The HaTp1eBoW) CnaboLLenoyHo) peakuumn BogHOM
«Kegp» / Kedr Sanatorium for . . . .
. Republic of Komi, cpepnbl / Therapeutic mud (sulphate (chloride-sulphate,
Children : . :
Sosnogorsk hydrocarbonate-chloride-sulphate (magnesium-sodium)

slightly alkaline) reaction of the water environment)

CaHaTopuin-npopunakropun

Pecnybnnkn Komn, JleuebHasn rpasb (rngpokapboHaTHaA MarHMeBo-KanbLmneBas
«KemuyxuHa CeBepa» / Pearl y pA3sb (Tuapokap 4

of the North Sanatorium and " YxTa /Thg Republic of HelTpasbHas) /Thgrapeutlc- mud (hydrocarbonate
. Komi, Ukhta magnesium-calcium neutral)
Preventive Care Center
CaHatopuii-npogunakTopuit Pecny6nuka Komu, Jleue6Has rpasb (unosas cynbdraHas cpefHecynbouaHas,
«lWaxTep» / Shakhter . . . . .
. . r. Yx1a / The Republic of cnabouwenouxasn) / Therapeutic mud (silt sulphide, medium
Sanatorium and Preventive . . . .
Komi, Ukhta sulphide, slightly alkaline)
Care Center
MwuHepanbHas Boaa (cynbdaTHO-xnopraHas (xnopuaHas)
CaHaTopuii-npodunakropun Pecny6nuka Komu, HaTpueBas, nofgHas, OpoMHas HenTpanbHas)
JINO AO «CJINK» / SLPK r. CoikTbiBKap / The Jleue6Has rpasb (cynbdupaHo-nnosas, cnabocynbdrgHas) /
Sanatorium and Preventive Republic of Komi, Mineral water (sulfate-chloride (chloride) sodium, iodine,
Care Center, JSC Syktyvkar bromine neutral)
Therapeutic mud (sulfide-silt, low-sulfide)
CaHaTopHoOe geTckoe
otaeneve M6Y3 PK «PMTH» / Pecny6nuka Komu, MwuHepanbHasa Boga (xnopugHo rmnpOKap60HaTHvaﬂ
. , r. CoikTbiBKap / The HaTpueBas 6e3 cneundryecknx KOMNOHEHTOB U CBONCTB) /
RPTD Children’s department . . . . . .
. N Republic of Komi, Mineral water (sodium chloride-hydrocarbonate without
of sanatorium of the Republic Syktyvkar specific components and properties)
of Karelia Yy P P prop
CaHaTopui-npodunakropuin
®depepanbHoro
rOCYRAPCTBEHHOTO Pecny6nuka Komu, MuHepanbHas Boaa (XnopugHo-rmapokKapboHaTHas
yupexgeHus BbiCLUEro .
r. ColkTbIBKap / The HaTpueBas 6e3 cneundryecknx KOMNOHEHTOB U CBONCTB) /
o6pasoBaHua «Cr'Y nmennm . . . A : .
Republic of Komi, Mineral water (sodium chloride-hydrocarbonate without
Mutnpuma CopokunHa» / - .
Syktyvkar specific components and properties)

Sanatorium and Preventive
Care Center of Pitirim Sorokin
Syktyvkar State University

ApxaHrenbckasa 06nacTb,  MuHepanbHasa Boga (CynbdaTHO-XTOpUAHAA HaTpreBas,

FAY3 AO «CaHaTopuii KoTnacckuin paiioH, cnabollenoyHas)
r. ConbBblyeroack / JNeyebHasn rpasb (cynbdaTHaa KanbLmeBo-HaTpueBas
«ConbBblueropck» / . . . . .
Solvychegodsk Sanatorium Arkhangelsk region, HelTpanbHasna) / Mineral water (sodium sulfate-chloride,
Kotlassky District, slightly alkaline)
Solvychegodsk Therapeutic mud (neutral calcium-sodium sulfate)
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lpodomxeHue mabnuyel 2 / Table 2 Continued

MecTo pacnonoxxeHus /
Location

MpupopaHble neyebHble pecypcbl /

HanmeHoBaHue / Name .
/ Natural therapeutic resources

MwuHepanbHas Boga (cynbdaTHO-xnopugHasa HaTprieBas
cnaboulenoyHas)

Jleue6Has rpa3sb (MPecHOBOAHbIN 6eccynbduaHbI
cpeaHesonbHbI Topd) / Mineral water (sodium sulfate-
chloride weakly alkaline)

Therapeutic mud (freshwater sulfide-free medium-ash peat)

Jleue6HO-NpodUMNaKTNYECcKoe
yupexpaeHue «CaHaTopuii
«ConoHuxa» / Solonikha
Sanatorium Medical and
Preventive Institution

ApxaHrenibckas 0651acTb,
KpacHob6opcKuin panoH /
Arkhangelsk region,
Krasnoborsk district

Jleye6HbI KNUMAT (YMEePEHHO KOHTUHEHTaNbHbIN, PaBHUHHBbIN)
JleyebHas rpsasb (HU3KOMUHepPaNM3oBaHHas, clabo-
cynbduaHas, BbICOKO30sbHas FIMHMUCTas canporesnesas)
MuiHepanbHas Bofa (CynbdaTHas XnopuaHO-KanbLMeBo-
HaTpueBasi, cnaboulenoyuHasn) / Therapeutic climate
(moderate continental, flat)

Therapeutic mud (low-mineralized, low-sulphide, high-ash
clayey sapropelic)

Mineral water (sulphate chloride-calcium-sodium, slightly
alkaline)

ApxaHrefibckas 06/1acTb,
r. ApxaHrenbck /
Arkhangelsk region,
Arkhangelsk

000 «benomopbe 2021» /
Belomorye 2021, LLC

F'bY3 AO «CaHaTopuin

nmenun M.H. ®aBopckoin» /
M.N. Favorskaya Sanatorium,
Joint Stock Company (JSC)

ApxaHrenbckas obnacTb,
r. KpacHob6opck /
Arkhangelsk region,
Krasnoborsk

MuHepanbHas Boga (cynbdaTHas xnopuaHasa HaTprieBas)
JleyebHbIi KnmaT (yMepeHHO KOHTUHEHTaNbHbI, lecHas
30Ha) / Mineral water (sodium sulphate chloride)
Healing climate (temperate continental, forest zone)

CaHaTtopuit-npodunakropuii  ApxaHrenbcka obnacTb,
«KemuyxuHa CeBepa» / Pearl r. HoBoaBuHcK /

of the North Sanatorium and Arkhangelsk region,
Preventive Care Center Novodvinsk

MuHepanbHas Boaa (xnopuaHo-cynbdaTHan KanbLyeBo-
HaTpueBas cnabouenouHas) / Mineral water (chloride-
sulphate calcium-sodium weakly alkaline)

MypmaHckasa obnacTb,
n.r.m. Mypmatum /
Murmansk region,
Murmashi town
settlement

000 «CaHaTopui
«Jlannangusa» / Lapland
Sanatorium, LLC

MwuHepanbHas Bofa (xnopuaHaa HaTpreBas nogobpomHasn) /
Mineral water (sodium chloride iodine-bromine)

000 «CaHaTopuit-
npodunakropui
«KoBgopckuii» / Kovdorsky
Sanatorium and Preventive
Care Center, LLC

MypmaHcKkasa obnacTb,
r. Kosgop / Murmansk
region, Kovdor

JleuebHas rpsasb (canponenesas) /
Therapeutic mud (sapropel)

000 «CaHaTOpHO-
03[0pPOBUTENbHbI KOMMEKC
«TupBac» / Tirvas Health
Resort Complex, LLC

JleuebHas rpsasb (canponenesas NpecHOBOAHAsA
6eccynbdurpaHas) / Therapeutic mud (sapropelic freshwater
sulphide-free)

MypmaHckasa obnacTb,
r. Kuposck / Murmansk
Region, Kirovsk

MwuHepanbHas Boaa (ManoMrHepann3oBaHHasA XJopraHas
HaTpueBas)

JleyebHasn rpasb (npecHoBofHasA cnabocynboraHan
BbICOKO30J1bHaA canponenesas) / Mineral water (low-
mineralized sodium chloride)

Therapeutic mud (freshwater low-sulfide high-ash sapropel)

MypmaHckasa obnacTb,
r. Anatutbl / Murmansk
region, Apatity

000 CIrK «soBena» / SGK
Izovela, LLC

MwuHepanbHasa Boaa (ManoMrHepann3oBaHHasa XopraHas
HaTpueBas)
Jleue6Han rpasb (NpecHoBofHasA beccynbdpuHan

CaHaTtopuit-npodpunakropuii canponenesas)

«Konbckuin» 000 Mypmaticka obnacte,

«Konabbit» / Kolsky

Sanatorium and Preventive

Care Center, LLC

r. MoHueropck /
Murmansk Region,
Monchegorsk

Jleue6HbIN KNMAT (YMepPEHHO KOHTMHEHTANbHBbIN,
HN3KOrOpHble palioHbl, lecHas 30Ha) / Mineral water (low-
mineralized sodium chloride)

Therapeutic mud (freshwater sulphide-free sapropel)
Therapeutic climate (temperate continental, low-mountain
regions, forest zone).
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OkoHyaHue mabnuywl 2/ Table 2 End

MecTo pacnonoxeHus /

HanmeHoBaHue / Name .
Location

MpupogHble neuebHble pecypcbl /
Natural therapeutic resources

CaHaTopuii-npodunakropuin
«OnkoH» AO «OneHeropckuii
ropHo-o6oraTTenbHbIN
Kom6uHat» / Olkon
Sanatorium and Preventive
Care Center of Olenegorsk
Mining and Processing
Plant, JSC

MypmaHckasa obnacTb,
r. OneHeropck /
Murmansk Region,
Olenegorsk

HeTt cobcTBeHHOro NnpupogHoro neuebHoro pecypca /
There is no own natural healing resource

CaHaTopuin-npopunakropun
¢ununan Konbckoi

aTOMHOW 3NeKTPpoCcTaHL N
¢unnana AO «KoHuepH
PocaHeproatom» /
Sanatorium and Preventive
Care of Olenegorsk Mining
and Processing Plant branch
of Kola Nuclear Power Plant
branch of Rosenergoatom
Concern, JSC

MypmaHckasn obnacTb,
r. NonAapHbie 3opwu /
Murmansk region,
Polyarnye Zori

Jleye6Has rpa3sb (HU3KOMUHepPan30BaHHas
cnabocynbdpugHasn unosas) / Therapeutic mud (low-
mineralized, weakly sulphide silt)

lMepcnekmuebi pazeumus omoesbHbIX
Knumamud4eckux 30H Apkmuku u Cy6apkmuku

Knumat apktuueckowm n cybapktmnyeckon 3oH PO B oT-
[eNbHbIX KOHTUHEHTaNbHbIX pernoHax 6naronpuaTeH ana
MauMeHToB C OONEe3HAMU CUCTEMbl KPOBOOOpALLEHMS,
npu 3TOM HEMOCPeACTBEHHO fleYeHre BO3MOXHO B OTHO-
CUTENbHO KOPOTKMI NIETHU Nepuoa N ACHble MOPO3Hble
AHV Npu TemnepaType Bo3gyxa Bbiwe —10 °C. [JaHHbIN
BWA NeYeHns, Kak 1 UCNoNb3oBaHe NPUPOSHbIX Neyeb-
HbIX pecypcoB, Hanbonee BOCTpebOBaH CpeAn MecTHOro
HaceneHUsA B BMAY €ro HU3KOWM ce6ecTonMMocT 1 cpean
NMaLMeHTOB C XPOHMYECKMMMK 3aboneBaHMAMU, a TakkKe
cpeav nuu, obnagarLmx HU3KUMIU aganTaLMOHHbIMU BO3-
MOXHOCTAMM, Y KOTOPbIX CMEHa KirMmMaTta pervoHa nocro-
AHHOrO NPOXMBaHMA Ha 6onee Tensbl OKa3biBaeT Hebna-
ronpuATHOE BAUAHME Ha opraHusm [41, 42]. Kpome Toro,
COrnacHO AaHHbIM PAAY aBTOPOB, CAHAaTOPHO-KYPOPTHOE
neyeHne no3BoONAET CHU3UTb HeraTMBHOE BAVAHMWE reo-
KnumaTtmyecknx GpakTopoB Kak Ha OpraHvW3m KOpPeHHOro
HaceneHunsA, Tak 1 Ha OpraHnU3m NPULLIOro HaceneHuaA: pa-
60unx, paboTaloLMxX BaXTOBbIM METOLOM Ha NPOMbILLJIEH-
HblX, HedTegobbIBalOWMX M NpoUmnx npeanpuatTnax[15,17,
31,37, 38].

B apkTnueckon n cybapktnueckom 3oHax PO npoxu-
BaeT HECKOJIbKO MUINNOHOB YeNoBeK, YNCIIEHHOCTb KOTO-
pbix B 6nuKaliliee Bpems B CBA3M C OCBOEHMEM Npupoa-

HbIX pecypcoB 1 CeBEpHOro MOPCKOro Nyt 6yaeT ToNbKo
YBENNUYMBATLCA U KOTOPbIE B CUITY cieundryeckmx Knmma-
Toreodusmyecknx GakTopoB UCMbITbIBAOT OFPOMHYIO Ha-
rpy3Ky Ha ajanTalUOHHble CUCTEMbl OpraH3ma 1 TpygAT-
CA B TAXKEJIbIX SKCTPeMasibHbIX ycnoBusx. MNpeactaBnaercs
NnepcnekTUBHbIM UCMNONb30BaHME MPUPOAHBIX NeYebHbIX
pecypcoB, A0ObIBAOWNUXCA B MPUMONAPHbLIX pPalioHax,
N MOWCK HOBbIX JleuebHO-0340POBUTENBHBIX MECTHOCTEN,
MoTeHUMaNbHO MPUrOAHbIX AAsA A06bIUM NPUPOAHBIX Jie-
yebHbIX PeCYPCOB C Liefiblo UX JaNbHEeNLWero NcnoJsib3oBa-
HUS ANA 3[0POBbeCcOepeKeHs KOPEHHOIO U NPULLIOro
HaceneHus PO [43].

3AKJTIOMEHUE

OTaenbHble pervioHbl, PacrnosioXKeHHble B apKTUYECKOW
N cybapKTUYeCcKom KnmmaTuueckmx 3oHax PO, obnapatot
NPUPOAHLIMX NleYyebHbIMU  pecypcaMu, MCMosib3oBaHMe
KOTOpPbIX B NEPCreKTBe NO3BOSIUT YAOBNETBOPUTL CyLle-
CTBYIOLLYIO BbICOKYIO MOTPEOHOCTb B 0340POBNEHNM TPaXK-
[aH nocsie nepeHeceHHbIX 3aboneBaHNii, a Takxe Npodu-
NaKTVKe HebnaronpuATHOro Bo3aencTemA GakTopoB cpe-
Abl 06UTaHMA (PU3NYECKUX, XUMUYECKNX, BNONOTNYECKNX,
coumanbHbIX) Y HaceneHus, NpoXurBatoLLero 1 paboTatolue-
ro B C/IOXKHbIX KnumaToreorpaduyeckmx yCrnoBuax apKTu-
yeckol 30Hbl Poccunckon Oepepaunu, BKtoYaa Manoyumc-
NeHHble KopeHHble Hapoabl CeBepa.

AOMNONHUTENIbHAA UHOOPMALUA

Uropb MeTpoBuy 5o6pOBHULIKMIA, JOKTOP MeANLMHCKMX Ha-
YK, Npodeccop, uneH-koppecnoHaeHT Poccrinckor akagemnm
HayK, 3aMecTuTeNlb HauanbHuka Ounuana N2 2 o Hay4How
paboTe, HauMoHaNbHbI MeAVLNHCKII NCCTIefoBaTeNbCKUIA
LIeHTP BbICOKUX MEAULIMHCKMX TexHonoruin um. A.A. BuwHes-
ckoro MrHO60pOHbI Poccum; rnaBHbI HayuHbI COTPYAHMK
nabopatopnm GU3NKO-XMMUYECKON N IKONTOTMUECKON naTo-
dusronorun, HayuHo-nccnenoBaTenbCkuini UHCTUTYT O6LLen
naToniorMm 1 natoeusmonoruy; YieH otaeneHns «MegnuymnH-
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CKMe HayKmn», uneH cekumm «Mpodunaktnyeckas meguumHay,
NHCTUTYT Meanko-6ronoruyeckux npobnem Poccuiickon
aKagemuu Hayk.

ORCID: https://orcid.org/0000-0002-1805-4010

Cepreii HukonaeBny HaropHeB, JOKTOP MeAVLMHCKKX HayK,
npodeccop, npodeccop Kapeapbl GrsnUeckon 1 peabunuta-
LIVIOHHOW MeULIMHBI C KYPCOM KJIMHUYECKO NCUXON0TUK 1 ne-
farorviku, LieHTpanbHasa rocyaapcTBeHHas MeanUMHCKan akage-
MuAa YnpasneHus genamu MpesngeHta Poccuiickon Oepepavumn.
ORCID: https://orcid.org/0000-0002-1190-1440
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AHppen AHatonbeBuY Map¢$pEHOB, KaHANLAT TEXHUYECKNX
HayK, HauyanbHWK OTAeNa pa3paboTKn NPOeKTOB OKPYroB Ca-
HUTAPHOW (FrOPHO-CaHUTAPHOWM) OXpaHbl, HaunoHanbHbIA Me-
OVILNHCKNIA NCCNefoBaTENbCKUI LEHTP peabunutaumm n Ky-
popTtonorun MunHsgpasa Poccun.

ORCID: https://orcid.org/0000-0002-5761-1780

MpyweuknHa pnHa AnekcaHAPOBHA, KaHAMAAT MeaNLNH-
CKMX HayK, CTapLniA HayuYHbI COTPYAHMK OTheNa usydyeHus
MexaHM3MOB AencTeus pusmnyecknx daktopos, HaumoHanb-
HbII MEAVLMHCKNIA UCCNefoBaTeNIbCKUIN LEeHTP peabunutauum
n KypopTonorum MuHsgpasa Poccun.

E-mail: grishechkinaia@nmicrk.ru;
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fikoBneB Makcum OpbeBuY, JOKTOP MEAULMHCKUX HaYK,
3aMecTuTeNb AUPEKTOpa MO CTpaTerMyeckomy pasBuTuio Me-
OVUMHCKON AeATenbHOCTU, HaunoHanbHbIA MegUUNHCKNIA
nccnenoBaTeNlbCKUM LEHTP peabunutaunm n KypopTonorum
MwuH3npaBa Poccum, npodeccop kKadeapbl obuien rurve-
Hbl, MepBbIi MOCKOBCKNI rocyAapCTBEHHbI MeAULUNHCKAI
yHuepcutet nmenun N.M. CeueHoBa (CeueHOBCKUIN yHNBEpP-
cuTer).

ORCID: https://orcid.org/0000-0002-5260-8304
MapueHKkoBa Jlapuca AnekcaHgpoBHa, OKTOP MeaNLUH-
CKUX HayK, PYKOBOAUTESb HayYHO-UCC/IEA0BATENIbCKOIO YrpaB-
NeHus, 3aBefyoWwunii OTAeIOM COMaTUYecKon peabunutauymm,
penpoayKTUBHOFO 340POBbSA 1 akTUBHOIO AONTONETUA, MPO-
deccop Kadenpbl BOCCTAaHOBUTENBHON MeAuLMHbI, dunve-
CKOW Tepanuu 1 MeQuUMHCKON peabunmtaumm, HaumoHanb-
HbII MEAVLMHCKNIA UCCNefoBaTeNIbCKUIN LEeHTP peabunutauum
n KypopTonorum MuHsgpasa Poccun.

ORCID: https://orcid.org/0000-0003-1886-124X

Anppein UBaHoBuY MonoB, KaHANAAT MeAULNHCKUX HayK,
Bpay-pednekcotepanesT, HauMoHanbHbIi MeQULMHCKNIA 1C-
cnefoBaTeNbCKUA LLEeHTP peabunutaunum n KypopTonorum
MwH3gpasa Poccun.
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WpuHa BnagumupoBHa CemeHOBa, HayYHbIl cOTpyA-
HUK oThena M3yyeHns MexaHn3MoB JeNcTBUA GU3nyeckmx
dakTopoB, HaumoHanbHbIi MeAULNHCKUIA UCCefoBaTeNb-
CKUI LeHTp peabunutaumm n KypopTonorum MuH3gpasa
Poccun.
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ExkatepuHa AnekceeBHa lN'ypbeBcKas, HayuHblll COTPYA-
HUK oThena M3yyeHnsa MexaHn3MoB JeNcTBUA GU3nyeckmx
dakTopoB, HaumoHanbHbIi MeAULNHCKUIA UCCefoBaTeNb-
CKUI LeHTp peabunutaumm n Kypoptonorum MuH3gpasa
Poccun.
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Onbra HukonaeBHa lopenukoBa, HayuHbIli COTPYAHUK OTAeNa
N3y4yeHna MeXaHM3MOB AencTemA ¢usmyecknx paktopos, Ha-
LMOHaNbHbIN MeAULMHCKUA NCCNefoBaTENbCKUA LEHTP pea-
6unutauumn n Kypoptonorun Munsgpasa Poccun.
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3y6apeBa Hatanua HukonaeBHa, JOKTOP SKOHOMUYECKMX
HayK, [OLEeHT, anpeKkTop, HauroHanbHbI MeANLMHCKAA 1C-
cnepfoBaTenbCKUA LeHTP peabunutaumm n KypopTonorum
MwuH3gpaBa Poccun.

ORCID: https://orcid.org/0000-0002-4872-3377

Bknapg aBTOpOB. ABTOPbI J@HHOIO NCCNef0BaHNA MOATBEPX-
[aloT COOTBETCTBUE CBOErO aBTOPCTBA COMIAaCHO MeXAYHapPOA-
HbiM KpuTepuam ICMJE (Bce aBTOpbl BHEC/IN CYLLECTBEHHbIN
BKNaf B pa3paboTKy KOHLEeNLMK, MpoBefeHne UCCieoBaHNA
N NOArOTOBKY CTaTbW, NPOUnv 1 ogobpunn prHanbHyo Bep-
cuto nepep nybnukaymen). Hanbonblumnin BKNag pacnpeaenex
cnegyowmm obpasom: bobposHuLKuin .M. — HayyHoe 060-
CHOBaHVe, MeTOONOMUA, NPOBepPKa N pefakTMPOBaHNE PYKO-
nucy; HaropHes C.H. — KypupoBaHue npoeKkTa, pykOBOACTBO
npoektom; MNappéHos A.A. — obecneueHrie maTepuanos ans
nccnepoBaHus; MNpuweukmHa V.A. — HanncaHre YepHOBMKa py-
konucy; Aikosnes M.FO. — aHanm3 gaHHbIX, HayYHOe 060CHOBA-
Hue, drHaHCMpPOBaHMe NpoekTa; MapueHkoBsa J1.A. — nposep-
Ka 1 pepakTpoBaHue pykonucy; Monos A.U. — Beprdukauuma
OaHHbIx; CemeHoBa V.B. — npoBefeHue nccnegoBaHus, Kypa-
uma paHHbix; NypbeBckas E.A. — Bru3yanusaumsa, nporpammHoe
obecneueHue; lopenunkosa O.H. — aHanu3 gaHHbIX, NpoBee-
Hue nccneposaHua, 3ybapesa H.H. — HayyHoe 060CcHOBaHwMe,
PYKOBOACTBO MPOEKTOM.

UcTouHnkn ¢uHaHcupoBaHuA. [laHHOe nccnefoBaHne
He 6bINO NoaAepPX aHO HUKAKMMUN BHELWHMMMN UCTOYHMKaMM
duHaHcMpoBaHus.

KoHnuKT nHtepecoB. ABTOpbI cTaTbl: BobpoBHULKIMI WM. —
3amecTuTenb HavanbHUKa @unuana N2 2 no HayyHon paboTe
OrbY «HaunoHanbHbIN MeAULNHCKUI NCCeaoBaTebCKUn
LeHTP BbICOKUX MEAULMNHCKNX TexHonorun um. A.A. BuwHes-
ckoro» MuHo6opoHbl Poccun, MapdpéHor A.A. — HavanbHUK
oTaena pa3paboTKy NMPOEeKTOB OKPYroB CaHUTapHOW (ropHO-
caHuTapHom) oxpaHbl OIBY «HaunmoHanbHbIN MeagUUUHCKUI
nccnefoBaTesibCKUM LEHTP peabunmtaumm n KypopTonormms»
Mwun3gpaBa Poccun, MapueHkoBa J1.A. — pykoBoguTenb Ha-
yUYHO-nccnegoBaTenbckoro ynpasnenma OIBY «HauunoHanb-
HbI MeAULNHCKUA NCCNefoBaTeNbCKUA LEHTP peabunuta-
umm 1 Kypoptonorun» MmnnHsgpasa Poccun, npepcenatens
peaakuMOHHOMO coBeTa XKypHana «BeCTHVK BOCCTaHOBUTENb-
HOM MeauumHbl», AkoBnes M.IO. — 3amecTutennb gupekTopa
no cTpaTernyeckomy pasBUTUI0 MeANLMHCKOW [eATENbHOCTA
®OreY «HMUL, peabunutauumn n kypoptonorum» MuHsgpasa
Poccnn, uneH pegakuMOHHOWN Konnernmn xypHana «BectHuk
BOCCTaHOBUTENIbHON MeAnLMHbI», 3ybapesa H.H. — gupekTtop
®reY «HMUL, peabunutauumn n kypoptonorum» MuHsgpasa
Poccuu, rnaBHbIN pepakTop XypHana «BeCcTHMK BOCCTaHOBM-
TenbHON MepuUnHbl». OCTanbHble aBTOPbl 3aABNAIOT OTCYT-
CTBME KOHONMKTA NHTEPECOoB.

[docTyn K gaHHbIM. [laHHble, NOATBEpPXKAatOLWMNE BbIBOAbI
3TOro MccnefoBaHUs, MOXHO MONYYUTb MO 0OB6OCHOBaHHOMY
3anpocy y KoppecrnoHAupytoLero aBTopa.
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lepuatpuyeckas peaébunutaums y NnaumMeHTOB C COXAPHbIM AUMAG6EeTOM
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PE3IOME

BBEJEHUE. OyHKUMOHaNbHasA akTUBHOCTb Y HE3aBUCMMOCTb MOXWbIX Nofel C caxapHbiM gnabetom 2-ro tvna (CA2) 3aBUCUT He
TONbKO OT KOHTPOJA MUKEMUN, HO 1 OT BbIPAXXEHHOCTN repraTpryecKrx CUHAPOMOB. HacToswmin cybaHanvs npoBefeH s N3yyeHus
0Cob6eHHOCTEN BANAHNA UHAVBMAYANbHbIX NPOrpaMm repraTtpryeckon peabunutauyum (MP) Ha GyHKUMOHANbHBIN CTaTyC y NaLMeHToB
c C12 v ctapueckown acteHuen (CA).

LIEJIb. OueHKa BNVAHWA repraTpruyeckon peabnnutaumm Ha ypoBeHb GYHKLMOHANbHOWM aKTUBHOCTY Y NaumneHToB ¢ C12 n cuHapo-
mom CA.

MATEPUAJIbl U METO/bI. Cy6aHann3 gaHHbIX MHOTOLIEHTPOBOIO NpocnekTnBHoro nccnegosaHus NMOCTCKPUMTYM gns oueHku 3¢-
bEKTUBHOCTY MHAMBUAYANbHBIX 21-AHEBHbIX MPOrpamm repraTpruyeckon peabunutaumm cpeam naureHToB 60 feT 1 CTaplue ¢ CUHAPO-
mom CA. B cybaHanus BknoueHo 475 naumeHToB B AByx rpynnax: 91 nauyueHt ¢ CA2 (rpynna «CA2+») n 384 nauyueHta 6e3 C[ (rpynna
«C[12-»). Ha B13uTe 1 BbiNnONHEHa KOMMJIEKCHasA repratpuyeckas oueHka (KI0), coctaBneHa nHansuayanbHaa nporpamma P gnutennb-
HOCTbIo 21 feHb. Bu3nT 2 npoBogunu nocne 3aBeplueHus P gna oueHkr 3bdeKTMBHOCTU Kypca.

PE3YJIbTATbI U OBCYXKAEHUE. YacToTa BbIABNEHNSA repraTpnyecKmnx CUHAPOMOB U pacnpefeneHye no BbipaXeHHOCTn cnHgpoma CA
6b111 conocTaBuMbl B rpynnax «CA2+» n «C12-». Ctapueckasn acTeHus BbisiBnieHa y 38 % B rpynne «C2+» 1 34 % B rpynne «CA2—». Me-
IvaHa Bo3pacTa B rpynnax «CA2+» n «CA2-» 6bina 76 [71; 81,5] vs 80 [73; 84] net, p = 0,001. Mocne npoBeaeHns 3-HeAeNbHOM Nporpam-
mbl TP B rpynne «C[12+» oTMeueHo ynyJlleHne pe3ysbTaToB KpaTKol 6atapen TectoB ¢pusmyeckoro dyHKLUMOHMpoBaHUs (p < 0,001),
nosbllweHve cpenHero 6anna MoCA (MoHpeanbcKas WKana oLeHKN KOrHUTUBHbIX GyHKUMI) Ha 2,06 + 0,38 (p < 0,001), CHVXKEHWE WH-
TEHCVMBHOCTU 60NEBOro CMHAPOMA NPV CAMOOLIEHKE MO BU3yasibHO-aHAIOroBOW LWKaJsie 3a nocsefHio Hegento (p < 0,001), cHUKeHne
MNHAeKCa TAaXeCTn nHcomHmm (p = 0,03) n ynyuleHne pesynbrata no wkane MNA (kpaTkas WwKana oueHkn nutaHmsa) (p = 0,006). B noa-
rpynrne naurMeHToB C NpeacTeHrel JOMOMHUTENbHO 3aperncTprpoBaHoO ynyylleHre 6a30B0O NOBCEAHEBHONW aKTMBHOCTH, CTaTyca nu-
TaHWA N CHUXKEHME NHAEKCA TAXKECTN UHCOMHUN.

3AKJTIOYEHUE. B nccneposarHmmn NOCTCKPUMTYM npogemMoHCcTpupoBaHa 3GpdEKTUBHOCTb KPAaTKOCPOUHbIX MHAMBUAYaNbHbIX NPO-
rpamm 'P, ocHoBaHHbIX Ha pe3ynbratax KIO, y nayueHtos ¢ C12 n cuHgpomom CA B OTHOLLEHUN ynyylLeHUs GU3nMUeCcKoro 1 KOrHUTuB-
HOTO CTaTyCa, BbIPpaXXeHHOCTN 60NEBOro CMHAPOMA, a B MOArPyNIe NaLMeHTOB C NpeacTeHneln 3aperncTprpoBaHo ynyudlleHe 6a3oBon
NoBCeAHEBHOW aKTMBHOCTH, CTaTyca NUTAHNA N CHXKEHNE NHAEKCA TAXKECTU MHCOMHMMN.

PETMCTPALUA: VpenTudukatop Clinicaltrials.gov Ne NCT05740436, 3apercTpupoBaHo 23.02.2023.

KJTHOYEBDIE CJIOBA: caxapHbiit gura6et 2-ro Tvina, CTapueckas acTeHus, KOMMIEKCHas repuaTpuyeckan oLeHKa, repuarpuye-
cKas peabunutauusa
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Geriatric Rehabilitation with Diabetes Mellitus and Frailty:
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ABSTRACT

INTRODUCTION. Functional activity and independence of elderly people with type 2 diabetes mellitus (DM2) depend not only on the
glycaemic control, but also on the severity of geriatric syndromes. This subanalysis was conducted to study the peculiarities of the effect
of individual geriatric rehabilitation (GR) programs on functional status in patients with type 2 DM2 and frailty.

AIM. Evaluation of the effect of geriatric rehabilitation on the level of functional activity in patients with DM2 and frailty.

MATERIALS AND METHODS. A subanalysis of data from POSTSCRIPTUM, a multicentre, prospective study, was conducted to
evaluate the effectiveness of 21-day geriatric rehabilitation programmes for patients aged 60 years and over with senile asthenia
syndrome. The subanalysis included 475 patients, who were divided into two groups: 91 patients with type 2 diabetes mellitus
(DM2+ group) and 384 patients without DM (DM2- group). On visit 1, a comprehensive geriatric assessment (CGA) was performed,
and a personalized 21-day GR program was developed. Visit 2 took place after the completion of GR to evaluate the effectiveness
of the course.

RESULTS AND DISCUSSION. The frequency of diagnosing geriatric syndromes (GS) and the distribution of frailty severity were
comparable in the DM2+ and DM2- groups. Frailty was found in 38 % in the DM2+ group and 34 % in the DM2- group. Median age in
the DM2+ and DM2- groups was 76 [71; 81.5] vs 80 [73; 84] years, p = 0.001. After the 3-week GR program, the DM2+ group showed an
improvement in a brief battery of physical functioning tests (p < 0.001), an increase in the mean MoCA (Montreal Cognitive Assessment)
score of 2.06 + 0.38 (p < 0.001), a decrease in pain intensity in self-assessments according to the visual analog scale in the last week
(p < 0.001), decreased insomnia severity index p = 0.03), and improved MNA (Mini Nutritional Assessment) score (p = 0.006). The
subgroup of patients with preasthenia gravis additionally demonstrated improvements in baseline activities of daily living, nutritional
status, and a decrease in the insomnia severity index.

CONCLUSION. The POSTSCRIPTUM study demonstrated the effectiveness of short-term individualized GR programs based on CGA
results in patients with DM2 and frailty in improving physical and cognitive status; pain severity; while the subgroup of patients with
preasthenia gravis showed improvement in baseline activities of daily living, nutritional status, and a decrease in the insomnia severity
index.

REGISTRATION: Clinicaltrials.gov identifier No. NCT05740436, registered 23.02.2023.

KEYWORDS: diabetes mellitus type 2, frailty, comprehensive geriatric assessment, geriatric rehabilitation
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BBEOEHUE

CaxapHbli gruabet 2-ro tuna (C[2) ABnAeTca ogHUM U3
CaMblX pacnpoCcTpaHeHHbIX BO3PacT-acCoLMMPOBAHHbIX 3a-
6onieBaHNIM, 1 NMOYTK NMONOBMHA Bcex naumeHTos ¢ C12 —
3TO NnoAan B Bo3pacTe cTaplue 60-65 net [1], npu 3ToM no
pa3HbIM AaHHbIM OT 10 % fo 26 % nuy 65 net n ctapwe
ctpagatot CA2 [2, 3]. CornacHo AaHHbIM EBponerickoro
obuectsa repuatpos (European geriatric medicine society,
EuGMS) n EBponerickoi paboyeii rpynmnbl no AnabeTy y no-
xunbix (European diabetes working party for older people,
EDWPOP), npumepHO NonoBrHa NaLeHTOB, MNOMyYaloLwmx
caxapoCHWXKalowue npenapartbl, cTapwe 65 net [3]. Oxu-
JaeTtca, 4To M3-3a crMpAvYero obpasa KM3HW, COBPEMEH-

ARTICLES

HbIX MULLEBbIX MPVBbIYEK 1 POCTa KONMYECTBa NaLMeHTOB
C oXupeHvem gona nauymeHTtos ¢ C[12 6yneT TonbKo pactu
1 K 2045 r. coctaBuT 13 % HaceneHus nnaHeTbl [4]. MNayun-
eHTbl ¢ C[12 uMeloT BbICOKMI PUCK CHUXKEHUA GYHKLMO-
HaNIbHOW aKTMBHOCTM, HE3aBUCMMOCTM 1 KauecTBa XM3HU,
MOBbILIEHHBIN PUCK CMePTHOCTK. [unepravkemnsa Ha GoHe
HeOCTaTOYHO  KOHTPOJSIMPYEMON  VNHCYNIMHOPE3NCTEHT-
HOCTW, aCCOUMMPOBAHHOM C MOBbIWEHHON aKTUBHOCTbIO
BOCMaNMTENbHbIX LUTOKUHOB, CNOCOOCTBYET MPOrpeccupo-
BaHMI0 ocnoxHeHun Cll, uto ycyrybnsaer npoiecchl ctape-
HWA, NPUBOAMUT K Pa3BUTUIO 1 3aKpenyieHnto repuatpuye-
CKUX cmHapomoB. Hannune C[1 4ONONHUTENbHO MOBbILAET
PUCK pa3BUTUA CTapUeCkoln acTeHUN — COCTOAHNA, acCo-
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LMNPOBAHHOIO CO CHUXEHEM MOOUIIbHOCTY, MOBbIWEHN-  CTaTbe NpefCcTaBfieH aHann3 3gpdeKTMBHOCTM KpaTKOCPOU-

€M YacTOoTbl FOCNUTanM3aLUnii U CMePTHOCTK, @ TaKKe NoTe-  HbIX MHAMBUAYaNbHbIX MPOrpaMm repuatTpuyeckorn peabu-

pen He3aBUCUMOCTY naumneHTos [5]. nuTauun (TP), OCHOBaHHbIX Ha pe3yfibTaTax KOMMAEKCHOM
Mo faHHbIM cMCTeMaTUYeCKOro 0630pa U MeTaaHanmsa, repuatpudeckor oueHkun (KMO), ¢ Toukn 3peHus ynyyuie-

y noxunbix nogen ¢ C[l HabnopeTca 3HaumTenbHaA pac-  HUA GYHKUMOHANbHOMO U KOTHUTMBHOIO CTaTyca nauuveH-

NPOCTPAaHEHHOCTb OOMbLUMHCTBA repuaTpuyecknx cuH-  ToB ¢ C[12, no gaHHbIM nccnegosaHusa MOCTCKPUMTYM.

LPOMOB: KOTHUTUBHbIE HapyLleHUs, Aenpeccus, NageHus,

dYHKUMOHaNbHble HapyleHns, Hegep»kaHne mouu, nonu-  LEJb

nparmasua n ctapyeckasa acteHua (CA) [6]. CornacHo paH- OueHka BnuAHUA P Ha ypoBeHb GyHKUMOHANbHOW aK-

HbIM MeTaaHanm3a 26 uccnefoBaHui, gmabeT bonee yem TUBHOCTU Y naymeHToB ¢ C12 n cuHgpomom CA.

B 1,5 pa3a noBbllaeT pUCK HapyLUEHNA MOBUIBHOCTA U 3a-

BUCKMMOCTW KaK Mo OLeHKam akTUBHOCTU B noBcegHeBHo  MATEPWAJIbl U METOA4bI

MM3HU, TaK M MO OLEHKaM WHCTPYMEHTasIbHOW aKTVBHO- HactoAwmin cybaHann3 gaHHbIX, NOyUYEHHbIX B UCCIe-

ctu [7]. B meTaaHanuse, o6beauHmuBLIEM AaHHble 32 uccne-  pgoaHuy NMOCTCKPUMTYM, BbINosIHEH B paMKax rocyaap-

gosaHui 1 14 450 naumeHToB, pacnpocTpaHeHHOCTb CA  cTBeHHOro 3afjaHua «KomnnekcHble mporpaMmmbl peabunu-

1 npeacTeHnn cpean nauneHToB ¢ C[] coctaBndAet 20,1 %  Tauum nNaumeHToB B Bo3pacTe 60 neT u cTapLie ¢ MynbTu-

(95 % Cl = 16,0-24,2 %) n 49,1 % (95 % Cl = 45,1-53,1 %) mopbugHoI naTonornen n CUHAPOMOM CTapUYECKON acTe-

COOTBETCTBEHHO, a puck pa3sutua CA y nayneHTtoB ¢ C[12  Hum», perncTpaunoHHbin N2 7200000.99.1. BH62AB35000.

6bin B 1,6 pa3 Bbiwe, Yem y NauneHTos 6e3 Cl [8]. Mo apy- MNMoppobHoe onucaHne NPOTOKONA WCCNefOBaHUA
MM AaHHbIM, pacnpocTpaHeHHocTb CA y naumnenToB ¢ C[I  MOCTCKPUMTYM 1 pe3ynbTaTbl IPOMEXKYTOYHOrO aHan13a
cocTasnseT yxe oT 5-10 % o 32-48 % [9]. abdpekTnBHOCTU [P yepes 3 Hepenu BMelLaTeNbCTBa OMy-

B cBoto ouepenb CA yxyaluiaeT KOMNeHCaTOpHble BO3-  GnmKoBaHbl paHee [11, 12]. B HacToALen cTaTbe NpeacTas-
MOXHOCTW OpraHu3Ma, NoBbllLAeT PUCK Pa3BUTUA OCNOXK-  JIeHbl pe3ynbTaTbl cybaHanmsa faHHbIX.
HeHun CI n puck cmeptn. Kpome Toro, n Cl, n CA accoun-
MpoBaHbl C nonunparmasunen. B uccnegoBaHuax nokasaHo, YyacmHuku uccnedoeaHus
yTo 6oNee NONOBVHbI MOXWAbIX NaymeHToB ¢ CJ] perynap- B wuccnegosaHne TMOCTCKPUMTYM  cKpuHMpOBaHO
HO NpuHUMatoT 6onee 5 nekapcTBeHHbIX NpenapatoB [10]. 506 MaumMeHTOB, U3 KOTOPbIX 483 MaumeHTa BbIMOMAHWUIN
Takum o6pazom, CA n C[] B3aMMHO MOTEHUMPYIOT ApYr  npoueaypbl Bu3nTa 1. Tak Kak y 8 NauneHToB He Obino 1H-
Apyra, a noxusble naumneHTbl ¢ covetaHvem CA n C[l nog-  dopmauum 06 aHamHese Cl1, nx AaHHble ObUIM UCKITIOYEHDI
BEpralTCA 3HaUMTENbHOMY PWUCKY Pa3BUTUA U MpOrpec- M3 CTaTUCTUYECKOro aHanvsa. Takum obpa3om, B HacCTos-
CMPOBaHUA repraTpuyeckmx CMHAPOMOB, a TaKXe MOBbl- LM PETPOCMNEKTUBHbIN aHaNM3 fJaHHbIX BKAOYeHO 475 na-
LUEHHOMY PWCKY Pa3BUTUA OCNOXHEHU 1 cmepTu. [Tonuck  uneHToB, 13 KoTopbiX Y 91 (19 %) naumeHTa paHee 6bin
KOMMAEKCHbIX NogxofoB B nevyeHumn naumeHtoB ¢ C4 n CA  yctaHoBneH gnarHo3 CL2. Mpoueaypbl BM3MTa 2 3aBepLUn-
npeacTaBnaeTca KpariHe BakHOW 3afayeil. B HacToAwen  num 455 naumeHTos (puc. 1).

CkpuHupoBaHo / Screened

n =506
|
| |
CKpuHuHroBble Heygauu / Screening failures Busut 1/ Visit 1
n=23 n =483
|
| |
4
HeTt nHgpopmaumm o CA2 / BkntoyeHo B cy6-aHanns /
No data on DM2 history Included in sub-analysis
n=28 n =475
-
|
| |
4 N\
CcA2+ / DM2+ CcA2-/ DM2—
n=91 n =384
o J
|
| |
4 N\
Busut 2 / Visit 2 Busut 2 / Visit 2 Bbi6b1T* / Drup out*
n=91 n =364 n=20
S J

Puc. 1. Cxema BKJIOUEHUA NaLUEHTOB B NCCejOBaHNE
Fig. 1. Schematic of inclusion of patients in the study

MpumeyaHue: * — [JocpoyHoe 8bibbIBaHUE NO cemeliHbiIM 06cmosmesnibcmaam (n = 14), ocmpoe pecnupamopHoe 3abosesa-
Hue (n = 4), omkas nayueHma (n = 2).
Note: * — Early withdrawal for family reasons (n = 14), acute respiratory disease (n = 4), patient refusal (n = 2).

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2025 | 24(4)

lNMpoyedypel uccnedosanus

[lo Hauana npouepyp WCCNefoBaHUA BCE YYaCTHUKU
nognucanu ¢popmy MHGOPMMPOBAHHOIO COrnacua Ha yya-
CTve B NCCiefoBaHNN.

B coOTBETCTBMY C NPOTOKONOM UCCNeAOBaHNA BCEM MNa-
LMeHTam NpoBefeHbl CKPUHUHT MO ONPOCHUKY «Bo3pacT He
nomexa» 1 KlO, Bkntoyasa KpaTKyto 6aTapeto TeCToB ¢pusmye-
ckoro ¢yHKumnoHmposaHusa (KBTO®). Mpw BbinonHeHun KIO
OLleHeHbl Takme AoMeHbI, Kak dursnyeckoe 300poBbe (Ka-
nobbl N aHaMHe3, BKMIOYasA NeKapCTBEHHbIN, dusmyeckoe
nccnefoBaHvie N UCCNefoBaHKe Mo opraHam 1 cuctemam),
dyHKUMOHanbHbIA cTaTyc (dr3nyeckoe GyHKLMOHMPOBa-
HVe, PUCK MaeHnn, HCTPYMeHTanbHas 1 6azoBan GyHKLUU-
OHaNbHaa akTUBHOCTb), KOTHUTUBHblE QYHKLMW 1 SMOLIMO-
HanbHOe COCTOAHWE, COUMaANbHbIA CTaTyC U MOTPeb6HOCTb
B COLManbHOW MOMOLLW.

Mo pesynbratam KO, BbinOAHeHHOW Ha Bu3uTe 1, AnA
Ka»K[4oro naLuyeHTa CoCTaBieHbl MHAVBKAYabHble Nporpam-
Mbl [P gnuTtenbHocTbio 21 geHb. B pamkax nporpammsbi P
nopbupanu yposeHb Gpr3nYecKor Harpy3Kku, COOTBETCTBYI0-
wuin 13-14 6annam no wkane bopra. MNporpammsl [P Takxe
BKJ/IOUANM MeponpuATAA MO PacIMPEHUo ABUraTeNIbHON
AKTVBHOCTW, FPYMMOBbIE 3aHATWA NO KOTHUTVBHOMY TPEHVH-
ry, KOHCYNbTaLMio MCUXOJIOra U peKoMeHAALMM NO MUTAHKIO.
Ha Bu3nTe 2 KIO npoBogmnu nosTopHo. MNoapobHoe onuca-
HVe NpoLeayp UccneaoBaHUA onybnmkosaHo paHee [11].

Mpw aHann3e pacnpegenexue no rpynnam (CA, npeacte-
HUA, N «KpenKue») NpoBOANIN Ha OCHOBaHWMN pe3ynbTaToB
OnpocHUKa «Bo3pact He nomexa» u BbinonHeHnAa KETO®
B COOTBETCTBUIW CO CXEMOW, MPefCTaBNeHHOW Ha PUCYHKe 2.

CmamucmuyecKuli aHanus

CraTucTnyeckaa ob6paboTKa AaHHbIX BbIMOSIHEHA C UC-
nonb3oBaHUeM Nporpammbl Statistica (StatSoft, CLLA).

[nA cpaBHEHUN KOMNYECTBEHHbIX MPU3HAKOB MeXAYy
rpynnamu naynentos ¢ CA2 («CA2+» 1 nayneHToB 6e3 C[12
(«CA2-») ncnonb3oBanu t-tect CTblogeHTa C MOMpPaBKOWA
OnA cny4vasa HepaBHbIX gucnepcuid. [Ina cpaBHeHUN Kade-
CTBEHHbIX NPU3HaKOB Mexay rpynnamu «naumeHnTbl ¢ C12»
N «nauneHTbl 6e3 CA2» ncnonb3oBanu ¥>-TecT MupcoHa.
3HaUMMOCTb AUHAMUKK MoKasaTtenen mexagy BusuTom 1

«Bo3pacT He nomexa», 6assbl /
«\Vozrast ne pomekha», scores

KET®®, 6annsb! /

SPPB, scores b=z goa D=1
1-7
8-9

Crapueckas acteHus / Frailty

MpeacTeHus / Preasthenia

_ Kpenkue / Robust

Puc. 2. Cxema pacnpefeneHus nayMeHToB Ha rpynnbl no
pe3ynbTaTaM ONpPOCHKKa «Bo3pacT He nomexa» 1 KpaTKon
6aTapee TecToB GDU3NYECKOTO GPYHKLIMOHUPOBAHUA

Fig. 2. Schematic of the distribution of patients into groups
according to the results of “Vozrast ne pomekha” (“Age
is not a hindrance”) questionnaire and Short Physical
Performance Battery

NMpumeuarue: KbiTOO — kpamkaa 6amapes mecmos ¢u3u-
yeckozo hyHKUUOHUPOBAHUS.
Note: SPPB — Short Physical Performance Battery.

M BU3UTOM 2 OLEHMBanM C nomouybto t-tecta CTblogeHTa
OnA NapHbIX BbIOBOPOK 1 MapHOro tecta BunkokcoHa npu
HapyLlweHun npegnonoxeHun tecta CrblogeHTa. JuHamnka
nokasaTefiell BblpaXeHa Kak pa3HOCTb 3HauyeHun (4). Cra-
TUCTUYECKN 3HAUYUMbBIMW CYUTANN PA3INYMA MPU 3HAYEHUN
p < 0,05. MponyweHHble aHHble He BOCMOMHANNCh.

PE3YJIbTATbl U OBCYXXOEHUE

C2 3apeructpupoBaH y 91 (19 %) naumeHTa, BKIOYEH-
HOro B HacToAWmMi cybaHanms. CaxapocCHMXatoLyto Tepa-
nuto nonyvanu 68 (75 %) nauneHToB (puc. 3). Mpenapatbl

| | | | | | | |
Buryannapl / Biguanides 82,0%
MCM / Sulfonylureas 29,0 %
nann-4 /ibPP-4 21,0 %
WHINT-2 / iISGLT-2
WHcynuH / Insulin
00% 100% 200% 300% 400% 500% 600% 700% 80,0% 90,0%

MaymeHToB ¢ CA2, % / Patients with DM2, %

Puc. 3. YacToTa NpuMeHeHNsA caxapoCHMKatoLWX NpenapaToB
Fig. 3. Frequency of administration of hypoglycemic medications

Mpumeuarue: [ICM — npenapamei cynbgpoHunmoyeguHsl, ul1M-4 — uHeubumopsl dunenmuousinenmuoasbei-4, uHIT-2 —
UH2UubUMOpbLI HAMPUUi-2/II0KO3HO20 KOMpAHcnopmepa 2-20 mund.
Note: SM — Sulfonylurea Medications, iDPP-4 — dipeptidyl peptidase-4 inhibitors, iSGLT-2 — type 2 sodium-glucose

cotransporter inhibitors.
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Ta6nuua 1. VicxogHble KNMHUKO-aHaMHeCTUYECKMEe XapaKTePUCTUKK Fpynibl (BU3UT 1)
Table 1. Baseline clinical and anamnestic parameters of the group (visit 1)

«CA2+» /DM2+ «CQi2-»/DM2-
Mokasatenb/ Parameter (n=91) (n = 384) p

Bospacr, rogpi / Age, years, Me [Q1; Q3] 76 [71;81,5] 80 [73; 84] 0,001
MKeHckuin non / Female gender, n (%) 75 (82 %) 315 (82 %) 0,999
Bec, kr / Weight, kg (M + SD) 79.8+15,0 74,5145 0,003
Nnpekc maccol Tena, kr/m? / Body mass index, kg/m? (M + SD) 30,8 +5,7 28,8 +5,2 0,002
Macca Tena / Body weight, %

DOeduuwnt / Deficit 0 0,78 0,527

Hopwma / Standard 16,5 22,7 0,122

N36bITOK / EXcess 29,7 37,6 0,097

OxupeHune / Obesity 53,9 38,9 0,007
CreneHm oxupeHus / Degrees of obesity, % (n = 198)

| 61,2 72,5 0,107

] 22,5 20,8 0,467

]} 16,3 6,7 0,061
Nnpekc komop6ugHocTn YapncoHa, 6annbi /

+ +

Charlson’s comorbidity Index, scores (M £ SD) 8240 6934 0,004
KonunuecTBo NnpuHMMaembliX JIeKapCTBEHHbIX Npenaparos /
The number of medications
(M £ SD) 6,0+28 4,6+2,5 < 0,0001
Me [Q1; Q3] 6[4;7] 4[3; 6] < 0,0001

NHCcynrHa nonydanu 9 % (n = 6). CaMbiM YacTo NPUMEHs-
eMbIM MnpenapaTom 6bia MeTGOPMUH, ero nonyyanu 92 %
nauyueHToB. TpeTb NauMeHTOB MPUHUMANN NPOV3BOAHbIE
cynbdoHnnmoueBmHbl (MCM), Kaxablin NATbIN — UHIMOU-
Topbl Avnentuaunnentuaasbl-4 (MAMM-4), 12 % naunex-
ToB ¢ C[12 NpvHUMaNU UHIMOGUTOPbI HAaTPUIA-TIOKO3HOTO
KoTpaHcrnopTepa 2-ro Tuna (MHIT-2) n HXM OaMH NauneHT
B HalUen rpynne He NPUHUMa aroHNCTbl PeLLenTOpPOoB Mto-
karoHonopgo6Horo nentuaa-1 (aplM-1) (puc. 3).

B cpaBHeHun ¢ naumeHtamm 6e3 C (rpynna «CH2-»),
B rpynne «C[2+» naumeHTbl OblIM MOMOXe, pacnpege-
neHve no nosy Obiflo CONOCTaBUMbIM B 06eux rpynmnax.
B rpynne «C[2+» 6binu Bbllle CpefHue 3HaYeHNA Maccbl
Tena 1 MHAeKca mMacchbl Tena, n 6onee NONOBMHbI NaLMeEH-
TOB MMeNn OXMpeHune. B atol rpynne Obin Bbile MHAEKC
KoMopbuaHocTn YapncoH n 6orblue cpefHee KONMyecTso
NPUHUMAEMbIX JleKapCcTBeHHbIX npenapaTtoB. OCHOBHble
NCXOAHbIE  K/IMHWKO-aHaMHeCTUYeCKne XapakTepucTuKm
rpynnbl npeacTaBneHbl B Tabnuue 1.

YacToTa cuHgpoma CA 1 npeacteHun 6biia conocTaBu-
MoW B 0beunx rpynnax (puc. 4). Npu stom B rpynne «CO2+»
6blN1 BbllWe CpeaHWIA 6ana No onpocHUKY «Bo3pacT He no-
mexa» (3,9 + 1,1 vs 3,8 + 1,0 6anna; p =0,001) n HUXe cpea-
HWIA pe3ynbTaT BbinonHeHua KBTO® (9,5 +2,2vs 10,3 £ 1,4,
p =0,003) (tabn. 2).

B cBA3M C Tem, uTo B moAarpynmne «kKpernkre» 6b10 MeHee
10 nauneHTOB B KaXkAoM rpynne, AasibHenLWnii aHanms noa-
rpynn NPoBOAUAN TONbKO ANA NauneHToB ¢ Hannumem CA
NV NpeacTeHuu.

Pesynbtatbl KI'O Ha BM3uTe 1 npeactaBneHbl B Tabnu-
ue 2. MNpu oueHke McxofHbIX pesynbtatoB KIO no 6osb-
LWUMHCTBY MOZYNen 1 WKan pe3ynbTaTbl Obiin CONOCTaBUMbI
B AByx rpynnax. B rpynne «C[]2+» oTmevaeTca TeHAeHUNA
K 60s1ee BbICOKMM 3HaUYEHVAM MHAEKCA TAXKECTU MHCOMHUN

%
100 -ﬁ

80 7

55 p=0,363 62
60 I

40

20

0

Ch2+/ DM2+ ClA2—-/ DM2—-

- Crapueckas acTeHus / Frailty
[ ] Npeactenus / Preasthenia
[l Kpenkve / Robust

Puc. 4. PacnpepeneHne naunmeHTOB MO HAIMYMIO CUHAPOMA
CTapyecKom acTeHunmn

Fig. 4. Distribution of patients by presence of senile
asthenia syndrome (frailty) in the groups

N BblpaXKeHHOCTN 6ONIeBOro CMHAPOMA NMPU CaMOOLIEHKe
no BM3yanbHO-aHanoroeon wkane (BALL).

B o6enx rpynnax Hanbonee YacTbiMy repuaTpUUYeCKMm
CUHAPOMaMM BbINN CEHCOPHbIE AeDULNTBI Y CHAMKEHWE CUSbI
oKkatna Kucty (tabn. 3). B rpynne «C[A2+» oTmeyeHa 6onee
BbICOKaA YacToTa nonunparmasum (72 % vs 46 %, p < 0,001),
a TaKKe OTMeueHa TeHAeHUMA K 6obLueil YyacToTe opToCTa-
TUYECKOWN FMNOTEH3UM N HANIMYKA NePENOMOB B aHaMHe3e.
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Ta6bnuua 2. CpaBHMTeNIbHaA XapaKTePUCTMKa Pe3ybTaToB KOMIMIEKCHONM repuaTpruyeckor oueHku B rpynnax «CO2+»
n «CO2-» Ha Bu3uTe 1
Table 2. Comparative characteristics of comprehensive geriatric assessment results in DM2 + and DM2- groups on visit 1

Mokasatenb / Parameter «CA2+» /DM2+ «CO2-»/DM2-
(M £ SD) (n=91) (n=384) P
Cuna oxatusa kuctu, kr / Hand KeHwmHbl / Female 16,4 + 4,35 16,07 £ 4,96 0,515
compression force, kg My>xunHbi / Male 27,75+7,937 2642 +847 0,556
KBTO®, 6annbi / SPPB, scores 95+2,.2 103+14 0,003
Unpekc bapTen, 6annbi / Bartel Index, scores 95,7+6,5 96,0+ 6,3 0,981
IADL, 6annbi / IADL, scores 25,5+2,2 25,6 +2,2 0,767
MoCA, 6annbi / MoCA, scores 23,740 240+3,5 0,717
GDS-15, 6annbi / GDS-15, scores 3,3+28 3,3+29 0,938
MNA, 6annbi / MNA, scores 255+20 255+2,2 0,343
BALL, 6annbi / VAS, scores 57+1,7 4,7+1,9 0,117
EQ-5D, 6annbi / EQ-5D, scores 28+14 27+1,5 0,624
NHpeKc TAKecTN HCOMHUMK, Gannbi / 9,6+5,0 8850 0,089

Insomnia Severity Index, scores

MpumeyaHue: IADL — wkana oyeHKU UHCMpymMeHmasbHol OeamesnbHoCMuU 8 noscedHesHoU xu3Hu, MoCA — MoHpearie-
CKAA WKAa oyeHKU KoeHUMuUgHeix yHkyul, GDS-15 —— eepuampuyeckas wikana denpeccuu-15, MNA — kpamkaa wkana
oyeHKu numarus, BALLl — su3yaneHo-aHan0208as wkaaa oyeHku 60/1e8020 cuHoOpomd, EQ-5D — onpocHUK Kayecmaa xu3-
Hu, KEBTO® — kpamkaa 6amapes mecmos usuyecko2o yHKUUOHUPOBAHUA.

Note: IADL — Instrumental Activities of Daily Living, MoCA — Montreal Cognitive Assessment, GDS-15 — Geriatric Depression
Scale-15, MNA — Mini Nutritional Assessment, VAS — Visual Analogue Scale, EQ-5D — European Quality of Life Questionnaire,
SPPB — Short Physical Performance Battery.

Ta6nuua 3. YacToTa repmaTpmyecknx CMHAPOMOB B MCCNeAyeMbiX rpynnax Ha BusuTe 1
Table 3. Frequency of geriatric syndromes in the study groups on visit 1

Mokasatenb / Parameter «COA2+» /DM2+ «CO2-»/DM2-
(%) (n=91) (n=384) P

UAHcTpyMmeHTanbHas 3aBUCMIMOCTb B MOBCEAHEBHOM XKN3HM /

. R 2,2 1,8 0,794
Instrumental dependence in daily living
Basfysaﬂ 3aBUCMMOCTD B NOBCEAHEBHOI XKU3HN / 16,9 15,5 0,760
Basic dependence in daily living
OproctaTunueckas runoreHsus / Orthostatic hypotension 17,8 11,8 0,127
BeposaTHasa aenpeccus / Possible depression 20,0 25,1 0,312
nane.uvm 3a npeAwWecTBYOWUI roa/ 286 273 0,816
Falls in the previous year
Hanunuue nepenoma / History of fractures 38,5 29,7 0,105
KorHutmneHble HapyweHus / Cognitive disorders 49,5 53,0 0,545
Hepep:xaHue moun / Urinary incontinence 49,5 45,3 0,481
HapyweHus cHa / Sleep disorders 60,4 55,0 0,350
Monunparmaswus / Polypharmacy 71,7 45,9 < 0,001
CHMKeHMe Cuibl OKaTua KucTm /
Reduction of hand compression force 79,1 739 0,300
CeHcopHbIll gepuuumT (no6on) / Sensory deficit (any) 87,9 87,0 0,809
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MNMocne 3aBepweHua nporpammbl P B rpynne «CA2+»
OoTMeueHo ynyJyweHue pesynbtatoB KBTO® n cymmbl 6an-
noB no wkane MoCA, ymeHbLUeHKEe BblpaXXeHHOCTN 6orne-
BOro CMHApPOMa no pe3ynbratam BALL, ynyuweHmne oLeHKn
KauecTBa NuTaHuA no wkane MNA 1 cHUXeHne nHAeKca
WHCOMHMU. [InHaMnKa OCHOBHbIX Noka3aTenen KIO nocne
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21-pHeBHero kypca P B rpynne «C[2+» npeacraBneHa
B Tabnuue 4.

IdVHaMnKa OCHOBHbIX Nokasatenenn KIO Ha ¢oHe
BbIMOJIHEHUA nporpammbl [P npu cpaBHeHUM ¢ rpyn-
non «C2-» B rpynne ¢ «C2+» 6bina conocTtaBUmon
(tabn. 5).

Ta6bnuua 4. [lnHaMrKa OCHOBHbIX MOKa3aTenel KOMMIEKCHON repraTpuyeckon oueHkm B rpynne «CA2+» nocne Bbinos-
HeHMA NporpamMmmbl repraTpuyeckon peabunmTtaumm

Table 4. Dynamics of the main parameters of the comprehensive geriatric assessment in the DM2+ group after completion
of the geriatric rehabilitation program

Mokasatenb / Parameter, .- .- A, abc. £ SE/ %
M+ SD Buswut 1/Visit 1 Busnr 2/ Visit 2 A, abs. + SE

KBTO®, 6annbi / SPPB, scores 95+2,2 10,1+2,2 052+1,5 < 0,001
Nnpekc baprten, 6annbi / Bartel Index, scores 95,7+6,5 96,1 +6,7 0,37 +0,19 0,057
BALL, 6annbi / VAS, scores 255+2,2 256+2,2 0,03 +0,07 0,726
CamooueHku 6onu no BAL 3a nocnegHiolo
Hepgento, 6annbi / VAS self-evaluation over 57+1,7 49+1,8 -0,78 +0,36 < 0,001
the past week, scores
GDS-15, 6annbi / GDS-15, scores 34+29 2,8+3,2 -0,45+0,24 0,063
MHAEKC'TH)KeCTI-/I MHCOMHMM, Gannbl / 9,6+ 50 9,051 0,58+ 0,26 0,030
Insomnia Severity Index, scores
MNA, 6annbi / MNA, scores 255+2,0 258+2,0 0,26 £ 0,09 0,006
MoCA, 6annbi / MoCA, scores 23,7+4,0 25,7+49 2,06+ 0,38 < 0,001

Mpumeyuarnue: KETO® — kpamkaa 6amapes mecmos ¢usudeckozo pyHKUUoHUposaHus, BALLl — eusyanbHo-aHanozoeas
wKana oueHku 60s1e8020 cuHopoma, GDS-15 — 2epuampudeckas wikana denpeccuu-15, MNA — Kpamkas wkana oyeHku
numaHus, MoCA — MoHpeanbckas WKana oyeHKU KoeHUmMugHelx pyHkyull, * — pasHuya 3HadeHul mexoy susumamu 1 u 2.
Note: SPPB — Short Physical Performance Battery, VAS — Visual Analogue Scale, GDS-15 — Geriatric Depression Scale-15,
MNA — Mini Nutritional Assessment, MoCA — Montreal Cognitive Assessment, * — the difference in values on visits 1 and 2.

Ta6bnuua 5. CpaBHeHMe AUHAMUKIN OCHOBHBIX NOKa3aTenel KOMMEKCHOW repuaTpuyeckol OLEHKIN Nocse BbiNMOMHEHWS
nporpamm repraTpryeckon peabunmntaumm

Table 5. Comparison of the dynamics of the main parameters of the comprehensive geriatric assessment after completion
of the geriatric rehabilitation program

Mokasatenb / Parameter «cp.(z:: l9|1))M 2+ «CJ:(I,;;»;;!;AZ— p
AKBTO® /A SPPB 0,52+ 1,50 0,63 + 1,05 0,439
A Nnpekc bapTen / A Bartel Index 0,37+0,19 0,26 +0,11 0,603
AIADL 0,03+0,07 0,04 +0,04 0,848
ABALL /AVAS -0,78 +0,36 -0,67 £0,14 0,588
A GDS-15 -0,45+0,24 -0,43£0,09 0,939
A MNA 0,26 + 0,09 0,05 + 0,05 0,053
A MoCA 2,06 +0,38 1,99 £0,12 0,873

Mpumeyuarnue: KiTOO — kpamkas 6bamapes mecmos ¢u3zudeckozo yHKUUOHUpo8aHus, IADL — wkana oyeHkKu uHcmpy-
MeHmarsbHol desmesibHOCMU 8 noscedHesHoU Xu3HU, BALL — 8u3yasibHO-aHAn02084asa WKAAA oyeHKU 60/1e8020 CUHOPO-
ma, GDS-15 — 2epuampudeckas wikana oenpeccuu-15, MNA — kpamkasa wikana oyeHku numarusa, MoCA — Moxpeaneckaa
WKana oyeHKU KoeHUMU8HbIX hyHKYUU.

Note: SPPB— Short Physical Performance Battery, IADL — Instrumental Activities of Daily Living, VAS — Visual Analogue Scale,
GDS-15 — Geriatric Depression Scale-15, MNA — Mini Nutritional Assessment, MoCA — Montreal Cognitive Assessment.
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Y naumeHTtoB ¢ C[A2 ynyJweHne nokasatenen KIro ot-
MeUeHO KaK B MOArpynne acTeHuW, Tak U npeacTeHum
(tabn. 6). B obenx nogrpynnax 3aperncTpupoBaHo yBenu-
yeHre cymmbl 6annos KBTOO® (ynyuweHune ¢usnuyeckoro
dyHKUMOHaNbHOro craTyca naumeHToB) no wkane MoCA
(ynyuwieHne KOrHUTUBHOTO CTaTyca) 1 YMeHbLLUEHVe Bblpa-
YKeHHOCTI 60NeBOro CUHAPOMA NPV camooLieHKe no BALLL
B nmoarpynne npeacteHUN JONONHUTENIbHO OTMEUYEHO yBe-
NNYeHNe 3HaueHna uHaekca bapTen (ynyulweHne 6a3oBol
NMOBCeHEBHOW aKTMBHOCTM), CHWXKeHMe 6anna uHaekca
TAXKECTU NHCOMHUM 1 NOBbILLEHWe oLeHKM Mo wKane MNA.

Moxunble nauveHTol ¢ CA2 nopsepratotcAa Gonbluemy
PUCKY Pa3BUTUA FrepuaTpuyeckmx CMHAPOMOB, YTO MoA-
TBEPXKOAeTcA B KIMHNYECKUX UCCNeAoBaHNAMN, 1 Haobo-
port, CA, conyTcTBytowme 3aboneBaHnA 1 nonunparmasusa
ocnoxHsatoT TeyeHre C1 [13]. Bo3pacTHble n3meHeHus yrie-
BOLHOro 06MeHa HapAZy CO CHUXEHMEM MbILLEYHOWN MACChbl
N pa3BUTUEM CapKOMEeHWW CNOCOOCTBYIOT YCUNEHNIO UHCY-
NNHOPE3NCTEHTHOCTW. B MHOrouMCcneHHbIX NccnefoBaHnAX
NPOAEMOHCTPUPOBaHa B3aMMOCBA3b KOTHUTUBHbBIX Hapy-

weHmn n CA. C2 accoummpoBaH Tak»e ¢ 6onee BbICOKUM
puckom 1 6onbluen BolpaxkeHHOCTbio CA. B cBoto ouepefb
CA accounmpoBaHa ¢ 6osbLuein 3a60neBaeMoCTbio 1 CMep-
THoCTblo Yy nauunenToB ¢ CA2. CA pernctpupyertca noytu
y 4yeTBepTM NOXmnbix nauymeHtoB ¢ C[l, uto cyllecTBeH-
HO yvalle, Yyem B 0OLLelt NONYNALUN MOXUIbIX NaLUeHTOB
[14, 15]. B Hawen rpynne CA n npeacteHua onpeaeneHbl
y 38 % n 55 % nauymenToB ¢ C[12 COOTBETCTBEHHO, YTO Hau-
6onee BepOATHO CBA3aHO C 0COBeHHOCTAMYK OTOOpa NaLu-
€HTOB AN1A NOCTYM/IeHNA B yupexAeHuns, rae NpoBoaMiIoCh
nccnepoBaHue. B pamkax HacToALLero uccnefoBaHnA Mbl He
coburpanu nHdopmaLmio O CTeneHr KOMMeHcaLmm yrneBog-
Horo o6meHa. OffHaKo pacnpefeneHmne Tepanvm B Hallein
rpynne npakTUYyecky COOTBETCTBOBAJIO pe3y/ibTaTaM aHa-
nun3a 6a3bl JaHHbIX KNMHUKO-3NNAEMUONOrMYeCKOro MOHN-
TopuHra CJ] Ha Tepputopun Poccuiickonn Mepepauun [2]:
CaMoW YaCToM rpynnon nepopasbHbIX CaxapOCHMMaoLLMX
npenapaTtoB Obinn 6uryaHuabl (B YaCTHOCTU, METGOPMUH),
nx NprHUManu 82 % nayneHToBs, Ha BTopom Mecte — [TCM
(29 % nauneHToB), Ha TpeTbem — UAMM-4 (21 % NauneHToB),

Ta6bnuua 6. [lnHaMmrKa OCHOBHbIX MOKa3aTesieil KOMMIEKCHOW repraTpuyeckon oueHKkm B rpynne «C[2+» nocne BbINos-

HeHMsA NPOorpaMmbl repraTpryeckoi peabunuTaumnm

Table 6. Dynamics of the main parameters of comprehensive geriatric assessment in the DM2+ group after completion of

the geriatric rehabilitation program

Crapueckas acteHus / Frailty

MpeacteHns / Preasthenia

«CA2+» /DM2+ (n=35) (n=50)
Mokasatennb /
Busur1/ Busur2/ % Busur1/ Busur2/ %
Parameter Visit1  Visit2 AxSE P Visit1  Visit2 AxSE P

M + SD
KETO®, 6annu: / 82+25 88+26 058+021 0011 103+14 108+13 048+0,15 0,003
SPPB, scores
Unpekc bapren,
6annbi / Bartel 92,7483 925+85 -016+027 0572 977+40 984+39 07+027 0,013
Index, scores
IADL, 6anne! / 245+25 245+24 003+016 0851 262+17 262+19 002+005 0,660
IADL, scores
BALL, Gannbi / 61+16 55+16 -0,61+025 0024 55+18 48+18 -075+032 0,026
VAS, scores
GDS-15, 6annei / 38+32 35+35 -028+031 0,103 32+27 26+29 -062+037 0,103
GDS-15, scores
Nnpekc TaxKecTN
UHCOMHUM, Gannbl/ 3, )0 97,54 _066+023 0173 99+50 91+47 -071+034 0,043
Insomnia Severity
Index, scores
'swcgzsﬁa"""' IMNA, 519417 251416 0254015 0111 257421 260+22 026+012 0,038
MoCA, 6annet / 226+38 246+59 209+083 0017 244+41 265+40 2,15+034 0,000

MoCA, scores

Mpumeyarue: KbTOO — kpamkaa bamapes mecmos pusudecko2o pyHKYUoHUposaHus, IADL — wkana oyeHku uHcmpy-
MeHMasnbHoU 0esamesibHOCMU 8 NoscedHe8HOU Xu3HU, BALLl — su3yanbHO-aHA10208a: WKAd OUeHKU 60718020 CUHOPOMA,
GDS-15 — 2epuampudeckas wkana oenpeccuu-15, MNA — kpamkas wkana oyeHku numaus, MoCA — MoHpeanbckas
WIKana oyeHKU KoeHUMueHbIx yHkyul, * — pazHuya sHadeHul mexody gusumamu 1 u 2.

Note: SPPB — Short Physical Performance Battery, IADL — Instrumental Activities of Daily Living, VAS — Visual Analogue
Scale, GDS-15 — Geriatric Depression Scale-15, MNA — Mini Nutritional Assessment, MoCA — Montreal Cognitive Assessment,

* — the difference in values between the 1st and 2nd visits.
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WHIJIT-2 nonyyanu 12 % nauuneHToB. [penapaTtbl UHCYAMHA
nonyyanu 10 % NauneHTOB, B TO BPeMA Kak corniacHo 6ase
JaHHbIX KNMHNKO-3NNAEMMOSIOrMYeCcKoro MoHutTopuHra CJ1
Ha Tepputopun Poccuinckon Oefepaumv 4onA NaLneHToB,
NonyyvaloLWwmnx NHCYNH, cocTaBnaeT npumepHo 18 %. B Ha-
el BbI6OpKe He Bblfo HY OAHOTO NaLlueHTa, MoJyyaBLUero
aplTIM-1, uTo Tak»Ke COOTBETCTBYET AaHHbIM MOHUTOPUHIA
O HefOoCTaTOYHOM Ha3HaueHWM HOBbIX KNacCOB Caxapo-
CHU»KaloLWMX NpenapaToB NoXunbiMm naumneHtam. CornacHo
JaHHbIM MoHUTOpuHra B Poccuiickon Qepepaunn oTme-
YeHOo yBeflIyeHne 4acToTbl HazHauYeHun npenapatos MNCM
C BO3pPacToM, AOCTMraa mMakcumyma (55 %) B BO3pacTHOM
rpynne ctapiwe 80 neT, B TO BPemMA Kak COracHO coBpe-
MEHHbIM pekomeHAauuam npenapatbl NNCM anutenbHoro
[eCTBUA accoLMMpOoBaHbl C BbICOKMM PUCKOM pPa3BUTKA
runornukemnn [16], a STOPP/START-kputepun OTHOCAT
3TOT Knacc NnekapCTBEHHbIX MpenapaToB K MOTeHLMaNbHO
He peKoMeHAOBaHHbIM AJIA NCMNONb30BaHUA Y NaLMEeHTOB
B BO3pacTe 65 net n ctapue [17].

B Hawem mnccnegoBaHum B rpynne nauyneHtos «CHO2+»
3aperncTpypoBaHa 6one BblCOKas Harpyska Mo conyt-
CTByIOLWMM 3aboneBaHnAM (MO MHAEKCY KOMOPOMAHOCTY
YapncoHa), Bbille cpeHMIN MHAEKC Macchl Tefla U YacToTa
oxmpeHnA. COOTBETCTBEHHO, W JleKapCTBEHHasA Harpys-
Ka B 3ToW rpynne 6bina Bbiwe (Tabn. 1), a nonunparmasuns
(ofHOBpPEeMeHHOe MpUMeHeHVe 5 n 6onee nekapCTBeH-
HbIX MpenapaToB) 3aperncTpupoBaHa y 72 % nauneHTOoB.
PacnpepeneHne naumeHTOB MO CTaTycy XpynKocTu Obino
cxofHbIM ¢ rpynnon «CA2-» (cm. puc. 4). MNpu 3Tom cpep-
HWUIM 6an Mo oNpPOCHUKY «Bo3pacT He Nomexa» ObiNn BblLUE,
a pesynbraT KETO® Huxe B rpynne «C[A2+». YunTbiBas, uto
cpefHU Bo3pacT nauymeHToB B rpynne «CA2+» 6bi1 HXe,
yem B rpynne naumeHtoB 6e3 C[l, 3To oTpaxaeT 6onee
paHHee pa3BUTME reprmaTpuyeckux CUHAPOMOB Yy NauneH-
ToB c C[12.

M3BecTHO, uTO Y nauymeHToB ¢ C[]2 6onee BblpaxkeHa
MUTOXOHAPMANbHAA AUCOYHKUMA MbILLEYHbIX KIIETOK, YTO
6naronpuATCTBYeT U3MEHEHUWIO OKUCSIEHWA NUMNUAOB, Mo-
BbILLEHMWIO YPOBHA IMNUAOB B MbILIEYHbIX KNeTKax 1 Tem
cambIM yCyrybnaeT pe3ncTeHTHOCTb K MHCYSIMHY, CNOCO6-
cTByA pa3sutuio Kak CA, Tak 1 elle OAHOro repuatpuye-
CKOro cuHgpoma— capkoneHun [18]. CapkoneHus, Kak
nporpeccupytoee 3aboneBaHme CKeneTHbIX MbIlL, CO-
NPOBOXAAETCA YaCTbIMU NMAAEHNAM U NepenoMamMu, Clefo-
BaTe/IbHO, MOBbILEHHbIM PUCKOM MHBAJIMAHOCTA N CMepT-
HocTu [19]. [InA NOCTaHOBKM ANAarHo3a CapKomneHnmn oLeHn-
BalOT Maccy, cmny 1 GyHKLMIo MbiwL,. B npoBegeHHOM Hamu
nccnefoBaHUM MoKasaTeny MbIWEYHON cunbl U GyHKLUN
(kncteBas guHamomeTpusA, cymma 6annos KBTO®) 6binn
conocTtaBumbl B rpynnax ¢ CA2 n 6e3 CA2 (cm. Tabn. 3).
B obeux rpynnax oTMeueHo Hanmume CHUXEHHONM Mbllley-
Hol cunbl 6onee yem y 70 % 60JIbHBIX, YTO LEMOHCTPUPYET
3HaUMTENbHYIO YacTOTY NpefCcTaBleHHON NPobeMbl U Mo-
eT MPMBOANUTL K MOBbILEHMIO YiCna NageHnin 1 nepeno-
mMoB. CynTaeTcs, 4To npenmyllectsa dusnyeckon peabu-
NNTaLUKN 1 yNpaxHeHW B NepBylo ouepeab NPoABNAIOTCA
uepe3 nepudepryeckme metabonMueckne MexaHU3Mbl,
ynyulleHre MUTOXOHAPWANbHON OYHKUUM M MUKPOLMP-
KynAaummy, 4To B KOHEYHOM UTOTe MPUBOANUT K U3MEHEHNIO
(ynyuweHuio) GyHKLUN CKENETHbIX MblLLL.

B nccnepgosaHun MOCTCKPUMTYM nepcoHuduumpo-
BaHHble nporpammbl P pa3pabaTbiBany no pesynbratam
KIrO ncxopsa 13 HeobxoAMMOCTM NOAAEPKAHMA UKW YITyu-
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WeHnA GYHKLMOHANbHOIO M KOFTHUTUBHOIO CTaTyca, B TOM
yncne n HepapmMaKkonoOrMYeCcKMMM MeTOZaMN.

Mo pe3ynbraTam Hallero UCCNefoBaHUA YyXe uvepes
3 Hegenu kKomnnekcHon P B rpynne «CO2+» 3apeructpu-
POBaHO ynyyLleHVe He TONbKO Noka3satenen ¢pru3nyeckoro
dyHKUMoHmpoBaHuA (pesynbtatel KBTO®), HO 1 oueHKK
KOTHMUTVMBHOrMO CTaTyca (AnHammka no wkane MoCA), Bbl-
paxeHHOCTK 6051eBoro cnHapoma (no wkane BALL), ynyu-
LeHe KayecTBa CHa M MUTaHUA (MO WHAEKCY TAXeCTn
MHCOMHUN 1 WwKane MNA cooTBeTCTBEHHO). B otnnume ot
LAPYrMX XPOHUYECKNX COCTOAHUN, neveHne anabeTta oueHb
BO MHOIOM 3aBUCUT OT CMOCOBHOCTM NALMEHTOB OCYLLeCT-
BNATb CAMOKOHTPOJIb, KOTOPbIA Npu Hanmumm CA MoxeT
ObITb CHVXKEH BCNeACTBUE Lenoro psaga ¢akrtopos, BKIIO-
Yasa KOTHUTMBHble HapyLweHuAa u/munu genpeccuio. Hanpw-
Mep, NaLNEeHTbl C KOFTHUTUBHBIMW HapyLUEHUAMN MOTYT He
pacnosHaTb UM He KynMpoBaTb MMMOMNKEMUIO WU He CO-
6ntoaaTh PEXMM NPUEMA CaXapPOCHKAOLWMX NpenapaTos.
Hepepnko genpeccua y noxunbix nogen npefctaBnaeTr co-
601 60sbLIYI0 MPO6IEMY, OCNOXKHAA U 3aTPYAHAA TeueHne
3aboneBaHnA 1 ero neyeHue. MosToMy MNPOAEMOHCTPU-
pOBaHHOE B HalleM WCCefOoBaHUW YnyudlleHne OLEeHKU
no wkane MoCA, CHUXeHMe NHAEKCA TAXECTU NHCOMHUMK,
CHUXKEHWE BblpaXKeHHOCTM 60NeBOro CUHAPOMA YXKe Yepes
3 Hepgenu P oTpakaeT 3HAYMMOCTb ee KOMMJIEKCHOW pea-
nm3auumn.

B Hawem nccnegoBaHuy, B otimume ot rpynnbl «CLO2-»,
B rpynne «CO2+» He 6blN0 AMHaMKKK Mo WKane bapten
n JIoyToH, xapaKkTepu3yioLlel BO3MOXKHOCTU caMoobcny-
XMnBaHMA naumeHToB. OgHako Npu cTpaTudrKauum naum-
€HTOB Mo BblpaxkeHHOCTU CA OKa3anocb, YTo B noArpyn-
ne npeacTeHUN OTMeYeHa NONOXKUTENbHAA AUHaMMKKA MO
wkane bapten (97,7 + 4,0 npotus 98,4 + 3,9 Ha BM3MTax 1
1 2 COOTBETCTBEHHO; p = 0,013). B 3TOM Noarpynne Takxe
3aperncTpupoBaHo ynyulleHve oueHkn no wkane MNA
(p =0,03) n cHMXKeHne nHAeKca MHCoOMHUK (p = 0,43). B nc-
cnepoBaHuuy Sinclair A.J. et al. nokasaHo, yTo y nauneHToB
¢ CA2 c CA v npeacTeHuen npun npoBegeHnn 6-MecavHo-
ro MHOFOKOMIMOHEHTHOrO BMELLATeNbCTBA, BKIOUYAIOLEro
KOTHUTVBHbBIA TPEHUHT N dur3MYeckme TPEHMPOBKM, He-
3aBMCUMOCTb MaLUMEHTOB, ynyudweHne ¢GyHKUMOHaNbHOro
cTaTyca u yBenuueHve GU3NYECKON aKTUBHOCTU Koppe-
NPYIOT C Ka4eCTBOM caMOoKOHTponaA CJl y noxunbix nauu-
eHToB [20]. B Hawem nccnefoBaHUN ynydlleHe NHAeKca
bapTten, KOrHUTUBHOTO 1 GYHKLMOHANbHOrO CTaTyca MOXeT
OTPasuTbCA Ha ynyuylleHun KoHTpona Amaberta. OpHako
[NA foKaszaTesibCTBa TakKoro NpeAnosioXKeHUs Heobxoanmbl
JanbHenwmne nccnepoBaHna. BoamoxkHo, ana peabunmta-
unm naymnentos ¢ CA2 n CA Tpebyetca 6onee AnuTenbHbIN
nepvog.

Takum obpasom, B uccnegosaHum NMOCTKPUMNTYM npo-
LeMOHCTpupoBaHa obpatumoctb CA y maumeHToB ¢ C[2
npu NPUMEHEHNN KPATKOCPOUHbIX MepCcoHNUUMPOBaH-
HbIX nporpamm P, onHamuKa KOTOPOW COOTBETCTBOBAsA
TakoBOW y nayueHTos 6e3 CJ12.

OapaHuquUﬂ uccnedo8aHus

B Hale nccnepgoBaHuve BKAKOYEHbI NaLMEHTbl BHE 3aBU-
CMMOCTM OT YPOBHA KOMMNEHCaUnMn yrneBogHoOro obmeHa,
KOHTPOJIb KOTOPOro B paMKax nccnenoBaHmAa HE NpoBoAn-
nn. B 1o xe BpeMA NCXOAHble MOKa3aTesin, CKOPOCTb U CTe-
neHb M3MeHeHUN repmnaTpmnyeckoro crtatyca Moryt 6bITb
CBA3aHbl CO CTENEHDbIO KOHTPONA YyrneBsogHOro obmeHa.
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3AKJTIIOMEHUE

B uccnegosanmn NOCTCKPUTNTYM npogeMoHcTpurpo-
BaHa 3PPeKTUBHOCTb KPaTKOCPOUHbIX UHAMBUAYANIbHbBIX
nporpamm P, ocHoBaHHbIX Ha pe3ynbtaTtax KIO, y nauyu-
eHToB ¢ C[12 n cmHppomom CA. OTmeueHo ynydweHue ¢ou-
31MYeCKOro 1 KOrHUTMBHOIO CTaTyca, yMeHbLUeHNe Bblpa-
MeHHOCTM 60n1eBOro CMHAPOMa Npu camooLeHKe no BALL,

a B nogrpynne nauueHTOB C NpeacTeHnen JONONHUTENb-
HO 3aperncTprupoOBaHO ynyudweHne 6a30BON NOBCEAHEB-
HOWM aKTMBHOCTW, CTaTyca NMUTaHMA U CHUXKEHME NHAEKCA
TAXKECTWM MHCOMHUW. [AnA panbHelwero yTOYHeHUA noj-
X0[0B K [P B 3aBMCMMOCTM OT CTENEeHW KOHTPONA rnKe-
Mun Tpebyetca npoBeAeHVe OOMOSHUTENbHbBIX WUCCe-
JOBaHUMN.
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Bknap aBTOpOB. BCe aBTOPbI NOATBEPXKAAIOT COOTBETCTBME
CBOEro aBTOPCTBA COMIaCHO MeXAYHapOAHbIM KpUTepuam
ICMJE (Bce aBTOpbI BHEC/M CYLIECTBEHHbIA BKNaj B paspa-
60TKY KOHLENUUM, NpoBefeHNe NCCNefoBaHNA 1 MOLTOTOBKY
CTaTby, NPOYNUN 1 ofaobpunu GrHanbHY Bepcuo nepeq ny-
6nvKaumein). Hanbonblumin BKNag pacrnpegeneH chepyowmm
ob6pasom: PyHuxvHa H.K. — HayuHoe 060cHOBaHMe, MeToao-
NOTrNA, PYKOBOACTBO MPOEKTOM, aHann3 AaHHbIX, NpoBepKa
N pepaktTupoBaHue pykonucu; Manaa W.IN. — KypupoBaHue
NnpoeKTa, MPOBepKa 1 peAaKkTpoBaHMe PyKOMMUCKU, aHanns3
ZJaHHblx; OHyumnHa H0.C. — HanmncaHne YepHOBMKa PYKOMUCK;
Jly3nHa A.B. — npoBefeHune nccnegosarns; LWapawknHa H.B. —
nposefeHne nccnegosaHus; OctaneHko B.C. — npoBefeHue nc-
cnepoBaHuA; MxutapsH 3.A. — metogonorus; JlbiceHkos C.H. —
aHanu3 aaHHbix; Apedbera M.C. — npoBefeHNe NccnefoBaHus,
HanmcaHne yepHoBuKa pykonucy; Monos E.E. — nposepeHune
nccnefoBaHus, BepndmrKaumna AaHHbIX, HanMcaHne YepHOBMKa
pykonucu; ApedpbeBa A.A. — nNpoBefieHre NCCeAOBaHNA, Be-
pudvrKauma gaHHbix; dyamHckaa E.H. — npoBepka v pepakTu-
poBaHue pykonucy; Kotockas t0.B. — HayuHoe 060cHOBaHMe,
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meTogonorus; Tkayesa O.H. — HayuHoe o6oCcHOBaHMWe, MeTo-
[lONOrns, PyKOBOACTBO MPOEKTOM.

UcTtouHukn ¢puHaHcMpoBaHuA. [laHHOe 1CcCnefoBaHune Bbl-
MONTHEHO B PaMKax rocyfapCcTBEHHOro 3afaHus «Komnnekc-
Hble MporpamMmmMbl peabunutaynm NauneHToOB B BO3pacTe
60 neT 1 cTapwe ¢ MynbTUMOPOULHOW NaToNOrnen N CUH-
[POMOM CTapyecKol acTeHUW», PerncTPaLUVOHHbIN HOMep
7200000.99.1.6H62AB35000.

KoHGNUKT nHtepecoB. ABTOPbI AEKTAPUPYIOT OTCYTCTBUE
OPYruX fIBHbIX U MNOTEHLMANbHbIX KOHONNKTOB UHTEPECOB,
CBA3aHHbIX C Ny6nVKaume HacTosLeln CTaTby.
UndopmupoBaHHoe cornacme. B nccnegoBaHnm He pac-
KpblBaeTCA CBeAeHUl, NO3BONAWMNX NAEHTUPULMPOBATD
JINYHOCTb NaumneHTa(oB). OT BCcex MaLMEeHTOB (3aKOHHbIX Npes-
cTaBuTeneln) 6bi10 NONyYeHO NMCbMEHHOE corfacue Ha nybnu-
KaLuio BCE COOTBETCTBYIOLLEN MEAULNHCKON NHbOpMaLmK,
BK/IOYEHHOW B PYKOMKCb.

[ocTyn K AaHHbIM. [laHHble, NOATBEPXKAAIOLLME BbIBOLbI STOFO
nccnefoBaHUs, MOXHO MOJTyYnTb MO 060CHOBaHHOMY 3anpocy
Yy KOpPEeCnoHANPYILLEro aBTopa.
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ABSTRACT

INTRODUCTION. Myofascial Pain Syndrome (MPS) is a common condition that limits mobility and causes chronic pain. While
myofascial trigger points are recognized as key contributors, the most effective treatments remain debated. Dry Needling (DN) and
Deep Friction Massage (DFM) are commonly used, but direct comparisons of their effectiveness in pain reduction, range of motion
(ROM) improvement, and trigger point size changes are scarce. Research often assesses these treatments separately, leaving a gap in
understanding their comparative efficacy.

AIM. To evaluate the comparative effectiveness of DN and DFM on MPS.

MATERIALS AND METHODS. Thirty-six participants were divided into DN and DFM groups. Evaluations were conducted before and
30 minutes after treatment, assessing pain levels with Visual Analogue Scale (VAS), Range of Motion (ROM) with a goniometer, and
trigger point size using ultrasonography.

RESULTS AND DISCUSSION. Both groups exhibited significant reductions in pain levels (p < 0.05). The DFM group demonstrated
more substantial delta change in pain reduction (31.81 + 7.6) compared to the DN group (18.19 + 8.8). Both groups showed significant
improvements in ROM (p < 0.05), with DFM having a greater impact on flexion, extension, and lateral flexion. No significant difference
was observed in rotational movements between the two groups. Regarding trigger point size, only the DFM group showed significant
changes (p < 0.05); however, the delta change between DN (0.38 + 0.5) and DFM (0.35 + 0.3) were not statistically significant (p > 0.05).
CONCLUSION. Both DN and DFM effectively reduce pain and increase ROM, although neither of them significantly changed trigger
point size. DFM provided better results in pain reduction 30 minutes post-treatment compared to DN.

REGISTRATION: UMIN Clinical Trials Registry (UMIN-CTR) identifier No. UMINO00057060, registered 22.02.2025.

KEYWORDS: dry needling, deep friction massage, neck pain, myofascial pain syndrome, trigger point
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CpaBHuTenbHas 3¢pPeKTUBHOCTb CYXOro UrMOYKASbIBAHUS U MMy60KOro
$PUKLUOHHOro MACCAXA Npu MMopaACLMANbHOM 60/1eBOM CUHAPOME:
OPUrMHANbHOE UCCNegoBaHMe

Konuta A.U., ' Apcnag A.’, ' Apusangu A., A6gynna M.M., ') Xapcuapg A.P.A.

YHugepcumem XacaHydouHa, Makaccap, IHOoHe3us

PE3IOME

BBEJEHUE. MrodacumanbHbiin 6onesort cHapom (MBC) — 3T0 pacnpocTpaHeHHOe 3aboneBaHne, KOTOPOE OrPaHNYMBAET NOABUXK-
HOCTb U BbI3bIBaeT XPOHMNYECKYI0 60J1b. XOTA MuodacumanbHble TPUITePHbIe TOUKU NPU3HaHbI KtoueBbiMy GakTopamu, Hambonee 3¢-
beKTBHbIe MeToAbl NeyeHnsa ocTatoTcA cnopHbiMu. Lnpoko ncnonbsytotca cyxoe urnoykanbisaHme (CU) u rny6okuin GprKLNOHHBIN
Maccax (FOM), Ho NpAMbIX CpaBHeHUI UX 3GPEKTUBHOCTU B OTHOLLEHNY YMeHbLUeHNA 601K, ynyJdlueHus arana3oHa aAsvxerunsa (O0)
1 M3MeHeHVA Pa3mMepoB TPUITEPHbIX TOUEK Maso. iccnefoBaHMs YacTo OLEHMBAIOT 3TY NpoLefypbl MO OTAENbHOCTY, YTO OCTaBfAeT
npo6en B NOHUMaHUN UX CPaBHUTENbHON 3GHEKTUBHOCTN.

LLEJIb. OueHutb cpaBHUTENbHY0 3dpdekTnBHocTb CU 1 TOM B oTHOWweHU MBC.

MATEPUAJIbl U METObI. TpuguaTth wecTb y4acTHUKOB Obliv pasgeneHbl Ha rpynnbl CU n TOM. OueHkr npoBoannnch fo npoueay-
pbl 1 yepe3 30 MUHYT Noc/e Hee, NPU 3TOM OLIeHMBAsICA YPOBEHb 6011 MO BU3yaribHOM aHanorosoi wkane, 1 — ¢ NoMoLLbto roHKO-
MeTpPa, pa3Mep TPUITEPHbIX TOYEK — C MOMOLLbIO yNbTpacoHorpadum.

PE3YJIbTATbl U OBCYKAEHUE. B o6enx rpynnax Habnoganocb 3HaunTeNnbHoe CHUKeHMe ypoBHs 6onu (p < 0,05). [pynna FOM npope-
MOHCTprpoBana bonee 3HaunTeNbHOE JenbTa-U3MeHeHre B ymeHbLeHun 6onu (31,81 £ 7,6) no cpaBHeHuto ¢ rpynnon CU (18,19 + 8,8).
O6e rpynmnbl NPOAEMOHCTPUPOBaNM 3HaunTenbHoe ynydwenve 4 (p < 0,05), npuuem FOM okaszana 6onbluee BANAHME Ha CrnbaHue,
pasrubaHue n 6okoBoe crnbaHue. Bo BpalyaTenbHbIX ABMKEHUAX MeXAY ABYMS rpyrnnamMu CyLeCTBEHHbIX Pa3nununii He Habganoch.
Yto KacaeTcsa pa3mepa TPUITEPHbBIX TOUEK, TO TONbKO B rpyrnne FOM Habnoganucb 3HaumnTenbHble n3meHeHus (p < 0,05); ogHaKo aenbTa
n3meHeHunn mexpgy CW (0,38 + 0,5) n FOM (0,35 £ 0,3) He Obina CTaTUCTUYECKM 3HaUMMO (p > 0,05).

3AKJTIOYEHUE. Kak CU, Tak n TOM 3¢ deKTuBHO yMeHblLUaloT 60/1b 1 yBenuuusaioT [1[], XOTs HY OAUH 13 HYX CYLLECTBEHHO HE N3MeHWI
pasmep TpurrepHbix Touek. [OM obecneumn nyyiime pesynbTaTbl MO YMeHbLIeHWo 6011 Yepes 30 MUHYT Nocsie npoLueaypbl No cpas-
HeHwuto ¢ CUL.

PETMMCTPALUA: MpenTudukatop UMIN Clinical Trials Registry (UMIN-CTR) Ne UMINO00057060, 3apernctpupoBaHo 22.02.2025.

KJNTIOYEBDIE CJTOBA: cyxoe urnoykanbiBaHue, Maccax riy6oKoro TpeHus, 6onib B Liiee, MUOdacLinanbHblii 60NeBoi CUHAPOM,
TPUIrepHbIe TOYKM

Ana yntuposanua: Qonita D.I, Arsyad A., Ariyandy A., Abdullah M.M., Hasyar A.R.A. Comparative Effectiveness of Dry Needling and
Deep Friction Massage in Myofascial Pain Syndrome: an Original Research. Bulletin of Rehabilitation Medicine. 2025; 24(4):44-53.
https://doi.org/10.38025/2078-1962-2025-24-4-44-53
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INTRODUCTION release, deep friction massage (DFM), and dry needling

Myofascial Pain Syndrome (MPS) is a musculoskeletal
disorder that results in stiffness, fatigue, tenderness,
muscle tension, and restricted range of motion in affected
joints [1]. Itis characterized by hyperirritable nodules within
skeletal muscle fibers, known as MTrPs [2]. Contributing
factors to MPS include the failure of the myoprotective
feedback mechanism due to excessive muscle activity,
reduced ATP levels, or decreased muscle pH [3]. MTrPs can
also impair postural stability, as evidenced by reduced
balance function in individuals with multiple trigger
points. Frequently affected muscles include the trapezius,
rhomboid, infraspinatus, levator scapulae,and paravertebral
muscles [4]. MPS diagnosis typically involves clinical
examination and palpation of MTrPs, with ultrasonography
(USG) emerging as a more precise diagnostic tool [5]. USG
also aids in evaluating treatment outcomes for MPS [6].

Physiotherapists commonly use therapeutic interventions
such as ischemic compression, kinesiotaping, myofascial
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(DN) to alleviate MPS symptoms. These therapies effectively
reduce pain and improve muscle function in patients with
MTrPs [7, 8]. Systematic reviews highlight DN's efficacy in
reducing pain intensity and improving cervical range of
motion (ROM) in patients with neck pain-related MTrPs [9].
Numerous studies support DN's effectiveness in pain
reduction, attributing its success to its ability to modulate
pain perception and disrupt pain signaling pathways,
leading to ROM and muscle strength improvements [10].
DN is a minimally invasive, cost-effective technique with
a low risk of complications when performed by trained
practitioners [11].

DFM is another widely used intervention. Research
indicates that DFM applied to the upper trapezius muscle
effectively reduces pain and enhances ROM in MPS
patients [12]. These findings are consistent with studies
reporting significant ROM improvements following DFM
in patients with upper trapezius trigger points [13]. DFM’s
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immediate benefits include stimulating local blood flow
and reducing muscle tension, thereby improving ROM [14].
DFM’s effectiveness is further supported by understanding
the complex pathophysiological mechanisms underlying
MPS, where trigger points can be alleviated through
manual therapy techniques like DFM [1].

Several studies have compared the effectiveness of DFM
and Kamali D.N. et al. 2019 and Stieven et al. 2021 found
similar results, showing that DN led to a greater increase in
pain thresholds [15, 16]. In contrast, other studies reported
better pressure pain threshold improvements MTrPs using
conventional physiotherapy methods like DFM. Despite
this, DN is often favored for its ability to shorten therapy
session durations [17].

Despite robust scientific evidence supporting both DFM
and DN, direct comparative studies assessing their relative
effectiveness are lacking. This study aims to evaluate DFM
and DN's efficacy through subjective pain assessment
using the Visual Analogue Scale (VAS) and objective
range of motion measurement using a goniometer.
Ultrasonography will also be employed to diagnose and
assess trigger point size objectively. The goal is to provide
evidence-based insights into the most effective treatment
options for managing MPS.

MATERIALS AND METHODS
Participants

This study used a quasi-experimental design with
a pretest-posttest setup involving two groups. The
participants were divided as follows: the DN group
(n = 16) received dry needling treatment, and the DFM
group (n = 16) received deep friction massage. The clinical
characteristics of all 32 participants are detailed in Table 1.

Participants in this study were aged 20 to 55 years and
experienced neck pain for up to three months. Physical
examinations revealed at least one palpable nodule in the
trapezius, rhomboid, or supraspinatus muscle, with MTrPs
confirmed by ultrasonography. Exclusion criteria included
a history of chronic diseases like diabetes or cancer, the use
of Nonsteroidal Anti-Inflammatory Drugs or analgesics, skin
infections, open wounds, or undergoing other therapeutic
treatments outside the study.

Table 1. Clinical characteristics of the 32 participants

Characteristic DN DFM Min Max
Total Participant (N) 16 16 — —
Gender (M/F) 11/5 6/10 — —
Age (Years Old) 39+820 29+547 26 52

Note: M — Male; F — Female; DN — Dry Needling; DFM —
Deep Friction Massage. Data are presented as Mean + SD
where applicable.

Ethical procedure
Informed consent was obtained from the participants,
and the study received approval from the Ethics Committee.

Measurement

Pre-test measurements were conducted 5 minutes
before treatment and post-test 30 minutes after treatment.
All physical examinations and treatments were performed
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by experienced physiotherapists, who have experience in
evaluating and treating myofascial pain syndrome.The initial
test and final test were identical. Participants will receive an
explanation of the test procedure before treatment.

Pain levels

VAS measures pain using a 10 cm (or 100 mm) line,
ranging from “no pain” to “worst pain.” Participants mark
a point on the line representing their pain level. The
distance from the starting point to their mark, measured in
millimeters, is recorded as the score.

Range of motions

Cervical ROM was assessed with patients seated and
their heads in a neutral position. A goniometer was used,
with its axis aligned to anatomical landmarks: the C7
spinous process for lateral flexion, the external auditory
meatus for flexion-extension, and the midpoint of the head
for rotation. The angles were recorded in degrees.

Trigger point size

MTrPs were identified as hypoechoic nodules with
distinct edges and heterogeneous internal texture,
as seen on ultrasonography. The Versanna Essential
Ultrasound System (serial number 6023709WXO0) was used.
Measurements of TP size were taken using the system’s
integrated measurement tools.

Procedure

Participants were comfortably positioned for the
treatments. For the DN group, USG at 8-10 Hz was used
to precisely locate MTrPs and guide needle insertion. After
cleaning the target area with alcohol, a sterile needle was
inserted into the MTrP and manipulated with back-and-
forth and rotational movements for 60 seconds.

In the DFM group, ultrasound was used to locate the
trigger point, which was then marked with a pen. Using
an elbow, a cross-fiber friction technique was applied with
consistent pressure to the marked area for 60 seconds. The
pressure was adjusted to the patient’s pain tolerance, and
the process was repeated three times per session.

Statistical analysis

IBM SPSS Statistics for Windows, version 25.0, was
used to analyze all data. All data were tested for normality
using the Shapiro-Wilk test. For normally distributed data,
in this study, pain level and range of motion, paired t-test
was used. Independent t-test was used to test differences
between groups. For non-normally distributed data,
in this study, MTrP size was used using the Wilcoxon
nonparametric test to compare pre-test and post-test.
Mann-Whitney test was used to compare differences
between groups. Mean + standard deviation was used to
display data. If p value is less than 0.05, the difference is
considered statistically significant.

RESULTS AND DISCUSSION
Baseline data

Thirty-two participants were included in this study.
They were divided into two groups, DN group (11 males
and 5 females) with a mean age of 39.81 + 8.207 and
DFM group (6 males and 10 females) with a mean age of
29.31 + 5.474. All participants had myofascial trigger points
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as evidenced by ultrasonography. In all participants, only
the most symptomatic trigger points were treated. All
participants completed the program and no participants
dropped out.

Data description
Comparison of pre and post tests and analysis of differences
in pain levels in the Dry Needling and Deep Friction
Massage groups

The DN group showed a mean pre-test score of
65.3 + 1.2, which dropped to 47.1 + 2.5 after treatment,
indicating a significant reduction in pain levels (p < 0.05).
Similarly, the DFM group had a mean pre-test score of
67.2 £ 1.2, which decreased to 35.4 + 2.5 post-treatment.
Statistical analysis confirmed a significant improvement in
pain levels (p < 0.05) for both groups. These results suggest
that both DN and DFM are effective in reducing pain.

Comparing the DN and DFM groups to find out which
is better in reducing pain. The mean A (delta) change in
pain levels in the DN group was 18.1 + 8.8 while in the
DFM group it was 31.8 = 7.6 (Fig. 1). The results indicate
significant changes in both groups (p < 0.05). However, the
greatest positive changes occurred in the DFM group so
that DFM was better for changes in pain levels.

Comparison of pre and post tests and analysis of differences
in range of motion in The Dry Needling and Deep Friction
Massage groups

In the DN group, cervical ROM improved significantly
across all movements. The mean pre-test flexion was
35.13 £ 3.7, increasing to 51.31 %+ 3.3 post-test. Extension
improved from 44.88 + 3.3 to 51.31 + 3.3, lateral flexion
from 33.56 + 1.9t041.00 + 2.3, and rotation from 48.75 + 0.9
to 6269 + 1.2. Statistical analysis confirmed these
improvements as significant (p < 0.05), demonstrating DN'’s
effectiveness in enhancing cervical ROM.

Similarly, the DFM group also showed significant
ROM improvements in all movements. The mean pre-test
flexion increased from 46.25 + 1.0 to 55.56 + 0.9 post-
test. Extension rose from 45.00 + 3.8 to 51.18 + 4.0, lateral

flexion from 32.00 + 0.7 to 40.75 + 0.4, and rotation from
48.06 + 1.2 to 61.56 + 1.2. These results indicate that DFM
effectively enhances ROM in MPS cases (p < 0.05).

The A (delta) changes in cervical movements showed
similar improvements in both the DN and DFM groups. For
flexion, the DN group had a mean A change of 6.94 + 4.2,
while the DFM group recorded 9.25 + 3.3. In extension,
the mean A change was 6.44 + 2.1 for the DN group and
7.81 + 2.9 for the DFM group. Lateral flexion showed
a mean A change of 7.44 + 2.2 for the DN group and
8.75 * 3.1 for the DFM group. For rotation, the DN group
recorded 13.75 + 3.8, and the DFM group had 13.50 + 4.0.
Statistical analysis revealed no significant differences
(p > 0.05) in these changes between the two groups. This
suggests that both DN and DFM are equally effective in
improving cervical ROM in MPS.

Comparison of pre and post tests and analysis of differences
in trigger point size in the Dry Needling and Deep Friction
Massage groups

In both the DN and DFM groups, an increase in trigger
point size was observed. For the DN group, the mean
pre-test size was 0.66 + 0.8, rising to 0.87 £ 0.1 post-test.
Statistical analysis showed no significant changes in trigger
point size for this group (p > 0.05). Within 30 minutes
post-treatment, 9 participants in the DN group showed
a decrease in trigger point size, while 7 showed an increase
(Fig. 2).

Similarly, the DFM group showed an increase in trigger
point size, with a mean pre-test size of 1.00 + 0.15 increasing
to 1.30 = 0.2 post-test. In this group, 4 participants
experienced a reduction in size, while 12 showed an
increase (Fig. 3). Unlike the DN group, the DFM group
displayed significant changes in trigger point size according
to statistical analysis (p < 0.05).

The mean A (delta) change in trigger pont size in the DN
group was 0.38+0.5 while in the DFM group it was 0.35 +0.3.
In the group comparison, 30 minutes after treatment both
groups did not show significant delta changes in trigger
point size (p > 0.05) (Fig. 4).
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Fig. 1. Changes in pain level in DN and DFM groups

Note: A— Comparison of pre- and post-tests ROM in the DN group; B— Shows The A (delta) change represents the difference
between post- and pre-intervention values (A = Post-Pre). The asterisk * — p < 0.05 indicates a statically significant result.
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Pre Test B

Post Test

Fig. 2. Ultrasound Images of Neck Muscles Pre- and Post-
Dry Needling Showing Changes in Trigger Point Size

Note: A — presents ultrasonographic (USG) images of the
neck muscles captured before and after the dry needling (DN)
intervention, showing an increase in trigger point size from
0.45 cm to 1.15 cm; B — displays USG images of the neck
muscles obtained pre- and post- DN, highlighting a reduction
in trigger point size from 1.01 cm to 0.93 cm.

2,0 —

1,5 —
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Pre Test B

Post Test

Fig. 3. Ultrasound Images of Neck Muscles Pre and Post
Deep Friction Massage Showing Trigger Point Size Changes

Note: A — presents ultrasonographic (USG) images of the
neck muscles captured before and after the deep friction
massage (DFM) intervention, showing an increase in trigger
point size from 0.76 cm to 1.02 cm; B — displays USG
images of the neck muscles obtained pre- and post- DFM,
highlighting a reduction in trigger point size from 0.83 cm
to0.57 cm.

1,0

Length (cm)

0,5 —

0,0 —

DFM
A

B rre 2,0 [ ] oN
[] Post B orv
15
£
S
=
2 1,0
[}
-
05
0,0 :
DN DFM
B

Fig. 4. Changes in trigger point size 30 minutes after dry needling in DN and DFM groups

Note: A — Comparison of pre- and post-tests of DN and DFM groups; B — The A (delta) change represents the difference
between post- and pre-intervention values (A = Post-Pre). The asterisk * — p > 0.05 indicates a statically significant result.

Comparison of pre and post tests and analysis
of differences in pain levels in the Dry Needling
and Deep Friction Massage groups

Pain reduction is a primary goal in MPS management.
Our findings demonstrate that both DN and DFM
effectively decrease pain intensity. In the DN group,
a decrease in pain intensity was observed 30 minutes

after treatment. The results we obtained the mean pain
level of the DN group decreased from 65.3 + 1.2 and after
treatment decreased to 47.1 + 2.5.

This finding is consistent with prior research
demonstrating that DN significantly reduces pain in
MTrPs [18]. MTrPs are characterized by the activation
of nociceptors, which respond to noxious stimuli.
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Shah J.P. et al. 2008 found that persistent activation of
these receptors leads to central sensitization, resulting in
heightened sensitivity to pain [19]. This process is marked
by increased levels of inflammatory mediators around
MTrPs, such as Substance P (SP), Calcitonin Gene-Related
Peptide, bradykinin, and pro-inflammatory cytokines like
TNF-a and IL-1B. These substances contribute to both
the inflammatory response and the amplification of pain
sensitivity. Additionally, the biochemical environment
surrounding active MTrPs is often associated with local
ischemia (reduced blood flow) and hypoxia (oxygen
deprivation), which can exacerbate pain and inflammation.
Theaccumulation of protons, resultinginalower pH, creates
an acidic microenvironment that sensitizes nociceptors,
thereby enhancing pain perception. DN has been shown to
offer pain relief in MTrP through increased blood flow [20].
Furthermore, previous studies indicate that DN enhances
blood circulation and metabolism, which promotes muscle
relaxation. This effect is thought to be mediated by the
release of vasoactive substances, including calcitonin-
related peptides and SP. These substances activate A-6
and C fibers via the axon reflex, resulting in vasodilation
of small blood vessels and subsequent increases in
blood flow [21].

In addition to these effects, DN also directly targets
MTrPs, reducing muscle tension and pain while stimulating
the release of endorphins and neurotransmitters [22].
A notable study involving a rabbit model found thata single
session of DN applied to the biceps femoris, containing
active MTrPs, significantly increased beta-endorphin levels
in both the biceps femoris and serum, while simultaneously
reducing SP levels in the muscle. This finding suggests that
even a single session of DN may offer beneficial effects for
treating MTrPs [23].

Pain reduction was also observed in the DFM group.
DFM group experienced a decrease in pain intensity
from 67.2 + 1.2 to 35.4 + 2.5, a result that is consistent
with previous studies. Zutshi K. et al. 2021 [24] research
demonstrated that myofascial release techniques,
including DFM, effectively increase pain thresholds
and reduce disability in MTrPs of the upper trapezius
muscle. Similarly, Bau J.G. et al. 2021 [25] found that DFM
enhances microcirculation and alleviates pain in patients
with neck and shoulder pain, further supporting its use in
managing cervical pain. The deep and targeted pressure
applied during DFM induces vasodilation, which improves
blood flow to the affected area. This process not only
helps clear irritants, such as inflammatory substances,
that contribute to pain but also enhances the delivery of
oxygen and nutrients to damaged tissues [26]. Studies
indicate that this increased blood flow plays a significant
role in pain reduction and accelerates the healing process
[14]. Furthermore, DFM may modulate pain impulses at
the spinal level. By stimulating large nerve fibers through
applied pressure, DFM inhibits the transmission of pain
signals carried by smaller nerve fibers, aligning with the
“gate control” theory of pain modulation [27].

The A (delta) change between DFM and DN groups
reveals that DFM results in more significant improvements
in pain alleviation, particularly with respect to post-
treatment discomfort. Several participants reported that
the discomfort following DFM was less intense and less
disruptive to daily activities compared to the potentially
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greater pain associated with needle insertion in DN.
DFM not only focuses on pain relief but also emphasizes
patient comfort and relaxation. Research suggests that
massage therapies promote the release of endorphins
and oxytocin, which contribute to pain reduction and
facilitate relaxation in individuals [28]. These findings
highlight the broader therapeutic benefits of DFM, which
may enhance overall well-being in addition to addressing
pain symptoms.

Comparison of pre and post tests and analysis
of differences in range of motion in the Dry Needling
and Deep Friction Massage groups

Both DN and DFM led to significant improvements
in cervical ROM, highlighting their ability to alleviate
muscle tightness and restore functional movement. The
efficacy of DN in enhancing ROM is likely attributed to its
effects on myofascial tissue relaxation and neuromuscular
modulation. By inducing muscle relaxation, DN helps break
the pain-spasm-pain cycle, reducing myofascial stiffness
and promoting greater mobility.

DN improves cervical ROM through several
musculoskeletal and neurological processes. First, DN helps
relieve muscle tension and spasms, which are key factors
limiting ROM. Studies indicate that stimulating MTrPs with
needles boosts blood flow to the area, reducing hypoxia,
enhancing tissue oxygenation, and aiding muscle recovery,
which together increase ROM [9]. Additionally, DN triggers
neuromuscular responses that improve muscle function.
It enhances cervical segmental stability and reduces pain,
which supports better joint mobility [29]. By activating
deep cervical muscles, DN restores balance between
the extensor and flexor muscles, essential for proper
neck movement control. Finally, DN activates the body’s
pain inhibition system by stimulating nociceptive and
enkephalinergic fibers, reducing pain perception [30]. With
pain alleviated, participants can move more freely, thereby
improving cervical ROM.

Similarly, DFM applies mechanical pressure that helps
remodel collagen, break down adhesions, and restore
muscle elasticity. It has been shown to significantly enhance
ROM in the cervical joints through various physiological and
biomechanical effects. One key mechanism is improved
local blood circulation. By targeting muscle fibers, DFM
applies pressure that separates them mechanically,
increasing local blood flow[26]. This enhanced circulation
alleviates pain, clears metabolic waste, and reduces muscle
tension. Increased blood flow also decreases inflammation
and boosts tissue oxygenation, essential for relieving
stiffness and improving cervical joint mobility. Additionally,
DFM may help reduce adhesions and scar tissue,
promoting flexibility and ROM in the cervical region [14].
The mechanical stimulation from DFM can also trigger
a reflexive relaxation of muscles, lowering muscle tone
and further improving ROM [31]. Beyond these physical
effects, DFM induces a state of relaxation, which supports
better muscle function and coordination, contributing
to its overall effectiveness in enhancing cervical joint
mobility [32].

While bothinterventionsimproved ROMacross multiple
planes of movement, the comparative analysis revealed
that DFM had a more pronounced effect on flexion,
extension, and lateral flexion, whereas improvements
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in rotation were comparable between groups (Fig. 5).
This suggests that while DN remains a viable option for
enhancing mobility, DFM may offer more comprehensive
benefits in addressing functional impairments associated
with MPS.

Comparison of pre and post tests and analysis
of differences in trigger point size in the Dry Needling
and Deep Friction Massage groups

This study uniquely employed ultrasonography to
objectively measure trigger point (TP) size. Results showed
that neither DN nor DFM significantly reduced TP size
within 30 minutes post-treatment, indicating that visible
structural changes in myofascial tissue may require more
time. Interestingly, the DN group exhibited individual
variations: some participants experienced a decrease in
TP size, while others showed an increase (Table 2). These
differences could be linked to the acute inflammatory
response caused by needle insertion, a topic deserving
further exploration.

Table 2. Changes in the size of trigger points in the DN and
DFM groups

Participants Trigger Point Size
Group Decrease Increase
DN group 9 7
DFM group 4 12

Note: “Decrease” indicates the participants who showed
a reduction in trigger point size after treatment, while
“Increase” refers to those who experienced an enlargement
in trigger point size post-treatment. DN — Dry Needling;
DFM — and Deep Friction Massage.

The enlargement of MTrPs was observed in participants
who had been experiencing pain for less than 5 days.
This response is likely part of the healing process, as
needle insertion into the trigger point can induce a local
inflammatory reaction. This inflammatory response is
characterized by increased blood flow and the release
of inflammatory mediators, which can lead to localized
swelling and pain in the affected area [33]. The body’s
response involves enhanced blood circulation and the
mobilization of immune cells to the site of injury, facilitating
tissue repair [34]. Research by Nowak et al. suggests
that direct intervention on trigger points may provoke
a transient inflammatory reaction, potentially leading to an
increase in TP size [35].

In contrast, participants who had experienced pain
for more than 5 days demonstrated a reduction in TP size.
This may be due to the MTrPs transitioning from the acute
phase, in which the nervous system becomes hyper-
responsive, altering pain perception and diminishing the
ability to elicit a twitch response [36]. However, further
research is needed to explore the duration of pain relief
following dry needling and to better understand the
temporal dynamics of TP size changes in response to
treatment.

DFM group, despite demonstrating significant
improvementsin pain reduction and ROM, exhibited varied
responses in trigger point size, with some participants
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Fig. 5. Changes ROM in flexion, extention, lateral flexion,
and rotation 30 minutes after treatment DN and DFM
groups

Note: A — Comparison of pre- and post-tests ROM in the DN
group; B— Comparison of pre- and post-tests ROM in the DFM
group; C — The A (delta) change represents the difference
between post- and pre-intervention values (A = Post-Pre). The
asterisk *— p < 0.05 indicates a statically significant result.
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showing an increase and others a decrease (Table 2).
This variability supports the notion that immediate
symptom relief does not necessarily correspond to
immediate structural changes in MTrPs.

The pre- and post-treatment evaluations for the DFM
group showed notable changes in trigger point (TP) size,
potentially due to less variability in individual responses.
Specifically, 12 participants experienced an increase in
TP size, while 4 showed a decrease. The reduction in
MTrP size could be linked to DFM’s ability to stimulate
fibroblast activity, which is essential for tissue healing
and remodeling. The mechanical pressure applied during
DFM helps realign collagen fibers and improve tissue
integrity [26]. Additionally, the transverse friction technique
used in DFM targets muscle fibers, promoting a healing
process that reduces muscle tension and tightness,
leading to a decrease in MTrP size [37]. As muscle tension
lessens, joint mobility improves, further contributing to
the reduction in MTrP size since tight muscles often restrict
joint movement.

In contrast, some participants experienced an increase
in TP size after DFM, likely due to the inflammatory
response caused by tissue manipulation. The deep
pressure applied during DFM can create microtrauma in
muscle fibers, triggering localized inflammation as part of
the natural healing process [38]. This inflammation may
temporarily lead to swelling or heightened sensitivity,
which can appear as TP enlargement. However, this effect
is usually short-lived, and with ongoing treatment, TPs
generally decrease in size, accompanied by symptom

improvement [39]. The relationship between pain duration
and the body’s response to treatment is an area requiring
further investigation. Future studies should focus on the
factors influencing whether TPs grow or shrink following
therapeutic interventions.

DFM may provide greater benefits as its mechanical
pressure applied along muscle fibers helps break down
adhesions. However, DN also showed effects, despite no
significant change in TP size. This difference might be due
to the DN group having both acute and chronic conditions,
which may have influenced the results. In comparison, the
DFM group had more participants with acute conditions.
To better understand these treatments, future research
should focus on the long-term effects of DFM and DN on TP
size and their role in managing MPS.

CONCLUSION

This study provides valuable comparative insights
into the effectiveness of DN and DFM in the treatment of
MPS. While both interventions significantly reduce pain
and enhance ROM, DFM demonstrates superior efficacy
in pain relief and broader improvements in movement.
The absence of immediate trigger point size reduction
suggests that structural changes require more prolonged
treatment. These findings emphasize the clinical utility
of DFM as an optimal therapeutic choice for acute pain
management while reinforcing DN'’s role in neuromuscular
modulation. Future studies should focus on long-term
treatment outcomes and individualized therapy protocols
to optimize patient care in MPS management.
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Peaéunuraums naumMeHToB C ULLEMUYECKUM UHCYNIBTOM
C NPUMEHEeHUeM BUPTYQASIbHOM PeanbHOCTM:
NpocneKkTUBHOe PAHAOMU3UPOBAHHOE UCCNefoBaHMe
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" TromeHckuli 20cydapcmaeeHHbil MeduyuHcKul yHugepcumem MuH30pasa Poccuu, TomeHs, Poccus
206nacmHasa 6onvbHuya Ne 23 (2. Anymoposck), Anymoposck, Poccus

PE3IOME

BBEJEHUE. AkTyanbHol npobnemoit senseTca pa3pabotka 1 oueHKa 3bPeKTMBHOCTU HOBbIX METOAOB peabunutauuy nauveHToB
C VILLEMUYECKUM VHCYNBTOM B OCTPbIV Meprog.

LIEJIb. OueHunTb pe3ynbTaT NPOCNeKTUBHOIO (6 MecsALeB) HabNoAeHNA NaLUEHTOB C NWEMUNYECKUM UHCYNIBTOM Mocsie peabunutaumm
C NPUMEHEeHVEM BUPTYanbHOW PeasibHOCTU Mo AUHAMUKE MOOWNbHOCTY 1 ABUraTeNbHbIX QYHKLUMIA HUMHMX KOHEYHOCTEN.
MATEPUAJIbl U METO[bI. Ha 6a3e 'BY3 TO «O6nacTtHasa 6onbHuLa N2 23» (. AnyTOpoBCK) B NepBUYHOM COCYANCTOM OTAENIEHMN (He-
BPOSIOrMYecKunin Nnpodub) NpoBeJeHO OAHOLEHTPOBOE NPOCNEKTMBHOE PaHAOMM3NPOBAHHOE NCCNIefoBaHMe Mo oLeHKe dddeKTuB-
HOCTV METOLOB KOMMIEKCHOW peabunutauum ¢ npumeHeHnem BUPTYanbHOW peanbHOCTW (BP) y naumneHToB C NWEMUYECKUM UHCYb-
ToM. MeToioM crienoi paHAOMU3aLUM NauUMeHTbl pacnpeaeneHbl Ha 3 rpynnbl. Bo Bcex Tpex rpynnax npoxoawn UAeHTUYHBIA Kypc
peabunutauny CornacHo KNMHMYECKMM pekoMeHAaUMAM Nocie 3aBepLleHns OCTPeiero nepuoaa oCTPoro HapyLeH1s MO3roBoro
KpoBoobpalleHusa. OcHoBHas rpynna (n = 30) nauMeHTOB Nosyyana B AOMOJIHEHNE K OCHOBHOMY KypCy peabunmtauum UMMepPCUBHY0
BP 1 pononHeHHyto peanbHocTb (AP). MaumeHTbl rpynnbl cpaBHeHUs (n = 30) nonyyany OCHOBHOW Kypc peabunutauun n [P. MayueHTsl
KOHTpOsbHOM rpynnbl (n = 30) nonyynny 0OCHOBHOW Kypc peabunutauun 6e3 [P n BP. Mpown3seaeHa oueHKa 3dpGeKTMBHOCTY MO NAEH-
TUYHBIM KJTIMHNKO-YHKLMOHANbHbIM LWKanam nocse Kypca peabunutaumm n yepes 6 Mecsaues.

PE3YJIbTATbI U OBCYKAEHUE. MNpu obcnenoBaHny naumeHToB Yepes 10 JHEN OTMeYEHO YBENNYEHNE CUMbl B HAXKHUX KOHEYHOCTAX
1 ynyylleHne KOopAauHaLumm npu onope. B ocHoBHoOW rpynne Ha ctabunomeTpun Yepes 10 gHel nokasaTtesib pacnpeaeneHns HarpysKku
Ha CTOpOHe nopaxeHua ysennumnca ¢ 39 [13; 94] % po 46 [15; 63] %, B KoHTponbHoM rpynne — ¢ 31,5 [6; 88] % po 41 [9; 71] % (p < 0,05).
OTMeUEeHO CHMKEHUE BbIPAXKEHHOCTY HapyLleHni B GYHKLMOHMPOBaHNM NMaLMeHTOB BO BCeX Tpex rpynnax. Yepes 6 mecsueB BblsiB-
NEHO, UTO B OCHOBHOM rpynne y 50 % nauueHTOB HEBPONIOrMYECKME HAapYLIEHNA CPefHel CTENeHN TAXeCTy nepewnu B 6onee nerkue
rpagaumu. MonyyeHHble pe3ynbTaTbl CBUAETENbCTBOBAM O fyylleM BOCCTAHOB/IEHNM B OCHOBHO rpynne ¢ BP n P.

3AKJTIOYEHUE. B pe3ynbtaTe NpoBeAEHHOIO UCCe0BaHMsA OTMEUEHbI NMONOXKNTeNbHble 3bPeKTbl B NPUMEHeHN peabunutauuy na-
LIMEHTOB C MLIEMUYECKNM UHCY/IBTOM C BKJTlOYeHWeM BP nMmMepcrBHOIo 1 AOMONHEHHOrO TUMna. MeToanka MOXeT NPUMEHATLCA Npu
peabunutauuy B oCTpbI Neproa NILEMUYECKOTO MHCYNbTa NPU COCTaBAEHUM PeabUnMTaLMOHHbIX MPOrPamMM 1 NOANEXMNT AafibHeN-
LIemy 1U3yyYeHmio.
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ABSTRACT

INTRODUCTION. The current problem lies in developing and evaluating the effectiveness of new rehabilitation methods for patients
with ischaemic stroke during the acute phase.

AIM. To evaluate the result of a prospective (6 month) follow-up of patients with ischemic stroke after rehabilitation using virtual
reality on the dynamics of mobility and motor functions of the lower extremities.

MATERIALS AND METHODS. On the basis of Regional Hospital No. 23 (Yalutorovsk), in the primary vascular department (neurological
profile), a single-center prospective randomized trial was conducted to evaluate the effectiveness of integrated rehabilitation
methods using virtual reality in patients with ischemic stroke. By the method of blind randomization, after receiving written consent
to participate in the study, the patients were divided into 3 groups. All three groups underwent an identical rehabilitation course
according to clinical recommendations after the end of the acute period of stroke. The main group (n = 30) patients received
immersive virtual (VR) and augmented reality (AR) in addition to the basic rehabilitation course. The comparison group (n = 30) —
patients received basic rehabilitation, etc. The control group (n = 30) — patients received a basic course of rehabilitation without
AR and VR. The effectiveness was assessed using identical clinical and functional scales after the rehabilitation course and after
6 months.

RESULTS AND DISCUSSION. Examination of patients after 10 days showed an increase in strength in the lower extremities and
improved coordination in support. In the main group, after 10 days, the load distribution index on the affected side increased
from 39 [13; 94] % to 46 [15; 63] % on stabilometry, compared with 31.5 [6; 88] % to 41 [9; 71] % in the control group (p < 0.05). There
was a decrease in the severity of disorders in the functioning of patients in all three groups. After 6 months, it was revealed that in the
main group, 50 % of the patients had moderate neurological disorders that had developed into milder grades. The results indicated
a better recovery in the main group with VR and AR.

CONCLUSION. As a result of the study, positive effects were noted in the use of rehabilitation of patients with ischemic stroke with
the inclusion of immersive and augmented virtual reality. The technique can be used for rehabilitation in the acute period of ischemic
stroke in the preparation of rehabilitation programs and is subject to further study.
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BBEAEHUE
MHcynbT npoposkaeT ocTaBaTbCA OJHOW U3 rMaBHbIX

UTO BO3MOXXHO 6n1arofapsa COBPEMEHHON MeANLMHE U TeX-
Honoruam [4].

NPUYNH ONNTEIbHON MHBANIMAHOCTY Y B3POC/IbIX, OXBaTbl-
Ban 80-86 % [1]. YuntbiBaa macwtab npobnemol, peabunu-
TaumMA NaLMeHTOB C MHCYNTIbTOM CTAaHOBUTCA MPUOPUTETHLIM
HanpaefieHnem B 3gpaBooxpaHeHunn. Cpeamn nocneacTsunii
OCTPOro HapyLLeH1A MO3roBOro KpoBoobpalleHnsa Hanbo-
nee YyacTbIM1 NPUYNHAMW UHBANMAHOCTW ABAAITCA NPO-
6nembl ¢ gBvKeHMEM [2]. DTOT GaKTop 3HAYUTENbHO BNU-
AeT Ha coLManbHY CaMOCTOATENIbHOCTb 1 paboTocnoco6-
HOCTb MaLMeHTa, NO3TOMY BOCCTaHOBNEHWE NOABUKHOCTY
BbICTyMaeT OAHOW M3 KITIOYEBbIX 3afjay peabunmraumm.

B nocnegHue roabl HabnogaeTca yCTONUMBLIA POCT
yncna NHBaNMAOB, NepeHecwnx UHcynbt. B Poccun cpean
TaKMxX NauyneHToB K paboTe Bo3BpaLlaloTca nnwb 3-23 %,
B TO BpeMs Kak 85 % Hy>x[AaloTcA B MOCTOAHHOWN MeAnKo-Co-
umanbHon nomouy, a 20-30 % cTtankmueatoTca ¢ rnybokon
WHBaNNOHOCTbIO Ha NPOTAXEHUN BCEM »KN3HM [3].

OfHVM 13 KNIOYeBbIX acCMeKTOB BOCCTAaHOBMIEHUA ABNA-
eTcA paHHee Hayano peabunuTaLMoHHbIX MePONPUATUIN,

ARTICLES

CoBpemeHHble MoAxXoAbl K peabunutaumy naumeHToB
nocne MHCynbTa HanpasieHbl Ha MaKCMManbHOe BOCCTa-
HOBJIEH/E yTpaueHHbIX QYHKLMUA 1 ynydlleHne KayecTBa
Xn3Hu [5]. BaxkHbIM acnekTom ABNAETCA paHHAA peabu-
nuTaums, KoTopaa JO/KHa HauMHaTbCcA cpasy rnocne cTa-
6unmsauny CocToAaHUA naumeHTa [6]. OTO 3HauUUTENbHO
MoBbIWAET LWaHCbl Ha BOCCTAHOBNEHWE [ABUraTeNbHbIX
bYHKUMIA 1, cnefoBaTeNlbHO, Ha coumanbHylo U npodec-
CUOHanbHYI0 penHTerpauuio nauveHTa. Begb ot KauectBa
HauyaTon peabunuTaLmmn 3aBUCUT, C KaKMM HeBpoOJiornyec-
KUM AeduumnTom oCTaHeTCA NauMeHT Ha BCIO OCTaBLUYHOCA
Xn3Hb [7, 8]. 2dPeKTMBHbBIE NPOrPamMmbl BKIOYAIOT B cebA
He TONbKO MeAMUMHCKOe NleyeHne, HO 1 ¢usmoTepanuio,
nevyebHyt0 GU3KYNbTYPY, NOroNeanyYecKyo 1 KOTHUTUBHYHO
Tepanuu [9, 10]. iHaAMBMAYyanbHbIN NOAXOL K KaXAoMy na-
LMeHTy no3sonaeT 6onee TOYHO afganTUpoBaTb peabunu-
TaLMOHHblE MeToAbl B 3aBUCMMOCTN OT CTEMEHU TAXKECTU
1 XapaKkTepa HapyleHua ¢yHkumn [11-13].
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CylecTByeT MHOXECTBO NOAXOA0B Y METOAUK, KOTOPble
NPYMEHAIOTCA B peabunmTaumm nuu, nepeHecnx UHCYNbT
[14-16]. Cpean HUX dM3noTEPaANUS, SproTepanma, a TakxKe
ncrnonb3oBaHne PobOTU3NPOBAHHBIX CUCTEM U BUPTYyalib-
Hol peanbHocTW (BP) [17-19]. 3T meToabl HanpaBieHbl
Ha MakCMManbHOe BOCCTaHOBNEHMWE yTpaueHHbIX GyHKLUI
1 apanTaumio K HOBbIM YCITOBUAM MU3HU.

TeM He MeHee, HECMOTPA Ha AOCTUKEHUA B peabunuta-
LMOHHON MefuLMHe, OCTaeTCA MHOXKEeCTBO HepelleHHbIX
BOMPOCOB. Hanpumep, Kak BAUAET UMMePCUBHAA U He-
nmmMmepcmnHana BP Ha pesynbraT peabunutauymm B OCTpbIi
nepuog NHCyNbTa U Kakne NponCxXogAT M3MeHeHs B oTaa-
NIeHHbIN Neproa.

LEJ1b

OueHnTb pesynbTaT NPOCNeKTUBHOrO (6 MecAueB)
HabnoAeHNA MaUWMEeHTOB C WULIEMUYECKMM MHCYIbTOM
nocne peabunutauum c npumeHeHnem BP no gnuHamumke
MOOGWIbHOCTY U ABUFaTeNbHbIX GQYHKLUMIA HUMKHUX KOHeY-
HOCTeNn.

MATEPWUANDbI U METOAbI

MNpoBegeHO OAHOLIEHTPOBOE MPOCMNEKTVBHOE paHAo-
MU3MPOBaHHOE 1CCefoBaHMe No oueHke 3GHeKTUBHOCTM
mMeToAa peabunutaumy ¢ npumeHeHvem BP y nauuweHToB
C ULeMNYECKM MHCYNIBTOM B OCTPbIN nepuog. Wccnepo-
BaHMe npoBeAeHo Ha 6a3e IBY3 TO «O6nacTtHasa 60nbHU-
ua N2 23» (r. AnyTopoBcK) 06nacTu B NePBUYHOM COCYAU-
CTOM oTaeneHnm (HeBponornyeckmin npodunb). B nccnego-
BaHMWe BKoYeHO 90 nayMeHTOB C ULIEMUYECKMM MHCYIb-
TOM B OCTpPbIVi eproA.

B kauectBe nmmepcusHon BP npumeHAnacb nporpam-
Ma BP' B wneme Pico-4. 1nA HEMMMepPCUBHON OOMOHEH-
Hol peanbHocTK ([P) ncnonb3oBaHa peabunutaymoHHas
nepyatka AHnka (OOO HIM® «PeabunutaynMoHHbIe TEXHO-
noruu», Poccus).

OT160p B rpynnbl CpaBHEHWA NPOXOAW MO KPUTEPUAM
BK/IOYEHUNSA, HEBKJIIOUEHMA B COOTBETCTBUM C pelleHnem
nokanbHoro aTnyeckoro komuteta npu OGrbOY BO «TiomeH-
CKUI FOCYAAapPCTBEHHbIN MeANLIMHCKII YHUBepcuTeT» MnH-
3apaBa Poccum (npotokon N2 97 o1 09.01.2021).

Kpumepuu exknoyeHusa

My>urHbI 1 KeHWHbI B Bo3pacTe oT 18 go 75 net. MNa-
LMeHTbl, Y KOTOPbIX BMepBble CyYn1oCb OCTPOE HapyLue-
HMe MO3roBoro KpooobOpalleHua. Hanmuve y nauneHTa
MOTOPHON OYHKLMN HUKHUX KOHEUYHOCTEN C OLEeHKon 4
WA HUXe MO WKane bpuTaHCKoro MeanuUMHCKOro muccne-
[0BaTeNbCKOro coBeTa A1 U3MepeHuna cuibl MbiwuL,. Mauyn-
€HTbl, K KOTOPbIM He 6blsia NpYMeHeHa TPoMboMTYeCKas
TepanusA. YYaCTHUKM C pe3ynbTaToM Mo LWKane peabunuTa-
LIMOHHOI MapLUpyTH3aLumn meHee 6 6annos.

1 TypoeuHunHa E.®. KonbitoB A.A., MnoTHukos [.H. AsTo-
MaTM3MpOBaHHaA cucTemMa [Ana  Helipopeabunutauum
«BWAPP100». CBUAETENbCTBO O perncTpaumm nporpamMmmHo-
ro obecneyenus. MateHT RU 2022685148, 21.12.2022. Per.
N2 2022685306, 21.12.2022. [Turovinina E.F,, Kopytov AA.,
Plotnikov D.N. Automated system for neurorehabilitation
«VIARR100». Certificate of registration of the software.
Patent RU 2022685148, 21.12.2022. Request No. 2022685306
dated 21.12.2022 (In Russ.).]
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Kpumepuu HeeknoyeHus

Hannune anunentndopMHON akTVBHOCTU MO 3MEKTPO-
sHUedanorpadun, HanMuMe KOTHUTMBHBIX HapYLLUEHWIA,
Npu KOTOPbIX MOoKa3aTesb No MoHpeanbCKon LWKane oLeH-
KN KOTHUTUBHbIX criocobHocTer (MoCA) Huke 24 6annios.
Hanuune gpyrmux HEBPONOrMYECKMX 1 COMATUYECKMX 3a00-
nNeBaHNii, KOTOpble NPUBOAA K Pa3fiMyHbIM CTEMEHAM [BU-
raTesibHbIX HapyleHuit. MauneHTbl, Npoxoasawmne TpPoMobo-
NIUTUYECKYIO Tepanuio. YUacTHUKN C pe3ysibTaToM Mo LuKa-
ne peabUnuTauroHHON MapLpyTraumm 6 6annos. Jlnuua
C HapyLleHnAMM 3peHus. MNMauneHTbl B COCTOAHMN OCTPOro
ncuxosa.

Kpumepuu ucknoyerus

HenepeHoCMMOCTb METOAOB peabunuTaumm, BKIOYEH-
HbIX B MPOrpaMMy, B BUAE TOLIHOTbI, PBOTbI, FONTOBOKpPY»Ke-
HUA, NOObBIX JPYrMX COMATUYECKMX MPOABAEHNI.

OTKa3 nayMeHToB OT NpuMeHeHnA BP B peabunutayum.
OTcyTCTBME MOTMBaALMM Y MauUMeHToOB. Bo3HMKHOBeHMe
OCTPbIX COCTOAHWI, YTPOXKAOLLMX XKN3HW NaLMeHTa; nobou-
HaA peakuusa Ha 6a30Boe MeMLMHCKOE NleyeHue.,

MccnepoBaHve npoBoamnock B ABa 3Tana. Ha nepsom
3Tarne NPon3BOAUNIACH OLEHKA COCTOSAHMA MaLUeHTOB Npu
3aBepLlUeHNN OCTpeNLero nepuoga WWEMUYECKOTO WH-
cynbta (3-1 feHb) nepep BKJYEHMEM B MCCefoBaHue
N oLeHKa nokasaTenen yepes 10 gHel nocsie Havyana pe-
abMNNTaLMOHHBIX MeponpuaTuiA. MpruMeHANncb cybbek-
TUBHble MeToAbl oueHKM cornacHo PepepanbHbiM KINHA-
yeckmm pekomeHgaumnam? n MNpukasy Munsgpasa Poccumm,
K 3Tum wKanam oTHecnucb: wkana bepra, wWKkana oueHKM
TaxkecTn mHcynbta NIHSS, wkana PaHknHa (LUP), nHpekc
MOOGUNbHOCTM PuBepMMAa, WKana peadbunntaloHHON
MapLupyT3auumn, UHOeKc xoabbbl Xay3sepa u KaTeropuu
dyHKLUMOHanbHOCTN xofbbbl no Holden. [Ina o6bekTnsu-
3aUMmM pe3ynbTaToB MPUMeHANnacb ctabunometpua (cTa-
6unonnatdopma Tymo Therapy Hlate). JononHutenbHan
AMArHOCTUKA BKJOYana 3nekTposHuedanorpaduio ana
N3yYyeHUa 3MeKTPUYECKON aKTUBHOCTU Mo3ra. Mccnepo-
BaHVe NPOBOAMIOCH Nepes HayanoM peabunnTaLMoHHbIX
MEepPONPUATAI 1 NPY 3aBEPLLEHNN Kypca AN UCKNIOYEHNA
anmnenTMGOPMHOI aKTMBHOCTU FOTOBHOrO Mo3ra. Bropori
3Tan Npoxoaun yepes 6 MecALEB B KOHLIE paHHero BOC-
CTaHOBMUTENIbHOTO MepPKOoAa MILEMNYECKOTO NHCYNbTA, NPU
KOTOPOM MPON3BOANIIACL OLEHKa PeabunnTaLOHHbIX Me-
pPONpUATUIA C UCMONb30BaHUEM CYOBEKTUBHBIX METOLOB
wkanbl bepra, wkanbl oueHkn TAxectn mHcynbta NIHSS,
LLUP, nHaekca mobunbHoCTM PrBepmung, WKanbl peabunu-
TaUMOHHOWN MapLUpyTU3auumn, MHOeKca xoabbbl Xaysepa
N KaTteropmm ¢yHKLMOHaNbHOCTU Xxoabbbl no Holden. Me-
TOAOM CNENoN paHAOMM3aLMM NaUMEHTbl pacnpeneneHbl
Ha 3 rpynnbl (Tabn. 1). OT BCex y4acTHUKOB McCCefoBa-
HUA OblMM NonyyeHbl UHPOPMUPOBAHHBIE MUCbMEHHbIE
cornacus.

2 MwuHncTepcTBO 3apaBooxpaHeHus Poccuiickont ®epepa-
unn. KnnHnyeckne pekomeHgaumnmn. MiweMmyecknin MHCynst
1 TPaH3UTOPHaA MeMnyeckas ataka y B3pocsibix. MockBa.
2024; 28 c.

3 Mpuka3 MuHncTepcTBa 3apaBooxpaHeHuna Poccuickon Qe-

aepaunn ot 31 nona 2020 r. Ne 778H «O nopsapke opraHnsa-
LN MeAULNHCKOW peabunmTaumm B3poCibix»
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Ta6bnuua 1. XapakTeprcTrKa NalneHToB, BKIOUEHHbIX B MCCIefoBaHMe no nosy v sospacty (M + SD)
Table 1. Characteristics of patients included in the study by gender and age (M + SD)

OcHOBHbIe XapaKTepncTukm /
Main characteristics

OcHoBHasA rpynna
(n =30) / Main group

pynna cpaBHeHnsA
(n=30) / Comparison

KoHTponbHasa rpynna
(n=30) / Control group

(n=30) group (n=30) (n=30)
MyxuunHbi / Men 15 (50 %) 24 (80 %) 21 (70,0 %)
Mon / Gender
KeHwumHbl / Women 15 (50 %) 6 (20 %) 9 (30 %)
Bospacr, net/ Age, years 56,1 £13,9 559+11,1 54,2+12

Bo Bcex Tpex rpynnax NpOXOAWS WAEHTUYHBIA Kypc
peabunuTauMm COrnacHoO KIMHUYECKMM peKoMeHAaLMnAMm
yepes 3 gHA nocne cTabnnmnsaumm COCTOAHNA 1 3aBepLue-
HMA OCTpeNLLIero NneproAa oCTPOro HapyLeHNA MO3roBOro
KpoBoobpalleHua. KomnnekcHasa MynbTUANCUMMIMHapHan
peabunuTauus, oxBaTbiBaloLaa NeKapCTBEHHYIO Tepanuio,
neyebHble yNpa)KHEHUA 1 NMCUXONOTMYECKY0 Moanep Ky,
NpoBOAMIaCh B COOTBETCTBUMN C KIMHUYECKUMIY PEKOMEH-
fJaumamm MuHsgpaBa Poccun Bo Bcex Tpex rpynnax. Otnu-
uve 3aKJYanocb B ncnonb3oBaHun BP nnbo nmmepcrs-
HOW, MO0 AOMOJTHEHHON.

OcHoBHasa rpynna (n = 30) nonyyana MMMEPCUBHYIO
BP n HemmmepcuBHyto [IP B AononHeHWe K OCHOBHOMY
Kypcy peabunutaumm. NaumeHTbl U3 OCHOBHOW Tpynmbl
NPOXoAWAN 3aHATUA C UCMOSIb30BaHNEM KOMMbIOTEPHON
nporpammbl B TedyeHvie 10 AHeN exedHEBHO ANUTENbHO-
CTbio Mo 15 MMHYT. B KauecTBe BMPTYanbHOro OKPY»KeHWA
MCMONb30BaHO MOJENMPOBaHME CUTYaLMN OBUKEHUA Ha
Benocunege C NomoLlbio Wwnema BP, ABMXKeHMA HUKHUX
KOHeYHoCTel OCyLecTBAAN pPoOOTU3NPOBAHHbIN BeENo-
TpeHaxkep [22]. Takon noaxon MO3BOAAN CTUMYNMPOBATb
Kak ¢u3myeckylo, Tak M KOTHUTUBHYIO aKTUBHOCTb. He-
nmmepcreHaa [P, npepctaBneHHas peabunuTaLMOHHON
nepuaTtkon «AHUKa» ¢ Bruonormyeckolr obpaTHol CBA3bIO,
NpYMeHAnacb exxefaHeBHO B BMAE 15-MUHYTHbIX CEaHCOB.
Kaxkgoe [BMXeHVe BK3yanv3npoBanocb Ha MOHUTOpe
KOMMblOTEPa, YTO MO3BONASO NaLMeHTy HabnoaaTb 1 Kop-

pPeKTUPOBaTb BbIMOIHEHME YNPAaXXHEHWI B PEXKUME peasib-
HOro BpemeHu. BusyanbHasa obpaTHas CBA3b 3HAUUTENbHO
yCunvBaeT 3aMHTEPEeCOBaHHOCTb MaLeHTa, MOCKOMbKY OH
MMeeT BO3MOXXHOCTb BUZETb CBOW [OCTUXKEHMA 1 paboTaTb
Haj ynyuJweHnem TOYHOCTN ABMKEHWI.

lpynna cpaBHeHuA (n = 30) nonyyana Ttonbko [P (3a-
HATWMA C WCMNONb30BaHWEM peabunnTaLMOHHON nepyat-
KN «AHUKa» C 6uonornyeckom obpaTHoON cBA3blo) 6e3
nmmepcmBHon BP exegHeBHo no 15 muHyT. B gononHe-
HMe K OCHOBHOMY KypcCy peabunutaumy KOHTPOJSbHas
rpynna (n = 30) nonyyana OCHOBHOW KypcC peabunutauyun
6e3 1P n BP.

KnvHunyeckne paHHble OblIM NOABEPrHYTbl aHanNM3y
C UCMONb30BaHMeM CTaTUCTUYECKUX METOAOB, NpUMe-
HasA IBM SPSS Statistics Bepcum 23 n Microsoft Excel 2000.
B ycnoBusax orpaHnYeHHOro pasmepa BblIOOPKM ANA Npo-
BEPKM HOPMasbHOCTW pacnpefeneHmnsa AaHHbIX NCNOb30-
Banca TecT Wanupo — Yunka. Mpu cpaBHeHNN AByX He3a-
BMCUMbIX Fpynn npumMeHAnca metog MaHHa — YWUTHU, npu
CpaBHeHWW Tpex rpynn npumeHanca meton Kpacken —
Yonnuca, C ypOBHEM CTaTUCTMYECKOW 3HaumMmocTm p < 0,05.

PE3YJIbTATbI U OBCYXXAEHUE

Mpy oueHKe pe3ynbTaToB BOCCTAHOBNEHUA GYHKLMO-
HMPOBAHUA HUXKHMX KOHEYHOCTEN B KOHLe peabunutauu-
OHHOrO Kypca Oblin BblsIBAEHbI Clieayiolmne nokasartenm
ctabunomeTpum B rpynnax (tabn. 2).

Ta6nuua 2. CpaBHUTENbHAA MEXXIPYMNMNoOBan XapakTepucTrKa ANHaM1KIM NokasaTenen ctabunometpun; Me [5P; 95P]
Table 2. Comparative intergroup characteristics of the dynamics of stabilometry indicators; Me [5P; 95P]

OcHoBHas rpynna (n =30) /
Main group (n =30)

lpynna cpaBHeHus (n=30)/ KoHTponbHas rpynna (n=30)/
Comparison group (n = 30)

Control group (n=30)

Yepes Yepes Yepes
MNMokasartrenn 10 gHen 10 gHen 10 gHen
c-ra6v|"o|v|e1-pv|v| / nocne nocne nocne
Stabilometry Ha Havana Ha Hauana Ha Hauana
Indicators 3-n aeHb / nevyeHuna / p 3-n aeHb/ neueHuns/ p 3-n aeHb/ neueHuns/ p
Onday3 10days Onday3 10days Onday3 10days
after the after the after the
start of start of start of
treatment treatment treatment
PacnpegeneHune
Harpyskv 39 46 33 44 68 59
cnesa, % / Load n3;04 1563 %% 386 1582 “%%° nzoa ooy 0%
distribution left, %
PacnpegeneHune
Harpyskmu
42,5 51,5 67 55 31,5 41
o ’ I I’
cnpasa, % / 6:871 1584 9% paon  psoa "% sy o717 <00

Load distribution
right, %
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OkoHyaHue mabnuywl 2/ Table 2 End

OcHoBHas rpynna (n =30) /
Main group (n = 30)

pynna cpaBHennsa (n=30)/ KoHTponbHas rpynna (n=30)/
Comparison group (n = 30)

Control group (n=30)

Yepes Yepes Yepes
MNMokasartenn 10 AHeﬁl 10 AHeﬁl 10 Al‘leﬁ
c-raﬁwnome-rp““ / nocne nocne nocne
Stabilometry Ha Hayana Ha Hayana Ha Hayana
Indicators 3- geHb / neveHuna / p 3-n geHb / neueHuns/ p 3-n geHb/ neueHuns/ p
Onday3 10days Onday3 10days Onday3 10days
after the after the after the
start of start of start of
treatment treatment treatment
Ycunue cneBa, Kr/ 20,5 26 18 23,5 23 24
Forceontheleft kg [5:34]1  [13:36] <20 4341 (635 9% 920 p2300 %%
Ycunue cnpasa,
20 26 27,5 29 15 20
Kr / Force on the > 0,05 o ] > 0,05 . o >0,05
right, kg [5; 33] [14; 35] [6; 37] [7;39] [5; 28] [7; 29]
AKTNBHOE
nepeHeceHne
TAXKECTU Tena 70,5
(cpenHee 63 79 56 69 60 -
3HaueHne), % / 39,721 146;96" P<%% (a1;68) (52,841 P00 536 1082 P>005

Active transfer
of body weight
(average value), %

MpumeuaHue: “— 0ocmogepHbie Mexzpynnosbie pasaudus Mexoy 2pynnol CpasHeHUs U KOHMPOJIbHOU 2pynnol Yepe3
10 0Heli peabunumayuu, p < 0,05; “— docmosepHbie Mexzpynnossle pasiuyus mexoy 0CHO8HOU 2pynnou u 2pynnoli cpas-
HeHus yepe3 10 OHeli peabunumayuu, p < 0,05; ™ — 0ocmosepHble Mexzpynnosbie pasiuyus Mexoy 0CHO8HoU 2pynnoli
u epynnoli cpagHeHus Yepes 10 OHel peabunumayuu, p < 0,05.

Note: "— significant intergroup differences between the comparison group and the control group after 10 days of rehabilitation,
p < 0.05; ™ — significant intergroup differences between the main group and the comparison group after 10 days of

.

rehabilitation, p < 0.05; ""— significant intergroup differences between the main group and the comparison group after 10 days

of rehabilitation, p < 0.05.

B OvHamuKe yBenuueHre Chmbl B HUPKHUX KOHEYHOCTAX
Ha ¢OHe NPOBOANMBIX PEABUINTALMOHHBIX MEPONPUATUIA
OTMEUEHO BO BCEX TPeX rpymnnax. Tak, B OCHOBHOW rpyrmne Ha
cTabunomeTpun Yepes 10 aHel NoKaszaTesib yCUIns B Nieru-
poBaHHo Hore ysennuunca c 20,5 [5; 34] go 26 [13; 36] Kr,
CPaBHUTENIbHO B APYrUX FPymnnax oTMeYeHa TakxKe NosoXu-
TeslbHasA, HO MeHblUas AUHaMKKa. Bo Bcex rpynnax Takke
YMeHbLINACA gucbanaHc B pacnpeneneHnm Harpysku npu
onope (1abn. 2). Jlyywue pe3synbTaTbl MNOBbIWEHUA CUMbI
B HVKHMX KOHEYHOCTAX M CHUPKEHME Aucnponopumv npu
onope Habnoganucb B rpynne Ha GpoHe NpYMeHeHNA MeTo-
OVKy BP B fOoMONHeHMe K OCHOBHOMY Kypcy peabunutauuu.

ConocTaBnAdA rpynmnbl NaLMeHTOB MO KNoUYeBbIM flaHHbIM,
6blna NpoBeAeHa oOLeHKa No Hanbonee 3HaUYMMbIM LLKanam
nHcynsta (National Institutes of Health stroke Scale (NIHSS)
n LWP) npu noctynneHun, Ha ¢oHe Kypca peabunutaumm
yepes 10 gHel 1 Nocne 3aBepLIeHnA paHHero BOCCTaHOBN-
TeNIbHOrO 3Tana, CNycTa 6 MecALeB Nocsie OCTPOro Hapylue-
HMA MO3roBOro KpoBoobpalleHua (Tab. 3).

B ocHoBHol rpynne Ha ¢oHe npumeHeHus BP n [P Ha-
6niofanocb 6onee BbIpAXXEHHOE YMyyLIEHNE HEeBPONOru-
YyecKoro coctoaHus. Tak, yepes 6 mecaues npu obcnenosa-
HUM y 1 naymeHTa (3,33 %) OTCYTCTBYIOT HEBPOOrNYECKME
CUMMTOMbI, NIerKre HapylueHUA OTMeYeHbl y 22 nauneHToB
(73,26 %), a cpeaHAA CTENEHb TAXECTM HEBPOSIOrMYECKUX Ha-
pyLeHunn 3adrKcpoBaHa y 7 naumeHTos (23,31 %) (puc. 1).
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Number of patients

KonnuyecTtso nauneHToB /

Yepes 10 gHeii /
In 10 days

Yepes 6 mecsaues /
After 6 months

[[] CumnTomMOB WHCynbTa HeT /
There are no symptoms of stroke

[l HeBponornueckue HapyLueHusi Nerkoii cTenexu /
Mild neurological impairment

B Hesponornueckne HapyLLEHNs! CPeaHel CTENneH TXecTn /
Moderate neurological disorders

B Taxensie HeBponornuecke HapylueHus /
Severe neurological disorders

Puc.1. [InHaMmmnKa TAXKeCTN HEBPOMOrMUYECKNX HapyLLUEeHWNN
B OCHOBHOW rpynne

Fig. 1. Dynamics of severity of neurological disorders in the
main group
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B rpynne cpaBHeHus, rae npumeHanacb tonbko [P, no-
NoXmnTenbHaa AUHAMMUKA MPUCYTCTBYET, HO MeHee Bblpa-
eHa. Yepe3 6 mecALeB MONHOe OTCYTCTBME CMMMNTOMOB
oTMevaeTca y 0 MaumeHToB, Nerkne HapyleHna —y 7 na-
uneHToB (23,31 %), a HapyLleHMA CPefHEN CTEMEHN TaXKe-
™ — y 23 nauueHTos (76,59 %) (puc. 2).

B KOHTponbHOW rpynne nosioXutenbHble M3MeHeHUA
TaKXXe eCTb, HO OHM BblpaXeHbl MeHbLLUE, YeM B OCHOBHOWN
rpynne v rpynne cpaBHeHusA. be3 cumntomoB — 5 naymen-
ToB (16,65 %), MeloLwne nerkue HapyweHus — 11 nayu-
eHTOB (36,63 %), a CO CpefHEeTAXKeNbIMA HapyLUEHNAMN —
14 nauneHToB (46,62 %). Hanbonee 3Haummble pesynbrathl
BOCCTAHOBUTE/IbHOrO Mnpouecca OTMeYeHbl B OCHOBHOM
rpynne, roe npumeHsnucb BP n [P, uto roBoput 06 3¢-
$EKTMBHOCTM 3TOro MeToAa peabunutaymm B yaydeHun
HEBPOJSIOrMYECKNX GYHKUUI Yy MauueHTOB MOC/ie OCTPo-
ro HapyLeHUss MO3roBOro KpPOBOOOpaALLEHUA He TONbKO
B OCTPbI/ NEPUOA, HO N O COXPAHEHUW MOKa3aTenen BoC-
CTaHOB/EHMA B JaHHOW rpynne (puc. 3).

AHanun3 pe3synbratoB no LUP yepes nonroga nocne 3a-
BEPLUEHNA PaHHEro BOCCTAHOBUTENBHOIO 3Tana peabunu-
Tauuu NpepcTaBieH B Tabnuue 4.

Yepes 6 mecAUeB Nocsie feyeHnsa B OCHOBHOW rpynne
nokasaTeNnn U3MeHUNNCb creayowym obpasom: Konmye-
CTBO MauneHToB B KaTeropuu 1 6ann no WP ysennuunoco
¢ 5 (16,65 %) po 15 (50 %), uTo NoAYEpPKMBaET ycnex npu-
MeHAeMbIX MeTooB NeveHus. Nokasatenu LUP B kKaTeropun
nerkve HapyLeHnaA XKn3HegeaTenbHoCTN 2 6anna ocTanncb
npexHumm — 11 (36,63 %). B KaTeropun ymepeHHble Hapy-
LUEeHUS XU3HeesTenbHOCTK 3 6anna no LUP uncno naymen-
TOB CHU3MNOCb ¢ 10 (33,3 %) Ao 3 (9,99 %), uTo MnNCTPU-
pyeT NONoXnUTeNbHble M3MEHEHNA B COCTOAHMMU yYyacCTHU-
KoB. Takxe B rpynne € Bblpa)KeHHbIMW HapYyLUEHUAMU XIN3-
HefeATenbHoCTY B 4 6anna no LLIP HabnogaeTca cHUXeHne
c4(13,32%) no 1 (3,33 %).
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Number of patients

KonnuecTso nauyueHTos /

Uepes 10 gHeit /
In 10 days

Uepes 6 mecsues /
After 6 months

[[] CvmnToMOB nHCyNbTa HET /
There are no symptoms of stroke

[l Hesponornueckie HapyLIeHs NETKOI cTeneHn /
Mild neurological impairment

[l HeBponornueckne HapylleHsi CpeaHel cTeneHu TskecTy /
Moderate neurological disorders

[l Taxenbie HeBponoruyeckue HapyLeHus /
Severe neurological disorders

Puc. 2. [luHamunKa TAXKeCT HEBPONOTNYECKNX HapyLUeHWI
B rpynmne cpaBHeHUA

Fig. 2. Dynamics of severity of neurological disorders in the
comparison group
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B rpynne cpaBHeHus, rae npumeHanach [1P, pesynbTathl
YKa3blBaloT Ha MONOXUTENbHbIN 3pdeKT OT peabunmtauun.
B kateropuu 1 6ann no LUP 6bino HebonbLioe yBennyeHme
yncna naumeHnTos ¢ 0 7o 3 (9,99 %). B kaTteropun nerkux Ha-
pYyLeHU Xn3HepeATenbHocTK 2 6anna no WP ynyuweHne
HabnogaeTtca ¢ 5 (16,65 %) oo 6 yenosek (19,98 %). B kaTe-
ropuv yMepeHHbIX HapyLLIEeHWI XX13HeaeATenbHoCTH 3 6an-
na no LUP nokasbiatoT ynyuweHme ¢ 11 (36,63 %) fo 13 ve-
nosek (43,29 %). B rpynne ¢ Bbipa)KeHHbIMY HapyLIeHNAMMN
XKU3HegeATenbHocT B 4 6anna no WP yncno nauymeHToB
YMeHbLUMNoCh ¢ 8 (26,64 %) fo 7 (23,31 %), a B KaTeropumn
5 6annos no P — c 6 (19,98 %) no 1 (3,33 %). OT1 faHHble
[eMOHCTPUPYIOT 3GPEeKTUBHOCTb NOAXOAOB C NCMNOJIb30Ba-
Huvem [P, xoTA pe3ynbTaTbl YCTyNalT Noka3aTensiM OCHOB-
HOW rpynnbl.

B KoHTponbHOM rpynne, rae He npumeHanuce BP n [P,
Habn[aATCA pas3fiyHble M3MEHEHUA B pacnpeneneHnm
NnaLMeHTOB NO YPOBHAM HapYLUEHUA XU3HeAeATENIbHOCTN.
B kateropuu 1 6ann no LLIP HabnopaeTcs He6onbLION pocT
yncna naymeHToB ¢ 7 (23,31 %) go 9 (29,97 %). B rpynne
C NEerkMMN HapyLleHUAMUN XM3HeaeATeNbHOCTM 2 6anna
no LUP nokasatenu octanucb HenameHHbIMU — 7 (23,31 %).
B KaTeropun ymepeHHbIX HapyLleHU KU3HepeATenb-
HocTu 3 6anna no WP npounsowno cHuxeHme ¢ 3 (9,99 %)
10 2 (6,66 %) 4yenoBek, YTO rOBOPUT O MONOKNTENTbHOM 3¢-
dekTe neueHmsA. B rpynne c BbiparkeHHbIMW HapYLUEHUAMY
XunsHeneaTenbHocT B 4 6anna no WP nokasatenu octa-
NNCb Hen3meHHbIMKU — 8 (26,64 %), B TO BpeMs Kak C rpy-
6bIMM HapylweHnAMK B 5 6annos no LLUP yncno nayveHTos
coKkpatunocb ¢ 5 (16,65 %) po 4 (13,32 %).

B xope nccnenoBaHvA NepBoro 1 BTOPOro 3Taros nony-
UeHHble pe3ynbTaTbl CyObEKTUBHBIX AaHHbIX MO KIMHUYeC-
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Number of patients
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Uepes 10 gHeit /
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Yepes 6 mecsues /
After 6 months

[] CumnTomoB vHCynbTa HeT /
There are no symptoms of stroke

[l Hesponornyeckue HapylLeHus Nerkoi crenexm /
Mild neurological impairment

[l HeBponoryyeckue HapyLLeHUs cpeaHeii CTeneHu TsxecTn /
Moderate neurological disorders

[l Texenbie HeBpONOrnyeckme HapyLleHus /
Severe neurological disorders

Puc. 3. [lnHamurKa TA>KeCT HEeBPONOrMYeCKNX HapyLleHuin
B KOHTPOMbHOW rpynne

Fig. 3. Dynamics of severity of neurological disorders in the
control group
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OcHoBHas OcHoBHas Mpynna Mpynna KoHTponbHas KoHTponbHas
rpynna / rpynna/ cpaBHeHus / cpaBHeHus / rpynna/ rpynna /
In 10 days, After 6 months, In 10 days, After 6 months, In 10 days, After 6 months,
Main group Main group Comparison Comparison Control group Control group
group group

- LLikana PaHkuHa 1 / Modified Rankin Scale 1
|:| Lkana PaHkuHa 2 / Modified Rankin Scale 2

|:| Lkana PaHknHa 3 / Modified Rankin Scale 3

- LLikana PaHkuHa 4 / Modified Rankin Scale 4

- LLkana PaHkuHa 5 / Modified Rankin Scale 5

Puc. 4. luHaMmmnka peabunutaLMoOHHOro NPOrHo3a no Lwkane PaHKKHa. * — p < 0,05 Npu CpaBHEHW OCHOBHOW rpynmbl
W TPynnbl CPaBHEHWSA (YMEpeHHOE OrpaHMUeHNE XN3HedeaTenbHOCTH). ** — p < 0,05 Npu cpaBHEHWM OCHOBHOW 1 KOH-
TponbHON rpynn (rpy6oe HapyLueHne NPOLECCOB XN3HeAeATENIbHOCTH)

Fig. 4. Dynamics of rehabilitation prognosis according to Rankin scale. * — p < 0.05 when comparing the main group
and the comparison group (moderate disability). ** — p < 0.05 when comparing the main and control groups (severe

disruption of vital processes)

KUM LUKafilaM CBUAETENbCTBYIOT O MOSIOXKNTENbHOW AMHaMU-
Ke (Tabn. 5). BbiiBNEHbI CTaTUCTUYECKN 3HAUVMblE Pa3nnuns
MeXJy OCHOBHOW rpynmnoW 1 rpynmnow cpaBHEHWA MO LUKa-
ne 6anaHca bepra (p < 0,05) 1 MeXXgy OCHOBHOW rpynmnoi
1 KOHTponbHol rpynnamu (p < 0,05). Mpw oueHKe nHaeKca
xofbObl Xay3epa BbliBNEHbl Pa3NnunAa MeXAy OCHOBHOW
rpynnown v rpynnon cpasHeHus (p < 0,05). Mo nHgekcy mo-
6unbHOCTM PrBepmng pa3nuuma BbiABNEHbl B OCHOBHOW
rpynne v rpynne cpaBHeHuA (p < 0,05).

Ncxoma u3 nonyyeHHbIX AaHHbIX MOOGUABHOCTL Nauw-
€HTOB BblLUe B rpynne ¢ npumeHeHveM BP, uto, BO3MOXHO,
CBUAETENbCTBYET O 1eCTBEHHOCTM METOAA.

Heobxoanmo OTMEeTWUTb, YTO MPWU 3aBepLUEHUU MNPO-
ueaypbl C npumeHeHnem BP 60MbWIMHCTBO NauMeHTOB
BbICKa3bIBaIMCb MONOXUTENbHO, OblIM 3aMHTEPECOBaHbI
B NPOJOMIKEHNW 3aHATUI. YMeHbLIanacb TPEBOXHOCTb Ma-
LIMEeHTOB, NOAHUMASICA HAaCTPOM Ha 3aHATUA. iInckompopT-
Hble olyLleHnA BO3HMKanu KpaliHe pedko (1 naumeHT),
NPOABAANNCD JIETKUM FONTOBOKPY>KEHMEM, KOTOpOe HUuBe-
NNPOBANOCh CNYCTA HECKONbKO ceKyHA. [MaumeHT Bbipasun
XenaHvie NPOAOIIXKNTb UCCrefoBaHMe.

Pe3ynbTaTbl McCnefoBaHWA NOKasanu, YTo NpYMeHeHne
UMMepcrBHOI BP B coueTaHn C BENIOKMHETUYECKMMU 3a-
HATMAMM Ha POOOTM3NPOBAHHOM TPEHaXepe 3HAUNTENbHO
ynyywaet peabunutalMoHHble MoKa3aTenu y nauveHToB
nocne ocTpenllero neproaa oCTPoro HapyLeHUsa Mo3ro-
BOro KpoBoobOpalleHVA. BenoTpeHnpoBKy Ha poboTn3n-
pPOBaHHOM TPeHa)kepe COAENCTBOBANI YKPEMIEHWNIO MbILLILY
W yNyyLIeHNIo O6LLel KoopAnHaL MU ABUXKeHNI. KOMOUHY-
poBaHue BP 1 [P noBbiwaeT Kak ¢pusmyeckre napameTpbl,
TaK U KOTHUTMBHbIE CMOCOOHOCTY NALNEHTOB.

OtganeHHble pe3ynbraTbl, OLEHEHHble Yyepe3 6 Meca-
LieB, NOATBEPANN YCTONUMBOCTb YIyULIEHU y NaLneHTOB
OCHOBHoOW rpynmnbl. OHM NPOAOMKaNU NoKasblBaTb Nyylume
pe3ynbTaTbl MO BCEM MCMOJIb3yeMbiM LIKasaM Mo CpaBHe-
HWIO C FPYNMNON CPaBHEHUA U KOHTPOMIbHOWN rpynnon. 310
[laeT OCHOBaHUA nonaratb, YTo fobaBneHne snemeHToB BP
B KypC peabunuraumm MOXeT CTaTb NepCrnekTUBHbIM Ha-
npaeieHnemM B BOCCTaHOBJIEHW NaLMEHTOB NOCSIE UHCYIb-
Ta, OKa3blBasa Jonrourpatollee nonoXutesibHoe BAMAHWE
Ha 1X GYHKLMOHANbHBbIN CTAaTyC U KaYeCTBO MMU3HU.

B Hawem nccnenoBaHun oueHuBanca 3gdekT oT pea-
ovnnTaumm nNo GyHKUMM MOBMIBHOCTM 11 OMOPbI Cpasy no-
cne Kypca peabunutauum ¢ BP 1 yepes 6 mecAueB, TO eCTb
MO OKOHYaHUW PaHHEro BOCCTAHOBMUTENbHOrO MNepropa.
AHanornyHoe nccnefoBaHve 1 pesynbTaTbl onyonnKoBsa-
Hbl B paboTe Llain X. 1 coaBT. B 2022 r., KOTOpble NMoKa3anu
3G PeKTUBHOCTD BO3AENCTBUA peabunmtauum ¢ UCNosb3o-
BaHMeM MMMepcrBHol BP Ha BocctaHoBneHue ¢yHKLMM
xoAbObl. MauneHTbl B NPOLUTUPOBAHHOM MCCIeAoBaHUN
Tak»ke OblNn B CTaLMOHAPHbIX YCIIOBUAX, AABHOCTb UHCYNb-
Ta COCTaBWNa MecAL UM MeHee C HapylleHnem GyHKUUm
xoabbbl. OfHaKo Hen3BeCTHO, Nosyyanu JO 3TOro nauu-
eHTbl gpyrne metoabl peabunutauumn mnmu Het [20]. Co-
BMNajaeT Halle MHeHWe U C APYrMMU WUCCIefoBaHUAMMU:
naLmneHTbl C MHCYNbTOM, BKloYeHHble B rpynny ¢ BP n [P,
6onee BOBNeueHbl B Npouecc peabunutaumu, y HuX Obl-
CTpee BOCCTaHaBNMBAETCA KOTHWUTUBHbIA AedUUnT, OHU
6onee MOTMBMPOBaHHbI Ha BOcCcTaHoBMeHMe [21]. bonee
TOro, UCCNefoBaHUA NOoKa3anu, YTo PUCK NPUMEHeHNA M-
MepcmBHON BP B peabunutaumn nauneHToOB, NepeHecLmx
WHCYNbT, He NpeBbIWaeT Nosb3y Npu yCnoBun cobnogeHns
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NPOTOKOJa BKIIOUEHUS TaKUX MaLMEHTOB B AaHHbIN Me-
ToA [22]. B oTeuecTBEHHbIX N3AAHUSIX TaKKe aKTUBHO 06-
Ccyfaetcs npvmMeHeHue BP B peabunutauun, nget ot-
paboTKa NoAXOA0B K 0ObeKTMBM3aLMM U OLEHKN dddek-
TUBHOCTW 3TOr0 MeTofa Npwu pasnanuyHol natonorun [23].
MpaKTnyeckn BO BCEX WCCNEAOBAHMUAX MWCMONb3yeTca
TPaAMLUMOHHAA cUCTeMA OLEHKN GYHKLMOHANbHOWM aKTUB-
HOCTW MO KIVHWYEeCKMM wWwKanam [24]. TwaTtenbHaa oLeH-
Ka ABuUratenbHOM GYHKLUU C UCMOSIb30BaHMEM OLIEHOY-
HbIX LWKan 4EMOHCTPUPYET AOCTOBEPHYIO0 3OPeKTUBHOCTb
aflblOBaHTHOW ABUraTeNbHOM peabunutaumm C UCNonb3o-
BaHvem BP [24]. MonHoCTbio NpurBA3bIBaTb BCE IPPEKTHI
YNyyLweHnA MOOUABHOCTU N ABUraTENbHbIX GYHKLINA HUXK-
HUX KOHEYHOCTEN TONIbKO K BUPTYasIbHbIM TEXHONOTMAM
He COBCEM MPUMEHUMO, MOCKOJbKY MMeeT MEeCTO Lenbli
KOMMNeKC peabunmtayoHHbIX MeponpuATuii. Mo Hawemy
MHEHWIO, UIMEHHO MpPUYMEHeHMEe YHUPULMPOBAHHDBIX LWKan
OLIeHKW ABMraTeIbHOM aKTMBHOCTU NO3BOSIAT Aasiblue Npo-
BOAWTb MeTaaHann3 pe3ynbTaToB UCMosb3oBaHuA BP B pe-
abunuTaymn.

OzpaHuyeHus uccne0o8aHus

MonyuyeHHble pe3ynbTaTbl NPeAcTaBsioT cobol Npome-
XKYTOUHYIO OLIEHKY COCTOAHMSA NaLMEHTOB B KOHLE paHHe-
ro BOCCTAaHOBUTENIbHOIO Mepuopa. 3aTemMm NpeacTouT npo-
BECTU AeTasibHbli aHaNN3 MapamMeTPOB KauyecTBa >KU3HY,
B TOM Uricie GU3NYECKOro 1 NCUXOIMOLMOHANBbHOTO dYHK-

BECTHUK BOCCTAHOBWUTENIbBHOM MEQULIUHDI | 2025 | 24(4)

LMOHNPOBAHUA, TaKXe KOPPeNALNOHHBIA U perpeccroH-
HbI aHann3. Kpome Toro, psf orpaHNYeHni B NprYMeHEHUN
AaHHOro MeToAa CBA3aH C TEXHUYECKMMY BO3MOXHOCTAMM
peabuUnUTaLMOHHbIX OTAENEeHWI, C HEOBXOAMMOCTbIO 06Y-
UeHUsA NepcoHana paboTe C BUPTYaNnbHbIMU MPOrPamMMamu.
TakXe CyLecTBYIOT OrpaHUUYEHNA MO NPYMEHEHNIO METO-
[OB OOBEKTVMBHOWM OLEHKM COCTOAHUA MaLWEHTOB B Mo-
CTUHCYNBTHBIA MEPUOA, TaK KakK B KaXAOM KOHKPETHOM
C/lyyae MOryT NoTpe6oBaTbCA Apyrue KIMHUUECKNE U WH-
CTPYMEHTaNbHbIE UCCefoBaHNA.

3AKJTIOMEHUE

[aHHOe uccnepoBaHMe MPOAEMOHCTPUPOBANO, YTO
WHTErpauma COBPEMEHHbIX TEXHONMOMMn B peabunura-
LUMOHHBIA MPOLIecC MOXKET MPUHOCUTb CYLLECTBEHHbIE
YRy4lleHVA B KIMHUYECKUX 1 PYHKLMOHANbHbIX MCXofax
AN MaUMeHTOB MOCie OCTPOro HapylleHWs MO3roBOro
KpoBOOOpaLlleHNs B BUAE YNydlleHNs obLein MobunbHO-
CTV W ABUratesibHbIX GYHKLUMIA HUKHUX KOHeyHocTewn. BP
N poboTU3NPOBaHHbIE TPEHAXepPbl NpeacTaBnAlT coboi
MHoroob6elyalme MHCTPYMEHTbI AnA ynayyweHua 3¢-
bEeKTUBHOCTM peabunutaumm n TpebytoT fanbHenwnx nc-
CcnefoBaHUA AnA onTMMMU3aLuKM NMPOTOKONOB NPUMEHEHNA
N OLEHKM JONroCcpoYHbIX 3dpdeKkToB. YHMbMKaLUA Nogxo-
[lOB K OL|eHKe pe3yfbTaToB NPUMEHEHNA peabunmtaumnoH-
HbIX TexHonorum ¢ BP no3sonuT B ganbHenwem nposectun
MeTaaHan13 aHanorMyHbIX NCCnefoBaHun.

AONOJIHUTENIbHAA UHOOPMALIUA

TyposuHuHa Enena ®apungoBHa, JOKTOP MeANLNMHCKMX Ha-
YK, Nnpodeccop, 3aBeayoLmnii Kapenpon meanLnHCKON Npo-
dunakTrkm n peabunutaunm, TIOMEHCKUA rocyAapCTBEHHbIN
MeANLUMHCKNIA YHuBepcuTeT Munsgpasa Poccum.

E-mail: e_turov@mail.ru, turovinina@tyumsmu.ru;

ORCID: https://orcid.org/0000-0002-6585-0554

Amutpuin Hukonaesny MnoTHMKOB, Bpay-HeBPOOT, 3aBefy-
loLLMIA NePBUYHO-COCYANCTbIM OTAeNneHnem, ObnactHasa 6osb-
Huua N2 23 (r. AnyTopoBCK).
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Bxknag aBTOpoB. ABTOPbI JaHHOIO UCCIIeJOBaHNA NOLATBEPXK-
[aloT COOTBETCTBME CBOErO aBTOPCTBA COMMAaCcHO MeXAyHapoa-
HbiMm Kputepuam ICMJE (Bce aBTOpbl BHEC/IN CYLLECTBEHHbIN
BKJaZ B pa3paboTKy KOHUenumu, NnpoBeaeHne nccneoBa-
HMA 1 NOAFOTOBKY CTaTbM, MPOYSM 1 0f06pUnmn drHanbHyo
Bepcuto nepepn nybnukauuen). Hanbonblumnin Bknag pacnpe-
feneH cnepylowmm obpasom: TypoBrHUHa E.O. — pykoBoga-
CTBO NPOEKTOM, METOLONIOTUA, MPOBEPKa U pefaKkTMpOoBaHue
pykonucy; MnotHukos [1.H. — npoBeneHune nccnenosaHus,
obecneyeHne maTepuranos Aas UCCNefoOBaHMA, HanMcaHne
YepHOBKKa CTaTbMU.

UcTouHnkn ¢puHaHcupoBaHuA. [laHHOe nccnefoBaHue
He 6bINO NoaAepPX aHO HUKAKMMUN BHELWHMMUN UCTOYHMKaMM
duHaHcMpoBaHus.

KoHdnuKT nHTepecoB. TypoBrHMHa E.D. — uneH peaakuyoHHOM
Komnerum »ypHana «BeCTHUK BOCCTaHOBUTENIbHOWN MeAVLMHbI».
OcTanbHble aBTOPbI 3aABAAIOT OTCYTCTBUE KOHONMKTA UHTEPECOB.
3TnyecKoe yTBepKaeHue. ABTOpbl 3asABAOT, YTO BCe NPo-
uenypbl, NCMONb30BaHHblE B JAHHOWN CTaTbe, COOTBETCTBYIOT
3TMYECKUM CTaHAAPTaM yupexaeHnin, NPoBOANBLUNX UCCNeA0-
BaHVe, 1 COOTBETCTBYIOT XeNIbCUHKCKON AeKnapauunmn B pefak-
uun 2013 r. NpoBeaeHne NccneaoBaHUs 0006PEHO IOKANbHbIM
aTnyeckum komutetom npu OIrbOY BO «TiomeHCKUI rocynap-
CTBEHHbIN MeAULIMHCKNIA YHMBepcuTeT» MuHsgpasa Poccun
(r. TiomeHb, Poccua), npotokon N2 97 ot 09.01.2021.
NudopmupoBaHHoe cornacme. B nccnegoBsaHny He pac-
KpblBaeTcs CBefeHUIN, NO3BONAWMX naeHTudnLUnpoBaTb
JIMYHOCTb naumeHToB. OT BCeX MauMeHTOB (3aKOHHbIX Npea-
cTaBuTeneln) 6bi10 NONyYeHO NMCbMEHHOE corfacue Ha nybnu-
KaLuio BCel COOTBETCTBYIOLLEN MEAULNHCKON NHbOpMaLmK,
BKJTIOUEHHOW B PYKOMKUCb.

[ocTyn K paHHbIM. [laHHble, NoAAePXKMBatoLME BbIBOAbI 3TOrO
nccnefoBaHUs, MOXHO MOTyYnTb MO 060CHOBaHHOMY 3anpocy
Yy KOppecnoHanpyoLero aBTopa.
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Response of Arteriovenous Fistula Puncture-Related Pain
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ABSTRACT

INTRODUCTION. Patients receiving continuous hemodialysis commonly experience pain associated with arteriovenous fistula
puncture. Relieving the pain may increase their appreciation of the procedure and hence their quality of life.

AIM. To find out how different ways of applying cryotherapy changed the pain of arteriovenous fistula punctures in hemodialysis
patients.

MATERIALS AND METHODS. During the seven weeks of this randomized controlled study, ninety hemodialysis patients of both sexes
with end-stage renal disease who had received medical treatment were allocated to one of three groups at random: ipsilateral (received
cryotherapy at the site of needle insertion), contralateral (received cryotherapy at the site opposite to the needle insertion), or control
(followed medical treatment without cryotherapy application). Cryotherapy was applied for five to ten minutes, three times a week.
Prior to and following the seven-week intervention period, assessments of upper limb function (by Arm Motor Ability Test), pain severity
(by Visual Analogue Scale), beside anxiety and depression (by Hospital Anxiety and Depression Scale) were carried out.

RESULTS AND DISCUSSION. The final results showed that all evaluated outcomes improved after the intervention, with no statistically
significant difference between the ipsilateral and contralateral groups (p > 0.05). Yet, when comparing the contralateral or ipsilateral
groups to the control group, all parameters had statistically significant differences (p < 0.05).

CONCLUSION. For hemodialysis patients, cryotherapy is one of the best ways to manage pain from arteriovenous fistula punctures,
upper limb dysfunction, depression, and anxiety.
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Peakuusa 6onu, CBA3AHHOM C NYHKLUEN APTEPUOBEHO3HOMN GUCTYNbI,
HA PA3fUYHbIe MeTOAblI KpUoTepanum y NnauueHToB, HaOXOASLMUXCS
HA reMogmuanuse: PAHAOMU3IUPOBAHHOE KOHTPONIMPYEMOE UCCIefOoBAHUE

XoHum C.D.", nb-Xawa6b C.0.2, ' dnb-MoaTtacem A.M.?

" bonbHuya Kaupckoeo yHusepcumema Ane-Kacp Anauru, Kaup, Ezunem
2 Kaupckut yHusepcumem, lu3a, Eaunem

Xamepg H.?,

PE3IOME

BBEJEHUE. MavuueHTbl, NonyJatoLive HenpepbiBHbIN reMofranii3, 4acTo UCMbITbIBAOT 60JIb, CBA3AHHYIO C NYHKLMEN apTePUOBEHO3-
HoW durcTynbl. ObneryeHrie 6011 MOXeT NOBLICUTL UX BOCMPUATIE NPoLedypbl U, CIeA0BaTENIbHO, KQUeCTBO XM3HMU.

LIEJ1b. BbisicHWTb, Kak pa3nnyHble cnocobbl NMPYMEHEHNA KproTepanuy U3MeHsoT 60ib NpU NyHKUMN apTeprioBEHO3HON GUCTYbI
y NaLMNEHTOB, HAXOAALLMXCA Ha reMoAunanumse.

MATEPWAJIbl U METOADbI. B TeueHve 7 Hefenb 3TOro paHAOMM3NPOBAHHOIO KOHTPONMPYeMOro nccnegoaHma 90 remoananmsHbix
naumneHToB 060VX NOMOB € 60/1E€3HbBIO MOYEK B KOHEUHOW CTafuK, MOMyYaBLUMX MEAUKAMEHTO3HOE NeyeHue, Obiny cilyyanHbiM obpa-
30M pacnpegeneHbl B O4HY 13 3 rpynn: uncuaatepanbHyto (Nonyyanu Kpnuotepanuio B MecTe BBEAEHMWA UMTbl), KOHTpanaTepasbHyto
(nonyyanu Kpuotepanuio B MecTe, NPOTNBOMONIOKHOM MeCTy BBEeAEHUA UMbl) NN KOHTPOJIbHYIO (MPOXOANIN MefMKaMeHTO3Hoe
neyeHue 6e3 npumeHeHUs Kpuotepanuwn). Kprotepanusa nposoannach B TedeHne 5-10 MyuHyT 3 pasa B Hegento. [lo 1 nocne cemu-
HefeNbHOro Nepuofa BMeLLaTeNnbCTBa NPOBOAMIACh OLeHKa GYHKLUN BepXHel KOHEYHOCTY (MO TecTy ABUraTeNbHOM CNOCO6HOCTY
pyKM), BbIpaXKeHHOCTM 6011 (Mo BU3yanbHO-aHANOroBOW LUKane), a Takke TPeBOrv 1 agenpeccum (no rocnutanbHON LWKane TpeBoru
1 genpeccun).

PE3YJIbTATbl 1 OBCYXXAEHUE. OkoHuaTenbHble pe3ynbraTbl NMoKasanu, YTO BCE OLeHMBaeMble MoKasaTenu ynyywwuincb nocne
BMELLATENbCTBA, MPU 3TOM CTAaTUCTUYECKM 3HAUMMON pa3HMLbl MeXay UncunatTepanbHO U KOHTpanaTepanbHON rpynnamu He Obino
(p = 0,05). OgHaKo Npwu CpaBHEeHUN KOHTpanaTepanbHOWN 1 UncunaTepanbHON rpynn ¢ KOHTPOJIbHOW rPyNMno Bce napameTpbl UMenu
CTaTUCTMYECKN 3HaUYMMble pasnunuus (p < 0,05).

3AKJTIOYEHUE. [1na naumeHTOB, HAXOAALMXCSA Ha reMoAranv3e, Kpuotepanusa ABIAETCA OAHVM M3 JTyYLnX CNOCO60B KynupoBaHusA

6011 NpY NPOKOoJIax apTePUOBEHO3HbIX GUCTYN, ANCOYHKLMMN BEPXHUX KOHEUHOCTEN, enpeccu 1 TPEBOXKHOCTY.

PETMCTPALUA: pentudukatop Clinicaltrials.gov Ne NCT0652063 1, 3apercTpuposaHo 04.08.2024.

KJNTIOYEBDIE CJTIOBA: pesora, apteproBeHo3Has GuCTyNa, KoMOTepanus, n3mepeHine 6o, NoYeUHbIi Ananus

Ana uyntupoBaHua: Ghoneem F.S., Badr M.N,, EI-Khashab O.S., EI-Moatasem M.A. Response of Arteriovenous Fistula Puncture-Related
Pain to Different Cryotherapy Applications in Hemodialysis Patients: a Randomized Controlled Study. Bulletin of Rehabilitation Medicine.
2025; 24(4):67-75. https://doi.org/10.38025/2078-1962-2025-24-4-67-75

" AinAa KoppecnoHaeHuun: Sara Fathy Mohammed, E-mail: saraghoneem581@gmail.com, alaamotasem@cu.edu.eg

INTRODUCTION

End-stage renal disease (ESRD), which is defined by an
irreversible decrease of renal function, is a growing global
public health concern [1]. Regular hemodialysis (HD) is
necessary for about 90 % of ESRD patients to maintain their
survival as renal replacement treatment [2].

For many HD patients, inserting needles into a major
blood vesselis a painful and mandatory procedure. Because
of the frequent punctures, HD patients are anxious before
the needle is inserted, and more than 90 % of them suffer
from acute pain [3]. Patients experience needle-related
tension and distress about 320 times a year, considering
that hemodialysis typically occurs three times a week and
lasts three to four hours each time [4].

Therefore, one of the most crucial elements of patient
management is to mitigate this pain and suffering properly.
Desensitization treatment and other psychologist-delivered
interventions are necessary for needle phobia, which is
marked by extreme physiological reactions, including

Cratba nonyuyeHa: 16.01.2025
CraTbA npuHATa K neyatu: 21.03.2025
CraTbA ony6nukoBaHa: 16.08.2025

withdrawal reactions and vasovagal syncope. Additionally,
it causes anxiety, lowers patients’ quality of life and
psychological burdens such as depression, and makes
managing dialysis more difficult [5].

The arms and hands must function properly to perform
tasks essential for daily activities. Patients with chronic
renal failure (CRF) receiving HD may experience significant
loss of upper extremity function, which impairs their
independence and quality of life [6].

Since cryotherapy slows down the rate at which nerves
conductelectricity, itisamong theapproaches used in many
studies to relieve pain and raising the pain threshold [7].
With fewer constraints and greater efficiency, cryotherapy
may be suggested as a solution for arteriovenous fistula
(AVF) puncture pain [8].

Many studies have demonstrated the beneficial
effects of ice packs in relieve AVF associated pain in HD
patients; however, studies’ findings varied in terms of pain
intensity [9]. Furthermore, no prior research has compared

CTATbU



https://orcid.org/0009-0001-1327-8656
https://orcid.org/0009-0000-2886-9048
https://orcid.org/0000-0001-6857-4076
https://orcid.org/0000-0002-2928-5295
https://doi.org/10.38025/2078-1962-2025-24-4-67-75

BULLETIN OF REHABILITATION MEDICINE | 2025 | 24(4)

the impact of applying cryotherapy at the same and
opposite sites of AVF insertion on the patients’arm mobility
and psychological state along with their capacity to lessen
the discomfort brought on by the puncture.

AIM

To ascertain the effects of different cryotherapy
application procedures (ipsilateral or contralateral to
the insertion site) on hemodialysis patients’ anxiety and
depression, arm function, and AVF puncture pain.

To find out how different ways of applying cryotherapy
changed the pain of arteriovenous fistula punctures in
hemodialysis patients.

MATERIALS AND METHODS
Study design

The study was registered at ClinicalTrials.gov (NCT
06520631) and authorized by the institutional Physical
Therapy Faculty ethics committee (P.T.REC/012/005168). It
was carried out using a prospective randomized trial design
between 04.05.2024, and 24.08.2024, and each participant
provided written consent that complied with the Declaration
of Helsinki. The computations were performed using
G* Power version 3.1.9.2 (Franz Faul, Uni Kiel, Germany). The
repeated measure F-test (MANOVA) between factors with a
power of 80 % and a type | error of 5 % was used to get the
sample size. G* Power 3.1.9.2 was employed to determine
the effect size (0.26) from the primary outcome (VAS) based
on data from the pilot study, five patients within each
group. The minimum sample size was 75, and to take into
consideration for dropouts, the number was raised by 20 %.

Participants

To be eligible for the study, patients had to be aged
between 30 and 50, have end-stage kidney failure, be
able to report pain adequately, have received regular
haemodialysis (HD) for at least three months, undergo
treatment at least twice a week and have had an
arteriovenous fistula in use for at least 12 months. Patients
with any of the following conditions were excluded:
advanced age, severe diabetes, heart failure, cold allergies,
Raynaud’s phenomenon, fractures, heart failure, nerve
and tissue damage, unwillingness to cooperate, diabetic
neuropathy, and cognitive impairment that might interfere
with an accurate assessment of pain.

Randomization

Randomization was used to allocate participants
evenly between the experimental or control groups. The
participants and research team members (except for the
physiotherapists who participated in the intervention)
were unaware of the assignment in a masked centrally
randomized technique with allocation concealment, which
was carried out by a statistician who was not a member of
the research team. The randomization sequence was built
using R Software (version 2.11) and separated into groups
based on body mass index (BMI), age (30-50 years), and
gender. Block sizes were set at random from four to eight
to ensure a fair number of participants in each group.

Outcome variables and measurements

To compare between groups, measurements were
made both before and after the 7-week intervention.

ARTICLES

To minimize experimental biases, an independent evaluator
who was blind to the patient’s assignment conducted the
measurements. At baseline, information was collected on
age, gender, height, weight, BMI, and years of HD.

Visual analog scale

The severity of the pain was measured with the Visual
Analog Scale (VAS), a numerical rating system for evaluating
pain and health conditions. The VAS administration process
was easy to comprehend, time-efficient, and less expensive.
It is a straight line, with the worst suffering conceivable at
one end and no pain at the other. The following terms were
used to categorize VAS (0-10): no pain (0), mild pain (1-3),
moderate pain (4-6), severe pain (7-9), or worse pain (10).
The patient indicates the level of pain by marking a point
on the line [10].

Arm Motor Ability Test

The functional limitation of the upper extremities (UE)
was measured using the Arm Motor Ability Test (AMAT).
The patients completed 13 conventional unilateral and
bilateral tasks, each of the tasks being timed and scored
using two 6-point ordinal scales: the Quality of Movement
scale, which measures how the task is executed, and the
Functional Capacity scale, which measures the capacity to
accomplish the activity. The patient is permitted to do the
subtasks continuously and fluidly even if they are timed
separately [11]. Typically, each task has a time constraint of
one to two minutes. Each component is scored on a 6-point
Likert scale from 0 (no hand use) to 5 (normal hand use).
The Functional Ability: 0 — no use, T — very slight use,
2 — slight use, 3 — moderate use, 4 — almost normal use,
5 — normal use, and the Quality of Movement: 0 — no
use, 1 — very poor, 2 — poor, 3 — fair, 4 — almost normal,
5 — normal. Activity limits decrease with a lower score and
increase with a higher score [12].

Hospital Anxiety and Depression Scale

It is a valid, reliable, and intuitive practical tool for
detecting and measuring anxiety and depression is the
Hospital Anxiety and Depression Scale (HADS). With
a4-point Likert scale (range 0-3), it has 14 items. With seven
items for each subscale, it is intended to assess depression
and anxiety. The sum of the 14 items determines the overall
score, and the sum of the seven items for each subscale
(which range from 0 to 21) determines the score for each
subscale [13]. Scores > 7 indicate “no depression or anxiety,”
8-10 indicate slight depression or anxiety, 11-15 indicate
moderate depression or anxiety, and > 16 indicate severe
depression or anxiety [14].

Intervention

Prior to the needle puncture used to start the dialysis,
ice packs were applied to both the ipsilateral (received ice
application at the site of needle insertion) and contralateral
(received ice application at the site opposite to the needle
insertion) groups. For seven weeks, ice was applied for five
to ten minutes, three times a week.

For the ipsilateral group, the application was carried
out as follows: the patients were either high supine or
long sitting, and they were told to expose their arms at
the AVF puncture site. Disposable plastic sheets were then
placed directly on the puncture site. Following the ice
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application, alcohol and Sterillium were used to disinfect
the ice packs. The contralateral group’s arm opposite the
puncture site was covered with disposable plastic sheets.
Ice packs were placed on the area opposite from the
puncture site to provide a cold application [15]. As shown
in Figure 1 (A, B).

Statistical analysis

The normality of the data and the group homogeneity
were confirmed using Shapiro — Wilk and Levene's
tests for variance homogeneity. The data were normally
distributed, with homogeneous variance. When matching
groups using all available demographic information, one-
way ANOVAs were utilized. The effects of therapy on VAS,
HADS, and AMAT were studied with mixed MANOVA. When
the MANOVA yielded significant findings, more univariate
ANOVAs were run. For multiple comparisons, post-hoc
testing with the Bonferroni correction was employed. The

Table 1. Demographic characteristics of participants (n = 90)*
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significance level for all statistical tests was set at p = 0.05.
SPSS 23 was used.

RESULTS AND DISCUSSION

Ninety patients of both sexes with end-stage renal
disease receiving routine HD participated in this study.
The patients were chosen from Al-Kasr Al-Ainy’s HD
unit. They were divided into three groups at random:
a contralateral group (who received cryotherapy at
a location opposite the needle insertion site); and an
ipsilateral group (who received cryotherapy at the needle
insertion site) (Fig. 2).

Demographic Characteristics

The patients’ characteristics for the three groups are
displayed in Table 1. Regarding the general characteristics
of the patients, there were no statistically significant
differences between the two groups (p > 0.05).

Ipsilateral group

Contralateral group

Control group

+SD +SD +SD P

Age (years) 4183741 42.77+6.16 43.1+6.83 0.76
Weight (kg) 73.8+89 7313476 714103 0.81
Height (cm) 1624 £ 14.6 164.83 £9.11 164.07 +11.7 0.73
BMI (kg/m?) 28314573 26.84 +4.96 259+6.12 0.25
HD (years) 23+0.69 23+0.69 2.67+0.88 0.19
Gender, n (%)

Male 17 (56.67 %) 16 (53.33 %) 18(60 %) 0.87
Female 13 (43.33 %) 14 (46.67 %) 12(40 %) x'=0.27

Note: BMI— body mass index; X* — Chi Square; MD — mean difference; HD — hemodialysis duration. Data are mean + SD for
all demographics except gender (%); p < 0.05 indicate statistical significance.

A

Fig. 1. A— ipsilateral application of cryotherapy, B — contralateral application of cryotherapy
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[ Assessed for eligibility (n = 95) J

Excluded (n = 5)
¢ Not meeting inclusion criteria (n = 3)
» Declined to participate (n = 2)

[ Randomized (n = 90)

~—

Allocation

|

Control group (n = 30)
* Received the prescribed
medications only

Contralateral group (n = 30)
* Received cryotherapy at the site
opposite to the needle insertion

Ipsilateral group (n = 30)
* Received cryotherapy at the site
of needle insertion

=)
[ Lost to follow-up/ ] [ Lost to follow-up/ ] [ Lost to follow-up/ ]
Discontinued intervention (n = 0) Discontinued intervention (n = 0) Discontinued intervention (n = 0)
[ Analyzed (n = 30) ] [ Analyzed (n = 30) ] [ Analyzed (n = 30) ]
Fig. 2. Study flowchart

Between-groups comparison: Baseline and after twenty
sessions of intervention

A mixed design multivariate analysis was used to
determine the effect of therapy on the measured variables.
Wilk's A = 0.2, F (8, 168) = 25.77, p < 0.001, Partial Eta
Squared (n?) = 0.55 indicated a statistically significant
difference between groups. Also, there was a statistically
significant effect on time (pre-post treatment) as Wilk’s
A = 0.05, F (4, 84) = 436.62, p < 0.001, n? = 0.95, and for
the interaction between groups and time, Wilk's A = 0.1,
F (8, 168) = 46.76, p < 0.001, n*= 0.69.

Table 2 shows that there were no significant differences
between the three groups in all assessed variables at
baseline (p > 0.05). After 20 sessions of intervention, there
were no statistically significant differences between the
ipsilateral and contralateral groups. However, there were
statistically significant differences between the ipsilateral
and control groups, as well as between the contralateral
and control groups (p < 0.05), as shown in Tables 2-3.

Within-groups comparison

Comparing the pre- and post-intervention results in
ipsilateral and contralateral groups revealed statistically
significant differences in all outcome measures (p < 0.05),
but there was no statistically significant difference in the
control group, as shown in Table 2.

Pain management is crucial for hemodialysis patients
becauseofthedetrimentalconsequencesthatarteriovenous
fistula puncture-related pain has on their physical and
emotional well-being [16]. In this context, researchers
have employed non-pharmacological techniques like
acupuncture, lavender aromatherapy, EMLA anesthetic
cream, and self-selected calming music to lessen the
pain associated with arteriovenous fistula punctures.

ARTICLES

The findings of their studies demonstrated the beneficial
effects of the aforementioned techniques on lowering the
degree of pain. In addition, cryotherapy, either ipsilateral or
contralateral, has been utilized in multiple trials to alleviate
discomfort associated with fistula punctures [7]. Several
studies found that cryotherapy had a favorable impact
on lowering fistula puncture-related pain. The changes
in pain intensity between the experimental and control
groups after cryotherapy were varied in the studies [7].
So, the current study compares the effect of cryotherapy
ipsilateral against contralateral and determines which is
more effective and produces the best outcomes.

Following 20 sessions of ipsilateral and contralateral
cryotherapy, the study demonstrated a statistically
significant decrease in pain intensity as measured by VAS
(p < 0.001), with no statistically significant changes between
the two groups. This is in line with the findings of Sabitha P.B.
et al, who found that AV fistula puncture pain levels
decreased from an average of 3.8 on day 1 (when the patient
received standard care) to 0.7 on day 2 (when contralateral
cryotherapy was administered). This was a significant
decrease (p = 0.001) [17]. Yan L.J. et al. also discovered that
patients treated with ipsilateral cryotherapy needed less
analgesia (26.19 % vs. 48.84 %, p < 0.05) and had a lower VAS
pain score from 30 to 48 hours after surgery (p < 0.05) [18].

The gate control research given by Melzack R. best
explains the mechanics involved in pain reduction by
cryotherapy [19]. Evidence suggests that cold signals
are conveyed to the spinal cord solely via A-delta fibers
rather than C fibers, which might give a mechanism for
distinguishing between the many feedback systems that
underlie analgesia [20]. Cryotherapy decreases nerve
sensitivity to alleviate pain by decreasing the conduction
velocity of the nerve impulse transmission [21].
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Table 2. Within and between group analysis for VAS, HADS and AMAT (n = 90)

n? P ;l::ztlv::()en Controlgroup  Contralateral group Ipsilateral group Variables
VAS (cm)
0.28 3.57+£0.96 3.9+0.61 3.83+0.75 Pre-treatment
0.72 0.001 3.37+0.67 147 £0.51 1.5+ 0.51 Post-treatment
0.17 < 0.001 < 0.001 p (within-group)
HADS (depression domain) (score)
0.55 12.87 £ 1.85 1227 +25 12.37 £243 Pre-treatment
0.77 0.001 12.67 £ 1.86 6.73+1.14 6.2+1.85 Post-treatment
0.62 < 0.001 < 0.001 p (within-group)
HADS (anxiety domain) (score)
0.08 14.47 £3.55 13.07 £ 1.62 13.8+1.16 Pre-treatment
0.73 0.001 14.1+3.8 5.57+0.73 6.87£1.28 Post-treatment
0.21 < 0.001 < 0.001 p (within-group)
AMAT (score)
0.17 33.73+2.96 35.7+4.96 34.73 + 3.88 Pre-treatment
0.6 0.001 33.93+2.88 52.53+7.385 51.8 +6.68 Post-treatment
0.89 < 0.001 < 0.001 p (within-group)

Note: n — number; MD — mean difference; C| — confidence interval; p — probability value; Data are mean + SD; p < 0.05
indicate statistical significance difference; VAS — visual analogue scale; cm — centimeter; HADS — hospital anxiety and
depression scale; AMAT — arm mobility ability test.

Table 3. Between group analysis of all outcome variables (n = 90)

Ipsilateral group versus Ipsilateral group versus Contralateral group versus

Outcome contralateral group control group control group
MD (95% Cl) p MD (95% CI), p MD (95% CI) p

VAS (cm)

0.03 (-0.32,0.39) 0.99 -1.87 (-2.22,-1.5) < 0.001 -1.9(-2.26-1.54) < 0.001
HADS (depression domain) (score)

-0.53 (-1.57,0.51) 0.64 -6.47 (-7.51,-5.43) <0.001 -5.93 (-6.97,-4.89) < 0.001
HADS (anxiety domain) (score)

1.3(-0.18, 2.78) 0.1 -7.23(-8.71,-5.75)  <0.001 -8.53(-10.01,-7.05) < 0.001

AMAT (score)

-0.73 (-5.27,3.81) 0.98 17.87(13.28,22.41) < 0.001 18.6 (14.06, 23.14) < 0.001

Note: n — number; MD — mean difference; C| — confidence interval; p — probability value; VAS — visual analogue scale;
cm — centimeter; HADS — hospital anxiety and depression scale; AMAT — arm mobility ability test. Data are mean + SD;
p < 0.05 indicate statistical significance difference.
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Furthermore, the signal for cold travels quicker than
the signal for pain in nerve fibers, so the cold is felt more
intensely than the pain, indirectly raising the pain threshold
[20]. Cold treatment may relieve pain through a variety of
processes, including nociceptor suppression, muscular
spasm reduction, and/or decreased metabolic enzyme

activity levels [22]. Furthermore, it slows blood flow and
cellular metabolism in the damaged region, minimizes
inflammation, improves muscular relaxation, and enhances
the pain threshold [18].

The study found that both cryotherapy procedures
significantly reduced anxiety and depression, as measured
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by HADS (p < 0.001). This conclusion aligns with the
findings of Abdrabouh M.A. et al. [23], who discovered
a substantial change in overall mean anxiety score among
older patients before and after cryotherapy (p < 0.001).
Before the intervention, the overall mean anxiety score
was 35.78 + 6.32, which fell to 23.78 + 5.06 during the
post-intervention period. Also, Lu H.Y. et al. discovered that
cold treatment administered for both periods (less than
15 minutes and up to 20 minutes) effectively reduced post-
chest tube removal anxiety and pain [24].

In contrast, Sajedi-Monfared's Z. study discovered
that breathing relaxation techniques and cold treatment
were ineffective in reducing the pain and anxiety
associated with chest tube removal [25]. The variation in
the sample population and length of intervention might
explain the disparity with the previously reported study.

Pain can trigger feelings of depression and anxiety,
which might worsen the patient’s vulnerability to the
pain. So it appears that lowering pain reduces negative
psychological feelings [25]. Pain, sadness, and anxiety are
all tightly related and have a role in the development of
long-term disorders; therefore, physicians should address
them as soon as feasible. Furthermore, these symptoms
should be evaluated and treated during treatment to
maximize outcomes [26]. Because of the limited results
of pharmaceutical therapy Cryotherapy could be a useful
tool for treating pain and depression [27]. Benefits of cold
therapy for mental health include improved emotions of
well-being and life satisfaction as well as a reduction in
anxiety and depression symptoms [28].

Our study found that ipsilateral and contralateral
cryotherapy had a significant positive effect on arm
mobility as measured by AMAT (p < 0.001).Thisis consistent
with Feys P. et al. findings that whole arm cooling for
15 minutes using multiple cold packs for tremors in MS
patients resulted in a clinically noticeable effect on tremor
severity and improved functional performance [29].
Cryotherapy has been utilized and analyzed to help
athletes restore functional qualities, including strength,
elasticity, and neuromuscular control [30]. Furthermore,
Durairaj S. et al. discovered that using cryotherapy (ice
massage) in conjunction with task-oriented training for
three sessions per week for two months reduced spasticity
and improved tactile registration function, resulting
in upper limb function improvement in hemiplegic
cerebral palsy children [31]. Following cryotherapy, the
mechanoreceptor, muscle spindle, and Golgi tendon
organ received sufficient input to the higher center neural
system, resulting in a sufficient muscle response during

motor action in healthy subjects. Additionally, the motor
neuron pool was facilitated to achieve controlled muscle
action, which may account for the improvement in upper
limb function [32].

Limitations

Our research, however, has certain drawbacks: 1) It is
a limited sample size research, and the findings should
be validated by larger, multicenter investigations.
2) Furthermore, although individuals with diabetic
neuropathy were excluded from the research, subjective
measurements such as degree of pain and level of
satisfaction are susceptible to possible bias.

Strength of study

This is the first randomized trial to illustrate the efficacy
of cryotherapy via two distinct applications, both of which
had a similar substantial effect on HD patients. It also
demonstrated the psychological and functional effects of
the intervention.

Future recommendations

Management of arteriovenous fistula puncture-related
pain alleviates stress, increases satisfaction, and reduces
negative psychological effects [33]. As a result, adverse
effects from medications are more likely to occur. As
a consequence, it is critical to develop suitable treatment
strategies to increase patients’ comfort and reduce pain
through non-pharmacological means. Cryotherapy was
investigated and shown to be useful in pain reduction. In
recent years, the type and technique of cryotherapy have
not been standardized among clinical institutions. It would
be useful to promote the study protocols as a standard
protocol for the practical application of cryotherapy.
Further future research focusing on non-pharmacologic
pain alleviation strategies should be pushed to encourage
such intervention, which will be extremely beneficial to
patients with renal failure. Cryotherapy should be used
in standard hemodialysis patient treatment to manage
needle puncture discomfort.

CONCLUSION

Given the good effect of cryotherapy on lowering fistula
puncture-related pain, cryotherapy as a low-risk and simple
approach appears to be helpful and useful in reducing
pain and hence the unpleasant psychological and physical
repercussions of pain. Consequently, it can be concluded
that cryotherapy is a superior option due to its lower cost,
convenience, and fewer adverse effects.
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UHTepMUTTUPYIOLWLAS CTUMYNSILUS TETA-BCMNbILLUKAMMU
nepBUMYHOMN MOTOPHOM KOPbl B KOPPEeKLUU
ABUraTesNbHbIX HAOPYLUEHUA Npu 6one3Hu NapKUHCOHA:
pPAHOOMU3UPOBAHHOE KOHTPONUpPYyeMoe UuccneaoBaHue

KouoeB I A., 2 ®epgotoBa E.10., ) bBakynuH U.C., '~ Nongawesa A.l, ' Jlaroga A.10.,
3a6uposa A.X., ) CynoHeBa H.A.

Poccutickuti yeHmp Hesponozuu u HelipoHayk, Mockea, Poccus

PE3IOME

BBEJEHUE. CywectBeHHol npobnemoii npw 6onesHu MapkrHcoHa (BIM) ABnaoTca nocTypanbHble HapyLlueHus. [NepcneKTBHbIM Me-
TOAOM KOPpPEeKLMM JaHHbIX HapyLUEeHWI ABNIAETCA TepaneBTUYecKasa TpaHCKpaHuanbHaa MarHuTHaa ctumynaumua (TTMC), B yacTHocTH,
NPOTOKOJIbI CTUMYAIALMK TeTa-BCMbIWKaMu. HecMoTpA Ha nokasaHHyto paHee 3¢deKkTBHOCTb TTMC B OTHOLIEHMN ABUraTeNbHbIX Ha-
pyLUEHWIA, B OTHOLLEHMM MNOCTYPasibHbIX CyLeCTByeT HeJOCTaTOYHO AAHHbIX.

LIEJIb. M3yuntb 3ddeKTMBHOCTL OunatepanbHOM UHTEPMUTTUPYIOLWEN CTUMYNALMM TeTa-Bcnbiwkamy (intermittent theta burst
stimulation — iTBS) nepBnyHo MmoTOpHOI Kopbl (M1) y nauneHTos ¢ BI1.

MATEPUAJIbl U METOAbI. B pamkax ABOWHOrO C/IENOro PaHAOMU3MPOBAHHOIO MaLebo-KOHTPONMPYEMOro UCCeoBaHUsA Obino
oTobpaHo 24 naumenta ¢ BIM -1l cragum no Hoehn — Yahr B Bo3pacte 42-75 net. Mposogunuck 10 ceccunin TTMC: B rpynne cTUMyns-
L1 NMepBrYHO MOTOPHON Kopbl (rpynna M1) nposogmnack 6unatepanbHas iTBS M1, B rpynne ummtaumm ctumynaumm (MC-rpynna) —
UMUTaUMA CTUMYNALMW C MOMOLLbIO CrielyanbHoi KaTywkuy. OueHKka nposoannachk B off- n on- ¢asax 4 pasa — o, nocne Kypca Ctu-
mMynaumu, yepes 1 1 yepes 3 mecAua Nocse OKOHYaHUA Kypca. OueHka NpoBoannach ¢ npumeHeHvem wkanbl MDS-UPDRS, wkanbl
6anaHca bepr, 10-meTpoBoro Tecta xoabbbl U cTabunomeTpun (Tect Pombepra, TeCT Ha YCTOMUMBOCTD), BbIMOJIHEHHOW Ha annaparte
«CtabunaH-01-2». CTaTUCTUYECKMIA aHann3 BbIMOJHANCA C MPUMeHeHreM nporpammbl IBM SPSS Statistics 27.

PE3YJIbTATbl U OBCYXKAEHUE. B rpynne M1 B off-da3e oTmeuanocb KpaTkocpoyHoe ynyylieHne Ha 5 6annoB (12,6 %) no Ill yactu
wkanbl MDS-UPDRS 1 BONrocpoyYHoe ymeHblUeHre NMOCTypanbHOW HeycToMunmBocTn B obeunx dasax. [1o gaHHbIM cTabrunomeTtpuu,
B rpynne M1 fonrocpoyHas NonoXutesibHas ArHaMyKa B TeCTe Ha YCTOMYMBOCTb OTMeYanach B 06enx dpazax. 3HaunMmoe Mexxrpynmno-
BOE pas/inyme 0TMeYasioCb TOSIbKO B TeCTe Ha YCTOMYMBOCTb. HacToTa 1 BbIPaXKeHHOCTb HexesnaTeslbHbIX ABfleHNIA B rpynne M1 He oT-
nmyanucb 3Haummo ot UC-rpynnbl; XN3HEYrpOXaloLWMX HexenaTeNbHbIX ABMEHNA He oTMeyanocb. iTBS M1 oka3biBaeT yMepeHHbIn
NONOXNUTENbHbIN 3GPEKT Ha ABUraTeNbHbIE U NOCTYpanbHble HapylweHna npwv Bl1. Habnopaemble TeHaeHuun (ynydweHnue B off-dase,
YMeHbLUEHME NOCTypanbHOWN HEYCTONYMBOCTIN) MOTYT CBUAETENIbCTBOBATb O BOBMEYEHUMN Kak AodaMUHEPTMYECKMX MeXaHM3MOB, TaK
1 UHBIX HelipoMeanaTopHbIx cuctem. Mpotokon iTBS M1 6e3onaceH 1 o6nafaet yaoBneTBOpUTESIbHON NEPEHOCMOCTBIO.
3AKJTIOYEHUE. bunatepanbHas iTBS M1 He aBnaeTca [OCTOBEPHO 3PPEKTUBHBIM METOLOM KOPPEKLUN ABUraTENIbHbIX 1 NOCTypaJib-
HbIX HapyLweHuii npu Bl1. Tem He MeHee, yunTbIBas TEHAEHLMIO K MONOXKUTENbHOMY 3bdeKTy, 6€30MacHOCTb 1 MEPEHOCMMOCTb NPOTO-
Kofla, akTyaslbHO NpoBefeHne AajibHeNLNX NCCNefoBaHuM.

KJNTIOYEBDIE CJTOBA: 6onesHb MapkuHcoHa, TpaHCKpaHUabHas MarHUTHasA CTUMYNALMA, NePBUYHAs MOTOPHasA Kopa, Gr3u-
yeckan peabunuTaLms
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Intermittent Theta Burst Stimulation of the Primary Motor Cortex
in the Correction of Motor Symptoms in Parkinson's Disease:
a Randomized Controlled Study

Georgii A. Kotsoev’,
Dmitry Yu. Lagoda,

Ekaterina Yu. Fedotova, ‘2 llya S. Bakulin,
Alfiia Kh. Zabirova, ‘>’ Natalia A. Suponeva

Russian Center of Neurology and Neurosciences, Moscow, Russia

Alexandra G. Poydasheva,

ABSTRACT

INTRODUCTION. Postural disorders are a significant issue among Parkinson'’s disease (PD) patients. Therapeutic transcranial magnetic
stimulation (tTMS), specifically theta burst stimulation (TBS) protocols, is a promising rehabilitation method. Though tTMS efficacy in
terms of motor improvement was shown, its efficacy for postural disorders treatment is questionable.

AIM. To study the efficacy of bilateral primary motor core (M1) intermittent theta burst stimulation (iTBS) in PD patients.

MATERIALS AND METHODS. 24 PD patients, aged 42-75 years, with Il and Ill Hoehn — Yahr stages were selected as part of this double-
blinded, sham-controlled, randomized study. 10 sessions were performed both in active (M1 group) and sham (sham group) stimulation.
All tests were performed both in off- and on- states, 4 times altogether: before and shortly after the course, then 1 and 3 months after the
course. MDS-UPDRS, Berg balance scale, 10-meter walking test and stabilometric tests (Romberg test and dynamic stability test), performed
with the Stabilan-01-2 complex, were used as assessment tools. Statistical analysis was performed with the IBM SPSS Statistics 27.
RESULTS AND DISCUSSION. In M1 group there was a short-term motor improvement by 5 points (12.6 %) according to part IIl of
MDS-UPDRS in off state, and a long-term postural stability improvement in both states. Stabilometry results showed long-term
improvement in dynamic stability testin M1 group in both states; the only significant group effect was also found. Adverse events (AE) did
not significantly differ in prevalence and severity between the two groups; no life-threatening AE were observed. M1iTBS has a moderate
positive effect on motor and postural disorders in PD patients. The observed trends (mostly off state improvement and postural stability
improvement) lead to suggestion of stimulation acting through both dopaminergic and dopamine-independent pathways. The protocol
appears to be safe and tolerable.

CONCLUSION. Bilateral M1 iTBS does not appear to have a definite effect on motor and postural disorders in PD patients. Nevertheless,
given its tendency to have a positive effect and its good safety and tolerability profile, further research is essential.

KEYWORDS: Parkinson’s disease, transcranial magnetic stimulation, primary motor core, physical rehabilitation
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BBEOEHUE

BbonesHb MapkuHcoHa (bIN) siBnAeTca ogHMM U3 Hanbo-
flee pacnpoCTPaHeHHbIX PAaCcCTPONCTB ABMXKEHUN. Agpom
KIMUHUYECKON KapTWHbl JaHHOro 3aboneBaHuA ABAAIOTCA
[BUraTefibHble HapylleHus, B MepBylo odepenb, bGpaau-
KMHEe3UsA, MbllleYyHasa purngHocTb 1 Tpemop [1]. Mo mepe
nporpeccrpoBaHunA 3aboneBaHUA gBUraTeNibHble HapyLle-
HMA ycyrybnaioTca 1 cTaHoBATCA 6onee pazHOoOpa3HbIMU.
HauvHasa ¢ paHHux ctagui bll, otgenbHoOM cylecTBeHHOM
npobnemoi ABNATCA NOCTypasibHble HapyLeHWA, NPUBO-
AAwpre K nageHnam 1 TpaBmam, ycyryonaiowmm nHBannau-
3auunio naumeHToB. bl cTouT Ha NnepBom MecTe cpeaun He-
BPONOrMYeCcKmX NPUUNH nageHunin: o 20 % ot obLwern nony-
nAynKM, NPy 3TOM Cpeam naumeHToB ¢ bl ot nageHun cTpa-
JatoT [0 62 % [2]. HecmoTpsA Ha cyLwecTBY WU O6LINPHDIN
CNeKkTp MeAMKaMeHTO3HOro 1 XMPYPrnyeckoro neyeHus,
BOMPOC KOppeKL MM ABMraTenbHbIX HapyLeHW, B YaCTHO-
CTW NOCTYpPasibHbIX HAPYLIEHWIN, OCTAETCA aKTyaslbHbIM, YTO
TpebyeT NorcKa anbTePHaTUBHbIX METOLOB NleyeHus [3].

OOHVM 13 NepcrneKkTUBHbIX METOLOB HedapMaKonoru-
YeCcKoro BO3[ENCTBUA ABAAETCA TepaneBTUYeCcKaa TpaHC-
KpaHuanbHaa marHutHasa ctumynauma (TTMC). B ocHoBe
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[aHHOTO MeTOAa NIEXUT UCMNONb30BaHNe CHOKYCPOBaHHO-
ro 3/1eKTPOMarHUTHOrO MOoJA, YTO NO3BOMAET NPOBOAUTH
HEeNHBA3UBHYIO CTUMYNALMIO FOIOBHOIO MO3ra, NMpy 3TOM
OKa3blBaeTcA Mogynvpylolee BO3AeNCTBME KakK Ha Hemno-
CpPeACTBEHHO CTUMynMpyemyto obnacTb, Tak 1 Ha gpyrue
o6nacT Kopbl 1 NOLKOPKOBble CTPYKTYpbl, CBA3aHHble
C Hen [4, 5]. B cTpyKType TepaneBTUYECKON CTUMYAALUN
pasnuyatoT putMnyeckyto TMC, KoTopyto B CBOO ouepefib
nogpasfenanT Ha Hu3KkouvacToTHyo (1 My u MeHee) 1 Bbl-
cokouacToTHyto (5 Iy 1 6onee), a TakxKe CTUMYNALMIO Te-
Ta-BCnblwKamu (theta burst stimulation — TBS), koTopyto
TaKXe AenAT Ha MHTepMUTTUPYoWwyto (intermittent TBS —
iTBS) 1 noctosHHyto (continuous TBS — cTBS). Mpu 3ToM
NPUHATO CYMTaTb, YTO HNU3KOYACTOTHAA PUTMMYECKasa CTU-
MynAuma 1 cTBS okasbiBaloT MHIMOUPYOLWMIA SOPEKT, B TO
BpeMmsA Kak AiBe Apyrne pa3HoOBMAHOCTY (BbICOKOYACTOTHanA
puTMnYeckas n iTBS) — akTusupytowmin apdekr [4, 6]. Mpo-
BefeHvie TTMC no3BonsaeT fOOUTbCA Kak KpaTKOBPEMEHHO-
ro, Tak v fONTOBPEMeHHOro mogynupytoiero spdekra, uto
onpegensaeT 3HauYnUTeNbHbIN NHTepeC K npuMeHeHnio TTMC
ON1A NleyeHna 1 peabnnntauum NaLmMeHToB C PasinyHbIMM
3a6051eBaHNAMUN HEPBHOW CUCTEMDI, B TOM Ymncie ¢ B [5, 7].
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Bo3moxkHocTn npumeHeHna TTMC npu bl B TeueHue
ANUTENbHOTO BPeMeHU ABNATCA 0ObeKTOM aKTUBHOIO U3-
yueHus. B 6onblueli yactn paboT ncnosib3oBany B KayecTse
MULLEHW ONA CTUMYNALMW Ha NEPBUYHYIO MOTOPHYIO KOPY
(M1), koTopasa urpaeT BakHyl0 poJib B MaTodusnonormm
MOTOPHbIX HapyLeHuin npu Bl n nerko gocrynHa ana He-
NHBa3MBHOM cTumynauun [8-10]. Mommmo 3Toro, B paboTtax
Strafella A.P. et al. 66110 NoKa3aHo, UTO CTUMYNALMA 30Hbl
M1 NprBOAMT K CHVMXEHWIO CBA3bIBAHUA aHTaroHWcTa fo-
dammHoBbIX peuentopoB — [''C]-paknonpuga — B 6a3anb-
HbIX FaHIAX MO AaHHbIM MO3UTPOHHOW SMUCCUOHHOM TO-
Morpadun Kak y naumeHTos ¢ bll, Tak 1 y 340poBbIX NCMbl-
TyeMblX, YTO CBUAETENbCTBYET 00 YBeNMUYeHUN BbipaboTKM
fodamuHa B faHHO obnacti nog BnusHuem TTMC[11, 12].
Mo JaHHBbIM HECKONIbKMX MeTaaHann3oB, 6blo MoKasaHo,
uTo Hanbosnee 3pPeKTVBHBIM MPOTOKOSIOM AJIA KOPPEKLUN
[BUraTefibHbIX HapyleHWn ABNAeTcA GunaTepanbHasa Bbi-
cokoyacTtoTHasA putMmnyeckaa TMC M1 [13, 14], uto oTpae-
HO B peKkoMeHZauuMAX rpynmnbl SKCMepToB: AaHHbIN NPOTO-
KOJ MMeeT ypOoBeHb AOKa3aTeNlbHOCTY B (BepoATHO, adpdek-
TUBHO) B KOPPEKLUMM ABUraTeNbHbIX HapyLweHui npw bl [7].

BnuAHue NpoTOKONOB C NMPYMEHEHMEM TeTa-BCrblleK
npv JaHHOM 3aboneBaHUN 1M3yyeHO Mano, B bonbLuen ya-
CTVN nccnefoBaHNn NpUMeHANacb NUwWb oaHa ceccua TMC.
B HepgaBHeM meTaaHanm3e [15] nsyyanocb BanaHne TBS Kak
Ha MOTOpPHble, TaK N Ha HEMOTOPHbIE CUMNTOMbI Mpwn BIl.
Mo ero pe3synbtaTam ObIIO MOKas3aHO, YTO NMPUMEHeHMe
TeTa-BCMbIWEK CYLeCTBEHHO He BMAET Ha [BUraTefibHYyio
CUMMTOMATKKY NauueHTa B on-¢$asy, 0AHaKO 3HauMMO yyu-
waet cocTtosiHMe B off-da3sy. B 10 ke Bpems, B oTMume ot
JaHHbIX No putmnyeckon TMC, goctoBepHOe ynydlleHne
OTMeYanocb Npu NPYMEHeHUN «TOPMO3ALLEN» pa3HOBUA-
HocTh TBS (cTBS) n ctmynAaumMmn gpyroi MueHn — fo-
NOJTHUTENbHOM MOTOPHOWM 0651acT, B TO Bpema Kak iTBS
30Hbl M1 CyLlecTBeHHbIX U3MEHEHMWI He NoKa3asna; OAHaKo
aBTOpamu ObINO OTMEUEHO, UTO NONyYEeHHOE PacXoXaeHune
MOXeT ObITb CBA3aHO C Masiol BbIGOPKOW. YumTbiBasa 60nb-
Lee KONMMYeCTBO CBUAETENbCTB B NOMb3y aKTUBUPYIOLLEro
TUNa CTUMYNALMM NePBUYHON MOTOPHO KOpPbI, B TOM Umncsie
B OTHOLUEHMM HapyLUeHWI XOAbObI, fanbHelwee nlyyeHne
BO3MOXHOCTel JaHHOrO MPOTOKONa ABNAETCA aKTyalbHbIM.

PaHee 6b1 onuvcaHbl cneymduKka NOCTypasnbHbIX Ha-
pyweHui npw BN B 3aBrucmocTn ot popmbl 3aboneBaHmA
N CTEMEHMN TAXKECTU Y NONOXKNTeNIbHble U3MEHeHNA CTabu-
NOMeTPUYECKNX nokasatenemn Ha GpoHe MeaNKaMeHTO3HOM
Tepanuun [16]. HecmoTpa Ha 60/blIoe KonnyectTso pabor,
NOCBALLEHHbIX BAMAHNIO puTMUyeckon TMC Ha MOTOpPHble
HapyLlweHna npu bl, npobnema NocTypanbHOM HeyCTONYM-
BOCTM 3aTPOHYTa /ILLb B Masniol nx 4yacTu. Tak, paHee 6bino
MokKasaHo, YTo GunaTepasnbHas BbICOKOUYACTOTHAA CTUMY-
nAumA 30Hbl M1 ¢ nocnegytollen BbICOKOYACTOTHON CTW-
MynAuuern neBon AopconaTtepanbHon npedpoHTaNbHOMN
KOPbl CH/XaeT BbIPa)KeHHOCTb NOCTYpPanbHOWM HEeyCTOMUN-
BocTM no wkane MDS-UPDRS (Movement Disorder Society
Unified Parkinson’s Disease Rating Scale) — yHuuumnpo-
BaHHOWN penTuHroBon wkane bll, npegnoxeHHon Mexay-
HapOAHbIM 06LEeCTBOM PACcCTPONCTB ABMXKeHN [17]. bruna-
TepanbHasa BbiCOKoYacToTHaA putMmmnyeckasa TMC 30HbI M1
B Apyron paboTe nokasana [OCTOBEPHOE YyMeHblueHue
BbIPaXXEHHOCTW KaK [ABUraTesibHbIX HapyleHWA Mo LKa-
ne MDS-UPDRS, TaK 1 ymeHblleHne HapyleHun 6anaHca
no wkane GABS (Gait And Balance Scale) [18]. Ewe B op-
HOM WUCCNeAoBaHUM NPUMEHEHUE aHaNorMYyHOro MNpPoTo-
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Kofla MPOAEMOHCTPUPOBANO MOJIOKUTENbHbBIN pe3ynbTaT
B BUJE CHWKEHUA KOMMIEKCHOro rnokasaTens noctypasnb-
HOW HEYCTOMYMBOCTU 1 3aTPyAHEHUI Npu xoabbe (Postural
Instability and Gait Difficulty — PIGD) [19]. Tem He MeHee fo
HaCTOALLEero BpeMeHu He NPoBOAMINCL PaboTbl C NpoBee-
HMeM KOMM/IEeKCHON OLeHKM HapyLLeHnn 6anaHca ¢ npume-
HeHneMm annapaTHbIX METOAOB, TaKMNX Kak CTabunomeTpus.

LIEJIb

OueHka 3¢¢pekTBHOCTM iTBS M1 B OTHOWEHMM ABU-
ratenbHbIX HapyLeHW, B YaCTHOCTW, MOCTYpanbHON He-
YCTONYMBOCTM 1 HapyLLeHn 6anaHca y naumeHTos ¢ bIl.

MATEPUAJIbl U METOADI
Hab6op yyacmHukoe

JaHHoe wnccnepoBaHMe 6biNO 0J0OPEHO NOKaNIbHbIM
3Tnuyecknm kommtetom OIBHY «Poccuincknii LeHTp HeBpoO-
nornn n HelmpoHayk» ot 20.04.2022 (npotokon N2 3-6/22).
B nccnepnoBaHme 6bino BKAOYEHO 24 NaLUmeHTa C KNMHnYe-
CKM YCTaHOBEHHbIM AMarHo30M «6one3Hb MapKUHCOHa»,
HaXOAMUBLUMXCA Ha CTaLMOHAapPHOM fleYeHnn B 5-M HeBpoO-
NOrMYeckoM OTAeNneHUn u/unu HabnopaslmMxca ambyna-
TOPHO B KIMHUKO-AMArHoctuyeckom otaeneHun OrHY
«Poccnncknin LeHTp HeBPONOrMn 1 HelpoHayk». C Lenbio
WCKITIOUEHMA BO3MOXHbIX MPOTMBOMNOKa3aHNA BCeM Nauu-
eHTaM NMpPOoBOAMUNACb PYTUHHAA 3neKkTpoaHuedanorpadus
¢ GyHKUMOHanbHbIMU Npobamum.

Kputepuamu BKnioueHuns ABNAnMCb Bo3pact oT 40 fo
80 ner, -1l ctagna no wkane Hoehn — Yahr n go6poBonb-
Hoe nHGopMUpoBaHHOe cornacue Ha yyactue. B uccnepo-
BaHMe He BK/I0YANINCh NaLMeHTbl C PUCKOM Pa3BUTUA 3NU-
npuUcTynoBs (Hannume NPUCTYNoOB B aHamMHe3e, 3MUaKTUB-
HOCTb MO AaHHbIM PYTUHHOWN 3neKTposHuedanorpadun),
WHbIMY NPOTNBOMOKa3aHMAMM K nposegeHmnio TTMC 1 mar-
HUTHO-Pe30HaHCHON Tomorpadum (Hannume meTanamye-
CKUX MMMMaHTaToOB B Tesle, Knayctpodobus u T. A.), onepa-
TUBHbBIMW BMeLLaTenbCcTBaMu no nosogdy bIl, npepwecTtsy-
lowrmmn nposegeHnto TTMC, TAKenbIMM COMaTUYECKMU,
KOTHUTUBHBIMWA 1 MCUXUYECKMMU HaPYLUEHUAMMU, @ TaKxe
naumeHTbl, MPYHUMaloLWMe MeMaHTUH. MauneHTbl UCKIto-
Yanucb U3 UccnefoBaHnA Npy 4OOPOBONBHOM OTKase oT
NPOJOIIKEHNA YYaCTUA, Pa3BUTUN TAMXKENbIX MOOOYUHbIX 3¢-
dekToB oT TTMC, TAXKeNnon comaTnyecKko/HeBponornyec-
KOW MaTonorny nocsie BKOUYEHNA B UCCNeA0BaHNe, a TaK-
e nNpr He06XOANMOCTN KOPPEKLMM NPOTUBOMNAPKNHCOHM-
yeckol Tepanumn (M3MeHeHne CyTOUYHOW [03bl/KoppeKuuma
pexrma npruema/3ameHa npenapara Ha aHanor). B teueHne
BCEro BpemeHu nccnefoBaHna nofobpaHHas Ha MOMEHT
BCTYNNEeHNA NPOTUBOMNAPKUHCOHNYECKan Tepanma ocTaBa-
nacb HeM3MeHHOW.

Mpomokon cmumynayuu

MeTofom cnenbix KOHBEPTOB BCE YYaCTHUKM Obinn pac-
npepeneHbl B OAHY U3 rpynn: rpynny akTMBHOWM CTUMYNA-
urm M1 unu rpynny umutaymm ctumynaumm (sham-rpynna).
XapaKTeprCTMKN NPOTOKONOB NpefcTaBneHbl B Tabnuue 1.

MNepepn Hauanom Kypca TTMC maumeHTam nposogunach
MarHWTHO-pe30HaHCHasA ToMorpadusa rofloBHOro Mo3ra B pe-
»nme T1 MPR (multiplanar reconstruction) ansa noctpoeHua
WHAVBUAYaNbHOW MOAENU rOfIOBHOMO MO3ra A BbIABNEHUA
WHAVBUAYaNbHbIX TOUEK-MULLEeHen Ana cTumynauum. Ctumy-
nAUMA BbINONHANACh Ha annapate MagProX100 + MagOption
(Tonica Elektronik A/S, [laHuA) ¢ HaBUraLIOHHOW CUCTEMON

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2025 | 24(4)

Ta6nuua 1. MpoToKoNbl CTUMYNALUN B UCCReAyeMbIX rpynnax
Table 1. Stimulation protocols in the study groups

Crumynoe  Konunuectso
AHTeHCMBHOCTDb .
Fpynnbi / MpoTtokon ctumynayun / 3a ceccuio / ceccuin /
MuweHb / Area . . crumynauunn / . .
Groups Stimulation protocol . Stimuli Number
Intensity . .
per session of sessions
BunatepanbHo M1 iTBS (6noku no 10 BCnblLeK C YaCTOTON
(kopkoBoe 5 Iy, uHTepBan mexay 6nokamm — 1200
npeacTaBmTenbCTBO 8 cek; 1 BCMblWKa = 3 CTUMyIa 80 % ot nopora (600 ¢ Kaxkpon
M1 m. dorsalis c yactoTown 50 'y) / iTBS (trains of BMO/80% of  cTOpoOHbI)/ 10
interosseus) / 10 bursts at 5 Hz frequency, intertrain ~ RMT 1200 (600 per
M1 hand area interval — 8 sec, 3 pulses at 50 Hz side)
bilaterally frequency per burst)
3ByKOBasA MMUTaLMA U UMUTALUA OLLYLLEHUI B MeCTe CTUMYALUN C MOMOLLbIO CnieLuanbHom
Sham KaTyLKW C aNneKTpofdamu; bunatepanbHo B npoekunr M1 co cxoxumu ¢ iTBS npoTokonom 10

1 NpofonxuTenbHoCTbio Npoueaypsbl / Audial and sensory imitation at the stimulation area
with a special coil, bilaterally at the M1 projection, using same stimulation protocols

Mpumeuarnue: M1 — nepsuyHas momopHas kopa, BMO — gbi38aHHbIl MOMOpHeIl omeem, sham — umumayus cmumysns-
yuu, iTBS — nepemexxarowaaca cmumynayua mema-ecnblKamu.
Note: M1 — primary motor core, RMT — resting motor threshold, iTBS — intermittent theta burst stimulation.

Localite TMS Navigator (Localite GmbH, lepmaHus) n po-
60TU3NPOBAHHOM CUCTEMOW yaepaHnA KaTywku Axillum
Robotics TMS-Cobot (Axillum Robotics, ®paHuus). Kaxkpas
CTUMYNAUMA BbINONHANACL B on-dasy (uyepe3 1-1,5 vaca
OT Npuema NPOTUBOMNAPKMHCOHNYECKON Tepanuu).

KnuHuyeckas oyeHka

O6Lwwana oueHKa fBuraTenbHon GpyHKLUM NPOBOAUNIachL
no lll yvactn wkanol MDS-UPDRS, a TakXe ¢ npvMeHeHu-
em 10-MeTpoBOro Tecta xoabbbl (B 06yBU, C KOMGOPTHON
N MaKCUMasnbHOM CKopocTbto). C Lenbio OLEHKN BblparkeH-
HOCTM MOCTYpasibHbIX HAPYLWEHUN NPOBOAUINCL OLIEHKA
no wkane 6anaHca bepr, a Takxe cTabunomeTpna C UCNonb-
30BaHMEM annapaTHO-MporpaMmMHOro Komnnekca «Cra-
6unanH-01-2» (tect Pombepra, C OTKPbITBIMUA 1 3aKPbITbIMM
rnasamu, TecT Ha YCTOMYMBOCTL): B TecTe Pombepra oue-
HUBaNUCb Nnowaab ctatokmHesmorpammbl (MCKI), B TecTe
Ha YCTONYMBOCTb — AMana3oH MaKCMManbHO BO3MOMHOIO
OTKJIOHEHUA OT LieHTpa 6e3 nageHna B CarnTTanbHOM Mio-
ckoctn (CAOmax). Kaxpgbin Tect nposogunca B off-pasy
(o nepBoro nprema NPOTUBOMNAPKUHCOHNYECKUX Mpena-
paToB) 1 on-¢da3y (yepes 1-1,5 yaca nocne nprema). TecTbl
NPOBOAUVCH Nepes NepBow ceccuelt, Ha 1-e—3-1 CyTKu no-
cne [ecATon ceccun, a TakKe C Liesibio OLLEHKN OTCPOYEHHO-
ro a¢pdpekta — uepes 1 u 3 mecAua nocsie fecAToN cecCum.

Tabnuua 2. XapakTepucTnkn rpynn
Table 2. Group characteristics

O6pabomka 0aHHbIX

Cratuctnyeckas o6paboTka [aHHbIX NpoBoAMnach
C npumMmeHeHuem nporpammbl IBM SPSS Statistics 27.
CpaBHeHMe pe3ynbTaToB MOBTOPHbIX TECTOB C MCXOAHbI-
MW 3HaUYEHUAMK B paMKax KaxkJoW rpynnbl NpOBOAMIOCH
C NPUMEHEHNEM KPUTEPUA 3HAKOBbIX PAaHIOB BUnKokcoHa.
MeXXrpynnoBoe cpaBHEHME MCXOAHbIX NMokasaTesien npo-
BOAMWNIOCH C MPUMeHeHMeM Kputepna MaHHa — YUTHU ana
KOMIMYECTBEHHbIX MOKa3aTenen 1 C MpUMeHEHNEM TOYHOTO
kputepua Ouwepa — ANA KauecTBeHHbIX. BennunHa nony-
YyeHHoro rpynnoBoro 3¢deKTa oLeHnBanacb NyTem cpas-
HEHVA N3MEHEHUI MOKasaTenen Mexay rpynnamu c npu-
MeHeHnem Kputepua MaHHa — YuTHu. [Ina Bcex n3meHe-
HUI Obll NPUHAT MOPOrOBbLIA YPOBEHb CTaTUCTUYECKOW
3HauymmocTtu p < 0,05.

PE3YJIbTATbl U OBCYXOAEHUE
OnucamenbHble Xapakmepucmuku 2pynn

B pe3synbrate paHgoMm3auuy 6b111 HabpaHbl 2 rpynmbl
NauueHToB Mo 12 4yenoBeK B KaX[oW: rpynna akTWBHOW
ctumynagun M1 (rpynna M1) u rpynna uMutagum ctumy-
naumm (sham-rpynna). XapakTepucTuky rpynn npencras-
neHbl B Tabnuue 2. CTaTUCTUYECKM 3HAUYMMbIX Pa3nnyni
MeXy rpynnamu no npeacTaBleHHbIM XapakTepucTkam
nosiyuyeHo He 6bino.

lpynna / Group
XapakTtepucrtuka / Characteristic M1 Sham p
(n=12) (n=12)
Bospacr, ner/ Age, years 65,5[60,0; 72,5] 64,5[57,0; 72,8] 0,64
Mon (Mmy>kumHbl/>KeHwWwmHbI) / Gender (male/female) 2/10 6/6 0,19
OnuTtenbHocTb 3a6oneBaHus, net / Disease duration, years 8,5[4,0; 10,0] 6,0 [4,0; 9,0] 0,73
Mpeo6nagatowas ctopoHa (npaBas/neBan) / 775 6/6 1,00

Prevalent manifestation side (right/left)
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OkoHyaHue mabnuywl 2/ Table 2 End

pynna / Group
XapakTepucTtuka / Characteristic M1 Sham p
(n=12) (n=12)
Crapus no Hoehn — Yahr (1l/11l) / Hoehn — Yahr stage (11/111) 4/8 6/6 0,68
CyTtouyHasn s3KBMBaneHTHaA gosa nesogonbl, mr / LEDD, mg  923,8[828,1;1130,0] 650,0[531,9; 888,1] 0,20

Mpumeyarue: M1 — nepsuyHas MomopHasa kopd, sham — umumayua cmumynayuu. Pacdem skgueaneHmHou 003bl /1e80-
00nbl NPOBOOUJICA C NPUMEHeHUEeM OHaliH-kaneKyaamopa [20].
Note: M1 — primary motor core, sham — simulated stimulation, LEDD — levodopa-equivalent daily dose. LEDD was calculated

with an online calculator [20].

Mpouecc oT60pa, paHLoMM3aLUA 1 SMHAMUKA NOBTOP-
HbIX HabMIIOAEHNIN CXeMaTUYECKM NPeaCTaBNeHbl HA PUCYH-
Ke 1. OfHOMy 13 NauneHToB B rpynne M1 He npoBoAWNCs
10-MeTpoBbIN TeCT X0fbbbl B off-pasze H1 Ha ogHOM 13 3Ta-
MOB B CBA3U C BblPaXXeHHOIN 60/1€3HEHHOW AVCTOHMWE CTOM.

KnuHuyeckas oyeHka

McxonHble oueHkn no MDS-UPDRS-IIl n wkane 6anaHca
Bepr 3Hauumo He paznuuanuncb mexxay rpynnamu. B rpynne
M1 B off-dase nocne okoHYaHMsA Kypca CTUMYnALUK 6bi1o
BbIAABJIEHO CTaTUCTUYECKM 3HAuMMOe ynyulleHue B Bupe
CHWXeHuna Ha 5,0 [1,8; 7,0] 6annos (12,6 % [4,3; 21,0]) no
Il vactn wkanbl MDS-UPDRS. BbiaBneHHOe ynyulueHve He
COXPAHWNOCh MPU OTCPOYEHHbIX HabnogeHnaX. CHUXKeHne
NOCTYpasibHOM HEYCTOMUYMBOCTML MO TOW Xe LIKaNe B CBOIO
oyepeab oTMeuanocb B rpynne M1 Kak B off-, Tak n B on-
daze. YnyuweHune B obenx paszax oTMeUanoch yxe nocne

OKOHYaHus Kypca: B off-paze — Ha 1,0 [0,0; 1,0] 6ann npu
KaXaoMm TecTupoBaHuu, B on-pasze — Ha 1,0 [0,0; 1,0] 6ann
cpasy nocne Kypca u Ha 1,0 [1,0; 2,0] 6ann npu TecTnpoBa-
HUKM Yepe3 1 mecAl. 3HaYMMbIX M3MEHEHNI JaHHbIX NOKa-
3aTenen B sham-rpynne, Kak 1 pasnuunin rpynnoBoro 3¢-
¢deKTa, oTMeuyeHo He 6bliro.

CTaTUCTNYECKM 3HAuMMOEe M3MeHeHWe Mo LWKane 6a-
naHca bepr otmeuvanocb Tonbko B sham-rpynne B Buge
cnaboro ynyuweHnus (yBennueHmsa cymMmapHoro 6anna) Ha
0,5 [0,0; 2,0] 6anna (0,9 % [0,0; 3,8]) B on-pa3e: n3meHe-
HMe OTMeyvanocb cpasy nocsie CTUMYNAUUN N He COXPaHW-
N10Cb NPV MOBTOPHbIX U3MEPEHUAX. 3HAUMMbIX U3MEHEHWUI
B rpynne M1 u rpynnoBbIX pasnnmynii No Wwkane 6anaHca
bepr Takxxe He oTMmeyanoch. MiameHeHus no lll yvacTu wkanbl
MDS-UPDRS npepcTaBfneHbl Ha pucyHke 2. O6was AnHa-
MMKa U3MEHEHWI NoKa3aTenen no wkanam MDS-UPDRS-III
1 6anaHca bepr npeactaBneHa B Tabnuue 3.

Ta6nuua 3. [luHamuka nameHeHuin no wkane MDS-UPDRS-IIl u wkane 6anaHca bepr B o6eunx rpynnax
Table 3. MDS-UPDRS part lll and Berg balance scale change for both groups

Mapametp/ ®asa/ lpynna/
Parameter State Group n T2 p(W) T3 p(W) T4 p(W)
MDS- o M1 420318445 350[273,418] 001 450[250,460] 0,27 390(280;480) 093
o
UPDRS-III, sham 37,0(30,5;47,8] 340[283;483] 0,16 33,0[27,5;455] 040 32,0[285;380] 035
6annbi /
MDS-UPDRS M1 290[223378] 27,5(223;345] 069 2800160;370] 015 27.017,0;400] 073
part lll, scores sham 26,5[19,5;35,8] 23,5[20,3;32,8] 0,53 28,0[23,5;35,5] 0,26 24,0[21,5;32,5] 0,20
flocypantHas M1 20[10;20]  10[00;20] <001° 10[00;20] 001" 10[00;20] 003*
HeycTon4un- off
sham  15[00;20]  15000;200 032 00[00;20] 032 00[00;05 1,00
BOCTb, 6annbi /
s M1 1001,0;1,8  00[00;1,8] <001° 00[00;101 002 00[00;10] 0,10
instability, on
scores sham  0,5[0,0;1,8] 00[0,0;1,81 016 0,0[00;20] 1,00 0,0[00;00] 1,00
Wkana M1 50,0[455;558] 53,01[47,8;550] 0,08 51,0[44,0;56,0] 058 54,0[49,0;560] 0,10
off
6anaHca bepr, sham 51,5[45,5;54,0] 54,0[46,3;558] 0,06 54,0[46,5;56,01 0,09 56,0[54,0;56,0] 0,10
6annbi / Berg
balance scale, on M1 53,5[493;558] 53,5[51,3;56,01 0,22 55,0[47,0;56,01 0,79 56,0([53,0;56,0] 0,07
it sham  54,5[50,0;56,0] 550(52,3;56,0] 0,04* 56,0 (51,5560 0,68 56,0[54,0;56,0] 0,66

lMpumeyaHue: * — cmamucmuyecku 3Ha4yumoe usmeHeHue, T1 — mecm 0o cmumynayuu, T2 — mecm HenocpedcmeeH-
HO nocsie Kypca cmumynayuu, T3 — mecm yepes 1 mecau, T4 — mecm uyepe3 3 mecayd. YKasaHHsle ypo8HU 3HAYUMOCMU
p(W) — cpasHeHue pe3ysibmamos N08MOPHbIX MecmuposaHull C UCXOOHbIM 3HaYeHUeM 0715 0beux epynn.

Note: " — statistical significance, T1 — baseline, T2 — after the course, T3 — 1 month after the course, T4 — 3 months after the
course. Significance levels p(W) refer to comparison of follow-ups with the baseline, for both groups.
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Potential participants (n = 73)

[ KaHnanpatsl Ha yyacTtue / ]

OT6Op y4acTHUKOB |

Participant selection

VckntoyeHsl n3 paccmotperus / Excluded (n = 47):
» HecooTBeTCTBME KPUTEPUSAM BKOUEHUS /

Inconsistency with the inclusion criteria (n = 36)
» Otkas ot yyactusa / Denial (n = 11)

BkntoyeHb! B uccnefosaHmne
1 paH4OMU3MPOBaHbI /
Enrolled and randomized (n = 26)

p
Pacnpegenensl B rpynny M1 /

Chosen for M1 group (n = 14):

* [1poLUIN NOMHBIA KypC CTUMYNSALNIA /
Finished the full course (n = 12)

* He 3aBepLunav Kypc CTUMYyAALMiA /
Left before finishing (B cBa3n ¢ OPBW /
due to the ARI; n = 2)

MpoLunn 2-oii Tect /
Attended to the 2nd test (n = 12)

4 N\
Mpowwnn 3-nii Tect /

Attended to the 3rd test (n = 7):

* OTKa3 OT NPOJO/MKEHNS yyacTus /
Renunciation (n = 3)

* [loTpe6HOCTb B KOppeKLmn Tepanum /
Need for therapy correction (n = 1)

* [ponyLyeH 3-nin TecT, npoLuen 4-biii /
Missed 3rd, attended to the 4th test (n = 1)

4 N\

Mpownu 4-biii Tect /

Attended to the 4th test (n = 7):

* OTKa3 OT NPOAO/MKEHNS yyacTus /
Renunciation (n = 1)

Included for further analysis (n = 12)

P
BkitoyeHbl B aHanus / ]

AuHamunyeckoe
~ < HaGnogeHue / N 4

Follow-up
assessment e N

AHanus | Analysis
\

~ PacnpepaeneHue | P <\
Distribution

PacnpeneneHbl B sham-rpynny /

Chosen for sham group (n = 12):

* [1poLUAM NOMHBIA KypC CTUMYNSALNIA /
Finished the full course (n = 12)

Mpownu 2-oii Tect /
Attended to the 2nd test (n = 12)

Mpownn 3-nii Tect /

Attended to the 3rd test (n = 9):

* OTKa3 OT NPOJO/MKEHNS yyacTus /
Renunciation (n = 2)

* [ponyLyeH 3-nin TecT, npoLuen 4-biii /
Missed 3rd, attended to the 4th
test (n = 1)

Mpownn 4-biin Tect /

Attended to the 4th test (n = 5):

* OTKa3 OT NPOAO/MKEHNS yyacTus /
Renunciation (n = 3)

* [1oTPe6HOCTb B KOPPEKLMM Tepanuu /
Need for therapy correction (n = 2)

Included for further analysis (n = 12)

[ Bk/itoveHbl B aHanus /

Puc.1. OT60p NauneHToB 1 ANHAMUKA NMOBTOPHbIX HabOAEHWNI

Fig. 1. Patients’ selection and follow-up assessment

MpumeyaHnue: M1 — nepguyHas MomopHas kopa, sham — umumayus cmumynayuu, OPBY — ocmpas pecnupamopHas

BUPYCHAs UHGeKYUs.

Note: M1 — primary motor core, sham — simulated stimulation, ARl — acute respiratory infection.

NcxopHble nokasaTenn 10-mMeTpPOBOro tecta xoAbbol
MeXay rpynnamm He pasnmyanucb. Yay4yleHne npoxox-
[eHnA TecTa C KOMPOPTHONM CKOPOCTbIO MOC/e CTUMYNA-
Lun B 06emnx rpynnax Bbipaxanocb B yMeHbLUEHW BpeMe-
HU npoxoxaeHus B off-gpaze — Ha 0,6 cek [0,3; 1,8] B rpyn-
ne M1 n meHbLwe (Ha 0,0 cek [-0,0; 1,6]) B sham-rpynne.
YnydyweHne B rpynne M1 npm 3TOM He COXPaHWUIOCb
B AIVIHaMMKe, a BOT B sham-rpynne ctano 6onee BblpaXeH-

ARTICLES

HbIM NpY oueHKe Yepe3 3 mecAlua — Ha 1,2 cek [1,0; 1,4].
B rpynne M1 TakXe oTmeyanocb HeboNbluoe yMeHblLle-
Hue yucna waros Ha 0,0 [0,0; 2,0] nocne ctumynaunu;
B AVHAMVKe pa3numumi He oTMevanocb. CpaBHeHWe Benu-
UnHbl 3bdeKTa Mexay rpynnamm He BbIABUIO 3HAUYUMBbIX
pasnununn. InHammka nokasatenen 10-meTpoBOro Tecta
Xofbbbl C KOMOPTHON CKOPOCTbIO NpeacTaBieHa B Tab-
nuue 4.
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Bann no Il yvactun wkansl MDS-UPDRS, on-tha3a /
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Puc. 2. 3ameHeHue 6anna no Ill yactu wkansl MDS-UPDRS-III B 06eux rpynnax

Fig. 2. MDS-UPDRS part lll change in both groups

Mpumeuanusa: T1 — mecm 0o cmumynayuu, T2 — mecm Henocpedcme8eHHO nocsie Kypca cmumynayuu, T3 — mecm vepe3
1 mecau, T4 — mecm yepe3 3 mecaya. YkazaHHvle yposHuU 3Hayumocmu p(W) — cpasHeHue pe3yiemamos no8MmopHbix me-
CMuposaHuli C UCXOOHbIM 3HaYeHUeM 0715 0beux epynn.

Note: T1 — baseline, T2 — after the course, T3 — 1 month after the course, T4 — 3 months after the course. Significance levels
p(W) refer to comparison of follow-ups with the baseline, for both groups.

Ta6nuua 4. [luHamuka n3meHeHnn nokasatesneit 10-MeTpPOBOro TecTa xoAbobl ¢ KOMGOPTHOI CKOPOCTHIO B 06X Fpynnax
Table 4. Comfortable speed 10-meter walking test parameters change for both groups

MNapamerp/ ®asa/ lpynna/

Parameter State Group m T2 p(W) T3 p(W) T4 p(W)
M1 10,81[8,9;12,2] 1031[8,1;11,8] <0,01" 10,2[7,8;11,91 0,13 95[7,6;119] 0,25

Bpems, cek / off sham 9,1[84;10,11 83[74,95 003 78[73;101] 0,14 76I[7,1;86] 0,04
Time, sec M1 9,0([85;11,01 94[74;120] 100 79[6910,71 006 77[7,1;86] 0,13
on sham  83[8,0;9,1] 80[6,9;901 0,10 85[7,0;88] 011 72[70;83] 023

M1 19,0[17,0;22,0] 19,0[15,0;21,01 0,04 18,0[14,0;23,01 0,15 17,0[14,0;19,5] 0,10

Waru, n/ ot sham 16,5[14,0;19,5] 15,5[14,3;19,3] 0,06 150[14,519,0]1 0,16 150[13,0;17,01 0,08
Steps, n M1  17,0[16,0;19,0] 17,5[15,0;20,01 0,81 15,0[14,0;19,01 049 16,0[14,0;17,0] 0,17
on sham 15,0[14,0;17,8] 14,0[14,0;16,8] 0,13 150[14,0;17,0]1 0,32 150[13,5 16,01 0,56

MpumeuaHue: " — cmamucmuyecku 3Ha4yumoe usmeHeHue, T1 — mecm 0o cmumynayuu, T2 — mecm HenocpedcmeeH-
HO nocJsie Kypca cmumynayuu, T3 — mecm yepes 1 mecau, T4 — mecm uyepe3 3 mecayd. YKasaHHsle yposHU 3HAYUMOCMU
p(W) — cpasHeHue pe3ysibmamos N08MOpPHbIX MecmuposaHuli C UCXOOHbIM 3HaYeHUeM 0715 obeux epynn.

Note: " — statistical significance, T1 — baseline, T2 — after the course, T3 — 1 month after the course, T4 — 3 months after the
course. Significance levels p(W) refer to comparison of follow-ups with the baseline, for both groups.

MNoka3zatenn 10-MeTpPOBOro Tecta C MakCMasbHOWM CKO-
POCTbIO N3MEHNNUCH MeHblLUe. [Tocie OKOHYaHNA Kypca m3-
MeHeHWI B rpynnax He 0TMeyvanoch; yepes 3 mecAua oTmeva-
NOCb CTaTUCTUYECKUN 3HAUMMOe ynyuJlleHue (B BUe yMeHb-
WeHMA BpeMeHn npoxoxkaeHua Ha 0,82 cek [0,59; 0,87])
B off-daze B rpynne M1. lIuHammka nokasaTtesiein Npoxox-
JeHuA TeCcTa C MaKCMMarbHOW CKOPOCTbIO NpefcTaBieHa
B Tabnuue 5.

Cmab6unomempuyeckas oyeHKa

Mpwn cpaBHEHUN NCXOAHBIX 3HAUYEHWI ObIIO BbIABAEHO
CTaTUCTUYECKM 3Hauumo 6onee Hu3Koe 3HaueHue MCKI
npwu BbiNOSIHEHUN TecTa Pombepra ¢ 3akpbITbiMK [na3a-

mu B off-pase B sham-rpynne (To ecTb naymeHTbl B sham-
rpynne BbINOMHANM TECT Jyylle, YeM B OCHOBHOW rpynne
AKTVMBHOW CTUMYNALNN).

Mpu aHanM3e cTabUNoMeTprUUECKUX NoKasaTesien TecTa
Pombepra c oTKpbITbIMK ra3amu B rpynne M1 B on-¢dase
OblI0 BbIABNEHO YynyulleHve B BuAe CTaTUCTUYECKM 3Ha-
ynmoro cHuxeHua MNCKI nocne okoHYaHMA Kypca CTUMY-
NAUNN Ha 96,4 mm?[36,8; 158,7] (32,2 % [3,0; 49,0]), ogHako
B AVHaMUKe JaHHOe ynyylleHne He COXPaHWIOoCh. 3Hauu-
MbIX M3MeHeHUI B TecTe Pombepra ¢ OTKPbITbIMMX Fa3amu
B sham-rpynne BbIABNEHO He 6b110. CpaBHEHVE BENNYMHDI
abdeKkTa He BbIABUNO pas3nnuUin Mexpy rpynnamu. 3Ha-
UYMMbIX U3MEHEHWUI MPY BbIMOJTHEHUN TeCTa C 3aKPbITbIMU

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2025 | 24(4)

rnasamMm He OTMeYanocb HWU B ogHow 13 rpynn. vHamrka Obinn CTaTUCTUYECKM 3HAuMMO Gonee HK3KMe 3Haue-
rokasateneii Tecta Pombepra npeactaeneHa B Tabnuue 6. Hua CAOmax, u B off-, n B on-dasze (To ectb nauneHTbI

B TecTe Ha yCTOMUMBOCTb CpaBHEHWE UCXOAHbIX 3Ha- B sham-rpynne BbIMOAHANMN TECT Nyylle, YeM B OCHOBHOM
YeHMW NokasaTenen Nokasano, uTto B rpynne M1 ncxogHo  rpynne).

Tabnuua 5. [luHamrika naMmeHeHuin nokasatenei 10-MeTPOBOro TecTa Xof4bbbl C MAaKCMMaNbHOW CKOPOCTbIO B 06enx
rpynnax
Table 5. Maximum speed 10-meter walking test parameters change for both groups

MNapamerp/ ®asa/ lpynna/
Parameter State Group

M1 7,816,9;8,7] 78[66;84] 009 73[57;85] 074 69[5971] 0,046

T T2 p(W) T3 p(W) T4 p(W)

Bpems, cek / o sham  68[55;811 69([57;781 061 675975 059 59I[53700 008

Time, sec M1 7,0[6,4; 8,4] 69059811 039 63[5980] 024 62[58;71 0,09

on sham  64[55;74] 6555701 0712 65[53;70] 044 6,0I[47;69] 047

M1 16,0[13,0;19,0] 16,0[14,0;18,01 0,75 14,5[12,8;16,0] 0,16 17,0[13,0;18,0] 0,20

Waru, n/ off sham 14,0[12,3;16,8] 14,0[13,0;17,3]1 0,76 13,0[12,5;16,01 0,32 15,0[13,0;17,5] 0,19

Steps, n M1 1501[14,0;16,8] 15,5[13,3;17,8] 0,40 14,0[13,0;17,01 1,00 14,0[13,0;150] 0,06
on

sham 13,5[12,0;16,0] 13,5[13,0;158] 0,66 14,0[12,5;16,5] 0,45 13,0[11,5 155] 1,00

MpumeuaHue: " — cmamucmuyecku 3Ha4yumoe usmeHeHue, T1 — mecm 0o cmumynayuu, T2 — mecm HenocpedcmeeH-
HO nocsie Kypca cmumynayuu, T3 — mecm yepes 1 mecau, T4 — mecm uyepe3 3 mecayd. YKasaHHsle ypo8HU 3HAYUMOCMU
p(W) — cpasHeHue pe3ysibmamos N08MOpPHbIX MecmuposaHull C UCXOOHbIM 3HaYeHUeM 0715 0beux 2pynn.

Note: " — statistical significance, T1 — baseline, T2 — after the course, T3 — 1 month after the course, T4 — 3 months after the
course. Significance levels p(W) refer to comparison of follow-ups with the baseline, for both groups.

Tabnuua 6. [lnHaMuka U3MeHeHWIA NoLWaAn CTaTOKMHe3orpamMmmbl B Tecte Pombepra B 0beunx rpynnax
Table 6. Center of pressure (COP) ellipse area change in Romberg test for both groups

Napamerp/ ®asa/ lpynna/

Parameter State Group m T2 p(W) T3 p(W) T4 p(W)
2136 2925 1932 165,1
M1 13574408 1173344911 %% 133620811 913 (89619031 %00
off
158,5 219,9 196,4 133,7
Or-NCKI, mm? / sham 150622371 1176228611 %% [907:42160 O [1260:2860] °°
EO-COPEA,
m? 294.4 200,8 . 3913 2271
M1 601:5387] 165542871 <%0 nssoie151] 913 (8934413 900
on
2482 261,8 2207 205,8
sham o 646700 [1641:32621 %70 16892668 ©B° (8592666 O°°
4475 3803 496,2 2783
M1 4568235 [2499:13265 %% 1750:82271 9% (18956850 72
off
2374 3004 3533 195,4
3r-MCKT, mm? / sham 1151930111 22064915 %21 122873520 920 [1061: 104947 069
EC-COPEA,
mm? 4394 288,8 5256 4023
M1 3851:8560] [2388:8484] %% [2523:13953] %0 (30766808 *°
on
430,9 505,7 3722 371,9
sham  \100:9300] [2587:8455 77 121526008 ©°° [1617:5335 ©08

MpumeuaHue: ' — cmamucmuyecku 3Ha4umMoe usmeHeHue, T1 — mecm 0o cmumynayuu, T2 — mecm HenocpeocmeeHHO
nocse Kypca cmumynayuu, T3 — mecm yepes 1 mecay, T4 — mecm vepe3 3 mecaua, [NCKI — niowads cmamokuHe3uo2pam-
Mbl, O — omkpeimele 2nasa, 3 — 3akpeimele 21a3a. YKasaHHvle yposHu 3Hadyumocmu p(W) — cpasHeHue pe3ynbsmamos
NoBMOPHbLIX MeCcmMupo8aHuUli C UCXOOHbIM 3Ha4eHUeM 0/ obeux 2pynn.

Note: " — statistical significance, T1 — baseline, T2 — after the course, T3 — 1 month after the course, T4 — 3 months after
the course, COPEA — center of pressure ellipse area, EO — eyes opened, EC — eyes closed. Significance levels p(W) refer to
comparison of follow-ups with the baseline, for both groups.
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B off-dpaze nocne okoHuaHusa Kypca 6blny nonyyeHsb
pa3HOHanpaBfieHHble M3MeHeHUs: B rpynne M1 6bina oT-
MeuyeHa MOoNoXKUTeNbHAA AWHAMUKA — CTAaTUCTUYECKN
3Haummoe ysenunyeHne CAOmax Ha 9,5 mm [5,5; 20,5]
(10,2 % [3,5; 15,2]). B sham-rpynne 6b110 oTMeUYeHO cTaTu-
CTUYECKMN 3HAUMMOE CHUXKEHME IaHHOro NnoKasaTens B off-
¢dazeHa 17,5 mm [-1,0; 24,31 (9,0 % [-0,5; 14,2]); oTMeyvanocb
TaKXe 3HauMmoe pasnuuve BenuuuMHbl 3bdekTa mexay
rpynnamu (p(U) < 0,01). HX TO, HM fpyroe usmMeHeHne He OT-
MeYanocb Npu NOBTOPHbIX TECTUPOBAHUSAX.

B on-¢daze 6blf0 BbIABNEHO CTATUCTMYECKM 3HAUMMOEe
yBennyeHne CJOmax B rpynne M1 Kak cpa3y nocne Kyp-
ca ctumynaumm Ha 14,5 mm [9,5; 51,3] (10,8 % [6,6; 44,0]),
TaK 1 6onee BblpaXkeHHOe NP TECTUPOBAHNUN B ANHAMUKE
yepes 3 mecaua Ha 22 mm [9,5; 29,31 (16 % [6,7; 17,5]). Tem
He MeHee 3HaUYMMbIX OTINYNIA 3PdeKTa OT sham-rpynnbl He
oTMeyanocb; B sham-rpynne sennumHa CIOmax B on-dasze
3HAYMMO He M3MeHUnacb. JuHaMmnKa U3mMeHeHna JaHHOro
nokasaTena npefcTaBieHa B Tabnvue 7.

be3sonacHocmb u hepeHocuMoCcmeo

3a Bpems NpoBeAeHUs Kypca CTUMYNALMIA He Obifio OT-
MEUEHO KM3HEYTrPOXKAIOWMNX HEXeNaTeNIbHbIX SABNEHWIA.
OTKa30B OT AaJibHeNLEero y4acTus B CBA3W C HeXXenaTtesb-
HbIMU ABMIEHUAMMU TaKXKe He OTMeUasiocb. BbiparkeHHble He-
XenatesbHble ABfeHWA B rpynne M1 oTmeuyanuce y 3 nayu-
eHTOB. Y 2 nayMeHTOB OTMeYanacb rofioBHasa 6osb (8 6an-
NOB MO BK3YyanbHOW aHaNOroBOW WKane), B 0601X Ciyyasnx
BO3HMKasna B TeuyeHve 24 4yacoB nocsie CTUMYIALUN 1 pa-
Hee He oTMeuvanacb. Elle y 1 naumeHTKM B npegenax cyToK
oTMeuasacbh 60Jb B pyKe; IoKanm3auusa coBnagasna co cTo-
pOHOI NpeobafaHnsa NapKMHCOHMYECKOW CUMMTOMATUKM,
aNM30fMYecKn oTMevanacb paHee B off-dase. Bce ykaszaH-
Hble 3M1304bl OTMEYANNCb OAHOKPATHO, ANNINCH He boriee
4 yacoB 1 perpeccupoBasi CaMOCTOSITENbHO.

Bo Bpems mpoBefeHUs ceccum CTUMYSSILUKN HeXena-
TesibHble ABMIeHNA oTMeYanucb y 11 naumeHToB rpynnbl M1
1M 9 nauymeHToB sham-rpynnbl; B npefenax CyToK mocne
CTUMYNALUW HeXenaTeslbHble ABMEeHNA OTMeYanuchb y 8 na-
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umneHToB rpynnbl M1 1 5 naymeHToB sham-rpynnbl. BaxHo
OTMETUTb, YTO BO BCEX CJIyYasAX HexenaTenbHble ABNeHUA
BO3HVKasM B CaMOM Hauarse Kypca (B npegenax 1-3 ctumy-
nAYmMn), B 60NbLINHCTBE CJlyYaeB OfHOKPATHO, He NOBTOPSA-
NUCb B JanbHelLeM B TeUeHne BCero Kypca CTUMynALnii.
3HauMMbIX pa3fMynii MO YacToTe BO3HUKHOBEHMWA HeXena-
TeNbHbIX ABNEHUN MeX Ay rpynnammy He 0TMeyasnoch.

Hanbonee yacto BCTpeyaemMblM HEXenaTeNlbHbIM ABfe-
HMem BO BpeMA CTUMynAUMK B obeunx rpynnax Obina CoH-
nmBocTb. Cpean HexxenaTtesbHbIX ABIEHWI, BO3HMKAOLNX
B npepenax 24 yacoB nocne ctumynauuu, B rpynne M1
cambIM yacTbim BGbina ronosHasA 6onb, a B sham-rpynne —
CHVXKEeHMe Clyxa/llym B yLlax W ycuneHme ABuratenbHbIX
HapyLeHUA. 3HaUMMbIX Pa3nnunin NO BCTPEYAEMOCTM OT-
LEeNbHbIX HeXenaTeNbHbIX ABMEHWUI MeXAy rpynnamm He
oTMeuvanocb. CneKkTp BO3MOXHbIX HeXKenaTeslbHbIX ABfe-
Hu B rpynne M1 npeacTasneH B Tabnuue 8.

B xope paboTbl Obin BbIABNEH PAL MONOXUTENbHbIX W3-
MEHEHWI ABUraTeNbHON CUMMTOMATMKM U MOCTYpPanbHbIX
HapyLweHun nocne npumeHeHusa iTBS M1. OgHako B cuny
OTCYTCTBUA 3HAUYMMOro rpynnoBoro 3¢dekra B 60MbLIMH-
CTBe CyyaeB, K COXaNleHIo, HeNMb3A OfHO3HAUYHO BbIHECTY
3aKknoyeHne 06 3ddeKTMBHOCTU flaHHOro NpoTokona. Pa-
Hee MosnyyeHHble faHHble MO NPUMEHEHWNIO PUTMNYECKON
TMC yka3biBatoT Ha M1 Kak Ha Hanbonee 3pdeKTUBHYIO M-
LIeHb B KOppeKUnn ABuraTenbHbiX HapyLweHun npw b [13].
Tem He MeHee NCMoNb30BaHKe NPOTOKOOB TeTa-BCMbILLEK,
B YacTHOCTU iTBS, HanpoTmB, cyliecTBeHHOro 3ddeKTa aein-
CTBUTENbHO He oKa3biBano [15, 21].

YMeHbLUeHNe BblpaXXeHHOCTW [BUraTeslbHOW CUMMTO-
MaTVKM M HapyLlleHUn xoabbbl oTMeyvanoch B rpynne M1
uckniounTenoHo B off-pase. B nutepatype B Lenom mano
YAeneHo BHUMaHWA TOMy, B Kakol da3e TepaneBTnyecKas
TMC oKkasbiBaeT HanbonbLwnii 3PPeKT; B 60NbLUNHCTBE KX
MauneHTbl TECTUPYIOTCA CKOpee B on-, Hexenu B off-pase.
HaHHble Herposumsyanmsauum [11, 12] cBugeTenbcTByioT
06 yBenmueHnn BbicBOOOXKAeHMA fodaMnHa B 6a3anbHbIX
raHrmaAxX Kak y nayueHToB ¢ Bl Ha nocToAaHHOW Tepanuu,
Tak 1 y nauneHToB 6e3 Hee, YTO NO3BONAET NpeAnonaraTb

Ta6bnuua 7. [JuHammKa nsmeHeHui AranasoHa MakCUManbHOTo OTKNOHEHWS B CarUTTafbHOMN MAOCKOCTY B TeCTE Ha YCTON-

UMBOCTb B 00X rpynnax

Table 7. Maximum sagittal deviation range change in stability test for both groups

MNapamerp/ ®asa/ lpynna/

T1 T2

p(W) T3 p(W) T4 p(W)

Parameter State Group
off M1 [1041,;‘;61'574,8] [1211,57;11’(2)34,3] 0,03 [1351,(?;61'(2)39,01 0,50 [1561,57;71,?)9,8] 0,35
CAOmax, mm / sham [1521,;3;12’510,3] [1471,(?;21,596,3] 0,03 [1651,;3;5;())0,0] 0,53 [1912,8;42'?3,5] 0,50
SR M1 [1001,;;11'30,01 [1411,56;31,586,5] 0,02 [1641,(?;71’(;3,0] 0.09 [1681,35;;71,(;5,0] 003
on
sham [1741,38;52,(())6,8] [1791,58;71’21,3] 091 [1321,57;52'?3,5] 0.29 [1902,51;5521,5] 047

MpumeuaHue: " — cmamucmuyecku 3Ha4umMoe usmeHeHue, T1 — mecm 0o cmumynayuu, T2 — mecm HenocpedcmeeHHO
nocse kypca cmumynayuu, T3 — mecm yepe3 1 mecau, T4 — mecm depe3 3 mecaya, CJOmax — ouanasoH MakCuMaabHO20
OMKJIOHEHUA 8 CA2UMMAsbHOU NJOCKOCMU. YKA3aHHsle yposHu 3Hadyumocmu p(W) — cpasHeHue pe3ysibmamos nosmop-

HbIX mecmupo8aHuli ¢ UCXOOHbIM 3Ha4YeHUeM 0/11 obeux 2pynn.

Note: " — statistical significance, T1 — baseline, T2 — after the course, T3 — 1 month after the course, T4 — 3 months after
the course, SDRmax — maximum sagittal deviation range. Significance levels p(W) refer to comparison of follow-ups with the

baseline, for both groups.
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Ta6nuua 8. CneKkTp HexxenaTeNbHbIX ABNEHWI B rpynne M1
Table 8. Adverse events spectrum in M1 group

HexxenartenbHble ABneHns / Yacrora / HexenarenbHble AaBneHns / Yacrora/
Adverse events Incidence Adverse events Incidence
lfonosHas 6onb / Headache: 6/12 (50 %):
- Jlerkas (no 3 6annos no BALL) / 2/12 (16,7 %)
Mild (VAS scores < 3)
CoHnueocTb / Sleepiness 10/12 (83,3 %) « YmepeHHas (3-7 6annos no BALL) / 3/12 (25 %)
e Moderate (VAS scores < 3)
2 . BbipaxeHHas (6onee 7 6annos 1/12 (8,3 %)
§ no BALLI) / Severe (VAS scores < 3)
lonoBHas 6onb / Headache: “;':’. LLIVM B VILIaX/CHUKEHNE Cvxa /
« Jlerkas (< 3 6annos no BALL) / 3/12 (25 %) g Tir):nitu)sf/hearin im airmgnt 3/12 (25 %)
Mild (VAS scores < 3) o g'mp
i
c
,g g Bonw/pnckombopT apyrux nokanu-
¥ TpyAHOCTV KOHLEHTPALMK BHAMAHWA / 2/12 (16,7 %) T 3aumin/ Other localized pain/discomfort: 2/12 (16,7 %):
; Attention span deficiency e 3 - LWesn/Neck 1/12 (8,3 %)
£ S - Pyka/Am 1/12 (8,3 %)
S N
e MNpecnHkonanbHoe cocTosHue / 2/12(16,7 %) £
s Pre-syncope: =
g + AccoummnpoBaHO CO CHMKEHMEM 1/12 (8,3 %) §-
®
% apTepmanPHoro nasneHus / 5 ﬂMCKOMd)OpT B 06/1aCTV ronosbl / 212 (16,7 %)
= Hypotension-related S Head area discomfort
5 + HeaccoummpoBaHO €O CHUXeHneM 1/12 (8,3 %) =
v
E apTepuanbHOro gasneHusa / o
2  Hypotension-unrelated S
g /%0 g
S Bonu/guckomdbopT fpyrmx @
. . . S
ngKanmaumm / Other localized pain/ 1/12(83%) § CownnusocTb/ Sleepiness 2/12 (16,7 %)
discomfort: <
« Lles / Neck :
s
.. T TpyoHOCTM KOHUEHTpaumum BHUMaHNA /
[0) (] [0)
lonoBokpyxeHue / Dizziness 1/12 (8,3 %) % Attention span deficiency 2/12 (16,7 %)
=
m N
. o I'Ipexgnﬂu.;ee yXyALleHue ABI{I)KeHI/II/I/ 1712 (8.3 %)
Transient movement worsening
— — lfonoBokpy»xeHue / Dizziness 1/12 (8,3 %)
— — «Mywkw» B rnasax / Eye floaters 1/12 (8,3 %)
L . CHmxeHve poHa HacTpoeHus / 1/12 (83 %)

Mood disturbance

lMpumeyanue: BALLl — su3yanbHas aHa10208aa WKaAsia.
Note: VAS — visual analogue scale.

Hanunume nonoxutenbHoro sddekta putMmmyeckon TMC
B 06eux dpazax. [JaHHOE NpeAnoNoXKeHNe TakKe NOATBEPX-
[aeTca N KNMHNYeCKMMU MeTogamu oueHKkun [22]. OaHako
npw NCNoJib30BaHMM NPOTOKONOB TeTa-BCrblLLEK, COTTacHO
JaHHbIM MeTaaHanm3a, bonee oXxMaaemo ynyJlueHve NMeH-
Ho B off-pase npu oTcyTcTBUM N3MeHeHWI B on-dase [15].
MonyuyeHHasa BenMYMHA OTHOCUTENBHOTO YNyulleHWA
nBuratenbHonm cumntomMatukm no Il yactn wkanbl MDS-
UPDRS (12,6 %) B cpaBHeHUU C NONYYEHHO B paboTax C nc-
nonb3oBaHnem putMmmnyeckorn TMC M1 HemHoro yctynaet
UM: KaK NpaBusio, B 6ONbWMHCTBE AaHHbIX PaboT yMeHb-
lweHne otMmevaeTtca Ha 13-30 % o1 ucxogHoro [18, 23-25].
YBenuueHvie CKOpocTy Xoabbbl y naumneHToB B rpynne M1
B JAaHHOM CJlyyae ABNAETCA CINLIKOM He3HaUUTeNIbHbIM Kak
B CWY Masioli BEUYMHbI U3MEHEHUN, TaK 1 B CUY Hanu-
una ynydweHus B sham-rpynne. iameHeHuA B 06eunx rpyn-
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nax, BePOATHO, CBA3aHbl C HAYUYeHNEM BbINO/IHEHNA TECTOB
XoAbobl 1 GNyKTyaumaAMn ABUraTeslbHON CUMMNTOMATUKW,
cBoncTBeHHow Bl gaxe B npeanenax ogHom ¢asbl, HeXxxenu
C peanbHbIM KNUHNYeCKUM 3dpekTom. CTOUT OTMETUTD, UTO
ctumynauma M1 B LefloM OKa3blBaeT HEMOCTOAHHbIN MO-
NOXUTENbHbLIN 3PPEKT B OTHOLLIEHNM HaPYLUEHWU XOAbObI
B paboTax ¢ putmunyeckon TMC [18, 26-28], a B HEMHOTO-
UKCNEHHbIX paboTax C NMPYMEHeHNeM TeTa-BCMbllWeK Tak
1 BOBCe ero He okasbiBaeT [29, 30].

WNHTepecHbl monyyeHHble pe3ynbTaTbl B OTHOLIEHUN MO-
CTypanbHbIX HapyLeHUA. YMeHbLUEHNE NOCTYypPanbHON He-
ycTonumBocTr B rpynne M1 Habntoganocb B obenx ¢asax,
B OT/INUME OT ABUraTesibHbIX HapyLleHui B Lenom. MNocTy-
panbHaA HEYCTOMUYMBOCTb Kak peHOMEH JOCTaTOUHO cnabo
3aBUCUT OT JOodaMUHEPrNYECKOro BIAHUA W, Kak cnef-
CTBUE, OCHOBHbIX NPOTMBOMAPKNHCOHNYECKNX MpernapaToB.
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B obecneueHre noctypanbHbiX peakuuii NpenmyLLecTBeH-
HO BOB/eYeHbl Takre CTPYKTYPbl, Kak NeflyHKYIONOHTUHHOE
A0PO (XONUH- 1 rmyTaMaTepriuyeckoe) 1 ronybosaToe NATHO
(HopappeHepruyeckoe) [31, 32]. B nogTBepKAeHVE faHHOW
rmnoTesbl B paHHMX paboTax Obin NoKa3aH NoTeHUManbHbIN
NONOXKWTENbHbIN 3$PeKT NpenapaToB C HopagpeHeprmye-
cKkuM [16, 33] 1 xonuHeprmyeckum BnuaHnem [34]. Takum o6-
pa3oM, MOXKHO NPeAnoNIOKUTb, YTO MOMMUMO YXKe N3BECTHO-
ro BNMAHNA Ha JodaMMHEPINYECKYIO aKTUBHOCTD, iTBS M1,
BEPOATHO, 3afiefICTBYET TaKXe U Jpyrue HempomeamnaTop-
Hble cucTeMbl. OTCYTCTBME U3MEHEHMI No WKane GanaHca
Bepr, Hanbonee BepoATHO, cBA3aHO C 3ddeKToM NoTosKa
LUKasibl: 60nbluas YacTb NaLMEHTOB AiaXke Ha MOMEHT Havana
nccnefoBaHvA nMena 6nmnsKkre K ngeanbHbiM NokasaTensam.

[aHHble cTabunomeTprn Take MOKasbiBalOT pAf Mo-
noxutenbHbIX 3$PeKToB. B NnepByto ouepeab CTouUT oTme-
TUTb yBeNMUYeHne guanasoHa MakCMMasbHO BO3MOXHOMO
OTKJIOHEHUA B TecTe Ha YCTOMYMBOCTb, Habnogaemoro,
nofobHO paHee onucaHHbIM 3¢peKkTam, B 0benx ¢asax.
MocKonbKy BbIMOJIHEHME TecTa 3aBMCUT OT MOCTypasbHO-
ro KOHTPONA NPV MPON3BOSIbBHOM U3MEHEHU MOJIOXKeHNA
Tena, MOXXHO NPEeAMNoONOXKUTb, UTO MOJTyUYEHHbIN pe3ynbraT
ABNAETCA NHCTPYMEHTaNbHbIM OTpaXeHnem Habnogaemo-
ro KAVHWYECKN ynyylleHnsa (yMeHbLUeHUA NoCTypanbHOM
HeycTonumsocTu no lll yactu wkansl MDS-UPDRS) 1 cBA3aH
C @aHaNOrMYHbIMN MexaH3mamu. B otnmume ot npouunx no-
KasaTenemn, ynydweHue B Tecte Pombepra Habnioganocb
TONbKO B on-¢dase, NPUTOM TONbKO B TeCTe C OTKPbITbIMU
rnasamu, 4To MOXKeT npegnosnaraTb CBA3b NONYYEHHOro 3¢-
dekTa ¢ gopamrHeprnyeckUMmn MmexaHn3Mammn 1 3puTesb-
HbIM KOHTposieM paBHoBecusA [35].

K coxaneHuio, faHHaA paboTa nmena foCTaToOuHO 3Ha-
unTenbHble orpaHnyeHuns. Kpome HebonbluMx pa3mepoB
BbIOOPOK, CYLLECTBEHHbIM OrpaHUuYMBalWUM GakTopom
Takxe nocnykuna 060nbllas UYMCNEHHOCTb  BblObIBLUNX
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npu guHamuyecknx HabnogeHmax (okono 50 %), uto, cko-
pee Bcero, HemnpeackasyeMo CABMHYJIO UTOrOBble pe3ysib-
TaTbl OTCPOYEHHbIX TeCTUPOBaHWIA. B cBA3M C 3TMM nony-
YeHHble NpU TeCTMPOBaHNAX Yepe3 1 n 3 mecAua pesynb-
TaTbl Kak C MONIOXKNTENIbHbIMW N3MEHEHUAMM, TaK U C UX OT-
CYTCTBMEM He MnopsnexaTt Kakomy-nmbo TonkoaHuto. Ctout
NULWb OTMETUTb, YTO B COOTBETCTBUW C JaHHbIMU NuUTepa-
Typbl 3pdeKT pa3BMBaeTCA yxKe B KPaTKOCPOUHbIV nepuos
(cpa3y nocne Kypca ctumynauun) [17, 36].

HakoHel, HemManoBaXHO MNOAYEPKHYTb MONyYeHHble
pe3ynbratbl NO nepeHocuMocTu. MpumeHeHune iTBS M1
NMokasasio y[OBJIeTBOPUTENIbHYI MepPeHOCMMOCTb 1 6e3-
OMacHOCTb Kak HeMoCpeaCcTBEHHO BO BpeMsA MpoBeAeHUsA
CTUMYNALMK, TaK U B TeuyeHne CyToK nocne Hee. CnekTp
BCTPEYaeMOCTM Pa3fINUHbIX HeXenaTeNbHbIX ABNEHWIN TaK-
e B Lile/IoM COOTBETCTBYET AAaHHbIM NTepaTypbl [37].

3AKJTIIOMEHUE

Pe3ynbTtaTtbl paboTbl MOKasanu ymepeHHy 3ddpeKkTrB-
HOCTb GuUnaTepanbHON MHTEPMUTTMPYIOLLEN CTUMYNALUN
TeTa-BCMbIWKaMy NEPBUYHON MOTOPHOW KOpPbl B KOppeK-
UMM ABUraTeNbHbIX HapyLeHUn y nauyueHtos ¢ brl. bbino
MOKa3aHO YMeHblUeHVe MOCTYpasnbHbIX HapyLeHUN Kak
C NMOMOLLbIO KIMHNYECKOWN OLEHKU, Tak 1 C MOMOLLbIO CTa-
6unomeTpryeckoro aHanmsa. [laHHble n3meHeHusA Habnto-
[anvcb npermyLlecTBeHHo B off-dase, To ecTb He 3aBrcenu
OT MeAuKaMeHTO3HOW Tepanuu. YnyulieHve rnokasaTenen
OTMEYaNioCb Cpasy Nocsie OKOHYaHUA Kypca CTUMYnALMK,
UTO CBMAETENbCTBYET O HANMUMUN KPAaTKOCPOUHOTO 3ddek-
Ta; HanMumne JONrocpPoYHoro 3dpdeKTa ocTaeTca CrOPHbIM.
MpumeHaemMbIn NpoTokon 6e3onaceH AnA NpUMeHeHUA
1 obnagaet yAoBNeTBOPUTENBHOWN NePeHOCMOCTbIO. Yun-
TbiBaA MoTeHuuanbHyt 3PPeKTMBHOCTb 1 H6e3omacHOCTb
[aHHOTO NMPOTOKONA, MPOACKEHME NCCNIeJOBaHNI B faH-
HOW 061acTN COXPaHAET CBO aKTyanbHOCTb.
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3a6uposa Anbdpua XomKaeBHa, Bpay-HEBPOJIOr rPynmbl He-
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HayK, UneH-KoppecnoHAeHT POCCUINCKON akafeMnn HayK, au-
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LIeHTP HeBPOMNOrN 1 HepPOHayK.
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Bknapg aBTOpOB. ABTOPbI JaHHOIO NCCNef0BaHNA MOATBEPX-
[aloT COOTBETCTBUE CBOErO aBTOPCTBA COMIAaCHO MeXAYHapPOA-
HbiM KpuTepuam ICMJE (Bce aBTOpbl BHEC/IN CYLLECTBEHHbIN
BKNaf B pa3paboTKy KOHLENUMK, MpoBefeHne UCCeoBaHNA
N NOArOTOBKY CTaTbW, NPOUv 1 ogobpunn rHanbHyo Bep-
cuto nepep nybnukaumen). Hanbonblumnin BKNag pacnpeaesnex
cneayowmm obpasom: Koroes IA. — HayuyHoe 060CHOBaHMe,
MeToAonorna, BepudmnKkaLma, Kypaumsa n aHanns faHHbIX,
obecneyeHne MaTepuanoB Ana UCCNefoBaHMSA, NPoBeLeH e
NCCNefoBaHUA, HanMcaHe YepHOBMKa PYyKOMNUCK, BU3yanu-
3auua; ®epoTosa E.KO0. — HayuHoe 060CHOBaHKe, MeToLOoO-
rns, obecrneyeHve MaTepuanoBs 4ia NCCNefoBaHNA, NPoBEPKa
N pefaKkTNpoBaHMe PYKOMUCK, KypupoBaHMe NpoeKTa, PyKo-
BOACTBO npoekTom; bakynuH N.C. — HayuyHOe 060CHOBaHMe,
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ANA nccnepoBaHnA, NpoBepKa U pefakTMpoBaHMe PyKomnucK;
Morpawesa A.l. — HayyHoe 06OCHOBaHKE, METOAONOMNSA, K-
pauma AaHHbIX, obecneyeHre MaTepuanoB 4na NCCnefoBaHus,
npoBepka 1 pefgaktTnposaHue pykonucy; Jlaroga O.10. — ky-
pauma AaHHbIX, obecneyeHre MaTepuanoB Ana NCCNefoBaHNs;
3abvipoBa A.X. — Kypauua faHHbIX, obecrneyeHne maTepnanos
ana uccnepoanms; CynoHeBa H.A. — HayuHoe o60CHOBaHMe,
meTofonorus, obecreyeHne MaTepuanos Afid UCCiefoBaHNs,
npoBepKa 1 pefakTUpoBaH/e PyKOMMCK, KyprpoBaHue npo-
eKTa, PyKOBOACTBO MPOEKTOM.

UcTouHnKkn puHaHcmpoBaHua. [laHHOe nccnefoBaHue He
6bI10 NoAAepPX aHO HUKAKNUMK BHELIHUMMN UCTOYHUKaMU du-
HaHCUPOBaHWA.

KoHGNUKT nHTepecoB. ABTOPbI eKNapupyloT OTCYTCTBME
ABHbIX 1 NOTEHLMaNbHbIX KOHONMKTOB MHTEPECOB, CBA3AHHbIX
¢ nybnvKauven HacTosLen cTaTby.

3Tnueckoe yTBepaeHune. ABTOPbI 3aABNAIOT, YTO BCe NpoLeay-
pbl, UCMOIb30BaHHbIE B ;AHHON CTaTbe, COOTBETCTBYIOT STYEC-
KM CTaHAapTaM yuypexxaeHnin, NpoBOAMBLUNX NCCNe[0BaHME,
1 COOTBETCTBYIOT XeNIbCUHKCKON AeKnapauun B pegakumm 2013 .
MpoBepeHve nccnenoBaHNa ofobPEHO TOKabHbIM STUYECKUM
komuTeToM OTBHY «PoCCUNCKMI LIeHTP HEBPONOTMW 1 HEMpoO-
Hayk» (r. Mocksa, Poccua) (mpotokon N2 3-6/22 ot 20.04.2022).
UHopmupoBaHHoe cornacme. B nccnegoBaHnm He pac-
KpblBaeTCA CBeAeHUl, NO3BONAWMNX NAEHTUPULMPOBATD
JINYHOCTb NaumneHTa(oB). OT BCcex NaLMeHTOB (3aKOHHbIX Npes-
cTaBuTeneln) 6bi10 NOyYeHO NMCbMEHHOE coracue Ha ny6nu-
KaLmio BCE COOTBETCTBYHIOLEN MeANLMHCKON MHPopmMaLmm,
BKJIIOYEHHOW B PYKOMKCh.

[ocTyn K flaHHbIM. [laHHble, NOATBEPKAAIOLLVE BbIBOAbI 3TOrO
nccnefoBaHUs, MOXHO MOJTyYnTb MO 060CHOBaHHOMY 3anpocy
Yy KOppecnoHAnpyloLero aBTopa.
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Mocksa, Poccus

PE3IOME

BBEJEHUE. [MpriMeHeHVe pa3finyHbIX MO CBOEWN NPUPOAE NeYebHbIX Gr3nUecKnx GakTopoB HU3KOMHTEHCUBHOTO 3/IEKTPOMArHMTHOIo
N3nyyYeHns CBEPXBbICOKON YacToTbl (MW CBY) n nutbeBoi cynbdaTHON MrHepanbHol Boabl (MB) Bbi3biBaeT ycuieHne NpoLeccoB pe-
reHepauunm BHYTPUKIETOUHbIX YIbTPACTPYKTYP, B TOM UMc/ie MUTOXOHAPUI. BMecTe € TeM MexaHU3Mbl Pa3BUTUA 3TUX afanTalMOHHbIX
peaKkumin OCTaloTCA eLle Mano UccnefoBaHHbIMU. [lanbHelwee nyyeHrie mutoxoHapuii npu genctsuv MU CBY n nutbeBol cynbdat-
Hoi MB Lenecoobpa3Ho MPOBECTM B KeTKax MyYKOBOW 30Hbl HAAMOYEUYHNKOB — afpeHokopTukoumTax (AKL), urpatowwmx BaxHyio
posnb B perynaumm npoLeccoB aganTauny B opraHm3me.

LIEJIb. /13yueHune xapakTepa 1 0cobeHHOCTeN pa3BMTUA afanTaLMOHHbIX YNbTPACTPYKTYPHbIX N3MeHeHu muToxoHapuin AKLL nyyko-
BOW 30Hbl HAAMOYEYHVKOB KpbIC Npu agenctaun MU CBY n nutbeBol cynbdaTtHon MB.

MATEPUAJIbl U METO[Ibl. DKcnepumeHTbl NpoBefeHbl Ha 23 6enbiX HeIMHENHbIX KpblCax-camuax. Bce XKMBOTHbIe Obinn pasgeneHbl
Ha crepyiowme rpynnbl: 1-a onbiTHaA rpynna — genctere MU CBY; KOHTponb — noXHble npoueaypbl (6e3 BKIoYeHWA annapata),
2-51 OMbITHAA rpynna — AencTBME NUTbeBON CynbdaTHON MB; KOHTPONb — BOAOMPOBOAHasA BOAA. Vicnonb3oBany TakxKe rpynmny UH-
TaKTHbIX XM1BOTHbIX. Kypc MW CBY (10 npoueayp) npoBoanny Ha NOACHNUYHY0 0611acTb (30Ha NPOeKUMM HaiMOYEUYHMKOB) C MOMOLLbIO
annapata «AKBaTOH-2» (M/owWwaab NoToka MowHocTM — 1 MKBT/cm?, yactota — okono 1000 M, Bpemsa BO3AeNCTBUSA — 2 MUHYTHI).
MuTbeBylo cynbaTHylo MarHMeBo-KanbLyeBo-HaTpreByto MB (koHueHTpauua cynbdaTt-noHoB — 1,93 r/n, muHepanusauua — 3,05 r/n)
BBOAWIN BHYTPVXENYy[oUYHO no 3 mn, Bcero 16 npouenyp. O6bekT nccnegosanus: AKLL nyukoBoii 30Hbl HaanoyeuHnKoB. MeTogbl nc-
CnefoBaHUA: TPAHCMUCCUOHHAs SNeKTPOHHAA MUKPOCKONKWsA, MopdomMeTpus.

PE3YJIbTATbl U OBCYXXAEHUE. [eiictere SMW CBY B ncnonblyemom pexvive 13 AByx GOpm pereHepauum CTMMynMpoBano TONbKO
ofiHY — BHYTPMOPraHOVAHYO, YTO MPVBOAWIO K OTUETIMBOMY YKPYMHEHWIO MUTOXOHAPWIA 1 MOBbLILIEHNIO X GMO3HEPreTMYecKoro
noTteHumana. Pa3sutme grucbanaHca B npoLeccax pereHepaumm, CBA3aHHOTO C YMeHbLUeHEeM YMCSIEHHOCT MUTOXOHAPUIA U, COOTBET-
CTBEHHO, C NoJaBJIeHNeM OpraHOMAHON pereHepauny, Bbi3biBan onpeaeneHHoe CTPeCCoOpPHOe HamnpaKeHve B pa3BUTUN afanTaLyoH-
HbIX peakuuii. Mpy npumeHeHUn NUTbeBoN cynbdaTtHo MB B MUTOXOHAPMAX OTMeYanock 6onee cbanaHCMpPOBaHHOE pa3BUTUe obenx
bopm pereHepaumu, Npv STOM Bo3pacTana Kak Macca MATOXOHAPWI, Tak U UX BMO3HepreTUYeCKUin NoTeHLnarn.

3AKJTIOYEHUE. MpumeHeHve MU CBY u nutbeBol cynbdpatHoit MB Bbi3biBano B MutoxoHapusax AKLL pasHoe no MHTeHCMBHOCTU
ycuneHve pereHepaTopHO-rMnepnIacTUYecKnx NpoLLeccoB 1 NOBbILWEHVE NX B1O3HepreTMYeckoro noteHUmnana. Pesynstatbl nccneno-
BaHUs MO3BOJIAIOT MOHATb XapaKTepHble 0COOEHHOCTN B MexaHM3max gencteusa MU CBY n nutbeBolt cynbdaTHo MB Ha npouecchl
pereHepauum 1 6riosHepreTMyeckon agantauuy B mutoxoHapusx AKLL, KoTopble cnegyeT yunTbiBaThb Npy pa3paboTke HOBbIX CNocoboB
NPOGUNAKTUKIN 1 peabunmTaLmm B KNMHNUKE.

Kﬂ I'O"I EBbIE CHOBA: MUTOXOHAPWN, OpraHongHaA N BHYTPMOpPraHOMAHaA (I)OprI pereHepaunmn, agpeHOKOPTUKOUNTDI, SNeK-
TPOMaArHMUTHOE nssiyyeHume, NnnTbeBas Cy}'lb(I)aTHaﬂ MWHEpPanbHaA BOAA, SKCNEPUMEHT

IOna uutnposaHusa / For citation: Kopones 0.H., HukynuHa J1.A., Muxannuk J1.B. YnbTpacTpyKTYpHbI aHann3 MUTOXOHAPWUIA
B KJleTKax KOpbl HaAMoOYeYHNKOB KPbIC NPU AENCTBUM SNIEKTPOMArHUTHOrO M3MyYeHUs 1 NUTbEBOWN MUHEPaNbHOW BoAbl. BecTHMK
BOCCTaHOBUTENbHOW MeanunHbl. 2025; 24(4):89-95. https://doi.org/10.38025/2078-1962-2025-24-4-89-95 [Korolev Yu.N., Nikulina L.A.,
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Ultrastructural Analysis of Mitochondria in Rat Adrenal Cortex Cells
Exposed to Electromagnetic Radiation and Drinking Mineral Water

Yury N. Korolev’, '/ Liudmila A. Nikulina, ‘=’ Lyubov V. Michailik

National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

ABSTRACT

INTRODUCTION. The application of therapeutic physical factors, different in their nature, such as low-intensity ultrahigh frequency
electromagnetic radiation (UHF EMR) and drinking sulphated mineral water (MW), causes the increase of regeneration processes
of intracellular ultrastructures, including mitochondria. Meanwhile, the mechanisms of development of these adaptation reactions
remain understudied. Further study of mitochondria exposed to microwave EMR and drinking sulfate MW should be carried out in cells
of the of the fascicular zone of the adrenal glands — adrenocorticocytes (ACC), which play an important role in regulating adaptation
processes in the body.

ARM. To study the nature and development features of adaptive ultrastructural changes in the mitochondria of the ACC of the fascicular
zone of the adrenal glands of rats that are exposed to microwave EMR and drinking sulfate MW.

MATERIALS AND METHODS. Experiments were conducted on 23 white nonlinear male rats. All animals were divided into
groups: the 1st experimental group — the effect of microwave EMR; control — false procedures (without turning on the device).
The 2nd experimental group — the effect of drinking sulfate MW; control — tap water. A group of intact animals was also used.
A course of microwave EMR (10 procedures) was performed on the lumbar region (the area of projection of the adrenal glands) using
the Aquaton — 2 devices (power flow area of 1 MW/cm?, frequency of about 1000 MHz, exposure time 2 minute). Drinking magnesium-
calcium-sodium sulfate MV (sulfate ion concentration — 1.93 g/I, mineralization — 3.05 g/l) was administered intragastrically in 3 ml,
for a total of 16 procedures. The object of the study: ACC of the fascicular zone of the adrenal glands. Research methods: transmission
electron microscopy, morphometry.

RESULTS AND DISCUSSION. The effect of microwave EMR in the used mode stimulated only one of the two forms of regeneration,
the intraorganoid one, which led to a distinct enlargement of mitochondria and an increase in their bioenergetic potential. The
development of an imbalance in regeneration processes associated with a decrease in the number of mitochondria and, consequently,
with the suppression of organoid regeneration, caused a certain stress in the development of adaptive reactions. When drinking sulfate
MW was used in mitochondria, a more balanced development of both forms of regeneration was observed, with an increase in both
mitochondrial mass and their bioenergetic potential.

CONCLUSION. The use of microwave EMR and drinking sulfate MW caused increased regenerative-hyperplastic processes in ACC
mitochondria of varying intensity and increased their bioenergetic potential. The results of the study make it possible to understand
the characteristic features in the mechanisms of action of microwave EMR and drinking sulfate MW on the processes of regeneration
and bioenergetic adaptation in ACC mitochondria, which should be taken into account when developing new methods of prevention
and rehabilitation in the clinic.

KEYWORDS: mitochondria, organoid and intraorganoid forms of regeneration, adrenocorticocytes, electromagnetic radiation,
drinking sulfate mineral water, experiment
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BBEAEHUE

MuToxoHAPUM ABRAAIOTCA BaXXHOW OPraHension B U3-
YUYEHUN MexaHu3ma [eNcTBMA nedyebHbiX ¢usanyeckmx
¢dakTopoB. o coBpemMeHHbIM MpefcTaBieHNAM, Kpome
CBOEN OCHOBHOW ¢YHKUMKU (BblpaboTKka 3Heprun), Mu-
TOXOHAPWM YYacTBYIOT B 3aBMCMMOCTM OT TWMa KNeToK
B Pa3fMYHbIX CTPYKTYPHO-MeTabonmuyeckux peakuymsax,
B YaCTHOCTM, B MpoLeccax CMHTe3a 1 CeKpeunn, Npoayk-
LUMKM akTMBHbIX GOpPM Kucnopoga, perynaumm anonTtosa,
KNneToyHoM romeocTase [1-4]. [loka3aHO, UTO MUTOXOH-
Apun BblpabaTbiBalOT pasnvyHble cneynduyeckme 6enku,
KOTopble CNOCOOCTBYIOT KakK CAMAHMUIO CaMUX MUTOXOH-
Apui (B YacTHOCTK, B YCNOBUAX aeduumnTa SHEpPrum 1 npu
pa3BUTUN CTpecca), Tak U HA0OOPOT, CTUMYNUPYIOT UX Je-
neHue [5-8]. MpoBoaATcA pasnnyHble UCCNefoBaHUA MO

LeneBoMy BO3AENCTBMIO Ha MUTOXOHAPUW MPU pasnmny-
HOW MaTonorMm 1 CTapeHny opraHvMama C NpUMeHeHnem
MUTOXOHAPUANbHO-HAMpPaB/IEHHbIX AHTUOKCUAAHTOB [2,
9, 10]. Pa3paboTka Takoro neyebHoro nogxopa, rae Mu-
TOXOHAPWUM CTAHOBATCA «TEepPaneBTUYECKOW MULLEHbIO»,
npofomkaeT akTMBHO Pa3BUBaTbCA B Pa3HbIX acrneKkTax
[2, 11]. B cBeTe npeAcTaBNeHHbIX AaHHbIX MNepPCneKTUB-
HbIM ABNAETCA U3yuYeHVWe MUTOXOHAPUN Mpu AeNCTBUM
neuyebHbIX dr3myeckmx GakTopoB PasnMUHON MPUPOLbI,
B YaCTHOCTU, HU3KOWHTEHCMBHOIO 3JIeKTPOMarHUTHOro
nsnyyenma (AMW) ceepxsbicokor vacTtoTbl (CBY) n nu-
TbeBoOW cynbdaTHOM MUHepanbHol Boabl (MB), obnagato-
LUX aHTUOKCUAAHTHBIM U MeMBPaHOCTabUAN3NPYIOLL UM
addeKkTamy, KoTopble NexxaT B OCHOBE KX JleyebHo-npo-
dunakTnueckoro n peabunutauynoHHoro aenctauma. Mpu
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3TOM OblNN BblABNEHbI aKTMBaLMA MUTOXOHAPUANbHbIX
pereHepaTopHO-TMNepnaacTUYeCcKnX peakuun, ysenu-
yeHne MacCbl MUTOXOHAPWIA KU UX dHeproobecneyeHue
[12-14]. JanbHenwwee n3yyeHne MeXaHU3MOB aganTayunm
MUTOXOHAPUN LienecoobpasHo NPoBeCTM B KneTKax nyu-
KOBOW 30Hbl HagMO4YeYyHWKOB — afpeHOKOPTUKOLUUTaX
(AKL), yto cBAi3aHO C onpegeneHHON cneunduKkon B nx
CTPYKType 1 ¢ ux ¢pyHkunen. B ocHoBHOM 3To nponABna-
eTcs B 6onee KpynHbIX pa3mMepax Kak cammx KNeTok, Tak
N X MUTOXOHAPUI, KOTOPbIE BbINMOHAIOT K/IOYEBY0 POJib
B CMHTe3e MIOKOKOPTUKONAHbIX FTOPMOHOB [1, 3, 4, 6].

LEJIb

M3yyeHune xapakTepa U ocobeHHOCTEN pa3BUTKA agan-
TaLMOHHbIX YNIbTPACTPYKTYPHbIX MU3MEHEHNA MUTOXOHAPUIA
AKL| nyykoBOW 30HbI HAANOYEYHNKOB KPbIC MPU AeNCTBUN
SMMW CBY n nutbesol cynbdatHom MB.

MATEPWUANbI U METOAbI

JKcneprMeHTbl NpoBefeHbl Ha 23 HeNMHENHbIX Kpbl-
cax-camuax maccon 220-250 r, KoTopble Obinn MonyyeHbl
13 nuToMHKKa «Cton6osasa» OIBYH «HayuHbIln LeHTp 6uro-
MeAnUMHCKMX TexHonorni OefepanbHOro Mefuko-6uono-
rMYecKoro areHTCTBax». MiccnegoBaHmA OCyLLECTBNANN B CO-
OTBETCTBUW C MpaBunamu nposefeHna paboT C Ucnosnb-
30BaHMEM 3KCMepPUMEHTasIbHbIX »KUBOTHbIX (TpeboBaHMA
EBponeiickon KOHBEHL MU NO 3aLuTe SKCNepUMEHTaNbHbIX
XunBOTHbIX (CTpacbypr, 1986)). MeTogom paHZoMM3aLMK
XKMBOTHble ObINN pacnpegeneHbl Ha 5 rpynn. X1BOTHbIe
1- onbITHOW rpynnbl (1 = 5) nogBepranncb AeNCTBUIO
SMW CBY; B KOHTponbHOM rpynne (n = 5) Bmecto MU
CBY xnBOTHblE MonyYanu NoKHble npoueaypbl (annapat
He BKJoYanu). MKMBOTHble 2-I OMNbITHOM rpynnbl (N = 5)
nonyyanu NUTbeBylo CynbdaTHYIO MarHMeBO-KanbLMeBO-
HaTpueByto MB (koHueHTpauua cynbpata — 1,93 r/n, mu-
Hepanu3auma — 3,05 r/n); B KOHTpOJsIbHOW rpynne (n = 5)
BMecTO cynbdaTHoM MB XM1BOTHble MONyYanu BOJOMNPOBO-
[Hyt0 BoAy. Micnonb3oBannch TakxKe MHTaKTHbIE XKMBOTHbIE
(n = 3), KoTopble HMKaKNM BO3[eNCTBMAM He MOABEPranuch.
Bo3pernctere MU CBY (kypc u3 10 npoueayp) nposoannu
Ha MOACHUYHYI0 0651acTb (30Ha NPOEKLUN HaJNOYEYHNKOB)
C nomolbto annaparta «AKBaTOH -2» (NMIOTHOCTb MOTOKa
MoLYHOCTY — 1 MKBT/cm?, yacToTa — okono 1000 MIy, Bpe-
MsA BO3[eNcTBmA — 2 MUHYTbI). MB 1 BogonpoBogHyio Bogy
BBOAWIIN KPblCaM BHYTPUMENYAOYHO Yepes Uriy C ONnBONA
Ha KoHLe, 1 pa3 B AeHb o 3 mn B TeyeHue 16 gHen. KneoT-
HbIX BbIBOAMIIA M3 SKCNEPMMEHTa NyTEM ANCIOKaLMK LWei-
HOro oTgena No3BOHOYHMKa NOC/Ie OKOHYaHKA Kypca npo-
uepyp. [lnAa aneKTPOHHO-MUKPOCKOMMYECKUX MCCefjoBa-
HMIA 0bpa3Lbl KOpbl HagMoYeYHNKOB GuKcuposanu B 2,5 %
pacTBope rnoTapanbaernga, noctgrkcmposanu B 1% pac-
TBOpe 0s0,. Mocne o06e3oxmMBaHNA 06pa3sLbl 3aKoyany
B CMeCb 3MOoHa 1 apanguTa. MiccnefoBaHna NpoBOAUAM Ha
3NEKTPOHHOM MuKpockone Libra 120 (fepmaHus) ¢ npo-
rpammont Carl Zeis Texnology System Division, kKoTopas
BK/IOYAET MaTemMaTUuyecKyto obpaboTKy BHYTPUKIETOUHbIX
cTpyKTyp. OcywectBnanu moppomMeTpuyecknin aHanms
MUTOXOHAPUIA (YNCNO, CPEAHAA 1N CyMMapHaa niowagm).
KonunuectBeHHyt0 OLeHKY MOMyYeHHbIX JaHHbIX MPOBOAU-
NN C MOMOLLbIO METOAOB BapMaLMOHHOW CTaTUCTUKK. [Ana
OLEHKM [OCTOBEPHOCTM Pa3finunii CPaBHUBAEMbIX Benu-
UMH ncnonb3oBanu t-kputepuii CrblofeHTa. [JocToBepHbI-
MU cunTanu pasnuuma npu p < 0,05.

ARTICLES

PE3YJIbTATbl U OBCYXAEHUE

B npoBeaeHHOM nccnegoBaHmm pasnvyanu ase Gpopmbl
pereHepauyun mutoxoHapun AKL, — opraHoungHyto (n3me-
HeHMe KOMMYeCTBa MUTOXOHAPWIA) U BHYTPUOPraHOWLHYIO
(U3MeHeHne pa3MepoB MUTOXOHAPWIA U YMCIa BHYTPUMUTO-
XOHZPWanbHbIX CTPYKTYP — KPUCT). YCTaHOBNIEHO, UTO Y XK-
BOTHbIX KOHTPOMbHOM rpynnbl K gencranio MW CBY konu-
YeCTBO MUTOXOHAPUIN COXPAHANOCh, HO MPY 3TOM NPOUCXO-
LWNO CHWXKEHME MX cpefiHen nnowaau (Ha 26,4 %, p < 0,01)
1 ymncna KpucT (Ha 23,1 %, p < 0,01) B cBA3U ¢ ocnabneHrem
NpoLeccoB BHYTPMOPraHongHom ¢Gopmbl pereHepaLmu.
CnepcTBuem 3TUX U3MEHEHUI ABAANOCH YMEHbLUEHWE CYM-
MapHOWN MAOWaan MUTOXOHAPWI. Y XNBOTHbIX KOHTPOJb-
HOW rpynnbl K AencTButo NutbeBort MB, Hao6opoT, OTMeuYa-
JI0Cb YMEHbLUEHMe KONmyecTBa CaMnX MUTOXOHAPUIA 1 yBe-
NMYeHne nx cpepHen nnowaan (Ha 23,9 %, p < 0,01), uto
6blfI0 CBA3AHO CO CHMPKEHMEM aKTMBHOCTU OPraHOMZHOMN
N YCUNEHMEM BHYTPUOpPraHouaHom ¢opmMm pereHepauuu.
Bce 3T nameHeHnA NpmMBOAUAN K CHUXKEHNIO CYMMapHOM
(obLien) Nnowagn MUTOXOHAPWI U K OCabneHnto B TOW U
NHOW Mepe 61nosHepreTnyecknx pecypcos B AKL, y »KnBoT-
HbIX 061X KOHTPOJbHbIX FPYM.

MNMpumeHeHne neyebHbIX ¢Gr3nYecknx GakTopoB Bbi3bl-
BaJ10 yCU/eHMe Pa3BUTNA B OCHOBHOM O HOHAMPaBEHHbIX,
HO pa3HbIX MO WHTEHCUBHOCTU pereHepaTOpHO-rMnepna-
CTUYECKMX peaKkunii B MUTOXOHAPUAX. B Hanbonbluen cte-
MeHn OHW NPOABNANUCL Npu gencteum MU CBY, ocobeH-
HO MoABeprajncb U3MeHeHUAM CpedHAA nnowagb MUTO-
XOHApWI (yBennyeHune Ha 69,8 %, p < 0,01) 1 uncneHHOCTb
KpWCT (yBenmyeHune Ha 68,6 %, p < 0,01) (puc. 1). 3T casurn
npeacTaBnAnm cobon npoueccbl rmnepTpodun MUTOXOH-
APViA, pa3BMBaBLLMECA B COYETAHUN C rMnepnsasnent BHy-
TPUMUTOXOHAPUANbHBIX CTPYKTYP — KpuUCT. B pe3ynbrate
MUTOXOHAPUM CTAHOBUNINCL 6osiee KPYMHbLIMA 11 MOLLHbIMU
SHepreTnyeckumn cTpyktypamm. OgHako npu 3Tom nNpowc-
XOAIMNO, YTO BaXXHO OTMETUTb, CHUXKEHMEe 00LLero Konmye-
CTBa MUTOXOHZPWI (Ha 28,2 %, p < 0,01), KOTOpPOE NOBAUANO
M Ha UX CYMMapHYI0 MoLlajb: OHa Bo3pacTania no cpaBHe-
HWIO C KOHTPOJIEM, HO He JOoCTUraNa YPOBHSA MHTaKTa (puc 1).
Takne n3meHeHUA B COOTHOLUEHWW UCCeAyeMbIX MOKasa-
Tenen mutoxoHapun npu gencremn SMU CBY cenpeTtenb-
CTBOBANN O BblPaXXeHHOM YCUIEHNN BHYTPUOPraHOWUHOMN
dopMbl pereHepaLn 1 NOAABAEHUN OPraHOUAHOW, YTO
yKa3blBano Ha onpegeneHHyo HanpaXKeHHOCTb B Pa3BUTUN
3TUX ajanTaLMOHHbIX peakLuia.

Mpw pencteum nuTbeBo cynbpatHon MB (puc. 2), B OT-
nnune ot MU CBY, uncno MUTOXOHAPWIA HE CHUXKANOCb,
a HaobopoT, Bo3pacTano (Ha 13,6 %, p < 0,05) No cpaBHEHMIO
C KOHTPOJIeM, YTO YKa3blBasio Ha akKTUBALMIO OpraHoOUZHOMN
bopMbI pereHepaLn MUTOXOHAPWUIA, KOTOpasa coyeTasnacb
C BHyTpropraHongHon. MNpu 3Tom cpegHAa nnowaib MUTO-
XOHAPWI NPaKTUYeCKN He M3MeHANACh, O4HAKO YACIEHHOCTb
KPWCT, Kak BeCbMa BaXKHbI/I MOKa3aTeslb BHYTPUOPraHoWA-
HOWN pereHepaLuu, NPOABAANIA TEHAEHUMIO K MOBbILLEHNIO
(Ha 8,4 %). B 3Tux ycnoBuax cymmapHas nnowiagb MATOXOH-
Apwvi Bo3pacTana Ha 16,1 % (p < 0,05) No cpaBHEHNIO C KOHT-
ponem n B BUAe TeHAEHUMM NpeBbIllana YpoBeHb UHTaKTa.
CnepoBaTenbHO, NPV MPUMEHEHUN NUTLEBON CynbdaTHOM
MB xapaKkTepHbIM ABNANOCH JOCTOBEPHOE YBEIMYEHNE YNC-
1la MUTOXOHAPUIN 1 CYMMAPHOW MX NAOLaAn No CPaBHEHNIO
C KOHTPONEeM, XOTA OMOSHepreTUYeckuin noTeHuman 3Tmx
MUTOXOHAPUI (C y4eToM 6051Ie€ HU3KOWM YNCIEHHOCTI KPUCT)
6bl1N1 BblpaXkeH cnabee, yem npu gencteumn MU CBY.
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Puc. 1. YNbTpacTpyKTypHasa XapakTepucTrika MUTOXOHAPWIA afpPeHOKOPTUKOLUTOB MYYKOBOW 30HbI KOPbI HafnoyeyHu-
KOB Npwv AENCTBMUN EKTPOMArHUTHOIO N3NTyUYeHNA CBEPXBbICOKOI YacTOTbI

Fig. 1. Ultrastructural characteristics of mitochondria of adrenocorticocytes of the fascicular zone of the adrenal cortex
when exposed to ultrahigh frequency electromagnetic radiation

MpumeyaHue: Caemibie CMONOUKU — KOHMPOIIb; MeMHblE — 3/1IeKMPOMAZHUMHOE U3JTyHeHuUe C8epxabiCoOKOU Yacmomebl;
A — Koslu4ecmeo MumoxoHopuli; B— cpedHsas ninowjade mumoxoHopud; C — cyMMapHas naoujads MumoxoHopud; D — ko-
Jnudecmeso kpucm. + — p <0,01 no cpasHeHuUto ¢ uHMakmuou epynnod, “— p < 0,01 no cpasHeHuUto ¢ KOHMPOIbHOU 2pynnodl.
Note: Light columns are control; dark columns are ultrahigh frequency electromagnetic radiation; A — the number of
mitochondria; B — the average area of mitochondria; C — the total area of mitochondria; D — the number of crystals.
+ — p <0.01 compared to the intact group, " — p <0.01 compared to the control group.
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Puc. 2. YnbTpacTpyKTypHasa XapakTepucTnka MUTOXOHAPUN agpeHOKOPTUKOLIMTOB NMYUYKOBOW 30HbI KOPbl HAa4MoYeYHN-
KOB Npu AencTBUY CynbhaTHON MUHepPanbHOM BOAbI

Fig. 2. Ultrastructural characteristics of mitochondria of adrenocorticocytes of the fascicular zone of the adrenal cortex
under the action of sulfate mineral water

lMpumeuaHue: Ceemsisbie cMoI6UKU — KOHMPOJIb; MeMHble — Cy/b@hamHas MuHepanbHas 800d. A — Kosu4ecmso Mumo-
XOHOpuU; B — cpedHasa nnowyads mumoxoHopul; C — cymmapHas naowads MumoxoHopud,; D — konuyecmeo kpucm. + —
p < 0,01 no cpasHeHuro ¢ uHMakmuou epynnodi, " — p < 0,05 no cpagHeHUto ¢ KOHMPOsIbHOU 2pynnodl.

Note: The light bars are control; the dark ones are sulfate mineral water. A— the number of mitochondria; B — the average
area of mitochondria; C — the total area of mitochondria; D — the number of crystals. + — p < 0.01 compared to the intact
group, " — p < 0.05 compared to the control group.
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Takum obpasom, npumeHeHne MU CBY n nutbesoi
cynbdaTHo MB BbI3blBano ycuneHvie aganTaLOHHbIX CABM-
ros B MUToXoHAPMAX AKLL, 0OCHOBY KOTOPbIX COCTaBNANM pe-
reHepaTopHO-TUNepnIacTyeckre peakuny, NPoABABLLN-
ecAa B ABYX ¢opmax pereHepauum — OpraHOUZHOWN U BHY-
TpropraHouaHom (BHYTPUMUTOXOHAPUanbHow). OKaszanoch,
uTo nccnegyemble GakTopbl NMO-pPa3HOMY CTMMYUPOBaNN
311 dopmbl pereHepauun: IMU CBY — TonbKo BHyTpropra-
HOWZHY0, NMUTbeBas cynbdaTHaa MB — B 6osbLuel mepe op-
raHOMAHY!0, HO B COYETaHUN C BHYTpropraHonaHomn. OCHOB-
HOW MPUYMHOW 3TUX Pa3NNUNIA ABNANACh Pa3Hasa NHTEHCKB-
HOCTb BO3[eNCTBUA nccnenyemMblx GakTopoB Ha OpraHmn3m.

Mpwn npumeHeHun MW CBY Ha obnacTb HagnoyeyHu-
KOB OpraHu3m BKtouan Ty ¢opmy pereHepaLiv MUTOXOH-
apwvin AKLL, koTopas 6bina HeobxoarMa Ans GbicTporo pe-
arvpoBaHuA Ha AencTeyoWwmi GakTop B CBA3M C BblpaXkeH-
HbIM ycuneHnem GyHKLMOHaNbHOM Harpy3ku 1 MoBblLUeH-
HbIM NOTpe6IeHeM SHePIUN B KNeTKaxX 30Hbl BO3LENCTBUA.
W Takow peakupen CTaHOBMNACh BHYTpYOpraHonaHasa pere-
Hepauwua, KOTopasa yBennuMBaa Yncsio CTpyKTyp, Npon3Bo-
AAwmx ageHo3nHTpudocdat (ATO), — Kkpuct. OgHako B CBS-
31 C TeM, YTo NOTPeOHOCTb B SHEPruM ABHO MpeBbillana
BO3MOXXHOCTb €e NMPOU3BOACTBA 1 He Obifa yA0BNEeTBOPEH],
BK/IOYANCA JOMOMHUTENbHbIN MexaH13M afjanTauuu, CBA-
3aHHbIV CO CIMAHNEM MUTOXOHAPWIA ANA NOBbILEeHUA O61o-
SHepreTuKu [5, 6]. Tem cambiM OpraHM3my NPULLIOCh B 3THX
YCNOBUAX «KEePTBOBATbY» YNCIOM MUTOXOHAPUIA B OOMEH Ha
CO3aHMe YKPYMHEHHbIX B pe3yfbTaTe CMAHMA 1 06pa3zo-
BaHWA 6onee MOLLUHbIX MUTOXOHAPWI, YTO B CBOIO ouepefb
BbI3bIBAJIO CHWXKEHME WX CymMMapHon nnowaau (obuien
maccbl). Mpu BAMAHKMKM nNuTbeBol cynbdaTHonm MB, Korga
OTCYTCTBOBaJIa HEOOXOANMOCTb B ObICTPOM pearmpoBaHni
Ha pencteume aToro $pakTopa, MPOUNCXOAUIO OTHOCUTENBHO
cbanaHcMpoBaHHoe pasBuTre 0benx Gopm pereHepaumu.
B 3Tux ycnoBuax MUTOXOHAPUM GYHKLMOHUPOBaNM Ha 60-
nee ycTouMBoM Gr3MONOrNYECKOM YPOBHe, UTO Oblno
CBA3aHO C JOCTOBEPHbIM YBEIMYEHVNEM WX YMCIIEHHOCTM,
CYMMapHOW NoWaan 1 BO3poCWM GrosHepreTnyecknm
pecypcom.

BbiAaBNeHHble afanTaLOHHble NePecTPONKN ABAANNCH
pe3ynbTaToM aHTUOKCUAAHTHOrO U MembpaHocTabunmsu-
pytowero genctaua SMU CBY n MB Kak HenocpefCcTBEHHO
Ha MeMbpaHHble CTPYKTYpbl KJIETOK U UX MUTOXOHAPUM,
TaK 1 Ha perynaTopHble CUCTEMbl OpraH1u3mMa C npermyLle-
CTBEHHbIM Pa3BUTUEM peaKLnii Hecneunprnueckoro xapak-

Tepa. B HanbonbLien cteneHn 3T peakuumn NpoABAANINCh
npw gencteumn MM CBY (kak oka3anocb, He B MOSHON Mepe
afieKBaTHbIM), NPU KOTOPOM YBENNYMBAINCb KONNYECTBEH-
Hble CABUMU, HO TEPANNCH KaueCTBEHHbIe (cneyundunyeckmne)
0COBEHHOCTM B OTBETHbIX PeakumaAX OpraHn3mMa, 4to npu-
Besio K ancHanaHcy B pa3Butun Gpopm pereHepawumu.

B ycnoBuaAx gencTena nutbeBom cynbdaTtHom MB, Hanpo-
TUB, 6bII OUEBUAHDI M KaueCcTBEHHblE 0COOEHHOCTU B afan-
TaLMOHHbIX NepecTporiKax MUTOXOHAPWIA, 00yCNOBNEeHHbIE
n3bmpaTenbHbiM LENCTBMEM KOMIJIEKCa WOHOB, MaKpo-
N MYKPO3/1IEMEHTOB — NPUPOAHBIX PEryNATOPOB MeTabonu-
YyecKmnx nNpoLeccoB. B 3Tom nnaHe 6osblie M3BECTEH MeXa-
HU3M JeNCTBMA KanbLus, KOTOPbIN CnocobeH BMELLVIBATLCA
B MUTOXOHAPVASbHbBIN MeTabonnsm, perynnpys BblpaboTKy
ATO, a TakKe NOABVXHOCTb MUTOXOHAPUIA ana obecneyve-
HWA MECTHOIO 3HeProcHabXkeHWA B KneTke [15, 16].

3Tn v gpyrue cneymdpmnyeckne ocobeHHOCTY B AeNCTB
MB cnocobcTtBoBanu 6onee WNPOKOMY Pa3BUTUIO apanTa-
LIMOHHbIX peaKkuuin, KOTopble, MO CBOE COBOKYMHOCTH, CTa-
HOBMWNCb OCHOBOW AnA cHbanaHCMPOBaAHHOIO (rapMOHWUY-
HOro) pa3BuTUA 06enx GpopM pereHepaLi MUTOXOHAPWIA.

3AKJTIOMEHUE

MNpumeHeHne MU CBY n nutbeBon cynbdatHon MB
BbI3blBano B MutoxoHApunAax AKL| nyykoBon 30HbI Hagno-
YEYHUKOB pa3HOe MO WHTEHCMBHOCTU YCUNEHME pereHe-
paToOpHO-TMNepnIacTUYecknx MNpPoLLecCoB U MOBbIIEHNe
nx 6rosHepreTMyeckoro noteHuymana. Ana ontummsaymm
afanTyBHbIX NpoLeccos Npu npumeHeHnn SMU CBY, nven
B BUZY B OCHOBHOM aKTVBaLuo 0berx Gopm pereHepaLlmm
N MOBbIEHNEe MUTOXOHAPWANbHbIX PecypcoB, crnegyet
ncnonb3oBatb Gonee afeKBaTHbIE PeEXUMbl BO3LENCTBUA
sToro ¢aktopa. Pe3ynbraThl MCCnefoBaHMA NO3BONAIOT MO-
HATb XapaKTepHble 0COOEHHOCTN B MeXaHn3Max AenCTBUA
OMW CBY n nuTtbeBol cynbdatHo MB Ha ynbTpacTpyKTypy
muToxoHapui AKL,, KoTopble BaXKHO yunTbiBaTb Npu paspa-
60TKe HOBbIX CNOCO60B MPOdUNAKTUKM U peabunuTalmm.
Heobxoanmo panbHeliee n3yyeHne aganTalOHHbIX W3-
MEHEHMWIN MUTOXOHAPUI NOA BANAHNEM NieyebHbIx dusnye-
CKMX GaKTOpOB 1 pa3BUTME B LIETOM MUTOXOHAPWANbHOMO
HanpaBJ/ieHNA NCCNefoBaHN B KypopTtonorun n ¢pusnoTte-
panun (B paMKax MATOXOHAPWanbHON MeanLmHbl [17]), uto
6ynet cnoco6cTBOBaTb MOBbLIWEHNIO 3G GEKTUBHOCTM MPO-
BOAVMbIX NeyebHO-NPodUNaKTUUECKNX 1 peabunmTaLMoH-
HbIX MEpPONPUATHIA.
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UctouHnkn puHaHcmpoBaHuA. [JaHHOe UCCiefoBaHne He
6bINo NoaaepKaHO HUKAKMMK BHEWHUMY UCTOUYHUKaMK Gpu-
HaHCUPOBAHMA.

KoH$pnukT nHrepecoB. ABTOPbI AEKNApUPYIOT OTCYTCTBME
ABHbIX 1 NOTEHLUMANbHbIX KOHQNKTOB MHTEPECOB, CBA3AHHbIX
¢ nybnvKaumen HacTosLwen cTaTby.
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JTuyeckoe yTBepKAeHMe. VccnefoBaHUs OCyWecTBAANN
B COOTBETCTBUU C TpeboBaHUAMU EBponenckor KoHBeHLUN
Mo 3aLnTe SKCNEePUMEHTANbHbIX XKNBOTHbIX (CTpacbypr, 1986).
JocTyn K saHHbIM. [laHHblEe, NOATBEPXKAAlOLLME BbIBOAbI 3TOrO
NCCNIeAOBAHNA, MOXKHO MOYUYNTb MO 060CHOBAHHOMY 3ampocy
y KOppecnoHAvpyoLero aBTopa.
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CTaHAAPTU30BAHHbBIE NOAX0oAbl K MeauuMHckon poTtorpadum
B MPAKTUYECKOMN feaTeNnbHOCTU Bpaud — TPABMATONOra-opToneaa:
AMArHocTuyeckoe uccnegoBaHme

BacuneBunu C.B.”

CaHkm-[Temepbypackuli Hay4Ho-uccaedosamesnsckuli UHCMUMym ¢pmu3suonynsmoHono2uu MuH3dpasa Poccuu,
CaHkm-llemepbype, Poccus

PE3IOME

BBEJEHUE. OoTorpadupoBaHme NauneHToB ABNAETCA JOCTYMHbIM 1 ONpaBAaHHbIM METOAOM ANArHOCTUKU U JOKYMEHTUPOBAHMS, KO-
TOpbI CnefyeT akTUBHO MCMONb30BaTb MPU 06paLleHNAX NaLNeHTOB C NaTONOrMel ONopHO-ABUraTeNIbHON CUCTEMbI. B TO e Bpems
[10 CMX NMOP He COrylacoBaHbl OCHOBHbIE TPe6OBaHMSA K BbIMOJIHEHUIO doTorpadun, C MOMOLLbIO KOTOPOI MOXXHO MPOBOANTb BCECTOPOH-
HIOIO OLIEHKY TEKYLLEro CoOCTOAHWA 1 n3meHeHnin. Co3aaHmne onTMasbHbIX CTaHAAPTOB A poTorpammeTpun ynydlumnno 6ol nHpopma-
TUBHOCTb Pe3y/bTaToB, MO3BOJIMIO Obl OCYLLECTBNATL 0OMEH MeXAY CneuranicTamm, B TOM YMCTe B CMEXHbIX 06nacTsx.

LIEJIb. O60cHOBaTb CTaHAAPTM3NPOBAHHbIE MOAXOAbI K BbIMOMHEHNIO MEAULIMHCKON dpoTorpadu naLmeHToB ¢ OPTONeanYecKkoi na-
TONIOTMEN ANA YNyYlleHNA Ka4eCTBEHHOW 1 KONMYeCTBEHHOW OLeHKI NoKasaTenen opToneamnyeckoro craTyca 1 npeemcTBeHHOCTH fe-
yeHus.

MATEPUAJIbl U METO[bI. B ny6numKkauuy n3noxeH onbIT NpakTUyeckoro npuMeHeHns GoTorpamMmMeTprv Npu oLieHKe opToneuyec-
KOro craTyca nayMeHTOB C ONOPHO-ABUraTENbHON NATONOTMEN 1 BO3MOXKHbIE NYTW CTaHAAPTU3auMmM ANA BbINOSIHEHNA MeAULIMHCKON
doTorpadun.

PE3YJIbTATbl 1 OBCYXKAEHUE. B pe3synbrate paboTbl MOXHO cienaTb crefylolye 3aKnoueHns: BbinonHeHve 4 potorpaduin Tena
(BMA c3aau, COOKY C 3aXBaTOM roJfiIoBbl 1 HOT MOJTHOCTbIO, TeCT Afjamca crniepeam 1 c3aaun) B 95-98 % criyyaeB NO3BOJAET AMArHOCTUPO-
BaTb CTaTUYECKNE HAPYLLEHUS NMO3BOHOUYHMKA U H/XXHUX KOHeYHOoCTe. Mpr oueHKe GYHKLMM KOHEYHOCTH (@MNINTYAbl ABUXKEHUIA B CY-
cTaBax) unm npoBefeHun GyHKUMOHaNbHbIX NPO6 ONpaBAaHO MAKCMMaNbHO MOJIHOE AOKYMEHTMPOBaHUe 30Hbl 06CeoBaHUA C 3a-
XBaTOM COMPsKeHHbIX cerMeHToB. Mpun doTorpadurpoBaHny Heo6XoaNMO 0becrneunTb PaBHOMEPHOE, HEePKOE OCBELLeHME OT LieHTpa
doTorpadupyemoli 0b6nacT AnA CoOXpaHeHUs NnonayTeHeNn 1 BO3MOXHOCTY OLEHKM acCUMMEeTPUY NoBepxHocTu Tena. Mpu ¢oTorpadu-
poBaHUV NaLeHTa cyiefyeT NpaBuiIbHO OPUEHTUPOBATL GOTOKAMEpPY B TPEX MIOCKOCTAX NPOCTPAHCTBA AN UCKITIUYEHUA UCKaXeHNT,
CBA3aHHbIX C €€ HAKNOHOM. [1/1 3TOro BO3MOXXHO NPUMEHEHME NPOrPaMMHbIX peLleHnin Tnbo doTorpadrpoBaHie naumeHTa Ha GpoHe
3TaNOHHbIX NMPAMOYrOJIbHbIX OOBbEKTOB (C MOC/EAYIOWUM NCNONb30BaHeM GoTopedaKTopOoB). [N ynyylueHns BOCNPUATAA 1 aHanm3a
doTorpacduin onpaBgaHo NCNoNb30BaTh BCMOMOraTesibHble MHCTPYMEHTbI U peLleHus (MporpaMMHbIe MPUNIOXKEHUS, Ta3epHble YPOBHWY,
pa3meTKa Ha Tene nauueHTa, ANarHoCTMYeCcKme CETKY, MPOEKLMA Ha Teslo NaLlueHTa BMAeor300pakeHUs, paBHOMepHas HeApKas nog-
CBeTKa ANA KOHTPaCcTMPOBaHNA aCMMMETPUIA MOBEPXHOCTM TeNna 1 T. A4.).

3AKJTIOYEHUE. DoTorpadumpoBaHre nauneHTa LenecoobpasHo BLIMOMHATL Tak, YToObl aHanu3vpyemas obfacTb Tena 3aHWMana
80-95 % nnowagm skpaHa. [inaroHanb 3KpaHa MOGUIBHOTO YCTPOWCTBA A/1A BU3YaSibHOWN OLEHKUN JOJKHa ObiTb HE MeHee 8 A0IMOB
(onTmanbHO 11-12 AOMOB AnA NAAHWETOB UK 6onee B C/lyyae UCMONb30BaHNA CTaLVIOHAPHbBIX MOHUTOPOB). BO3MOXHOCTb Mac-
LWTabrpOBaHUA NOMYYEHHOTO N306PaXKeHNA NMEET BaKHOE 3HaUeHMe, TaK Kak No3BONsAeT AeTann3rnpoBaTb HablogaeMble M3MEHEHUS.
MepcnekTnBHa nHTerpaums dotorpaduin NaLMEHTOB C BUAVMO NaTonormel ornopHo-ABUraTeNlbHOM CUCTEMbI B MEAULIMHCKME UHbOP-
MaLMOHHbIe CUCTEMbI C BO3MOXHOCTbIO aHas3a n306paxeHunin.
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Standardized Approaches to Medical Photography
in the Practical Activity of a Traumatologist and Orthopedic Surgeon:
a Diagnostic Study

Sergey V. Vasilevich”

Saint-Petersburg Research Institute of Phthisiopulmonology, Saint-Petersburg, Russia

ABSTRACT

INTRODUCTION. Photographing patients is an affordable and justified method of diagnosis and documentation, which should be
actively used when contacting patients with pathology of the musculoskeletal system. At the same time, the basic requirements for
the execution of photographs have not yet been agreed upon, with the help of which a comprehensive assessment of the current state
and changes can be carried out. The creation of optimal standards for photogrammetry would improve the information content of the
results, would allow for exchange between specialists, including in related fields.

AIM. To substantiate standardized approaches to performing medical photography of patients with orthopedic pathology to improve
qualitative and quantitative assessment of orthopedic status indicators and treatment continuity.

MATERIALS AND METHODS. The publication describes the experience of practical application of photogrammetry in assessing
the orthopedic status of patients with musculoskeletal pathology and possible ways of standardization for performing medical
photography.

RESULTS AND DISCUSSION. As a result of the work, the following conclusions can be drawn: performing 4 photos of the body (rear
view, side view with full head and leg capture, Adams test from front and back) in 95-98 % of cases, it allows you to diagnose static
disorders of the spine and lower extremities. When assessing the function of a limb (amplitude of movements in joints) or conducting
functional tests, it is justified to document the examination area as fully as possible with the capture of conjugate segments. When
photographing, it is necessary to ensure uniform, not bright illumination from the center of the photographed area in order to preserve
the penumbra and the possibility of assessing the asymmetry of the body surface. When photographing a patient, the camera should
be correctly oriented in three planes of space to eliminate distortions associated with its tilt. To do this, it is possible to use software
solutions or photograph the patient against the background of reference rectangular objects (followed by the use of photo editors).
To improve the perception and analysis of photographs, it is justified to use auxiliary tools and solutions (software applications, laser
levels, markings on the patient’s body, diagnostic grids, projection of video images onto the patient’s body, uniform non-bright
illumination to contrast asymmetries of the body surface, etc.).

CONCLUSION. It is advisable to photograph the patient so that the analyzed area of the body occupies 80-95 % of the screen area.
The diagonal of the mobile device screen for visual evaluation is at least 8 inches (optimally 11-12 inches for tablets or more in the
case of stationary monitors). The ability to scale the resulting image is important, as it allows you to detail the observed changes. The
integration of photographs of patients with visible pathology of the musculoskeletal system into medical information systems with the
ability to analyze images is promising.

KEYWORDS: photogrammetry, diagnostics, scoliosis, orthopedics, screening studies, standardization
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BBEOEHUE

C MoMeHTa cBoero n3obpeteHuna B Hauvane XIX B. ¢o-
Torpadua Hawna nprMeHeHWe B MeAWLMHCKON Hayke
1 npaktuke. o BNonHe ouyeBUAHbIM NpUYMHaM ocoboe
3HaueHre ¢oTOM300paXKeHNo OTBOAUAM MPU Kypauuu
naumeHToB € 3aboneBaHuAMMN 1 aedbopmaLMaMM ONOPHO-
ABuratesbHoro annapata. [aHHble nuTepaTypbl CBUAe-
TenbCTBYIOT 0 poTorpadrpoBaHNM NaLMeHTOB B OQHON 13
YaCTHbIX opToneanyeckux KNnHuK MioHxeHa B 1857 r. [1].
B KoHue XIX — Hauyane XX B. npuMeHeHune ¢oTtorpadumn
paccMaTpUBaAETCA YXKe KaK PYTUHHbIA MeTof Y NauneHToB
C opToneanyeckummn npobnemamm. Takor Noaxon MOXHO
OTMETUTb KakK B HalLel CTpaHe, Tak 1 B cTpaHax EBponbi [2].
CoBepLUEHCTBOBaHME TEXHOMOMMMN MONTyYeHUA U3obpaxe-
HWA NPUBENO K MOMynApu3auny ero NpUMeHeHusa B Me-
AvumnHe. Tonukom AnA NpuKNagHoro npumeHeHus ¢oTto-

ARTICLES

rpadumn B mMeuuMHe MOCNYXWO NnosaBneHne LnuppoBbix
TEXHONMOMNIM NoJsyyeHusa mn3obpakeHua. T undpoBble
TEXHONOMNU OTKPbININ BO3MOXHOCTM AJ1A Pa3BUTUA HOBbIX
HanpaBneHun AMarHOCTUKN B TPaBMaTONOrMnN 1 opTore-
avn. Ha 6a3e onucaHHoro Takasaki H. B 1973 r. npuHumna
MyapOBOW ANAarHOCTUKIN MOBEPXHOCTY Tena Oblia co3faHa
N CyllecTByeT KOMMblOTEepHasA onTuyeckasa Tonorpaduue-
cKaA AMarHocTuKka — OeCKOHTaKTHbIV ONTUYECKUIA MeTof
nccnefoBaHnA noBepxHocty Tena [3]. JanbHenwum pas-
BUTVEM MPUMeHeHNA LUPpoBon GoToCbeMKM ANiA MOny-
yeHnA N306parkeHnA NaLeHTa MOXKHO CUNTaTb MeANLNH-
ckne Tonorpaduyeckne cuctembl TOAM, KOMOT (1996,
HoBocnburpck) n 3apy6exHyto pennuky DIERS formetric 4D
(lfepmaHus).

Cpenn oTeyecTBEeHHbIX OpTONeAoB, PaboTaBLWKX B Ha-
npasneHnn GoTorpaMmmeTpuu, cnegyetr oTMETUTb PaboThl
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UbikyHoBa Bb.M., EpemywiknHa M.A., NpepnoXnBLUmx pag,
dboTomeTprUecKnx annapaToB [AJ1A aHanM3a COCTOAHMA
OMOpHO-ABMraTesIbHOrO annapara YesoBeka, ANarHOCTUKN
3aboneBaHuin n gedopmannini NO3BOHOYHKKa 1 cTon [4].

O6wWnUm GaKTopoM, XapaKTepusylLUM YroMsaHYyTble
MeTOAMKMN, ABNAETCA peann3aumna nx NpakTmyeckoro npu-
MEHEHMA MpPW BbIMONHEHNW ONpPeAeNneHHbIX YCIOBUIA: He-
06X0AMMOCTb UCMOMb30BaHNA JOPOrocToALero ceptudu-
LMpOBaHHOro obopynoBaHMA B CTPOro CTaHAApPTU3UPO-
BaHHbIX YCNOBMAX. DTO CAEPXKMBAET LUMPOKOE NPUMEHeHne
MeTOAOB B MPaKTNYeCKON MefuLHe.

Pa3BuTrie MMKPONPOLECCOPHbIX TEXHONOMMIA NPUBENO
K MacCOBOMY PacnpoCTpaHeHUo MOOUIbHbIX KOMMYHIKa-
LIMOHHBIX YCTPONCTB (CMapTPOHbI, MAaHLWeTbl) C GYyHKLUSA-
MU LumudpoBoi poTorpadpun.

Bo3moxHocT uUndpoBbix GoTOKaMep MCMosb3yoTcA
TpaBMaTonoramv-opTonefamy, crneuvannctamm BoCCTa-
HOBUTENIbHOW MefMLUHbI ANA peLleHnA KOHCePBaTUBHbIX
3afay, TaKMX Kak obyuatoLime 1 ArarHoctTnyeckre (oLeHKm
aMNANTY bl ABVXEHWUI KPYMHbIX CYyCTaBOB, COCTOAHNA CBO-
[OB CTOM, OCaHKM), a TakkKe XMPYypruyeckoro naaHMpoBsa-
Hua [5, 6].

NmeeTca pag nybnukauuini, B KOTOPbIX MpoBeeH cpaB-
HUTENbHbIA aHanM3 pe3ynbTaToB M3MEPEeHU amnanTyabl
LBVXKEHWUI B pasfiMyHbIX CyCTaBaX C MOMOLLbO FOH/OMe-
Tpa 1 U3MepeHniA amnanTyAabl ABMKeHWA No poTorpadpuam
(Ha doTorpaduax cermeHTbl KOHEUHOCTU, CMEXHbIX C CY-
CTaBOB, HaxOAATCA B KpaMHWX MONoxeHuAx). Pesynbratbl
nybnunKaumnin NoKasbliBaT MAEHTUYHOCTb MOJyYaeMblX pe-
3ynbratos [7-10].

Mo MHeHuto Bago J. et al. oueHKa fake e AUHCTBEHHON
doTorpadun 3agHelt yacTu TynosmLLa ABnAeTca 3GdeKTnBs-
HbIM CMOCOOGOM BbIABMIEHMA acMMeTpuK, Habnogaemorn
NpwW TAXXENOM UAMonaTMyeckom ckonmose. B yactHoctu, no
nMeloLLencA y NaureHTa acuMMeTpumn B 06nacTyi Tanmm mo-
ryT ObiTb onpenesnieHbl C BbICOKOWM CTENEHbI BEPOATHOCTU
CKONMOTMNYECKNE N3MEHEeHNA MOACHWYHOW 1 rpyaonosnc-
HUYHOM nokanu3auum [11].

HecmoTtpsa Ha 1o, uto poTorpadumpoBaHme B KnnHUYeC-
KOW NpaKTuKe TpaBMaTosiora-opTornesa UCrosb3yeTca yxe
NPOAOSIKMTENIbHOE BPeMA, K HEMY A0 CUX MOP He Bblpabo-
TaHbl efMHble MOAXOAbI U CTaHAaPThI [12].

NmetoTca nybnmkaumm, B KOTOPbIX MPefnpuUHATbI Mo-
NbITKN yHUOULUMPOBaTb MOAXOAbI K MeAULMHCKOW $oTo-
rpadun, B TOM uncne B NpakTKe Bpaya — TpaBMaTosora-
opToneAa (aHanornyHble Noaxofbl yxe cGopMynMpoBaHbl
npw BbinonHeHun doTtorpaduii, NCNonb3yemblX ANna JOKY-
MEHTVMPOBaHWA B [ePMaToNornuu, NiacTMYeckom 1 peKkoH-
CTPYKTUBHOM Xnpyprum) [13-15].

B pabote Uzun M. et al. o60cHOBaHbl HEKOTOPbIE PeKo-
MeHZaumMn no BbinosHeHuto dotorpadun [16]. 3Tn peko-
MeHAauMn Kacanucb MNpeumyLecTBEHHO KayeCTBEHHOro
BOCMPUATUA M300paxeHna npu dotorpadnpoBaHUmn Ko-
HeYHOoCTel, @ UMEHHO:

1) Bbl6Opa uBeTa poHa: oH fomKeH obecneynBaTb CO-
OTBETCTBYIOLLMI KOHTPACT;

2) MOAroTOBKM MaLMeHTa: KOHEYHOCTU AOMKHbl ObITb
npeacTaBneHbl 6€3 ofeXabl UM aKCecCyapoB, He [OMKHO
6bITb BUAVMOW OAEXbl, KoneL, 4acos unu bpacneTos;

3) TEeXHUKM N306pakeHNA: aHaTOMUYECKNE OPUEHTUPDI
doTorpadupyemort 061acT AOMKHbI ObiTb BUAHDI Ha KaX-
[OM 1300pax}eHnn 1 AOMKHbI 3anofHATbL choTorpadupo-
BaHHY0 06nacTb.

BECTHUK BOCCTAHOBWUTENIbBHOM MEQULIUHDI | 2025 | 24(4)

B TO e BpeMs O CMX MOp He CornacoBaHbl OCHOBHbIE
Tpe6oBaHUA K BbINONHeHMI0 doTorpaduil, MCNosb3ys KOTo-
pble MOXHO YNYYLUNTb KaUueCTBEHHYIO 1 KOJIMYECTBEHHYIO
OLIEHKY TEKYLLEro COCTOAHUA U N3MEHEHNIA.

Co3paHue ctaHpapToB ansa doTtorpadurueckoro npeg-
CTaBNIEHUA KIIMHUYECKMX Pe3yNbTaToB YMyuyllnno obMeH
1 MHOOPMATUBHOCTb pe3ynbTaTamu, AEeAMU 1 UHPOpPMAa-
uven Mexxay cneumnanicTamu, B TOM YACSE B CMEXHbIX 06-
nacTax.

LENb

O60cHOBaTb CTaHAAPTM3MPOBAHHbIE MOAXOAbl K Bbl-
NOJSTHEHVIO MeAULMHCKOW GoTorpadriv nauneHToB C OpTo-
neguyeckon natonorvei AnA ynyuylleHus KauecTBeHHOW
N KOMMYeCTBEHHOWN OLIEHKWN MoKasaTeneil opToneamnyec-
KOro cTaTyca 1 NpeeMCcTBEHHOCTH JIeUeHN .

MATEPUAJIbl U METOADI

Matepuranom ana paboTbl TOCAYXMN aHanu3 undpoBbIX
doTonzobparkeHun 6onee 2200 NaLUMEHTOB, NOMYYMBLLIMX
neveHune B CaHkT-lleTepbyprckom rocyfapctseHHOM Otog-
XEeTHOM yupexaeHnn 3apaBooxpaHeHmnsa «CaHaTopui ana
petein”OroHek”» (qanee — caHaTtopuii ana geten «OroHek»)
n 6onee 400 BOCNUTaHHNKOB [oCyAapCTBEHHOrO BOlofKeT-
Horo o6Leobpa3oBaTesibHOro yUpeXKAeHUA LKOSbI-MHTep-
HaTa N2 49 [MeTponBopuoBoro panoHa CaHKT-lNeTepbypra
«lkona 3popoBba» (ganee — «llkona 3a0poBbs»). Bos-
pacT naumeHToB coctaBun oT 4 go 17 net. MopasnaioLiee
60/bLUINMHCTBO 06CNefoBaHHbIX (82 %) menu gedpopmauun
MO3BOHOYHOrO CToNba: CKONMO3, NaTonornyecknin Kndos,
Knpockonmnos, npu 3ToMm fgeBoyeKk 6bino 61 %, manbuu-
KoB — 39 %.

Ona ¢oTtorpadrpoBaHmna NaLMEHTOB WUCMOMb30BanCA
nnaHLWeTHbI KoMnbloTep Samsung Galaxy Tab S2 8.0» c oc-
HoBHOM Kamepon 8 Mnk, 2015 roga Bbinycka 1 Samsung
Galaxy Tab S7 Plus 12.4» ¢ ocHOBHoM Kamepol 13 MnkK
2020 ropa Bbinycka.

Ona nonyuyeHnsa, 06paboOTKM 1 XpaHEHWA MOJTyYEeHHbIX
[aHHbIX KCMONb30BaNICA OPUTMHANbHLIA  MPOrPaMMHbIiA
naket «Cmapt-OpTo 2D», yCTaHOBMEHHbI Ha YKa3aHHble
ycTpoiicTga. MNporpammHbin naket «Cmapt-OpTto 2D» obe-
cneyvBan BO3MOXKHOCTb BbIPOBHATb MOOWSIbHOE YCTPOW-
CTBO B COOTBETCTBUM C OCAMU KOOPAMHAT B NMPOCTPaHCTBE
(yron KpeHa W TaHraxka) npu BbINMONHEHUN GOTOCHEMKMU,
TO eCTb ANA cobnofeHnA NOBTOPALWMNXCA ycnoBuin GoTo-
CbeMKM NMpU BbIMONHEHMN nocnegytolwero dotorpadrpo-
BaHUA Y MUHUMM3aLUM NePCreKTUBHbBIX MCKaXKeHUM Ha $o-
Torpadum [17, 18].

Ona BbinonHeHna ¢oTorpadmpoBaHna Ha MOOUIIBHOM
YCTPOMCTBE Ha KaxJoro nalueHTa cosfjaBanacb 3NeKTPOH-
HaA KapTa, KOTopas BKIoYasa B ceba He MeHee 4 dpoTon3o-
6parkeHNIi: ppoHTanbHoe 1 6GOKOBOE B MOJHbIN POCT, a Tak-
e CHUMKM 3afjHel MOBEPXHOCTU TYNIOBMLLA NPWY BbIMOJHe-
HuK TecTa Aflamca (cnepeau 1 czagu). Y paga nauueHToB Bbl-
NOMHANNCH AONOSIHUTENbHbIE GOTOCHNMKIN NMPOU3BOJIbHBIX
obnacteln Ha BblIbOp Bpaya, NO3BONAKLME OCYLLECTBAATL
oTfenbHble NMHENHbIE 1 YITIOBble 3MEPEHMs, a Takxe [0-
KYMEHT1POBAaTb BHELUHWI BUA NAaTONOMMUYECKNX M3MEHEHWN,
Hanpumep, aedopmaLMin NN KOHTPAKTYpP CyCTaBOB.

[na npoBefeHWA sKCNpecc-aHanm3a Br3yasibHO OLeHM-
Ba/iM MaHOPaMHyto (UK NoKanbHyto) ¢oTorpaduio nayu-
eHTa unu cpaBHMBany ¢oTtorpadurm naymeHTa B UHaAMUKE.
Meprog HekoTOPbIX HabnoaeHWI cocTaBnAn go 8 net [19].
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QoTorpadupoBaHme NaLMeHTOB B caHaTopuu s ge-
Telt «OroHeK» BbINOMHANN Ha GpoHe OBbIYHOTO MHTepbepa
MEeAVLMHCKNX KaBUHETOB, 3KpaHa Af1a NpoeKTopa, B TOM
yncne OCBELLEHHOMO M300paXkeHeM C AUArHOCTUYECKOM
ceTKol, a B «LLIkone 300poBbsi» — Ha GpoHe AnarHocTnyec-
KOW ceTKW. [lononHUTEeNbHO ANA NOACBETKM Tena NauMeHTa
NCNONb30BaNINCb CBETOAMOAHbIE MATPULbl MOHOXPOMHO-
ro ueta mouHocTbio 20 1 50 BT. [1nHa cBeTOBOW BOJHbI
B CBETOAMOAHbIX MaTpuuax 6bina 440,460, 520, 590, 660 HM.

PE3VYJIbTATbl U OBCYXXAEHUE

B pe3synbTraTte NpoBeaeHHO paboThl BbIABMEH PAL OCO-
6eHHOCTel NpuMeHeHUs GOTorpamMeTpun B KINHUYeEC-
KOW NpakTuke npw obcnefoBaHnm NaLMeHToOB ¢ NAaTONOM-
eli ONopHO-ABUraTeNIbHOro annapara.

Vcnonb3oBaHune COBpeMEHHbIX MOOUIbHBIX YCTPOMCTB,
TaKMX Kak MaHLeTHble KOMMbIOTEPbl U CMAapPTPOHbI, Mo-
3BOJIAIET CO3[aBaTb M MHOTOKPATHO BOCMPON3BOAMUTL CTaH-

[apTU3MpoBaHHble YCnoBUA GOTOCHEMKY, MUHUMU3NPO-
BaB VCKa)KeHUA U306paxeHWs, CBA3aHHble C HEMpaBusib-
HbIM MonoxeHvem ¢oTokamepbl. CTaHOAPTU3NPOBaAHHbIE
ycnoBusa GOTOCHEMKM B CBOIO oYepelib JaloT BO3SMOXHOCTb
Bpauy NpoBOAWTb aHaNU3 n3006pakeHUa naureHTa C nony-
UeHMEeM MHOXEeCTBa KaueCTBEHHbIX 1 KONTMYECTBEHHbIX Xa-
paKTEPUCTUK OPTOMEANYECKOrO CTaTyCa NaLneHTa.

Mpy NpoBefeHUN CKPWHUHFOBOWM AMArHOCTUKM MOny-
yeHue 4 cTaHAApPTHbIX doTorpaduin naumeHTa (ppoHTanb-
HbIVi B C3aAM B MOMHBIN POCT, BUA COOKY B MOMHBIN POCT,
n306paxeHne CnHbI NPU BbINOAHEHWN TecTa Agamca (B1A
crnepeav M €3agu)) BMOJSIHE JOCTAaTOYHO 1A BbIMOSHEHUA
BCECTOPOHHEro aHanr3a nocTypasnbHbIX 0CO6eHHOCTEN Na-
umneHTa (puc. 1-4). AHanus potorpaduii NaLMEHTOB CO CMK-
Hbl 1 COOKY NMO3BOJIAET OLLEHUTb NMPaBUIbHOCTb OCEl BEpPX-
HUX 1 HAXKHUX KOHEYHOCTe (BKIoYas OTKIIOHEHNE CTOMbI),
MO3BOHOYHMKA, aCUMMETPUIO KOXKHbIX CKNafoK (MoaKoneH-
HbIX, ATOOUYHBIX, Tanum), aCUMMETPUIO (B TOM uncie 06b-
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Puc. 1. PUCyHOK »enaemoro CTaHAapTHOro pPacrosioXeHvs nauyeHTa npuv ero ¢otorpaduposBaHnmv czaan (GpoHTanbHas

MIOCKOCTb)

Fig. 1. Picture of the desired standard patient positioning when the patient is photographed from behind (frontal plane)
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Puc. 2. PUCYHOK KeflaeMoro CTaHgapTHOMO PAcrosioKeHUA NaumeHTa npu ero ¢otorpadprpoBaHuny cOoKy (caruttanbHas

MIOCKOCTb)

Fig. 2. Picture of the desired standard patient positioning when the patient is photographed from the side (sagittal plane)

ema) KOHeYHoCTel, acMMEeTPUIO TPEYrofibHUKOB Tanuu,
Hagnneym, JNoMNaToK, pPa3HOBENMKOCTb KOHeYHOCTelN,
XapaKTepuUCTUKN carutTanbHoro npoduna u ero GanaHc.
QoTtorpadun cnvHbl NpU BbiNONHeHWW TecTa Afamca (Bug
cnepegm 1 c3afm) NO3BONAIOT BbIABUTL M OPUEHTMPOBOYHO
OLeHNTb POTaLMio NO3BOHOYHMKA/TYNOBULLA, CBA3AHHYIO
€O cKonmoTmnyeckom fgedopmaLimert MO3BOHOUYHNKA.

[nAa nyJwwen Bn3yannsaumm KOCTHbIX OPUEHTUPOB Y Na-
LMEHTOB CO CrNaXKeHHbIMW KOHTypamu Tena (Hanpumep,
npyv OXWPEeHWW) OonpaBAaHO BblAeNleHNe 3TUX KOCTHbIX
OpPVEHTNPOB (OCTUCTble OTPOCTKM MO3BOHKOB, OCTW MOA-
B3[OLLHbIX KOCTEW, YINIOB JIONAaTOK) Ha Tese nayueHTa C no-
MOLLbI0O MapKepoB (MOJIOCOK KMHe3noTelna, BOAOPacTBO-
pUMOro Mapkepa u T. 4.).

Ona nydwero Bocnpuatua ¢otonsobpaxkeHna doto-
rpadupoBaHMe NaureHTa LenecoobpasHo BbIMOMHATb TakK,
ytobbl aHanu3npyemas obnactb Tena 3aHuMmana 80-95 %
nnowagm skpaHa. 1o BO3MOXHOCTU, ClieayeT MakCMMasibHO
NCKNOUNTb NonafjaHne B Kagp NpeAMeToB ofeXAabl, NHTe-

pbepa, YKpalleHnin. B cnyyae oueHK/ NoCTypasnbHbIX 0CO-
6eHHOoCTe (poTorpadmv CNviHbI 1 TYNOBKMLLA) ASIVHHbIE BO-
NOCbI He AOMKHbI 3aKPbIBaTb 30HY Leu, HAAMIeYni, CrINHbI.

CnepyeT ncnonb3oBaTb HesApKoe ocBelleHne dpoTorpa-
dupyemorn obnactu NpeanoYTUTENBHO OT UCTOYHMKA CBe-
Ta, PacrosIOKEeHHOro Ha CpeAHen NMHUM TynoBuLa (LeHTp
doTorpadpupyemori 30Hbl).

Bo3MoxKHOCTb MacwTabrvpoBaHMA MOJyYEHHOTO WK30-
OpakeHNA UMeeT Ba)KHOe 3HaueHue, Tak Kak no3sonsaer
6onee feTanbHO OLLEHNTb Kak OpToNeAnyYecKuin cTaTyc, Tak
N COCTOAHME KOXHbIX MOKPOBOB (1A UCKIIOUEHWA nonaja-
HUA POAMUMbIX MATEH, akHe 1 T. . B 06nacTb BO3AeNCTBUA
dur3noTepaneBTUYECKMX (KOHTAKTHbIX) GaKTOPOB).

Ona ypobctBa paboThbl LenecoobpasHo MCnonb3oBaTb
MOOWNbHblE YCTPOWCTBA C ANaroHasnblo 3KpaHa 8 AoiMoB
n 6onee. Vicnonb3oBaHne MOOWIIbHbBIX YCTPOWCTB C 3Kpa-
HoM 11-12 glonmoB Hanbonee onTuMasnbHo. cnonb3osa-
HVe YCTPOMNCTB C 6OMbLIMMU pa3mMepam Bbl3blBaET HEKOTO-
pble 3aTpyaHeHUA 13-3a UX rabapuUTHOCTN.
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Puic. 3. PYCYHOK »eflaeMoro CTaHAapTHOIo PacroNioXKeHNA
nauveHTa npu ero dotorpadmpoBaHnM cnepeamn B TecTe
Azamca (BblABIEHME POTALMU FPYAHOWN KNETKN B FOPU3OH-
TanbHOW MAIOCKOCTN)

Fig. 3. Picture of the desired standard patient positioning
when photographed from the front in the Adams test
(detection of horizontal chest rotation)

Mpu ¢oTorpadmpoBaHnM NaLMeHTOB LieiecoobpasHo
UMeTb BUAMMbIE TOPU3OHTaNbHbIE U BEPTMKaNbHbIE IMHUN
K noBepxHocTu Tena. C 3TON Lenbio MOXKHO MCNOJb30BaTh
NporpamMmMHble peLleHuns, YyCTaHOBNIEHHble Ha MOOWIbHOe
yCTPONCTBO [20, 21], MK BHELIHNE YCTPONCTBa (Hanpumep,
nasepHble YPOBHM).

Mpyn Hanuuum y Bpaya MOCTOAHHOrO MecTa npuema
nauveHToB AnA obecrneyeHns KOHTPacTHOro GoHa, Ha Ko-
TOPOM BbINOJHAT doTorpadmpoBaHme NaureHTa, MoXeT
6bITb MCNONb30BaH 3KPaH UMK AnarHoCTMYecKasa NnocTypo-
norunyeckas ceTtka (puc. 5).

Hannune pgmarHoctmyeckol ceTku AaeT paAg npeumy-
wecTB. Tak, OHa co3fjaeT KOHTPACTHbIA GOH C TeNoMm na-
LMeHTa, BHOCUT MacwTtab B mnonyyeHHoe n3o6paxeHue,
obneryaet BM3yasbHyl0 OLIEHKY U NO3BONAET MPOM3BECT

ARTICLES

Puc. 4. PricyHOK Xenaemoro CTaHAapTHOMO PacronoXeHus
nauneHTa npu ero ¢oTtorpadpupoBaHnn crepean B TecTe
Apnamca (BbifiBNeHVe poTaLmm rpyaHON KNeTKr 1 NOACHNY-
HOW 0651aCTV B rOPU30HTANIbHON MIOCKOCTH)

Fig. 4. Picture of the desired standard patient positioning
when photographed from the front in the Adams test
(detection of thoracic and lumbar rotation in the horizontal
plane)

BblpaBHUBaHVe GpoTorpadurpyioLero ycTponcTs npu oto-
rpadpupoBaHuu.

Take € 3TOW Lefblo TeNO MauueHTa MOXeT ObITb OC-
BELLEHO OT BMAEOMpPOEKTOpa C U306pakeHnem AmarHoc-
TYeckon ceTku. Mpu ncnonb3oBaHUK BUAEOMNPOEKTOPa,
Ha Hal B3rnaf, Hauydllee BOCAPUATME AOCTUraeTCA Npu
MCMONb30BaHNN BULEON306PaXKeHNA CO CBETNbIMY MOMO-
camu Ha YyepHoM doHe (puc. 6).

OcBelleHye Tefa NauneHTa oT BUAEOMNPOEKTOPaA C 130-
O6pakeHMemM ANArHOCTMYECKOW CEeTKM TaKXe MO3BOnsAeT
BbIABMATH HEBbIPAXKEHHYIO POTALMOHHYI aCUMMETPUIO
npaBo 1 NeBON MOMOBUH TYNOBULLA — MO VM3MEHEHNIO
¢bOopMbl FOPU3OHTaNbHBIX NMUHWIA (Ha MpaBoOW 1 NeBoi no-
NOBUWHe TyNOBULLA), NPOeLVPYEMbIX Ha TeNo.

370114V TVNIDIMO | HOIAFTISVA ‘A AFDH3S

101



BACWJTIEBNY C.B. | OPUTUHATIbHASA CTATb4

102

Puc. 5. DoTtorpadua naymeHToB CO CnuHbI, COOKY Ha doHe
AMarHOCTMYECKON MOCTYPOSIONMYECKON CETKU

Fig. 5. Photograph of patients from the back, from the side
against the background of the diagnostic postural grid

BaxxHoe 3HaueHvMe uMeeT npaBWIbHaA OpMeHTauuA
doToKamepbl MOOWIBHOrO YCTPOMCTBA MO OTHOLLEHUIO
K ¢oTorpadpmpyemomy naumeHTy (6e3 HakmnoHa B MJIOCKO-
CTAX NPOCTPaHCTBa). [paBunbHasa opreHTaLmna MOXeT ObiTb
JOCTWrHyTa MPOrpamMMHbIM CMOCO60M 3a cyeT 06pPaboTKM
NoKasaHnin BHyTpeHHero akcenepometpa [21]. Mpu oTcyT-
CTBUW HEOOXOAMMOrO MPOrPaMMHOro obecrneyeHs Bbipas-
HVMBaHWe GOTOKamMepbl MOXET ObiTb PELLEHO ChedyoLm
06pa3omM: Npu BbINOMHEHUN CHYMKOB Mepeq MauueHToMm
pacrnonaralT MNOCKY KOHTPACTHYI0 AMarHOCTUYECKYHo
CeTKY NMPAMOYrofIbHOIO PUCYHKA, »enaTeflbHo, YTobbl pas-
Mep [MarHoCTUYeCKoM CeTKM npeBbilwan (GPOHTabHbIN
1 BepTUKaNbHbI pa3Mep nauueHTa. [MayueHTa pasmelyatot
nepep CeTKoN TaK, YToObl NepefHve oTaeNbl €ro CTOM HaXo-
OVNWCb Ha NUHWW, NepneHANKYIAPHOW CarMTTanbHOM nio-
CKOCTU TynoBuLia nauueHTa (puc. 1, 2). 3Ta IMHUA JOMKHA
6bITb NapannenbHO OCHOBaHMWIO AMArHOCTUYECKOW CeTKU
npwv BbINONHEHUN GOTOCHNMKOB BO GPOHTaNbHOW MIOCKO-
CTV W NeprneHANKYNAPHON OCHOBaHWIO AMarHOCTUYECKOW
CETK/ MpW BbIMNONHEHUN (OTOCHUMKOB B CarMTTanbHOWM
nnockocTu. MNpu BbiNONHEHNN POTOCHUMKOB MOOWIIbHYIO
doTorpaduyeckylo TEXHWKY OPUEHTUPYIOT Credyowmnm
06pa3omM: B FrOPU3OHTaNbHON MAIOCKOCTM TaK, YTOObl Ha
3KpaHe MobunibHON doTorpadrueckon TeEXHUKN BepxHue
N HVPKHWE rOPU30HTasIbHbIE IMHWN ANAarHOCTUYECKON CETKM
6bIIV NapannenbHbl ApYr APYry, B CaruTTaibHOWM MIOCKO-
CTW Tak, 4ToObl Ha 3KpaHe Npasas 1 fieBasA BepTMKalbHble
NNHUM OUArHOCTUYECKOW CeTKM Obiny napannenbHbl Apyr
Apyry, a Bo GPOHTaNIbHON NIIOCKOCTH TaK, YTOObl Ha aKpaHe
BEPXHAA N H/XKHAA rOPY30HTalNbHble IMHW AUarHOCThYeC-
KOW CeTKM Oblnv NapannefibHbl BEPXHEMY U HUKHEMY Kpato
3KpaHa MobunbHom GpoTorpaduueckon TexHuku. Ha pucyH-
Kax 7-12 npepcraBneHa norvika BblpaBHMBaHMA GoTOKame-
pbl MO AMArHOCTUYECKO CeTKe.

IMpwv oTCYTCTBUM AMArHOCTMYECKON CeTKM (Hanpumep, po-
antenamu pebeHka HeoOXOAUMO BbIMOMHUTL GOTOCHUMKM

BECTHUK BOCCTAHOBWUTENIbBHOM MEQULIUHDI | 2025 | 24(4)

Pwuc. 6. [MpoeLunpoBaHme Ha TeNo NauneHTa N3o6paxeHuns
C rOpM30HTaNIbHbIMY 1 BEPTUKASIbHbIMK NON0CaMy — CJie-
Ba. lNpoeunpyemoe nsobpaxkeHme — crnpasa

Fig. 6. Projecting an image with horizontal and vertical
stripes onto the patient’s body on the left. The projected
image is on the right

[IOMa) anbTepHaTMBOWM ONMCaHHOMY MeTOAly BO3MOXHO pac-
MonoXeHne nauueHTa nepeq NpPAMOYrofibHbIM NPeaMeToM
(Hanpumep, MebenbHbIN WKad, ABEPb U T. A.), UMEIOLLUM >Ke-
natenbHo 6onblUKIA pa3Mep, Yem naumeHT. B cnyyae Henpa-
BUJIbHO BbINONHEHHbIX poTorpaduin BO3MOXKHa KoppeKLuua
1306paxkeHns BO BCTPOEHHOM GoTopeaaKkTope MOOUIbHOTO
NPUNOXEHUA 3a CYET MCNONb30BaHUA GYHKLMIA NMOBOPOTa
boTon306parkeHNA 1 N3MeHeHUs NepcnekTuBbl (puc. 13).

DotorpadupoBaHmne cnepyeT BbINMONHATb B MoMeLle-
HUW C PaBHOMEPHbIM HEAPKMM OCBELLeHEM, MPY KOTOPOM
COXPAHAIOTCA TEHM OT KOXKHbIX CKNafloK 1 BO3MOXHO pas3-
NNYNTb HEOAMHAKOBYI OCBELLEHHOCTb aCMMETPUYHbIX
yyacTkoB Tena. [Ana nyywero cy6beKTMBHOro BOCNPUATIA
fedopmMaLmin MO3BOHOYHMKA TeNO NauMeHTa MOXeT ObiTb
NnofcBeYeHo, B TOM YMCSIe MOHOXPOMHbBIM CBETOM (MCTOY-
HWK CBeTa crefyeT pacnosaratb Mo cpeAHen NMHWUK Tena
naumeHTa). He3HauuTenbHoe ynydlleHWe BOCMPUATUA
(cy6beKkTMBHOE) acMMMeTpuiA Tena HabntogaeTca npu mc-
NONb30BaHUN HEVHTEHCUBHOIO 3€JIEHOTO NN CUHETO LiBe-
Ta. OcBelleHMe Tena naymneHTa 6onee TenbiIM MOHOXPOM-
HbIM CBETOM WM OT APKOro UCTOYHMKA HUBENUPYET aCUM-
METPWUIO €ro MOBEPXHOCTY, N MPEeUMyLLeCTB 1A BOCNPUA-
TNA aCUMMETPUI Tena He BbiABMNO (puc. 14).

B cnyuae HeobxogMmocTu oLeHUTb 0bnacT CyCcTaBoB
N KOHeYHOCTel onpaBAaHoO, MOMUMO CTaHAAPTHbIX $OTo-
rpaduin B npssMoi 1 60KOBOI NPOEKLMM, BbINOAHNUTD GOTO-
rpadupoBaHne KOHeYHOCTEl U CYCTaBOB B KPaMHKX NOo-
XKeHnAX (ANA OLEeHKN aMNIMTYAbl ABUXKEHWI) C MaKCManb-
HbIM 3axBaTOM COMPSXKEHHbIX cermeHToB (puc. 15). 310
TaKkke cnegyeT fenaTb Npu NpoBeAeHUN GYHKLMOHANbHBIX
TECTOB 1 OL€HKM MOABUKHOCTU NMO3BOHOYHMKA, NPY 3TOM
doTorpadua gonmkHa NONHOCTbIO BKNOUaTb N306parkeHne
nauveHTa (C Horamm v rosfoBon).
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Puc. 7. HaknoH ¢poTokamepbl MOOMIBHOTO YCTPOWMCTBA Briepes (carmTTasibHas MioCcKoCTb)
Fig. 7. Tilting the mobile device camera forward (sagittal plane)
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Puc. 8. HaknoH ¢poTokamepbl MOOMIIBHOFO YCTPOWCTBA K3aAm (CarmTtanbHasn NiockocTb)
Fig. 8. Tilting the camera of the mobile device to the rear (sagittal plane)
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Puc. 9. HaknoH ¢poTokamepbl MOOMIIbHOFO YCTPOCTBa BNIEBO (GpOHTaNIbHAA NIOCKOCTb)
Fig. 9. Tilting the mobile device camera to the left (frontal plane)
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Puc. 10. CmeLeHrie doTOKaMepbl MOOUTbHOTO YCTPOWCTBA K MIOCKOCTU AMArHOCTUYECKON CETKM C/ieBa (ropu3oHTanbHas
NIOCKOCTb)
Fig. 10. Offset of the mobile device camera to the diagnostic grid plane on the left (horizontal plane)
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Puic. 11. CvewieHne doTokamepbl MOOMIIBHOMO YCTPOMCTBA K MAIOCKOCTM AMAarHOCTMYECKON CeTKIM crpaBa (ropu3oHTanb-
HaA NI0CKOCTb)
Fig. 11. Offset of the mobile device camera to the plane of the diagnostic grid on the right side (horizontal plane)
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Puc. 12. CmelyeHne doToKamepbl MOOMIBHOFO YCTPOMCTBA K MIIOCKOCTY AMArHOCTUYECKON CETKU B [ABYX MIOCKOCTAX
(B carnTTanbHOM 1 FOPU30OHTaNIbHON MIOCKOCTAX)
Fig. 12. Displacement of the mobile device camera to the plane of the diagnostic grid in two planes (sagittal and horizontal planes)

Mo ropus.
I

Puc. 13. MNMaHenb BCTpoeHHOro poTopenakTopa Ans BblpaBHMBAHUS N300paXKeHNsA B TPEX MIOCKOCTAX
Fig. 13. Built-in photo editor panel for image alignment in three planes
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Puc. 14. DoTorpadum naumeHToB Npu HEBHOM OCBeLLeHNY (CIeBa) U MPY OCBELLEHN OT CBETOAMOAHOWM MaTPULbl CUHEe-

ro useta (460 Hm)

Fig. 14. Photographs of patients in daylight (left) and under illumination from a blue-colored LED array (460 nm)

[ R R —

Puc.15. MauyuenT I. 2012 r.p. [lnarHo3s: apTporpunos. MHoXecTBeHHbIe KOHTPaKTypbl CyCTaBoB. B nonoxeHun nexa Ha
CMVHE NPUW NOHOM Pa3rnbaHn B KONEHHbIX 1 Ta306epeHHbIX CycTaBax, B MONOXKEHNM CrMbaHnA B KONEHHbIX 1 Ta306e-

OPEHHbIX CyCTaBaX JieXa Ha XXNBOTe U CnnHe

Fig. 15. Patient G. born in 2012. Diagnosis: arthrogryposis. Multiple joint contractures. In the supine position with full
extension in the knee and hip joints, in the flexion position in the knee and hip joints lying on the stomach and back

MpumeHeHne undpPoBO GOTOTEXHUKM B TpPaBMaTo-
NOrUN 1N OpTONeann MMeeT pPsf 0COBEHHOCTEN, KoTopble
B CBOI Ouepefb Y»Ke YacTUUYHO OCBeLleHbl B HEKOTOPbIX
nybnukauusax [19, 22, 23].

C6anaHcMpoBaHHOE MpPUMEHEHME MOOWUIbHBIX $OTO-
rpadryeckmx yCTpomcTB OTKpbIBAET MepCrneKTyBbl, Yiyu-
Wwatowme ycnosus paboTbl Bpaya U MoBbiWaoWye Kaue-

ARTICLES

CTBO 06LLEeHVA MEXAY BpavoM 1 nauveHToM. HabnogeHune
nauueHToOB opToneauyeckoro npoduns, Kak npasuio,
OCYLLEeCTBNIAETCA ANUTENbHO, MPU 3TOM doTorpaduyeckmin
KOHTPOJ/Ib M3MEHEHWIN JO/MKEH BbIMONHATLCA PEryNAPHO
C AeMOHCTpauuel NauneHTy pesynbTaToB MCXOAHbIX pe-
3y/bTaTOB U Pe3ynbTaToB feveHns. MobunbHble ycTpoi-
cTBa 06ecneyrBaloT MOMEHTabHBIN JOCTYN K 6a3e AaHHbIX
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naumeHToB ¢ ux potorpadpramu, 4to yaobHo ans 6bicTporo
cpaBHeHuA poTorpaduin NpeablayLLKX COCTOAHUA NaLNeH-
Ta U TEKYLLEro COCTOAHNA.

Mbl aKTVBHO UCMOMNb3yeM 3TY BO3MOXHOCTb A/ IeMOH-
CTpauuM AVHaAMWKM CaMUM MaLMEHTaM U UX POLCTBEHHU-
Kam. HarnagHas gemMoHCTpauna NoNoXNUTENbHbIX Pe3ysib-
TaToOB fleyeHus B AOCTYMHOW GOopMe MOTUBUPYET Kak CamMmx
JeTeli-NnaumneHToB, Tak U X poguTenei.

OueHKa no naHopamHol ¢doTorpadun opronegmuec-
KOro cTaTyca mauueHTa, HECOMHEHHO, obnafaeT npenmy-
LLLeCTBOM MO CPaBHEHMIO C 0ObIYHON BU3YyanbHOW OLEHKOW
rnasom: poTorpadua BbIMOSHAETCA TakMM 06pPa3oMm, UTo
TeNo MauneHTa HaxoAWUTCA B cepefuvHe Kagpa (unu B yc-
NOBUAX, KOTOPbIe OMpefenua cam Bpau), Mpu 3TOM ecTb
BO3MOXHOCTb MOC/eyloWero AeTalbHOro KayecTBEHHO-
ro/KONMYeCcTBEHHOroO aHanM3a ¢ MMHUMU3auven daktopa
Cy6beKTMBM3MA, CBA3AHHOIO C MOJIOXKEHNEM CaMOro Bpaya
1 3a4acTyto C HeAOCTaTKOM BpemMeHu [24].

Mpy KOMMNEKCHOM MOAXOAE K JIeYeHWto NaureHTa Ha-
nnune dotorpaduin NnaumeHTa B MOOMIbBHOM JOCTyne no-
3BOJIAET ObICTPO COrNacoBbIBaTbh PabOTy CMEXHBbIX CrieLuna-
nu1cToB (Bpaun neyebHom Gr3nUecKon KybTypbl, NPoTe3u-
CTbl, dr3roTEPANeBTbI, MAaCCAXMCTbI, MegMaTpbl).

Haw MHoronetHwii onbIT MPUMEHEeHNA CTaHAapTM3U-
pOBaHHbIX MOAXOAO0B NPU BbiNONHEHUN doTorpadurpoBsa-
HWA O1A OLEHKN OPTONeANYECKOro CTaTyca y LWKOMbHUKOB
MOMHOCTbIO OMpaBfan CBOKW HeobXOoOMMOCTb W 3Hauu-
MOCTb.

Ncnonb3oBaHne dotorpadum nossonseT onepaTmBHO
1 HarnAgHoO BMAETb opTonefmyeckme oCo6eHHOCTM nauu-
€HTa, a TaKXKe JUHAMUKY M3MEHEHMWI Ha MPOTAXKEHUN Me-
PYOAOB NeYeHNA U HabnopeHNA B TeUEHUE HECKOMbKUX
neT, No3BonAeT cobnojaTb NPEeMCTBEHHOCTb MOAXOLOB
1 B3rNA80B.

Hanuuune dotorpaduii, BbINOMHEHHbIX B CTaHAAPTU3N-
POBaHHbIX YCOBUAX, MO3BONAET BbINOMHATL KONMYECTBEH-
HYIO OLIEHKY NIMHEHbIX U YITOBbIX NMOKa3aTenei cneyunanb-
HbiMK (Hanpumep, «CmapT-OpTo 2D») nnu o6LweaoCTyNHbI-
MU (yrnomepbl, MPOrpaMmbl Ans OLEHKW 4JIMH 06BbEKTOB
Ha ¢oTorpadumn) NPorpamMmmHbLIMU MPUAOKEHUAMN.

3AKJTIOMEHUE

DoTorpadupoBaHre NaUMEHTOB Ha CEroAHA ABMAETCA
JOCTYMHBIM 11 ONpPaBAAHHBIM METOLOM ANArHOCTUKN W [1O-
KYMEHTUPOBaHWSA, KOTOPbIV CleflyeT UCMOsb30BaTh BO BCEX
CNyyasx obpaleHnsa NauMeHToB C MaTosiorveli onopHo-
ABUraTenbHON CUCTEMDI.

Ona nonydyeHvs OOGBEKTVBHOW KapTWHbI U BO3MOX-
HOCTU KOMMYECTBEHHbIX U3MepeHunin poTorpadupoBaHme
nauyueHTa criepyeT BbIMOMHATb B CTaHAAPTU3MPOBAHHbIX
YCIIOBUAX.
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BbinonHeHne 4 doTorpadunn Tena (GpoHTanbHbIN BUS
c3aau 1 Bua cOOKy C 3aXBaTOM FOMOBbl M HOT MOJTHOCTbIO,
a Takxke TecT Aflamca cnepegm 1 csagum) B 95-98 % cnyua-
AX NO3BONAET AMArHOCTUPOBATb CTaTUYeCKne HapyLLeHUA
NO3BOHOYHMKA U HUXKHUX KOHEYHOCTEN fa)e Ha pPaHHMX
cTagmsx.

Mpw oueHKe GYHKUUN KOHEYHOCTY (aMNInUTyabl ABMXKE-
HWUI B CyCTaBax) nnu nposeaeHnn GyHKLMOHaNbHbIX NPo6
(tTecTbl Tomanepa, MaTTnaca 1 1. .) onpaBgaHoO MakCMMasnb-
HO MOJTHOE [OKYMEHTMPOBaHME 30Hbl 06CiefoBaHMA C 3a-
XBaTOM COMPAMXEHHbIX CErMEHTOB.

Mpwn poTorpadmpoBaHnM NaumeHTa cregyeT npaBuib-
HO OPMEHTNPOBATb KaMepy YCTPOMCTBA MO TPeM MSIOCKO-
CTAM B NPOCTpaHcTBe. [InA 3TOro BO3MOXHO MCMONb30Ba-
HME NPOrpamMHbIX pelleHuin nmbo ¢oTtorpadmpoBaHme
naumeHTa Ha GoHe 3TanoHHbIX MPAMOYTOJibHbIX OObEKTOB
(B 3TOM Cnyyae BO3MOXHO AOMONHUTENbHOE MCMNOJIb30Ba-
Hue oTopPEeaAKTOPOB).

Ona ynyyweHua BocnpuaTMA U aHanusa ¢otorpadu-
Yyeckoro M3obpaxkeHus onpaBAaHO WCMONb30BaTb BCMO-
MoraTesfibHble VMHCTPYMEHTbl U pelleHna (MporpaMMHble
NPWNOXeHWA, Na3epHble YPOBHW, pa3MeTKa Ha Tene nauu-
€HTa, KOHTPACTHbIN PpOoH 6e3 NOCTOPOHHMX NPeaMETOB, AN-
arHoCTUYecKme CceTKM, NPoeKUMA Ha TeNo nauneHTa Buge-
on306pakeHNA C ANarHOCTUYECKOW CETKOWN, paBHOMepHasn
HeApKaa NoAcBeTKa AfA KOHTPACTUPOBaHUA acCMMMETPUN
NOBEPXHOCTU TeNa U T. A4.).

Heobxoanmo obecneunTb paBHOMEPHOE, HesipKoe OC-
BelleHMne OT LeHTpa ¢oTorpadurpyemori obnactu. na ycu-
NIeHUA Co34aHVA NONyTEHEWN 1 BOCNPUATLA aCUMMETPUM No-
BEPXHOCTU Tefla BO3MOXKHO MCMONb30BaTb HeAPKME UCTOY-
HUKK, B TOM YMCIIe MOHOXPOMHbIA CBET (3eNeHbIN, CUHUIA),
C pacnosioXeHnemM NCTOYHMKa B LLEHTPE 1300parkeHus.

Bo3MoxKHOCTb MacwTabrvpoBaHMA MOJYYEHHOTO WK30-
OGpaXkeHUs MMeeT Ba)KHOe 3HauyeHue, Tak Kak no3sonaeT
LeTanun3npoBaTb Habnogaemble U3MeHeHMA.

CnepyeT cTapaTbCA UCKMIOYNTb M3 NONagaHnA B Kagp
MeLlalLwWwmnx npeameToB (pacnyLleHHble BOMOCHI, NULIHAA
ofexAaa, npeaMeTbl UHTEPbepa, YKpalleHna 1 T. 4.).

QoTorpaduposaHve naLmeHTa LenecoobpasHo BbINOJ-
HATb TaK, 4ToObl aHanM3mpyemasa obnacTb Tena 3aHMMana
80-95 % nnowagn sKpaHa. lNpegnoytuTenbHOW Awmaro-
Hasiblo 3KpaHa MOOGMIBbHOIO YCTPOWCTBA ANA BU3YyasibHOWM
oueHKKn byaeT AnaroHanb He MeHee 8 AONMOB (ONTManb-
Ho 11-12 pgloiMOB A5 MIAHWETOB Unn 6onee B Cllyyae 1Uc-
NoJib30BaHUA CTaLMIOHAPHbBIX MOHNTOPOB).

Ha Haw B3rnsag, nepcnekTMBHa MHTerpauma ¢oTorpa-
drUecknx n306paXkeHNn NaLMeHTOB C BUAVMMOWN MaTosio-
rMi OMOPHO-ABMUraTe/lbHON CUCTEMbl B MeAMLUMNHCKNE WUH-
dopMaLMOHHbIe CUCTEMbBI C BO3MOXXHOCTbBIO aHanm3a 13o-
GpaxKeHU.

AONOJIHUTENIbHAA UHOOPMALILA

BacuneBuu Cepreit BukropoBuy, KaHanaaT MeanLUHCKNX
HayK, CTapLluiA HayUYHbIn COTPYAHUK, HayYHO-UCCe[oBa-
TenbckanA nabopaTtopus «TopakanbHasa opToneansa», CaHKT-
MeTepbyprckuii HayYHO-NCCEROBATENbCKUNA MHCTUTYT GTU-
3uonynbmoHonornn Munsgpasa Poccun.

E-mail: svasilevich@mail.ru; ogonek@zdrav.spb.ru;

ORCID: https://orcid.org/0000-0002-6386-9913

Bknap aBTOpa. ABTOp NOATBEPXJaeT CBOe aBTOPCTBO B COOT-
BETCTBMM C MexayHapoaHbiMu Kputepuamu ICMIE (aBTop BHec
eVHONINYHBIV BKNaA B KOHLUENUWIo, An3aiH nccnefoBaHnaA
N NOArOTOBKY CTaTbM, MPOYMTan 1 ofobpnn oKOHYaTENbHbIN
BapuvaHT Ao nybnunkauum).

NudopmupoBaHHoe cornacme. B nccnegoBsaHny He pac-
KpblBaeTcs CBefeHUN, NO3BONAWMX naeHTudGULUMpoBaTb
JINYHOCTb NauneHTa(oB.). MonyyeHo NMCbMeHHoe NHGOoPMU-
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poOBaHHOe cornacuie NauueHToB (3aKOHHbIX NpeacTaBUTENei)
Ha MCMoJib30BaHMe JaHHbIX U hoTorpaduii.

UcTtouHukn ¢puHaHcupoBaHus. ViccnegoBaHvie BbiNosHe-
HO Npu nopaepxke rpaHTa QoHAa NOAAEPKKM MHHOBALMUN
(2016-2017, 2019-2020).

KoHnuKT nHTepecoB. ABTOp ABNSETCA BRajenbLeM naTeH-
TOB, CBSI3aHHbIX C METOAAMU, OMUCAHHBIMY B UCCNEeLOBaHNN.
ABTOp y4acTBOBaN B pa3paboTKe NporpaMMHOro obecrneyeHus,

NCMOJIb30BAaHHOIO B 3TOM UCCIeA0BaHNM, KOMMEPYECKOTO UH-
Tepeca B ero pacnpoCcTpaHEHUN He VIMEET.

JocTyn K gaHHbIM. ABTOpP NOATBEPXKAAET, UTO NPOrpamMm-
Hoe MpUNoXeHne, NCNonb3yemoe ANA NPoBeAeHUa uc-
cnepoBaHuA, OCTYNMHO B CBOGOAHOM AOCTYMe Mo agpecy
http://www.smart-ortho.ru/download/. laHHble, nogTBEPKAa-
loLLMe BbIBOAbI 3TOrO UCC/IEA0BAHNSA, MOXKHO MOYUYUTb Mo 060-
CHOBAHHOMY 3aMpoCy Y KOPPeCnoHAMPYIOLEero aBTopa.
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BnusiHMe ULLEeMUUYEeCKOro MHCYNbTA HA 3pUTesibHble GYHKLUMU:
peTpocneKTMBHOE UccnegoBaHue

MapduHa T.B.", ) KoHuyrosa T.B., ' AnxaHoBa T.B., "’ Aracapos J1.T.,
MyxuHa A.A., ' MapueHkoBa J1.A.

HayuoHaneHsil MeduyuHcKul ucciedosamesnsckull UeHmp peabunumayuu u Kypopmosnoauu MuH3opasa Poccuu,
Mockea, Poccus

PE3IOME

BBEAEHUE. MNpn dopMmnpoBaHmmn peabrnmtaumoHHbIX MPOrpaMm 418 NaLMeHTOB, NepeHecLlrX nwemmuyecknin uHcynst (UMW), npaktu-
YeCKU He yUnTbIBAOTCA HapYLLEHVA 3PeHNs, Bbi3BaHHbIE OCTPbIM HapyLLeHMeM MO3roBoro KpoBoobpatyeHna (OHMK) HecmoTps Ha To,
YTO 3TO MOXET CYLIECTBEHHO CHUXKATb KauyeCTBO XM3HU, oblee GyHKLMOHNPOBaHME TaknX NaLMEHTOB 1, Kak pe3ynbTaT, BeAeT K CHU-
XKEeHUIo peabrnmTaLroHHOro NoTeHuvana.

LIEJTb. /13yuntb pacnpoCTpaHEHHOCTb 1 CTPYKTYPY 3PUTENbHBIX HaPYLUEHWI Y NALMEHTOB, MPOXOAVBLUNX MeAULMHCKYI0 peabunmTta-
LMo B BOCCTAHOBUTENbHbIN nepuog N Ha 0oCHOBaHMM PeTPOCNEKTVBHOIO aHanmn3a uctopuii 6onesHu.

MATEPUAJIbl U METOJbI. MNpoBeaeH peTpoCneKTVBHbIA aHanu3 3457 nctopuii 6one3Hn naymeHToBs, nepeHecunx MW n Haxoaus-
LUINXCA Ha 2-M 3Tane MeanLmHcKon peabunutauun B OIBY «HauroHanbHbIN MeAULIMHCKII NCCNefoBaTeNbCKNI LEHTP peabunutaumm
n Kypoptonorum» Munsgpasa Poccun, 3a 2021-2023 rr. YuntbiBanmcb BCce aHaMHeCTUYeCKre fJaHHble, BO3PacT, NOJ1, HEBPOIOrNYeCKnm
CTaTyC, laHHbIe KOMMbIOTEPHOW/MarHUTHO-PE30HAaHCHOM TOMOrpadum ronoBHOro Mo3ra, OCMOTP BPauoM-0PTasibMOSIOrOM.
PE3YJIbTATbl 1 OBCYKAEHMUE. bbino BbisBneHo 1521 (43,9 %) nauneHTOB C HapyLUEHNAMY 3PeHNA, CBA3AHHbIMM C NepeHeCeHHbIM
nHcynstom. Cpeu BHOBb BbIABIIEHHbIX HApYLIEHMI 3peHns U rna3oaBuratenbHbiXx GyHKUMIA npeobnaganu fedekTbl Nona 3peHus
y 686 (45,1 %) naumeHTOB. /13 HUX: rOMOHOMHas remuaHoncna — y 607 (88,5 %) naLneHTOB, BepXHAA KBagpaHTHaa — Y 56 (8,2 %), HuxX-
HAA KBaApaHTHaA remviaHoncmsa — y 23 (3,4 %). Hapsagy ¢ 3Tvim 6bIno BbIABNEHO HapyLIEHUE LeHTParlbHOMO 3PeHNA B BUE CHUXEHUA
OCTPOTbI 3peHuna y 427 (28,1 %) nauMeHTOB, HapyLLeHWe MOTOPUKK ra3 — Yy 577 (37,9 %), TpyaHocTn ¢ Bocnpuatnem —y 228 (15,0 %).
Hav6onbluas cBA3b C HapyLweHnem nepudepruyeckoro 3peHrs BbiABEHa NPU JIOKaAU3aLym NWEeMUYECKoro oyara B 6acceiiHe 3agHen
mo3rosoi apTepun (OLL (oTHoweHue waHcoB) = 6,24; 95 % AW (noBepuTenbHbi HTepBan): 4,459-8,73; p < 0,01). CraTUCTMYECKM 3Ha-
YMOW CBA3M MEXAY HaMuveM HapyLUeHWI 3peHnsa 1 Takumy GakTopamu, Kak MoJi, BO3pacT U TAXKECTb COCTOAHMA NaLMeHTOB Mo npu-
HATOMY HabopPy OLIEHOYHbIX LUKan He BbiABNEHO (p > 0,05).

3AKJTIOYEHUE. AHann3 CTPYKTypbl BHOBb BbIABNEHHbIX 3pPUTENIbHbIX HApPYLIEHWU MoKa3as, YTo NnofobHble HapyLLeHNA [OCTaTOYHO
pacnpocTpaHeHbl U cpefun HUX NpeobnagatoT AedeKTbl NonA 3peHnd. 1A KOMMIeKCHOM OLEHKM HEOOXOAMMO M1CMOoNb30BaTh AOMO-
HUTENbHbIE MHCTPYMEHTDI, KOTOpble ByAyT yUMTbiBaTb U BHOBb BO3HUKLUME 3pUTENbHbIE HapyLIEHNA. BbifiBlIeHHble 3aKOHOMEPHOCTY
NOMOryT OnpeAenuTb LMarHOCTUYECKNA anropuTM BefeHna nauneHTos nocsie OHMK u cTpaTeruio nx 3putenbHoOM peabunmTaumm, Ko-
Topas JO/MKHa ObITb HaNpaB/ieHa Ha KOPPEKLMIO 3PUTENbHBIX HAPYLLEHWIA C MEPBbLIX AHEN NOCTYNIEHNA NaLUEHTOB Ha MeAVLIMHCKYHO
peabunutayutio.

KJTIOYEBDIE CJTOBA: viHcynbT, nocTUHCYNBTHbIE HAPYLLEHWA 3PEHIA, NTOJE 3PEHNS, FOMOHOMHaA reM1aHoNCHA
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Impact of Ischaemic Stroke on Visual Function: a Retrospective Study

Tatyana V. Marfina’, ') Tatiana V. Konchugova,
Lev G. Agasarov, ‘= Anastasiya A. Mukhina,

Tatiana V. Apkhanova,
Larisa A. Marchenkova

National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

ABSTRACT

INTRODUCTION. The formation of rehabilitation programmes for patients who have suffered ischemic stroke (IS) practically does not
take into account visual impairment caused by acute cerebral circulatory failure (ACCF), despite the fact that it can significantly reduce
the quality of life, general functioning of such patients and, as a result, leading to a decrease in rehabilitation potential.

AIM. To study the prevalence and structure of visual impairments in patients undergoing medical rehabilitation during the recovery
period of IS based on retrospective analysis of case histories.

MATERIALS AND METHODS. A retrospective analysis of 3457 case histories of patients who underwent a IS and were at the 2nd stage
of medical rehabilitation in National Medical Research Center for Rehabilitation and Balneology of the Ministry of Health of the Russian
Federation, for the period from 2021 to 2023 was carried out. All anamnestic data, age, gender, neurological status, brain computer/
magnetic resonance imaging data, and examination by an ophthalmologist were taken into account.

RESULTS AND DISCUSSION. There were 1521 (43.9 %) patients identified with visual impairment associated with stroke. Among the
newly detected visual and oculomotor disorders, visual field defects prevailed — in 686 (45.1 %). Of these: homonymous hemianopsia
in 607 (88.5 %) patients, upper quadrant hemianopsia in 56 (8.2 %), and lower quadrant hemianopsia in 23 (3.4 %). Along with this,
the following was revealed: central vision impairment in the form of reduced visual acuity — 427 (28.1 %), eye motor impairment —
577 (37.9 %), perceptual difficulties — 228 (15.0 %). The greatest association with peripheral vision impairment was found when the
ischaemic focus was localised in the posterior cerebral artery basin (OR = 6.24; 95% Cl: 4.459-8.73; p < 0.01). No statistically significant
relationship between the presence of visual impairment and such factors as gender, age and severity of patients’ condition according
to the accepted set of evaluation scales was revealed (p > 0.05).

CONCLUSION. The analysis of the structure of newly detected visual disorders has shown that such disorders are quite common and
visual field defects predominate among them. For a comprehensive assessment, it is necessary to use additional tools that will also
take into account newly detected visual impairments. The revealed regularities will help to determine the diagnostic algorithm for the
management of patients after ACCF and the strategy of their visual rehabilitation, which should be aimed at the correction of visual
disturbances from the first days of patients’admission to medical rehabilitation.

KEYWORDS: stroke, postnatal visual impairment, visual field, homonymous hemianopsia
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BBEAEHUE

AKTyanbHol nNpobneMoi BOCCTaHOBUTENbHOW MeAnLm-
Hbl 1 MeAVLMHCKOWN peabunutaumm ABnsAeTca paspaboTtka
ONTMMasbHbIX KOMMIEKCHbIX NporpaMm peabunutaymm gns
NaLMeHTOB C COLMANbHO 3HAaYMMbIMI 3a60/1€BAHUAMMU, K KO-
TOPbIM OTHOCUTCA OCTPOE HapyLUeHME MO3rOBOro KpOBO-
obpalyeHna (OHMK), B 4aCTHOCTHY, ULIEMUYECKUI NHCYNBT
(MW). Ha cerogHA oCHOBHbIMM 3afayaMn MeMLIMHCKOW pea-
6unuTaumm naymeHToB, nepeHecwnx OHMK, B 3aBUCMMOCTM
OT KaTeropuanbHoro npodpuna MexxgyHapogHon knaccndu-
Kaumm GyHKLMOHMPOBAHNA, OrPaHNYEHN XN3HeLeATeNb-
HOCTU 1 300POBbA ABNATCA BOCCTaHOBNEHME QYHKLMI ne-
peaBuKeHna nytem GopMMPOBaHUA MPaBUIIbHOTO CTepe-
oTMna XxoApbbl, ynyylleHne HaBbIKOB CaMOOOCITYKMBaHUA,
HOpPMan13auna NCUXO3MOLMOHANBLHOIO COCTOAHKA, dopmu-
poBaHVe MOTBaLUN K BOCCTAHOB/IEHWIO, MOBbILLEHWE TONe-
PaHTHOCTM K PpM3MYeCKNM Harpy3Kkam'. JlokanbHble HapyLue-

1 MNpwuka3 MrHucTepcTBa 3gpaBooxpaHeHmnsa Poccuiickor Oe-
nepaumm ot 31 niona 2020 1. N2 778H «O lMNopAgke opraHnsa-
Lnn MegULMHCKOW peabunnTaumm B3poCbix»

HUA GYHKLMI rOSIOBHOMO MO3ra, B TOM YMC/ie 3pUTENbHbIE,
COMPOBOXKAAEMbIE XapaKTePHbIMU anobamu, BO3HMKaOT
npu HapyLeHUN KPOBOObpaLLEHMA B 3aBUCMMOCTY OT TOMO-
rpapuyecknx 0Co6eEHHOCTEN KPOBOCHAOXEHWNS FOTOBHOIO
mo3ra. MNpu popmrpoBaHNM peabunmTaLMOHHbIX NPOrpamm
NPaKTUYECKN He YUUTbIBAIOTCA HapyLUEHNA 3PEHUA, BbI3BaH-
Hble OHMK, HecmMOTpA Ha TO, YTO 3TO MOXeT CyLLeCTBEHHO
CHMXaTb KauecCTBO »M3HK, obuiee GyHKUMOHNPOBaHWE Ta-
KMX MaLMeHTOB BMJIOTb A0 NOTEPU HE3aBMCUMOCTU, Pa3Bu-
TUA eNPeccum, MOXeT CTaTb MPUUYNHON HU3KOW MOTMBaLN-
OHHOW COCTaBAAOLLEN BCEro BOCCTAHOBUTENIbHOIO NpoLec-
Ca 1, KaK pe3ynbTaT, CHA3UTb peabunnTaLMoHHbIN NOTeHUN-
an [1, 2]. Mo gaHHbIM MYNBTULEHTPOBbIX UCCIeAO0BaHWIA MO
N3YYEHMIO PacnpPOCTPAHEHHOCTW 3PUTENbHbIX HAPYLIEeHNIA
y NaLMeHToB, NepeHeclnX NHCYNbT, oT 45 % fo 65 % nmverot
Bblpa)KEHHblE 3pUTESIbHblE HapyLIEHUsA B BUAE CHUXKEHMA
OCTPOTbI LEHTPANIbHOIO 3PEHA, OrPaHNYEHNI NOLBUMHO-
CTV a3, HapyLeHWU 3PUTENBHOIO BOCMPUATAA, B TOM UNC-
ne BbiNageHve nonen 3penHus [3, 4].

Nouh A. et al. 66111 NpoaHan3npPoBaHbl MHOTOYMCIEH-
Hble PerncTpbl MHCYNbLTOB ANIA U3YUYEHMA XapaKTepucTuK
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nauveHToB. lpu HapyweHun nepudepuyeckoro 3peHus
Hanbonee pPacnpPOCTPaHEHHbIMM MNPUYUHAMK  WHCYNbTa
ABUNCA NaTONOrMUYeCcKUin ouar, pacrnonaratowuinca B 6ac-
celiHe 3aHMX Mo3roBbix apTepuii (3MA). [5].

MIMeHHO B 30Hax KPOBOCHabXeHUA MonyLllapHbIX BeT-
Ben 3MA ¢ KOHTpanaTepasibHOM CTOPOHbI NP MHbAPKTaxX
MO3ra pa3BuBaeTca remuraHoncua [6]. B otcytcTBue BoBsne-
UEHHOCTM 3aTbIJIOYHOrO NOJII0Ca MaKyIAPHOe 3peHue oCTa-
eTcA coxpaHHbIM. [ledbeKT nonen 3peHna MOXeT orpaHu-
UMBaTbCA NIMILb OJHUM KBaApaHTOM. BepxHekBagpaHTHasA
reMnaHomncusa BO3HUKaeT Npu MHbapKTe CTpUapHO Kopbl
HVXKe LWNOPHOM 60po3abl NN HUMHEN YacTy 3pUTeNbHON
NYYNCTOCTU B BMCOYHO-3aTblTIOYHOW obnactu. HukHeKBa-
ApaHTHaA reMunaHoncmsa — CNneAcTBMe MOopaMeHna CTpu-
apPHOI KOpbI BblLUe LNOPHOW 60P03bl NN BEPXHEN YacTh
3pUTENBbHOW NYYNCTOCTM B TEMEHHO-3aTbllIOYHON 0bnacTu.
HapyLeHusa 3peHnsa pa3BrBaloTca He TONbKO nocne uHdap-
KToB B 6acceiHe 3MA, HO 1 nocrne nHGAPKTOB B 30He 3pK-
TeNIbHOW NIYUMCTOCTU Y BTOPUYHBIX KOPKOBBIX 3PUTENbHbIX
nonem, KOTopble He OTHOCATCA K 30He KPOBOCHabXeHuA
3MA [7]. B 3aBUCMMOCTI OT pa3mMepoB BbiMaBLUKX YY4aCTKOB
nonA 3peHna remrMaHoncua 6biBaeT MOHOMW, YaCTUYHOW,
KBafpaHTHOM NN B BUAE reMUaHOMNUYeCKNX CKOTOM U MO-
XeT OblTb M30/IMPOBAHHBIM CMMMNTOMOM WM COYeTaTbCA
C APYrMM 04aroBbIMU NPOABAEHNAMUN. XapaKTePHbIM CM-
NTOMOM BepTebpanbHo-6a3MnAPHON HeJOCTaTOYHOCTU AB-
NAeTCcA BHe3anHoe AByCTOPOHHEe yXyJLieHre 3peHus, CBs-
3aHHOe C HapylleHueM KpoBOooObOpalleHMA B AUCTaSIbHOM
oTAene OCHOBHOW apTepuu. pu 3aTbiNIOYHbIX KOPKOBbIX
nopaeHnAX LeHTpanbHoe norse 3peHnsa 06bIUHO COXpaHs-
€TCA, UTO OT/IMYAET X OT NOPAKEHUA 3PUTENbHbIX TPAKTOB.
Jlokanusauua naTonornyeckmx O4aroB B Hapy»KHOW Mo-
BEPXHOCTM 3aTbI/IOYHbIX AONel rofoBHOrO Mo3ra npuBoO-
OWT He K cnenoTe, a K 3putenbHon arHo3um [8].

LieneHanpaBneHHbI MOAXOA K MegULUHCKON peabunm-
Tauum naymeHToB, nepeHecwnx MW co 3putenbHbIMA Ha-
pYyLEHUAMU, MO3BONT YNYyULUTb UX COLMaNbHYIO ajanTa-
L0, MOBbICUTb BO3MOMHOCTV BEPHYTbCA K NOBCEAHEBHON
6bITOBON 1 TPYAOBOW AEATENIbHOCTY U YNYULLUTb KauecTBO
MWM3HU faHHOI KaTeropum naunueHToBs.

LIENb

M3yuntb pacnpocTpaHeHHOCTb 1 CTPYKTYPY 3pUTenb-
HbIX HapYLEHWUI Yy NaLMEeHTOB, NPOXOAMBLUVX MEeAULMH-
CKylo peabunuTaLmio B BOCCTaHOBUTENbHbINV Neprog MW Ha
OCHOBaHMWU PETPOCMNEKTUBHOTO aHaM3a UCTOPWI 6ONE3HN.

MATEPUWUAIJIbI U METObI
B pamKkax nccnefosaHuA npoBefeH pPeTpoCneKTUBHbIN
aHanu3 3457 nctopuin 60ne3Hn nauMeHToB, NepeHecLlnx

Ta6nuua 1. [lemorpaduyeckrie gaHHble
Table 1. Demographic data

N 1 HaxoOmBLUMXCA HA 2-M 3Tane MeauLUHCKON peabu-
nutauum B OIbY «HaunoHanbHbI MeaULMHCKIA nccneno-
BaTeNIbCKMI LeHTp peabunutaumm n Kypoptonorum» MuH-
3apaBa Poccum, 3a 2021-2023 rr. ina aHanmsa otérpanmcb
Bce cnyyam VI y nnu My»CKOro 1 »KeHCKOro nosna B BO3-
pacTte 18 net 1 6onee. YunTbiBaNMCb BCe aHaAMHeCTUYECKNE
[aHHble, BO3PacT, NoJ, Bpema OT Hayana 3abonesaHna go
rocnuTann3aumnmn, HEBPONOrMYeCKnin CTaTyC, AaHHble KOM-
NblOTEPHOW/MarHUTHO-Pe30HaHCHON ToMorpaduy ronos-
Horo mosra. Bce maumeHTbl, NpeabABNABLIME anobbl Ha
N3MeHeHVe 3puTeNbHbIX GYHKLUIA, OblIM OCMOTPEHbI Bpa-
4oM-0HTanNnbMOIOrom 1A BbIABIEHNA NOCTUHCYNBbTHbIX Ha-
pyLUEHWIA 3peHNS.

Cratnctuueckas ob6paboTka pe3ynbTaToB  MCCIie-
[OBaHMA ocyllecTBnAnacb B npunoxeHun Microsoft
Statistica 10.0. KonnyecTBeHHble AaHHble OnncaHbl C Npu-
MeHeHNeM MeTOAOB OMnucaTeslbHOM CTaTUCTUKU U npeg-
CTaBnieHbl cpefHMMK 3HaveHrem (M) n ctaHpapTHbIM OT-
KNnoHeHuem (S) B cnyyae HOpPManbHOro pacnpepeneHus
n mepmaHon (Me) M WHTEPKBapPTWIbHbIM WHTEPBASIOM
[Q25; Q75] — B cnyvyae pacnpepeneHus, OTIMYHOrO OT
HopMmanbHoro. [1nAa oueHKM HOPManbHOCTU pacnpeje-
NeHnA AaHHbIX ncnonb3osanca TecT Wanupo — Yunka.
KonnuectBeHHble AaHHble, pacnpefesieHne KOTopbIX He
oTBeyaeT TpebOBaHMAM HOPMaNbHOCTWN, CPaBHMBANUCh
C nomMoLbto HenapameTpuyeckoro U-tecta MaHHa — YuT-
HU. CBA3b MeXAy KaTeropuvanbHbIMU MapameTpamn WKc-
cnepoBanacb C NPUMeEHeHMeM Tabnuy CONpPAXKeHHOCTU
(kpuTepwuin x?). CTeneHb CBA3M MeXAY NapameTpamu npea-
CTaB/eHa B BUe oTHoLWeHui waHcoBs (OL) ¢ 95 % posepu-
TenbHbIM UHTepBanom (95% AN). Paznuuma 6yayT cumTatb-
CA CTaTUCTUYECKM 3HaYMMbIMU npun p < 0,05.

PE3YJIbTATbI U OBCYXAEHUE

B pe3synbraTte peTpocnekTMBHOro aHanusa 3457 mncro-
puini 6onesHen nauMeHTOB, Mpoweawnx 2-in 3tan mMegu-
LUMHCKON peabunuTaumm n nepeHecwunx MW, 6oin BbisBREH
1521 (43,9 %) NaumneHT C HapyLLEHUAMU 3PEHIA, CBA3AHHbI-
MW C MepeHeCceHHbIM MHCYynbToM. PaHee npuobpeTeHHas
rnasHaa natosniorna Gbina oTMeyeHa y 532 (34,9 %) nauyu-
€HTOB, BKJIIOYEHHbIX B UCCNefoBaHKe, B TOM uucie 6binn
OTMeuYeHbl KaTapaKkTa, BO3pacTHaA AereHepaumsa »entoro
nATHa, AnabeTnyeckasa peTMHONaTuA, rnaykoma, Mmonuye-
cKaa gereHepauus, ambnvonua, guctpoduma cetTyaTkm.

Cpeau Hux yctaHoBneHo 882 (57,9 %) mMy>umnHbl 1 639
(42,1 %) xeHLMH. Bo3pacT Ha MOMEHT Pa3BUTKA NHCYNbTa
coctasun ot 18 go 85 net. Konnuectso gHen oT pas3BuTUA
WHCYNbTa 4O OdTanbMOSIOrMYECKOro OCMOTPa COCTaBMIIO
oT 8 fo 338 gHew. lemorpaduueckme faHHble NnpegcTase-
Hbl B Tabnuue 1.

Aemorpaduueckne gaHHble / Demographic data

My>xunHbl / Men

MeHwmHbl / Women Bcero / Total

Yucno naumeHToB B uccnegosaHuu / Number of

[0) (V) 0
patients in the study 882 (57,9 %) 639 (42,1 %) 152 1(100 %)
B.ospacr Ha MOMEHT nHcynbTa (net) / Age at the 65 [58; 71] 68[57: 72] 66 [57: 71]
time of stroke (years)

KonunuecTBo gHell OT pa3BUTUA UHCYNbTA 60 [26,5: 139,5] 72 [24,5: 154,5] 65 126; 141]

(aHein) / Days from stroke development (days)
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MpuunHon UM y naumeHTOB CO 3puUTENbHbIMK Hapy-
weHuamn B 90 % (1369 60onbHbIX) SIBMUMAck apTepuasibHas
rmnepTeHsns (rmnepToHus) 3-n ctenenu, 325 (23 %) nayu-
€HTOB CTpajanu nwemmnyeckom 6onesHbio cepaua, atepo-
CKnepos auarHoctnposanca y 473 (31,1 %), y 289 (19 %)
conyTcTByOWMM 3aboneBaHveM Obin caxapHblil guabet
2-ro TMna C pa3BUTMEM aHIMMONATUN CETYATKN, OCTPbIN UH-
bapKT MrmoKapgza 6bin BbiABeH B aHamHese ¥ 130 (8,5 %)
nauveHToB. CTpyKTypa cOnyTCTBYyOLWMX 3aboneBaHuUi
npeacTaBneHa Ha pUcyHKe 1.

Cpean BHOBb BbIIBIEHHbIX HapYLUEHWI 3peHNA 1 rMa-
3o4BuratenbHbIX GYHKLMIA, BOSHUKLIMX B pe3ynbTaTe Liepe-
6panbHOro NHcynbTa, Npeobnaganu gedeKkTbl NONA 3peHns
y 686 (45,1 %) nayneHToB. /3 HUX rOMOHOMHasA remmaHor-
cua 6bina y 607 (88,5 %) MauMeHTOB, BEPXHAA KBagpaHT-
Hasa —y 56 (8,2 %), HMXKHAA KBaJpaHTHaA remraHoncmna —
y 23 (3,4 %). Moka3aTenu pacnpoCcTpaHeHHOCTU U CTPYKTY-
pbl HapyLeHWI NeprdepUYecKoro 3peHna NoATBEPXKAAOT
HabnogeHua gpyrvx astopos [9, 10].

Hapsapy c aTum 6bina BbiABNeHa cnepyiolias natonorua
CO CTOPOHbI OpraHa 3peHuA: HapylleHWe LeHTpasbHOro
3peHunA B BUAE CHUXEHUA OCTPOTbI 3peHnsa y 427 (28,1 %)
NauveHToB, HapyLleHne MOTOpuKn rmas —y 577 (37,9 %),
TpygHOCTM € BocnpuATnem — y 228 (15,0 %). CTpykTypa
BHOBb BbIAIBIEHHbIX HAPYLWEHUN 3peHUA NpeacTaBneHa Ha
pUCYHKe 2.

AHanu3 Tabnuy COMpsAXeHHOCTM He MoKasan cTaTu-
CTUYECKN 3HAYMMOW CBA3N MeXAY Hannmumem HapyLlleHUn

WHdpapkT mmnokappa /
Myocardial infarction

Mwemnyeckasa 6onesHb cepaua /
Coronary heart disease

CaxapHblii gnabet /
Diabetes mellitus

Atepocknepos / Atherosclerosis

MwneptoHusa / Hypertension

0 200 400

Puc. 1. CTpyKTypa conyTcTytoLmx 3abonesaHuni
Fig. 1. The structure of concomitant diseases

TpyAHoCTM ¢ BocnpusATuem /
Difficulties with perception

HapyLweHne motopuku rnas /
Impaired motor skills of the eyes

HapyLueHune LeHTpasibHOro 3peHns /
Impaired central vision

[JedhekTbl nons 3peHns /
Visual field defects
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3peHnAa 1 Takumm GakTopamu, Kak non (x2 = 1,219; p > 0,05)
n Bo3pacTt (x? = 4,745; p > 0,05).

Mo paHHbIM KOMMblOTEpPHOW ToMorpadumn n/unu mar-
HUTHO-Pe30HaHCHOM ToMorpadum rofloBHOro Mo3ra, y 464
(30,5 %) nauMeHTOB UMENNCH OYary UWemMnr B NPaBoM Mo-
nywapuu, y 1039 (68,3 %) — B 1eBOM NonyLLlapumn rosios-
Horo mo3ra 1 B 18 cnyuasx (1,2 %) — 6unatepanbHoe no-
paxeHue (puc. 3).

YcTaHOBNEHO, UTO CpeaHAA Mo3roBas apTepusa (CMA) —
Hanboniee YyacTo BCTpeYaloLWaAaca apTepusa, nopakaemas

BunartepanbHoe B npasom
nopaxeHue 1 % / nonywapwuu 31 % /
Bilateral lesion 1 % In the right

hemisphere 31 %

B nesom nonywapuu 68 % /
In the left hemisphere 68 %

Puc. 3. Jlokanusauma oyaros mwemun no nosyapuam
roJIOBHOrO MO3ra

Fig. 3. Localization of ischemia foci in the cerebral
hemispheres
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Puc. 2. CTpyKTypa HapyLleHUIn 3peHnn
Fig.2. The structure of visual impairments
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npu OCTPOM WHCynbTe. BbicOKasa yacToTa BCTPeYaemMocTu
NN B 6acceitHe CMA obycnioBneHa He TOJIbKO ee aHaTo-
MUYECKMMMN OCOOEHHOCTAMU, HO U TeM, YTO 3Ta apTepuA
6osblle BCEro NoABEPKEHA aTEPOCKIEPOTUYECKMM N3Me-
HeHMAM, NPUBOAAWNM K CTEHO3aM, OKK/03MK, Hepeako
OCNOXKHALWMXCA TpoMbo3amm [11, 12].

DTO MOATBEPXKAAETCA M HaWWMW [JaHHbIMK: MO pe-
3yNbTaTaM KOMMbIOTEPHOWM TOMOrpadumn rofoBHOro Mosra
y 988 (64,9 %) yenoBeK BblsAB/IEHbI MLLIEMUYECKME U3ME-
HeHuA B bacceriHe CMA. Hapagy ¢ atum y 238 nauuen-
ToB (15,6 %) mpou3ownn HapylweHnsa B GacceinHe 3MA,
y 44 (2,9 %) — B H6acceliHe BHYTPeHHe COHHOWN apTepun
(BCA), y 251 (16,5 %) — B BepTebpobazmnapHom bacceliHe
(BBB). CTpyKTypa nokanvsaumm oyara UeMnmM No COCyau-
CTbiM 6acceliHam NpeAcTaBieHa Ha Tabnuue 2.

HekoTopble aBTOpbl OTMeYaloT 3puTesSibHble Hapylue-
HUA, KaK XapaKTepHble U Hanbonee pacnpocCTpaHeHHble
npusHakn NN B 6accenHe 3MA. Tak, Tharaldsen A. et al.
B paMKaX MHOMOLEHTPOBOro NPOCNEKTUBHOIO UCC/efoBa-
HMA 2023 r. oTMeuyatoT, uTo Y 80 % 06CnefoBaHHbIX NaLyeH-
ToB ¢ OHMK B 6acceriHe 3MA 6b111 06HapyeHbl AepeKTbl
nonen 3pexns [13, 14].

bbina mccnepoBaHa B3aMMOCBA3b MeXxAy JOoKanm3sa-
UMen ouara WHCYNbTa M HalMUYMEM HapyLUeHWA Monewn
3peHus. lMaumeHTbl C HapylweHnem nepudeprnyeckoro
3peHUA NMEeIOT CNIeAYIOLLYI0 NoKanM3aLunio oyara nwemmm:
405 (40,9 %) — B 6acceniHe CMA (x*> = 20,5; Ol = 0,614;
95% [OW: 0,495-0,76; p < 0,01), 190 (79,8 %) — B bac-
ceniHe 3MA (x* = 136; OLWU = 6,24; 95% [AW: 4,459-8,73;
p <0,01), 0 (0 %) — B 6accenHe BCA, 91 (36,3 %) — B BBB
(x* = 9,7, OW = 0,641; 95% OW: 0,485-0,848; p < 0,01)
(puc. 4).

Takum 06pa3om, WaHCbl pPa3BUTUA HapyleHW aedek-
TOB nepudepnyeckoro 3peHusa Ha ¢oHe NN B 6,24 pasa
6onble y nauneHtoB ¢ OHMK B 6acceriHe 3MA, yem npwu
LPYrux nokanmsaumax oyara Uwemnu.

3aBMCMMOCTb TAXKECTU COCTOAHNA NaLNEHTOB, NepeHec-
LUMX UHCYNBT, U HANMUYMA HapyLLUEHWA 3peHNA NpoaHanm3n-
poBanu gns yetblpex WKan (MHaeKkc MobunbHocTn PrBep-
Mua, mogndurLmMpoBaHHasa WKana PaHKWH, nHgekc bapTtena
W WKana MHCyNbTa HaLMOHANbHOTO UHCTUTYTa 3[0POBbA
(NIHSS)) Kak npy NocTynneHnn, Tak 1 Nocsie NPoBeAeHHOM
peabunmtaunn. OgHaKO CTaTUCTUYECKN 3HAUYMMBIX Pe3yib-
TaTOB MOJIy4YeHo He 6biso (p > 0,05) (Tabn. 3).

Ta6nuua 2. CTpyKTypa noKanmsauuy oyara Uemmm no cocyamcTbiM 6acceitHam
Table 2. The structure of localization of the ischemia focus by vascular basins

MauyneHTbI C HapyweHnem 3peHus /

MauyneHTbI C HapyLeHnemM
nepudepunyeckoro speHus /

Patients with visual impairment . cr . . . . ow
Nokanusayus / (n=1521) Patients with impaired peripheral vision (95% AM)* /
Localization (n=686) OR
A6¢. uncno / Dona/ A6c¢. uncno/ Dona/ (95% CI)°
Abs. number Percent Abs. number Percent
0,61
[0) 0, !’
CMA /ACA 988 64,9 % 405 59,0 % (0,50; 0,76)"
6,24
0, 0 ’
3MA/PCA 238 15,6 % 190 27,7 % (4,46, 8,73)"
BCA/ICA 44 2,9% 0 0% —
Bb6 /VB 251 16,5 % 91 13,3% 0,64

(0,49;0,85)"
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Mpumeuanue: Ol — omHoweHue waHcos; V1 — OdosepumesnbHbIli UHMep8aAs; ~ — omHoweHue waHcos ¢ 95% [V;
" — p < 0,01 — cmamucmuyecku 3Ha4uMas pasHuya (kpumepud x?); CMA — cpedHsaa mo3zoeas apmepus; 3MA — 3a0HsAsA
Mo3208as dpmepus; BCA — eHympeHHss coHHAs apmepus; Bbb — sepmebpobazunspHsil 6acceuH.

Note: OR — odds ratio; Cl — confidence interval; " — is the odds ratio with a 95% Cl; ™ — p < 0.01 is a statistically significant
difference (criterion x?); MCA — middle cerebral artery; PCA — posterior cerebral artery; ICA — internal carotid artery;
VBB — vertebrobasilar basin.

Ta6nuua 3. 3aBUCUMOCTb HaNMUKA HAPYLLEHNUA 3PEHNSA U TAXKECTU COCTOSIHUA NaLMEHTOB, NEPEHECLUNX MHCYNBT
Table 3. Dependence of visual impairment and severity of stroke patients

Mpw rocnuranusayum /
During hospitalization

Mocne npoBepeHHoO peabunutayun /
After the rehabilitation

likana /The scale CHapyweHnamn 6e3 HapylleHUl C HapylweHuamMU 6e3 HapyLweHnit

3peHusn / visually 3peHwms /without 3peHus/visually 3peHus/without

impaired visual impairment impaired visual impairment
Nupekc mo6unbHocTy PuBepmng / . - . -
Rivermead Mobility Index 816;9] 8505101 1018; 111 118,121
MoaundunuunpoBaHHas WwWKana 3[3: 4] 3[3;3,25]" 2102:3] 202:3]

PankuHa / Modified Rankin Scale
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OkoHyaHue mabsuywl 3/ Table 3 End

Mpwu rocnutanusauyun /
During hospitalization

Mocne npoBepeHHo peabunutayun /
After the rehabilitation

Llkana / The scale C HapyleHNAMN

6e3 HapyLwieHui

C HapywieHUAMU 6e3 HapyweHui

3peHusn /visually 3peHunsa/without 3peHus/visually 3penHusa/without

impaired visual impairment impaired visual impairment
Unpekc baprena / . anT . . onT
The Barthel Index 75 [60; 80] 75 [60; 80] 82,5 [70; 901 85 [75;90]
NIHSS 6,5 [5; 9] 6 [5; 9] 51[4;7] 4[4;6I

MpumeyaHue: — p > 0,05 — cmamucmuyecku He3Hayumas pasHuyd (U-mecm MaHHa — YumHu).
Note: " — p > 0.05 — statistically insignificant difference (Mann — Whitney U-test).
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B 6acceliHe CMA /
in the MCA basin

B 6acceliHe 3MA /
in the PCA basin

Bcero HapyLueHWin 3puTenbHbIX YHKLWIA /
Total visual function disorders

B 6acceliHe BCA, B BBBG / in the VBB

in the ICA basin

[ Aedextui nons speHns /

Visual field defects

Puc. 4. Jlokanusauma o4aros MWEMWM Y MALMEHTOB C HapyLIeHNeM 3puUTeNbHbIX GYHKLIMI B LlenioM 1 ¢ fedeKkTamm nonemn

3peHunA. (Ha ocm YyKa3aHo yncno I'IaLlI/IEHTOB)

Fig. 4. Localization of ischemic foci in patients with visual impairment in general and with visual field defects. (the Y-axis

shows the number of patients)

Mpumeuarnue: CMA — cpedHss mo3208as apmepus; 3MA — 3a0HAs Mo3z208as apmepus; BCA — eHympeHHss coHHas apme-

pus; BBb — sepmebpobasunapHeili bacceliH.

Note: MCA — middle cerebral artery; PCA — posterior cerebral artery; ICA — internal carotid artery; VBB — vertebrobasilar

basin.

LKanbl OLEHKN TAXeCTWM COCTOAHWA NauueHTa B OC-
HOBHOM GOKYCUPYIOTCA Ha €ro ABuraTesibHON akTMBHOCTU
1 NOBCEJHEBHOWN AeATeNbHOCTM, HO He OXBaTblBaloT MPOo-
6nem co 3peHreM, akTMBHO BAMAIOLWMX Ha peabunutayu-
OHHbII NOTEHLMAN 1 KaueCTBO XM3HWU NaLMeHTOB AaHHOW
kateropuun. EgmHcTBeHHasa wkana NIHSS Bkniouaet TecTbl
[NA OLEeHKM nonen 3peHnsa 1 geuxeHui rmas. OgHako ee
UTOTOBBIN pe3ynbTaT He OTpakaeT 3aBUCMMOCTb Hanmuma
HapyLUeHNA 3peHNA N TAXKECTU COCTOAHMA NaLMeHTOoB, ne-
peHeCLUNX NHCYNbT.

3AKJTIOMEHUE

AHann3 CTPYKTYpbl BHOBb BbIABIEHHbIX 3pUTENbHBIX Ha-
pYLUEHWIA, BO3HUKLLNX B pe3ynbTaTe W, y nauueHToB, npo-
weawmnx 2-i 3tan MeanUMHCKON peabunutauum, nokasarn,
YTO NOAOGHbBIE HAPYLLEHNA [OCTAaTOYHO PAaCNPOCTPAHEHDI
N Cpean HUX NpeobnafaloT fedeKTbl Nona 3peHus ¢ pas-

BUTMEM TFOMOHVMMHOW FEMUAHOMNCUM 1 KBafpaHTaHoNuu,
uTo cocTaBuno 45 % ot Bcex cnyyaeB feduunTa 3peHus.
Pe3ynbTaTbl NMpPOBefEHHOrO PETPOCMNEKTMBHOMO aHanvsa
COBMaAaloT C BbIBOJaMU Apyrux nccnegosatenei [4, 10].

O6palyaeT Ha ceba BHMMaHKe TOT GaKT, UTo B 6OSbLUNH-
CTBe C/lyYaeB pa3BUTUA HAPYLLUEHUA 3PUTENbHBIX QYHKLMINA
(75,1 %) po UM y naumeHToB He Oblna AMArHOCTUPOBaHa
rnasHas NaTonorus, NaumneHTbl He MPeabABAANIM Xanob Ha
3peHue.

CTaTMCTUYECKUA aHanM3 He BbIABWM CTAaTUCTUYECKM
3HAUVMOW CBA3M MEXAY HaNMUMEM HapyLUEHWUA 3peHus
N TAXKECTbIO COCTOAHMSA MaLMUEHTOB, NepeHecLInX NHCYbT
Mo NPUHATOMY HabopPy OLIEHOUHBbIX LWKas. [Jna Komnnekc-
HOI1 OLleHKM HEO6XOAMMO MCMOMNb30BaTb JOMNONMHUTENbHbIE
WHCTPYMEHTbI, KOTOpble BYAYT YUnTbIBaTb M BHOBb BO3HVIK-
e 3puTesibHble HapyLlleHWs, onpeaeneHHbIM obpa3om
BAVAWME Ha peabunnTaLNOHHbIA NpoLecc 1, COOTBET-
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CTBEHHO, Ha ncxon pea6|/|nMTau,|/||/| N KayeCTBO U3HW MNa-
LNEHTOB.

BbiAaBneHHble 3aKOHOMEPHOCT NMOMOTYT onpenennTb
ONarHoCTUYeCcKni anropmnTtm BepgeHMA naumeHToB nodie

OHMK wn cTpaTteruto nx 3putenbHon peabunutaumm, KoTo-
pas fonmxkHa 6biTb HanpaBsieHa Ha KOPPEKLMIO 3pUTENbHbBIX
HapyLleHNA C NepBbiX AHEN MOCTYNJIeHNA NaueHTOB Ha
MeAVLMHCKYI0 peabunuTauuio.
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PE3IOME

BBEJEHUE. MprimeHeHNe rapoKonIonaos 1 rugporeneit NpupogHoro NPoNCXoXaeHns B Ka4yeCcTBe KOMMOHEHTOB GUOMMMETUYe-
CKMX MaTepranoB NMeeT CyLIeCTBEHHOE NMPenMyLLeCTBO, MOCKOMbKY Takue 6rononnmepbl 061aaloT BbICOKON OMIOCOBMECTMOCTbIO.
BmecTe ¢ TeM MacluTabBHOMY BHepeHVI0 NMPUPOAHBIX TMAPOresniel B TKAHEBYIO MHXEHEPUIO 1 MPAKTUYECKYI0 MeAMLUHY NPensaTcTByeT
CNIOXHOCTb CTaHAAPTM3aUMK CTPYKTYPbl 1 XMMUYECKOro COCTaBa 3TOro Kracca 6uononnmepos, a cnefoBaTtesibHo, TPYAHOCTU B MPO-
rHO3MPOBaHNM KJIETOYHOIO OTBETA Ha raporenesble Griomatepuranbl. OgHMM 13 CnocoboB peLleHns AaHHON NPobiemMbl MOXeT 6biTb
VHTerpaumsa MarHUTHbIX HAHOUACTUL B CTPYKTYpPY ruaporenesbix GriomaTepuranos.

LLEJTb. OueHnTb BINSIHME HaHovacTuL MarHeTtuta (HM) Ha 61ocoBMeCcTUMOCTDb 1 aaresunto ¢prubpob1acToB K NOBEPXHOCTY aJIbFMMHATHO-
ro rugporens.

MATEPUAJIbl U METOAbI. Jnsa npurotoBneHns anbrmHaTHOM rmaporeneBon NAEHKN NCNonb3oBanu 2 % BOAHbIA PacTBOP anbrmHaTta
HaTpus. [Ana mogndukauum 6ModyHKLMOHaNbHbIX CBONCTB aflbMMHATHOMO rnaporens rcrnonb3osany HM, o6paboTaHHble TMMOHHON
K1cnoTor. BMOCOBMECTMMOCTb MaTepuasnoB OLEHNBaNM MeToLaMn CBETOBOWN 1 MIOMUHECLIEHTHON MUKPOCKOMUN C UCMONb30BaHMEM
dnioopecueHTHbIX KpacuTenein (DAPI, Rhodamine) n Habopa As oLeHKM MeTabonmyeckom akTMBHOCTU KNETOK C UCMOMb30BaHUEM Te-
Tpa3onueBoro kKpacutensa (MTT-TecT).

PE3YJIbTATbl U OBCYXAEHUE. YcTaHOBNEHO, UTO BHECEHME B COCTaB ajibrMHaTHOM nneHkn HM coxpaHseT nponudepatns-
HYl0 U MeTabonuuecKkylo akTMBHOCTb ¢nbpobnactoB. Yepes 48 yacoB MHKyOaLMM KONMMYECTBO KIETOK yBenuumBaeTtca ¢ 30 + 5
[0 60 + 7 wr./200 MKM?, a MeTabonmnyeckas akTMBHOCTb Grbpo6nacToB coctaBnsaeT 93 % OT KOHTPOJNbHbIX 3HaYeHUI. [ToBEPXHOCTb
rMopUAHON NNEHKM NpuobpeTaeT CNOCOOHOCTb NOAAEPKUBATb AfAre3nto 1 KNU3HeCNoCcobHOCTb GrOPOBIACTOB, KOMMUYECTBO KIETOK
Ha NOBEPXHOCTY rMMOpUAHON NieHKn 6onee yem B 10 pa3 NpeBbILIAET KOMMYECTBO KIIETOK, aAre3MPOBaHHbIX HA aNibrHAaTHOW MeHKe.
Takum obpasom, HM, mogndnumpoBaHHbie TMMOHHOW KUCIOTOM, MOXXHO UCMOJIb30BaThb Af1A perynauny GyHKUMOHAbHbIX KNETOYHbIX
peaKkumin Ha rmgporenesble GrIOMaTepUasbl PACTUTENIBHOTO MPOUCXOXKAEHNS.

3AKJTIOYEHUE. MNpennoxeH HOBbIN CNocob 61ModyHKLMOHANN3aLMKN anbrMHaTHOTO FMAPOrens NyTeM BKIlOYeHNsA B ero coctas HM.
WNHTerpauma HM c nprpogHbiMy rugporensMmm 1 cosfaHne 61uoMaTepuranos C KOHTPOMMPYEMbIMUA CTPYKTYPHO-MeXaHUYeCK/MUN CBON-
CTBaMV MOTYT 6bITb peLleHnem nNpobiembl MPOrHO3NPYEMOro KEeTOYHOTO OTBETA Ha reTeporeHHble Mo COCTaBy U CTPYKType 6rono-
NMepbl.

KJNTIOYEBDIE CJIOBA: HaHouacTuLbl MarHeTUTa, anbriHaT, GrioMUMeTUYECKNe MaTepuanbl, pUBPOGNacTbl, TKaHEBaA UHXKeHe-
pviA, pereHepaTBHas MeMLIMHA, HeMeYKaMEHTO3HOE fleueHie paH
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Use of Magnetic Nanoparticles for Biofunctionalization
of Alginate Hydrogel: Experimental Study Findings
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Petr S. Eremin’, ') Mikhail A. Torlopov?, "2 llia S. Martakov?,

ABSTRACT

INTRODUCTION. The use of naturally occurring hydrocolloids and hydrogels as components of biomimetic materials has a significant
advantage because such biopolymers are highly biocompatible. At the same time, the large-scale introduction of natural hydrogels in
tissue engineering and practical medicine is hampered by the complexity of the structure standardization and chemical composition of
this class of biopolymers, and, consequently, difficulties in predicting the cellular response to hydrogel biomaterials. One way to solve
this problem may be the integration of magnetic nanoparticles into the structure of hydrogel biomaterials.

AIM. To evaluate the effect of magnetite nanoparticles on the biocompatibility and adhesion of fibroblasts to the surface of alginate
hydrogel.

MATERIALS AND METHODS. A 2 % aqueous solution of sodium alginate was used to prepare the alginate hydrogel film. Magnetite
nanoparticles treated with citric acid were used to modify the biofunctional properties of alginate hydrogel. Biocompatibility of
materials was evaluated by light and luminescence microscopy using fluorescent dyes (DAPI, Rhodamine) and a kit for assessing
metabolic activity of cell using a tetrazolium dye (MTT assay).

RESULTS AND DISCUSSION. It was found that the introduction of magnetite nanoparticles into the alginate film increases the
biocompatibility of the hydrogel material. After 48 hours of incubation, the number of cells increases from 30 + 5 to 60 + 7 pcs/200 um?,
and the metabolic activity of fibroblasts is 93 % of the control values. The surface of the hybrid film acquires the ability to maintain the
adhesion and viability of fibroblasts, the number of cells on the surface of the hybrid film is more than 10 times greater than the number
of cells adhered to the alginate film. Thus, magnetite nanoparticles modified with citric acid can be used to regulate functional cellular
responses to plant-derived hydrogel biomaterials.

CONCLUSION. A new method for the biofunctionalization of alginate hydrogel by including magnetite nanoparticles in its composition
is proposed. The integration of magnetite nanoparticles with natural hydrogels and the creation of biomaterials with controlled
structural and mechanical properties can be a solution to the problem of predictable cellular response to biopolymers heterogeneous
in composition and structure.

KEYWORDS: magnetite nanoparticles, alginate, biomimetic materials, fibroblasts, tissue engineering, regenerative medicine,
non-drug wound treatment
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BBEOEHUE

B HacToALlee BpemsA yBennumBaeTcA NOTPeObHOCTb B HO-
BbIX TepaneBTUYECKMX PeLleHNAX, HarnpaBeHHbIX Ha BOC-
CTaHOBNeHne GYHKLUMI TKaHel, yTpauyeHHbIX Kak B pe3y/b-
TaTe PM3MONIOrMYecKmX NPoLIeCcCcoB, HanprMep, Bo3pacTHas
JereHepauus, Tak 1 B pe3ysbTaTe TPaBM U XMPYPrnyeckoro
nevenus [1, 2]. TpaALMOHHbIE METOAbI 1 NPOTOKONbI fe-
UeHVA C NCMONb30BaHNEM IeKapCTBEHHbIX CPEACTB U XU-
pypPruyeckmx MaHunynauum MoryT npumBoauTb K Hebna-
ronpuATHLIM MOCNeACTBUAM ONA MNauMeHTa, Kpome TOoro,
npv nofbope TaKTUKW NeyeHnss HEO6XO0OMMO YUnTbIBaTb
comaTuyeckoe COCTOsHME MaLuneHTa 13-3a onpeaesieHHbIX
NPOTMBOMOKa3aHW B CUYy ero Bo3pacTa uam obuero co-
CTOAHNA opraHmn3ma [3].

B cBA3M C 3TMM coXxpaHAeTcA aKTyalbHOCTb MOUCKa
HOBbIX, B TOM YMC/le HEMeANKaMEHTO3HbIX, METOLOB Jleye-
HuA. TKaHeBaA MHXKeHeprA ABNAETCA OOHMM U3 NepefoBbIX
NOAXOLO0B, MO3BONAET BOCCTAHOBUTb GYHKLMM TKaHW 1 Op-

raHOB MyTeM CO3[aHUA WCKYCCTBEHHbIX OUONOrMYecKmx
CTPYKTYp (6rioMUMETMYECKUX MaTepuanos) AnA 3amelle-
HWA 1 BOCCTaHOBNEHMA yTpayeHHbIX TKaHel. B kauecTBe
KOMMOHEHTOB TKAHEUH)KEHEPHbIX KOHCTPYKUUIN MCMONb-
3yeTcAa KoMbuHauma 13 6UOCOBMECTUMbIX MaTepranos,
KNeToK 1 Gronormyeckn akTMBHbIX Monekyn. Hanbonee
nonynApHbIMU NOAMMEpPaMK AN KOHCTPYMpPOBaHUA 6uro-
MUMETUYECKMX MaTepuanoB ABAATCA rUapokonaonabl
NPUPOAHOTO (anbrMHaT, NeKTUH, XUTO3aH, KOnareH u ap.)
N CUHTETUYECKOrO (NPOM3BOAHbIE MeTaKpwnaTa, rKone-
BOV 1 aKpUITOBOW KMNCIOT U Ap.) MpoucxoxaeHus [4, 5].
MpuMeHeHne rmapPoKONNONA0B 1 TMapPOrenen NPUPOA-
HOro NPOUCXOXKAEHNA B KaUeCTBe KOMMOHEHTOB GLUOMUME-
TUYECKUX MATepranoB MMEET CYLLEeCTBEHHOE MpeunmylLle-
CTBO, MOCKONbKY Takne 6uononvmepbl 0651afatoT BbICOKOM
6uocoBmMecTUMOCTbiO [6, 7]. BmecTe ¢ Tem mMacwTtabHOMY
BHEAPEHMIO MPUPOAHbIX TMAPOrene B TKAHEBYIO NHXeHe-
pUIo 1 NPaKTUYeCKyo MeuLMHY NPenATCTBYET COKHOCTb
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CTaHOapTM3auumM CTPYKTYPbl U XMMUYECKOTo COCTaBa 3TO-
ro knacca 6mononMMepos, a ciefoBaTeslbHO, TPYAHOCTU
B MPOrHO3MpPOBaHWM KNETOYHOrO OTBETA Ha rmgporenesble
6romaTepmansl.

XOpOoLOo M3BECTHO, YTO OT CTPYKTYPHO-MEeXaHUYeCKnX
CBOWCTB 6BiOMaTepunanos, TakNX Kak TBepAOCTb, yNpyrocTb
M LIepOXOBaTOCTb MOBEPXHOCTM, 3aBUCAT PYHKLMOHANb-
Hble KneTouHble peakuyuu [8-10]. CnepoBatesnibHO, U3MeHAA
CTPYKTYPHO-MexaHnyecKre CBOWCTBa MOBEPXHOCTU Ouno-
MaTepranoB, MOXHO PerynnpoBatb U GYHKLUOHaNbHbIN
KNIETOYHbIN OTBET, UTO MOXET CITYXXWUTb HOBbIM U 3ddek-
TUBHbIM METOOM B HEMeVIKaMeHTO3HOM JleYeHnr 1 Npo-
dunakTmKe 3aboneBaHNi, CBA3aHHbIX C HAPYLUEHUAMU Kile-
TOYHbIX GYHKUMI (GMOPO3, XPOHMYECKME PaHbl U Ay TOUM-
MYyHHbIe KOXHble 3aboneBaHusn).

[nAa perynauum CTPYKTYPHO-MeXaHWYeCKnX CBOWNCTB
rmaporeneBbiXx MaTepuanoB WUCMOMb3YyT pa3finyHble Me-
TOAbl OT NPOCTbIX, KaK, HanprMep, BapbUPOBaHUA KOHLEH-
TpaLuuii KOMNOHEHTOB U CMELLNBAHWA Pa3fINYHbIX NosIMe-
posB [8, 11] o NpYMeHeHNA CNOXHbIX PU3NKO-XUMUYECKINX
METOAOB CLUMBKU 1 MCMONb30BaHUA HAHOYACTUL, MeTanoB
1 nx okempos [12, 13].

MprMeHeHne HaHoYaCTWL, MeTaNIOB N X OKCUAOB fAB-
NAETCA OLHUM M3 HOBENLIKX MeTofoB MoanduKaumm 6mo-
dYHKUMOHANbHBIX CBOWCTB TMApOreneBbiXx MaTepuanos
[14-16]. OTgenbHO cnegyeT OTMETUTb NPYIMEHEHME B Kaye-
cTBE MOAMOULMPYIOLNX areHTOB HaHOYaCTML, CMOCOOHbIX
3aJlaHHbIM 06Pa30M YNpPaBnATb CTPYKTYPO FTMAPOreneBbiX
6uomatepuranos 1 GYHKLMOHANIbHbIM KITETOYHbIM OTBETOM.
TakvMK HaHOYaCTVL@MK ABNAIOTCA OKCUAbI Xefle3a — mar-
HeTWT 1 MarreMuT, KoTopble 0671afatoT BbICOKOW MarHUTHOM
BOCMPUMMYMBOCTBIO 1 YYBCTBUTEIbHOCTBIO K BHELLUHEMY
aneKTpoMarHuTHoMmy nonio. [MpuKknagbiBaemoe BHeluHee
MarHuTHoe nose 3actasnsaeT HM BbicTpanBaTbCa ynopago-
YeHHbIM 06pa3om, a B cilyyae ¢ nHTerpauven HM n rugpo-
resiei 370 NO3BONUT CO3AaTb YNOPAAOUYEHHbIE MUKPOCTPYK-
Typbl Ha NOBEPXHOCTMN 1 PErYINPOBaTb Kak MexaHu4yecKme
CBOWCTBA, TaK U MUKPOApXUTEKTYpYy noBepxHocTu [17].

Takum obpaszom, nHterpauus HM B cTpyKTypy rugpo-
reneBbix 6uomaTtepuanoB ABNAETCA NEPCNEeKTUBHbIM Ha-
npae/ieHNemM uWCciefoBaHWI B 06MacTy HanpaBneHHON
6uodyHKLMOHaNM3aumMn MaTepuanos. Pa3Butme gaHHoOro
HanpaBfieHNA NO3BONUT co3faTb GUomaTepuanbl C KOH-
TPONIMPYEMbIMU CTPYKTYPHO-MEeXaHNYeCKMMIN CBOMCTBaMMU
1 NPOrHO3UPYEMbIM KNeTOUYHbIM OTBETOM.

LEJ1b

OueHunTtb BnnsiHne HM Ha 6MOCOBMECTUMOCTb U aare-
310 GpMHPOHNACTOB K MOBEPXHOCTM aNIbIMHATHOIO MMAPO-
rens.

MATEPUAJIbl U METO[bI
Mamepuanei

B paboTte ncnonb3oBaHbl raporesieBble MieHKN, npe-
focTaBneHHble MHcTuTyToM Xumun QegepanbHOro nccne-
[l0BaTENIbCKOrO LieHTPa «KoMM HayuHbIl LIeHTp YpanbCKoro
oTaeneHna Poccuinckon akagemumn Hayk», T. CbIKTbIBKap,
Poccus.

[nAa npuroToBneHNA anbrMHATHON r’MAPOreneBon NieH-
kun (FAM) ncnonb3oBanu 2 % BOAHbLIVA PAcTBOP anbruHaTta
HaTpWA, NOJYYEHHbIN NyTeM ero pacTBOPEHNA B HAarpeTom
o 70 °C soge. Ana moandukaumm 6MopyHKLNOHANbHbBIX
cBorict TAIN ncnonb3oBanu HM, obpaboTaHHble JIMMOH-

ARTICLES

Puc. 1. MukpodoTtorpaduu npocBeunBatoLLen 31eKTPOH-
HOWM MMWKPOCKOMWM HAHOYacTWL, MarHetuTta, moandbuuu-
POBaHHbIX NMMMOHHOW KUcNoToln. Pasmep wkanbl 100 HMm.
CTpenkamu nokasaHbl HAHOYACTULIbI MarHeTUTa

Fig. 1. Transmission electron micrographs of magnetite
nanoparticles modified with citric acid. Scale bar is 100 nm.
Arrows indicate magnetite nanoparticles

Hol KncnoTtor. CMHTE3 TaknX YacTuL NPOBOAMAN MO pas-
paboTaHHoI aBTopamu metoauke [18]. B pesynbrate 6b11m
nonyyeHbl CTabusibHble TMAPO30K, cocToALme 13 chepu-
yecKmx Yactuu ¢ guametpom 1o 20 Hm (puc. 1).

[ns NpuroToBneHNs rMO6pPULHON rMaporeseBon nieH-
Ku, oborawieHHon HM (TAM-HM), B ropsaunii pacTBop anbru-
HaTa HaTpWA NPU MHTEHCUBHOM MepemMeLlBaHY BHOCUN
HM B Buge rugposona ns pacyeta 20 macc.% HM ot macchbl
anbryHaTta HaTpus.

MonyueHHbIN pacTBOP anbruHaTa HaTpWA 1 gUcnepcuio
anbrnHata ¢ HM nocteneHHo octyxanu o 40 °C n nepe-
NnvBann B MOAUCTUPOSbHble YawwKu [eTpu. MonyyeHHble
renesble naeHkn cywmnu npu 40 = 1 °C B KOHBEKLNOHHOM
CyWnnbHOM WKady Ao BRAaXXHOCTU 5 + 2 %, nocrne yero ob-
pabatbiBanu 8 macc.% BoaHbIM pactBopom CaCl, v oTMbIBa-
N1 B OUCTUIMPOBAHHOW BOAE OT ero u3bbiTKa. 3aTem cliu-
Tble rean nomeLlan Ha NoANMpPONMIEHOBYIO MOBEPXHOCTb
n cywunu npu 40 = 1 °C B KOHBEKLMOHHOM CYLUINIbHOM
wKkady A0 AOCTUXKEHUA BAaXHOCTM 4 + 1 %.

WccnepoBanna no  oueHke  6r0GyHKUMOHANbHbIX
CBOWICTB MMIporeneBblX NIEHOK NpoBefeHo Ha 6aze OIBY
«HaunoHanbHbIN MeAVLMHCKNI NCCIe[OBATeNbCKNN LIEHTP
peabunuTaunm n Kypoptonormum» Munsgpasa Poccum (Mo-
cKkBa, Poccus). B nccnegoBaHmm ncnonb3oBanu KoMmepye-
CKYI0 KynbTypy ¢pnbpobnacto Koxu yenoseka HdFb d281,
nprobpeTeHHyto B baHke KneTouHbIX KynbTyp «Konnekuuma
KNeToYHbIX KynbTyp» LleHTpa KonnekTmBHOro nosb3oBa-
HUA WHcTuTyTa 6uonorum passutma um. H.K. KonbuoBa
Poccuinckon akagemmm Hayk.

Memooei

Mpy oueHKe GMOMOrMYECKNX CBOMCTB MaTepranos py-
KOBOJCTBOBANINCb MONIOKEHVAMN CTaHAAPTOB, U3NOMEH-
Hbix B TOCT ISO 10993-5-2011 «M3penus meguiLiMHCKMeE:
oLeHKa 61oNorMyeckoro AencTBus MeAUUMHCKUX K3ge-
nun. UccnegoBaHnA Ha LIUTOTOKCUYHOCTb: METObI in Vitro».

OueHky nponudepaTUBHON aKTUBHOCTU MPOBOAUNIN
npy COBMECTHOM WHKybauum wuccnegyembix o6pasuos
¢ dpnbpobnactamm yenoBeka B TeueHue 24 1 48 yacos. Kne-
TOYHylo cycneHsuo (1 mn), cogepxawyio GrmbpobnacTbl
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(5 X 10* wt./Mn), BHOCKMAW B NIYHKN 12-IyHOUHOrO KyfbTy-
panbHOro nnaHLweTa, MHKybuposanu 60 MUHYT B CTaHAAPT-
HbIX YCNOBMAX ANA NPUKPENIEHNA KIETOK K MOBEPXHOCTU
NYHOK. 3aTeM npeABapuUTENbHO MNPOCTEPUIN30BaHHbIE
30 % >TunoBbiM cnupTom U YO-obnyueHnem o6pasupl
(210 MM) NoMeLLany B IYHKM NAaHLIETOB U3 pacyeTa OfyH
obpasel Ha NyHKy, obllee KO/MMYECTBO MOBTOPOB [AfA
Kakgoro obpasuya — 7 wt. ViHKy6rpoBann B cTaHpapT-
HbIX ycnosuax (37 °C, 5 % CO,). Konnuectso u mopdome-
TPUYECKME XapaKTEPUCTUKM GUOPO6IACcTOB OLEHUBANN
nocsie OKpalVBaHUA JIIOMUHECLIEHTHbIMU KpacUTENAMU
46-gnammnanHo-2-deHmnungonom (DAPI) n Rhodamine B
yepes 24 1 48 yacoB NHKy6auuu. MponndepaTnBHyto aK-
TMBHOCTb OLIEHMBaNW, MOACYMTbIBAA KOMMYECTBO KNETOK
Ha 20 kBagpaTtax nnowagbto 200 MKM? mcnonb3ya AnA
3Toro nporpamMmmMHoe obecneueHue Leica Application Suite
(Leica Microsystems).

OueHKy MeTabonuuyeckor akTUBHOCTV MPOBOLMM
NPy COBMECTHOW WHKybauuu wuccnegyembix o6pasuos
c ¢ubpobnactamn uyenoBeka B TeueHme 24 vacoB. Kne-
TOuHyto cycneHsuo (0,1 mn), cogepalyto GrbpobnacTb
(3,5-4,0 x 10* wTt./Mn), BHOCUAN B NYHKU 96-NYHOUHOrO
KyNnbTypaJibHOro nnaHweTa, WHKyb6upoBanu 60 MUHYT
B CTaHZAPTHbIX YCJIOBUAX ANA NPUKPENIEHNA KNeTOK K No-
BEPXHOCTM NIYHOK. 3aTeM NpefiBapuUTesibHO NPOCTEPUIIN30-
BaHHble obpasubl (35 MM) NomeLlany B IYHKM MaHLIETOB
13 pacueTa oauH obpasew, Ha NyHKyY, oblee KONMYecTBo
MOBTOPOB ANA Kaxzoro obpasua — 7 wr. VIHKybmposanu
B CTaHZApPTHbIX ycnosusx (37 °C, 5 % COZ). Yepes cyTkn 06-
pasubl 1M3BNeKanu, NyHKY NMPOMbIBany CTepuiibHbIM $ocC-
daTHO-coneBbim bydpepom [ynbbekko (DPBS) ot gebpuca,
nocne yero BHocunu 0,1 mn pactBopa DPBS, copepa-
wero 5 mr/mn 3-[4,5-gumetunturason-2-unj-2,5-gudeHnn-
TeTpasonuit 6pomug (MTT). KynbTypanbHble nnaHLWeTbl UH-
KybrpoBanu B TeueHre 5 4acoB B CTaHAAPTHbIX YCIOBUAX.
Mocne atoro pacteop MTT yaananu, n BHocunu 0,2 mn gu-
meTuncynbdokcmaa, HKy6mposanu 10 MUHYT B TEMHOTE
(37 °C npn nepemewwaHnn). ONTMYECKyo NIOTHOCTb pac-
TBOpa M3mepAnu npu 550 HM, NCNonb3yA Af1A 3TOro MUKPO-
nnaHweTHbI poTomeTp iMark (BioRad).

OueHKyY aare3nBHbIX CBOWCTB rMApPOreneBbix 6riomaTe-
puanoB oueHMBanu Mo Konuuectsy ¢ubpobnactos, npu-
KpenmBLLMXCA K NMOBepPXHOCTU obpa3uoB. MNpeasapuTenb-
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HO MPOCTEPWUSIM30BaHHble 0Opa3sLbl MOMELLANN B JIYHKM
12-NyHOUHBIX MMAHLLETOB U3 pacyeTa ofAvH obpasel Ha
NYHKY, obllee KonMyecTBO MOBTOPOB A KaX4oro o6-
pa3ua — 5 wrt. 3atem B NyHKM BHecan 0,1 Mn KneToyHom
cycneHsuu, cogepxalen ¢nbpobnactol B Konuuyectse
3,5-4,0 x 10* wt./mn. IHKybrpoBanu B CTaHAAPTHbIX YCO-
Buax (37 °C, 5 % COZ). Yepes 24 yaca obpa3ubl U3BNEKaNU
1 MPOMbIBaNn OT Heaare3npoBaHHbIX Knetok DPBS. 3atem
06pa3Lbl 06pabaTbiBany 4 % pacTBOPOM Napadpopmanbae-
rmaa, nepmeabunrsaunio KNeTok NpoBOAUIN C UCMOMb30-
BaHvem 0,1 % pactBopa Triton X-100. [Mocne npombiBaHUA
1 BbICYLUMBAHWA NPU KOMHAaTHOW TeMnepaTtype Ha NoBepx-
HOCTb 06pasuLoB MOCNeAOBaTENIbHO HAHOCKMAN PACTBO-
pbl NMOMUHecLeHTHbIX Kpacutenen DAPI n Rhodamine B.
Yepes 10 mnHyT npombiBanu DPBS v nomewann Ha npeg-
MeTHoe cTekno. C nCcnonb3oBaHWEM CBETOBOW 1 NIIOMUHEC-
LEHTHOW MUKPOCKOMUM OLEHMBANN KOMYECTBO 1 MOpdO-
MeTpUYecKme xapakTepuctukn ¢rbpobnactoB. Agresuio
KNEeTOK OLEeHMBanu, NOACUYMTbIBAA KONIMYECTBO KIETOK Ha
20 kBagpaTtax nnowagbto 200 MKM?, UCMONb3yA ANA 3TOro
nporpamMmmHoe obecneyeHue Leica Application Suite (Leica
Microsystems).

MonyyeHHble faHHble 6blIM 06paboTaHbl C MCMONb-
30BaHuem Microsoft Excel 2007. [daHHble npeacTaBasanv
B BUAe cpefHero apndMeTnyeckoro + ctaHgapTHOE OTKJIO-
HeHwue. Mpr cpaBHEHUN BbIGOPOUHBIX CPEAHNX, NUMEIOLLMX
HOpMasibHOe pacnpegenieHne, NCNonb3oBanu t-Kputepumn
CTblogeHTa.

PE3YJIbTATbl U OBCYXAEHUE

TunnyHoe unsobpaxkeHne MOBepPXHOCTU nneHoK [ATll
1 FAN-HM npepgcTaBneHbl Ha pucyHke 2. Mnexkn TAMN 06-
nafaloT LWepoXoBaToON NOBEPXHOCTbIO C BO3BbILWAOLWMMU-
CA CTPYKTYPHbIMU 3neMeHTaMu chepuyeckon 1 npopon-
roeatoli ¢opmbl pasmepammn 1-2 MKm (puc. 2A). MneHka
FAM-HM umeeT NNOTHYIO CTPYKTYpPY M POBHYIO MOBEpPX-
HOCTb, Ha KOTOPOW ABHO BbIAENAIOTCA arperaTbl MarHeTu-
Ta (puc. 2B).

Ha nepsom 3Tane nccnefoBaHus oueHuBany 6Mocos-
MeCTMMOCTb FMAPOreneBbIX MNeHOK ¢ ¢ubpobnactamm
yenoBeka MpU UX COBMECTHOW WHKybauun. B KoHTpo-
ne, yepes 24 yaca KynbTMBUpoBaHusA, Bce GnubpobdnacTbl
npuobpetatoT BepeTeHOBMAHYO dopMy. [nnHa Knetok

Puc. 2. MukpodoTorpadpum cKaHpyoLLeln 31eKTPOHHOWM MUKPOCKOMMY MOBEPXHOCTM anbrMHATHOW rgporesieBom nieH-
ku — TAI (A) 1 anbrmHaTHOWM rngporesieBol NNeHKN, oboralweHHo HaHovacTulamu MarHetuta — FAM-HM (B). OnuvHa

WwKanbl 30 MKMm; CcTpenikamu 0603HaueHbI arperatbl MarHeTuTa

Fig. 2. Scanning electron micrographs of the surface of alginate hydrogel film — AHF (A) and alginate hydrogel film
enriched with magnetite nanoparticles — AHF-MN (B). Scale bar is 30 um; arrows indicate magnetite aggregates
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Puc. 3. OnbpobnacTbl YenoBeKa yepes 24 yaca COBMECTHOMO Ky/bTUBMPOBAHWSA B CTaHAAPTHBIX YCioBusx (A), npu co-
BMECTHOM KyNbTUBMPOBaHUN C anbrMHaTHONM rugporeneBort nneHkon — Al (B) n ¢ anbrmHaTHOWM rmpgporeneBom nieH-
KoW, oboralyeHHo HaHovacTuuamm Mardetuta — FAM-HM (C); ysennueHue X100, pa3mep wkasbl 100 MKM, OKpaluviBaHve

Rhodamine

Fig. 3. Human fibroblasts after 24 hours of co-culture under standard conditions (A), and during co-culture with alginate
hydrogel film — AHF (B) and alginate hydrogel film enriched with magnetite nanoparticles — AHF-MN (C); magnification

%100, scale bar 100 um, Rhodamine staining

c yuyetom dunonoauin coctaBnsaet 73 = 16 Mkm (puc. 3A, 4).
YcTaHOBMEHO, YUTO BHeCeHMe B KynbTypasnbHyto cpegy Al
3amepnaeTt poct GnbpobnacToB, ANMHa KIETOK COCTaB-
naet 48 £ 6 MKM, UTO Ha 35 % MeHblLUe KOHTPObHbIX 3Ha-
yeHwui (puc. 3B, 4). MNpwn nHKybaumm dpnbpobnactos c [All-
HM cyLiecTBeHHbIX pa3fivunii C KOHTPOJbHLIMY 3HaUYeHU-
AMU He BbIABNEHO, pa3Mepbl prbpobnacToB CONOCTaBUMbI
C KOHTponem 1 coctaBnaAT 81 £ 15 Mkm (puc. 3C, 4).

Kak npaBuno, 3agepka B TpaHcpopmaumy KneTok
yKa3blBaeT Ha 3afepxXKy nponudepaTVBHON aKTUBHOCTU
Knetok. [losTomy Ha cnepgytlowem 3Tane uccnefoBaHWA
oueHuBanu nponudepatMBHy0 akTUBHOCTbL Ppubpobna-
CTOB MNPV COBMECTHOM KY/IbTUBMPOBAHWM C FTMAporeneBbl-
MU MJIeHKaMn B TeyeHue 48 yacos.

B KOHTponbHOWM rpynne KonuyectBo ¢unbpobna-
CTOB 4epe3 48 uvacoB KyNbTMBMPOBAHUA COCTaBAAeT
65 + 7 wr./200 MKm? (puc. 5). NMonyueHHble pe3ynbTaTbl
yKa3blBaloT, UTO KIJIeTKW, WCMoJSib3yeMble B WCCNefoBa-
HUK, obnapaloT HopmasnbHoW nponudepaTVBHOM aKTWB-
HOCTblO.

YCTaHOBNEHO, UTO BHeCeHMe B KyNbTypasibHylo cpe-
ay TAI 3amennsaeT nponudepaTVBHYO aKTUBHOCTb Gu-
6pobnacToB, yepe3 48 4YacOB COBMECTHOW MHKybauum
KOJIMYECTBO KNEeTOK He YBennuMBaeTcA W CocCTaBnser
47 + 7 wr./200 MKkm? (puc. 5). Mpn nukybaunn ¢rnbpobna-
ctoB ¢ MAMN-HM cyuwecTBeHHbIX Pa3finynin C KOHTPOJIbHbI-
MW 3HaYEHUAMU He BbIABNEHO, NponudepaTnBHaa akTuB-
HOCTb KJIeTOK COMoCTaBrMa C KOHTposem (puc. 5).

Pe3ynbTaTbl MOpdOMETPMUECKON XapaKTePUCTUKI Kiie-
TOUHbIX peaKkLUin Ha uccrnegyemble MaTepuanbl COrnacyioT-
CA C pe3ynbraTaMu OLeHKU MeTabonmnueckon akTUBHOCTY
KneTok ¢ mcnonb3oBaHnem MTT-TecTa. YcTaHOBNEHO, YTO
yepe3s 48 yacoB COBMeCTHOW MHKybauun ¢nbpobnactos
c obpasuamu Al meTabonunueckan akTUBHOCTb KJIETOK Ha
30-40 % HUKe KOHTPOMbHbIX 3HAYeHUI (puc. 6). Mpu NHKY-
6auun ¢ TAM-HM meTabonnueckas akTMBHOCTb K/IETOK CO-
nocTaBMMa C KOHTposem (puc. 6).

Ha cnepytoliem sTane nccnefoBaHya oLueHMBaNnu agre-
3uio $GnMbpobnacToB K NMOBEPXHOCTU TMApPOreneBbIixX Mie-
HOK. [ocKkonbKy naeHTMOUKaALMA KNEeTOK Ha MOBEPXHOCTU
rmgporenesbIiX MJEHOK MEeTOLOM CBETOBOM MMUKPOCKONUU
3aTpyAHeHa M3-3a HanMumMA 3HAUYUTENIbHOTO KONMYecTBa
apTedaKkTOB, MPOBOAUIN OKpaLUMBaHUE C UCMONb30BaHU-
em Byx pnioopecLieHTHbIX Kpacuteneln: Rhodamine, okpa-
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Puc. 4. [InvHa ¢$unbpobnactoB yenoseka yepes 24 vaca
COBMECTHOrO Ky/NbTUBUPOBAHUA C aNibIMHATHbIMU UL PO-
renesbiMu nneHkamm — Al n anbrmHaTHbIMU rugporene-
BbIMM MNyieHKamu, oboralleHHbIMY HaHoYaCcTULaMy MarHe-
Tnta — [AM-HM. JaHHble npeacTaBneHbl B BUAE cpegHero
aprndmMeTNUYeCKoro 3HaueHNA 1 CTaHAAPTHOrO OTKITOHEeHUS,
KONIMYecTBO 06pa3sLIoB B Kax ol rpynne — 7; " — no cpas-
HEHMIo C KoOHTponem npu p < 0,05.

Fig. 4. Human fibroblasts length after 24 hours of co-
cultivation with alginate hydrogel films — AHF and alginate
hydrogel films enriched with magnetite nanoparticles —
AHF-MN. Data are presented as arithmetic mean and
standard deviation, number of samples in each group — 7;
* — compared to control at p < 0.05

wusatowmm 6enkun, n DAPI, okpalmBatowmm HYKnenHoBble
KNCNOTbI. 3a KNeTK/ NpUHMManncb o0beKTbl, OKpallBae-
Mble ofHOBpeMeHHO Kak Rhodamine, Tak 1 DAPI.

OueHka agresun ¢pubpobnactoB K nosepxHoctn Al
nokasana, uto Yepes 24 4yacoB Noc/e BHeCeHNA KNeTOYHOM
CYCMeH3Mmn KONIMYeCTBO afre3npoBaHHbix ¢rnbpobnactos
CoCTaBnAeT MeHee 5 KneTok Ha 200 MKM?, KNeTKn UMetoT
BbITAHYTYIO dopmy, 6e3 Buanmbix punonoguin (puc. 7A, B).
Ha nosepxHoctn TAMN-HM ¢unbpobnactbl NpucyTcTBYIOT
NpeumyLLeCcTBEHHO B BMAE KOHINIOMEPAaToB KJIeTOK (Ha pu-
CYHKe BblenieHbl KpaCHbIMU cTpenkamm). KonnuecTtso Kne-
TOK B TakuX KONoHuAX Bapbupyetca ot 10-15 go 50-70 wr.
(puc. 7C, D). MonyuyeHHble pe3ynbTaTbl yKa3blBaloT, UTO
FAM-HM npurobpeTtaeT cnocobHOCTb NOAAEPKUBATL aare-
3UI0 U XKM3HECNOCOO6HOCTb dpubpobnacTos.
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Puc. 5. MponudepatreHaa akTMBHOCTb $p1MOPO6MIACTOB NPU COBMECTHOMN UHKYOaLMK C anbrMHaTHbIMU TMAPOreNeBbIMU
nneHkamu — Al v anbrMHaTHBIMU TMgPOreneBbIMU NAeHKaMm, oboraleHHbIMU HaHoYacThLaMm marHetuta — FAMN-HM.
[aHHble NpefcTaBneHbl B BUAe cpefHero apudmeTnyeckoro 3HauyeHus 1 CTaHJapTHOTO OTKOHEHNA, KONMYecTBo obpas-
LIOB B KaXXJoW rpynne — 7; a — Mo CPaBHEHWIO C HayasibHOWM TOUKOW TOM »e rpynnbl npu p < 0,05; b — no cpaBHeHMI0
C KOHTponem npwu p < 0,05

Fig. 5. Proliferative activity of fibroblasts during co-incubation with alginate hydrogel films — AHF and alginate hydrogel
films enriched with magnetite nanoparticles — AHF-MN. Data are presented as arithmetic mean and standard deviation,
number of samples in each group — 7; a — compared to the starting point of the same group at p < 0.05; b — compared

to the control at p < 0.05
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Puc. 6. MeTabonnyeckasa akTMBHOCTb GprOpPo6IacToB ye-
nioBeKa 4yepes 24 1 48 4acoB COBMECTHOMO KyJbTUBMPO-
BaHMWA afiblfMHATHbIMK FMApPOreneBbiMU nieHKamm — AT
W aNbrMHATHBIMU TUAPOreNIeBbIMU MIEHKaMU, 0boraLleH-
HbIMM HaHouyacTMuamu MarHetuta — [AM-HM. [aHHble
npencTaBfieHbl B BUAE CpedHero apudmeTnyeckoro 3Ha-
YeHVA 1 CTaHAAPTHOrO OTKJIOHEHUA, KONMYeCTBO 06pas-
LIOB B KaXJoW rpynmne — 7; a — Mo CPaBHEHWIO C KOHTPO-
nem, NpuHATbIM 3a 100 % (p < 0,05), b — no cpaBHeHuUIO
c AN npn p < 0,05

Fig. 6. Metabolic activity of human fibroblasts after 24
and 48 hours of co-cultivation with alginate hydrogel
films — AHF and alginate hydrogel films enriched with
magnetite nanoparticles — AHF-MN. Data are presented
as the arithmetic mean and standard deviation, the
number of samples in each group is 7; a — compared to
the control taken as 100 % (p < 0.05), b — compared to
AHF at p < 0.05

Takum obpa3om, B NPOBeAEHHOM UCCNefoBaHUN YCTa-
HOBJIEHO, UYTO BHECEeHMe B COCTaB anbrmHaTHOM nneHkn HM
noBbllaeT 6MOCOBMECTMMOCTb TMAPOreNieBoro MaTepuma-
na. MNoBepxHOCTb rMOPUAHOM NNIeHKK NpuobpeTaeT cro-
COBHOCTb MOAAEPXMBaTb AAre3no U >KU3HECNMOCOOHOCTb
¢dunbpobnacTos.

B npoBefgeHHOM MccnefoBaHUM OLEeHUBaNach Crnocob-
HocTb HM mopudnumposatb 61odyHKLMOHaNbHblE CBON-
CTBa MOBEPXHOCTN anbrMHATHOM TMAPOreNeBON MNEHKM.
HM 6binu nonyyeHbl paHee onmMcaHHbIM CNOCO6oM 1 Npea-
CTaBnAKT cobol HaHOUaCTMLbl Okcmaa xenesa (Fe,0,), no-
KpbITble TMMOHHOW KUCIOTON, YTO MOBbIWAET NX 61oCoB-
MecTUMOCTb [18] 1 Tem cambIM paclumpseT 0b6nacT nx npu-
MEHEHMSA, B TOM UMCSIe ANA HYXK[ TKaHEBOW NHXEeHepUun.

TpaguumoHHo B MeguumnHe HM nprmeHsaAloTca gna ynyu-
LWeHNA BM3yanu3auuy PakoBbIX OMyxonen npu NyyeBon
OMarHoCcTUKe C MCMNosib30BaHMEM MO3UTPOHHO-IMUCCUOH-
HOW 1 MarHUTHO-Pe30HaHCHOM Tomorpadum [19, 20]. Kpome
Toro, HM Hawnu cBoe nNpvMeHeHve B rmnepTepMmnyeckom
Tepanu pakoBbIX OMyXOJei 1 B KauecTBe HOCUTENA B CUCTe-
Max afpeCcHON [OCTaBKM fleKapCTBEHHbIX CpeacTs [21, 22].

MprmeHeHne HM B KauecTBe caMOCTOATENbHbIX 61OM0-
rMYecKr aKTUBHbBIX areHTOB OrPaHNUYMBAETCA X LUTOTOK-
CMYHOCTbIO [21]. B €cBA3M € 3TMM MoauduKaLma noBepxHo-
¢t HM NIMMOHHOI KNCNOTON MOXET ObiTb 3$PEKTUBHbLIM
Cnocobom peLleHns Npobnembl, MOCKONbKY NO3BONAET No-
BbICUTb NX GriocoBMeCTUMOCTb [18].

MNpumeHeHne HM ana moandunkaumm cBOMNCTB rmgpore-
new ABNAETCA CPAaBHUTENIbHO HOBbIM NMOAXOLOM B Hamnpas-
neHHon 6nodyHKUMOHaNM3aLMm CBONCTB MOBEPXHOCTU
6ruomatepuanos. [lpu 3ToM criefyeT OTMETUTD, YTO B 6ONb-
LUMHCTBE NPOBOAMMbIX UCCNIefOBaHWI B KauecTBe MaTpu-
ubl ans HM ncnonb3ytoTcsa Guononmmepsl, yxe obnagato-
LMe HN3KOM LINTOTOKCUYHOCTbIO 1 XOPOLUMMY aAre3nBHbI-
MW CBOWNCTBaMU B OTHOLLEHMM KITETOK YeNIoBEeKa, Takume Kak
XUTO3aH [23], $1bpuH [24], >kenaTuH 1 nx komno3suyuu [25].
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Puc. 7. DubpobnacTbl UeioBeKa Ha NMOBEPXHOCTU afibrMHATHOW rugporenesoli niueHkn — Al (A, B) u anbrmHaTHOM ru-
ZporeneBol NneHKW, oborauleHHo HaHovacTmuamu mMardHetuta — TAM-HM (C, D); yBenuueHune X100, pa3mep LKasbl

100 MKMm, oKpatumaHne Rhodamine n DAPI

Fig. 7. Human fibroblasts on the surface of alginate hydrogel film — AHF (A, B) and alginate hydrogel film enriched with
magnetite nanoparticles — AHF-MN (C, D); magnification x100, scale bar 100 um, stained with Rhodamine and DAPI

npmmeqanwe: KPACHbIMU CmpeJIKaMu NOKA3aHbl KJIemKU U UX KOHe/loMepdamebl.

Note: red arrows indicate cells and their conglomerates.

OpnHaKo C TOYKM 3peHUA MeanKo-b1onornyeckoro npu-
MEHEHUA MCMOMb30BaHME KOMMO3UTHLIX MaTepranoB U3
NOIMMEPOB »KUBOTHOTO MPOUCXOXKAEHWA He Bcerga 6e3-
OnacHoO, MOCKOJNIbKY MOXET Bbi3blBaTb Upe3MepHYI0 aKTu-
BaLMIO UMMYHHOBOCMANINTENbHbIX PeaKkLWii U OTTOPXKeHMe
TpaHcnnaHTara [26, 27].

B npoBegeHHOM MccnefoBaHUM B KayecTBe MaTpuupbl
ana HM mncnonb3oBanu anbrnHaTHbIn rugporenns. MNpume-
HeHue rmaporenieBbiX GiOMaTepManoB Ha OCHOBE PacTU-
TeNbHbIX NMOMNCaxapuAoB Bbl3blBAET MEHEE UHTEHCUBHDIN
NPOBOCNANINTENbHbIN OTBET, a TaKXKe NO3BOSIAET KOHTPOSM-
poBaTb GYHKLMOHANbHYI0 akTMBHOCTb Makpodaros 1 Heil-
TPOOUNOB — KIIETOK, PErynmpyoLmx BoCnanuTelbHo-pe-
napaTtrBHble npouecchl [28, 29].

lmaporenun Ha OCHoBe anbrHaTa 1 ApYrux NosnaHNOH-
HbIX PACTUTENbHbIX NMOSIMCAXapPUAOB NIOX0 NOAAEPKMNBAIOT
afresnio KneToK, Yto oOyC/IOBNEHO OTCYTCTBMEM CalToB
knetouyHon agres3vn [30]. Mbl BbIABUAW, YTO MHTErpaumns
HM B coctaB anbriMHaTHoOro rugporena mogunduumpyert
NMOBEPXHOCTb FMAPOreNs 1 CO3AaeT YC0BUA ANA NpuKpe-
NAeHNA KNEeTOK U MoAafep)kaHuAa UX B >KM3HECMOCOOHOM
cocToAHUN. [ToKa HeM3BEeCTHO Kakme UMEHHO U3MeHeHUsA
B cBoMcTBax nosepxHocTtu MAM-HM npusenn K nsmeHeHuo
KneToyHoro otBeTa Ha 6romatepuan. CornacHo JaHHbIM
nuTepaTypbl, 3TO MOryT ObiTb U3MEHEHMA B MOPUCTOCTH,
rmapo¢pobHOCTN, NPUPOAbl 1 NIOTHOCTU pacnpeneneHuns
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XVIMUNYECKNX GYHKLMOHANbHbIX FPYNM, a Takke B MexaHu-
yeckmnx cBoMCTBax buomatepuana [31, 32].

Takum o6pa3om, MonyyYeHHbIe HamMM pe3yNbTaTbl pacln-
pAOT MeToAbl 6UOdYHKLMOHAV3aLUN TMAPOTeNen pacTu-
TeflbHOro npoucxoxaeHusa. HM, mognéounumpoBaHHble nn-
MOHHOW KUC/IOTOW, MOXHO MCMOJSIb30BaTb A Perynayuum
OYHKLUMOHANbHbIX KIETOYHbIX peakuuii Ha rMaporenesble
6uomaTepuanbl PACTUTENBHOIO MpPoUCxXoXxaeHus. WHTe-
rpauma HM B cocTtaB rugporeneBbix 6GuomaTepuanos u3
NPUPOAHBLIX MONNCaxapuoB MOXET pewnTb npobnemy
CTaHZapTM3aLMm CTPYKTYPHO-MeXaHNYeCKnX CBOWCTB Mo-
BEPXHOCTM BUOMaTEpPUANoB N CENEKTUBHOCTU KNETOYHbIX
peakuumn.

3AKJTIIOMEHUE

MpennoxeH HOBbIA CNocob 6rodyHKLMOHanM3aumm
anbrMHaTHOrO rMaporensa nyTemM BKIOUYEHWA B ero CoCTaB
HM. MpumeHeHne HM, moanduumpoBaHHbIX AUMOHHOW
KNCJIOTON, NO3BOJIAET MNOBbLICUTb aAre3VIBHOCTb KOMMO3UT-
Horo rupgporensa B OTHoweHun GrbpobdnacToB yenoseka
N CHU3WTb €ro UUTOTOKCUYHOCTb. HTerpauua HM c npu-
POAOHbIMU FTMAPOrenaMn 1 co3gaHne bMomaTepranos C KOH-
TPONMpyemMbiMU CTPYKTYPHO-MeXaHNYeCKUMM CBOMCTBaMM
MOTyT 6bITb peLleHreM NPobiembl MPOrHO3UPYEMOTO Kiie-
TOYHOrO OTBETa Ha reTeporeHHble Mo COCTaBy U CTPYKType
6uononmepsl.
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ABSTRACT

INTRODUCTION. High-velocity low-amplitude (HVLA) manipulation of the cervical spine is commonly used in clinical practice
to manage various musculoskeletal conditions. This review discusses the safety profile and therapeutic outcomes of cervical HVLA
manipulation, highlighting its role in optimizing patient care while minimizing potential risks.

AIM. To review scientific evidence on the safety and effectiveness of HVLA manipulation therapy on the cervical spine and evaluate its
impact on patients’clinical improvement. Through this analysis, it is expected to provide guidance for practitioners in assessing the risks
and benefits of using HVLA techniques in physiotherapy practice.

MATERIALS AND METHODS. This study employed a literature review approach by collecting articles from the PubMed (49 publications),
ScienceDirect (198 publications), PEDro (2 publications), and EBSCO (21 publications) databases, published between 2014 and 2024.
The initial search identified a total of 270 articles related to HVLA manipulation for cervical musculoskeletal disorders. Following the
selection process, 62 articles were removed due to duplication, 158 articles were deemed irrelevant at the title review stage, and
26 articles were evaluated based on their abstracts. The final selection included 15 articles that met the inclusion criteria for analysis.
The selected articles comprised randomized controlled trials and meta-analyses assessing the effectiveness of HVLA on pain, mobility,
and function. The selection process was conducted systematically to ensure data validity and relevance.

RESULTS AND DISCUSSION. The study findings indicate that the application of HVLA manipulation on the cervical spine is effective in
reducing pain, increasing range of motion (ROM), and improving function in patients with musculoskeletal neck disorders, including
mechanical neck pain and tension headache. HVLA influences joint biomechanics, releases restrictions, and reduces muscle tension,
contributing to enhanced mobility and pain reduction. Additionally, this technique provides pain modulation effects and long-term
benefits for patients’ functional activities. However, implementing HVLA requires a comprehensive risk assessment to identify suitable
patients and minimize potential complications, including the risk of vertebral artery injury. These findings highlight the importance of
an evidence-based approach and caution in clinical practice to ensure optimal and safe therapeutic outcomes.

CONCLUSION. HVLA manual therapy on the cervical spine is effective and safe, particularly for neck pain relief and functional
improvement, although certain risks must be considered. Practitioners should conduct a thorough risk assessment and take patient
conditions into account for optimal outcomes. The impact of HVLA on blood flow, blood pressure, handgrip strength, and cervical spine
muscle strength is not significant, making it unsuitable as a primary intervention.

KEYWORDS: high-velocity low-amplitude (HVLA), musculoskeletal manipulation, therapy safety, neck pain, range of motion
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Be3onacHoCTb U TepaneBTUYECKUE Pe3ynbTAaTbl MAGHUMNYNSALUA
HA LWeMHOM oTAesie NO3BOHOYHUKA BbICOKOCKOPOCTHOM
HU3KOAMMIUTYRHOMA MAOHUNYNSALWU B KITMHUYECKOM NPAKTUKE: 0630p

Hyrpaxa P."”, Pamnu P.B.', Hypxanum J1..", Paxma C.', ®axpuaHa LLL.I'.2

" MonumexHuyeckul uHcmMumym MuHuUcmepcmaea 30pasooxpaHeHus MiHooHe3ulickol Pecnybnuxku Makaccap,
Makaccap, IHOoHe3us
2 BemepaH HauuoHanbHo20 yHUsepcumema passumus xakapmel, [Jxaxkapma, iHOoHe3us

PE3IOME

BBEJEHUE. BbicOKOCKOPOCTHAsA H13KoaMmnnTyaHas TexHnka (HVLA) Ha weliHoM oTaene no3BOHOUYHKKA OObIUHO MCMOMNb3yeTCA B KNu-
HUYeCKOW NpaKTrKe AN neyeHns pasnryHbix 3a6051eBaHNI ONOPHO-ABUraTeNbHOro annapara. B atom o63ope o6cyxpaatotca npoduns
6e30MacHOCTM 1 TepaneBTUYeCKre pe3ynbTaThl WelHo HVLA-MaHunynaumm, nogyepkrsas ee posib B ONTYMU3aLMK yXo[a 3a NaLyeH-
Tamyi IPY MUHMMU3ALUN NOTEHLUASIbHBIX PUCKOB.

LIEJIb. PaccMoTpeTb HayuHble AaHHble 0 6e30nacHOCTY 1 3PpdeKTUBHOCTY Tepanumn MaHunynauvein HVLA Ha weiHOM oTaene no3so-
HOYHVKA 1 OLEHUTb ee BIINAHME Ha KIMHMYECKOEe YIyylleHne COCTOAHNA nauneHToB. OXMAaeTcs, YTo C MOMOLLbIO 3TOro aHanusa oy-
ZyT NpeaocTaBieHbl peKOMeHAAUMY Ans NPAKTUKYOLWUX Bpayel Mo oLeHKe PUCKOB U NPenMyLLecTB NCNofnb3oBaHmsa metogos HVLA
B dM3moTEpPaneBTNYECKON NPpaKTUKe.

MATEPUAJIbl U METO[bI. B 3ToM nccnefoBaHMM NCNONb30Bancs noaxod o63opa nurepatypbl nyTem c6opa cTaTein U3 6a3 faHHbIX
PubMed (49 ny6nukauwmin), ScienceDirect (198 ny6nukauwnit), PEDro (2 ny6nukauun) n EBSCO (21 nybnunkauwms), ony6nmKoBaHHbIX
3a 2014-2024 roppl. [epBoHayanbHbI NOUCK BbIABWIT B 00LLe CNOXKHOCTK 270 cTaTeld, cBsizaHHbIX ¢ HVLA npu WelHbIX MbllLeYHO-CKe-
neTHbIX paccTpoicTaax. Mocne otbopa 62 cTaTby HbINN yaaneHbl U3-3a fyb6nupoBaHus, 158 ctatein 6biM NPU3HaHbI HepeeBaHTHbIMU
Ha 3Tarne pacCMOTPEHUS 3arofIoBKa, a 26 cTaTei Obin oLeHeHbl Ha OCHOBe UX pedepaToB. OKOHUYATESNbHBIV BbIOOP BKItoYan 15 ctaTen,
KOTOpble COOTBETCTBOBANV KPUTEPUAM BKIIOUEHMSA 418 aHanm3a. BoibpaHHble CTaTby BKIIIOYaNM paHAOMM3POBAHHbIE KOHTPONMpYe-
Mble UCMbITaHUA U MeTaaHanu3bl, oleHrBawLwme 3bdekTrBHOCTb HVLA B 0THOWEHUN 6011, noaBUXHOCTY 1 dyHKUMK. Mpouecc oT6opa
NPOBOAUIICA CUCTEMATUYECKU, YTOObI rapaHTUPOBAThb JOCTOBEPHOCTb 1 PeNIEBAHTHOCTb JaHHbIX.

PE3YJIbTATbl U OBCYXAEHUE. Pe3ynbTathl ncciefoBaHUA NOKa3biBaloT, YTO NnpumeHeHne HVLA Ha wenHom oTaene no3BOHOYHMUKA
3bPeKTMBHO ANA yMeHbLIeHWs 6011, yBennyeHns arana3oHa asvkeHnii (ROM) n ynydweHna GyHKLUN Yy NaLMEHTOB C MbILEYHO-CKe-
neTHbIMU 3a60MeBaHNAMY Leu, BKIOUaA MeXaHUYeckyto 605b B Lwee 1 rofioBHyto 605b HanpskeHus. HVLA BnvsaeT Ha GuomexaHuky
CYCTaBOB, CHUMAET OrpaHUYEHUsA 1 CHXKAET MblLUeYHOe Hanps>KeHre, CocoOCTBYA NMOBbILEHMIO MOABUXHOCTU U YMeHbLUeHUIo 60mu.
Kpome Toro, 31a TexHrKa obecneurBaet 3bpeKkTbl MogynaLmy 601 1 JONTOCPOYHbIE NPenMyLLecTBa AnA GYHKLMOHANbHOW aKTUBHO-
cTr naumeHToB. OgHako BHeppeHue HVLA TpebyeT KOMMNIEKCHON OLIEHKM prCKa AN BbIABNEHWSA NOAXOAAMX NALMEHTOB Y MUHUMN-
3aLMV MOTEHUMANbHbIX OCIIOXHEHWIA, BKIOYAA PUCK MOBPEXAEHUA MO3BOHOUYHON apTepurm. ITn pe3ynbTaTbl NOAUYEePKNBAIOT BaXKHOCTb
noaxofa, OCHOBAHHOIO Ha AOKAa3aTeNbCTBAX, M OCTOPOXHOCTUN B KIMHNYECKON NpaKTuKe Ans obecneyeHns onTumanbHbix 1 6e3onac-
HbIX TepaneBTUYECKMX Pe3yNbTaToB.

3AKJTIOYEHUE. HVLA Ha weliHOM oTfene no3BoHOYHMKa 3ddeKTuBHa 1 6e3onacHa, ocobeHHO Ansa obneryeHns 60nu B LWee 1 ynyylue-
HUA GYHKUWMIA, XOTA HEOOXOAVMO YUMUTbIBATb OnpefeneHHble pUcKkU. MpaKTuKyoLwmre Bpaun JOSKHbI MPOBOANTD TLIATENbHYIO OLEHKY
pUCKa 1 yunTbiBaTb COCTOAHME MaLMeEHTa AN AOCTVXKEHMSA ONTUMaNbHbIX pe3ynbTaToB. BnnaHve HVLA Ha KpOBOTOK, apTepuanbHoe
[aBneHue, Cuny PyKonoXatus 1 Cy MblLUL, LWEeNHOro oTaena NO3BOHOYHMKA He ABMAETCA 3HAaUMTENbHbIM, YTO [JeNlaeT ero Henpuroa-
HbIM B KauecTBe MepPBNYHOIO BMeLLaTeIbCTBa.

KJTHOYEBDIE CJTOBA: sbicokockopocTHas HIU3KoaMnnuTyaHas TexHnka (HVLA), MblleUHO-CKeneTHble MaHWynALmm, 6esonac-
HOCTb Tepanuu, 6oJib B LLee, AnanasoH ABVKEHUI

IOna yntnposaHua: Nugraha R., Ramli R.W., Nurhalim L.I, Rahma S., Fahriana S.G. Safety and Therapeutic Outcomes of Cervical
High-Velocity Low-Amplitude Manipulation in Clinical Practice: a Review. Bulletin of Rehabilitation Medicine. 2024; 24(4):130-140.
https://doi.org/10.38025/2078-1962-2025-24-4-130-140
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INTRODUCTION

High-velocity low-amplitude (HVLA) manipulation is
a manual technique commonly used in physiotherapy
and chiropractic care to address various musculoskeletal
disorders. In HVLA, manipulation is performed rapidly but
with relatively low force to influence joint mobility and
reduce tension in the surrounding tissues. This technique
aims to restore joint range of motion, alleviate pain,
and enhance function in areas experiencing restriction

or dysfunction, particularly in the cervical spine (neck)
segment [1]. Cervical HVLA manipulation can help manage
mechanical neck pain and other related musculoskeletal
disorders, such as tension headaches and shoulder pain,
which are closely linked to postural conditions and muscle
imbalances around the cervical region [2, 3].

In clinical practice, the HVLA technique for the cervical
spine is often considered due to its potential benefits in
managing both chronic and acute neck pain. This technique
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is believed to provide rapid and significant results for
certain conditions and is frequently used alongside other
therapeutic modalities, such as strengthening exercises
and stretching, to achieve more optimal treatment
outcomes [4]. Although cervical HVLA manipulation
has the potential to yield positive results, it requires a
comprehensive understanding of anatomy, biomechanics,
and patient risk assessment to minimize the likelihood of
serious adverse effects, such as vertebral artery injury [5].

HVLA manipulation therapy for the cervical spine has
been proven to provide significant benefits in reducing pain,
improving mobility, and enhancing function in patients with
various musculoskeletal disorders of the neck. Several studies
have shown that this technique is effective in reducing the
intensity of mechanical neck pain and increasing cervical
joint range of motion, thereby contributing to postural
recovery and improvement in functional activities [4].

HVLA manipulation also has a positive impact
on patients’ quality of life, particularly for individuals
experiencing limitations in daily activities due to chronic
neck pain. A study by Puentedura E.J. et al. (2012) found
that patients receiving cervical HVLA manipulation showed
significant improvements in pain parameters and quality
of life compared to those undergoing therapy without
manipulation [6]. Additionally, this therapy serves as
a safe, non-surgical option that can be integrated with
other interventions, such as strengthening exercises and
mobilization, to achieve better outcomes in managing neck
disorders, reduce the need for pharmacological treatments,
and lower the risk of long-term complications [7].

Although cervical HVLA manipulation offers potential
benefits, it also raises concerns regarding the risk of injury,
particularly to the vertebral artery and neural structures
surrounding the cervical spine. Vertebral artery injury,
although rare, can lead to serious consequences such
as ischemic stroke induced by thrombosis or embolism
following cervical manipulation [5]. Additionally, there
is a risk of nerve damage due to excessive pressure or
stretching of cervical neural structures, which may result
in radicular pain or other neurological symptoms [8].
These risks are influenced by various factors, including
the manipulation technique used, the patient’s health
condition, and the practitioner’s experience or skill level.
Research suggests that practitioners with proper training
and sufficient experience are more likely to minimize these
risks through comprehensive risk assessment and cautious
technique application [2]. Specific conditions such as
a history of vascular disease or cervical spine disorders
should also be considered in clinical decision-making to
avoid unwanted complications.

There is a lack of consensus among practitioners
regarding the safety limits and appropriate procedural
standards for cervical HVLA techniques, leading to
variations in clinical practice and potential risks for
patients. Existing guidelines and recommendations are
often inconsistent, making it challenging for practitioners
to determine the best approach to implementing this
technique [9]. In this context, a comprehensive review
is essential to compile and analyze the latest scientific
evidence on the safety and effectiveness of cervical HVLA
therapy. By integrating findings from various studies, this
review aims to provide clearer, evidence-based guidance
for practitioners, thereby improving care standards and
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minimizing risks for patients. The results of this review
are expected to serve as a valuable reference in clinical
practice, assisting in better decision-making regarding the
application of cervical HVLA manipulation and promoting
safe and effective physiotherapy practices.

AIM

To review the scientific evidence regarding the safety
and effectiveness of HVLA manipulation therapy on the
cervical spine and to evaluate its impact on patients’ clinical
improvement. Through this analysis, the study aims to
provide guidance for practitioners in assessing the risks and
benefits of using HVLA techniques in physiotherapy practice.

MATERIALS AND METHODS

Publications on this topic were collected and analyzed
from the PubMed, ScienceDirect, PEDro, and EBSCO
databases, covering studies published from 2014 to 2024.
The search algorithm was developed in accordance with
the requirements and guidelines for reporting systematic
reviews and meta-analyses (PRISMA) [10]. The search
strategy included studies using specific search terms and
keywords (including MeSH). Keywords used in the database
search: (“HVLA Thrust” OR “High-Velocity Low-Amplitude”
OR “Cervical Manipulation”) AND “Cervical”. The final search
was conducted on 03.11.2024.

RESULTS AND DISCUSSION
Introduction to High-Velocity Low-Amplitude (HVLA)
Technique

HVLA manipulation is a manual therapy technique
commonly used in physiotherapy and chiropractic
practice to address various musculoskeletal disorders. In
HVLA, manipulation is performed rapidly while applying
relatively low force to influence joint mobility and reduce
surrounding tissue tension. HVLA involves the application
of a quick force within a short duration, distance, and/or
rotational area within the anatomical range of motion of a
joint. This technique targets restrictive barriers across one
or multiple planes of movement to achieve the release of
restrictions [25].

HVLA techniques involve the application of a rapid
force within a short duration, distance, and/or rotational
area within the anatomical range of motion of a joint. This
approach is used to engage restrictive barriers across one
or multiple planes of movement to achieve the release of
restrictions. HVLA manipulation utilizes high velocity and
low amplitude thrusts to manipulate the joint effectively.
According to LaPelusa A. and Bordoni B. [26]. Dr. Kirkaldy-
Willis was the first to conceptualize and publish the theory
of the Biomechanics and Biology of the Spinal Degenerative
Cascade. He defined HVLA as “a skilled, passive therapeutic
maneuver in which a synovial joint is taken beyond its
normal physiological range of motion (toward the restrictive
barrier) without exceeding anatomical integrity limits”.

HVLA therapy is a specialized manual therapy technique
that applies a rapid and short-duration force within a small
range of motion in the joint’s anatomical movement. This
method engages restrictive barriers to achieve the release
of restrictions. HVLA treatment is commonly associated
with an audible and palpable release, often perceived as
a “pop”, which occurs due to cavitation within the spinal
intervertebral joint, followed by subsequent release [27].
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HVLA cervical manipulation techniques offer an
alternative approach for patients with cervical neck
dysfunction beyond traditional medical pathways. This
technique aimstorestore jointrange of motion, reduce pain,
and improve function in areas experiencing restriction or
dysfunction, particularly in the cervical spine segment [1].
HVLA manipulation of the cervical region can help manage
mechanical neck pain and other related musculoskeletal
disorders, such as tension headaches and shoulder pain,
which are closely linked to postural conditions and muscle
imbalances around the cervical area [2, 3].

The cervical region (neck) consists of vascular,
musculoskeletal, and neural pathways between the skull
and the thorax. It is an area prone to injury and somatic
dysfunction, leading to pain and loss of mobility. The use
of HVLA techniques on the cervical spine, while potentially
providing positive outcomes, requires a thorough
understanding of anatomy, biomechanics, and patient risk
assessment to reduce the likelihood of serious side effects,
such as vertebral artery injury [5].

In clinical practice, HVLA techniques on the cervical
spine are often considered for their potential benefits
in addressing both chronic and acute neck pain.
These techniques are believed to produce rapid and
significant results in certain conditions and are frequently
combined with other therapeutic modalities, such as
strengthening exercises and stretching, to achieve more
optimal therapeutic outcomes. HVLA manipulation
therapy for the cervical spine has been shown to
provide significant benefits in reducing pain, improving
mobility, and enhancing function in patients with various
musculoskeletal neck disorders. Several studies indicate
that this technique is effective in reducing the intensity of
mechanical neck pain and increasing the range of motion
in cervical joints, thereby contributing to postural recovery
and improvements in functional activities [4].

Research indicates that HVLA therapy can result in
significant improvements in reducing neck pain and
enhancing functionality. This therapy method is often
found to be more effective than other conservative
treatments or pharmacological interventions. Recent
approaches to risk management recommend thorough
risk assessment and precise clinical decision-making to
minimize potential complications. Practitioners are advised
to conduct a comprehensive evaluation of patients before
initiating therapy [28].

Although HVLA manipulation on the cervical spine
has potential benefits, this technique also raises concerns
regarding the risk of injury, particularly to the vertebral
arteries and neural structures surrounding the cervical
spine. The application of HVLA techniques to the cervical
region requires a comprehensive examination beforehand
to ensure that patients meet safety criteria. This assessment
includes evaluating medical history, physical condition,
and the potential presence of contraindications, such as
vascular disorders or structural issues in the neck, which
may increase the risk of injury [29]. A thorough assessment
can help identify suitable patients, allowing this technique
to be applied effectively without compromising patient
safety.

HVLA therapy works by facilitating joint mobilization
and reducing muscle tension, contributing to pain
reduction and improved mobility. Patients undergoing
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HVLA therapy often report an improved quality of life and
enhanced ability to perform daily activities. These positive
effects can persist after therapy sessions, providing long-
term benefits for patients.

HVLA on Pain and Range of Motion (ROM)

Intervertebral joint dysfunction is characterized by
reduced spinal segment mobility, and spinal manipulation
has the potential to influence joint mobility, leading to
changes in spinal kinematic behavior. It has been found
that HVLA is more effective in reducing neck pain at rest
and in improving active cervical range of motion compared
to control mobilization procedures in subjects suffering
from mechanical neck pain [28].

Proper spinal manipulation procedures will affect the
mobility of non-moving joints and lead to increased range
of motion in specific segments. However, Clements et al.
found that HVLA manipulation of the atlantoaxial joint
resulted in significant immediate improvements in passive
asymmetric atlantoaxial rotation, regardless of whether
the HVLA technique was applied unilaterally — either
toward or away from the restricted rotation — or bilaterally.
Additionally, it was found that the increase in cervical ROM
after the manipulative procedure was not dependent on
the side of manipulation. Therefore, it is possible that the
HVLA thrust possesses an inherent quality that can alter
cervical biomechanics, regardless of the direction or side
of the thrust. HVLA thrust also contributes to an increase
in range of motion. Thus, there is a possibility that pain
modulation effects, rather than direct range of motion
effects, may cause changes in active range of motion [30].

Previous studies have shown that spinal manipulation
is effective in reducing pressure pain thresholds and
increasing cervical range of motion in patients with
mechanical neck pain. Other research has reported that no
long-term changes in passive cervical range of motion occur
following spinal manipulation. Cassidy J.D. et al. compared
the immediate effects of spinal manipulative therapy with
the muscle energy technique as a mobilization procedure
on pain and range of motion in the cervical spine [5].

Safety of HVLA Related to Blood Flow

Vertebrobasilar Artery (VBA) stroke can occur for
a number of reasons. In cases of traumatic events, the
theoretical focus is on mechanical forces associated with
head movement that cause irritation or damage to the
intimallayer,leading tovasospasmortearing of theVertebral
Artery (VA), which alters blood flow. Based on Bernoulli's
principle, an increase in blood flow velocity occurs at and/
or immediately after a point of vascular narrowing due to
stretching or compression. This can result in turbulent and
jetting flow immediately downstream of the distorted area,
potentially triggering a local thrombogenic response that
leads to VBA stroke.

A common hypothesis suggests that head rotation,
including Cervical Spine Manipulation (CSM), can cause
stretching and compression of the VA, leading toareduction
in the cross-sectional area of the blood vessel. Considering
cervical kinematics during rotation, mechanical changes
to the VA are possible. However, in cadaveric studies,
Symons B.M. et al., 2002, and Wuest S. et al., 2010, measured
the axial forces sustained by the VA during the range of
motion, injury testing, and various CSM techniques using
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paired piezoelectric crystals sewn into the arterial wall.
Cervical spinal manipulation produced strain values lower
than those observed during physiological neck rotation
[31,32].

Arterial flow never exceeded half of the end-diastolic
flow seen in stenosis cases confirmed by Yurdakul M. and
Tola M., 2011, and remained entirely within the reference
range afterall head positions and CSM procedures. The most
significant changes were observed during contralateral
rotation, where VA velocity after CSM was 8 % lower than in
the neutral position and 9 % lower than in the mid-position
for peak velocity measurements. When examining VA flow,
the greatest change was 7 %, observed in the contralateral
VA after CSM. These blood flow changes were relatively
small and, according to Licht et al., not considered clinically
significant [33].

Approximately 50 % of total cervical rotation occurs at
the atlantoaxial region. During rotation, it is proposed that
the artery contralateral to the rotation side is stretched,
while the ipsilateral artery is compressed against bony
landmarks in that area. Cervical spinal manipulation is
hypothesized to be a mechanism for vertebral artery injury
due to rotational forces applied during many cervical spinal
manipulation techniques.

Spinal manipulation interventions stretch the vertebral
arteries well within the normal physiological range of neck
movement, making it unlikely that spinal manipulation
thrusts in the cervical region mechanically compromise the
vertebral artery. Manipulation occurs within the normal
physiological limits of cervical rotation and, therefore,
is unlikely to alter or affect the hemodynamics of blood
flow through the ipsilateral vertebral artery. Without
pre-existing risk factors, hemodynamic measurements
of the V3 segment of the vertebral artery indicate no
significant differences in blood flow or blood velocity in the
suboccipital part (V3) of the VA following head rotation or
high-velocity low-amplitude manipulation procedures.

HVLA on Blood Pressure

Spinal Manipulative Therapy (SMT) on the upper cervical
region can enhance parasympathetic dominance, while
SMT on the lower cervical region increases sympathetic
activity in healthy individuals. However, parasympathetic
dominance has been observed in patients with neck pain
who received both upper and lower cervical SMT. Upper
cervical SMT has been shown to lower blood pressure
in healthy individuals, whereas the effects of upper and
lower cervical SMT on patient groups remain unclear.
Nevertheless, a strong increase in vagal tone has been
suggested to counteract sympathetic tone and stress-
related effects or contribute to pain reduction.

Other underlying mechanisms for blood pressure
reduction may include cervicosympathetic reflex
stimulation, modulation of muscle tone, and the elimination
of pressor reflex effects. Welch A. and Boone R., 2001,
reported a significant reduction in blood pressure and
pulse pressure but found no changes in heart rate following
manipulation. Welch hypothesized that if the upper cervical
segments are manipulated, a parasympathetic response
would be triggered due to their proximity to the brainstem,
where the motor nuclei of cranial nerves lll, VII, IX, X, and XI
are located. Conversely, manipulation of the upper thoracic
or lower cervical segments would elicit a sympathetic
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response due to the involvement of the stellate ganglion,
which stimulates the sympathetic chain ganglia [34].

Another theory suggests that the reduction in systolic
blood pressure following upper cervical SMT may be
attributed to the activation of the cervical sympathetic
reflex, which responds to signals from muscle spindles or
Golgi tendon organs in the suboccipital spine to counteract
the vestibulosympathetic reflex [20].

HVLA in Enhancing Handgrip Strength

Spinal manipulation can influence how the central
nervous system responds to functional tasks. Cervical
thrust techniques increase the resting electromyographic
activity of the biceps brachii muscle, which enhances
elbow flexor strength and may affect grip strength [35, 36].
However, the observed changes in grip strength only
represented a 5 % increase from the baseline score, which
is below the clinically significant threshold reported for this
outcome measure [37]. Therefore, it was concluded that
low-cervical and upper-thoracic thrust manipulation is no
more effective than a placebo in inducing grip strength in
patients with chronic, non-specific mechanical neck pain.

A lower pressure pain threshold, compared to healthy
controls, has been observed in patients with chronic non-
specific neck pain both locally at the cervical spine and
along peripheral nerve trunks (median, radial, and ulnar
nerves). Upper limb neurodynamic tests are used to detect
increased mechanosensitivity of the brachial plexus nerve
trunks and report their reliability levels [22].

In randomized controlled trials, the overall findings
indicate that cervical or thoracic thrust manipulation has
similar effects on improving the mechanosensitivity of
upper limb nerve trunks and grip strength in patients
with chronic, non-specific mechanical neck pain. However,
all these changes were small and below the threshold
considered clinically relevant [38].

Regarding free pain grip strength, it is concluded
that spinal manipulation can influence how the central
nervous system responds to functional tasks. Cervical
thrust techniques increase the resting electromyographic
activity of the biceps brachii muscle, which may enhance
elbow flexor strength and affect grip strength. Immediate
changes in grip strength have been observed following
spinal manipulation in healthy individuals and in patients
with lateral epicondylalgia, with improvements ranging
from 10 % to 40 % of baseline values. Contrary to the
findings of Bautista-Aguirre F. et al., changes in this study
only represented a 5 % increase from the initial score,
which was below the clinically significant threshold
reported for this outcome measure. Therefore, it can be
concluded that HVLA is not effective in improving neural
mechanosensitivity or free pain grip strength in patients
with chronic, non-specific mechanical neck pain [38].

HVLA in Enhancing Cervical Spine Muscle Strength
Adequate joint proprioception is crucial for muscle
function, as dysfunctional spinal joints can alter
mechanoreceptor input, affecting neural control of
strength and tone. Poor sensory integration may lead to
movement dysfunction or strength impairment, which
can be addressed through manipulation. Segmental
spinal dysfunction alters neurological input, reducing local
muscle tone and weakening neck muscles, particularly in
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those with neck pain. Treating upper and lower cervical
dysfunction has shown positive effects on anterolateral
neck flexor strength, including muscles like the longus colli,
rectus capitis, scalenes, platysma, and sternocleidomastoid.
The predicted weaker side demonstrated greater strength
gains, leading to bilateral balance in clinical assessments.
This suggests a link between atlas misalignment and
asymmetric muscle strength, highlighting the role of
segmental dysfunction in neural inhibition [22].

Previous studies on manipulation have only reported
temporary treatment effects. The strength gains observed in
the present study may also be temporary. Further research
is needed to determine the duration of the positive effects
of manipulation. The presence of strength enhancement
following passive techniques highlights the potential
role of neurological inhibition in weak muscles during
examination. Although long-term strength gains are best
achieved through therapeutic exercises, reducing inhibitory
afferent input may optimize and accelerate recovery [22].

Manipulation benefits neurological function by
inducing changes in afferent excitation levels from sensory
impulses originating from spinal segments. Altered
afferent input ultimately results in rapid changes in muscle
strength. Treatment of segmental dysfunctions in the
upper and lower cervical spine through manipulation

produces greater improvements in neck strength on the
weaker side compared to the stronger side. This effect is
more pronounced than treatment limited to lower cervical
spine manipulations alone, suggesting that manipulation
has neurological effects that result in immediate changes
in muscle strength. This study also provides strong support
for the necessity of segment-specific and direction-specific
manipulative interventions in patients with mechanical
neck pain [22].

CONCLUSION

HVLA manual therapy applied to the cervical spine
shows promising potential in terms of both safety and
effectiveness. Although certain risks must be considered,
the clinical benefits of this therapy can be substantial,
particularly in managing neck pain and improving
functional capacity. Practitioners should consistently
conduct thorough risk assessments and consider individual
patient conditions to optimize treatment outcomes.
The impact of HVLA on factors such as blood flow, blood
pressure, handgrip strength, and cervical muscle strength
has not been found to be significant, supporting its safety
considerations. Despite its therapeutic effects, HVLA
should not be considered a primary intervention in patient
management.
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YcoBepLIeHCTBOBAHHAS ANNAPATHASA MHEBMOKOMIMpeccus
C UMUTALMEA MAHYANBHOIO NMMPOAPEHAXA B peabUnuTaLmMm nauueHTos
c nuMmpeneMon, CBA3AHHOMU C PAKOM rpyau: o63op

AnxaHoBa T.B.", '~ KoHuyroBa T.B., '’ MycaeBa O.M., '’ MopyHoBa B.A., '’ BacunbeBa B.A.,
LLlep6akoBa O.A., ‘= Aracapos J1.I, "> HazapoBa K.M., >’ MapueHkoBa J1.A.

HayuoHaneHsil MeduyuHcKul ucciedosamesnsckull UeHmp peabunumayuu u Kypopmosnoauu MuH3opasa Poccuu,
Mockea, Poccus

PE3IOME

BBEJAEHUE. CoBepLueHCTBOBaHME OHKOIOMMYECKUX CTPATErnn TeYeHnA NPUBENO K NOBbILLEHMIO NOKa3aTesien BbPKMBAaeMOCTN NaLm-
€HTOB C PaKOM MOJIOYHOW Xefe3bl, YeM 00yCNOBMEH POCT YMCia NauneHToB C NUMbeneMON, CBA3aHHON C paAMKaibHbIM eYeHnem
paka rpyan (JICPT). AkTyanbHbiM ABRAeTCA NOUCK 3PPEeKTUBHbBIX JOMOHUTENbHBIX BMELIATENbCTB, TakMX Kak MoanduLMpoBaHHbIe
nporpaMmbl NepeMeHHO nHeBMaTnyeckoi komnpeccun (MMK), KoTopble MOryT GbITb BKOUEHbBI B CAMOCTOATENbHbIE MPOrPaMMmbl je-
YyeHus nauymeHToB ¢ JICPT, B TOM uncne ana npuMeHeH1s B [OMALUHNX YCTTOBUAX.

LIEJIb. V3yueHre 3$PpeKTUBHOCTY pasfinuHbix coBpemeHHbIx TexHonorui MMK npu JIPC Ha ocHOBe aHanm3a cMcTemMaTnyeckmnx 063o-
POB 1 MeTaaHaNM30B PaHAOMMN3NPOBAHHbIX KOHTPONMPYeMbIX nccnepoBaHuii (PKA).

MATEPUAJIbI U METOJDbI. Mouck npoBoauncs B 6a3ax faHHbIx eLIBRARY.RU, Scopus, PubMed, Web of Science, PEDro no kntouyeBbiM
C/I0BaM Ha PYCCKOM M aHINACKOM A3blKax: MMMpeaema, BepXH/e KOHEUHOCTM, paK rpyaun, nepemMmeHHasa nHeBMokommnpeccua ¢ 1998
no 2024 rr. Bcero Ha mapT 2024 r. 6b110 0TO6PaHO 53 UCTOYHNKA, 3 KOTOPbIX 17 coCTaBuv cucTeMaTnyeckme 063opbl, T — KokpaHoB-
cKuii 0630p, 4 — NpaKTnYecKme pyKoBOACTBa, a Takke 31 PKU (58,49 %).

PE3YJIbTATbl U OBCYXKAEHME. MpoaHanv3npoBaHHble cucTemaTnyeckne o630pbl He CMOIIM NMPOAEMOHCTPUPOBaTL ybeanTenb-
HOCTb [JOMONHUTENbHOW LIEHHOCT MeToAa MaHyasibHoro numéoapeHaxa (MJ1[1) B coctaBe KOMMNEKCHON NPOTMBOOTEYHOW Tepanum
(KMT). NoaTomMy Hamu GbIIM NpoaHaNM3npPoBaHbl pe3ynbraTbl PK/ no npumeHeHWo cCTaHAAPTHBIX Y MOANGULMPOBAHHBIX MPOrpamm
MMNK, KoTopble MOryT BKIIOYATbCA B CAMOCTOATE/IbHbIE NPOrpamMmmbl JlIe4eHMA NaLuneHToB, B TOM Yncie ANa NpUMeHeHnA B JOMALLHMX
ycnosuax. IpdektneHocTb MMK noatsepxaaeTca pesynbratamy 601bLIOro KonnyecTsa nyonukaymnii, oueHusaoLwyx 3oGpeKTrBHOCTb
MMK npwu JICPT. MNMpoBeaeHHble NCCefoBaHNA BKIOYanu B cebs cnepylowme BMellaTenbcTea: KomorHauuo KMNT u MMNK nan Tonbko
MNMNK, npn sTom gasnexue, ncnonbsyemoe npu MNMMK, coctanano ot 40 go 60 Mm pT. CT., @ NPOJOMKMUTENbHOCTb Npoueaypbl MNMK Bapbu-
poBanacb oT 30 MUHYT O 2 YacoB. Pe3ynbTaTbl MOKa3anu, YTo AononHuTeNbHoe ncnonb3osaxue MK k KMT moxeT obneruntb numoe-
[EeMy, HO CyLLeCTBEHHOI pa3HuWLbl MeXay 0OblYHbIM NneyeHnem numoenemMbl C UCMONb30BaHNEM MHEBMATMYECKOTO Hacoca 1 6e3 Hero
He 6b110. YCTaHOBIIEHO, UTO BO BpeMsl HTEHCUBHOW da3bl (pa3a |) neueHms KIMT B couetarnum c MMNK obecneunna 3HaumtenbHo 6onbluee
cpeaHee ymeHblueHne o6bema, yem Tonbko KMT (43,1 % npotus 37,5 %; p = 0,036). B eAVHNYHbIX NPOBEAEHHbIX NCCef0BaHUAX ObIO
YCTaHOBJIEHO, YTO MPUMEHEeHVe METOANKM YCOBEPLUIEHCTBOBaHHO annapaTtHoi nHeBmokomnpeccun (YATK) ¢ umutauuven MJ1J npe-
BOCXOAUT CTaHAApTHY0 MeToauky MNMK 1 6onee afanTMpoBaHo K ANUTENIbHOMY JOMaLUHEMY NPUMeHeHMIo y naumeHToB ¢ JICPT.
3AKJTIOYEHUE. Taknm obpasom, aHanmn3 ony6anMKoBaHHbIX MCTOYHUKOB rMokasan, uto KT B coyetanuu c MMK 6onee 3pdekTmBHO
YMEHbLUAET N36bITOYHDBIN 06bEM 1 M3ObITOUHYO OKPY>KHOCTb BEPXHE KOHEUHOCTU C IMMdEEMON B TeYeHNE OTHOCKTENBHO KOPOTKO-
ro nepviofia HabnoaeHua (oo 8 Heaenb Nocne oKoHYaHWA ¢usmoTtepanum). Kpome Toro, couetaHHoe npumeHeHue KMNT + MMK moxeT
YAYULWUTb NOABMKHOCTD Myieya B YeTbipex GpyHKLMOHANbHbIX MOJNIOXKEHWAX: OTBefeHNe, pa3rnbaHue, crnbaHrie n HapyXHas poTaLus,
YTO MOXET CJIyKNTb OCHOBaHMEM [/1A MePUOANYECKOro HeNnpepbIBHOMO NOAAEPXKMBatoLEro NMMPoapPeHaKHOro neyeHna ANa coxpa-
HeHUs NPOTNBOOTEUYHOTO 3ddeKTa. TakxKe ObIIO0 NOKazaHo, UTo NprmMeHeHne metoarkm YAIMK ¢ ummtauymen ML npesocxogut MK
1 6onee afanTypPoOBaHO K ANNTENbHOMY JOMALUHEMY NMPUMEHEHNMIO Y nauueHTos ¢ JICPT.

M3IIATH | TV 13 VAONVHMIAY ‘A YNVILVL

KJNTIOYEBDIE CJIOBA: numdenema pyku, pak MONOUHOI enesbl, peabunmntaLms, MaHyanbHbIi aumboapeHak, nepemeHHas
NHEBMOKOMMpeccusa
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Advanced Pneumatic Compression Device with Simulated Manual
Lymphatic Drainage in Rehabilitation of Patients with Breast Cancer
Related Lymphedema: a Review

Tatiana V. Apkhanova’, 2 Tatiana V. Konchugova,
Valentina A. Morunova, ‘2’ Valeriia A. Vasileva,
Lev G. Agasarov, ‘= Kristina M. Nazarova,

Olga M. Musaeva,
Olesya A. Shcherbakova,
Larisa A. Marchenkova

National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

ABSTRACT

INTRODUCTION. Improvements in oncological treatment strategies have led to improved survival rates for breast cancer patients,
which is responsible for the increasing number of patients with Breast Cancer Related Lymphedema (BCRL). The search for effective
complementary interventions, such as modified Intermittent Pneumatic Compression (IPC) programmes, that can be incorporated into
stand-alone treatment programmes for patients with BCRL, including for use at home, is relevant.

AIM. To study the efficacy of different modern intermittent pneumatic compression techniques in BCRL based on the analysis of
systematic reviews and meta-analyses of randomized controlled trials (RCTs).

MATERIALS AND METHODS. The search was conducted in the databases eLIBRARY.RU, Scopus, PubMed, Web of Science, and PEDro
using the keywords “lymphedema’; “upper extremities”, “breast cancer’, and “variable pneumocompression” from 1998 to 2024. A total
of 53 sources were selected for March 2024, of which 17 were systematic reviews, one was a Cochrane review, four were practice
guidelines and 31 were RCTs (58.49 %).

RESULTS AND DISCUSSION. The systematic reviews analyzed were unable to demonstrate convincingly the added value of manual
lymphatic drainage (MLD) as part of a Complex Decongestive Therapy (CDT). Therefore, we analyzed the results of RCTs on the use of
standard and modified IPC programmes that can be included in stand-alone patient treatment programmes, including those for home
use. The efficacy of IPC is supported by the results of a large number of publications evaluating the efficacy of IPC in BCRL. The studies
included the following interventions: a combination of CDT and IPC or IPC alone, with the pressure used for IPC ranging from 40 to
60 mmHg and the duration of the IPC procedure varying from 30 minutes to 2 hours. The results showed that the adjunctive use of
IPC to CDT could alleviate lymphedema, but there was no significant difference between conventional treatment of lymphedema with
and without pneumatic pump. It was found that during the intensive phase (phase I) of treatment, CDT combined with IPC provided
significantly greater mean volume reduction than CDT alone (43.1 % vs. 37.5 %; p = 0.036). In the few studies conducted, the use of
the Advanced Pneumatic Compression Device (APCD) technique with simulated MLD was found to be superior to the standard ADPC
technique and more adaptable to long-term home use in patients with BCRL.

CONCLUSION. Thus, analysis of published sources showed that CDT combined with IPC is more effective in reducing excess volume
and excess circumference of the upper limb with lymphedema during a relatively short follow-up period (up to 8 weeks after the end
of physiotherapy). In addition, the combined application of CDT + IPC can improve the shoulder mobility in four functional positions:
extension, extension, flexion and external rotation, which can be the basis for periodic continuous supportive lymphatic drainage
treatment to maintain the anti-edema effect. It has also been shown that the use of the APCD technique with simulated MLD is superior
to IPC and more adapted to long-term home use in patients with BCRL.

KEYWORDS: arm lymphedema, breast cancer, rehabilitation, manual lymphatic drainage, intermittent pneumatic compression
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BBEOEHUE

Bo Bcem mupe pak monouHow enesbl (PMX) anarHo-
cTupyeTca y 2,3 MiH eHwuH exerogHo [1]. CoBeplueH-
CTBOBaHMeE OHKOJIOMMYEeCKUX CTpaTernin 1eyeHnsa npuseno
K MOBbILEHMIO MOKa3aTenen BbPKMBAEMOCTM MaLMEHTOB
c PMX [2].

CnepoBaTenibHO, BCe 6osblue 1 60/bliue BbIXKUBLINX Ma-
LMEHTOB CTaNKMBaKTCA C MOCNeACTBUAMN ATPOreHHbIX MO-
BpeXAeHN, CBA3aHHbIX C paguKanbHbIM nevyeHnem PMPK,
npuyem 6onee yem y 16 % 13 HUX pa3BuBaeTca Numdeae-
Ma, cBA3aHHas ¢ pakom rpyam (JICPT) [3].

B nocnegHue gecatnnetns B Poccuiickon Qepepaummn
TakXe OTMeuaeTca PocT yncia naumeHToB ¢ PMXK, nepe-
HeClW X onepaTMBHOE NleyeHne ¢ ANCCceKUnen permoHap-
HbIX TMMbaTMUeCcKUX y3/10B 1 nyyeBol Tepanueii [4]. Pa3-
BMBalOLWMECA B OTAaNIEHHble MOCeonepaLnoHHble nepu-
opbl TAXKenble GOPMbl BTOPUYHOWN MUMPeEMbI PYKU OTIN-
YaloTCA BbICOKOWM PE3NCTEHTHOCTBIO K leyeHunio 1 Tpebytot
LNTENBHOIO NPUMEHEHNA MHTEHCUBHbIX JOPOrOCTOALMX
BMelwaTenbcTB [5, 6]. Takxe yctaHoBneHo, yto JICPT mo-
XKeT oTpuLaTeNbHO BAUATL Ha NCUXONIOTNYECKU KOMDOPT,
OYHKLMOHANbHOCTb U KAYeCTBO XMU3HM NaLNEeHTOB.
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KomnnekcHada npoteooTeyHaa Tepanua (KMT) B HacTo-
fAllee BpeMs OCTaeTCA 30/10TbIM CTaHAAPTOM KOHCEPBaTUB-
Horo neyeHnsa nuMdeneMbl KOHEYHOCTEN 1 NOALEPKMBaET-
CA pe3ynbTaTaMyi MHOTOUMCIEHHbIX PaHAOMU3UPOBaHHbIX
KNMHNYecknx nccnepoanuni (PKW), a Takxke BXOAUT KakK Te-
panua NepBol JIMHUN B OCHOBHblE MeXAYHapOoAHbIe U Ha-
LMOHanbHble PYKOBOACTBA Mo BefeHuio naumeHTos ¢ JICPT.
B 10 ke Bpema npumeHeHne KomnoHeHToB KIT (MaHyanb-
HbI numdoppeHax (MJ1), KomnpeccMoHHoe GaHAAXKMPO-
BaHMe KOHeUYHOCTW, du3nyecKkne ynpaxHeHUA U yxon 3a
KOXel) OTNNYaeTCA N3HYPUTESIbHOCTbIO, BbICOKOW CTOMMO-
CTbIO U H3KOW NPUBEPKEHHOCTbBIO NaLMEHTOB neyenuto [7].

KMNT aABnaeTcA 4YeTbIpeXKOMMOHEHTHbIM KOHCepBaTWB-
HbIM BMeLLIaTeIbCTBOM, COCTOAWMM U3 1-1 $a3bl (MHTEHCKB-
HOW), HanpaB/IeHHON Ha YMeHblUEeHNEe OTeKa, U 2-I da3bl
(nogpepkmBatoLLeit), HaNnpaBNeHHON Ha COXpaHeHue pe-
3ynbraToB 1-11 $asbl, TO eCTb Ha yaepKaHue paHee JOCTUr-
HYTOrO YMeHbLLEHHOTO OTeKa.

B TeueHume pecatunetun pyuyHoun numdogpeHax/MJ1]
LWMPOKO ncnonbdyetca ana nedenua JICPI, Tem He meHee
3¢ dekTnBHOCTL MJ1 Kak cocTaBnatowern yactu KMT BbI3bl-
BaeT BOMNPOChI 1 OCTAETCA ANCKYTabenbHom [8].

B KokpaHoBcKOM cucTemaTyeckom o63ope 2015 .,
BK/oyaBluem 6 PKU, 6bina npoBefeHa oueHKa adpdeKTus-
HocTK 1 6e3onacHocT MJ1[ npw neveHunn JICPT, npu 3Tom
M3yyanucb NepBUYHble pe3ynbTaTbl (0ObemHble n3MeHe-
HMA 1 HebnaronpuATHble COObLITMA), @ TakKe BTOPUYHbIE
pe3ynbraThl (QyHKUMA PyKKU, CyObEKTMBHbIE OLLyLIEeHNUS,
KauecTBO XM3HW 1 CTOMMOCTb neyveHus) [8]. ABTopbl pa3fe-
nunu PKA Ha ocHOBe CX0XKKMX AN3aHOB Ha TPU KaTeropum:

1) M + cTaHfapTHaa ¢u3moTepanusa NpPoTUB CTaH-
JaptHon ¢umsmnotepanun (1 PKW) nokasanu 3HauuTenbHble
ynyulieHna B obenx rpynnax no CpaBHEHUIO C UCXOAHbIM
YPOBHEM, HO He OblI0 3HAUMTENbHbLIX Pa3NUUUA Mexay
rpynnamum no npoLeHTHOMY CHUXKeHMIo oTeka [9]. ABTopbI
cooOLWmnun, Yto B KOHLe dasbl | CyLeCcTBEHHbIX pa3nnynii
mMexay rpynnamm He Habntoganocs (p = 0,66), NoaTomy aB-
TOpbl 06beAVHNNN JaHHble NO 06enM rpynnam 1 cooodLm-
nun 06 obLem CTaTUCTUYECKU 3HAUMMOM CHUXKeHNY Ha 43 %
MO CPaBHEHUIO C CXOAHbBIM YpoBHeM (p < 0,001).

2) M1 + KOMNpeccMoHHoe OMHTOBaHME MPOTUB
KOMMNpeccMoHHoro 6ruHToBaHuA (2 PKW) nokasanu 3Hauu-
TefbHble NpoueHTHble cHuXeHnA oT 30 % fo 38,6 % ana
OfHOro KOMMPECCMOHHOro OMHTOBaHMA U LOMOMHUTENb-
Hoe CHmXeHue Ha 7,11 % gna MJ1[ + komnpeccMoHHoe
6uHToBaHue (SMD = 7,11 %; 95% JW: 1,75-12,47 %; 2 PKI;
83 yyacTHMKa). YMeHblueHne o6beMa KOHEYHOCTU He 6blno
3HauMMbIM. AHanm3 noarpynn Obin 3HaUMMbIM, MOKa3biBas,
YTO YUYaCTHUKN C nerkom n cpepHen cteneHbto JICPT nyuywwe
pearnpoBanv Ha MJ1[l, yem y4acTHMKM CO CpefHen n Taxe-
non cteneHbio numoeaemsl [10, 11].

3) MJ1J + KoMnpeccroHHaa Tepanusa No CpPaBHEHUIO
c neyeHnem 6e3 MJ1[] + komnpeccroHHasa Tepanua (3 PKA).
B oOHOM M3 MCMbITaHUA CPaBHUBANN KOMMPECCUOHHBIN
pykaB + MJ1[l ¢ komnpeccuoHHbIM pykasom + [MK [12].
YMeHblleHne obbema OblI0 CTaTUCTUYECKM 3HAUYUMbIM
B nonb3zy MJ1] (MD — 47,00 mn; 95% OWN: 15,25-78,75 mn;
1 PKW; 24 yyacTHMKA), NPOLIEHTHOE YMeHbLIeHNe He Oblfio
3HaummbIm (p = 0,07), 06bem numbenembl He Obin 3HaUM-
MbiM. Bo BTOpOM wnccnefoBaHWM KOMMNPECCUOHHbBIN py-
kaB + MJ1l cpaBHMBaNCA C KOMMNPECCMOHHbIM PyKaBOM +
CaMOCTOSITeNbHbIN NpocToli numdogpeHax (Self-Lymph
Drainage/SLD), MJ1[1 6611 3HauUMMbIM Ana obbema numde-
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aembl (SMD = 230,00 mn, 95% W: ot 450,84 mn go -9,16 mn;
1 PKW; 31 yyacTHUK), HO He AnA ymeHblueHusa obbema
Unu npoueHTa ymeHblueHus [13]. TpeTbe mccnepgoBaHune
MJ1] + KOMMpecCMoHHOe OUHTOBaHWE MO CPaBHEHWIO
¢ SLD + komnpeccroHHoe 6uHToBaHue [14] He Oblno 3Ha-
ynmbim (p = 0,10) gna NpoueHTa YMeHbLUEHNA, e4UHCTBEH-
HOro mn3mepsaemoro pesynotata (MD — 11,80 %, 95% AW
2,47-26,07 %, 28 yyacTHuKOB) [12-14].

ABTOpbl AaHHOro KoKpaHOBCKOro o63opa npuwim
K cnegytowmm Boisogam: MJ1] 6e3onaceH n moxeT obecne-
YMTb AOMONHUTENbHYIO MONb3Y MPY COYETaHUUN C KOMMpPeC-
CUNOHHbIM OMHTOBaHMEM ANA YMeHblUeHUA oTeka. Pe3ynb-
TaTbl ObINMM NPOTUBOPEUUBLIMU B OTHOLIEHUU OYHKLUN
(Anana3oHa ABMXKEHUN) N HeybeauTENbHbBIMU B OTHOLUE-
HUM KayecTBa XU3HW. YTO KacaeTca Takmx CUMNTOMOB, KakK
6015b 1 TAXecTb, OT 60 % A0 80 % y4aCTHUKOB COOOLLMN
06 ynyulueHN camoyyBCTBUSA HE3ABMCUMO OT TOFO, Kakoe
neyeHune oHn nonyyvyanu. fogoBoe HabnoaeHe Nokasano,
UTO MOCsIe YMEHbLUEHNA OTeKa y4yacTHUKN, CKopee BCero,
O6ynyT ero nofAep)krMBaTb Ha HU3KOM YPOBHE, eCiiv Npo-
[OJKAT MCNOMb30BaTb U3rOTOBJIEHHbIV Ha 3aKa3 KoMnpec-
CMOHHbI pyKaB.

Takum 06pa3om, MpPoBefeHHble UCcefoBaHMA MNog-
TBEPAWUIM BbIBOAbI O TOM, YTO MHTEHCUBHAA NPOTMBOOTEY-
HaAa ¢usmotepanua (1-a ¢pasa KMNT) 3HaUNTENBHO CHUXKAET
o6bem KOHeuHocTen ¢ nuMmbeneMon 1 ynyyliaet noBces-
HeBHOe QYHKUMOHUpOBaHMe y naumeHTos ¢ JICPT. Kpome
TOoro, 6bI10 MOKa3aHo, YTo AobaBneHHas LeHHocTb M1
(no cpaBHeHuto ¢ nnauebo/otcyTcTBrem MJ1[]) no cpaBHe-
Huto ¢ apyrumun metogamum KNT gna nevenuna JICPT gosonb-
HO OrpaHnyeHa.

NccnepoBaHue De Vrieze T. et al. 2022 r. 661510 Hanpas-
NIEHO Ha NoATBEpP)KAEHME KIMHMYeCKon 3$deKTUBHOCTM
MIJ B coctase KIMT npw JICPT. Mpu 3TOoM pyyHOM numeo-
LApeHax Obln ONTUMM3MPOBaH NMyTeM ero aganTauun K na-
LMEHTY C nomoLbto dtoopecueHTHOM numdorpadum ¢ nH-
Jouranugom 3eneHbim [15]. B 5 6onbHuLax benbrum 6bino
oTo6paHo 194 nayneHTa, KOTopble ObIIM PaHAOMU3NPOBA-
Hbl Ha 3 rpynnbl: MJ1[] nog peHTreHOCKONMMYECKMM KOHT-
ponem (n = 65); TpaguumnoHHbin MJ1L (n = 64) n nnayebo-
MIJ (n = 65). Bcem naumeHTam BbIMOAHANNCD CTaHAAPTHaA
numdartuyeckan Tepanus, BKovaroLana obyyeHune, yxoq 3a
KOXKeW, KOMNPeCCMOoHHaA Tepanua, Gprsnyeckue yrnpakHe-
HUA B BUAe 14 ceaHCcoB MHTeHcMBHOM da3bl KIMT (3 Hepenun
BMellaTenbCcTBa) U 17 ceaHCOB noppepxmBatowien ¢asbl
KMT (6 mecAueB HabnogeHns).

Mocne ¢a3bl MHTEHCUMBHOIO neyeHuA U3BbITOYHbIN
06beM NMMpaTNUYECKOrO OTeKa YMEHbLUWICA BO BCEX TPEX
rpynnax: B rpynne MJ1J] nog KOHTponeM peHTreHoCKonumn
(abcontoTHOE yMeHblUEeHME U36bITOYHOTo 06bema Ha 5,3 %
(B MPOLIEHTHbIX MYHKTaX) N OTHOCUTENTbHOE YMEHbLUEHME
Ha 23,3 %) u B rpynne TpaguumoHHoro MJ1[1 (abcontoTHoe
ymeHblueHne Ha 5,2 % wuinm OTHOCUTESIbHOE YMeHblue-
Hue Ha 20,9 %), a TakKe B rpynne niauebo (abconoTHoe
yMeHbLleHne Ha 5,4 % Wnn OTHOCUTENbHOE YMeHbLUeHne
Ha 24,8 %). OgHaKo KIVHWYECKM 3HAUMMbIX Pasnnymii
B YMEHbLUEHUN 06bemMa MeXAy rpyrnnamMu BbisBIEHO He
6bIf10, NPV 3TOM BCE MEXIPYMNMOBbIe PA3NNYMA U UX HO-
BepuTeNbHble MHTEPBAJbl UMENN BEINUYNHY MeHee 2 Npo-
LIEHTHbIX MYHKTOB.

Takum obpasom, faHHoe PKU De Vrieze T. et al. 8 2022 1.
nokasasno, Yto TpagmumoHHbii M1 n MJ1[1 nog KoHTpo-
nem ¢noopecuyeHTHo numdorpadumn ¢ MHZOUMAHULOM
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3eNeHbIM B KauyecTBe fononHeHus K KIMNT He npeBocxoannm
nnaue6o-MJ1[l B CHWKeHUN OoObeMa PyKU WU HaKorJe-
HMA KNOKOCTW Ha YpPOBHE Nyeya/Tynosuila y nauneHToB
cJICPT [15].

Taknm obpasom, cuctemaTMyeckne 0630pbl, BKIOYA-
towme KoKpaHOBCKUI cucTemaTmyecknii o63op (2015), He
CMOITIN NPOAEMOHCTPUPOBATb KaKylo-nMbo fONOnHUTeNb-
Hyto LeHHoCTb MeToga MJ1[] B cocTase KIIT [8, 16]. YeTbipe
nposefeHHbIX PKN Takxe He cMornM MpogeMoHCTpUpo-
BaTb KaKOM-NNOO CYLLECTBEHHbIN 3PPeKT fobaBneHUs Tpa-
anumoHHoro M k KMT B ymeHbLieHUN o6bema numbeae-
Mbl [17-20].

MoaToMy B HacTosllee BpeMA aKTyaslbHbIM ABMAETCA
NOUCK 3PPEKTUBHBIX [OMOMAHUTENbBHBIX BMELIATENbLCTB,
TaKMX Kak MOANGULMPOBAHHbIE MPOrpPammbl NePeMeEHHON
nHeBMaTnyeckon komnpeccuu (MIMK), koTopble MOryT 6bITb
BKJIIOUYEHbl B CAMOCTOATESIbHbIE MPOrpammbl ieyeHUs na-
LIMEeHTOB, B TOM YKcCe ANiA NPYMEHeHNA B JOMALUHUX YCNo-
BuAx [21].

LEJIb

MN3yueHne 3dPpeKTBHOCTN pPasnmnUHbIX COBPEMEHHbIX
TEXHONOTUIN NepemeHHon nHeBmokomnpeccum npu JICPT
Ha OCHOBe aHanM3a crcTemMmaTuyeckx 0630poB 1 MeTaaHa-
nun3os PKU.

MATEPUAIJIbl U METOAbI

Monck npoBogunca B 6a3sax AaHHbix elLIBRARY.RU,
Scopus, PubMed, Web of Science, PEDro no KnioueBbiM
CNOBaM Ha PYCCKOM W aHINACKOM fA3blkax: Numdeaema,
BEPXHME KOHEYHOCTW, paKk rpyan, nepemeHHas MHEBMO-
komnpeccraA ¢ 1998 no 2024 rr. Bcero Ha mapT 2024 1. 66110
0TO6PaHO 53 NCTOUHKKA, 13 KOTOPbIX 17 COCTaBMN CUCTE-
MaTunyeckne 063opbl, T — KoKpaHoBcKmin 0630p, 4 — Knu-
HUYeCKne pyKoBOACTBA, a Takxe 31 PKU (58,49 %).

PE3YJIbTATbl U OBCYXAEHUE

TexHonorum MIMK 3BoAlOLUMOHNPOBaNM OT OfHOKamMep-
HbIX MaHXXeT-carnoXKKoB B 1950-x Im. 4O MHOroKaMepHbIX
MaHXeT M YCOBEpLUEHCTBOBAHHbIX MHEBMAaTUYeCKMX Ha-
COCOB, KOTOpble obecrneuyrBaloT MocnefoBaTeslbHY0 Wn
NnepucTanbTUYECKYI0O KOMMPECCUio MO BOCXOAALLEN cXxeme
BBEPX MO KOHEYHOCTN, BapbUPYACh MO BPEMEHHbIM LiMK/IaM
N BeIYMHAM [aBfIeHUA, HaYMHAA OT YCTPOWCTB C HU3KNM
JaBfieHneM 1 MefifieHHO CKOPOCTbIO HarHeTaHWA BO3AyXa
[0 YCTPOWCTB C BbICOK/M AaBneHnem 1 ObiCTPON CKopo-
CTblO HarHeTaHuA Bo3ayxa [22, 23].

SddektnBHocTb MMNK nogTBepxpaeTca pesynbraTamu
6onbworo Konuuectsa nybnuMkaumii, oueHuBalWmUx 3¢-
dekTnBHOCTb MMK npu JICPT [24-28].

YcTtaHoBneHo, Yto npu npumeHeHun MNMNK otmevatotca
NONOXNTeNbHbIE M3MEHEHUA B oObeme KOHeUYHOCTW, du-
31MYECKOM 1 SMOLIMOHANIbHOM COCTOAHUM NaumeHToB. [Mpo-
OOMKNTENbHOCTb fleveHna BapbrpoBanacb ot 10 gHen go
12 Hepenb, NPU 3TOM 3HaUYNUTENIbHOE YMeHbLUeHne obbema
KOHEeYHOCTM 6bl1I0 06HaAPY>KEHO B KaXKAOM UCCNefoBaHUN
(B ananasoHe ot 5,8 % Ao 45,3 %).

Hanbonee nonHbin cuctematnyeckuin ob3op Tran K.
B 2017 r. pe3ynbTaToB UCCNEA0BaHUN, NMOCBALLEHHbIX 3¢-
dekTtmBHocTy MMK npu JICPT, BbiaBun pag npobaemHbIx
aCMeKToB ee KIMHNYECKOro NpYMeHeHsA:

1) cnopHble pe3ynbTaTbl KIMHUYECKON 3OPEeKTUBHOCTY
MK, kak gononHeHus K KMNT B 1-10 1 2-10 $pa3bl neyeHus;
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2) 3aBucumoctb 3ddekTuBHocT [IMK 0T ypoBHA
[aBfieHNA B MHEBMAaTUYECKUX MaHXeTax — KaKoW ypo-
BeHb [AaBneHuA ABNAETCA OMTUMaJIbHbIM: BbICOKAA WK
HU3KNI?

3) BO3MOXHOCTU NpuMeHeHuAa MK B gomaluHuMX yc-
NOBUAX ONA COXPaHEHWA pe3yNbTaToB NMPOTUBOOTEYHOrO
neveHus;

4) npumeHeHWe annapaTHbIX MeToAoB NuMdoApPeHa-
Xa, nmuTnpytowmnx MJ1[, geMoHCTpUpYT GonbLIylo Ku-
HUYeckyto 3GPeKTUBHOCTb, HO TPebyIOT 6onee AeTaNbHOrO
n3yyeHus Ha bonbluem KonnyecTse nayneHTos [29].

HecmoTpsa Ha cyulecTBylowme fokasaTenbcTBa adpdek-
TBHocTU MIMK npun numdeneme, B nepyto ouepefb 3a cyeT
NPOTUBOOTEYHOrO fencTamA, npumeHeHue MNMNK HekoTopbl-
MW aBTOpaMy He NofLepKMBaeTCA 13-3a Pa3BMBAIOLLNXCA
nobouHbIx 3GHeKToB, B TOM Uncie peuramBa oTeka 13-3a
OCTaTOUHbIX GeNkoB, KOTOpble OCTAlOTCA B WHTEPCTULM-
anbHOM MPOCTPAHCTBE, M MOTEHLMANIbHOrO MOBPEXAEHWUA
nMMPaTUYECKON CTPYKTYPbl U3-3a MPUMEHEHNA BbICOKOIO
KoMMpeccMoHHoro aasneHusa [30, 31].

B naHHOM 0630pe nuTtepatypbl [29] n3 143 BblABNEHHbIX
WCTOYHMKOB 123 MCTOUYHMKA ObINM NCKIoYeHbI, a 20 ny6nu-
Kauum 6o oTobpaHbl AnA MONHOTEKCTOBOrO aHanmsa,
B TOM yncne 1 cuctemaTuyeckuin 063op 1 metaaHanms [32],
3 PKM 1 2 knuHnyecknx pykosogcTsaa [33, 34].

Cnctematmyecknin o63op u  MeTaaHanu3 Shao Y.
B 2014 r. [32] Bkntoyan cemb PKN ¢ ncnonbsosanmem MK
ana neyenus JICPT (n = 287). llumdatnyecknin otek pyku
onpenenanca Kak abconoTHoe yBenuueHne obbema pyKu
He meHee yem Ha 10 % nnm 2 M o CpaBHEHUIO C Hernopa-
MEHHON pyKOW.

BmewaTenbctBa BKtovanu B ceba kombuHauuio KMT
n MMK nnn Tonbko MIMK. B KauectBe cpaBHEHUA NCMOSb-
3o0Banucb tonbko KIMT ¢ MJ1[. aBneHne, ncnonb3yemoe
npwu MMK, coctaBnano ot 40 go 60 Mm pT. CT., @ NPOJOIKN-
TenbHOCTb Npoueaypsbl MMNK Bapbuposanacb oT 30 MUHYT
[0 2 yacoB. KnuHmnyeckue pesynbraTbl BKAOYaNM Mpo-
LleHTHOE CHVXeHMe OTeYHOCTM U CyObeKTMBHbIE CMMMTO-
Mbl, TaKMe KaK TaXKeCTb, 60Nb 1 HanpsKeHne B pyKe, a Tak-
e NoABWMXHOCTb CycTaBoB. [leprop neyeHna coctaBnAan
oT 2 fo 15 Hepenb, a Nnepuop HabnoaeHNs — oT 2 Hefenb
[0 3 mecAueB. Pe3ynbraTbl MOKa3anu, YTo NCNOb30BaHMe
MMK mokeT ob6neruntb numdenemy, Ho CyLLLeCTBEHHON pas-
HULbI MeXAy OObIUHbIM NleueHreM numdenembl C UCMONb-
30BaHMeM NHeBMaTMYeCcKoro Hacoca 1 6e3 Hero He 6bi10.
Takum 06pa3om, 3TOT crucTemaTuyeckmii 0630p He Nokasan
adpekTnBHOCTU fobaBneHua MMMNK K cTaHpapTHOMY neve-
Huto JICPT.

Takke B 0630p Tran K. 2017 r. [29] 661111 BKNOYEHbI Ba
HayuyHO OOOCHOBaHHbIX PYKOBOACTBA, OMyONMKOBaHHbIX
B 2011 (AnoHCKaA nccnegoBaTenbCcKas rpynna no numoeae-
me) [33] n 2014 r. (PyKoBOACTBO MO KIMHNYECKOW NpaKTuKe
npu numoeneme KsuHcnenga, Asctpanus) [34]. B AnoHckom
PykoBopcTtse (Japan Lymphoedema Study Group) He npu-
BOAWTCA AOKa3aTenbcTB Toro, uto MMK MoXeT yMeHbLWNTb
numoenemy KoHeyHocTen (knacc D).

B aBcTpanuiickom PykoBogcTtee no neyeHuto numoene-
Mbl (Queensland Health) npegnaraetca ucnonb3osatb MNMNK
B COYETaHUU C APYrMY NPOorpaMMamMm fieyeHnsa B TedeHne
KOPOTKOro nepuoga, o 2 MecALeB, AN YMEeHbLUEHWA TUM-
denembl, CBA3aHHON C onepauyveln No yaaneHno paka Mo-
NTOYHOW >Kenesbl, He3aBUCMMO OT KONMuyecTBa Kamep unm
BPeMeH LuKna.
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PesynbraTtbl cuctematuyeckoro o63opa Shao Y.
B 2014 r. [32] n PKWN Gurdal S.O. B 2012 r. [35] noka3anu,
yto couvetaHue KMT n MIMK He oKka3biBaeT CyLweCTBEHHOroO
BMMAHMA Ha YMEeHbLUEeHVe OTeKa MO CPaBHEHUIO C OfHUM
Tonbko KIT. JlaBneHne BHyTpn Kamep Hacocos [MK, nc-
Nonb3yemMbIX B 3TUX NCCNef0BaHNAX, COCTaBNANO OT 25 A0
60 MM pT. CT.

B cuctematnyeckom o63ope Shao Y. 2014 r. [32] He
6bIf10 BbIABNEHO CYLLECTBEHHbIX Pa3nyuni B ypoBHe 60nu
n napectesumn mexgy rpynnoun KMT B coyetaHuu c MMMK
n rpynnon KMNT 6e3 MMK. MauuneHTbl u3 rpynnbl KMNT 6e3
MMK yyBCTBOBaNM MeHbLUYO TAXKECTb, YeM MaLMeHTbl 13
rpynnbl KMNT B couvetanunn ¢ MK, Takke gaHHbIA cucTe-
MaTMYeCKnin 0630p He BbIABW CYLLECTBEHHbIX Pa3nnymni
B MOABWXHOCTU cycTaBoB Mexgy rpynnon KMT + MMK
n rpynnow KIMNT, xoTa B 06enx rpynnax Habnoganocs ynyy-
LUeHMe MO CPaBHEHMIO C MCXOOHbIM YPOBHEM.

B PKW Gurdal S.O. B 2012 r. [35] Take He 6blJ10 BbIAiB-
NEeHO CTaTUCTUYECKUN 3HAUMMbIX Pasnuynii Mexay camo-
Maccakem B coyeTtaHuu ¢ MNMK v MJ1] B coueTaHnn ¢ KOM-
NPeCcCUOHHbIMN GaHAaXamy B MNJaHe KayecTBa »KU3HW,
oLeHMBaeMoro no Tectam AMepUKaHCKOWM accouvaummu
Xupypros nneva u nokta (ASES) nnu EBponelickoii op-
raHvM3auumn no mccnefoBaHuto 1 neyeHuto paka (EORTC)
QLQ-C30 [35].

Take HVM B OQHOM U3 MUCC/IeOBaHNA He coobLyanoch
O HexenaTesnbHbIX ABNeHUAX, cBA3aHHbIX ¢ MTK.

B npoeepgeHHoM PKU Tastaban E. et al. 8 2020 1. (n = 76)
Takxe m3yyanacb ponb MK B neueHun JICPT. MauneHTbl
6binn pacnpepenexbl Ha rpynny KMNT (n = 38) n rpynny
KMT + MNMNK (n = 38). MNMpoBoannacb oueHKa WU3MeHEHWIA
0O6bEMHBIX V3MepPEeHUN, BbIPaXXeHHOCTb 6ONU, TAXKECTb,
CKOBAHHOCTb, HETPYAOCMOCOOHOCTb, CMMa CXKaTuA 1 Bblpa-
MEeHHOCTb ilenpeccnu Ao 1 nocsie nedyeHus. lNocne neyeHns
3HAUUTENIbHO YMeHbLWACA N36bIToYHbIN 06bem (¢ 373 fo
203 mn B rpynne KMT n ¢ 379,5 go 189,5 mn B rpynne KIT +
MMK). MpoueHT M36bITOYHBIX 0O6BEMOB CHU3WCA B 06EnX
rpynnax. [lpoueHTHOe yMeHbLueHne N36bIToYHOro obbema
6bino nyywe B rpynne KMT + MMMK, yem B rpynne KIT, Ho
MeXrpynnosas pasHuua He 6bina 3HauuTenbHoW. ABTOPbI
npuwnu K Bbieogy, uto MMNK B komnnekce ¢ KMT moxet
6bITb GYHKLMOHANBHON ANA YMEHbLUEHNA OLWyLleHUA TA-
»KeCTu 1 CKoBaHHOCTK y nauuneHTos ¢ JICPT [36].

B PKW/ Haghighat S. et al. 2010 r. 112 nauneHToB ObinK
paHgomunsnpoBaHbl Ha 2 rpynnbi: KMNT v KMT + MNMK. Bo Bpe-
MA MHTeHcnBHOM dasbl (Pasa ) neueHus KIT B coueta-
Hun ¢ MIMK obecneunna 3HaunTenbHO Oonbluee cpefHee
yMeHbLIeHne ob6bema, yem Tonbko KIT (43,1 % npoTtus
37,5 %; p=0,036). O6beM KOHEUHOCTU, U3MEPEHHDI Yepe3
3 MecALa nocse nieyeHns, Nokasan CHKeHre obbema Ha
16,9 % npw ncnonb3oBaHuy Tonbko KIMNT v Ha 7,5 % npwu nc-
nonb3oBaHuu KMNT B couyetaHuu ¢ MIMK B neyeHnm numde-
Jembl nocsie mactaktomuu [37].

B PKW Uzkeser H. 2015 r. (n = 31) naymeHTbl 66111 paH-
AoMu3upoBaHbl Ha 2 rpynnbl: KMT (n = 15) n KNT + MMNK
(n = 16). AnnTenbHOCTb NleyeHns cocTaBuia 3 Hegenu. Ha-
6niofanacb 3HaunTeNbHaa pasHuLa B obenx rpynnax npu
CpaBHeHMW MX A0 M nocne Tepanuu. MicxogHaa pasHuua
B o6beme B rpynne 1 coctaBuna 630 (180-1820) mn, a no-
cne tepanun — 480 (0-1410) mn. B rpynne 2 ncxogHas
pa3Huua B o6beme cocTtaBmna 840 (220-3460) mn, a nocne
Tepanuu — 500 (60-2160) mn. OfHaKo CyLLeCTBEHHbIX pa3-
NNYMIA MeXZy ABYMA rpynnamMu no BbilEYNOMAHYTbIM Ma-
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pameTpam BbIABAEHO He 6bli10. 3To PKI Takke He BbIABMIIO
CYLLECTBEHHbIX Pa3Nuunii Mexxay rpynnamu neveHus [38].

B cnctematuuecknii 063op ¢ MeTaaHanmsom Rafn B.S.
et al. B 2023 r. 66111 BKMtOYeHbl 18 cnctemMatnyeckux ob-
30poB 1 51 PKW. B pe3ynbTate noncka aBTopamu 66110 Bbl-
aBneHo 1569 nccnegoBaHuii, U ObINN BKIOUYEHbI 18 cucTe-
MaTU4yecknx 0630poB ¢ MeTaaHanmsom c 40 PKU (n = 1970),
nsyyanacb 3¢oektmBHocte MJ1L, TMMK, ¢usmnyecknx
yMpaXHeHW, KMHEe3NOTeNNUPOBaHUA, NasepoTepanumn
N aKynmyHKTYpbl. AHanv3 BbiABUN Hebonbluon 3dpdeKkT BO
BCEX BMELLATeNIbCTBaX MO CPABHEHNIO C N06bIM KOHTPOEM
(g = 0,20, p = 0,047, I> = 0,79), UTO COOTBETCTBYET COKpPa-
LeHno obbema Ha 119,7 mn (95% [: 135-104) n 88,0 mn
(95% [: 99-77) B rpynnax BMeLLaTeIbCTBa M KOHTPOJIA CO-
OTBETCTBEHHO, a TakXe Hebonbluon 3$deKT ynpaxHeHul
(g =0,26, p = 0,022, I> = 0,44). Paznuuma mexay rpynnamu
B YMeHbLUeHUN o6bema bl HeGONbLUMMU 1 He AOCTUMIN
CTaTUCTUYECKON 3HAUMMOCTU ANA No6oro n3 MeTofoB fe-
yeHua [39].

KpaTkre pe3ynbTaTbl NpoaHan“3npoBaHHbIX UCCNeao-
BaHMWI NpeacTaBneHbl B Tabnuue 1.

TexHONornyeckne LOOCTVMXKEHWA MOCNedHMX NleT npu-
Benn K paspabotke yctponcts MK, KoTopble BKOYaAOT
CIIOXHble peXrMbl KoMmnpeccuy, paspaboTaHHble AnA
nMuTaumm npouecca no npuHumnam MJ1[. Takue pexu-
Mbl BKJTIOYAIOT MHOrOKaMepHble 13fenus, KoTopble Hagy-
BalOTCA M CAYBAIOTCA B Pa3/INUHbBIX PeXrMax 1 AaBNeHUAX
N NPUMEHAIOT KOMMNPECCHIO B MPOKCMaNbHO-ANCTaIbHOM
unkne [40]. OgHako cylecTByeT HebOoMbLIOe KONMYeCcTBO
nccnepgoBaHuin, nogTeepxaatownx 3GdeKTMBHOCTb TaKmx
PEeX1MOB.

Mpu aHanr3e pe3ynbTaToB Hay4YHbIX MCCEef0BaHUIM, NO-
cBALWEHHbIX NpuMeHeHuto MIMK npu JICPT, 6binn otobpaHbl
ny6nvKkauum, noceALeHHble 3GHeKTVBHOCTU COYETaHHOTO
npumeHenuna KT n MIMK, agnaowmnxca ogHUMN 13 OCHOB-
HbIX METOA0B KOMMPEeCCMOHHOro neyexHnsa npu JICPT.

Tak, BuccnepgoBaHusax Szuba A. B 2002 r.[24], Szolnoky G.
B 2009 . [41], Haghighat S. B 2010 1. [37], cucteMaTnyeckom
0630pe Hou S. B 2024 r. [42] 661110 YCTAaHOBJIEHO CMHEPTNY-
Hoe ycuneHue spdekTa npu coueTaHHOM NprumeHeHumn KIMNT
n MNMNK B ymeHbLeHr o6bemMa pykn y naumeHTos ¢ JICPT.

B ppyrux ny6nukaumax (Gurdal S.O. B 2012 r. [35],
Uzkeser H. B 2013 r. [38], Sanal-Toprak C. B 2019 r. [43]
Tastaban E. B 2020 . [36], cuctematmyeckmx o63opax Shao'Y.
B 2014 r.[32], Rogan S.B 2016 1. [31], Rafn B.S. B 2023 1. [39],
Yao M. B 2024 r. [44]) 6bl/10 OTMEUYEHO YMEHbLUEHME U3-
6bITOYHOrO 06 beMa KOHeYHOCTeN ¢ numdenemon B obenx
rpynnax (KMT wn KNT + MMK) 6e3 cylwecTBeHHON pa3HuLbI
MeXxay rpynnamm.

B meTtaaHanm3zax Li J.X. 2022 r. [45] n Yao M. 2024 r. [44]
OTMeuYeHa CyllecTBeHHasA pa3HuLa B NOABUKHOCTY CyCTa-
BOB (BHeLWHeW poTauun nneyva) npu codetaHmm KMNT v MK
y naumeHTos c JICPT.

Take NpoaHanM3npoBaHbl pe3ynbTaTbl UCCIIeAOBaHNIA,
cpaBHMBaLWMX 3GPEKTUBHOCTb YCOBEPLIEHCTBOBAHHbIX
YCTPOWCTB A/1A MHEBMAaTUYECKON KOMMPeCccuu, KoTopble
nmMnTUpYytoT npouecc MJ1[, co ctaHBapTHOW METOAVKOWN
MMK. B nccnepoBanun Fife C.E. 2012 r. aBTOpbI NpoBenu
cpaBHeHre 3GEKTUBHOCTM MNPUMEHeHNA [BYX BUOB
NMHEeBMOKOMMPECCUU: YCOBEPLLUEHCTBOBAHHON anmnapaTHOM
nHeBmokomnpeccun (YANK) n ctangaptHon MIMK y nayw-
eHToB ¢ JICPI B gOMaLUHMX YCNOBUAX NOCHe NpoBeAeHnA
NHTEHCMBHOWM ¢a3bl KMT [27].
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YATK npumeHanacb No 04HOMY Yacy B A€Hb B TeyeHue
12 Hepenb npu pabouem gasneHnn 30 MM PT. CT. B Kaxayto
rpynny 6bino BKMueHo no 18 yyacTHWKoB. Llenblo atoro
nepcnekTmsHoro PKW 6bino onpenennts, obecneunsaet nu
YATK (Advanced Pneumatic Compression Devices— APCD),
Flexitouch (CLLA)) nyuwne pe3ynbraTbl, MU3MmepAeMble Mo OT-
€Ky PYKM M YMEHbLUEHNIO COAEPXKaHUA BOAbl B TKaHAX MO
cpaBHeHuto co ctaHgapTHon MIMK'y naunenTos ¢ JICPT.

B rpynne YATK Habnoganocb 3HaunTenbHO 6onee 3¢-
deKTNBHOE YMeHblueHMe obbema Ha 118 + 170 mn no cpas-
HEeHWIO C yBeNMYeHnemM Ha 6 = 216 mn y naumeHToB, Nony-
yarowmx ctaHgapTHyto metoauky MK (p = 0,01). MpocTble
KOMMPEeCCMOHHbIe annapaTbl COCTOANN N3 HacoCa U TpexKa-
MepHoro 6aHfaxa, B TO BpeMA Kak YyCOBEpPLUEHCTBOBAHHOe
YCTPOWCTBO BKJIIOYaNI0O MHOTOKamMepHbln H6aHfax, cocTo-
AWNN U3 Tpex YacTen: Ana pyky, npuneratrowen rpygHon
KneTku n 6ptolHon nonoctn. O6bembl pyK onpenenannuch
Ha OCHOBe U3MepeHnin obxBaTa PYKN N COOTBETCTBYHOLLNX
MOZeNbHbIX PacyeToB, a Bofa B TKaHAX onpefensanacb Ha
OCHOBE W3MEpPEeHUn ANEKTPUYECKON MPOHMLAEMOCTH
TKaHW pyku. B rpynne, nonyuaswei YAIK, 6bino oTmeyeHo
B CpeiHEM CHUXeHre oTeKa Ha 29 % Mo cpaBHEHMIO C yBe-
nuyeHnem Ha 16 % B rpynne ctaHpaapTHow MMK. CpegHne
N3MEHEHNA 3HaYeHUN ANSNEKTPUYECKON MPOHULLAEMOCTH
TKaHW PYKM COCTaBUAN CHUXeHMe Ha 5,8 % B rpynne YATK
n ysenunyeHue Ha 1,9 % B rpynne MNMNK [27].

Takum o6pa3om, AaHHOe nccnefoBaHKe NoKasano, YTo
ana ¢asbl JoMaWHero nogaepxusatowero neyeHua JICPT
npumeHeHne YAMK (c ncnonbsoaHnem APCD) obecneun-
BaeT Nyylume pe3ynbraTbl, YeM C WCMONb30BaHUEM CTaH-
JaptHon MMMK.

B PKW Ridner S.H. 2012 r. (n = 42) npoBoannocb cpas-
HeHMe TepaneBTMYecKoro 3ddekTa pacluiMpPeHHON MHEeB-
MaTUYeCKOM KOMMPECCUOHHOW Tepanuu TynoBuwa/rpyan/
pyKu (3KCnepumeHTanbHasa rpynna, n = 21) ¢ NHEBMOKOM-
npeccrien ToNbKo PYKK (KOHTpoNbHasa rpynna, n = 21) npu
CaMOCTOATENbHOM yxofe 3a cobol npu numdeaeme pyku
6e3 nopakeHua Tynosula C UCMONb30BaHNEM CUCTEMbI
Flexitouch (CLLA) (APCD) B TeuyeHue 30-gHeBHOro Kypca
JOMallHero npumeHeHus [46]. PesynbTaTbl nokasanu cra-
TUCTNYECKM 3HAUMMOE CHIXKEHMEe KaK KonnyecTBa CUMMTO-
MOB, TaK 1 06LLell CUMNTOMaTNYECKO Harpy3Ky B KaxJom
rpynne. OfHaKo CTaTUCTUYECKN 3HAUMMBbIX Pa3NUniA B 3TUX
pe3ynbraTax Mexay rpynnamu He 6bii10. bbino gocTurHyTo
CTaTUCTUYECKM 3HAUMMOE CHUXeHWe OMoaneKTpuyecko-
ro CONpOTMBNEHUA 1 OKPYXHOCTW PYKM B 06eunx rpynnax.
OpfHaKo CTaTUCTUYECKM 3HAUMMOW pasHULbl B CHUXEHWUN
MeXZy rpynnamu He 6bino. ITK pe3ynbTaTbl YKa3biBaloT Ha
TO, uto 06a Buga MNMK apdekTnsHbl npu JICPT, 1 Ha TO, UTO
MOXET He OblTb AOMOSIHUTENIbHOW MOJb3bl OT PacCLUNpPEH-
HOW MHeBMaTuyeckon obpaboTKn numdaTnyeckmx cocy-
[OB TY/NOBULLa Nepes MaccaXeMm pyKu, Korga oTcyTcTByeT
OTeK TynoBuLLa.

PerynnpoBKa 1 pacluMpeHHble Nporpammbl, AOCTYM-
Hble BO MHOTMX YCOBEpPLUEHCTBOBAHHbIX YCTPOWCTBaX ANA
KomnpeccrmoHHon Tepanuun (APCD), obecneumsatoT 60-
nee ObICTPble U KOPOTKMUE LMKIIbI CKaTUA 1 paccriabneHns
C YPOBHAMYK KOMMpeccuu, bonee GAN3KMMU K TEM, KOTO-
pble npumeHsatoTca npu MJ1J [47]. HekoTopble ycTponcTaa
APCD npepocTaBnfaloT cneuunanbHylo oaexay, No3Bonsio-
LLyto MPOBOANUTL 06pabOTKy TynoBuLLa, KOTOpasa cuMTaeTcAa
OCHOBOMOMNarawLen B KANHUYECKOM OOyYeHUN TexHUuKe
MJ1[ n ocHoBaHa Ha nuMdaTnUecKon apxuTekType [48, 49].

ARTICLES

[Joka3zaTenbcTB 3GPEeKTUBHOCTA 1 MPENMYyLLECTB yCo-
BEPLUEHCTBOBAHHbIX YCTPOWCTB MO CPaBHEHWIO CO CTaH-
[AapTHbIMK  YCTPOWMCTBAMU HefocCTaTouHo. HecmoTpa Ha
TO, UTO B HECKONbKMX MCCNefoBaHUAX Oblav MonyyeHbl
NonoKuTesibHble pe3ynbTaTbl MPY UCMONb30BaHUW TPaAU-
LMOHHbBIX CTaHAAPTHbIX pexumos [MIK, TpyaHO cpaBHUTH
pe3ynbTaTbl, MOMyYeHHble B XOAe MepBOHaYanbHbIX WC-
cnepoBaHuin no apdekTrBHocTM MK ¢ coBpemMeHHbIMU
BapuaHTamn YAMK. Ha cerogHAa 6bio npoBefeHO OfHO
CpaBHUTENbHOE MccnefoBaHne no a¢pekTnBHocTU YAMNK
npw JICPT no cpaBHeHUIO C CAMOCTOATENbHbBIM NuMboape-
Ha)KHbIM Macca)<em B TeueHue 1 yaca KaxKAablil AeHb B Te-
yeHve 14 gHen C noc/edyloWMM NePexofom Ha Apyron
BWA NleyeHna C 1-HefenbHbIM NepepbiBOM Nnepep KaxabiM
neyeHunem [25]. MNocne neyeHns ob6beM PyKu 1 CpeaHNIA BeC
NaLMeHTOB 3HaUNTENIbHO YMEHbLUMANCH MOCNe UCMOMb30-
BaHuA ycTponctea APCD, HO He nocne camoCTOATENIbHOMO
npumeHenna MJ1[ [25].

B HacToAlwee Bpema TpebyeTcAa npoBefeHne XOPOLLO
CNIaHMPOBAHHbIX NCCIefOBaHMWI, KOTOpble CMOTYT AOKa-
3aTb, YTO NpuMeHeHune YATK moxeT 6biTb 6onee adpdek-
TBHO npu neveHun JICPT, uem ctangaptHasa MNMK, gna no-
BbIlUEHVA [OKa3aTeNbHOCTM MPUMEHEHUA annapaTHOro
numdoapeHaxa y faHHOI KaTeropum naLneHTos.

OcHOBbIBasACb Ha TEOPETUYECKMX MPEeNMYLLEeCTBaX, KO-
Topble NoTeHUManbHO MoxeT obecneunTb YATK, paspabo-
TaHHble MEeTOAMKM MOryT PeKOMeHAOoBaTbCA MauMeHTaM
¢ JICPT gna gomaluHero npyMeHeHus.

Mpu YANK ¢ ucnonb3oBaHvem annapata Flexitouch
(CLLA) oka3biBaeTcA nerkoe nepemeHHoe fJaBrieHve Ha Ty-
NOBULLE U MOPAXKEHHYIO PYKY C MOMOLLbO MHOTOKaMepPHbIX
HaZlyBHbIX U PacTArMBalOLWNXCA TKaHeBbIX nsgenuin. Ony-
6/1MKOBaHHbIE AaHHbIe MOKa3blBalOT, UTO NPU CTaHZAPTHOM
nporpamme neyeHuns npepnneybe noasepraeTca Bosaen-
cTBuUto AaasneHua ot 9,0 £ 4,2 mm pt. cT. go 13,7 + 4,8 mm
PT. CT., UTO daKTNUeCKn NpnbMxaeTca K 4aBNEHMIO, OKasbl-
Baemomy npu MJ1[ [50].

Mpu MMNK ncnonb3yetca 6onee MepneHHbIA LMK Ha-
AyBaHUA/CcAyBaHNA, TP KOTOPOM A1 MOMHOMO HaAyBaHUA
nsgenuna TpebyeTca NpUMepHoO 72 cek; HagyBaHue Npoaos-
»aeTcA B TeueHue 22 cek, Mocsie Yero BO3yX BbiMycKaeTcA
M3 BCeX KaMep OfHOBPEMEHHO. JTOT MpoLecc NpuUBOAUT
K CO3[aHUI0 CTaTMYECKOro JaBNeHWA Ha BCIO PYKY Ha YpOB-
He, BEPOATHO, MpeBbIWaoLeM TOT, KOTOpbI ChaBnMBaeT
numdaTtuyeckre Kanuanapbl U Tem cambiM NpefoTBpaLlaeT
BCacbiBaHMe NMMdbl B TeYEHMEe 3TOro nHTepBana [51, 52].

Mpwn YATK ncnonb3yetca 6onee 6bICTpbIN LUK obpa-
60TKW, NPU KOTOPOM KaxJas Kamepa HafyBaeTcs/cayBa-
eTca 3a 1-3 cek Ao HaflyBaHuA cnepylollelrl Kamepbl. OTOT
6onee ObICTPbIN N NAKOHUYHBIN LMK HarHeTaHna n cbpo-
Ca AaBnieHVsA NPUONMXKEH K MeTodaM, MPUMEHAEMbIM MpK
MJ1J, n cootBeTcTBYET NPOdWI0 AaBEHUA, KOTOPbIW, KaK
6b110 onmcaHo, ycunueaeT numbopapeHax [47, 50]. Bo3Hu-
Katollee B pe3ynbraTe JMHaMUYECKOe 1 NepeMeHHoe faB-
neHne, BEPOATHO, 3aCTaBnAeT IumdaTmyeckne Kanunnapbl
pearvpoBaTb Ha U3MeHeHVA faBneHus B Koxe. Kpome Toro,
6onee ObICTPO MeHAOLWMECA BOMHbI JaBEHNA MOTYT Jlyuy-
e crnocobCTBOBaTb OTTOKY NIMM®bI, MOCKOMbKY Takas va-
CTOTa Nnyuylle COOTBETCTBYET YacToTe apTepuasbHbIX U Abl-
XaTeSIbHbIX MMMYNbCOB, KOTOPblE, Kak CUMTaeTca, CTUMYSIN-
pytoT numdaTumyeckyto cuctemy [47, 53].

Kpome Toro, KOMNpeccroHHble MaHXeTbl, UCMOJb3ye-
Mble B YATK, obecneunBaloT LefieHanpaB/ieHHOe ABXe-
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HWe, KOTOpoe OXxBaTblBaeT OOMbLUYIO YaCTb MOPAXKEHHOM
obnactu, yuem npu ctaHaapTHon MMK, n, cnegoBaTtensHo,
BO3JeNCTBYIOT Ha 60/bLUyt0 MoLWaAb NOBEPXHOCTH, Crle-
aya numaTnyeCcKom aHaTOMUKM BCEro KBapaHTa BEpXHEN
KOHeyHocTU. HepaBHO ony6nnkKoBaHHOE MWIOTHOE WC-
cnefoBaHMe C UCMOJSIb30BAaHUEM MeTOAOB GNoopecLeHT-
HOW BMU3yanunsauum B 6AMKHEM MHPpPaKpacHOM Ananaso-
He MOATBEP)KAAET, UTO TaKOW NMOAXOA K JIEUEHUIO MOXET
MOBbICUTb COKPATUTENbHYK CMOCOOHOCTL NMbaTnye-
ckux cocypos [49]. [laHHOe wnccnefoBaHMe MPOAEMOH-
CTPUPOBAJIO 3HAUNTENbHOE MOBbIWEHNE COKPATUTENTbHOMN
cnocobHocTN NuMdaTUYeCcKUX COCyloB MpU MpuMeHe-
Hun YATIK.

3AKJTIIOMEHUE

Taknm 06pa3om, aHanm3 onyB6anMKoBaHHbIX UCTOYHMKOB
nokasas, uto KMT B coueTtaHun c MNMNK 6onee sppekTMBHO
YMEHbLIAET M3ObITOUHBIE 0OBEM U U3OBITOUHYIO OKPY-
HOCTb BepxHell KOHeyHocCTu C numdenemon B TeueHue
OTHOCUTENBHO KOPOTKOro nepuofa HabnwopeHusa. OgHako
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LOMONHUTENbHbBIE MPEVNMYLLECTBA, NOJIyYEHHbIE OT Cove-
TaHHoro npumeHeHua KMNT v MNMK, 6611 ocnabneHbl nocne
6onee gNUTENbHOro nepuopda HabnogeHuAa yepes 8 He-
[eNb Nocsie OKOHYaHuA pusnotepanmum. Kpome Toro, oueH-
kKa 6011 No BU3yasibHO-aHaNIOroBON LWKane He nokasana
HUKakon pasHuubl mexxkay rpynnon KMNT + MK v rpynnon
Tonbko KIMT, uTo yKa3blBaeT Ha TO, UTO CyObeKTUBHbIE 6O-
neBble OLWYLIeHMA NaLMEHTOB NPaKTUUYeCKN He MEHANUCH
He3aBUCUMO OT Toro, gobasnanach MMK unu HeT.

Kpome Toro, couetaHHoe npumeHeHue KMNT + MMNK mo-
XKeT ynyywunTb NOABMXKHOCTb MJieya B YeTblpex GyHKLMO-
HasIbHbIX MOSIOXKEHUAX: OTBeAEHWNE, pa3rnbaHue, crnbaHme
N HapyXHaa poTauua, YTO MOXET CIIYXWTb OCHOBaHWeM
AN NeproaNYeCcKoro HEMPEepPbIBHOMO NoAAep KMBatoLLero
nMMbOAPEHAKHOMO NEYEHNA C LiENblo COXPaHEHUA NPOTU-
BOOTeYHoro sddekTa.

Takke OblI0 MOKa3aHO, YTO MPUMEHeHNE MEeTOAUKU
YATNK ¢ umutaumen MNI npesocxoaut MNMK n 6onee apan-
TUPOBAHO K ANUTENbHOMY AOMALUHEMY NMPYMEHEHNIO Y Na-
umenToB c JICPI.
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KorHutuBHas peaéunutauus npm paccessHHOM cKiepose:
3¢pPeKTUBHOCTb U NOTEHLMAN TEXHONOIMN BUPTYQSIbHOMN PEasibHOCTHU.
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PE3IOME

BBEJEHUE. lHHOBaUVOHHbIe TEXHONOMMY B peabunuTaummn paccesHHoro cknepo3sa (PC) HanpaeneHbl Ha BHeAPEHVE B KIIMHUYECKYIO
NPaKTVKy NepefoBbIX METOAVK 1 TEXHVK ANA FyOOKON 1 BCECTOPOHHE OLIEHKM, @ TakKe 3GdeKTUBHOIO fleYeHVA HapyLLEHW He TOMb-
KO B ABUraTesIbHO, HO U B KOTHUTUBHOW Cchepe.

LIEJIb. O606WmTb 1 NpOaHanM3poBaTbh COBPEMEHHbIE JaHHbIE O MOTEHLMaNe UCMOb30BaHVA TEXHONOMUIA BUPTYalbHON peasibHOCTM
(BP) B KOrHUTUBHOW peabunutaumm npu PC.

MATEPUAJIbI U METOAbI. Mouck nposoawmnca B 6a3ax gaHHbix PubMed, Scopus, PUHLL ¢ ncnonb3oBaHveM MOMCKOBbLIX 3anpo-
COB M KIIOYEBbIX C/IOB Ha PYCCKOM Y aHIMUINCKOM A3bikax: multiple sclerosis, cognitive, virtual reality/VR, immersive technologies,
neurorehabilitation ¢ 2014 no 2024 rr.

OCHOBHOE COAEPXXAHUE OB30PA. B HacToALee Bpemsa ANnA NpefoTBpaLleHnsa Nporpeccum KOrHMTUBHOro aedurumta BHEAPAOTCA
TexHonoruu BP 1 fononHeHHoN peanbHOCTU, KOTOPble 06ecneunBatoT peanrcTMyHOe B3auMOLENCTBUE NONb30BaTesIsA C 1CMoNb30Ba-
HVeM AOCTYNHOrO 060PYAOBaHUA, BU3YasibHbIX 1 3BYKOBbIX 3GHEKTOB U MyNIbTUCEHCOPHO 06paTHON cBA3U. CucTembl BP aemMoHCTpu-
pytoT 3¢ PeKTUBHOCTb NpY peabunuTaLmuy MHOrMX 3aboneBaHuii, MO3BOJAA KOPPEKTMPOBATb HapyLUeHHble GYHKLMMW, CTUMYPOBaTh
OrpaHnyeHHble BCIeCTBME NATONOM M CNOCOBHOCTU U CMOCOBCTBOBaTL BCECTOPOHHEMY YiyULLEHUIO 30POBbA. BoccTaHOBUTENbHBIE
BO3MOXXHOCTM NpriMeHeHns BP peanusytotca 6naropapsa KOMMIEKCHOMY BOBJIEYUEHUNIO OPraHOB YyBCTB U CTUMYSIALMM HEMPOMIACTUY-
HOCTW, YTO pa3BMBaeT cneundryeckme KOrHMTUBHbIE 1 MOBefeHYeCKe acneKTbl GYHKLMOHNPOBAaHUA NauueHToB. MynsTumopaanbHas
obpaTHas cBA3b, NoNyYaemasa NOCPEACTBOM yrpaKHEHWA, BbINMOMHAEMbIX B BUPTYanbHOW Cpefe, MO3BOMAET pa3BMBaTb OCO3HaHMe pe-
3yNbTaTOB BbIMONHAEMbIX ABUXKEHNI, @ TaKXKe NX KaUeCTBa, YTO MONTOXKMNTESNTbHO BIMAET Ha KOTHUTUBHYIO feATeSIbHOCTb U ABUraTeNbHbI
KOHTpO#b. MpenmyLecTBo 1Ncnonb3oBaHma TexHonornii BP, 0co6eHHO ¢ UMMePCUBHBIMU MHCTPYMEHTaMU, 3aK/OYaeTcA B CO34aHNM
NO3VTVBHOIO MOTUBMPYIOLLErO OrbiTa 06yueHUsA AnA naumneHTa, KOTOpbI TpebyeT BOBNeUYeHEe KOTHUTUBHOW ABUraTeNbHON 1 CEHCOP-
HbIX CUCTEM.

3AKJTIOMEHUE. B HacToAweM 0630pe NpoaHanv3npoBaHa akTyasibHasa HayuHas MHGopMaLya B ;aHHOM 061acTh NccieaoBaHniA, npo-
BOAMTCA AeTanibHasA OLeHKa COBPEMEHHOMO COCTOAHUA M NOTEHLMaNna UCNonb30BaHWA TEXHONOr BP B KOrHUTUBHON peabunutaumm
npu PC, a Takxe obcyxpatotca dyHAaMeHTanbHble MEXaHM3MbI, NIEXKallyie B OCHOBE Heipopeabunutaymm npu NCnosib30BaHUM MMMep-
CUBHbIX TEXHOMOTUIA.

KJNTIOYEBDIE CJTOBA: pacceanHbiit cknepos, HelipopeabunuTaLys, BUpTyanbHas peanbHOCTb/BP, KOTHNTUBHAsA [eATeNbHOCTD,
[ABUraTeNbHbIN KOHTPOSIb, IMMEPCUBHBIE TEXHOMOMM, KAUECTBO XKN3HMU
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Cognitive Rehabilitation in Multiple Sclerosis:
Effectiveness and Potential of Virtual Reality Technologies.
A review
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ABSTRACT

INTRODUCTION. Innovative technologies in the rehabilitation of multiple sclerosis are aimed at introducing into clinical practice
advanced methods and techniques for deep and comprehensive assessment and effective treatment of disorders not only in the motor,
but also in the cognitive area. The aim of this review is to summarize and analyze current data on the potential of using virtual reality
technologies in cognitive rehabilitation in multiple sclerosis.

AIM. To summarise and analyse current evidence on the potential of using virtual reality technologies in cognitive rehabilitation in
multiple sclerosis.

MATERIALS AND METHODS. The search was conducted in PubMed, Scopus, RSCI databases using search queries and keywords in
Russian and English: multiple sclerosis, cognitive, virtual reality/VR, immersive technologies, neurorehabilitation from 2014 to 2024.
MAIN CONTENT OF THE REVIEW. Currently, in order to prevent the progression of cognitive deficit, 3D computer simulation
technologies are being introduced, which provide realistic user interaction using special electronic equipment, visual and sound
effects and multisensory feedback. Virtual reality systems demonstrate effectiveness in the rehabilitation of many diseases, allowing
for the correction of impaired functions, stimulation of residual abilities and promotion of global health improvement. The restorative
potential of virtual reality (VR) is realized through the complex involvement of the senses and stimulation of neuroplasticity, which
develops specific cognitive and behavioral aspects of patient functioning. Increased feedback obtained through exercises performed
in a virtual environment allows for the development of awareness of the results of the movements performed and the quality of the
movements themselves, which has a positive effect on cognitive activity and motor control. The advantage of using VR technologies,
especially with immersive tools, is to create a positive, motivating learning experience for the patient, which requires individual control
over several sensorimotor and cognitive domains.

CONCLUSION. This review analyzes the current scientific information in this area of research, provides a detailed assessment of
the current state and potential of VR technologies in cognitive rehabilitation in multiple sclerosis, and discusses the fundamental
mechanisms underlying neurorehabilitation using immersive technologies.

KEYWORDS: multiple sclerosis, neurorehabilitation, virtual reality/VR, cognitive activity, motor control, immersive technologies,
quality of life
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BBEAEHUE

CoBpeMeHHble TEXHONOTMK MO3BOAAIT MNPEOAOSIETb
pa3pblB MeXAy MPOBOAVNMbIM TEYEHNEM B KITMHWKE N fLOMA,
CNoco6CTBYIOT NOBbIWEHWIO 3GGEKTUBHOCTU Ha3HayeH-
HOW Tepanuu N YCKOPEHWUI0 NMPOLECCOB BOCCTAHOBIIEHUSA
duzmonornyecknx GyHKUMA U MHAVBUAYANbHOW MNPOU3s-
BOAUTENIbHOCTY MaLMEHTOB C Pa3IMYHbIMU HapyLIEHUAMN
B [ABMWraTesIbHON, KOTHUTMBHOM U NCUXMYeckon cdepax.
PeabunutaynoHHble TEXHONIOTMN, TakKne Kak CUCTEMbI BUP-
TyanbHOW 1 JononHeHHow peanbHocTy (BP, [P), a Takxe
CUCTEMbl AUCTAHUMOHHOIO MOHUTOPMHIA 3a MociefHee
JecATuneTne [OeMOHCTpUpYoT OecnpeuefeHTHbIN pocT
N Nporpecc B HayyHbIX NCCNefoBaHNAX B 06nacTy BocCTa-
HOBMWTENIbHOTO JIeYeHUs, B TOM YMCie NaUMeHTOB C pacce-
AHHbIM cKknepo3om (PC) [1].

BP Kak coBpemMeHHas nepefoBas TEXHONOMA OCHOBaHa
Ha CO3JaHUN MoZeNNpPYyeMbIX CpeAbl 1 YCIOBUiA. BupTyanb-

Hble CLieHapy BOCMPOM3BOAAT peanbHble 00BbeKTbl U Co-
ObITVA B TPEXMEPHOM BUfe, NPeAoCTaBAA Nosib3oBaTeNAM
MYJIbTYICEHCOPHYIO 0OPaTHYI0 CBA3b B OTBET Ha UX [ABUKe-
Hue. TexHonoruu BP n 1P 6bicTpo pa3BmBatoTca 1 Bce 60b-
e OpMEHTMPOBaHbI Ha NCMONb30BaHKe B 3PaBOOXpaHe-
Huw. Mpwr 3Tom BP — 3T0 TexHonorus, Kotopasa mogenvupyet
BMPTyanbHbIi 3D-Mup 1 No3BonAeT Nosnb3oBaTenam B3au-
MO[EeNCTBOBaTb C H/M aHaNIOrMYHO peasibHOCTH, a TEXHO-
norua [P HaknagblBaeT CreHepUpOBaHHYO KOMIMbIOTEPOM
BM3yanum3auunio Ha n3obpaxeHre B peasibHOM mMupe 1 obe-
cneyrBaeT B3aUMOAENCTBUE MeXAy BUPTYaNbHbIMU U30-
OpakeHMAMM NN OObeKTaMU 1 KapTMHaMK peasnibHOro
mMupa [2-4].

MIMMepcrBHble TEXHONIOrMU JaloT MOMb30BaTENIO OLLY-
LeHne aKTMBHOro B3aMMOLENCTBMA CO CLeHapuAMU, UC-
Nnonb3yembiMy B 06yUYeHnI, CNOCOBCTBYA He TONbKO YIyu-
LIEHWNIO ABUraTeNIbHbIX Y KOTHUTUBHBIX GYHKLMIA, HO 1 NO-
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BblLLaA MOTUBALMIO 33 CYET MPAMOro BOBJIeUEHMA NaLneH-
TOB B MPOLIECC, MOCKOJIbKY CyOBEKT CTAHOBUTCA OCHOBHbIM
N aKTUBHbIM YYaCTHMKOM TPEHWHra, OTKa3blBaACb OT nac-
CUBHOW posiv B CO6CTBEHHOW Tepanuu. Takme acnekTbl BOC-
NPUATUA 1 ONbITa, akTUBMPYeMble BP, 0cobeHHO aKTyasbHbI
B obnactu peabunutaLmm, NOCKONbKY ABUraTesibHas ocBe-
JOMJIEHHOCTb M 3MOLMOHaNIbHaA BOBJIEYEHHOCTb MOTYT
CNoco6CTBOBaTb COBEPLUEHCTBOBAHMIO GYHKLMOHaNIbHOIO
BbINOJIHEHMA 3aflaHWIN N KOHTPOJIIO CIIOXKHbIX NMOBeAeHYe-
CKMX peakuUuil, akTuBMpys ABuratesibHble GYHKLUN 1 Kor-
HUTUBHbIE CMOCOOHOCTM NaureHTa 1 yckopaa ero GyHKUn-
OHasnbHoe BoccTaHoBneHue. Gaktuyeckn cuctembl BP n 1P
MOTYT YNyuylWmnTb HenpopeabnnuTaLnMoHHble MpoLecchl
3a CcyeT ycuneHna CeHCOPHOM 0O6paTHOM CBA3U U Bbi3BaTb
M3MEeHeHVA B npoueccax HEMPOHHOW MNacTUYHOCTK, YTO
no3BosAeT NOBTOPHO NPMO6PeCT ABUraTeNibHble U KOTHU-
TuBHble GyHKLUN [4-6].

PC Kak ayToMMMyHHOe BoCManutesibHoe AeMUenuHU-
3upytollee 3aboneBaHvie ABNAETCA OOHOW K3 BelyLUMX
NPUYMH XPOHUYECKOI HeBponornyeckon ancoyHkumm. PC
XapaKkTepur3yeTcsa NOBTOPAWUMNCA 0OOCTPEHUAMU U
nporpeaveHTHbIM TeyeHreM. [1BriraTtesibHble 1 CEHCOPHbIe
pPaccTPOMCTBA, KOTHUTMBHAA AUCOYHKLUMUA, HapylleHue
MCKXONIOrMYecKoro crTaTyca nauueHToB NPMBOAAT K MoCTe-
NMeHHOMY OrpaHMYyeHuo BO3MOXHOCTEN B NOBCEAHEBHON
MM3HU, UTO CEPbE3HO BNUAET Ha 340POBbE 1 COLMANbHYI0
aKTUBHOCTb TaKkux nogen n TpebyeT ANUTENbHOrO Ha-
6ntopeHna n a¢pdexkTnBHON peabunutauun [7]. NMpeanaras
nepcrneKkTVBY COYeTaHWA ABUraTeNlbHOro, KOTHUTWMBHOIO
N NCKXOJIOrMyeckoro 6arononyymsa ¢ BO3MOXKHOCTbIO Ma-
HUMYNMPOBAHNA MYNbTUCEHCOPHbIMU PYHKLMAMMN B 6e3-
onacHon cpepe, TexHonorusa BP paccmaTpuBaeTca Kak
MHOroob6eLLaloLWwnii MIHCTPYMEHT peabunutauun, B TOM Ync-
ne B Tepanuun PC.

B HacToALee BpemA MHTeHCMPULMPYETCA MHTerpauma
COBPEMEHHbIX TEXHONIOTMYECKNX AOCTUXKEHUN, LMPPOBbIX
anropuvTMOB, AUCTAHLMOHHbBIX MOAXOA0B U MEAUNLMNHCKMX
WHHOBaLWI Mpu COBEPLUEHCTBOBaHMM, pa3paboTke 1 aK-
TUBHOM BHEAPEHUN HOBbIX NMOAXOLOB BOCCTaHOBUTENIbHO-
ro neyeHMa N NPOPUNaKTUKN ABUraTeNIbHON U KOFHWUTKB-
HOM ANCYHKUMN, B YaCTHOCTU, Takmx Kak BP n [P, TpaHc-
KpaHuanbHaa CTMmynaumsa, poboTM3NpPOBaHHblE MeToAbl,
yAaneHHbIi MOHUTOPUHT, HelpobroynpaBneHne u Tene-
mMeguumHa [6, 8-13]. Takum obpazom, peabunutauma mac-
wrabupyeTtca N ABNAETCA He3aMeHVMbIM METOOM B Ann-
TeSIbHOM BefleHV W NaLVeHTOB C XPOHUYECKUMI NaToNoru-
Amu, BKntoyaa nuy ¢ PC. Ha cerogHa, No mepe NOCTOAHHOIO
yBenunueHus nyna nccnefoBaHnii B HarnpaBneHum Tepanum
n peabunutauymm PC, B peanbHylo KINMHUYECKYIO MPaKTUKY
TpaHcmpytoTca 3$PeKTNBHbIE MHHOBALMOHHbIE NOAXOAbI
1 6onee coBepLleHHble MeTOAbl BOCCTAaHOBUTEIbHOIO Jie-
yeHna [14-15].

LEJIb

0600WKNTb U NpPOaHaNU3MPOBaTb COBPEMEHHbIE [aH-
Hble O NoTeHUMane NCNonb3oBaHKA TexHosorunm BP B kor-
HUTMBHOW peabunutaumm npu PC.

MATEPUAJIbI U METOAbI

[na peanu3aunm NOCTaBIEHHOW LENM U MOLrOTOBKM
0630pa Oblf BbIMOMHEH MOWCK My6nMKauuii B HayKome-
Tpuyeckmx 6a3ax gaHHbix PubMed, Scopus, PUHL ¢ uc-
MosIb30BaHNEM MOMWCKOBBIX 3aMNpOCOB 1 KIIHOYEBbIX CIIOB.
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Mownck BKNoyan ctatby, onyonnMKoBaHHble 3a NocnefHne
10 net (2014-2024 rr.), A3bIKOM 3anpoca 1 aHanmn3a 6o aH-
FIVACKUI (pycckni A3blKk — ana 6a3bl PUHLL). B yactHocTn,
MCMNOb30BaNNCh CleayloLme KnoyeBble CioBa Y UX KOM-
6uHaumm: multiple sclerosis, cognitive, virtual reality/VR,
immersive technologies, neurorehabilitation. Yto6bl pac-
WNPUTb CUCTEMATMYECKMIA MOWUCK, MCMONb30BaNUChL one-
patopsbl «M» n «JT» gna obbeanHeHNA KNOYeBbIX COB.
CornacHo NMoCTaBNEHHOWN Lenwy, ANA aHanm3a pesysbraToB
Te3UCbl AOKNAA0B, NPOTOKOJbl 3aCefaHuni, KHUMM, MaTepu-
anbl KOHpepeHUUn, KNMHUYEeCKne Ciyyan He MCMosb3o-
Banncb. B 0606LeHHbIN aHann3 BKAYeHbl Nybnmkaymm
pe3ynbTaToB UCCNeOBaHUIN, B KOTOPbIX OblM afeKBaTHO
npefcTaBieHbl NCXOAHbIE AaHHble OTHOCUTENIbHO MpUMme-
HeHuA TexHonorun BP B uenax peabunutaumy KOrHUTUB-
HbIX HapyweHwun npn PC.

OCHOBHOE COAEPXAHUE OB30PA
Ocob6eHHOCMu peabunumayuu npu pacceaAHHOM
cKnepose

PC aBnaetca Hambonee pacnpocTpaHEHHOW HeTpas-
MaTMUeCKOW NPUYNHOWN HEBPOMOrMYECKON MHBAaNUAHOCTY
y niofiell MOJIOA0ro Bo3pacTa, U Mo OLeHKam noytn 3 MiH
YyenoBeK BO BCEM MMpPe MMEIOT Takom anarHos [16]. YunTbl-
BaA pPacrnpoCTPaHEHHbIN XapaKTep NOpa)keHWA LieHTpasb-
Hol HepBHoW cuctembl (LIHC), cumntombl PC moryT 6bITb
BeCbMa HEOJHOPOAHbIMU: y NaLMEeHTOB HabnoaalnTCcA Ha-
pylweHuAa ABUraTeNbHON aKTUBHOCTW M PaBHOBECUA, CEeH-
COPHbIX GYHKLUMIA, 3pEHUA, KOTHUTUBHOIO NPOduUNA u no-
BeaeHuA. Tepanus, moguouumpytowaa 3abonesaHne PC,
HanpaBJ/ieHa Ha 3amepJieHre NporpeccupoBaHua 3abone-
BaHMA 1 NpefoTBpaLleHne NoBTOPHbIX 060CTPeHNA, TOrAa
KaK peabvnutayus B nepByto ouepeab HamnpasneHa Ha BO3-
MOKHOCTb BOCCTAHOBJIEHUA ABUTaTENbHbIX M KOTHUTUBHbIX
byHKumI [17].

B nocnepHue rogpl 6onblioe BHMMaHWe ypensaeTca
oLeHKe KauyecTBa »KMU3HM naumeHToB ¢ PC, NOCKONbKY 3a-
6oneBaHve NMeeT pasfinyHble KIMHUYECKMEe NPOABNEHUA
N CBA3aHHbIE C HMU OCIOXKHEHUA, @ TaKKe XapaKTepunsyeT-
CA MPOrpeccmpyoLwM TeYeHeM, YTO MMEET BblpaXKeHHbIN
NMcUxocoumanbHbi KOHTEKCT [18-19]. JencTBUTENbHO, BOC-
npuATMe NaumeHTaMmmn CBOero Gpr3nyeckoro n ncuxmyec-
Koro 6narononyums CywecTBEHHO BAMAET Ha UX aBTOHO-
Muio, Gnarononyuve 1 noteHumanbHoe GyHKLUOHaNbHoe
BOCCTaHOBJIeHNe nocne peabunutauymun. Takum obpasom,
ynyJlleHne BOCMPUHMMAEMOro KayecTBa KM3HW MMeeT
BaXkHOE 3HauyeHue A NpoBefeHVA U NNaHUPOBaHUA 3¢-
beKTUBHbIX BMeLIaTeNnbCcTB ANA nauueHTa. MNpu 3ToMm, He-
CMOTPA Ha OYeBMAHYK 3HAUMMOCTb peabunuTauun npu
PC, BOCTYynHOCTb MOSMIHOLEHHOrO JNleYeHua ANnA MHOTMX
naumveHToB MOXKeT ObITb OrpaHMyYeHa no PasanyHbIM Npu-
yrHaM (HanpuMep, TeXHUYECKre CNOXHOCTH, GMHaHCOBOE
6pemsa unu BbipaxeHHble Gpr3nyeckme HapylueHus). B cea-
31 C 3TVIM UHTEHCVBHO U3YYaloTCA U MHTErPUPYOTCA NHHO-
BaLMIOHHble MOAXOAbl B BOCCTaHOBUTENbHOW Tepanuu PC,
HanpaBJ/ieHHble Ha CHVPKEHME Harpyskn Ha mMeduLMHCKne
cny0bl, NaLMEHTOB U NUL, OCYLLeCTBAALWMX yxon, 6e3
CHUXKeHMA KauyecTBa M 3pPeKTUBHOCTU NeyeHns [20-21].
B uenom peabunutauyma nayneHtosB ¢ PC gomKHa yunTbl-
BaTb pPa3fiMyHble MepCcoHann3MpoBaHHbIe BapMaHTbl yX0aa,
NPy 3TOM BaXXHYI0 POJib UrPaIOT JOCTYMNHble GPOHTUPHbIE
TEXHONOrMW, MOTEHLMaNbHO MNO3BoJIAKLME 0O6X0ANTb YKa-
3aHHble OrpaHUYeHus, B YaCTHOCTU, TEXHONOMMW AMCTaH-
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LUMOHHOro BMeluaTenbcTea 1 BP. PaccmaTtpusaetcs, uto BP
N CUCTEMbI KOMMbIOTEPHON peabunmTaunoHHON cpeabl Mo-
ryT 6bITb 3PPEKTUBHBIMU ANA MOBbILLEHNA KAUECTBA XKU3HU
N yNyylWeHNA MOTOPHbIX, KOTHUTUBHbBIX U MCUXonormyec-
KMX NokasaTtenen y naumeHToB ¢ PC [22-23].

TexHon02us eupmyanevHoU peasbHocMu
KaK UHHOBAYUOHHbIU N00X00 8 Helipopeabunumayuu

JKcnepTbl B 06n1acTn 34paBOOXpPaHeHMA B HacTosLlee
BpPeMA MHTeHCMOULMPYIOT HayYHOE BHMaHUE U MpaKTuye-
CKre pa3paboTkn B 06nacti npodunakTnkm 3aboneBaHunin
1 BCcex 3TanoB peabunutauyun. CoBpemeHHble nccneoBa-
HWA MOKa3blBalOT, YTO 340POBOE NUTaHME 1 HOBble CTpa-
TerMn nNULEBOro NOBEAEHMUA, perynapHble ¢ursnyeckme
Harpy3sKku, 0TKa3 OoT nary6HbIX MPUCTPaCcTUii, BOCCTaHOBJIIEe-
HVe perynaumn B LUKe cHa 1 60apcTBOBaHMA U aHTUBO3-
pacTHoOe noBefeHne NoOMOoraloT 3amefInTb NpoLecc cTape-
HWA, YNYULWNTb KaYeCTBO KU3HU N [OCTUYb 3HAUYUTENbHbIX
ycnexoB B 6opbbe C HelpogereHepaTMBHbIMK U HEWpo-
BOCManuTeNbHbIMU 3aboneBaHusaMM [24-29]. Pa3paboTka
WHHOBALIMOHHbIX MOAXOA0B NPOobUNaKTUKL 1 peabunnta-
LMW, BOCTUXKeHMA B 00N1acT HENPOHayKK, XpoHobuonorum
N HENPOTEXHONOIMI, KIVHUYECKe NCCNefOBaHNA HOBbIX
npenapatoB 1 HepapMaKonormyecknx MeToaukK, Hanpas-
NEHHbIX Ha COXPaHeHWe KOTHUTMBHbIX GYHKLUA 1 BOCCTa-
HOBJIeHVe ABUraTeSibHbIX HapyLleHWl, aHTUOKCUAAHTHaA
Tepanus, reHeTMyeckasa WHXeHepua 1 OnoTexHonorunu,
a Takxe OyHOaMeHTa/nbHOEe M3y4yeHVe KIIETOUYHbIX U MO-
NEeKYNAPHbIX MEXaHW3MOB CTapeHus, Hecneunduyeckon
3alLUThl, YCKOPEHHOTO BOCCTAHOBMEHNUA OYHKUMIA U MO-
6unr3aunm BHYTPEHHNX pe3epBOB NPeACTaBAAlT cobow
COBpeMeHHble TpeHAbl B peabunutaunmoHHon u npodu-
NaKTNYeCKoNn MeduuMHe, KOTopble ABMATCA Ba)KHOW CO-
CTaBNALLEN B BONPOCE YyBENNYEHUA MPOJOIKNTENIbHOCTY
MKU3HU U MaKCMMaNbHO OPUEHTMPOBaHbI Ha COXpaHeHune
3[00POBbA U KayecTBa »M3HW naumenTos [13, 30-32].

MHHOBaUMOHHbIE TexHoNorMm obewarT  ynyywmnTb
yXof 3a naumeHTamy, NOAAEPXKMNBaAA NpoBefeHe Hay4yHO
060CHOBaHHbIX TepaneBTUYECKNX MEPONPUATUAIA, N UMEIOT
noteHuman Ana UCNosb3oBaHWA y naumeHta goma. OpHa-
KO BHegpeHVe 3TUX TeXHONOrMi B pPeanbHylo KauHuYe-
CKYI0 MPaKTUKY A1 YCUNEeHMA TepaneBTUYeCKX MOAXoA0B
CTaNKMBaeTCcA C onpefeneHHbIMU NpobieMamn U TpebyeTt
BpemeHun. B yacTHOCTU, € Hayana KAMHWYECKUX MUChbITa-
HWIA NpoxoanT 6oniee 10-15 neT, U NpY 3TOM NPUHMMAETCA
NUWb HEeKoTopaa 4acTb McCnefoBaHUn 3PPeKTUBHOCTY.
C Npou3BOACTBEHHOWN TOUKU 3peHna 3TO CO3[AaeT KOSoc-
canbHble Npobyiembl, MOCKONbKY TEXHONIOTMUN Pa3BMBaOTCA
TakMMK TeMMamu, KOTOpble HaMHOrO OMepexaloT Bpems,
HeobxoAnMoe ana BHeppeHuA (GakTUUeCKUX AaHHbIX Ha
npaktuke. [lpyrummn cnoBamu, TEXHONOIWA, KOTOpasa Npu-
3HaHa 3pEeKTMBHON, MOXeT OKa3aTbCA yCTapeBLUer K MO-
MEHTY ee BHefpeHNA Ha npakTuke [33-34].

TexHonorun BP mopenupyioT BUpPTYyanbHbI Tpexmep-
HbIl MUP W MO3BONAIOT MOMb30BaTENAM B3aVIMOAENCTBO-
BaTb C HUM MNOCPEACTBOM KOMMbIOTEPHOrO MMUTUPOBAHUS,
KOoTOpoe onpeaensaeT COCTOAHME U AeNCTBUA NOoNb3oBaTe-
NA 1 3aMeHAeT UNn JononHAeT NHGOPMaLMI0 CEHCOPHON
06paTHOM CBA3N ANA OAHOrO WM HECKONbKMX OpraHoB
UyBCTB TaKMM 06pa3om, YTo y Monb3oBaTesid BO3HUKaeT
oulylleHne norpyxeHuna B cumynauuio. banskaa no meto-
gonoruu TexHonorua [1IP npegHa3HayeHa ana nobasneHus
uMdpPOBbIX 3N1eMeHTOB K OObeKTaM U3 peasibHOro mmpa

DISSERTATION ORBIT

N MO3BONAET OrpaHWYEeHHO B3aMMOLENCTBOBaTb MeXAy
BMPTYyaNbHbIMK M300paXKeHNAMU UM 0ObeKTaMn U K30-
6paxkeHUAMK peanbHoro mupa. TexHonoruun BP n 1P B co-
BOKYMHOCTU C JUCTAHLUOHHBIM MOHWTOPWMHIOM C MOMO-
b0 HOCMMbIX JaTYMKOB AnAa cOopa AaHHbIX O ABUKEHUM
1 oblwem GyHKLMOHMPOBaHNY NaLUeHTa B peXxnmMe peasb-
HOro BpeMeHU Ha ydaneHun noaTBepaatoT cBot 3ddek-
TUBHOCTb Y 060CHOBaHHO BHeAPAIOTCA B Pa3nMyHbIX 0bna-
CTAX Tepanuu n peabunutauum [1, 8, 35-37].

TexHonorma BP ctumynupyetr UHC nocpeactsom Bbi-
COKOVMHTEHCVBHOW, MYJIbTUCEHCOPHOW, MOBTOPAOLENCA
N OPVMEHTUPOBAHHOW Ha 3aavy CUNbHOM 0BpaTHON CBA3M
N MOAYNMpPYeT ABUraTesibHble, KOTHUTUBHbIE 1 CEHCOPHbIE
bYHKUMKY, TaK YTO MayMeHTbl MOTYT MOrpy3uTbCA B BUPTY-
anbHylo cpeay 1 AOCTUYb MAeanbHoro s¢dekTa peabnnuta-
LMOHHbIX TPeHnpoBokK [15, 38-39]. ¥ nauuneHToB ¢ PC pea-
6unuTaLMoHHOe obyueHre C MOMOLLbIO TaKUX TEXHOMOTUI
MOeT CcnocobCcTBOBaTb aKTMBALMM CUCTEMbI 3epKabHbIX
HEeNPOHOB, UTO MPUBOAMUT K KOPKOBbBIM U MOAKOPKOBbIM U3-
MEHEHVAM B MO3re, a TakXKe JOMONHUTENIbHO CTUMYNMPY-
€T CMHaNTUYeCcKyl peopraHusauuio 1 pemmennHusaluio
ABUraTenbHbix obnactenn mo3sra [40]. Takum obpasom, Um-
MepPCMBHbIE TEXHONOMMW NPeACTaBAAT cO6oN caMoCToA-
TeNbHbIA MHHOBALMOHHBIA MOAXOZ Helpopeabunutaumnm
C OTPOMHbIM MOTEHLNANIOM, KOTOPbI MOXET CTUMYNIMPO-
BaTb HEMPOMNNacTUUYHOCTb, 0becneunsasn bonbLIOe Konnye-
CTBO NOBTOPEHUI, NO3BONAA ObICTPO M HE3HAUNTENIbHO U3-
MEHATb CJIOXKHOCTb 33fay, a TakxKe NojAepKrBasa MOTMBa-
LiMt0 11 BOBJIEYEHHOCTb YYaCTHNKOB BO BPeMA TPEHNPOBOK.
MoaTomy 3a nocnefHee fecATUNETUE BO3POC NHTEPEC K NC-
nonb3oBaHuio BP ana ynyulieHna KauecTsa XMU3HN 1 NMOBbI-
LIeHUA MOTMBALNN K GU3NUYECKUM YNPaXKHEHWAM, U3MeHe-
HWUIO MoBefeHnA, peabunutauumn ABUraTenbHbIX HaBbIKOB
1 NpepoTBpalleHto NnageHui. BP BkntoyaeT nogxopabl, pas-
paboTaHHble AnA peabnnUTaLNOHHbIX NMPUIOXKEHWUN, @ TaK-
e yHuBepcanbHble UrPOBble CUCTEMbI UM GU3NYECKYIO
peabunuTauuio B Gopme BULEOUTP TUMA «IK3EPrelMUH»
[41-44].

PaccesAHH®bIl cK/1epo3 U KO2ZHUMUBHbIE HapyweHUs

PacceaHHbIN cKnepo3 NporpeccnBHO yxyAaLaeTca ¢ Te-
yeHnem BpemeHu, 1 o 65-70 % nogen C TakuMm grarHo-
30M WCMbITbIBAIOT KOTHWUTMBHblE HapylueHuA. Hanbonee
3aTPOHYTbIMU KOTHUTUBHbBIMU GYHKLMAMN ABNAAOTCA BHU-
MaHWe, CKOpPOCTb 006paboTKn MHbopMauun, BepbanbHas
namATb, 3pUTEIbHO-NPOCTPAHCTBEHHbIE HABbIKN 1 UCMOJ-
HUTeNbHble QYHKLMK, OKa3blBas HeraTMBHOE BVAHUE Ha
JINYHOE U coumanbHoe QYHKLMOHMPOBaHME, npodeccu-
OHaNbHYIO AEeATENIbHOCTb Y KauyecTBO Xu3Hu [45]. KnuHu-
yecKune JaHHble CBUAETENbCTBYIOT O TOM, UTO KOTHUTUBHbIE
HapyLeHnA NPUCYTCTBYIOT Ha Bcex ctaguax PC, naxe npu
OTCYTCTBUWN APYTMX CUMATOMOB, NPV 3TOM Pa3finyHbIe KNu-
Huyeckue peHotunbl PC 1 nexalyre B MX OCHOBE NATONOI -
yecKme MexaHn3Mbl UrpatoT peLlaloLLyto posib B XapaKkTepe
KOrHUTUBHOW ancdyHKLmm [20, 46]. MosToMy HeyanBUTENb-
HO, YTO OTMeYaeTCA POCT HaYUYHO-MPUKIAZHOTO BHMMaHUA
K HelponoBeAeHYeCKUM peabunnTaunmoHHbIM MOAXOAaM
KaK cpefCcTBam ynpaBieHUA KOTHUTUBHON cdepoit y sto-
nen ¢ PC [47]. OCHOBHOW Lenbio METOAOB KOrHUTUBHOM
KoppeKuMmn 1 peabnnutauumn ABNAETCA YKpenaeHme ocTa-
TOYHbIX CMOCOBGHOCTEN U COAENCTBME OCBOEHMIO HOBbIX
CTpaTernin, YTo B KOHEYHOM UTOre MPUBOAUT K YNyULLEHWNIO
KOTHUTUBHbIX GYHKLIIA.
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MockonbKy Henpobronorua PC xapakTepusyeTca npo-
rpeccupyoLm NnoBpexgeHeM rofloBHOro Mo3ra, CTUmy-
NAUMA NPOLIECCOB HEMPONNacTUUYHOCTH MOXeT cbanaHcu-
poBaTb onpepesieHHble HapyLleHNaA, noaaepxnaas addek-
TUBHOE GYHKLMOHMPOBaHME MO3ra 1 KOHTPacTUpyA Haua-
N0 W yXyALWeHne KOrHUTMBHOro geduunta [48, 49]. KorHu-
TUBHaA peabunutauma NoBbiWaeT Kak GyHKLMOHaNbHYIO,
TaK M CTPYKTYPHYIO HEMPONIaCcTUYHOCTb, U 3TO ynyuylleHne
HanpAMYto CBA3aHO C TPEHMpPYyeMbIMU AoMeHamu. [pu Kor-
HUTUBHOWN peabnnutauumn BaXkHO He TOJSIbKO YMEHbLUWTb
BblpaXeHHOCTb KOTHUTUBHOTO fedurumTa 1 3aMmefnnTb ero
NpPOrpeccuto, HO 1 CNOCOH6CTBOBATL MOBBILLIEHNIO OCBEAOM-
NEHHOCTU NaLNEHTOB O KOFHUTUBHBIX U UHbIX MeAMNKO-CO-
LManbHbIX TPYAHOCTAX, C KOTOPbIMW OHW CTasKMBaloTCA
B MOBCEHEBHOW XMN3HU. Kpome Toro, AaHHble paHAOMU3N-
POBaHHbIX KNUHUYECKUX UCCNefoBaHUN U MeTaaHalvM30B
CBUAETENbCTBYIOT O TOM, YTO MOJSIOXKTeNbHble 3PdeKTbl
KOTHUTMBHOW KoppeKuun npu PC BbIXOZAT 3a pamMKu BAn-
AHWA UCKITIOUNTENBHO Ha NOKa3aTesiv KOTHUTUBHOW NPon3-
BOAUTENIbHOCTY 1 MOTYT ObITb Gonee WNPOKUMK, BKNoYas
BO3JeNCTBUE Ha YTOMIAEMOCTb, HaCTPOEHME 1 KauyecTBO
PKNU3HU Takux naumeHTos [50-52].

YCTaHOBNEHO, YTO NaMATb, NCMONHUTENbHbIE GYHKLNN,
BHUMaHWe 1 CKOPOCTb 06paboTKmM MHPOpMaLMm ABNAIOTCA
XapaKTePHbIMU KOTHUTVBHbBIMK 061acTAMU, 4EMOHCTPUPY-
lowmmmn Hambonbluyo ancoyHkumo npu PC, ogHako anA
MauMeHTOB KOTHMTMBHbIE HapyLUeHWA WHOTrAa ABAAITCA
yrnyckaembiM U3 BMAY CMMMTOMOM, KOTOPbIN CyLIeCTBEH-
HO BNUAET Ha MOBCEOHEBHYI [eATENbHOCTb U KauyecTBO
Xu3Hu [9, 45, 53]. KorHuTtrneHble Npobnembl MOTYT NPenAT-
CTBOBaTb CMOCOOHOCTM NaLMeHTa BbINOMHATb CBO pPaboTy
M y4acTBOBaTb B COLMANbHONM AeATENbHOCTU He3aBUCMMO
OT ero Gpr3nYecKrx HefOCTaTKOB, TEM CaMbIM CYLLLECTBEHHO
BNMAA Ha OCHOBHble cdepbl ero »usHu. MNpepgnonaraercs,
UTO yyacTve B pasfIMyYHbIX Nporpammax Gprsmnyeckon pea-
6UNUTaLMM MOXET MHAYLIMPOBaTb MEXaHU3Mbl MOBbILLEHWSA
CTPeCccoyCcToNYMBOCTM M ajanTauum NaumeHToB, a TakKe
CMArYeHUA JONrOCPOYHON UHBanMaHoctTn. OgHako npep-
CTaBfieHHble pe3ynbTaThl cucTeMaTnyeckoro obsopa [54]
OEMOHCTPUPYIOT, UTO TpaAuLMOHHaa dusnyeckaa TpeHu-
poBka npu PC, HeCMOTPA Ha OXMAAHUA, 3HAUNMO He yIyu-
LaeT KOTHUTUBHYIO NMPON3BOAUTENBHOCTb MaLMEHTOB Kak
B LieNIOM, TakK 1 B OTHOLLIEHUN ee KOHKPETHbIX obnacTen.
CTONT OTMETUTb, UTO CaMy aBTOPbl MeTaaHanmn3a pekoMeH-
ZYI0T OTHOCWUTBbCA K MpefcTaBfieHHbIM BblBOAaM C OCTO-
POXHOCTbIO 1 CYUNTAIOT HEOOXOAUMBIM NPOBEAEHNE HOBbIX
W AOMONHUTENbHbIX WUCCNeA0BaHUN C COMOCTaBMMbIMU
NPOTOKONaMM 1N BO3MOXHOCTbIO YBEIMYEHUA «A03bl» Tpe-
HMPOBOYHOrO BO3eCTBUA AnA 6onee AeTanbHOW OLEHKN
3 deKTUBHOCTN.

Takum 06pasoMm, yumTbiBasd KOFHUTUBHbIE U 3MOLMO-
HanbHble nocneactsua PC, BaXXHO pa3pabaTbiBaTb 1 BHe-
OpATb B KIMHUYECKyl NpaKkTuky Oonee 3ddeKTuBHble,
[OCTYMHble U MHHOBALMOHHbIE TepaneBTMYecKne Mnopaxo-
[bl, UTO OJHOBPEMEHHO aKTyanu3upyeT nU3yyeHne n pac-
LWMpeHre noTeHymana TexHonoruni BP n [P [36].

Mpeumyuwjecmea ummepcusHbix mexHoso2uli
8 peabunumayuu Ko2HUMUBHOU OUChYHKYUU
npu pacceasHHOM cK/iepo3e

TexHoOMOrMN TPeXMepPHoOW BM3yanusauuy B NocsefHme
rogbl Npuobpenn ocobyio NonynApHOCTb 6narofapsa pas-
BUTUIO LUMPPOBOI TEXHWUKM 1 UHGOPMALIMOHHO-KOMMYHU-
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KaLMOHHbIX CUCTEM, MO3TOMY MCMONb30BaHNE UMMEPCHB-
HbIX UHTepdeiicoB NepecTtano GbiTb UCKNIOYNTENBHO 3rie-
MEHTOM pa3BJieYeHNs, a CTaHOBUTCA HOBbIM 3P PEeKTUBHbBIM
WHCTPYMEHTOM, WUCMOJMb3yeMbIM B Pa3fiMyHbIX 06nacTax
meanunHbl [41].

JleuebHO-BOCCTaHOBUTENbHbIE 3QdEKTbl, aKTUBMpYe-
Mble BP-TexHonornamu, AeMOHCTPUPYIOT onpefeneHHble
npeumyLlecTBa Taknx MeTOAMK W aKTyanusnpyoT UX UC-
nonb3oBaHWe B 06NMacTU Helpopeabunutaymm naumeH-
ToB ¢ PC, NOCKONbKY OTKPbIBalOT HOBblE MePCMeKTUBbI AJ1A
YCKOPEHHOro BOCCTAHOBNEHUA MauueHToB. lcnonb3o-
BaHve BP no3sonser nepcoHnduuympoBaHHO noabupatb
CJIOXHOCTb 3afia4 Mo BO3MOXHOCTAM 1 NOTeHUMany nayu-
€HTa 1 KOHTPOJSIMPOBaTb ero paboTy C NOMOLLbIO Pa3fny-
HbIX 0OpaTHbIX CBA3el (BU3yanbHbIX U CIyXOBbIX). Kpome
TOro, CUCTEMbl MO3BOMAIOT MOBbLICUTb KauyecTBO BMelLLa-
TeNbCTBa C MOMOLbIO MPOBefeHNa peabunuTaLMoHHbIX
MepONpUATAA B UrpoBor Gopme, MOBbILAA MOTUBALMIO
N BOBNEYEHHOCTb NauueHTa. Takke K MpenmyliecTtBam
TaKUX TEXHOJNTIOTUIM MOXHO OTHECTU BO3MOXHOCTb MOJIb30-
BaTenen B Neprof peabunntaumoHHON NPorpammbl, Npo-
BOAVMOW B [OMALUHUX YCNOBUAX, O4HOBPEMEHHO 3aHU-
MaTbCA NMOBCEAHEBHbIMU ienamMu, HeAOCTYNMHbIMW NPY MO-
CTOAHHOM npebbiBaHMK B CTaumoHape. bonee Toro, onbIT
norpyeHua B BP cTaBUT nauueHTa B LEHTP ero Tepanes-
TUYECKON NPOrpPammbl, YTO OLHOBPEMEHHO MO3BONIAET eMy
mMoanduumpoBaTb CBOU NPeACcTaBneHnsa 06 OKpyKatoLiem
MUpe 1 npouecce peabunutaumm. Mostomy B nocnegHue
rogbl BP HaxoanT MHOrouncneHHble NprMeHeHKsA B peabu-
nuTaummn Niofen pasHbiX BO3PaCTHbIX rpynmn, CTpajaroLmnx
ABUraTe/ibHbIMK, KOTHUTMBHBIMUY, NOBEAEHUYECKNMU U CEH-
COpPHbIMM HapyLweHuamm [4, 43, 55-56].

M3BecTHO, uTO TexHonorus BP Aensetca 3¢dekTmB-
HbIM [OMOSHEHMEM UMY 3aMeHON TPaAULMOHHON peabu-
NIMTaLUN C NOMOLLbI GUINYECKUX YNparkHeHWI [57-58].
Pe3ynbTaTbl MeTaaHann3o0B AEMOHCTPUPYIOT, YTO Tepanua
Ha ocHoBe BP npumeHunma gna neyeHna pasnmuHbIX rpymnn
3aboneBaHn N 3PPeKTVBHA ANA YNyulleHUA WUCMONHU-
TeNbHbIX QYHKLMIA, ONA BOCCTAHOBIEHUA KOTHUTUBHbIX,
NCUXMYECKNX N MOTOPHbBIX HapylleHun. B yacTHocTu, co-
obuaeTca 06 NCNoNb30BaHMMN TaKUX TEXHONOTMI Npu Gu-
3MYecKkon peabmnutauumn M ymeHbLIEHUN MCUXONornyec-
KX CUMMTOMOB Y Pa3fINYHbIX FPynn naumneHToB, BKYan
BOCCTAHOBUTENbHYIO Tepanuio Nocie UHCYNbTa, NpU Hen-
pofereHepaTVBHbIX 3aboneBaHWAX, Y MaLMWEHTOB C ner-
KUMW 1 YMEPEHHbIMU KOTHUTUBHbBIMY HapyLeHUAMN, Npu
BeCTUOYNAPHBIX, PeCnMpPaTOPHbIX Y CepAeYHO-COCYAUCTBIX
HapyLleHUAX, NPV NleYeHN XPOHMNYECKo 60N N B OHKO-
norun [12, 55, 59-62]. Takum obpasom, B peabunutauyum
nauneHTos ¢ PC nMMepCcuBHbIe TEXHONOMM 3aKOHOMEPHO
paccmaTpuBaloTCs B KauecTBe MHoroobeljawollein Tepa-
neBTuYeckomn ctpaterun (puc. 1) [57, 631.

B page PKW aHanm3upoBanacb 3gpPpeKTMBHOCTb HENPO-
peabunutauum npu PC ¢ ncnonb3oBaHnem cUCTeM BUPTY-
anbHOW peanbHOCTY Pa3fIMYHON CTeMNeHW NOorpy}eHunsa (He-
NMMepPCVBHasA, NOMHOCTbIO IMMEPCHBHAA UV NOSTyMMMep-
cuBHasA). Hanpumep, Aana mccnefoBaHWA BO3MOXHOCTEN
HeMMMepCrBHOWM TexHonormm BP wncnonb3oBanuch 3ana-
TeHTOBaHHble nporpammbl GE-O System [64], REACTIV [65],
Microsoft Xbox One u Kinect [66], Lokomat-Pro [67]. Pea-
6unutaymnoHHble cuctembl Khymeia otmeueHbl B pabotax,
aHanM3npyLNX BIUAHME Ha KOTHUTUBHbIE GYHKLMN NaLm-
eHToB ¢ PC MOMHOCTbIO MMMEPCUBHbIX TexHonorun [68, 69],

AUCCEPTALMOHHAS OPBUTA
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PaccesiHHbIV CK/1Iepo3 N KOTHATUBHAasA gUcyHKUusA
KOrHUTMBHbIE HapPYLLEHUSI NPUCYTCTBYHOT HA BCEX CTaansaX 3ab01eBaHNs U XxapakTepHbl Ans 65—70%
NaLyeHTOB C YCTaHOB/IEHHbIM AUarHo3oMm /

Multiple sclerosis and Cognitive dysfunction
Cognitive impairment is present at all stages of the disease and is found in 65—-70% of diagnosed patients.

XapakTepHble KOTHUTUBHbIE 06/1acTU, AEMOHCTPUPYIOLLME HaNGONbLUYIO AUCHYHKLIUIO:
BepbasibHasA NaMsATh, UCMOMHUTEbHbIE YHKLMM 11 3pUTE/NbHO-NPOCTPAHCTBEHHbIE HaBbIKM, BHUMAaHWE
1 CKOpPOCTb 06paboTky nHopmaumm /

Cognitive areas that are characterized by significant dysfunction:
verbal memory, executive functions and visual-spatial abilities, attention and processing speed

4

PeaGunurayms ¢ y4eTOM KOrHUTUBHBIX U 3MOLMOHa/IbHbIX NOC/IeACTBUI paccesHHOro ckneposa |
Rehabilitation considering the cognitive and emotional consequences of multiple sclerosis

KOrHMTMBHAas KOPPeKUUsl C MICNO/Mb30BaHMEM
CUCTEM BUPTYa/IbHOI peasibHOCTY
- HeymMepcHBHbIE CUCTEMBI
« C HemnoJsHbIM MOrpyXXeHnem
- MOMHOCTbLI0 UMMEpCHBHbIE /

Coghnitive rehabilitation using VR technology
» Non-immersive
» Semi-immersive
« Fully immersive

A4

MexaHu3Mbl 1 0COGEHHOCTU HelipopeabunuTauuy Npy NCNosib30BaHUM UMMEPCUBHBIX TEXHOOMMIA:
VHTEHCUBHOE, NMOBTOPSIIOLLEECS U MY/ILTUCEHCOPHAS 06paTHas CBA3b; aKTUBaLMA BOCCTAHOBUTE/bHbIX HEPOHHBLIX MEXaHV3MOB;
Lie/leHanpaB/iEHHOE 06YYeHVe, CTUMY/ISILMS HEMPONIACTUYHOCTY, PeaKTUBALLMS N YCUNEHNE HENPOTPAHCMUCCUW; AONONHUTEbHAS
HelipoHHasA aKTUBaLMA CUCTEMbI 3€PKa/IbHbIX HEPOHOB; YBENMYEHVE U MOGUIN3ALMS KOTHUTVBHOTO pe3epBa A/l rmbKoro 1 achthekTms-
HOr0 NCMO/Ib30BaHNA JOCTYMHbIX BO3MOXHOCTEW MO3ra; akTuBaLMs CEHCOMOTOPHbIX 061acTel Kopbl U ycuneHne yHKLOHaNbHO
peopranunzauumn B LIHC; HemHBa3BHOCTb 1 OTCYTCTBUE NOGOYHbIX 3PEKTOB; NEPCOHA/IM3NPOBaHHBIV MOAXOA U afanTalus cLueHapues
HelipopeabunuTauum; paclumpeHme TepaneBTMHeckux 3chheKTOB TPAANLIMOHHBLIX METOLOB SledeHus /

Mechanisms and features of neurorehabilitation using immersive technologies:
intensive, repetitive and multisensory feedback; activation of restorative neural mechanisms; targeted learning, stimulation of
neuroplasticity, reactivation and enhancement of neurotransmission; additional neural activation of the mirror neuron system; increase
and mobilization of cognitive reserve for flexible and efficient use of available brain capacity; activation of sensorimotor area of the cortex
and enhancement of functional reorganization in the CNS; non-invasiveness and absence of side effects; personalized approach and
adaptation of neurorehabilitation scenarios; expansion of therapeutic effects of traditional treatment methods

~

J

- KOppeKuus AehuLpTa NPUHATAS peLleHnst

- increasing global cognitive functions

- development of visual-spatial abilities
- correction of decision-making deficits

sq)cbeKTI/lBHOCTb B OTHOLLUEHUMN KOTHUTUBHOW npousBoauUTesibHOCTU:

« MOBbILLIEHMWE N06aNbHBIX KOTHUTUBHBIX (DYHKLI

- ynyulieHne paboyeii NamsTv, HEeMEANEHHOMO U OTCPOUYEHHOTO BOCMIOMUHAHWS

« MUHUMUW3aLsi KOTHUTUBHOTO AeruyTa N CMSTYEHUE Er0 HEFaTUBHOTO BIMAHUSA Ha KAYECTBO XM3HN
« Pa3BUTUE 3PUTENBHO-MPOCTPAHCTBEHHBIX COCOGHOCTEM

« CHWXEHMe CUMNTOMOB TPEBOTU U Y/lyulleHne NCMX0I0r14eckoro craryca /
Efficiency in relation to Cognitive performance:

- improving working memory, immediate and delayed recall
- minimizing cognitive deficits and mitigating their negative impact on quality of life

- reducing anxiety and improving psychological status

J

Puc. 1. KorHuTmBHas peabunutauma npy paccesHHOM CKJIepOo3e C UCMONb30BaHMEM CUCTEM BUPTYanbHOW peasibHOCTH
Fig. 1. Cognitive rehabilitation in multiple sclerosis using Virtual Reality technologies

a cnctema BTS-Nirvana — Kak BupTyanbHaA TexXHONOruA
C HEMOJTHbIM NOTPYXKeHWEM, UK NonynMmMmepcuBHas [23].
KorHuTrBHas peabunumtaumsa Ha ocHoBe BP pasnuuHoi
CTeneHu NorpyeHna UMeeT JOCTOBEPHbIN NoTeHUMan He
TONbKO ANA ynyuyLleHna NcrMxosiormMyeckoro cratyca u Kor-
HUTUBHBIX GYHKLMIA y naymeHToB ¢ PC, HO 1 B Lienom npo-
rHosa 3abonesaHuA [56, 70]. Tak, Ozdogar A.T. et al. [66]
N3yyeHo BIMAHNE GU3MUYECKOro TPEHUHIa TUMa «3K3eprei-
MWHI», OCHOBaHHOIO Ha BUAEOoUrpax n HeMMMePCUBHbIX BP
cuctemax (B yactHoctu, Microsoft Xbox One, Kinect), y na-

DISSERTATION ORBIT

uneHToB ¢ PC nerkon ¢popmbl MHBaNUAHOCTW. Pe3ynbTathl
B rpynne HEMMMEpPCMBHOrO BUAEOUIPOBOrO TPEHMWHra
NPeBOCXOAMNV TPASULMOHHYI0 peabunntaumio B ynyyiie-
HUM penpeccun n pabouein namat. C ApPYyro CTOPOHBI,
TpaanUMoHHaa dusnyeckaa peabunutayma HEMHOro npe-
BOCXOAMNA MauMeHTOB NMpU OLeHKe MOTOPHOM (yHKLMK
BEPXHMX KOHEUYHOCTeW, YCTasoCT! M KauyecTBa W3HWU,
CBA3AHHOIO CO 3J0POBbeM. B OTHOLWEHUN KOrHWUTVMBHON
NPOAYKTUBHOCTU AaHHble PKW nokasanu 3HauuTenbHble
ynyulleHns B paboueint, 3puTenbHON 1 BepOasbHOM NamaATK
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B rpynne BP-Tepanun B cpaBHEHUMN C KOHTPOJIbHOW rpymn-
now, rae MpPou3BOAMTENbHOCTb paboyert NamATM [OCTO-
BEPHO CHM3Uack. 1o 3aknioyeHno aBTOPoB dpusmyeckne
ynpaxHeHna B dopmaTte BUAEOUrPOBON peabunutauun
MOTYT UCMONb30BaTbCA B KaYeCTBe MeToAa y/yuLlleHnsa oc-
HOBHbIX KOTHUTMBHbIX GYHKLMI B Tepanum naumneHTos ¢ PC
1 OAHOBPEMEHHO ABNATCA 3PEKTUBHLIMU B OTHOLLEHUN
ynyulleHna ABuratesibHoM OYHKUUM BEPXHUX U HUPKHUX
KOHeyHocTel, 6anaHca, KauecTBa XM13HW U NcUxonormyec-
KOro CcTaTyca, a TakKe CH/XeHMA YTOMIAEMOCTM 1 fenpec-
cun [66]. bonee Toro, ¢ yueTom npeanoyTEHNN NaumneHTa,
pekomeHpaunin dusnoTepanesTa, KIMHUYECKUX YCNOBUN
1 NepCcoHanM3npPoOBaHHOrO NoAXofa BUAEOUTPbl UM Tpa-
OVUVMOHHAA peabunutauma MoryT MCMoNib30BaTbCA B3au-
MO3aMeHAEeMO, a Takxe [ONOoNHATbL ApYr Apyra [44].

WNccneposaHue Leonardi S. et al. [68] Bkntoyano oueHKy
pe3ynbTaToB KOFHWUTMBHOW MPOM3BOAUTENIbHOCTY MocC/e
peabunuTauMoHHOM MporpaMmbl C MUCMONb30BaHUEM 3a-
naTeHTOBAaHHONW MMMepCcuBHOM cncteMbl Khymeia y nauym-
€HTOB, CTpajaloLwnx peLnanBupyLLm/pemnTTAPYIOLWNM
PC. TpeHuHT BbiNonHANCA 3 pa3a B Hefento B TeueHue 2 Me-
cAueB. [laHHble Helponcuxonornyeckoro obcnefoBaHmA
nokKasanu, 4To Kak TpagMuUUoHHbIe, Tak 1 BP-nogxogbl Kor-
HUTMBHOW peabunutaumm 6binn 3ddeKTUBHBI MPU OLEHKe
MCKXONIOrMYECKNX MOKa3aTeNlel HaCTPOEHUA W 3pUTeSib-
HO-MPOCTPAHCTBEHHbIX HaBbIKOB. OHAKO TOMbKO B 3KCMe-
pUMEHTaNbHON rpynne 6bi10 0OHapy»KeHO 3HaunTeNbHOE
ynyulweHve B crneunduyecknx KOTHUTUBHBIX 0OnacTsax,
BK/IOYasA CMOCOOHOCTb K 0OyueHMWIo, KpaTKOBPEMEHHYIo
BepOanbHylo NamATb, CMOCOOHOCTb K JIEKCMYECKOMY [0-
CTyny, a TakXe YynyulleHne KayecCTBO KM3HW, CBA3aHHOe
C NCMXMYecknm cTaTycom. o 3aKnoueHno aBTopoB BUP-
TyanbHYI0 TEXHONOMM0 peabunuTaumy C MOMHbIM NOrpy»xe-
HMEeM MOXHO paccMaTpuBaTb Kak MOTMBALMOHHbBIN 1 3¢-
GEKTUBHBIN UHCTPYMEHT KOTHUTUBHOTO BOCCTaHOBNEHMA
B Tepanuu PC, 1 B Lenom oHa umeeT paf JOCTOUHCTB Npu
pa3nnyHbIX HEBPONOrMYeCcKnx pacctponcraax [68].

B npyrom mHoroueHTpoBom PKN npoepeHa adpdekTnB-
HOCTb MHTErpUpOBaHHOro Noaxofda ANCTaHLMOHHON Tepa-
MWK, BKJIOYaIOLLEero Bo3encTBe Ha BOVIHble AOMEHbI (MO-
TOPHbIA N KOTHUTUBHBIN) C MCNONb30BaHNEM MOSTHOCTBIO
MMMEPCMBHOWN CHCTeMbl peabunuTaumym no CpaBHEHUIO
C TPaAVLUMOHHBIM PeabunnTaLMOHHbIM YXOAOM Ha AOMY
nauneHToB, cTpagatowwmx PC. Y 70 yyacTHMKOB oLeHMBanu
ABuratenbHble GYHKLMN paBHOBECKA, MOCTYPanbHOrO KOH-
TponsA, ANHAMUYECKON XOfbObl, KOTHUTVBHbIE pe3ysbTaThl,
a TaKk)Ke BOBNEUYEHHOCTb 1 MOTMBALMOHHbIE acMeKTbl B Ha-
yane uccnepoBaHNA 1 Yepes 6 Hefenb peabunutauymm. Nc-
cnefoBaHVie NpPefoCTaBMIO [oKa3aTenbCTBa, YTO MalmeH-
Tbl ¢ PC MOryT nonyuntb JOCTOBEPHYIO NMONb3y OT Tesepea-
6UNMTaLMOHHOIO NOAXOAa C NprMeHeHeM BP-TexHonorunm
B pa3BuTMM dusmyeckomn chepbl, KOTHUTUBHbBIX MOKa3aTe-
new, KauecTBa XXM3HW 1 ABUraTesibHbIX CMMNTOMOB [69].

Maggio M.G. et al. npefcTaBneHbl pe3ynbTaTbl U3yYeHUs
3bdeKTUBHOCTU 1 JOCTYMHOCTM MMMEPCMBHBIX TEXHONO-
rMIN ONA KOrHUTUBHOW peabunutaumy pasfinyHbIX HEBPO-
nornyecknx 3abonesanHun [2; 71]. B yactHocTW, AnAa oueH-
K1 BANAHUA cucTteMbl BP ¢ yacTUUYHbIM MorpyeHnem Ha
HeMpOomnCKXoNIorMyeckoe 1 iBUratesibHoe BOCCTaHOBIIEHNE
nogen, ctpapaowmx PC, aBTopbl paHAOMM3NPOBany pas-
HbIM KonnyecTBom 60 UenoBeK Ha KOHTPOJbHYIO rpynmny,
NPOXOAMBLUYIO TPAAULMOHHYIO KOTHUTUBHYIO TPEHUPOBKY,
N 3KCNepUMeHTanbHYIo rpynmny, KoTopasa BbIMOMHANA pea-
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OUNUTALMOHHYO MPOrpaMmy C NOMOLLbIO MHTEPaKTVBHOM
cuctembl BP ana naumeHTOB ¢ HEMPOMOTOPHbBIMU HapyLue-
Huamu Nirvana komnaHum BTS S.p.A. (UTanua). KorHutue-
Hble 1 ABUraTesibHble pe3ynbTaTbl UCCNEAOoBaNNCh C MO-
MOLLbIO KIMHUYECKUX U HEMPOMCUXONOrMYeCKUX LWKan Ao
N B KOHLIe KaX[0ro oTAeNIbHOro TpeHunHra. B cootseTcTBmm
C pe3ynbTaTamy TONbKO B 3KCMeprMeHTanbHou rpynne (1c-
nonb3oBaHue BP) Habnioganocb 3HauuTenbHoe ynyulle-
HMe KOTHUTUBHbIX NMapameTPOB 1 MoKa3aTenell MOTOPUKMN.
ABTOpbI 3aK/OYWN, YTO KOTHUTMBHAA TPEHMPOBKa C UC-
nonb3oBaHUeM TexHonorum BP moxeT ycunutb pesynbtathl
peabunuTtaumn nauneHToB ¢ PC, oKa3biBasA MONOXUTENb-
HOe BNUAHWE KakK Ha [BuraTefibHble, Tak U Ha KOTHUTVBHbIE
byHKymKM [23].

Mo gaHHbIM aHanu3a Zhang J. et al. [72], peabunutauus
Ha ocHoBe BP-texHonorui nomoraet nayueHtam c PC ynyu-
WnTb rnobasnbHble KOTHUTUBHbIE QYHKLWW, HemeaneHHoe
N OTCPOYEHHOE BOCMOMUHAHWE, 3PUTENbHO-NPOCTPaH-
CTBEHHbIe CMOCOOHOCTU 1 CUMMATOMbI TpeBoru. OfHaKo OKa-
3blBaeMoe BIMAHME Ha CKOPOCTb 06paboTKM MHGOpMaLMN,
BHUMaHwMe, pabouyto NamATb WY AeNPeCCUBHbIE CUMMITOMbI
npeacTaBnAeTcA orpaHuyeHHbIM. CTOUT OTAeNbHO OTMe-
TWUTb, YTO B COOTBETCTBMM C ONMCAHHBIMIN aBTOPaMI Xapak-
Tepuctukamm otobpaHHble B MeTaaHann3 mMcciefoBaHuA
obnapany Xopownm MeTofoNOrMYecKUM KauecTBOM, Mpo-
LOSPKUTENbHOCTb BMELLATENbCTBa BapbupoBanach oT 6 He-
Jenb o 6 mecAues, oT 2 A0 5 ceaHCOB B Hefento npofos-
XKUTENbHOCTbIO NpUMepHO oT 30 o 90 MUHYT KaxAabin [72].

Takrm 06pa3om, KOrHUTMBHAA KOpPpPeKLMA, OCHOBaHHasA
Ha BMPTYyaNibHbIX TeXHoNormax, bnarogapa cBoeln HenHBa-
3MBHOCTU 1 OTCYTCTBUIO XapaKTepHbIX AnA ¢apmakoTepa-
nun No6oYHbIX 3PpdeKTOB faeT onpeesieHHbIe MpenmyLie-
CTBa B AOCTVPKEHUW Liener Tepanuu 1 yayyeHnm Heobxo-
OVMBIX pe3ynbTaToB, BK/OYAA MUHAMMU3ALMIO KOTHUTUB-
Horo geduumnTa 1 CMArYeHne ero HeraTUBHOMO BIVAHWA,
cofericTBMe MOHUMaHWIO NaLMeHTaMmn CBOUX KOTHUTUBHbIX
npo6nem, 4To B LENOM NpefoCTaBnseT UM BO3MOXKHOCTb
3bdPeKTNBHEEe yNpaBnATb CBOEW MOBCEeHEBHOW feATeNb-
HocTblo [40, 73].

MexaHu3mel Helipopeabuiumayuu npu UcnoJ1b308aHuUU
UMMepCUBHbIX mexHoJ102ull

MprHUMaAa BO BHUMaHWE HayyHble faHHble U NPaKTMYe-
CKYI 3HaAuYMMOCTb, pPacCMaTpPUBAETCs, YTO peabunutauma
Ha OCHOBE MMMEPCUBHBIX TEXHONOTMIA MOXET CTUMYNPO-
BaTb ABuraTenbHoe obyyeHne 1 aKTMBUPOBaTb BOCCTAHO-
BUTESIbHbIE HEMPOHHbIE MEXaHM3Mbl, paclnpAA Tepanes-
TUYECKUN 3PPeKT TPaaNUMOHHbBIX METOAOB JleyeHus. Bbl-
COKOWHTEHCVBHOE, MOBTOPAIOLLEECA U LiefIeHanpaBieHHoe
06yuyeHune ABNAETCA OTINYMNTENIbHOWM YepTol NPUMEHEHNA
BP-TexHOnornn, Kotopas NoBbIWaeT CUHAMTUYECKYIO Ma-
CTUYHOCTb [74]. Peabunutauyus ¢ UCnosib3oBaHMEM UMMep-
CUBHbIX MOAXOA0B NPOAEMOHCTPUPOBasa NoTeHLMan ynyu-
LUEHMA KOTHUTMBHBIX CMOCOBHOCTEN Mpu HelpoaereHepa-
TUBHbIX PAacCTPONCTBaX, 0COOEHHO B OTHOLLEHWM Fnobanb-
HbIX KOTHUTUBHbBIX GYHKLMUI U 3pUTENBHO-NPOCTPAHCTBEH-
HbIX CNOCOOHOCTENW, UTO TaK»Ke COrnacyeTca C pesynbratami,
cucTemaTmsnpoBaHHbiMi Zhang J. (2024) anAa nauyneHToB
¢ PC[72, 751. MpepnonoxutenbHo npu PC Hellpopeabunu-
Tauusa ¢ nprMmeHeHnem BP cnocobctByeT JOMOMHUTENBHON
HelpoHaNbHONM aKTMBaLMK, B TOM YMCSie aKTUBaUUU CUC-
TeMbl 3epKaJibHbIX HENPOHOB, YTO MPUBOAUT K KOPKOBbLIM
N NOAKOPKOBbIM GYHKLMNOHANBbHBIM U3MEHEHUAM, @ TaKXe
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K 9P GeKTUBHOMN CTUMYNALMM CUHANTUYECKOWN NepecTPOonKn
1N MYenHM3aLmMmn B ronoBHom mosre [15]. Y yenoseka paH-
HaA HeMpPOHHaA CeTb PacrosiokeHa B 060MX NonyLwapuax
MO3ra B HWXXHEW JIOOHOWM KOope, HUXKHEN TEMEHHOW Aone
N NpeMOTOpPHOWN Kope. B cnyyae nprvmeHeHnsa TexHuk BP
aKTMBaLUMA CUCTEMbI 3epKalibHbIX HEPOHOB NPONCXOAUT
He TONMbKO BO BPeMA BbINOMIHEHNA [ABUraTeNbHON aKTUB-
HOCTW, HO U NPU HabnoAeHMN 3a BbIMNOSIHEHEM TaKoW
AKTMBHOCTU APYrM YesIOBEKOM UM aBaTapoM, Npu 3TOM
NCMONb30BaHNE MMMEPCUBHbBIX BMELIATENbCTB UHULMMPY-
€T 3epKalibHble HEeMPOHbI NOCPEACTBOM MYNbTUCEHCOPHOM
obpaTHOW cBA3M. B Llenom akTMBaLMA CEHCOMOTOPHbIX 06-
nacten Kopbl MPUBOANUT K CTUMYSIMPOBAHUIO N YCUNEHNIO
dyHKUMOoHanbHow peopraHmsauum 8 LIHC [5, 71].

MMmepcrBHble TeXHONOTMK MOTYT ABNATLCA 3P PeKTrB-
HbIM [OMONHEHNEM K TpaguLUMOHHON peabunutaumm PC
ANA NOBbIWEHNA KOMMNAeHTHOCTM MaLMEHTOB 1 aKTUBHO-
ro Norpy>eHna B NpoLiecc BOCCTAHOBUTENIbHOIO IeUYeHUA.
WHTerpauma BP ¢ gpyrumm MHHOBaLMOHHbBIMIN MeTofaMu
peabunuTaumu, Hanprumep, coyeTaHne ¢ PoboTMN3NPOBaH-
HOW TPeHPOBKOW Xofb0bbl, cnocobcTByeT y naumeHToB ¢ PC
YNYULLIEHWIO He TONbKO ABUraTeNibHbIX GYHKLMIA, HO 1 KOr-
HUTUBHOWM chepbl. bonee Toro, NpUMeHeHne UMMEPCUBHbIX
TEXHUK MOXeT ObITb 3PPeKTNBHOI TepaneBTUYECKOW 3ame-
HOWM 1 MOTMBUPYIOLLEN anbTepHAaTUBOWN TPaANLNOHHOM pe-
abunutaunn [64, 76-79]. MexaHn3MbI, NieX<allne B OCHOBE
ynyuweHna GyHKLMOHANbHbIX Pe3ynbTaToB y MaLMeHTOoB
¢ PC, MoryT 6bITb onocpefoBaHbl CTUMYNALMEN HEponia-
CTUYHOCTW N HENPOTPAHCMNCCN B MO3Te U YBEINYEHNEM
KOTHUTMBHOIO pe3epBa, YTO CNocoOCTBYET rMbKoOMy 1 3¢-
$EKTMBHOMY UCMOMb30BaHMIO AOCTYMHbIX BO3MOXHOCTEN
NPW BbIMONHEHUW KOTHUTUBHbIX 33[a4, TEM CaMbIM CMATYas
BNMAHNE aTPOPUN HEMNPOHOB N HEOOPATUMBIX N3MEHEHUI
TKaHW rofIOBHOrO MO3ra Ha CKOPOCTb KOFHUTMBHOW obpa-
60TKM MHbOPMALMM U XapaKTepUCTUKM namaTtn [80, 81].
CnepoBaTenbHo, BP-TexHonormm nonoxmTenbHO BAWAIOT
Ha KOrHUTMBHbIe QYHKLUN, MCUXNYECKMIA CTaTyC U HacTPoO-
eHne nauymeHToB ¢ PC He3aBMCMMO OT TOrO, NCMOMb3YIOT-
CA NN OHW OTAENbHO WM B COYETaHWM C APYTMM Tepanes-
TUYECKMMW BMeLLaTeIbCTBaMU.

Takum 06pa3om, MynbTUCEHCOpHaA obpaTHasa CBA3b
npu MCNOMb30BaHMM BUPTYasibHbIX TEXHOMOMMA W MO-
BTOPHOE BbINOMHEHNE KOTHUTUBHbIX 1 GU3MYeCcKnxX 3agjad
CNOCOOCTBYIOT ynyylleHno PYHKLMOHANbHbIX pe3ynbTa-
TOB MaLMEHTOB, YCUIMBAA NPOLEeCCbl HEMPONIACTUYHOCTY
MO3ra 1 NpmMBoAA K ryO6oKNM N3MEHEHNAM Ha KNETOYHOM
N CUHANTUYECKOM YPOBHAX. DPdeKTbl CTUMYNALMM HeNpo-
NAacTUYHOCTU CBA3aHbI C peakTnBaLmen n ycuneHnem Hem-
POTPAHCMNCCMM 1 BOBNEYEHMEM 3epKasibHbIX HENPOHOB,
WHTErpauumn BOCMPUATUA, CO3HAHUA M WUCMONTHEHNA MpwU
OAHOBPEMEHHOM BbIMOMHEHNM MHOMeCTBEHHbIX 3ajauv,
dopmMupoBaHNEM HOBbIX 1 MOBTOPEHMEM CYLLECTBYIOLLMX

ABUraTefibHbIX NporpamMmm B npotecce obyueHnA. Kak ms-
BECTHO, CMNOCOBHOCTb K HEMPOMIaCTUYHOCTU COXPaHAeTCA
Ha NPOTAXEHNN BCEW KU3HWN 1 HAaNPAMYIO CBA3aHa C HAU-
BMAYaJIbHbIMM BO3MOXHOCTAMM K CaMOBOCCTaHOBJIEHUIO,
obyueHuni0 1 ajanTauny, YTO 3HaUMMO [NA XPOHUYECKMX
1 nporpeccupytowmx HapyweHun B LIHC, B yactHocTn, npun
BOCCTaHOBUTEIbHOM NeyeHunn naymeHToB ¢ PC [82, 83].

3AKJTIOMEHUE

Mounck HoBbIX 6e30MacHbIX NMOAXOA0B B Helpopeabu-
nUTauun nmeeT GpyHaameHTanbHoe 3HayeHue. Peabunuta-
LMOHHblE MHHOBALMVW, OPUEHTUPOBAHHbIE HA MOMOLLb Na-
umneHtam ¢ PC, HanpaBieHbl Ha BHepeHVE B KITIMHUYECKYIO
NPaKTUKY NepefoBbiX TEXHOMNOMMI AN1A OLEHKM U fleyeHunsA
KOTHUTUBHBIX M MOTOPHbIX QYHKUMIA. Bbonee rnybokune
3HaHMA O KOTHUTMBHbIX GeHOTMNaxX Ha YPOBHE MaumeHTa,
npefenbHO AOCTYMHble M aJanTUPOBaHHble BMeELIATENb-
CTBa, NEPCOHANN3NPOBAHHbIE NMOAXOAbl, @ TaKXKe nyyllee
NMOHUMaHNE MeXaHN3MOB KOTHUTUBHOTO aedurumTa 1 Heob-
XOAUMOCTU pelleHna npobnemMbl MHOro3afayHoCT B Mo-
BCEHEBHOW XWU3HW CflelyeT CYMTaTb OCHOBHbIMU LieNAMN
TeKylmx 1 Oyaywmx nccnefoBaHuii B HanpaBlieHNAX pea-
ounutauymm PC. AHann3 60nbluKX AaHHbIX, aNrOPUTMbI KC-
KYCCTBEHHOIO UHTENIEKTA, HOCUMblE TEXHOIOT Y, KOMIbIO-
TEepU3MPOBaHHbIE MPOrpamMmmbl KOTHUTUBHOIO OOy4eHus,
BP n [P ABnAloTCA NUWb YacTbio COBPEMEHHbIX TEXHOJO-
rMYecKnx JOCTUXKEHWI, KOTOPble MOTYT ObITb HEOOXOANMbI
ONA pelleHns Takmx 3agad. bonee Toro, TexHonorum undg-
POBbIX ABOVHMKOB, ANCTaHLNOHHbIE Nogxoabl 6e3 yyactua
Cneumanm3npPoBaHHOrO 1 BCMOMOraTe/lbHOro mnepcoHasa
1 NOBbILLEHNE YPOBHA MMMEPCUBHOCTU BUPTYasbHbIX Cpef
MOTYT CTaTb NepefoBbIMU S1eMEHTaMM, UMEIOLLMMU peLua-
lolee 3HaUeHWe AnAa peanunsaunm 6onee aganTUpPOBaHHbIX
1 3¢ EKTUBHbBIX PeabunnTaLMOHHbIX BMELLIATENbCTB.

MpoaeMOHCTPUPOBAHO, UYTO KMHMYecKaa 3dpdeKTus-
HOCTb KOFHUTMBHOW peabunmtaumm C NCNosib30BaHNEM TEX-
Honorum BP MmoxeT 6bITb conocTaBrMa UK fake NPeBOCXo-
LT B onpefeNieHHbIX 061acTAX TPagMLNOHHbIE NPOrpamMmmbl
BOCCTAHOBUTENbHOW Tepanuu. Mpn paccmoTpeHnn ¢yHaa-
MEHTaJIbHbIX MEXaHM3MOB, NIeXKaLlMX B OCHOBE Helpopea-
6unuTaumMn C NPUMEHEHNEM VIMMEPCUBHBIX METOAUK, 00-
Cy>X[aeTcA CNocobHOCTb CTUMYNIMPOBaTb CUMHAMNTUYECKYIO
peopraHuzaumnio 1 pemmenvHmsaguio. Mpu 3ToM TpeHu-
POBKM, MPOBOAMMbIE C MPUMEHEHNEM TaKNX COBPEMEHHbIX
TEXHOJIOTUI, MOMOTAOT YNYULWUTb He TONbKO 6anaHc 1 ABU-
ratenbHble GYHKUUU, HO U KOTHUTUBHYIO MPOW3BOAUTENb-
HOCTb MaumeHToB ¢ PC. B LlenioM KOrHWTBHasA KoppeKums,
OCHOBaHHas Ha BMPTYasbHbIX TEXHOMOIMsAX, brnarogapsa CBo-
el HEeMHBA3UBHOCTY U OTCYTCTBUIO XapaKTepHbIX ana dap-
MaKoTepanuu NoboyHbIx 3pdeKTOB AEMOHCTPUPYET Nepco-
Has/lbHble NPenMyLLecTBa B AOCTVXEHWMN TepaneBTUYeCcKmX
uenen 1 NoBbIWEHUN 3PeKTUBHOCTN peabunutaymm.
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Xl MexxayHapogaHblii KoHrpecc «CaAHATOPHO-KYPOPTHOE fieyeHue»

29-30man 2025 r. B Mockse coctoanca XI MexpayHapoga-
HbI KoHrpecc «CaHaTOPHO-KYPOPTHOE fleyeHne» — KIo-
yeBoe cobbITUE B 061aCTV Pa3BUTKA CAHAaTOPHO-KYPOPTHO-
ro Komnnekca Poccun, o6beguHsatollee rnaBHbIX BHELITAT-
HbIX CNeLmnanncToB Mo CaHaTOPHO-KYPOPTHOMY JIeUeHuIo,
YUeHbIX, NPeAcTaBUTENEN KINHNUYECKUX LIEHTPOB, a TakXKe
pyKkoBoguTenen n cneumancToB No NpakTUYeckom peabu-
NUTaLMOHHON MeauLMHe.

Meponpuatie npowno npu NoaAepXKe 1 Henocpea-
CTBEHHOM y4yacTum MuHUCTEPCTBA 3[paBOOXPaHEHNUA
Poccunickon ®Oepepaunn 1 B COOTBETCTBUM C MIAHOM Ha-
YUYHO-MPaKTUYECKNX MeponpuATuin MnH3gpasa Poccum Ha
2025 .

Puc.1. TopxectBeHHoe oTKpbiTue XI MexgyHapoaHoro
KoHrpecca «CaHaTOPHO-KYPOPTHOE fleueHme»

Fig. 1. Grand opening of the Xl International Congress
“Health Resort Treatment”

Ha KoHrpecce obcyxpanncb coBpemeHHble noaxopbl,
nepenoBble NPaKTUKN U MHHOBALIMOHHbIE pelleHuns B cde-
pe caHaTOPHO-KYPOPTHOTO JleUeHus, a TakKe cTpaTermye-
CKoe pa3BuTMe OTPac/iv B KOHTEKCTe HaLMOHasbHbIX Npu-
OpuUTETOB U rnobanbHbIX TeHAEHLMIA. B pamkax nporpammbl
6blnK OCBELLeHbl BOMPOChI MOBbILLEHUA KayecTBa 1 fOCTY-
HOCTV MeANLIMHCKUX U 03[0POBUTENBHbIX YCIYT, LNPPOoBU-
3aUuUn UHZOYCTPUX, BHEAPEHUA HOBbIX TEXHONOTUIA 1 $op-
MUPOBaHUA COBPEMEHHbIX CTaHAAPTOB UHPPACTPYKTYpPbI.

PaboTta KoHrpecca 6bina opraHm3oBaHa C npuriaweHu-
€M aBTOPUTETHbIX CMMKEPOB — PYyKOBOAUTENEN 1 SKCMep-
TOB, UrpaloLMX KIYEBYIO POfb B peanu3aLmmn 3HaunuMbIX
N3MEeHEeHWI B OTPacan KypopTosiorin. 3a ABa HacCblLLEHHbIX
OHA B MeponpuATUN NPUHANN yyacTre 191 AoKnaguuk,
cpefm KOTopbIX Obinv rnaBHble BHELWTaTHble CNeLnanmcTbl
Mo CaHaTOPHO-KYPOPTHOMY JIeUeHMI0, CNeLManmncTbl Hayy-
HO-KJIMHNYECKNX LLeHTPOB MUHUCTEPCTBA 3[paBOOXpaHe-
HMA Poccum, pykoBoaWTeN 1 CneLmanmncTbl NPakTUYeckon
peabunuTaLMoHHON MeAULMHbI, NPeacTaBuUTeN BefOM-
CTBEHHOW MeAMUVHbI CAHaTOPHO-KYPOPTHOrO KOMMJIeKca
cybbekToB Poccun.

BakHoW vacTbto KoHrpecca ctano 3acefaHume npodusib-
Hol Komuccm MuH3gpaBa Poccum, KoTopoe onpeaennno
OCHOBHble BEKTOPbI B Pa3BUTMM CAHAaTOPHO-KYPOPTHOM OT-
pacnu Ha TeppuTopumn Poccuinckoin Oegepaunn.

B xome KoHrpecca npownu naHesibHble AUCKYCCUK
N MacTep-Knaccbl Ha 20 Hay4yHO-NpaKTUYeCKUX CeKLuAX,
TOP)KECTBEHHOE MOoANMcaHMe CorfalleHna O CoTpyaHuYe-
ctBe mexay OIbY «HaumoHanbHbIN MeauUUHCKUA nccne-
[OBATENIbCKN LEHTP peabunutauum 1 KypopTosiorimns»
MwuH3gpaBa Poccum (OIBY «HMUL, PK» MuH3gpaBa Poc-
cun) 1 HayuyHO-NpakTUUYEeCKNM LEHTPOM KypOpTOsoruu
Mepepaunm npodcoto3zoB Pecnybnukm Y3bekucrtaH, Top-
YeCTBEHHOE Harpa)<aeHuve cneumanncTos 6rnarogapcTeeH-
HbIMK NMcbMamMn MuH3gpaBa Poccum 3a BKnag B pa3sutme
CaHATOPHO-KYPOPTHOWM OTpacaK, cheynann3npoBaHHas
BblCTaBKa $r3MoTepaneBTMYECKMX annapaToB U peabunu-
TaLMOHHOro 06opyaoBaHUA.

1_\] Memaynapoauniii Ronrpeee 4"

Ca_lla'l‘(l[]HO—h'.\’popTﬂl e Jdeq
Puc. 2. BbictynneHne MuHUCTpa 34paBoOOXpaHeHUs
Poccuinckon ®egepauumn M.A. Mypaluko

Fig. 2. Speech by M.A. Murashko, Minister of Health of the
Russian Federation

Mo3MTUBHBI OTKNIMK y4YacTHMKOB KoHrpecca Bbi3Bana
BO3MOXXHOCTb 06PaTHOW CBA3M C 3KCMepTamu, JOoKnaguu-
Kamu, BOBJIEYEHHOCTb BCEX [ieneraTos B paboTy.

MoueTHbIMU rocTammu KoHrpecca ctanu MuHucTp 3apa-
BooxpaHeHua Poccuiickon Oepepaunn Mypawwko Muxamn
AnbbepToBMY, 3amMeCcTUTENb MUHUCTPA 34PaBOOXPaHEHMsA
Poccunckon ®epepaunn KamknH EBreHunin leHHagbeBuy,
nepsbii 3amecTuTenb npefcepatena Komuteta CoBeTa
Mepepauyunn no couranbHom nonuTrke YedpaHosa MaHHa
lOpbeBHa, uneH KomuteTa focygapcTBeHHON AyMbl MO OX-
paHe 300pOBbA, PYKOBOAUTENb DKCMEPTHOro coBeTa Mo
BOMPOCaM COBEPLUEHCTBOBAHUA MeAULMHCKON peabunnu-
TaLuun 1 caHaTOPHO-KypopTHOro neyeHnsa Knsees Muxavn
BnagumunpoBsuny, aupekTop [enapTameHTa opraHu3auumu
MEeAULMHCKON MOMOLUM U CaHaTOPHO-KYpPOPTHOro fAena
MwuH3gpasa Poccun KapakynuHa ExkatepuHa Banepbes-
Ha, 3amecTiTeNb AMpeKTopa [JenapTamMeHTa oOpraHu3a-
UMM MeQUUMHCKOW MOMOLM U CaHATOPHO-KyPOPTHOro
dena Mwun3gpaBa Poccun bagnyes [apxa dpyapaoBuy,
n.0. reHepanbHoro gupektopa OIbY «DefepanbHbin Ha-
YUYHO-KNVHUYECKU LIeHTP MEAULMHCKON peabunutaumm
n kypoptonorun OepepanbHOro MeanKo-61onorMyeckoro
areHTcTBa» lameeBa EneHa BnagnmmnpoBHa, rmaBHbI BHeLU-
TaTHbIA CNeLnanmncT No CaHaTOPHO-KYPOPTHOMY JieUeHUio
MwuH3gpaBa Poccun, rnaBHbIl Bpay caHaTOPHO-KYPOPTHO-
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ro Komnnekca «BynaH» — Hay4YHO-KNMHMYeckoro punmana
OrbyY «<HMUL, PK» MuH3gpaBa Poccum HukutmH Muxamn
BrnagmmmnpoBuny, rmaBHbi BHEWTATHbIA CNELMANnUCT Mo mMe-
OVUUHCKON peabunuTaumm Munsgpasa Poccun, pykosoau-
Tenb HayuyHo-uccnefoBaTenbCKoOro LeHTpa MeauLMHCKON
peabunutaymm QepepanbHOro LEHTpa Mo3ra U Henpo-
TexHonornn OMBA Poccun ViBaHoBa lanuHa EBreHbeBHa,
rMaBHbIN BHELUTATHBIN CNEUMAnCT NO MEAULMHCKON Npo-
dunaktnke MwuH3gpaBa Poccun, pykoBogutenb oTtaena
CTpaTernyeckoro NiaHNPOBaHNA U BHELPEHNA TEXHONOT NI
OIbY «HaumMoHanbHbIN MegULMHCKUI NCCNeaoBaTeNnbCKAUN
LEeHTp Tepanuu 1 NpodunakTnyeckon mepuumHoly MuH-
3apaBa Poccun [dposposa Jlio6oBb HOpbeBHa, AnpeKkTop
[enapTameHTa No B3aMMOAENCTBUIO C opraHamu Bnactu AO
«Kopnopauwua Typusm. PO» LLengyHos Muxaun lOpbeBuny.

—

¥ Canaropy,.

| KyDOprHOE
JIeYeime

Puc. 3. lupekTtop JenapTtameHTa OpraHu3aunv meaunumH-
CKOW NMOMOLLM 1 CAHAaTOPHO-KYPOpPTHOro gena MunHsgpasa
Poccnn Kapakynuna E.B., 3amectutens mmHmnctpa 3gpaBo-
oxpaHeHusa Poccunckon Qepepaumn KamkuH ET., 3amec-
TUTENb MPEKTOPA AenapTaMeHTa OpraH/3auumn MeguumnH-
CKOW NMOMOLLM 1 CAHAaTOPHO-KYPOpPTHOro aena MunHsgpasa
Poccum Bagnyes [.3.

Fig. 3. E.V. Karakulina, Director of the Department for
OrganizationofMedicalCareandHealthResortManagement
of the Ministry of Health of Russia, E.G. Kamkin, Deputy
Minister of Health of the Russian Federation, D.E. Badluev,
Deputy Director of the Department for Organization
of Medical Care and Health Resort Management of the
Ministry of Health of Russia

B cBoem BbICTymNeHWM MUHWUCTP 3[4pPaBOOXPaHEHUA
Mwnxann MypalwKko o603Hauun KiuyeBble HamnpasBlieHUs
paboTbl caHaTOPHO-KYPOPTHOro Kommnnekca Poccuiickoi
Qepepauny 1 OTMETWA, YTO CaHaTOPHO-KYpPOPTHOe Jle-
YeHne — HeoTbeMJIEMbIN KOMMOHEHT 34pPaBOOXpPaHeHuA
1 OAVH U3 IMaBHbIX CMOCOO0B NOALEPKAHUA U YKPENeHNs
3[10pOBbA, a TakXKe peabunuTaLmnm NaLNeHToB.

«To 0aHHbIM peecmpa 20Cy0apCMBEHHO20 KypOPMHO20
(hoHOa, 252 meppumopuu npu3HaHel ae4ebHo-0300pP0o8U-
MmesbHbIMU MEeCMHOCMAMU, U HAWA ¢ 8aMU 3A0dya ux pas-
ausame. KitoueswbiM A6/19€emca 8 MOM HUC/Ie U 8bIX00 HA HO-
8ble cmaHoapmel npedocmassieHUs Kak MeduyuHckol no-
Mowu, mak u ycaya», — ckasan rnasa Munsgpasa Poccum
Mwuxann Mypaluko.

Mwuxann Mypallko nogyepKHy”n, UTo Kaxjoe caHaTop-
HO-KYPOPTHOE yupexaeHune foMKHO 6eCcnpeKoCIOBHO Bbl-
NOMHATb 3afaun, KOTOpble KacalTCA CO3haHNA JOCTYMHOM
cpeabl AN1A BCeX KaTeropuin rpaxaaH.

IN THE FOCUS OF ATTENTION

«llayueHmsl ¢ amnymayuamu KoHeyHocmel, /100U HA
UHBATUOHbLIX KOJIACKAX U MHo2ue Opyaue Kamezaopuu 2pax-
0aH, komopsiM mpebyromca 0onosHUMesbHble 060py0o-
8aHHble NOMeWeHUA U leyebHble KabuHemel, 8KIYAA UC-
Nosb308aHUE 8 MOM Huc/sie U cneyuanu3upoBaHHbIX OJ1F
HUX Memo008 sie4eHus, — 8ce 3mo 00/KHO solimu 8 Hauly
NPAKMuKy KaK HOpMa oKa3aHusa MeduyuHcKol nomMmouwju», —
NoAYEPKHYN MAHNCTP.

«Hawe ceeo0HAWHee Meponpusmue npoxooum 8 200
cmapma HosbIX HAYUOHA/IbHBIX NPOeKMos, koedd onpede-
J1AI0McAa 8eKmMopbl pazsumus 30pasooxXpaHeHus Ha cpedHe-
cpoyHyto nepcnekmusy. OcobeHHocmbto Hawezo KoHepecca
Aeniaemca eblpabomka memamuyeckux UHUYyuamue O0nA
8HeceHUA 8K/1a0d CaHaMOPHO-KYypOPMHO20 KoMNnJjekca
8 0oCMmuXKeHuUe HaUUOHAsIbHbIX yesieli pazeumus CMpadsl.

SKcnepmHomy coobujecmasy, 2/1ae8HbIM  BHEWMAMHbIM
cneyuanucmamM, pykogooumesam oOpedHusayul U ecem
ydacmHukam, u eocmam KoHepecca npedcmoum o6cyoums
saxHeliwue membl. OCHOBHbIE U3 HUX — 3IMO 803MOXHOCMU
CAHAMOPHO-KYPOPMHO20 JiedeHUs 01 pocma oxuddemol
NPOoOO/IKUMETbHOCMU XU3HU 2paX0aH Hawel Cmparsl U Me-
XAHU3MbI NosbILUeHUs 00CMYNHOCMU U Kayecmea caHamop-
HbIX yC1y2 0718 8CeX NOJTYyB03pACMHbIX 2pyNnn HAcesleHUs. B KoH-
mekcme obecneyeHus mexHoI02u4ecKo20 udepcmea Poccuu
npedcmoum eblpabomame NOOX00bl K pazgumuio HOBbIX mex-
Hoso2uli U 8HEOPeHUIo0 COBPeMeHHbIX pelleHuUl, Kacarowuxcs
300p08bA, NpU CAHAMOPHO-KYPOPMHOM JledeHUU, Ymo He-
803MOXHO 6e3 NPoheccUOHAbHbIX MEOUUUHCKUX U Hay4HbIX
pabom, hopMuposaHUA U pazsuMUSA HAy4YHbIX WIKOJI, Kypop-
mos, npusJieyeHUs U yOepXXaHUs 8 0Mpacsiu Mosio0biX yyeHblx
U NpaKMUKO8», — 3asBW/a B CBOEM BbICTYMIEHUN JUPEKTOP
OrbY «<HMULL PK» MuH3ppasa Poccun Hatanua 3ybapesa.

«B pamkax KoHepecca npedcmoum o6cydums akmyase-
Hble 80NPOCHI COBEPUIEHCMBOBAHUA CAHAMOPHO-KYpOpm-
HoU cehepbl 8 Haweli cmpaHe, 8 MoM Yucse popMupo8aHue
e0uHo20 pezucmpa, peecmpd KypopmHoz2o oHOA, npu-
sedeHue MamepuanbHO-mexHu4Yeckol 6assl caHamopues

Puc. 4. OcmoTp BbicTaBKK KoHrpecca MUHUCTPOM 3apaBo-
oxpaHeHus Poccninckon Oepgepayumn Mypawko M.A. n fok-
TOPOM SKOHOMUYECKUX HaYK, AOLEHTOM, AnpekTopom OIBY
«HMWL, PK» MuH3gpaBa Poccrn 3y6apeson H.H.

Fig. 4. A visit to the Congress exhibition by M.A. Murashko,
Ministerof Health ofthe RussianFederation,andN.N.Zubareva,
Doctor of Science (Economics), Docent, Director of National
Medical Research Center for Rehabilitation and Balneology of
the Ministry of Health of Russia N.N. Zubareva
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K co8peMeHHbIM cmaHodapmam, nposedeHue HayyHblx uccsie-
0o8aHul, pazsumue cucmemsl 06pa308aHUA MeOUYUHCKUX
cneyuanucmos. [fposedeHue KoHepecca ¢ Mex0yHApOOHbIM
yyacmuem nodyepkusaem 8aXHOCMb 06MeHa onbiIMom ne-
peoosbIMU NPAKMUKAMU 8 06/1acmu caHamopHO-KypOpMmMHo-
20 Jle4eHUs, N03680UM Co8epleHCMe808ams omeyecmaeeH-
Hyl0 cucmemy 30pasooOXpaHeHus, 8HEOPAMb UHHOBAUUOH-
Hble MemoObl leueHUsA U BOCCMAHOB/IeHUs, 0becheyums 8bl-
COKUU ypoBeHb NOMOWU HACeeHUIo U Cepeucamy», — ckasaaa
nepawbili 3amecmumene npedcedamensa Komumema Cosema
Medepayuu no coyuansHol nonumuke XaHHa YegppaHoaa.

«Ce200Hs CAHaMOopPHO-KypopmMHas ompacsis nepexusaem
xopouwue spemeHad. Ml Ha 8cex ypo8HsX 2080pUM O MOM, 4YmMO
OelicmgumesibHO MO 3MAn HOB020 CMpamezu4eckozo pas-
sumus. O38y4eHbl HAUUOHA/IbHbIE UesU, HAUUOHA/IbHble Npo-
eKmol. VI, KOHEYHO XKe, 30eCb CAHAMOPHO-KYpOpMHoe JieyeHue
umeem o4YeHb 3HAYUMOE BJIUAHUE HA 8C€ MU NOoKAsamesu,
HA4YuHas om nNpopuNaKmMUKU U 3KAHYUBAA O4eHb CePbe3HbIM
neqyeHueM. Yl MHe, KOHeYHO Xe, 8080LIHE NPUAMHO, YMO 3aKO-
Hooamesu coenanu oyeHb bosbLULE NepcneKMuUBHble Waau
8 npozpamme 2oceapaHmudi Ha 2025 200. Yxxe 3agukcuposa-
Hbl NOOX00bI BK/IOYEHUS CAHAMOPHO-KYPOPMHO20 JieYeHUs
UMeHHO 8 hpoz2pamMmy 2oczapaHmuti. 3mo becnpeyedeHmHoe
pelwueHue Ha CaMOM BbICOKOM ypOBHe», — OTMETUI B CBOEM
BbICTYMNIEHUN PYKOBOAMTENb DKCMEPTHOro CoBeTa MO BO-
Npocam COBepLUEHCTBOBAHNA MeAULMHCKON peabunutaymm
N CaHaTOPHO-KYpPOpPTHOro neveHna Muxann Knsees.

CornacHo oduumanbHOM CTaTUCTUKe, B KoHrpecce
OYHO NpuHANK yyactue 714 cneumnanuctos n3s 106 ropo-
o 58 cybbekToB Poccuiickon Mepepaunn 1 8 cTpaH:
benapycu, lpy3nn, Erunta, KasaxctaHa, Poccun, CLIA,
TagxnknctaHa n tOxxHom OceTun.

KoHrpecc, 6e3ycnoBHo, cTan spKow noLaakon ans ob-
CyXAeHUA CTpaTernyeckmnx NHMLMATUB, OCTPbIX BONPOCOB
N HayYHbIX AOCTUXEHWI B GOPMMPOBAHNN HOBbIX CTaHAApP-
TOB, Pa3BUTUN MHHOBALMOHHbIX METOLOB NeyYeHnsa U pea-
6unUTaLMK, YKpenneHns MeXpermoHasnbHbIX CBA3eW 1 Mo-
BbILUIEHNA CTpaTermyeckom ponmn CaHATOPHO-KYPOPTHbBIX
yupeKaeHun B cucteme 3gpaBooxpaHeHmnsa Poccun.
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Puc. 5. Top)kecTBeHHOe nognucaHne corfaweHnsa O Co-
TpyoHuyectBe mexgy OIBY «HaumoHanbHbll MeanunH-
CKUI NCCNIeOBaTENbCKUIA LIeHTP peabunutauum u Kypop-
Tonorum» MuH3sgpaea Poccrm, JOKTOPOM SKOHOMUYECKUX
HayK, goueHToMm, ampektopom OIBY «HMUL PK» MuH-
3gpaBa Poccum 3ybapeBon H.H., u HayyHo-npaktuue-
CKUM LeHTpoMm KypopTtonorun Pepepaunn npodcoo3os
Pecny6nuvkn Y36eKncTaH, JOKTOPOM MEAULUMHCKMX Hayk,
ONPEKTOPOM HAyUHO-MPaKTUYeCKOoro LeHTpa KypopTo-
norun Qegepaunn npodcoro3os Pecnybnvkn YsbekuctaH
AbpypaxumoBbim 3.A.

Fig. 5. Ceremony of signing the cooperation agreement
between National Medical Research Center for
Rehabilitation and Balneology of the Ministry of Health
of Russia, by Doctor of Science (Economics), Associate
Professor, Director of National Medical Research Center
for Rehabilitation and Balneology of the Ministry of Health
of Russia N.N. Zubareva, and the Scientific and Practical
Center of Balneology of the Federation of Trade Unions of
the Republic of Uzbekistan, Doctor of Medical Sciences,
Director of the Scientific and Practical Center of Balneology
of the Federation of Trade Unions of the Republic of
Uzbekistan Z.A. Abdurahimov
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Xl International Congress
"Health Resort Treatment”

OnMay 29-30, 2025, Moscow hosted the Xl International
Congress “Health Resort Treatment” — a key event in the
development of Russia’s health resort complex, bringing
together chief external experts on health resort treatment,
scientists, representatives of clinical centers, as well as
managers and experts in practical rehabilitation medicine.

The event was held with the support and direct
participation of the Ministry of Health of the Russian
Federation, in accordance with the Plan of Scientific and
Practical Events of the Russian Ministry of Health for 2025.

The Congress discussed modern approaches, best
practices and innovative solutions in the sphere of health
resort treatment, as well as strategic development of the
industry in the context of national priorities and global
trends. The program covered the issues of improving the
quality and accessibility of medical and health services,
digitalization of the industry, introduction of new
technologies and formation of modern infrastructure
standards.

The Congress programme was organized around invited
speakers, who are recognized experts or hold management
positions and play a key role in implementing significant
changes in the spa industry. Over the course of two busy
days, the event welcomed 191 speakers, including chief
external experts in health resort treatment, specialists from
scientific and clinical centers of the Ministry of Health of
Russia, managers and specialists in practical rehabilitation
medicine, and representatives of departmental medicine
in the health resort complex of the constituent entities
of Russia.

A key part of the Congress was the meeting of the
specialized commission of the Ministry of Health of Russia.
This meeting defined the main vectors in the development
of the health resort industry in the Russian Federation.

Among the events of the Congress were panel
discussions and master classes at 20 scientific and
practical sections, a ceremonial signing of a cooperation
agreement between the National Medical Research
Center for Rehabilitation and Balneology of the Ministry
of Health of Russia and the Scientific and Practical Center
for Balneology of the Federation of Trade Unions of the
Republic of Uzbekistan, an official ceremony of awarding
specialists with letters of thanks from the Ministry of
Health of Russia for their contribution to the development
of the health resort industry, a specialized exhibition of
physiotherapeutic devices and rehabilitation equipment.

The Congress participants positively responded to
the opportunity of feedback from experts, speakers,
involvement of all delegatesin the activities of the Congress.

Among the guests of honor at the Congress were
Mikhail Murashko, Minister of Health of the Russian
Federation, Evgeny Kamkin, Deputy Minister of Health
of the Russian Federation, and Zhanna Chefranova, First
Deputy Chairman of the Federation Council Committee
on Social Policy, member of the State Duma Committee on
Health Protection, Head of the Expert Council on Improving
Medical Rehabilitation and Health Resort Treatment, Mikhail
Kizeyev, Director of the Department for Organization of

Medical Care and Health Resort Management of the Ministry
of Health of the Russian Federation, Ekaterina Karakulina,
Deputy Director of the Department for Organization
of Medical Care and Health Resort Management of the
Ministry of Health of Russia, Badluyev Darzha, Acting
Director General of the Federal Scientific and Clinical Center
for Medical Rehabilitation and Balneology of the Federal
Medical and Biological Agency Elena Gameyeva, Chief
External Expert in Health Resort Treatment of the Ministry
of Health of the Russian Federation, Chief Physician of Vulan
Health Resort Complex — a Scientific and Clinical Branch
of National Medical Research Center for Rehabilitation
and Balneology of the Ministry of Health of Russia, Mikhail
Nikitin, Chief External Expert in Medical Rehabilitation of
the Ministry of Health of the Russian Federation, Head of the
Research Center for Medical Rehabilitation of the Federal
Center of Brain Research and Neurotechnologies of FMBA
of Russia, Galina Ivanova, Chief External Expert in Medical
Prevention of the Ministry of Health of Russia, Head of the
Department of Strategic Planning and Implementation of
Technologies of the National Medical Research Center for
Therapy and Preventive Medicine of the Ministry of Health
of Russia, Lyubov Drozdova, Director of the Department
for Liaison with State Authorities of Turizm Corporation.
RF., JSC, Mikhail Sheldunov.

In his address, the Minister of Health Mikhail Murashko
outlined the key areas of work of the health resort complex
of the Russian Federation and noted that health resort
treatment is an integral component of health care and one
of the main ways to maintain and improve health, as well as
rehabilitation of patients.

"According to the register of the state resort fund,
252 territories in the country are recognized as health and
recreation areas, and our task is to develop them. The crucial
objective is, among other things, to reach new standards of
providing both medical care and services’, Mikhail Murashko,
Head of the Russian Ministry of Health, said.

Mikhail Murashko emphasized the importance of
every health resort institution ensuring the creation of an
accessible environment for all categories of citizens.

“Patients with amputations, people in wheelchairs and
many other categories of citizens who need additional
equipped premises and medical rooms, including the use
of specialized treatment methods for those people, all this
should be part of our practice as a norm of providing medical
care’, the Minister stressed.

“Our today’s event is being held in the year of the launch
of new national projects, when the vectors of healthcare
development for the medium term are defined. The peculiarity
ofour Congress is the elaboration of thematic initiatives for the
contribution of the health resort complex to the achievement
of national development goals of the country.

The expert community, chief external experts, heads of
organizations and all participants and guests of the Congress
areto discuss topics of great importance. The primary ones are
the opportunities presented by health resort treatment for the
enhancement of life expectancy among the nation’s citizens,
along with mechanisms aimed at optimizing the accessibility
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and quality of health resort services for all age and gender
demographics within the population. In the context of
ensuring technological leadership, Russia will have to work
out approaches to the development of new technologies
and health solutions for health resort treatment, which is
impossible without professional medical and scientific work,
the formation and development of scientific schools, resorts,
attracting and retaining young scientists and practitioners in
the industry’; — Natalia Zubareva, Director of the National
Medical Research Center for Rehabilitation and Balneology
of the Ministry of Health of Russia, said in her address.

“During the Congress, we are going to discuss the current
issues of improving the health resort sector in our country,
including the creation of a unified register of the health
resorts pool, bringing the resources and facilities of sanatoria
up to modern standards, conducting scientific research, and
developing the educational system for medical professionals.
By holding the Congress with international participation, we
can emphasize the importance of exchanging experience
and best practices in the field of health resort treatment.
This will improve the domestic healthcare system, introduce
innovative treatment and rehabilitation methods, and ensure
that the population receives a high-level assistance and
services, — Zhanna Chefranova, First Deputy Chairman of
the Federation Council Committee on Social Policy, noted
in her speech.

BECTHUK BOCCTAHOBWUTENIbBHOM MEQULIUHDI | 2025 | 24(4)

While, Mikhail Kizeyev, Head of the Expert Council
on Improving Medical Rehabilitation and Health Resort
Treatment, said: “Today, the health resort industry is living
through good times. We are saying at every level that this
is indeed a stage of a new strategic development. National
goals, national projects have been announced. And, of course,
here, health resort treatment has a very significant impact on
all these indicators, from prevention to very serious treatment.
And | am, of course, doubly pleased that the legislators
have made very big promising steps in the program of state
guarantees for 2025. The approaches to including health
resort treatment in the state guarantees program have
already been defined. It's an unprecedented decision at the
highest level”

According to official statistics, the Congress was
attended by 714 specialists from 106 cities of 58 constituent
entities of the Russian Federation and 8 countries: Belarus,
Georgia, Egypt, Kazakhstan, Russia, USA, Tajikistan and
South Ossetia.

The Congress has undoubtedly become a prominent
platform for discussing strategic initiatives, pressing
issues and scientific achievements in the establishment
of new standards, development of innovative treatment
and rehabilitation methods, strengthening interregional
ties and enhancing the strategic role of health resort
institutions in the Russian healthcare system.
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