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Cocrosanue nepudepuueckKko reMOIUPKYIAINN U BO3MOKHOCTH
HeMeIUKaMEHTO3HOU KOPPEKIIUU MUKPOIUPKYJIATOPHBIX
N3MEHEHUH y MAallUeHTOB ¢ MpodeCCHOHAIBHBIMU apTPO3aMU

C.A. Kapmanosckast, JI.A. [Ilnaruna, B.A. JIpo6simies, O.C. Korosa, .C. IlInmarun, JI.A. IlanauesBa,
I'.B. Ky3HeroBa

@I'BOY BO «Hogocubupckuii 20cydapcmeertblil meduyuHcekull yHusepcumem» Muwnzdpasa Poccuu, Hogocubupck, Poccus

AHHOTAIIUA

BBeeHue. HI3KONHTEHCUBHAS 9JIEKTPOUMITYJIbCHAS CTUMYJIALNS TOPA’KEHHBIX CYCTAaBOB aKTUBHUPYET MUKDPOIUD-
KyJISUIO U TPODUKY TKaHEH, BBIXOJT B COCY/IUCTOE PYCJIO OMUOM/IHBIX HEHPOIIENTH/IOB, UTO ONPEZEIIsET UCIOIb30BAHIE
YPECKOXKHOU 2JIEKTPOHENPOCTUMYJISIIUY B KauecTBe d(pGbEKTUBHOTO M MAJIO3aTPATHOTO MeTo/1a peabriuranuu mpodec-
CHOHAJIBHBIX TOHAPTPO30B.

Ilenp. V3y4uTh COCTOSIHWE apTepUU HIDKHUX KOHEYHOCTEH Y HAIMEHTOB ¢ NMPOQECCHOHAIBHBIMU TOHAPTPO3aMHU
(IIT'A) u 060cHOBATH NTPUMEHEHNE AMHAMUYECKOU d1eKTpoHerpocTuMyasanun (JIDHC) 11 KOppeKLUH MUKPOLIUPKYJIs-
TOPHBIX HAPYIICHUN.

MaTepuanbs u MeTobl. Obcmenoano 55 my:kuuH ¢ [ITA (cpegHuii Bo3pact 49.3 + 3.6 rojia, CpeTHUH CTaK
paboTs 22.3 + 3.6 T0/1a) — OCHOBHASA Tpynna. ['pymiry KOHTPOJISA COCTABUIIN 20 MIPAKTHYECKU 3/J0POBBIX MY»KUHH, paboTta-
IOIIUX B JIOITYCTHUMBIX YCIOBUAX TPyZa. IIpoBe/ieHb! yIbTPa3BYKOBOE JIONIIEPOrpaduIecKoe UCCIIeT0BAaHUE COCY/I0B HIDK-
HUX KOHEYHOCTEH U JiazepHas JONIuIepoBcKas duioymerpus. [Iyis OLleHKH HeMeIUKaMEeHTO3HOU KOPPEeKIIUH MUKDPOIUP-
KYJIATOPHBIX U3MEHEHU! MMalleHThl OCHOBHOU IPYIITb OBUTH PAH/IOMU3UPOBAHBI B J{Be TPYIIBL: 1-1 (35 4Yesl.) mojryJania
CTaHAPTHBIN KOMILUIEKC JieueHust B kombuHauu ¢ JIOHC B TeueHue 14 gHel. [TariueHThI 2-1 Ipymnbl (20 YeJl.) MoIydaTn
TOJIBKO CTAaHAAPTHYIO TEPAIIHIO.

PesyabpTartsl . Ilpu gommwieporpadguu B 3a/1He6ePIIOBBIX apTEPUAX y MAUeHTOB ¢ IIT'A 6bLIO BBIABJIEHO MTOBBIIIE-
HUe€, OTHOCUTEJIbHO KOHTPOJIBHBIX II0KA3aTeIeH, CHCTOJIO-AUACTOIMYECKOTO HHEKca Ha 11.48 %, MH/IeKca PE3UCTEHTHO-
¢ty — Ha 6.9 %, nHAEeKca Imyabcanuu — Ha 8.8 %, a Takike yBeJIMUeHNe 0Ka3aTesIsl TOJINHBI KOMIUIEKCA MHTIMAa-Meia B
1.46 paza. Y nanueHToB c IIT'A BBIAIBJIEHO CHIXKEHUE II0KA3aTessI MUKPOIUPKYJIAIUN, OTHOCUTEIBHO II0Ka3aTesIel KOH-
TPOJILHOH IPYIIIEI, B 1.3 pa3a, aMILIUTY/Abl BA30MOTOPHBIX (AV) U ITyJIbCOBBIX (A1) KoebaHUl — B 1.6 U 2.4 pas3a COOTBET-
CTBEeHHO. IIpy ITPOBEJIEHUH IBIXaTEBHON U OKKJIIO3MOHHOH Npo6 y marueHToB ¢ [IT'A BBISABIEHO, B CDABHEHUU C AHAJIO-
THYHBIMY II0KA3aTeJIIMU KOHTPOJIBHOH IPYIIITBI, YBEJIMUEHYE II0Ka3aTesls pe3epBa KalmIIApHOro KpoBoToka (PKK) B 1.2
U 1.3 pa3a COOTBETCTBEHHO, IIOKA3aTesI «OHOJIOTUTIECKOTO HYJISA» — B 1.4 pa3a U YMeHbIIeHUEe BDEMEHH I10JIyBOCCTAHOB-
JIEHUsI KDOBOTOKA B 1.2 pasa. Y MalnKeHTOB oce JiedeHus ¢ npuMeHeHueM JIDHC nokasatenb MUKPOIUPKYJIAIIH yBe-
JIMYHJICS B 1.2 pa3a OT UCXOAHBIX 3HAUEHUH, TOKa3aTeJIH AMIUIUTY/bI MeJIJIEHHBIX AV 1 Al K0JIeOaHUH BBIPOCIIN B 1.2 U 1.9
pasa coorBercTBeHHO, PKK B fipIXaTeIbHOM TPOOE CHU3WIICSA B 1.3 Pasa, a B OKKJIIO3MOHHOU YBEJIMUMIICSA B 1.16 pasa, 4ero
He 0TMeYaJIOCh B IPYIIIE CTAH/IAPTHOM TepaIliH.

3akawueHUe. Y nanueHToB ¢ [ITA BHIABISAETCS 3HAUUMOE PEMO/IEJIMPOBAHHUE TTOAKOJIEHHBIX U 3aHE0EePIIOBHIX
apTepuii, HapyIIeHHe IPOIECCOB MUKPOIIUPKYJIAINH IIPH OJHOBPEMEHHOM CHIKEHHUH PEAKTHBHOCTH COCYUCTOH CTEHKH
U 3aCTOHHBIX fIBJIEHUAX B BEHO3HBIX MHUKpOcocyiaX. OnTHMHU3anus KOMILJIEKCHOTO JIEYeHHsI TOHAPTPO30B HU3KOUHTEH-
CHUBHOH 3JIEKTPOUMITYJILCHON CTUMYJIAIIFIEH OKa3bIBA€T IOJIOKUTEIbHOE BJIMSHHE HA COCTOSHHE MHUKPOLUPKYJIAIH,
CIOCOOCTBYS YBEJIMUEHUIO Tepy3uu TKAaHEe U YMEHbBIIEHUIO 3ACTONHBIX ABJIEHUH B BEHYJIAX.

Kaouesste croea: npodeccroHanbHbIH TOHAPTPO3, IMHEHHAA CKOPOCTh KPOBOTOKA, PEMOJIEJTNPOBAHUE COCY/IOB, INHA-
MUYECKas 3JIEKTPOHEHPOCTUMYJIALNSA, I0KA3aTeIb MUKPOIIUPKYJISIINY, ITyJIbCOBbIE KOJIeOAHMs, aMIUIUTY/Ia BA30MOTOD-
HBIX KOJIEOaHUH, pe3epB KAIWUIIPHOTO KPOBOTOKA, 3aiHEOEPIIOBbIE APTEPUU.
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Peripheral blood circulation and the possibility
of non-drug correction of microcirculatory changes in patients
with occupational osteoarthritis

S.A. Karmanovskaya, L.A. Shpagina, V.A. Drobyshev, O.S. Kotova, I.S. Shpagin, L.A. Panacheva,
G.V. Kuznetsova

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Low-intensity pulsed electric stimulation of the affected joints activates microcirculation and tro-
phism, release of opioid neuropeptides into the vascular bed, which determines the use of transcutaneous electric nerve
stimulation as an effective and low-cost method for the rehabilitation of occupational knee osteoarthritis.

Aim . To study the state of the arteries of the lower extremities in patients with occupational knee osteoarthritis (OKO)
and substantiate the use of dynamic electric nerve stimulation (DENS) for the correction of microcirculatory disorders.
Materials and methods. Thestudy included 55 men with occupational OKO (mean age 49.3 + 3.6 years,
mean work experience 22.3 + 3.6 years) — the main group. The control group consisted of 20 apparently healthy men work-
ing in allowable job conditions. Doppler ultrasound of vessels of the lower extremities and laser Doppler flowmetry were
performed. To assess the non-drug correction of microcirculatory changes, the patients of the main group were random-
ized into two groups: the 1st group (35 individuals) received a conventional treatment in combination with DENS for
14 days. Patients of the 2nd group (20 individuals) received only conventional therapy.

Results. Dopplerultrasound for the posterior tibial arteries in patients with OKO showed an increase in the systolic-
diastolic ratio by 11.48% from the baseline values, the resistivity index — by 6.9%, the pulsatility index — by 8.8%, and an
increase in intima-media thickness by 1.46 times as well. In patients with OKO, a decrease in the microcirculation indicator
by 1.3 times was revealed, relative to the indicators of the control group; the amplitude of vasomotor (Av) and pulsatile (Ap)
oscillations — by 1.6 and 2.4 times, respectively. When performing the breath-holding and occlusion tests in patients with
OKO and the control group, an increase in capillary blood flow reserve (CBFR) by 1.2 and 1.3 times, respectively, was
revealed; as well as the biological zero values — by 1.4 times and a decrease in the half time of blood flow recovery — by
1.2 times. In patients after treatment with DENS, the microcirculation indicator increased by 1.2 times compared to the
baseline values, the amplitudes of slow Av and Ap oscillations increased by 1.2 and 1.9 times, respectively, BFR in the
breath-holding test decreased by 1.3 times, and in the occlusion test increased by 1.16 times, which was not observed in the
2nd group.

Conclusion. Inpatients with OKO, the significant remodeling of the popliteal and posterior tibial arteries, impaired
microcirculation processes with a simultaneous decrease in the vascular reactivity and congestion in venous microvessels
are revealed. Optimization of the comprehensive treatment of knee osteoarthritis by low-intensity pulsed electric stimula-
tion has a positive effect on microcirculation, contributing to an increase in tissue perfusion and a decrease in venular
congestion.

Keywords: occupational knee osteoarthritis, blood flow velocity, vascular remodeling, dynamic electric nerve stimula-
tion, indicator of microcirculation, pulsatile oscillations, amplitude of vasomotor oscillations, capillary blood flow reserve,
posterior tibial arteries.
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BBEJAEHHNE

[IpodeccrnonanbHO 00yC/IOBJIEHHBIE 3a00JIeBa-
HUSA KOCTHO-CYCTaBHOH CHCTEMBI, CBSI3aHHBIE C BO3-
JleiicTBUeM KoMmIUlekca dusnuyeckux (HakTopoB u
(PYHKIIMOHATBPHOTO NEPEeHANPSIKEHNA, OTINIAIOTC
cBOoeoOpasneM IaTOJIOTMUECKOIO CHUMIITOMOKOM-
IJIEKCA, TIOJIMCUH/IPOMHOCTBIO U HAJIMYMEM HecIell-
npUUIeCKUX CHUMIITOMOB, YTO CO3/A€T OIpeeseH-
Hble AuarHocTudeckue TpyAHocTH [1—5]. Ilpu mpo-
(deccronanmbHOM ToHapTpO3e (I[1T'A) BBISBIIEHBI COUe-

INTRODUCTION

Occupationally conditioned diseases of osteoar-
ticular system associated with the impact of a com-
plex of physical factors and functional overstrain are
distinguished by the peculiarity of the pathological
set of symptoms, multisyndromal character, and
presence of non-specific symptoms, which creates
certain diagnostic difficulties [1—5]. In occupational
knee osteoarthritis (OKO), the combined changes in
bone and cartilage metabolism were revealed with a
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TaHHbIE U3MEHEHUsI KOCTHOTO U XPSAIIEBOTO MeTabo-
JusMa ¢ 1upeobsalaHueM JIerpafialliil  XPSIEeBOU
TKAHU IIPU HU3KOU MHTep(dEPEHITNN BOCIATIEHU, B
reHe3e KOTOPBIX BEAYIIYI0 POJIb UTPAIOT MUKPOIHP-
KYJIATOpHbIE HapyIeHWs, U3MeHEHUs HeHpOryMo-
PaIbHOU PeryJIALNH, JIUIIH/IHOTO ¥ KOCTHOTO MeTabo-
JIM3Ma CO CHIPKEHHEM SHEPTeTUYECKOTO 00eCIeueH A
OpraHOB U TKaHeH, XpOHUUECKOU TUITOKCHH [6—10].

MexayHaposiHoe OOIIEeCTBO IO U3YUEHUIO0 OCTEO-
apTpo3a OIyOJIMKOBAJIO Psifl KJIMHUYECKUX PEKOMEH-
JTAIUi 10 JieueHuto ocreoapTpo3a (OA) KOJIEHHBIX U
Ta300ePEeHHBIX CYyCTABOB, BKJIIOUAIONIUX B ce0s Kak
MeJTMKaMEHTO3HbIE, TAK 1 HEMETUKAaMEHTO3HBIE CITO-
coObI JIEYeHMsI C YKa3aHUEM 00s13aTeTbHBIX 1 YCJIOBHO-
00s13aTeIbHBIX METO/IOB [11—17].

IIpu comocraBysieHun 3BeHbeB maToreHesza OA
U MeXaHW3Ma JEeHCTBUS UPECKOKHOH BJIEKTPOHEH-
pOCTUMYJISIIMH, B TOM YHCJIE HOBOTO HAaIlpaBJie-
HUA — JUHAMUYECKOH 3JIEKTPOHEHPOCTUMYJISAIIUH
(JI9HC), 6bIN TIOIYYEHBI CBEAEHUS 00 ONMTUMU3a-
OUU (PYHKIIMOHUPOBAHUSA AHTUHOIUIIENITHBHBIX H
TpoUUIECKUX IPOIECCOB B MATOJIOTUYECKH H3Me-
HEHHBIX TKAHAX 3a CUET MECTHBIX, CETMEHTapHO-
pedJIIeKTOPHBIX ITPOIECCOB U OOIIMX peakiuil [18—
23]. JluHamMuUecKasi 3JIEKTPOCTUMYJIAIUA 00JacTu
MIOPaYKEHHOTO CyCTaBa MPUBOAUT K JIOKAIHHBIM
U3MEHEHUsM MHUKPOUHMPKYJIAINUA U TPODUKU TKa-
Hel 3a cYeT MeCTHBIX (MeXaHu3M aKCOH-pediekca)
U CETMEHTAapHO-PedIIEKTOPHBIX PEAKIIHH, UTO BBI3bI-
BaeT BBIXOJ] B COCY/IUCTOE PYCJIO M CUHTE3 SHZIOTEH-
HBIX OTAaTOB [24]. ITpoucxo/isIiee OHOBPEMEHHO €
MMACCUBHBIM COKDAIIlEHHEM MBIIII PaCIIMPEeHHe
nepuepUIECKUX COCYZI0OB IPUBOAUT K YCHUJIEHHIO
apTepHaIbHOTO IPUTOKA, BEHO3HOTO OTTOKA U JIUM-
doobparenus [25].

B snmrepartype HemocTaTOuHO paboT, IMOCBSAIIEH-
HBIX HUCCIeA0BaHUI0 3G (PEKTUBHOCTA KOMILIEKCHOHN
MEIUIMHCKON peabuInuTaluy, BKIIOYAIONEH upe-
CKOXKHYIO 3JIEKTPOHEHPOCTUMYJISIINIO, [T KOPPEK-
MY TEMOITUPKYJIATOPHBIX U3MEHEHUH Y MAIlUEHTOB
¢ npodeccroHaIbHBIMU apPTPO3aMHU OIOPHBIX CyC-
TaBOB.

IOEJIb NCCJIEAOBAHUA

N3yunTh cocTosHue nepugpepuIecKkoro KpoBO-
obpaleHys y MmarueHToB ¢ IpogeCcCHOHATBHBIMU
roHapTpo3amMu U obocHoBaTh npumeHenue JIOHC
JUIs1 KOPPEKLIUY MUKPOLIMPKYJISTOPHBIX HAPYLIEHU.

MATEPUAJIBI 1 METO/IbI

B ycoBUSIX CIENUATIM3UPOBAHHOTO OTEJIEHUS
npodeccrnonanbao natosoruu '6Y3 HCO «T'opog-
ckas kamHu4Yeckas 6ospHUIA N2 2» 1. HoBOoCHGMp-
cka (IaBHBIM Bpad — JI-p MeJA. Hayk, Ipodeccop

predominance of cartilage tissue degradation with
low inflammation interference, in the genesis of
which a leading role is played by microcirculatory
disorders, changes in neurohumoral regulation, lipid
and bone metabolism with a decrease in the energy
supply of organs and tissues, chronic hypoxia [6—10].

The Osteoarthritis Research Society International
(OARSI) has published a number of clinical guide-
lines for the treatment of osteoarthritis (OA) of the
knee and hip joint, including both drug and non-
drug treatment, and indicating mandatory and con-
ditionally mandatory methods [11—17].

When comparing the components of the OA
pathogenesis and the mechanism of transcutaneous
electric nerve stimulation, including a new direc-
tion — dynamic electric neurostimulation (DENS),
the data were obtained on optimization of antinoci-
ceptive and trophic processes in abnormally changed
tissues due to local, segmental reflex processes and
bodily reactions [18—23]. Dynamic electric stimula-
tion of the affected joint area leads to local changes in
microcirculation and tissue trophism due to local
(axon reflex mechanism) and segmental reflex reac-
tions, which causes the release into the vascular bed
and the synthesis of endogenous vasodilators [24].
Peripheral vasodilatation that occurs simultaneously
with passive muscle contraction leads to an increase
in arterial flow, venous outflow, and lymph circula-
tion [25].

There are not enough works in the literature
devoted to the study of the effectiveness of compre-
hensive medical rehabilitation, including transcuta-
neous electric nerve stimulation, for the correction of
changes of blood circulation in patients with occupa-
tional osteoarthritis of the weight bearing joints.

AIM OF THE RESEARCH

To study the state of peripheral blood circulation
in patients with occupational knee osteoarthritis and
justify the use of DENS for the correction of micro-
circulatory disorders.

MATERIALS AND METHODS

55 men (main group) with knee osteoarthritis
(occupational pathology), 46—53 years old (mean
age 49.3 + 3.6 years), mean work experience
22.3 + 3.6 years, from workers of the following spe-
cialties: aircraft machine fitter — 30 men (54.5%),
aircraft repairman — 25 men (45.5%) were examined
in the specialized Department of Occupational
Pathology of the City Clinical Hospital No. 2, Novosi-
birsk (Chief Physician — Dr. Sci. (Med.), Professor
L.A. Shpagina). The control group was represented
by 20 apparently healthy men with normal body
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JI.A. Illnaruxa) o6¢ce0BaHO 55 My>KYHH (OCHOBHAsA
TpyIIIa), ¢ TOHApTPOo30M (ITpodeccroHaIbHAS T1aTO-
Jiorus), 46—53 aet (cpemHUE BO3pacT 49.3 + 3.6
rojia), CpeIHUN cTak paboThl 22.3 + 3.6 ro7a, U3
pabouux CAeAYIONUX CIEMUATBHOCTEN: cJiecapb-
CcOOpIIUK [ABUTATEJIE U arperatoB — 30 Yell.
(54.5 %), cnecapb IO pEMOHTY JIETaTeIbHBIX alliapa-
TOB — 25 yell. (45.5 %). KoHTposbHas rpynmna Obuia
IpeZicTaBjieHa 20 MPAKTUUYECKH 3I0POBBIMH MY¥K-
YHHAMU C HOpMaJIbHOW Maccol Tejia, 6e3 OTATOIEeH-
HOU HACJIEJICTBEHHOCTH, PAOOTAIINMHU B JIOIYCTH-
MBIX YCJIOBUSIX TpyZa (2-H Ki1acc).

B wuccnenoBaHme He BKIJIIOYATIHCH THAI[UEHTHI C
3a00JIEBAHUAMHU CEPAETHO-COCYTUCTOU CUCTEMBI, B
TOM YWCJIE C APTEPUATILHON TUIIePTEeH3UEeH, UIIIEMU-
YecKOW OOJIE3HBIO Ccep/lla, KIMHUYECKU 3HaUU-
MBIMU BapHUaHTaMHU HepUQPEPUUECKOTO aTEPOCKIIe-
po3a U 9HAAPTEPUUTOM, OKUpeHueM, TudPy3HBIMU
3a00JIEBAHUSAMU COEIMHUTETHPHON TKAHU, AHEMU-
sIMHU, BPOXKJEHHBIMH M HPHUOOPETEHHBIMH 3HJIO-
KPUHHBIMHU 3200JIeBAaHUSAMU, HAPYIIEHUSIMU Pa3BU-
THSI KOCTHO-CYCTABHOTO aIlllapara, TpaBMaTHue-
CKUMH TIOBPEXK/IEHUAMU U UX MTOCIIE/ICTBUSMH, BOC-
MMAJINTEIbHBIMU 3a00JIEBAHUAMU KOCTHO-CYCTaBHOM
cucreMbl. OT Bcex IAIMeHTOB NOJIy4eHO NHDOPMHU-
pOBaHHOE coTJIacHe Ha ydJacTHe B HCCJIE/IOBAaHUU, B
COOTBETCTBHH C MEXKIAYHAPOJHBIMU OSTUYECKUMHU
TpeboBaHMAMU BceMUpHOH opraHuU3anuu 3APaBO-
OXpaHEHWS.

Hawubosee yacTo 60IbHBIE TPETbABIISIIN JKAT0ObI
Ha TYTONIOABIKHOCTH B KOJIEHHBIX CyCTaBax, 60Jib B
KOJIEHHBIX CyCTaBax IPU HArpy3Ke U B IIOKOE: TaK,
60JI1 TIPY OTIPEe/IeIEHHBIX JIBIXKEHUSX OTMEUIHCH B
92.4 % ciydaeB, HOUHbIEe 60U — B 64.2 %, GJI0Ka/-
Hble 001 — B 60.3 % CjIy4aeB COOTBETCTBEHHO.
¥ 6onpHBIX [ITA HanbosIEE YACTO UMET MECTO CUM-
TOMOKOMILTIEKC (60JIb IIPHU OIPe/IeJIEHHBIX IBUKE-
HUAX, HOYHbIE U OJIOKaJ(HbIe OOJIM), XapaKTEPHBIN
JUIs. TIATOJIOTMUECKOTO IIPOIiecca B IIePUAPTUKYJIAP-
HBIX CTPYKTypaX, BHYTPUKOCTHOU THUIIEPEMUH U
TUIIEPTEH3UH, YIIEMJIEHUsS CBOOOIHBIX BHYTPUCY-
CTaBHBIX TeJL.

ITIpu ob6ciiemoBaHUM IAIIEHTOB ITPUMEHSIINCH
CJIeIyIOIINE METO/BI UCCIIEIOBAHUA: KIMHUYECKHE,
JiyueBble (CTaHJApTHAs peHTreHoTpadus, peHTre-
HOBCKasl KOMIIBIOTEpPHAss TOMOrpadus, YJIbTPa3By-
KOBOE HCCJIE/IOBAaHUE KOJIEHHBIX CYCTaBOB, YJIbTPAa-
3BYKOBOE JIOMILIEpOTpapUUIECcKoe HCCIeTOBAHNE
nepudepuyecKrX COCYZ0OB HIDKHUX KOHEYHOCTEH),
dynkuroHasbHble  (1a3epHas ~ JIONIIUIEPOBCKAs
dbnoymerpus).

VabsTpaszBykoByw aomrmieporpaduio  (Y3ID)
nepudepruIecKUX apTepuii IPOBO/IUIN HA allllapare
Logiq 400 (CIIIA) nuHelHbIM AaTYuKOM 7.5 MI'1 B

weight, not hereditary tainted, working in allowable
job conditions (grade 2).

The study did not include patients with diseases
of the cardiovascular system, including arterial
hypertension, coronary heart disease, clinically sig-
nificant variants of peripheral atherosclerosis and
endarteritis, obesity, diffuse connective tissue dis-
eases, anemia, congenital and acquired endocrine
diseases, disorders of development of the osteoartic-
ular apparatus, traumatic injuries and their conse-
quences, inflammatory diseases of the osteoarticular
system. Informed consent was obtained from all
patients to participate in the study, in accordance
with the international ethical requirements of the
World Health Organization.

Most often, patients complained of stiffness in the
knee joints, pain in the knee joints on exertion and at
rest: for example, pains on certain movements was
noted in 92.4% of cases, night pains — in 64.2%,
pains caused by locked knee — in 60.3% of cases,
respectively. Patients with OKO most often had a set
of symptoms (pain on certain movements, night
pains and pains caused by locked knee), characteris-
tic of a pathological process in periarticular struc-
tures, intraosseous hyperemia and hypertension,
and entrapment of loose intra-articular bodies.

When examining patients, the following methods
were used: clinical, radiation (radiography, X-ray com-
puted tomography, ultrasound of the knee joints, Dop-
pler ultrasound of the peripheral vessels of the lower
extremities), functional (laser Doppler flowmetry).

The real time Doppler ultrasound (DU) of the
peripheral arteries was performed on a Logiq 400
device (USA) with a 7.5 MHz linear array transducer.
The structural and functional state of the femoral,
popliteal, posterior tibial arteries was studied using
criteria and standards for each region, an integral
indicator of vascular remodeling was determined
(IMT/D - the ratio of intima-media thickness to
diameter of a vessel). The examination was carried
out in a supine recumbent position of an individual,
for the popliteal artery — in a prone position. The
control volume was located at an equal distance from
the vessel walls, and its value corresponded to 2/3 of
the lumen of a vessel. The linear velocity of blood
flow in a vessel was measured at an angle between
the direction of the ultrasonic beam and the plane of
the vessel’s course of no more than 60°.

To assess the state of microcirculation in real
time, laser Doppler flowmetry (LDF) was performed
on a LAKK-01 laser analyzer of the surface capillary
blood flow (Russia) [26]. Measurements were per-
formed on a big toe from the plantar surface of the
foot for 3 min, at rest. Then a Doppler image was
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pexxuMe peasibHOro BpeMmeHu. I1pu Y3/1I" n3yuyanoch
CTPYKTYPHO-(PYHKITMOHATIBHOE COCTOSIHHE OepeH-
HBIX, TIOJIKOJIEHHBIX, 3aJHUX OEpIIOBBIX apTepuil ¢
HCIT0JIb30BAHUEM KPUTEPUEB 1 HOPMATHUBOB IIPHMeE-
HUTEIBHO K KOKJIOHU 00JIaCTH HCCIIEJIOBAHMUSA, OTIpe-
JIeJIsICs. MHTETPaIbHBINA MOKa3aTesIb PeMOETUPO-
BaHus cocysioB (uuaexc THUM/]J] — oTHOIIIEHHE TOJI-
IUHBl KOMIUIEKCA WHTHMa-MeZa K JAuaMeTrpy
cocyna). UcciemoBaHre TPOBOAMIOCH B TOPU30H-
TAJIBHOM ITOJIOK€HUH OOJIBHOTO HA CIIUHE, JJI MO/I-
KOJIEHHOH apTepuu — Ha KUBOTE. KOHTPOJIBHBIA
o6beM pacrosiarajics Ha paBHOM YIQJIEHUHU OT CTe-
HOK COCyZla, a €ro BeJMYMHA COOTBETCTBOBAJIA
2/3 mpocBeTa cocyzaa. JImHeHHasA CKOPOCTh KPOBO-
TOKA B COCYZle U3MePsIach MPHU yTJIe MeK/Ty HalpaB-
JIEHHEM YJIBTPA3BYKOBOI'O JIy4Ya U IJIOCKOCTHIO X0/1a
cocyzia He 6ostee 60°.

I OIEHKU COCTOSTHUSI MUKPOIMPKYJISAIUA B
peasibHOM MaciITabe BpeMeH! ITPOBOAMIIACH JIa3ep-
Has jfommiepoBckas gioymerpus (JIJI®) Ha 1azep-
HOM aHJIN3aTOpe CKOPOCTH IIOBEPXHOCTHOTO
KanmuuisapHoro kpoporoka JIAKK-01 (Poccust) [26].
V3mepeHus: MpPOBOAWINCH HA IEPBOM IaJIbIlEe C
MIO/IONIBEHHON TIOBEPXHOCTH CTOIIBI B TeEUeHHe
3 MUH, B COCTOSTHUH ITOKOs1. 3aTeM JOIIepOrpaMma
Io/[Beprajiach KOMIIBIOTEDHOU 00pabOTKe ¢ BBIYHC-
JIEHUEM CpeIHEero 3HaueHUs I0Ka3aTesisi MHUKPO-
nupkyssanuu (ITM), cpelHeKBaipaTHYECKOTO OTKIIO-
HeHUsA u koadduiuenta Bapuanuu. [locie 3anucu
KCXO/THOTO KPOBOTOKA TPOBOAMIUCH (PYHKITHOHAIIb-
Hble TIpOOBI — ABIXaTesIbHASA M OKKIIO3MOHHAsA. Ha
OCHOBAHHH JIbIXaTEJIbHOU MTPOOBI OIEHUBAJIOCH CHH-
JKeHHe KPOBOTOKA B OTBET HA AKTUBAITUIO CHMIIATH-
YeCKOH HEPBHOM CHCTEMBI, OKKJIIO3MOHHas Ipoba
ompesiesisiyia ypPOBEHb «OHOJIOTUYECKOTO HYJISI»,
cootBeTcTByIOIlero IIM B OTCyTCTBHE apTepuasib-
HOTO TPUTOKAa. Pe3epBHBIE BO3MOMKHOCTH MUKPO-
OUPKYAATOPHOTO PycjIa U3YJIATUCH 10 YBETMUEHUIO
KPOBOTOKa BO BpeMs peaKTUBHOU runepemuu. Pac-
CUUTHIBAJICS TI0KA3aTeNb pe3epBa KaMJUIIPHOTO
kpoBotoka (PKK), onieHUBatOImui OTHOIIIEHHE MaK-
CcUMaJIbHOTO 3HaueHus [IM Bo BpeMsI TIOCTOKKJIIO3HU-
OHHOHM THIEPEMUM K €r0 HCXOJHOMY 3HAUYEHHIO.
ITociie mpoBefeHUs aHAIN3a HUCXOAHOH JOMILIEPO-
rPaMMBbI ¥ pacueTa pe3yabTaToB (PYHKIIMOHATHHBIX
1po0 ompeiesisIcs TeMOANHAMITIECKU N TUII MUKDPO-
nupkynanuu.  IlokazaTesb  MHKPOIUPKYJIAIIMH
HU3MepsJICS B YCJIOBHBIX €IMHUIIAX U OBLI MPOTIOP-
[MOHAJIEH CKOPOCTH JIBHKEHUS SPUTPOITUTOB, BETU-
YUHE TeMAaTOKPUTA B MHKDPOCOCY/IaX M KOJIUYECTBY
(DYHKITMOHUPYIOIINX KAMWLIAPOB B HCCIIEAYEMOM
yJacTKe KOXKU.

Hoa onenku Bnausausa JDHC Ha mapamerpsl
MUKPOITUPKYJISITOPHOTO PycJia BCe 00CIIeZl0OBaHHbIE

subjected to computer processing with the calcula-
tion of an average value of the microcirculation indi-
cator (MI), standard deviation and coefficient of
variation. After recording the initial blood flow, func-
tional tests were performed — breath-holding and
occlusion. Based on the breath-holding test, a
decrease in the blood flow in response to the activa-
tion of the sympathetic nervous system was assessed,
and the occlusion test determined the level of bio-
logical zero corresponding to MI in the arterial flow
absence. The reserve capacity of the microvascula-
ture was studied by increasing blood flow during
reactive hyperemia. The size of capillary blood flow
reserve (CBFR) was calculated, assessing the ratio of
the maximum value of MI during post-occlusive
hyperemia to its baseline value. After analyzing the
initial Doppler image and calculating the functional
tests’ data the hemodynamic type of microcircula-
tion was defined. The microcirculation indicator was
measured in arbitrary units and was proportional to
the erythrocyte flow velocity, value of hematocrit in
microvessels, and number of functioning capillaries
at the examined site of the skin.

To assess the effect of DENS on the parameters of
the microcirculatory bed, all those examined with
OKO were randomly divided into two groups: the 1st
group (35 individuals) received a conventional treat-
ment (non-steroidal anti-inflammatory drugs, seg-
mental reflex massage) in combination with DENS
using a DiaDENS-PKM device (registration certifi-
cate of the Ministry of Health of the Russian Federa-
tion No. 29/23020701/2051-01 dated 06.12.2001,
Russia), in the first half of the day, on the site of fron-
tal projection of the joints, at a frequency of 77 Hz —
to correct microcirculation disorders, improve tro-
phism, reduce pain syndrome — for 20 min daily for
14 days. Patients of the 2nd group (20 people)
received a conventional treatment without DENS.

Therapeutic and recreational activities were
implemented after the patients signed an informed
consent, and permission from the local ethical com-
mittee to carry out the research work was obtained.

Statistical processing was carried out using the
statistical package Statistica 6.0 (2000). For normal-
ity analysis the Kolmogorov-Smirnov test was used.
To determine the statistical significance of differ-
ences between dependent samples under the normal
distribution law, Student’s t-test (t) was used for
paired observations. If the distribution of the studied
samples differed from the normal one, the Wilcox-
on’s rank sum test was used. The Fisher’s test was
used to analyze qualitative variables. To determine
the significance of differences between independent
samples under the normal distribution law, the Stu-
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¢ IITA MeTo/1OM CJTy9aliHOU BBIOOPKH OBLIH pacipe-
JIeJIEHBI B JIBE TPYIIIBL: 1-5 (35 YesI.) IMoIyJdaia CTaH-
JIAPTHBIH KOMILIEKC JieueHus1 (HecTepOUIHbIE TIPO-
TUBOBOCHAJIUTEIbHbIE IIPENapaThl, CEerMeHTapHO-
pedJiiekTopHBIN Maccaxk) B komOuHanuu ¢ JI9HC ot
anmmapara Juna/I9HC-IIKM (per. ymocTroBepeHHe
M3 P® N 29/23020701/2051-01 oT 06.12.2001,
Poccust), B mepBol TIOJIOBUHE JIHSA, HA 30HY MPSIMOU
MIPOEKIINH CyCTaBOB, C YacToTol 77 'l — mist Kop-
peKIuu HapyUIeHHH MUKPOUUPKYJIAINU, YIydIlle-
HUA TPODUKH, YMEHBIIIEHUA OOJIEBOTO CUHJIPOMA T10
20 MUH eXeJJHEBHO B TeueHUe 14 aHel. [lamueHTs
2-# rpynnsl (20 YeJt.) MOoIyJaIi CTaHAAPTHBIN KOM-
wiekc repanuu 6e3 JI9HC.

JleueOHO-03/TOPOBUTEJIbHBIE MepOIPUATHS
BBIMIOJTHSUINCh ~ TIOCJIE  TOAIUCAHUS  OOJIBHBIMH
MH()OPMUPOBAHHOTO COIVIACHSA, HA BBIIOJHEHHE
HayYHO-UCCIIEIOBATETBCKUX PAOOT OBLIO TOJIyUYeHO
paspelieHue JOKaIbHOTO STHIECKOTO KOMUTETA.

Cratucrtrueckass o0pabOTKa OCYIIECTBIIAIACH C
HCIIOJTb30BAHUEM CTAaTHCTUYECKOTO ITakeTa Statistica
6.0 (2000). 1151 poBepKH HAa HOPMAaJIbHOCTH pac-
TIpeJieJIeHUs] TIPU3HAKOB HCIIOJIb30BAJIC KPUTEPUH
Kosmoroposa — CmupHoBa. [[n1s onpezesnenus cra-
THCTUYECKON 3HAYMMOCTH PA3JIMUUA 3aBUCUMBIX
BBIOOPOK IPH HOPMAJIBHOM 3aKOHE paCIIpeJieJIeHUs
ucmob3oBn kputTepuil CteiofeHTa () Ay map-
HBIX HaOmo7eHnil. Ecom pacrnpenesieHye usydae-
MbIX BBIOOPOK OTJIMYAJIOCh OT HOPMaJILHOTO, ITPUMeE-
Hsu T-xputepuii Buikokcona. /[y aHasmsa kaue-
CTBEHHBIX IIPU3HAKOB WCIIOJIB30BAIN KPUTEPUI
Qumepa. /[y onpeneseHus JOCTOBEPHOCTH Pa3JIv-
YU HE3aBUCUMBIX BBIOOPOK IIPU HOPMAJILHOM
3aKOHE paCIIpe/ieJIeHNs UCIIOIb30BIH t-KPUTEPUI
CrhIofieHTa [JI1 He3aBUCHUMBIX HabromeHui. Ecanu
pacrpesiesieHie M3ydaeMbIX BBHIOOPOK OTINYAJIOCH
OT HOPMaIBHOTO, IPUMEHSIN HellapaMeTPUIeCKHi
U-kputepuii ManHa — YuTHU. AHaIU3 TaOJIHIT
COTIPSI’KEHHOCTU TPOBOAUIN C HCIOJIB30BAHUEM
KpuTepus coriacus ¥ (mpu o6beMe BbIOOPKU 60s1ee
50 ¥ yacTtorax Oosiee 5) wid (IIpU HEBBINOJIHEHUH
5THX Tpe6GoBaHMil) TO4HOro KpuTepusa Merca. [an-
HbIE MPEJICTABJISIN B BUAE «cpenHero» (M) u ero
ommOku (+m). Kputnueckuii ypoBeHb 3HAUHMMOCTH
IIpU TIPOBEPKE CTATHUCTUYECKUX TUIIOTE3 B HCCIIEN0-
BaHUU IPUHUMAJICS PABHBIM 0.05 (p).

Jlna aHaymu3a B3aMMOCBA3U JBYX U OoJiee TpHU-
3HAKOB IPUMEHSIJICS KOPPEJAINOHHBIN aHAJINU3 T10
CriupMeHy: pacCUUTHIBAICSA KO3 PUIIMEHT JTUHEN-
HOU KOPPEJIAIUH (1) ¥ €ro JIOCTOBEPHOCTD, ITPUHSTHI
K03(pDUIMEHTH KOPPEJAIUU BbINIE TaOIUIHBIX
IIpU YPOBHE 3HAYMMOCTHU P < 0.05. Hayume BbICO-
KOU U CpeJTHEN KOPPEJIAIMOHHON B3aUMOCBI3H CUH-
TaJIU TIPHU " OT 0.3 J10 1.0.

dent’s t-test was used for independent observations.
If the distribution of the studied samples differed
from the normal one, non-parametric the Mann-
Whitney U-test was used. The contingency tables
were analyzed using the chi-square goodness-of-fit
test, x>-test (with a sample size of more than 50 and
frequencies of more than 5) or (if these requirements
were not met) Yates’ correction. Data were presented
as mean (M) and its error (+m). The significance
level (p) in testing statistical hypotheses in the study
was taken equal to 0.05.

To analyze the correlation between two or more
variables, the Spearman’s correlation analysis was
used: the linear correlation coefficient () and its sig-
nificance were calculated, correlation coefficients
higher than those in the tables were taken at a sig-
nificance level of p < 0.05. The presence of a high and
medium correlation relationship was considered at r
from 0.3 to 1.0.

To analyze the type of dependence of several vari-
ables, the multiple regression analysis was used, on
the basis of which a statistical model was created
with the following characteristics: the coefficient of
multiple determination (R2) showing the degree of
dependence of the variables (at p < 0.05, it was
believed that the model adequately describes the
relationship of variables), the following regression
equations were constructed:

Y=a+bX +..b X,

where Y — the explained symptom;

a — the constant;

b — regression coefficients showing how much the
mean value of the dependent variable varies with
each unit of measurement of the independent vari-
able;

X, X — prognostics.

RESULTS AND DISCUSSION

When studying the parameters of hemocircula-
tion in the arterial bed of the lower extremities in
patients with occupational knee osteoarthritis, the
following was recorded (Table 1): no significant dif-
ferences were found in the velocity indicators char-
acterizing blood flow and vascular resistance indices
in the femoral artery compared with the control
group. At the same time, in patients with knee osteo-
arthritis, an increased intima-media thickness rela-
tive to the control values was detected, which, how-
ever, did not reach statistical significance (p = 0.064).

When studying the linear blood flow velocities in
the popliteal artery in patients with OKO, no signifi-
cant differences from those in the control group were
found, but there were structural and functional
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I aHanmu3a BUZA 3aBHCHUMOCTU HECKOJIBKUX
IIPU3HAKOB UCIIOIH30BAJICA METOJ] MHOKECTBEHHOTO
perpeccuoHHOTO aHAIN3a, Ha OCHOBE KOTOPOTO CO3-
JlaBajlach CTaTUCTUYECKAas MOJEJIb CO CAeAyIOIUMU
pacyeTHBIMU XapaKTepUCTUKaMU: KO3(PPUITUEHT
MHO?KeCTBEHHOH JleTepMuHanuu (R2), moKa3bpIBaio-
IUA  CTENEeHb 3aBHCHMOCTH IIPU3HAKOB (TIpu
P < 0.05 CUUTAJIOCH, UYTO MIOJIyUeHHAA MOJIETb a/leK-
BaTHO OIMCHIBAET B3aUMOCBS3b TPU3HAKOB), CTPOU-
JIVICh YPaBHEHUS PETPECCUHU CJIETYIONIETO BUAA:

Y=a+bX +..b X

non’

rzie Y — o0bACHAEMBIH IPU3HAK;

a — KOHCTaHTa;

b — xo3(pbunrenTs perpeccru, TOKa3bIBAKOIIHE
HAaCKOJIBKO CHJIBHO CpeJiHee 3HaueHUe 3aBUCHMOTO
MIpU3HaKa BapbUPYeT ¢ KOKAOU eUHUIIEN u3Mepe-
HUA He3aBUCHUMOTO IIPU3HAKA;

X, X, — IPOTHOCTUYECKHE PU3HAKH.

PE3YJ/IBTATBI 1 OBCY KIAEHUE

[Tpu u3ydyeHNN MapaMeTpoOB reMOIUPKYJISAIIUN B
apTepuaIbHOM PycJie HIKHUX KOHEUHOCTEH y maru-
€HTOB C NIpo(deccCHOHATBLHBIM TOHAPTPO30M OBLIO
3apUKCUpPOBaHO cieaymoiee (Tabs. 1): B CKOPOCT-
HBIX [TOKA3aTeJIsfAX, XapaKTepPU3YIOLUX KPOBOTOK, U
HMHJIEKCaX COCYIUCTOTO COIPOTHUBJIEHUS B OeqpeH-
HOH apTepuH, B CDABHEHUH C TPYIIIION KOHTPOJIA, HE
OBLIO BBISBJIEHO JIOCTOBEPHBIX OTINUHH. [Ipu aTOM ¥
MaIUEHTOB C TOHAPTPO30M BBIABJISJIOCH YBEIUYE-
HU€e TOJIIIUHBI KOMIUIEKCA WHTUMAa-MeAua OTHOCHU-
TeJIbHO KOHTPOJIBHBIX 3HAUEHUU, He JOCTHUTaollee
TeM He MeHee CTAaTHUCTHYECKOW 3HAUYMMOCTHU
(p = 0.064).

[Ipu u3y4YeHUn JIMHEHHBIX CKOPOCTENH KPOBOTOKA
B IIOIKOJIEHHOU apTepuu y namuenTos ¢ [IT'A gocro-
BEPHBIX OTJIMYUH OT IIOKAa3aTeyied KOHTPOJIBHOM
rpynnsl 3aUKCUPOBAHO He OBLIO, HO OTMEYAJINCh
CTPYKTYPHO-(PYHKITMOHATIbHbIE U3MEeHEHUsI U3yJae-
MOH apTepuyl B BHUJE JOCTOBEPHOIO YTOJIIEHUS
COCYZIMICTOM CTEHKH, OTHOCUTEJIBHO [T0Ka3aTeJsIs TOJ-
IUHBI KOMIUIEKCA WHTHMAa-MeZua B TPYIIle KOH-
TpoJis, B 1.23 pasa (p = 0.035).

[Ipu uccnenoBaHUU 3aHEOEPIOBBIX apTEPUU Y
nanueHToB ¢ IIT'A, OTHOCUTEIBHO KOHTPOJIBHBIX
mokasareJsiel, 6pUI0 0OHAPYKEHO 3HAYNMOE IIOBBI-
HIeHue CHUCTOJIO-ZIAACTOJINYECKOTO HUHJIeKca
v ./V..) Ha 11.48 % (p = 0.044); UHAEKCA Pe3U-
crentHOCTH (RI) — Ha 6.9 % (p = 0.047); myJIBCATOP-
Horo uHjiekca (PI) — Ha 8.8 % (p = 0.041). I1pu usy-
yeHUH MOPQPOGYHKIIMOHAJIBHBIX I1apaMeTPOB Y
obcenoBanubIX B rpymme 1A 66110 3aperucTpupo-
BAHO JIOCTOBEPHOE YBeJIWYeHUe II0Ka3aTess TOJ-
IIUHBl KOMIUIEKCA HHTUMAa-MeJIa, OTHOCUTEJIHHO

changes in the studied artery in the form of a signifi-
cant vascular wall thickening, relative to intima-
media thickness in the control group, by 1.23 times
(p = 0.035).

In the study of the posterior tibial arteries in
patients with OKO, a significant increase in the sys-
tolic-diastolic ratio (V__ /V . ) was found, exceeding
the control parameters by 11.48% (p = 0.044); resis-
tance index (RI) — by 6.9% (p = 0.047); pulsatility
index (PI) — by 8.8% (p = 0.041). When studying the
morphological and functional parameters in the
OKO group, a significant increase in intima-media
thickness was recorded, relative to the same value in
the control group, by 1.46 times (p = 0.023).

During the study of the baseline parameters of
microcirculation in the lower extremities using laser
Doppler flowmetry, the following was found
(Table 2): the microcirculation indicator in patients
with OKO was 1.3 times lower than in the control
group (p = 0.036), while the amplitude-frequency
analysis of the obtained data showed a decrease in
the amplitude of vasomotor oscillations (Av) by
1.6 times relative to similar indicators in the control
group (p = 0.019). The average values of the ampli-
tude of pulsatile oscillations (Ap) turned out to be
2.4 times lower than the control ones (p = 0.001),
which gave reason to assume the presence of a spas-
tic component in the mechanisms of microcircula-
tion disorders. When performing the breath-holding
test in patients with OKO, an increase in the CBFR
values by 1.23 times (p = 0.041) was revealed in com-
parison with the control group, which indicated a
decrease in the sensitivity of the vascular wall, both
due to the initial spasm of the afferent microvessels
and the venous stasis influence.

The occlusion test revealed an excess of the bio-
logical zero value in the group of patients with OKO
by 1.4 times (p = 0.033), as well as a decrease in CBFR
by 1.3 times (p = 0.028) and a mild decrease in the
half time of blood flow recovery by 1.2 times
(p = 0.045) in comparison with the control group,
which is a characteristic sign of congestion hemody-
namic type of microcirculation.

The breath-holding and occlusion tests turned out
to be diagnostically significant in this group of
patients: an increase in CBFR during the breath-
holding test, a decrease in CBFR and an increase in
biological zero value during the occlusion test indi-
cated a low level of functioning capillaries at baseline,
which contributed to stasis and congestion in venules.

It should be noted that microcirculatory changes
can have a negative impact on the trophism of carti-
lage tissue, which receives the necessary substances
via diffusion from the vessels of the subchondral
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Ta6una 1. KosmuecTBeHHbIE IIOKA3ATEIN aPTEPUAILHOIO KPOBOTOKA B COCY/IaX HUYKHUX KOHEUHOCTEH y IAlMeHTOB ¢
PO eCCHOHATIBHBIM FOHAPTPO30M U B IpyIie KouTposist (M + m)

Table 1. Quantitative indicators of arterial blood flow in the vessels of the lower extremities in patients with occupational
knee osteoarthritis and in the control group (M + m)

3agHeOepIoBast
ITokasarear I'pynma beapennas aprepusa IloakosieHHas aprepus aprepus
Indicator Group Femoral artery Popliteal artery e sl e
V. .ocM/c IITA / OKO 82.68 + 1.49 63.17 + 1.35 52.34 + 1.57
(cm/s) (n=55)
KonTtpons / Control  83.66 + 1.54 63.17 £ 1.35 49.25 + 1.22
(n=20)
V s cM/c IITA / OKO 24.98 + 0.59 18.94 + 0.47 14.54 + 0.38
(cm/s) (n=55)
Kontpons/ Control  25.04 + 0.51 18.94 £ 0.47 13.89 + 0.36
(n=20)
Veoad Visin TITA / OKO 3.36 £ 0.05 3.35 £ 0.06 3.98 £ 0.05*
(n=55)
Koutposas/ Control  3.31 + 0.03 3.35 + 0.06 3.57 £ 0.04
(n=20)
TAMX, cm/c  TITA / OKO 35.57 £ 0.77 27.12 + 0.62 21.57 £ 0.51
(cm/s) (n=55)
Koutposs/ Control  35.48 + 0.73 27.12 £ 0.62 20.93 + 0.55
(n=20)
RI IIT'A / OKO 0.69 + 0.02 0.71 + 0.007 0.77 £ 0.05%
(n=55)
Kontposas/ Control  0.70 + 0.03 0.71 £ 0.007 0.72 + 0.03
(n=20)
PI IITA / OKO 1.67 + 0.03 1.65 £ 0.02 1.85 £ 0.03*
(n=55)
Koutposas/ Control  1.66 + 0.03 1.65 + 0.02 1.70 £ 0.04
(n=20)
TUM, mm TITA / OKO 0.72 + 0.03 0.79 + 0.01* 0.94 £ 0.01%
IMT, mm (n=55)
Koutposs/ Control  0.65+ 0.05 0.64 + 0.06 0.64 + 0.04
(n=20)

IIpumeuanus: [II'A-npodeccrnonanbHbIi roHApTPO3; V.

— MaKCUMaJIbHas CKOPOCTb KPOBOTOKAa; \%4

max

— MHHHUMaJIbHasI CKOPOCTb

min

kpoBoTOKa; TAMX — cpesHAA IO BpeMeHH MaKCHMaJIbHAsA CKOPOCTh KPOBOTOKA; RI — mHzjekce pesucrenTHOCTH; PI — mysmpcaTopHBIH

nHjiekc; TUM — ToJsimyrHa KoMILIeKca HHTHMa-Me/iua.

* PasJIn4us IOCTOBEPHBI 110 CPABHEHHIO C IPYIIIONH KOHTPOJIA (P < 0.05).

N o te: OKO —occupational knee osteoarthritis; V.

max

—maximum blood flow velocity; ¥ . — minimum blood flow velocity; TAMX — time-average

min

maximum blood flow velocity; RI — resistance index; PI — pulsatility index; IMT — intima-media thickness.
* Differences are significant in comparison with the control group (p < 0.05).

AQHAJIOTUYHOTO 3HAYEHUs B KOHTPOJIBHOU TPYIIIE, B
1.46 pasa (p = 0.023).

IIpu WCXOMHOM H3YyUYEHHH IapaMeTPOB MHUKPO-
IUPKYJIAIINN HIDKHUX KOHEYHOCTE METO/IOM Jia3ep-
HOH JIONILIEPOBCKON (hJIOYMETPUH OBLIO yCTAHOB-
JIeHO ciiefyromnee (Tabs1. 2): moKasaTejab MUKPOIUP-
Kysisinuu 'y marueHToB ¢ IITA okasasica B 1.3 pasa
MEHbIIle  IIOKazaTejell  KOHTPOJBHOM  I'PYHIBI
(p = 0.036), IpH 3TOM AMIUTUTYJHO-YACTOTHBII aHa-
JIN3 TTOJTyYEHHBIX IAHHBIX [I0Ka3aJI CHIKEHUE aMILIH-
TyZbI Ba30MOTOPHBIX KosiebaHui (Av) B 1.6 pasa
OTHOCUTEJIbHO aHAJIOTUYHBIX ITOKa3aTeJed B KOH-
TpoJIbHOM TpyIIe (p = 0.019). CpenHue OKa3aTeIn
aMIUTUTY/IBI ITyJIbCOBBIX KOJIeOaHu (AIl) OKa3aiuch B
2.4 pa3a HIKe KOHTPOJIBHBIX 3HAaUeHHH (p = 0.001),

bone and synovial fluid [27]. At the same time, the
influence of even minor vascular and metabolic
changes on the severity of osteoarthritis was estab-
lished [28].

The results of LDF at the end of the rehabilitation
course indicated an increase in MI in patients of the
1st group by 1.2 times (p = 0.041) compared to the
baseline values and approached the control figures,
while in patients of the 2nd group, the MI parameters
did not change significantly (Fig. 1). After accomplish-
ing the rehabilitation course, patients in the 1st group
showed a 1.2-fold increase in the amplitude of slow
vasomotor oscillations, which indicated the antispas-
tic effect of DENS for resistive microvessels (Fig. 2).
The parameters of the amplitude of pulsatile oscilla-
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Ta6auna 2. KosmryecTBeHHbIE II0KA3aTeH apTEPUATLHOTO KPOBOTOKA B COCY/IAX HIKHUX KOHEUHOCTEH y AIlUEeHTOB
¢ 1podeCcCHOHATBHBIM TOHAPTPO30M U B TpyIIie KoHTpoJst (M + m)

Table 2. Quantitative indicators of arterial blood flow in the vessels of the lower extremities in patients

with occupational osteoarthritis and in the control group (M + m)

ITanueHTHI ¢ TPOo(deCCHOHATBHBIM

IToka3arTenab ICCOHTPOJH’HM rpymna TOHAPTPO30M

Indicator ontrol group Patients with occupational
(n =20) e P

osteoarthritis (n = 55)

IIM, nepd. en. / MI, PU 5.3 £ 0.26 4.2 £ 0.08*

Av, nepd. en. / Av, PU 1.80 + 0.07 1.10 + 0.13*

Am, nepd. en. / Ap, PU 0.60 + 0.03 0.25 + 0.02*

PKK [II1, % / CBFR BhT, % 22.8 + 3.0 28.2 + 4.8%

OII «6HOJIOTHYECKUN HYJIb», Iepd. e, 2.5+ 0.08 3.5 £ 0.09*

OT “biological zero”, PU

PKK OII, % / CBFR OT, % 265.5 + 56.2 200 + 50.1%

T1/2 Oll,c/ Tl/2 OT, s 32.5+1.2 27.4 +1.1%

IIpumeuanus: IIM— nokasaresb MUKPOLIUPKY/IAUY; Tepd. efi. — nepdy3HMOHHbIE eMHUIIBI; AV — aMIUIMTY/Ia BA30MOTOPHBIX
KosebaHuit; Al — aMIUIUTYZa MMyJIbcoBbIX Kosebauuit; PKK JIIT — pe3epB KamMLISPHOTO KPOBOTOKA IIPU HMPOBEEHHUH JbIXaTeIbHON
1po6b1; OIT — okkosuonnas npoba; PKK OIT — peseps Kanu/IApHOTO KPOBOTOKA ITPU MPOBEIEHNH OKKJIIO3UOHHOH 1po6bt; T, J2 OIT -
BpeMsI IOJIyBOCCTAHOBJIEHUS IIPU IIPOBEIEHUN OKKJIIO3MOHHOH ITPOOKI.

* Pa3inuus IOCTOBEPHBI 110 CPABHEHHIO C IPYIIION KOHTPOJA (p < 0.05).

N o te: MI - microcirculation indicator; PU — perfusion units; Av — amplitude of vasomotor oscillations; Ap — amplitude of pulsatile
oscillations; CBFR BhT — capillary blood flow reserve during the breath-holding test; OT — occlusion test; CBFR OT — capillary blood flow

reserve during the occlusion test; T, , CT — half time of recovery during the occlusion test .
* Differences are significant in comparison with the control group (p < 0.05).

YTO ZIJaBAJI0 OCHOBAHHE IIPEII0araTh HaJTMJIHe Clia-
CTUYECKOI0 KOMIIOHEHTa B MeXaHU3MaX HapylleHus
MUKPOIUPKYJIANUN. [Ipy IpoBeieHNN IbIXaTeTbHOM
mpobbl y manueHToB ¢ II['A BBISIBJIEHO yBeJIMUEHHE
nokasatesiss PKK B cpaBHeHUU ¢ KOHTPOJIBHOH TPyII-
o# B 1.23 pasa (p = 0.041), YTO YKa3bIBAJIO HA CHU-
JKeHHE PEAaKTUBHOCTHU COCYAUCTON CTEHKU, KaK BCJIE/I-
CTBUE HCXOJHOrO CIa3Ma IPUHOCAIINX MUKPOCOCY-
JIOB, TaK U BJIMSTHUSI BEHO3HOTO 3aCTOA.

[Tpu mpoBe/IeHUN OKKJIIO3UOHHOM MPOOHI BBISB-
JIEHO TPEBBIIIEHUE II0KA3aTessl «OHOJIOTHIECKOTO
HyJss» B Tpynne nanuedToB ¢ [IT'A B 1.4 pasa
(p = 0.033), a Takxke cHmwxkenne PKK B 1.3 pasa
(p = 0.028) u ymepeHHOEe yMeHbIIIEHHE BpEMEHU
[IOJTyBOCCTAHOBJIEHUSA KpPOBOTOKAa B 1.2 pasa
(p = 0.045) B cpaBHEHUH C KOHTPOJIBHOH TPYIIIIOH,
UTO SIBJIAETCS XapaKTEPHBIM IPU3HAKOM 3aCTOU-
HOTO TeMOJMHAMHYECKOTO0 THUIA MHUKPOIUPKY-
JIAIUH.

JlnarHocTUYecK 3HAUYNMBIMU B TAHHOU T'PYyIIIE
[IalleHTOB OKA3JIUCh /IBIXaTeJIbHASA U OKKIIIO31OH-
Hast mpoOnl: yBenumueHue PKK mpu mposemeHun
IbIxaTeapHOU mpoObl, cHrmkeHne PKK u Bospacra-
HUe YPOBHS «OHOJIOTMYECKOTO HyJISI» IIPU OKKJII03HU-
OHHOH Mpobe YKa3bIBIM HA WCXOJHO HU3KHUHU ypO-
BeHb QYHKIMOHUPYIOIINX KATUUIAPOB, UTO CIIOCO0-
CTBOBAJIO 3aCTOMHBIM SBJIEHUAM B BEeHYyJIaX.

Crnenyer OTMETUTH, UTO MHUKPOLMPKYJIATOPHbIE
U3MeHeHUs MOI'YT OKa3blBaTh HETAaTUBHOE BJINAHUE

tions increased in the 1st group by 1.9 times compared
to the baseline values (p = 0.012), which indicated a
decrease in spasm of arterioles and an increase in
blood flow in the studied region. In the 2nd group of
patients who received only the baseline treatment or
its combination with special therapeutic exercises,
the indicators of vasomotor and pulsatile oscillations
did not change significantly during the observation.

The assessment of the indicator of capillary blood
flow reserve during functional tests showed the fol-
lowing (Fig. 3): according to the breath-holding test
results, the studied indicator decreased by 1.2 times
by the end of the study in patients of the 1st group
(p = 0.039), which indicated a decrease in spasm of
the afferent vessels. In the 2nd group, the correction
of the indicator was less expressed (p > 0.05). Unidi-
rectional changes were recorded based on the results
of the occlusion test: in patients of the 1st group, the
CBFR values have increased by 1.2 times (p = 0.046),
which indicated an increase in the number of func-
tioning capillaries, in contrast to the values of the
2nd group, in which the increase in CBFR was less
evident.

CONCLUSION

The study of the hemodynamic parameters of
regional blood flow and the structural and functional
features of the peripheral vessels of the lower extrem-
ities in patients with occupational knee joint lesion, a
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Ha TPOUKY XpAIMIEBOH TKAHU, KOTOpas IOJIydaeT
HeoOXoAMMBbI€e BelllecTBa myTeM Auddy3uu u3 cocy-
JIOB CyOXOH/IpAJIbHON KOCTH U CHHOBHAJIbHOU JKU/I-
koctu [27]. IIpu 5TOM YCTAaHOBJIEHO BJIIUSHHUE JTAKE
HE3HAUUTEJIbHBIX COCYIUCTBIX U MeTabOoJIMUeCKUX
C/IBUTOB Ha TSXKECTh TEUEHHUS ocTeoapTpo3a [28].

PesynpraTsl JII® 110 OKOHYAHUY PeaOUIUTAIN-
OHHOTO Kypca CBHU/IETEJILCTBOBAIU 00 yBEJIMUEHUH
ITM y marnueHTOB 1-¥ Tpymmsl B 1.2 pasa (p = 0.041)
OT WCXO/IHBIX 3HAYEHUU WM MPHUOJIMKEHUU K KOH-
TPOJIBHBIM IH(PaM, TOT/Ia KaK Y 00CIeZI0BAaHHBIX BO
2-i1 rpymiie mapametpsl [IM 10CTOBEPHO HE U3MEHH-
suck (puc. 1). [Toce 3aBepiieHys: peabINTaIHOH-
HOTO Kypca y HaI[UeHTOB B 1-i rpymme 3apUKCHpPO-
BAHO yBeJIMUEHUE aMIUTUTY/Ibl MeJIJIEHHBIX Ba30MO-
TOPHBIX KOJIEOAHUI B 1.2 Pa3a, YTO CBUZETEIHCTBO-
BaJ1o 00 aHTHCcnacTudeckoM Biausuuu JJOHC B oTHO-
IIEHUH PE3UCTUBHBIX MUKPOCOCYAOB (puc. 2). ITapa-
MeTPbl AMIUIUTY/bI IIyJIbCOBBIX KOJIEOAHUI BO3-
pociiu B 1-# TpyIIe B 1.9 pa3a OT UCXO/{HBIX 3HAUe-
HUH (p = 0.012), YTO CBUJIETETHCTBOBAJIO 00 YMEHB-
IIEHUH CIIa3Ma apTepPHoJI U YBeJIWYEeHUH IIPUTOKA
KpoBH B OOJyiacTu HccieoBaHusA. Bo 2-i rpymme
0OJIbHBIX, TOJIYYaBIINX TOJIHKO 6A30BBIH KOMILIEKC
JIeYeHUsi WU ero KOMOWHAIMIO CO CIEI[UaJIbHOM
7e4eOHOM THMMHACTHUKOM, MOKAa3aTeJu Ba30MOTOP-
HBIX U IYJIbCOBBIX KOJIEOAHUH CyIIeCTBEHHBIX U3Me-
HEHUU B X0/ie HabJII0/IeHNs He UMEJTH.

OneHka TmOKasaresisi pe3epBa KaWLISIPHOTO
KpPOBOTOKA IIpU IIPOBEJEHUN (DPYHKIIMOHATHHBIX
nmpo6 mokasaia cienywollee (puc. 3): COIJIaCHO
pe3ysbTaTaM JIbIXaTeJIbHOH MPOOBI U3y4aeMBbIiH

6 —_
5.3
5
4
3
5
1 -
0 T
KoHTposibHas rpyrmmna 1-51 TpyIIa
Control group 1st group

significant remodeling of the popliteal and posterior
tibial arteries was revealed, i.e. an increase, relative
to control values, in the systolic-diastolic ratio by
11.48%, in the resistance index and pulsatility index
by 6.9 and 8.8%, respectively. During the study of
the posterior tibial arteries in patients with occupa-
tional knee osteoarthritis, a significant increase in
intima-media thickness was recorded, exceeding the
same value in the control group, by 1.46 times. The
change in peripheral hemodynamics caused a disrur-
bance in microcirculation processes of the lower
extremities in the form of a decrease, compared to
the control values, in the following parameters: the
microcirculation indicator — by 1.3 times, amplitude
of vasomotor and pulsatile oscillations — by 1.6 and
2.4 times, which indicated the presence of a spastic
component in the mechanisms of microcirculation
disorders alongside with a simultaneous decrease in
the sensitivity of the vascular wall and congestion in
venous microvessels.

Optimization of the comprehensive therapy of
patients with occupational knee osteoarthritis —
using microcurrent electric stimulation (DENS) had
a positive effect on the state of the microcirculatory
bed, contributed to an improvement in the microcir-
culation indicator by 1.2 times, a decrease in the
resistive vessels’ spacticity by 1.2 times, an increase
in tissue perfusion by 1.2 times and a decrease in
congestion of venules.

Conflict of interest. The authors declare no
conflict of interest.

B /o peabumurarnuu
At baseline

B Iocne peabumuranuy
After rehabilitation

2-4 Ipynmna
2nd group

Puc. 1. [Tokazaresab MUKPOIUPKYJIAINH (1iepd. e/1.) B TPyIax MalreHToB ¢ TpobeCcCHOHAIBHBIM TOHAPTPO30M
JI0 ¥ TTOCJIe PeabIINTalMOHHOTO Kypcea (¥ T0CTOBEPHOCTD Pas3/IMYHi 10 CPABHEHHIO ¢ KOHTPOJIHOU TPYNIOH (p < 0.05);
* JIOCTOBEPHOCTH BHYTPUTPYIIIIOBBIX Pas3inuuii (p < 0.05))
Fig. 1. Microcirculation indicator (in perfusion units) in groups of patients with occupational knee osteoarthritis
at baseline and after the rehabilitation course (* significance of differences compared with the control group (p < 0.05);
* significance of intragroup differences (p < 0.05))
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Puc. 2. [TokasaTenu aMIUIUTY/IHO-9aCTOTHOTO aHaIn3a (1epd. e/1.) MUKPOIUPKYJIALMY B IPYIINIAX MAI[HEHTOB
¢ mpodeCcCHOHAIBHBIM TOHAPTPO30M JI0 U ITOCJIE PeabHIUTAITMOHHOTO Kypca (¥ 0CTOBEpHOCTD Pa3Inuni

I10 CPAaBHEHUIO ¢ KOHTPOJIBHOH Ipynmoi (p < 0.05); * JOCTOBEPHOCTh BHYTPUTPYIIIOBBIX pazinduil (p < 0.05)):
A — aMIUIATY/1a BABOMOTOPHBIX KoylebaHui; B — aMIUIHTY/ia ITyIbCOBBIX KOJIEOaHH

Fig. 2. Indicators of amplitude-frequency analysis (in perfusion units) of microcirculation in groups of patients

with occupational knee osteoarthritis at baseline and after the rehabilitation course (* significance of differences compared
with the control group (p < 0.05); * significance of intragroup differences (p < 0.05)):
A — amplitude of vasomotor oscillations; B — amplitude of pulsatile oscillations

A B
40 300 -
265.5
sk 28. 5* 242.4
30 - 28.2 26.8
24.1 200 -
22.8
20
100 —
10 o
(0] T (0] T
KonTponbHasa 1-1 Tpynna 2-7 Irpynmna KonTponbHasa 1-A TpynIa 2-5 rpynmna
rpymmna 1st group 2nd group rpymnna 1st group 2nd group
Control group Control group
E 1o peabwiutanuu / At baseline M 1locne peabunuraruu / After rehabilitation

Puc. 3. CocrossHIE pe3epBa KaNWUIAPHOTO KPOBOTOKA (%) Ha ¢hoHe GYHKIMOHAIBHBIX IPOO B IPYIIIAX HAIEHTOB C IPO-
(eccroHaTIBHBIM FTOHAPTPO30M IO U TIOCJIE PEa0UIHTAIIMOHHOTO Kypea (¥ I0CTOBEPHOCTh Pa3JIMUKii 110 CPABHEHUIO C KOH-
TPOJILHOMU TPyNIoH (P < 0.05); * IOCTOBEPHOCTH BHYTPUTPYIIIOBBIX PA3IUUHi (p < 0.05)):

A — nmpixarenpHas npoba; B — okkiIr03uoHHasA mpoba
Fig. 3. The state of blood flow reserve (%) during functional tests in groups of patients with occupational knee
osteoarthritis at baseline and after the rehabilitation course (* significance of differences compared to the control group
(p < 0.05); * significance of intragroup differences (p < 0.05)):

A — breath-holding test; B — occlusion test
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IoKasaTesib CHU3WJICHA K 3aBepIIEHUI0 HCCiel0Ba-
HUA y TAIMEHTOB 1-H TPYIIIHI B 1.2 pasa (p = 0.039),
YTO yKa3blBaJI0O HA YMEHBIIIEHUE CIla3Ma IIPUHOCH-
mux cocyzoB. Cpenu 06cIe0BaHHBIX MTAIIIEHTOB BO
2-f TpyIIle KOppeKnus IMOoKa3aTesis MMeJla MeHee
BBIpaKEeHHBIA xapakrtep (p > 0.05). OmHOHATpaB-
JIEHHbIE U3MeHeHUs ObUTH 3aUKCUPOBAHBI 110 UTO-
raM OKKJIIO3MOHHOH HpoOBI: y IAIMeHTOB B 1-U
rpynne nokasaTtenb PKK yBenuumsica B 1.2 pasa
(p = 0.046), 9TO CBUETETBCTBOBAIIO 00 YBETUUEHUU
KoJindecTBa (YHKIHMOHUPYIOUIUX KaNWLISAPOB, B
OTJINYME OT TOoKasaTejaed 2-U TPYIIbl, B KOTOPOH
yBenuuenne PKK Hocmyio MeHee BbIpaKeHHBIN
xXapakrep.

3AK/IOYEHUE

Y manueHTOB ¢ NpPOQecCHOHAJIbHBIM IOpake-
HUeM KOJIEHHBIX CYyCTaBOB IIPHU U3YUEHNU IreMO/INHA-
MHYECKHUX IapaMETPOB PETMOHAPHOTO KPOBOTOKA U
CTPYKTYPHO-QYHKITOHAIBHBIX ocobeHHOCTeH
nepudepUIeCcKUX COCYZOB HIKHUX KOHEUHOCTEH
BBIABJISIETCA 3HAYMMOE DPEMOJIETMPOBAHUE ITOIKO-
JIGHHBIX U 33/iHeOEPIIOBBIX apTepUil, MOBBIIIEHUE,
OTHOCUTEIBHO KOHTPOJIBHBIX IoKasaresiel,
CUCTOJIO-ZITUACTOJINYECKOTO WHJAeKkca Ha 11.48 %,
UH/IEKCA PE3UCTEHTHOCTH U MHJIeKca IIyJIbCallui Ha
6.9 u 8.8 % coorBercTBeHHO. [Ipu uccienoBaHUU
3a/1He6EPIIOBBIX APTEPHH y MTAIIMEHTOB ¢ IpodeccH-
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OHAJIBHBIM TOHAPTPO30M OBLIO 3apETrHCTPUPOBAHO
JIOCTOBEPHOE yBEJWUYEHHE II0KA3aTess TOJIIIHHBI
KOMIUIEKCA WHTHMAa-Melia, OTHOCUTEJIHHO aHAJIO-
TUYHOTO 3HAYEHHWS B KOHTDOJBHOHM TIpyIIlEe, B
1.46 pasza. IameHeHue nepudepruueckoi reMouHa-
MHKUA OOYCJIOBHJIO HApyIIEHUE IMPOIIECCOB MHUKPO-
MUPKYJIAIUU B HIDKHUX KOHEYHOCTSIX B BUJIE CHIDKE-
HHUs, OT KOHTPOJIbHBIX 3HAYEHUH, IOKa3aTeJien:
6a3aIbHOM MUKPOLMPKYJISIIUY — B 1.3 Pa3a, aMILIH-
TyZbI BA30MOTOPHBIX U IIYJIbCOBBIX KOJIEOAHUU — B
1.6 U 2.4 pasa, YTO CBUJIETEILCTBOBAJIO O HAJIMYUU
CIIACTHYECKOTO KOMIIOHEHTAa B MeXaHU3Max Hapy-
IIEHUs] MUKPOIUPKYJIAINU IPU OZHOBPEMEHHOM
CHIDKEHUHN PEAKTUBHOCTH COCYJUCTON CTEHKH U
3aCTOUHBIX SABJIEHUSAX B BEHO3HBIX MUKPOCOCY/IAX.

OnTuMu3anys KOMIUIEKCHOTO JIeYeHUs OOJIBHBIX
¢ TpodeCCHOHATTLHBIMYI TOHAPTPO3aMH — IIPUMeEHEe-
HHEM MUKPOTOKOBOH 3JIEKTPOUMITYJIbCHOH Tepa-
nun — JI9HC okazasa moj0KuTeJIbHOE BIUSHUE Ha
COCTOSTHUE MHKPOIHPKYJIATOPHOTO PyCJsa, CIIoco0-
CTBOBaJIA YJIYUIIEHUIO IOKA3aTeJIs MUKPOITUPKYJIS-
WU B 1.2 pa3a, CHIKEHUIO CIACTHYECKUX BJIMSTHIH
B PE3UCTUBHOM DPYyCJIe B 1.2 pa3a, YBEJIMYEHUIO TIeP-
(y3uu TkaHel B 1.2 paza U yMeHbIIIEHHUIO 3aCTOMHBIX
SIBJICHUH B BEHyJIaX.

KoH@duaukT HHTEpPECOB. ABTOPHI 3aBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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