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AHani3 cKAaay Tina LLYpiB 3 eKCepMMEHTaAbHUM LyKpOBUM AiabeTom
1 Tuny i Ha TAI Kopekuii

K. M. KonecHUKEAEF M, I. IcaueHko®*BCP

3anopisbkuii AepXaBHWUI MeAUKO-GapMaLeBTUUHUI YHIBepCHTET, YKpaiHa

A - KOHUENLiA Ta AU3aiH AOCAIAXEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTauin AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi

KatouoBi croBa:
bioimnepaHCHUI aHani3
CKAaAy Tina, BOAHI 06’eMK
opraHiamy, XupoBa Ta
3HEXMpPEHa Maca TiAa,
LYKpOBWIA AiabeT 1 Tuny,
KOpeKLisi, L-apriHiH,
N-auetva-L-uncrein, Lwypw.
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Merta poboTu - 32 JONOMOroL0 bioiMnesaHCHOrO aHanidy BU3HaYNTW CKNaj Tina LLypiB 3 eKCepuMeHTanbHNM
LykpoBuMm giabetom 1 Tuny (LA 1) i oro kopekuieto amiHoKcnoTamm.

Martepianu i metoau. Lykposuin giabeT 3Moaens0BaHO BBEAEHHAM CTPENTO30TOLMHY. Ha 6 TvxHI LwypiB noainunm
Ha 3 nigrpymv: LIA1-1 — wypw 6e3 kopexuii; LI1-2 — kopekwis posunHom L-apriHity; LIA1-3 — kopekuis N-aue-
Tun-L-umcTeiHom npotsarom 2 TvxkHiB. Cknag Tina Bu3Hayanu aHanisatopom imnegaxcy Vet BIS1 3 ouiHioBaHHAM
06’emy 3aranbHOI BOAM B OpraHiami, 103a- Ta BHYTPILLHLOKNITUHHOT PiAUHM, 3HEXWUPEHOI Ta XXMPOBOI MacK Tina.

Pesyabtatn. Maca wwypis i3 L1 Ha 6 TuxHi 6yna meHLwow 3a koHTponb Ha 40 % 3i 3MEHLLEHHSIM X1POBOI Ha
63 % i 3HexmpeHoi Macy Tina Ha 22 %. Po3BuTOK rineprikemii Ha 6 TWXHI CNpUYKHAB 3aranbHy Aerigparaiio
(3meHLeHHs 3aranbHoi Boayn Ha 39 %) 3i 3HKEeHHSM abCoNIOTHUX NoKa3HWKiB 060x BogHUX ob'emiB. Ha 7 i 8
TWXKHSIX 3aranbHa, X1poBa i 3HexvpeHa Macu Tina B nigrpynax LA 1-1, LA1-2 ta LA 1-3 cratuctnyHo He Bigpis-
HANMCS. AMIHOKACIIOTY CpUSN JOCTOBIPHOMY 3HVDKEHHIO KOHLIEHTpALIii [MoKO3W, NpoTe Lie He BNMHYMNO Ha
3aranbHy Aerigparauito 3i 3HWKEHHAM 060X BogHUX 06’eMiB.

BucHoBKHU. Ha Tni po3BMTKY CTPENTO30TOLMH-iHAYKOBaHOTO LIyKpOBOro fiabeTy 1 Tuny y Wypis yepes 6 TWxHIB
BMSIBWNW CTATUCTWUYHO 3HaYyLLYy BTPaTy Macu Tina, nepeayciM XXMpoBOi Macy 3 MOPYLLEHHSM i CMiBBIHOLLEHHS
[0 3HexwpeHoi. CTilika rineprnikemist Bxe Ha 6 TvxHi ekcnepumMenTanbsHoro L[] cnpuunHnna 3aransHy aerigpa-
TaLlito Yepes BTpaTy N03a- i BHyTPILUHLOKMITMHHOI PiAVHM 3 NepeBaxaHHAM BHYTPILLHbOKMITUHHOI AerigpaTadii.
[lBoTvxHEBE KOperyBaHHs LykpoBoro fiabeTy L-apriHiHom i N-auetun-L-umcteiHom Ha 8 TWxHi CTaTUCTUYHO
3HAYYLLO 3HM3MIMO KOHLIEHTPALLitO [MIOKO3N y Migrpynax AOCRIAHUX TBApPWH, ane He BMIWHYMO Ha 3MEHLUEHHS
Macu Tina, Lo NporpecyBasno, a TakoX 3MEHLLEHHS XV1POBOI, 3HEXMPEHOI Macy Ta BOAHMX 0b’eMiB.

CyuacHi meauuHi TexHoAorii. 2024. T. 16, Ne 4(63). C. 247-254

Analysis of the body composition of rats with experimental diabetes mellitus
type 1 and its correction

Yu. M. Kolesnyk, M. I. Isachenko

The aim was to determine the body composition of rats with experimental type 1 diabetes mellitus and its cor-
rection with amino acids using bioimpedance analysis.

Material and methods. Diabetes mellitus was modeled by the injection of streptozotocin. On the 6" week
the rats were divided into 3 subgroups: DM1-1 — without correction, DM1-2 — correction with L-arginine and
DM1-3 — correction with N-acetyl-L-cysteine for 2 weeks. Body composition was determined by the Vet BIS1
impedance analyzer with a study of total water volume in the body, extracellular and intracellular fluid, fat and
fat-free body mass.

Results. Weight of rats in DM1 group at the 6™ week was 40 % less than in control, with a 63 % reduction in fat and
22 % decrease of fat-free body mass. The development of hyperglycemia in week 6 caused general dehydration,
with a decrease in absolute values of both fluid volumes. On the 7™ and 8" weeks, body weight, fat and fat-free body
mass in the subgroups DM1-1, DM1-2, and DM1-3 did not differ statistically. Both amino acids caused a decrease
in glucose concentration, but this did not affect existing total dehydration with a decrease of both fluid volumes.

Conclusions. The development of streptozotocin-induced type 1 diabetes mellitus in rats in 6 weeks resulted in
a statistically significant loss of body weight, mostly due to fat mass decrease with a violation of its ratio to fat-
free mass. Persistent hyperglycemia already in the 6" week of experimental diabetes mellitus causes general
dehydration due to loss of extracellular and intracellular water, with a predominance of intracellular dehydration.
Two-week correction of diabetes with L-arginine and N-acetyl-L-cysteine at 8" week significantly reduces glu-
cose concentration in subgroups, but does not affect the progressive reduction of body weight, fat and free-fat
mass, and fluid volumes.

Modern medical technology. 2024;16(4):247-254
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bioimnenaHcHui anania cknagy Tina (BIC) — cyyacHuii
[iarHOCTUYHUIA IHCTPYMEHTaNbHUA MeTod Anst 06’eKTUBHOMO
OLLiHtOBaHHsI 00’eMy M’SI30BOI | XVMPOBOI TKAHMH, KiNbKOCTi pigu-
HI B OpraHiami (BHYTPILUHbO- Ta MO3aKMITUHHOI), WO Jae 3Mory
OMOCEPESKOBAHO OLHMTM 3MiHU 0OMiHHUX mpouecis [1]. Lien
METOZ 'PYHTYETHCSA Ha 30aTHOCTI GIONONiYHNX TKaHWUH MPOBOAUTI
€reKTPUYHUIA CTPyM. Tak, BUCOKOriapaToBaHi TKaHWHM, SK-OT
M’s130Ba, € NPOBIAHNKOM EMEKTPUYHOO CTPYMY, @ HU3bKOTiapaTo-
BaHa XXMpOBa TKaHWHa € i3onstopoM. OTxe, iMnenaHc 06epHeHo
MPOMOPLMHUIA BMICTY PiAUHM B TKaHUHAX OpraHiamy. BukopucTaH-
HS PI3HUX YaCTOT eNEeKTPUYHOrO CTPYMY Jae 3MOry OTpuMaTy
iHcbopMaLLito NPO Pi3Hi PE3UCTUBHI Ta peakTVUBHI KOMMOHEHTW. Ha
HU3bKMX YACTOTaX CTPYM MPOXOANUTH YEPE3 BHYTPILLHBOKIITUHHY
PiduMHY, a Ha BUCOKMX YacToTax — vepes No3akniTuHHY [2]. Hayko-
BUM iHTEPEC 10 KOMMOHEHTHOTO CKNaAy Tina 3yMOBMEHWA TUM, LLO
B MpoLeci 3MiHy 0BMiHy pe4oBWH BigbyBa€eTbCs TpaHcopmaLis
CRIBBIZHOLUEHHS aKTUBHWX CKMaZOBWX TiNna, sika € HacrigkoMm
Ha3BaHwuX npouecis [3].

Y kniHivHiA npaktuui BIC WwWrpoko BUKOPUCTOBYHOTL Y Na-
LliEHTIB i3 METabOomMiYHMMN 3aXBOPHOBAHHSAMM, 1 OOHWUM i3 HUX
€ UykpoBui piabet 1 tuny (LUA1). MeTon pae 3mory ouiHuTK
3MiHW B pO3MOZiNi piauHX B OpraHismi Ha Tni rinepriikemii, a
TaKOX MPOCTEXWUTU BUPAXEHICTb i CMIBBIAHOLLEHHS NpoLECiB
Aerigpartauji / rineprigpatadii v kataboniamy / aHabonismy. Taka
iHbopmaLlisi Npo cTaH MeTaboniamy BniMBaTUME Ha TaKTUKY
nikyBaHHS Ta NPOrHO3 nawieHTis [4].

He MeHLU W1poKo Lien MeTo, BUKOPUCTOBYIOTH Mif Yac 4o-
CrigpkeHHs MeTaboniaMy B €KCIEPUMEHTI Ha TBapuHaX, OCKISTbKM
TOYHE BU3HAYEHHSI CKIagly Tifa in Vivo Mae BUpiLLianbHe 3HaYeHHS
ANst iHTepnpeTaLii pesynbraris [5].

Mig yac exkcnepumeHTanbHUX gocnimkeHb metog bIC mae
YKMMaso NepeBar, sK-0T YHIBEPCarbHICTb, MOBIMBHICTb, HU3bKA iH-
BA3WBHICTb i BAPTICTb AOCTIKEHb, BUCOKA TOYHICTb BUMIPIOBAHb
[6,7]. OTxe, BUKOpHCTaHHS BIC y TBapuH 3 ekcnieprMeHTanbHIM
JiabeToM [ae 3MOry SKHaTOYHILE OLiHUTK MeTaboniuHi 3MiHN
B OpraHiami [8], o 0cobnmBo BaXNMBO Mg Yac eKkcnepruMeHTy
3 KOpeKLieto.

DocnigxeHHs kopekuii L1 — Hag3BnyaiHO BaxmBuiA
HanpsiM Cy4yacHOi MeaUUMHK, OCKINbKWA TpaauLinHi MeToam ni-
KyBaHHS, 30Kpema iHcyniHoTepanis, He 3aBxau 3abesnevyoTb
ONTUMAIBHIIA KOHTPOSb PIBHSA MMHOKO3M B KPOBI Ta He 3anobiratoTs
PO3BUTKY YCKMafHeHb. EKCnepumeHTanbHWi nigxig y nowyky
11 3aCTOCYBaHHi pi3HMX GIONMOrYHO aKTUBHUX CMONYK BigKpUBaE
HOBI NEPCNEKTMB B JikyBaHHi, MOXe 3a6e3neunTi ehekTHBHILL
MeXaHi3Mu perynsii rioKo3u, 4acTb 3MOry BUSIBUTY HOBI Tepare-
BTWYHI MiLLEHI Ta MexaHi3mm fii. 3a AaH1My HayKOBOI MiTepaTypy,
TakvMMK Cronykamm MoxyTb 6yTv amiHokucnoty [9].

3 nornsimy TepaneBTUYHOIO NOTEHLjany, OAHIe 3 nepcnek-
TUBHWX aMiHOKUCNOT € L-apriHiH, Lo Bigirpae BaX1By pornb B
OpraHiami (CUHTE3 OKcuay a30Ty, AETOKCUKALIiS amiaky, CTUMYms-
Lis nponicpepaulii T-kniTUH, HaTypanbHUX Kinepis i Makpodaris,
perynsuis ropMoHanbHoro 6anaHcy 1 eHepreTMYHOro 0BMiHy).
Y BaraTbox eKCrepuMeHTarnbHIUX AOCTIMKEHHSX i KMHIYHMX Cro-
CTepeXeHHsX oBefeHO (PopMyBaHHs aediumTy L-apriHiHy npu
LU1, wo noB’si3aHmi i3 nopyLUeHHsM BioCUHTESY i MigBULLEHM
CMoXMBaHHAM. HegocTaTHicTb L-apriHiHy Npu3BoanTb 40 eHAoTe-
nianbHoT AMCADYHKL, SKY BUSBASIOTH 38 3HUKEHHSM YTBOPEHHS

OKCWZy a3oTy, NOPYLUEHHSAM KPOBOOBIry Ta MiKpoLMpKynsLii,
noripLueHHaM HeyipoTpodiuHmx npouecia [10]. Mpu LA 1 ue cnpu-
UMHSIE PO3BMTOK i LUBMKE NPOrpecyBaHHs AiabeTUYHIX aHrio- Ta
Heyponarii, TOMy JOCIiMKEHHS NaTOreHETUYHUX MeXaHi3miB
BNnMBY L-apriHiHy € akTyarnbHUM HanpsiIMOM CY4YaCHOI MEAULIMHM.

LLle ogHa npobnema L1 — BUCOKMIA piBeHb OKCMAATUBHOTO
CTpeCy, KWW Bifirpae BaXKn1By porib Y NaToreHesi 3aXBOprOBaHHS
Ta NOro ycknagHeHb. L-UuCTeiH € NOTYXXKHUM aHTUOKCUZAHTOM,
AKWA MOXeE NiABULLNTY piBEHb FMyTaTiOHY, AedilnT SKOro
Bu3HavatoTb npu LAT. Kpim Toro, N-auetun-L-umnctein moxe
MOKPaLWMTK YyTNUBICTb TKAHUH A0 iHCYRiHY, 3HU3UTK PiBEHb
3anarneHHs, nokpaLLmTi doyHkLito eHgotenito cyauH [11]. Yee ue
MOXe CNPUSTI KOPEKLii OCHOBHWX MaTOreHETUYHNX MOPYLUEHD.
Omxe, Bepyyn Jo yBaru MOTO YMCMEHHI NO3NTUBHI ehekTH Ta
MOXIMBICTb BNMMBY Ha KNKOYOBI NaHkw natoreHesy LA 1, gocni-
[DKEHHS Y LibOMY HanpsMi € akTyanbHUMu.

[ouinbHuM BBaXaeMO BUKOpUCTaHHS N-aueTun-L-LucTeiHy
K AoHaTopa L-umcTeiy y Lwypis 3 ekcnepumeHTansHum LA 1.

Merta pobotu

3a gonomoroto GioiMnenaHcHOro aHanisy BU3HauNUTK CKrag
Tina LLypiB 3 eKCNIepUMEHTaNbHUM LiyKpoBUM fiabeTom 1 Tuny i
1I0r0 KOPEKLiEr aMiHOKCIOTaMM.

Marepianu i MeToAM AOCAIAKEHHA

[NocnipxeHHs 3piicHeHo Ha 6asi HaByanbHO-HayKOBOrO
MeamKko-nabopaTopHOro LIEHTPY 3 BiBapieM 3anopiabkoro aep-
XaBHOrO MeunKo-hapMaLleBTUYHOMO YHIBEpCUTETY (CBISOLTBO
Mpo TexHiuHy komneTeHTHicTb MO3 Ykpainm Big 21.12.2023 p.
Ne 181/23, mie 10 20.12.2028 p.). 3rigHO 3 BUCHOBKOM EKCNEPTHOI
KOMiCii, [OCTIMKEHHS BiAMOBIAAN0 HaLiOHaNbHUM i €BpONeN-
CbKWM HOPMaM NOBOKEHHS 3 TBAPMHAMM, SIKVX BUKOPUCTOBYHOTH
Anst HaykoBuXx Linewn [12,13].

L1 smogenboBaHo Ha 47 HOPMOIMIKEMIYHUX, HOPMOTEH-
3MBHUX LLypax-camusx niHil Wistar ikom 18-20 micsuis. TeapuH
NOAINUIM Ha 2 ekcnepuMeHTarbHi rpynu i 3 nigrpynu (puc. 1).

LIJ1 mogentoBanu ogHOPa3oBMM BBEAEHHSIM CTPENTO30TO-
unHy (Streptozocin, S0130-1G, Sigma) B 50 MM HarTpii uutpar-
Homy Gychepi (pH 4,5) y [03i 45 Mr/kr BHYTPILLIHEO04EPEBUHHO
ex temporo i3 nogasnbLUMM BiflbHAM BUMOKOBAHHAM PO34YMHOM
rnokosu 3a cxemoto: 1 goba — 20 %, 2-3 — 10 %, 4-5 -5 %;
3 6 pobu — NUTHOK BOAOKD. KOHTPOMbHUM TBapuHaM BBOAWIM
nuie uuTpatHuiA Bydoep y Tomy camomy o6’emi. Yepes 2 TvxkHi
Bin AHs iHAykuii LLO 1 6yno BigibpaHo TeapuH (n = 26) i3 KOHLEH-
Tpauieto rmokosn >15 MM/n y 3pasky KpoBi 3 XBOCTOBOI BEHM.
BumiptoBaHHs 3ailicHMnmM 3a gonomoroto rmtokomeTpa Contour
plus (BAYER CONSUMER CARE AG, LLBeliLiapisi) i TeCT-CMY»OK
Contour plus (3 rmtoko3ogerigporeHasoto). icns Bigbopy TBapuH
TpUMan¥ e 4 TYKHi 3a CTaHZAPTHUX YMOB 3 BillbHUM OCTYMOM
[0 i Ta BOAM 3 NOCTIiHAM MOHITOPUHIOM FiKeMii pa3 Ha 2 TUHI
HaTLe. Yepes 6 TWXHIB Big AHA iHAYKLIT 4O MOYaTKy BBEAEHHS!
aMIHOKCOT B3ATO 21 TBApWHY, iHLLI nomepnn abo He Tpumanu
CTilKy rineprrikemito.

[ani wypis rpynn LA 1 noginunu Ha 3 nigrpynu. [o nigrpynu
LIA1-1 skntounnn wypie 3 L1 6e3 BBeOeHHS aMiHOKIUCIOT; 0
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0 TMXKHIB

6 TUXKHIB

8 TWXHIB (2 TWXKHI KOpeKwji)

I'pyna 1: KoHTpoAb, N =7,
KOHLL TAtOKO3M 4,6 + 0,4 MM/A l

KoHTpoab, N =7,
KOHLL. rAtoko3u 5,0 £ 0,3 mM/A

3aranom wiypis, n = 47

Miarpyna 1: UA1-1,n =7,
KOHLL. rAtokosn 19,4 + 1,0 MM/A

Miarpyna 2: UA1-2, n=7,
/ KOHLL TAtoKo3n 16,8 + 0,4 MM/A

Tpyna 2: UAZL, n = 40,
KOHLL. rAtokoan 24,0 + 1,4 mM/A

™~ Miarpyna 3: UA1-3,n=7,

KOHL,. ratokosn 17,1 + 0,3 MM/A

BuseageHi, n = 19

Puc. 1. An3aiH AOCAIAKEHHS.

Puc. 2. bioimneaaHCHWI aHani3 CKAaAY TiAa LLypa KOHTPOALHOI Fpymu.

LA1-2 — wypis 3 LA1, skum gasanu po3dnH L-apriHiHy (2-ami-
Ho-5-TyaHianHosanepiaHosa kucnora, C.H, N,0,, YIA, Kurait)
LUNSXOM [OfaBaHHs 4O MUTHOI BOAM Y A03yBaHHi 1,5 r/kr/n Ha
[eHb NPOTATOM 2 TYXKHIB (7—8 TVpkHI eKCnepuMeHTy); Ao niarpy-
nv LA1-3 — wypis i3 LA 1 i kopekuieto N-auetun-L-umucteiHom
(N-auetun-L-umcrein, C,H,NO,S, Kutait), nogatoum 4o nutHoi
BOAM Yy po3paxyHky 1,5 r/kr/n Ha aeHb. Po34mHM amiHoKucnoT
oHosntoBanu wwoaHs o 08:00.

Mepen BIC TBapuH 060B’53KOBO 3BaXKyBanu (pesynsrar Ha-
BEIEHO Y rpamax) Ta BUMIpIoBanu HasoaHarnbHy AOBXMHY Tina
(y caHTMmeTpax). Hagani ui AaHi LLo#o KOXHONO Lypa BHECEHO
B aHanisatop imnegaHcy Vet BIS1 (ImpediVet, AscTpanisi).

BIC 3pincHioBanu 3a JONOMOroOl0 aHanisatopa iMnegaHcy
Vet BIS1 (ImpediVet, ABcTpanis) BignosigHo A0 IHCTPYKLii

BMpOGHMKa [14]. Ak aHecTe3ionoriyHiin cynposig npoueaypy
obpaHo BeTepuHapHWiA npenapar «MegicoHy (MeaeToMignHy
rigpoxnopua), a micns 3akiHYeHHs! AOCMiDKEeHHs] TBapMHaM
BBOAMNM aHTUAOT — «PeBepCoH» (atunamesony rigpoxnopua).
EnekTpoam 3 ronkamv BBOAWNM B AiNSHL HOCa, MiX Byxamu, 6ins
OCHOBM XBOCTa Ta Kynp1KoBOi 30HW. Micust i rnbuHy poamilLeHHs
€reKkTpoZiB Y TiMi LiypiB BU3HaYamu BigMoBIgHO 4O CXeMy Big,
BMpoBHuKa (puc. 2) [15].

Mg yac pocnimKeHHs 3aiCHI0BanM CkaHyBaHHs 256 yacTot
y gianasoHi Big 5 kI'y go 500 kI, HeobxigHoro Ans nobynosm
rpachika KOMMIEKCHOTO onopy TkaHWH. Hapani obpaxoByBanu
MOKa3HUKK CKnagy Tina:

— 06’em 3aranbHoi Boam B opraHismi (3BO) — BuxiaHi Aani
mogeni komnnekcHoro iMmnegancy (Koyna) RO, R« i koHCTaH-
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3A

3B

Puc. 3. Po3paxyHok nokasHuKiB y nporpaMHoMy 3abesneyerHi ImpediVet.

A: Wwyp Ao po3suTky LAL; B: wyp yepes 6 TWXHIB nicAd iHAYKLii AL,

TV MUTOMOTO Omopy cknagy Tina (y mn T1a % Big macu Tina
TBApWHN);

— ob'em nosakniTuHHoi piguHn (MKP), wo otpumanui 3a
pesynsTaToM MOAeni komnnekcHoro iMnegaHcy (Koyna) RO i
KOHCTaHTW NUTOMOrO onopy cknagy Tina (y mn T1a % Big 3BO);

— 00'eM BHYTPILIHBOKNITUHHOT pigHy (BKP), Lo oTpumaHuii
3a pesyrnsratamu MoAeri KoMnnekcHoro iMneaancy (Koyna) RO
i R0, @ TakoX KOHCTaHTW MUTOMOTO OMopy cknagy Tina (y mn ta
% Big 3BO);

— 3HexwupeHa maca (3MT), wo otpumana Big 3BO, nogineHoi
Ha KOHCTaHTY rigpatauii (y r Ta % Big macv Tina);

- xuposa maca (KMT) — pisHuus Mix macoto 6es xupy Ta
Macor Tina TBapuHm (y r Ta % Big Macw Tina).

Y KOXHOI TBAPWHU 3AINCHIOBAN TP MOCTiAOBHI BUMIPIOBaHHS
3 iHTepBanom 3 c. [ns obpaxyHKy nporpamHe 3abesneveHHs
BIKOPUCTOBYE KoediLlieHTw, ki neped AOCTIMKEHHSIM 00paHo
B iHTEpdeiici came Ans WypiB-camujiB: NO3aKNITUHHWA TUTOMMWIA
onip (RHOe) — 324,9; BHYTPILLHBOKIITUHHMIA nuToMMIA onip (RHOI)
- 751,8; nutoma wineHicte Tina (Density) — 1,05; nponopuii
Tina (Proportion) — 1; koHcTaHTa rigpatauii (Hydration) — 0,732
(puc. 3).

CratncTyHO AaHi onpautoBanu 3a AonoMOorol ogHodak-
TopHoro aucnepcinHoro aHanisy (ANOVA) y nporpawmi Statistica
(niugeHaist Ne JPZ8041382130ARCN10-J). Yci HenepepBHi 3MiHHi
nepeBipeHo Ha BiANOBIAHICTb 3aKOHY HOPManbHOMO PO3noainy
3a gonomoroo W-tecty Lanipo-Binka. HenepepBHi 3MiHHi
HaBEEHO §IK CepenHe 3HayeHHst (M) + ctaHgapTHa nomunka
(m). Yci napameTpn NopiBHAMM 32 JOMOMOrO OfHOCTOPOH-
HbOrO AMCNEPCINHOMO aHanisy, y pasi BUSIBMEHHS 3HaYyLLOCTi
— [BOCTOPOHHBOIO TecTy ThlOKi ANS YMCMEHHNX MOPIBHSHb.
[BocTOpOHHE 3HauveHHs p < 0,05 BBaxanu CTaTuCTUYHO 3Ha-
YyLLMM NS BCiX TECTIB.

Pe3yabtatun

Bu3Ha4eHHs KOHLeHTpaLii rrtoKo3M B KPOBI LLYYPIB KOHTPOSTb-
HOI rpynu nokasano, Lo Ti piBHi Bignosiganu eyrnikeMiyHoMy
[iana3soHy, He Manu 3HauyLwmx BiAMIHHOCTEN Ha BCiX TepMiHax
cnoctepexeHHs (puc. 4 A, B). Y rpyni 3 L1 BusiBneHo cra-
TUCTWYHO 3HayyLLe 30iNbLUEHHs MiKeMii, NoYMHaouM Bxe 3 2
TUKHS JOCTIMKEHHSA (puc. 4 A). BBeneHHs 060x amiHOKMCNOT
[OCTOBIPHO BMIMBANO Ha KOHLIEHTPALIitO FTHOKO3K, Yepes3 2 TUXKHI
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Puc. 4. AvHamika 3MiH Macy TiAa | KOHLEHTPALLT FAFOKO3M LLYPiB eKCnepuMeHTaAbHUX rpyn, M + m.
#: CTAaTUCTUYHO 3HAYYLLLA PI3HWLA NOKa3HMKIB rpynu LLypiB i3 LIAL LWOAO AaHWX TBAPUH KOHTPOABHOI FpynK Y BiAMOBIAHUM TepMiH (p < 0,05);
~I CTAaTUCTUYHO 3HAYYyLLA PI3HULSA NOKA3HUKIB rpyn Ha 6 i 8 TXHI LLOAO AaHKX Ha O TWXHI (p < 0,05); $: CTAaTUCTMUHO 3HauyLLa Pi3HULSA

nokasnukis rpyn LA1-2 i LAL-3 wopo LAL-1 (p < 0,05).

MPUIAOMY CNIPUYUHINO 1T 3HWKeHHS Ha 13 % (LA 1-2) 112 % (LA1-
3) nopiBHsiHO 3 rpynoto LI1-1 (Bes kopekuii). BTiM, He3Baxaroum
Ha 3HWXEHHS, PiBEHb ITIIOKO3M 3anULLIMBCA B riNepriikemMiyHoMy
pianasoHi (puc. 4 B).

Maca Tina LLypiB rpyni KOHTPOIIO 3a 6 TUKHIB COCTEPEXEH-
Hs 3Binblumnack Ha 13 %, a B rpyni L1 cnocTepiranu HeraTueHy
JVHAMIKy LibOro NMOKa3HMKa: BCTAHOBIEHO 3HWKEHHS MacK Tina
Ha 16 % NOpIBHSHO 3 BUXIAHUMY AAHUMM; Lie MEHLLE 3a KOHTPOSb
BignosigHoro Tepminy Ha 40 % (puc. 4 C).

Ha 7 i 8 TwxHsIX ekcnepuMeHTy Maca Tina TBapwH i B niarpy-
ni LLA1-1, i B migrpynax TBapuH, SKUM BBOAWMM aMiHOKUCNOTH
- UA1-2 ta UA1-3, cTaTUCTUYHO He BIpI3HANACS; 3HUKEHHS
MPOAOBXYBANOCs MOPIBHAHO i 3 KOHTPOMEM, i 3 BUXiGHWMK Aa-
HAMK (puc. 4 D).

[OvHamiyHi 3MiHM Macu Tina LypiB ekcrnepuMeHTanbHUX
rpyn CynpoBOZKyBanu 3HauHi KOMMBaHHS MOKa3HWUKIB CKnagy
Tina (puc. 5).

OuiHtoBaHHs XKMT i 3MT y rpyni KOHTpOO Mokasarno pis-
HOMIpHE CTaTUCTUYHO 3HaYyLLe 36inbLUEHHS NOKa3HMKIB Ha 6 i 8
TUXKHSIX 3i 30epexeHHsM cniBaigHoLLeHHs XXMT go 3MT y mexax
1:6 NpoTAroM ycboro crnoctepexerHs (puc. 5 A, B). MokasHuk
3BO 3a 6 TwkHIB 3Ha4yLLO 3binbwwmBes Ha 19 %, a Ha 8 — Ha
20 % (puc. 4 C, D). Take 36inblwenHs 3BO cynpoBomkyBanocs
3pocTaHHsam [NKP i BKP, ane ixHe cniBBigHOLIEHHSI NPy BCiX BM-
MiptoBaHHsIX cTaHoBuno B Mexax 1,0:1,2 (puc. 5 E, F).

Possutok L1 y LypiB npoTsirom 6 TvxHIB Npu3BiB 40 BTpaTu
Macy Tina BHacMigok ameHLweHHs i XXMT (Ha 63 %), i 3MT (Ha
22 %) Wono KOHTPOMKo Yy BIAMOBIAHWMA TepMiH (puc. 5 A). Le
TpaHcopmyBano cnieeigHowweHHs XKMT:3MT oo 3aranbHoi
Macy Tifia TBapwH, sike ctaHoBuno 1:12 (puc. 5 B). Bigbynocs
CTaTUCTWNYHO 3HaYyLLe 3MeHLLEeHHS 3BO NOpIBHSHO 3 KOHTPOMNEM
Ha 39 % (puc. 5 C). Taka perigpatauis BinbyBanach BHacnigok
3HUKEHHS abcontoTHUX nokasHukis MKP (Ha 33 %) i BKP (Ha
44 %) 3 nopyLeHHaM ixHboro cnigigHoweHHs (1,0:1,0) y Bik
niasuLLeHHs sigHocHoro BmicTy MKP (puc. 5 E, F).

Ha 8 twxHi B nigrpyni wypis L41-1 HacTynHe 3HWKEHHS
3aranbHoi Macu Tina Bigbynocs WnsxoM 3meHLeHHst XKMT (Ha
71 %) i BMT (Ha 27 %) NOPIBHSHO 3i 3HAYEHHSIMW KOHTPOMIO Y
BIZMOBIAHMI TEPMIH (puc. 5 A) 3 iCTOTHOI 3MIHOKO CiBBiAHO-
weHHs XKXMT:3MT fo 3aranbHoi Macu Tina, Wwo ctaHosuno 1:13
(puc. 5 B). Y wypie nigrpyn LA1-2 i UO1-3, akum npotsrom 2
TUKHIB BBOAWIMW aMiHOKICAOTH, MOPIBHSHO 3i 3HAYEHHAMM LLYyPIB
LIA1-1 cnocTepiranu nogibHy [0 KOHTPOMO A1HaMiKy 3MiH 6e3
[OCTOBIPHWX BigMIHHOCTEN MiX nigrpynamu (puc. 5 A). CnieBig-
HoweHHs XKMT:3MT po 3aranbHoi Macu B LI[11-2 cTtaHOBMIO
1:15, y UO1-3 - 1:14 (puc. 5 B).

AHanis napameTpiB BogHuX 06’eMiB MOKa3aB: Ha 8 TWXHI
ekcnepumenty 3BO B nigrpyni L41-1 3meHwwmscs Ha 50 %, y
LA1-2 —Ha 49 %, aB LA1-3 — Ha 51 % NOpiBHSHO 3 KOHTpONEM
BIZMOBIAHOrO TEPMIHY, ane 3HauyLLOT Pi3HUL MiX nigrpynamu He
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Puc. 5. [lapameTpu ckaapy TiAa Y LLYPIB eKCnepuMeHTaAbHKX rpyn, M £ m.
#: CTAaTUCTMYHO 3HAUYLLA Pi3HULSA NOKA3HWKIB LypiB i3 rpyny LLAL LWOA0 A@HUX KOHTPOABHOI rpynu Y BIAMOBIAHWIA TepMiH (p < 0,05); ~:
CTaTUCTMYHO 3HauyLLa Pi3HULA NOKA3HKKIB rpyn Ha 6 i 8 TWXHI Woao AaHMX Ha O TvxHi (p < 0,05).

BusiBneHo (puc. 5 C). Taki 3MiHW cynpoBOKYyBaB Nepeposnogin
3BO B 6ik 3MeHLLUEHHS BiICOTKOBOI YacTKy Bif 3ararnbHOi Macu
Tina B ycix TPbOX MiArpynax nopiBHSHO 3 KOHTponem (puc. 5 D).
3aranbHa Aerigpatauis B LyX rpynax onocepeakoBaHa 3HKeH-
HsiM abcomtoTHMX nokasHukis MKP i BKP, wwo cynpoeomkyBanoch
MOPYLUEHHAM iXHBOrO CiBBIGHOLLEHHS, WO BinbLU BUPaXeHe B
wypis rpynv LA 1-2 (1,3:1,0) nopiHsiHo 3 rpynamu LA 1T-11 LO1-
3-1,21,0 (puc. 5 EF).

06roBopeHHA

B ocHosi natoreHesy LI11 — aHomanii ByrneBogHoro, xu-
poBoro Ta GinkoBoro 0BMIiHIB, L0 BUHUKAKOTL Yepes AediuuT

Qi iHCYNiHY Ha TKaHWHU-MiLweHi. Lle npu3BoauTb A0 CXYOHEHHS
navieHTiB, sike € YacTum maHicectom L1 [16].

Tomy ouikyBaHUM CTaro BUSIBMEHHS Y LLYPIB 3 eKCrepUMEH-
TanbHAM AiabeTom 3MEHLLEHHS MacK Tina, Lo LinkoM Bianosiaae
KnacuyHii kaptuHi nposisis LU 1. MogibHi amikv gocnigunnm M. Syukri
et al., siki fOBENM 3HAYHWI KOPENALINHIIA 3B'S30K MK BUPXKEHICTHO
BTpaTV Macu Tina Ta rinepriikemieto [17]. Y HalwomMy SOCHimMKEHHI
3HVKEHHS Macy Tina TBapwH BiabyBanocs LWMSXOM 3MeEHLUEHHS
KMT, wwo mae natoreHeTuyHe MigrpyHTS, 30Kpema nocurneHni
ninonia Ha Tri gedpiumTy iHcyniHy. Lii dhakTv nigTBEpmKEHO B KinbKoX
JOCTImKEHHSIX, L0 BKITKoYeHi Ao MeTaaHanisy P. Calella et al. [18].

[ocnimkeHHs nokasano, wo y wypis i3 L1 stpata 3MT
BinbyBanacs Ha Tni nopylueHHs cnissigHowweHHs XMT:3MT
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yepes TpuBanwuii BNIUB rinepriikemii Ha TKaHWMHW Ta HaKonu-
YEHHS KIHLEBMX NPOAYKTIB rMiKOMi3yBaHHS B CKENETHUX M'A3ax.
Lle, CBOEW Yeproto, CnpuYmHSE MiABULLEHHS OKCUOATUBHOTO
CTPecy Ta MITOXOHApiarnbHy AMCHYHKLiLO, a pa3oMm i3 BTPaTo
aHaboniyHoi Ail iIHCyMiHY MPU3BOANTB O MOLLKOLKEHHS M'I30BOTO
KOMMOHEHTa, SKWiA CTaHOBUTb GinbLuy YacTky 3MT [19].

Bigomum i foBeaeHUM € dbakT, Lo rinepriikemis niguLLye
OCMOTSIPHICTb KPOBI, LLO Pa3oM i3 FMIOKO3YpiEtd CNpUUMHSIE 3a-
ranbHy Aerigpartaviio BHacMifgoK BHYTPILUHLOKIITUHHOI AerigpaTta-
Ui, wo 6yna goseaena y wypie 3 LIA1. Ha gymky gesikux aBTopis,
Taki 3MiHW BOAHOrO BanaHcy B eKCepuMEHTanbHUX TBApUH €
nposiBamu came Hepponarii yepes HasiBHicTb GLUT2-pevienTopis
y Hupkax i GLUT2-onocepeakoBaHy LIMTOTOKCUYHICTb CTPENTO-
3otoumHy [20]. ApryMEHTOM NpOTW NPSIMOi HEOPOTOKCUYHOCTI
€ KOpOTKWiA nepiog 1Moro HanieeueeaeHHs (15 xB) 3i WBMAKOH
JEeTOKCKKaLieto B NeviHLj. ToMy MOXHa He BpaTtu 4o yBaru Lo
MOXIMBY NMaHKy NaToreHesy Aerigparadii, a noB's3yBatm ii pos-
BWTOK CaMe 3 MTIIOKOTOKCUYHICTIO [21].

3a pesyrnsraTaMmy HaLLOro JOCAMKEHHS!, KOPEKLList aMiHOKWC-
noTamm He Mana 3HayyLLOro BMIIMBY HA 3HWKEHHS MOKa3HWKIB
Macy Tina TBapyWH, L0 Nporpecysano, a ckrag ixHboro Tina
3HauyyLo He BigpisHsaBca Big rpynu L1 6e3 kopekuii. BTim,
[0BEAEHO MO3UTUBHWIA BNIUB HA KOHLEHTPALO MMOKO3M, Lo
CTaTUCTMYHO 3HAYYLLO 3MEHLLMMACh Mig BrIMBOM aMiHOKMCIIOT.
Lle pae nigctaBm BMBYaTM L-apriHiH i L-uMCcTeiH Sk nepcnek-
TWBHI GioMONeKynu Ans HACTYMHOrO eKCrnepUMEHTaNbHOTO
pocnipxkenHs L1,

BucHoBKHU

1. Ha i po3BuTKY CTPENTO30TOLMH-IHAYKOBAHOMO LiyKPOBOMO
piabety 1 Tuny y LLypiB Yepes 6 TVXKHIB BCTAHOBINEHO CTaTUCTUY-
HO 3HauyLLy BTpaTy Macy Tina, 30ebinbLIoro Yepes 3MeHLLEHHS
XMPOBOI Macy Tina 3 NopyLLEHHsAM ii CniBBIOHOLLEHHS [0 3HEXW-
peHoi Macy. [ineprnikemist CnpuuMHUNIa 3aranbHy Aerigparavito
Yepes BTpaTy noaa- i BHYTPILLHbOKIITUHHOT PiAVHM 3 NepeBaxaH-
HSIM BHYTPILUHBOKNITUHHOT AerigpaTalyi.

2. KoperyBaHHs LykpoBoro giabety L-apriHiHom i N-aue-
TUN-L-UMCTeiHOM Ha 8 TWXHI CTAaTUCTMYHO 3HAYYLLO 3HU3MMO
KOHLIEHTpaLlil0 IMoKo3W B NiArpynax, ane He BMSIMHYNO Ha
3MEHLLEHHSI Macy Tina, Lo NporpecyBaro, a TakoX X1pPoBOi Ta
3HEXKMPEHOI MacK, BoAHi 06’emu.
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Merta poboTH - BU3HAYNTV MPEAMKTOPYN TSHKKOrO nepebiry HerocnitanbHOi MHEBMOHII, LLO acowjiiioBaHa 3 KOpo-
HaBiPYCHOI0 iHCbeKUiE.

Martepianu i meToau. 3aiicHunu BigkpuTe, NpocnekTMBHe obcepBaLliiHe AOCigpKeHHs (3 ciuHs 2021 fo noToro
2022 poky) B nonikniHiyHomy BigaineHHi KHIM «XepcoHcbka Micbka KriHiyHa nikapHsa MeHi AdaHacis i Onbru
TponiHux» XepcoHcbKoi Mickkoi pagw. Mig cnoctepexeHHsm nepebysanu 102 XBOpUX Ha HerocniTansHy nHe-
BMOHito BikoM Big 40 o 65 pokis, siki Manu nosutueHuMiA TecT Ha SARS-CoV-2. IHTepnelikiH-6, iHTepneikiH-10,
BUCOKOYyTNMBMIA C-peakTnBHUi Binok (BY-CPB) BusHauanu y nnasmi kposi METOLOM iMyHOhEPMEHTHOTO aHanisy
3a J0NOMOroto cTaHAapTHNX Habopis («BY C-PB-I®A-Becty, «IJ1-6-I0A-Becty, «IM1-10-I0A-BecT») BignosigHo
[0 iHCTPYKUT BUpOBHMKa.

PesyabTati. AHani3 ogHOakTOPHWX MOTCTUYHIX PETPECIHMX MOZENei NoKa3aB: Bik nauieHTa, YacToTa CepLeBinx
CcKopoYeHb i SpO, He Byni 3HAUYLLMMM LLIOO BUHUKHEHHS TshkKoro nepebiry HerocritarnbHoi nHesmoii (HITT). Taki
MOKa3HWKM, SK XMTTEBA EMHICTb NereHb, PiBeHb MMI0K03u B kpoBi, C-peakTuBHWi 6inok, I1-6 Ta cniBBigHOLLEHHS
I11-6 /111-10, 3a pesynsraTamu NOrCTUYHOTO perpecinHoro aHanisy, 6ynu npegukropamm Tshxkoro nepebiry HITI.
Imioko3a kposi, I1-6 i cniBeigHOLWeHHs I1-6 / IJ1-10 BTpaTnm nporHocTuyHy cuny B 6araTodakTopHNX NOricThy-
HWX perpecinHnx mogensx possuTky Tsxkoi HITI. 3a pesynstatamu MynsT1chakTOpHOrO perpeciinHoro aHaniay,
npeaukTopamu Tshkkoro nepebiry HI Bynu 06’em ypaxeHHs neretb, 3a AaHnMn komn'lotepHoi Tomorpadii (KT),
i piBeHb BY-CPB. baratothakTopHuii NOTiCTUYHWUIA PErpeciiHnin aHanis nokasas: He3aneXxHUMI NpeaukTopamu
Tshxkoro nepebiry HIMI € 06’em ypaxeHHs nereHb >20 %, 3a gaHumn KT (OR = 1,28, 95 % [I OR 1,11-1,48),
i piBeHb BY-CPB >13,50 mr/n (OR = 2,22, 95 % [l OR 1,50-3,31). [ins nporHo3yBaHHs po3BuTKY Tshkkoi HIT]
BY-CPE mae nepesary Hap ctaHgapTHoto mogennto (AUC = 0,92 vs AUC = 0,72, p < 0,05).

BucHoBKHM. 3a pe3ynbrataMu MymnbTUBApiaHTHOTO NOMCTUYHOTO PErpeciiHoro aHanisy, Habinblue 3HaYeHHs
LLIOZI0 PO3BMTKY TSXKKOrO Nepebiry HerocnitanbHOi MHEBMOHIT, WO acoLiiioBaHa 3 KOPOHABIPYCHOD iHGDEKLIEHD,
Marnu Taki HesanexHi NpeankTopyu, sik 06'eM ypaxkeHHs nerenb, 3a ganumu KT, i BY-CPB. [Ins umx nokasHukis
BCTAHOBMEHO HanbinbLwi nnowi nig ROC-kprBoto. BusHaueHHs piBHs C-peakTnBHOTO Ginka BUCOKOUYTIMBIM
METOAOM € BRXKIMBUM [N151 NALEHTIB i3 MTHEBMOHIEI0 CepeaHbOi TSKKOCTI, L0 acoLiioBaHa 3 KOPOHaBIPYCHO0
iHbeKui€eto, ANs OLiHIOBAHHS PU3NKY BUHVKHEHHS TSHKKOTO nepebiry 3axBOptoBaHHS.

CyuacHi meauuHi TexHoAorii. 2024. T. 16, Ne 4(63). C. 255-259

Predictors of severe community-acquired pneumonia associated with coronavirus
infection

S. S. Avhaitis

Aim of the study. To determine the predictors of severe community-acquired pneumonia associated with
coronavirus infection.

Materials and methods. To achieve the aim and solve the problems, an open, prospective observational study was
conducted: from January 2021 to February 2022, 102 patients with community-acquired pneumonia (CAP) aged
40 to 65 years with a positive test for SARS-CoV-2 were observed in the outpatient department of the Kherson
City Clinical Hospital named after Athanasius and Olga Tropinin of the Kherson City Council. Determination of
interleukin-6, interleukin-10, and high-sensitivity C-reactive protein (hs-CRP) was performed in blood plasma
by enzyme-linked immunosorbent assay using standardized kits: “hs-CRP-ELISA-Best’, “IL-6-ELISA-Best”,
“IL-10-ELISA-Best” in accordance with the attached instructions.

Results. The analysis of univariate logistic regression models showed that such indicators as patient age, heart
rate and SpO, were not important in the occurrence of severe CAP. Indicators such as vital capacity of the lung,
blood glucose, C-reactive protein, IL-6 and IL-6 / IL-10 ratio were predictors of severe CAP according to the
results of logistic regression analysis. Blood glucose, IL-6, and the IL-6 / IL-10 ratio lost their prognostic power
in multivariable logistic regression models of severe CAP. According to the results of multivariate regression
analysis, the predictors of severe CAP were the volume of lung lesions on computed tomography (CT) and the
level of hs-CRP. Multivariate logistic regression analysis showed that independent predictors of severe CAP
were the volume of lung lesion more than 20 % on CT (OR = 1.28, 95 % CI OR 1.11-1.48), and the level of
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hs-C-reactive protein >13.50 mg/L (OR =2.22, 95 % CI OR 1.50-3.31). In terms of predicting the development
of severe CAP, hs-CRP has an advantage over the standard model (AUC = 0.92 vs AUC = 0.72, p < 0.05).

Conclusions. According to multivariate logistic regression analysis, the following independent predictors were most
significant for the occurrence of severe community-acquired pneumonia associated with coronavirus infection:
lung lesion volume on CT and high hs-CRP. These indicators also had the largest areas under the ROC curve
among those analyzed. Determining the level of C-reactive protein by a highly sensitive method is important for
patients with moderate pneumonia associated with coronavirus infection to assess the risk of severe disease.

Modern medical technology. 2024;16(4):255-259

Mangemis COVID-19, wo BuknukaHa KOpOHaBipycoM-2
(SARS-CoV-2), ctana rnobanbHot 3arpo3oto rpoMagCbkiil 0Xo-
POHi 300POB’Sl Ta MpuaBena 40 6e3npeLeneHTHOr HaBaHTaXEHHS!
Ha rmobanbHy AisnbHICTb. HaltvacTiwe nepebir 3aXxBoproBaHHS
XapaKTepu3yeTbCs NEerkuMn CUMNTOMaMM, OfHaK Y YaCTUHM
iH(hiKoBaHNX PO3BMBAETLCS TSKKA HerocnitarbHa MHEBMOHIS,
L0 MOXE CNPUYUHWATK FOCTPUI PECnipaTOpHUA AUCTPEC-CUH-
[POM, roCTpy AuxanbHy HefOCTaTHICTb, CUHAPOM MOMiOpraHHOT
OMCOYHKUT Ta HaBiTb cMepTb. Ha novatky maHgemii He Gynu
3pO3yMini Hi NaToreHes Ljboro HOBOTO BiPYCHOTO 3aXBOPHOBAHHS,
Hi cTparterii oro nikyeaHHs [1,2].

MauieHT 3 COVID-19-acoLinoBaHOI0 MHEBMOHIEID MOXYTb
MaTW Pi3HUIA CTYMiHb TSXKKOCTI 3aXBOPIOBAHHA: Bif NErkoi, Lo
Bpaxae MeHLwwe Hix 10 % napeHxiMu nereHb, 4o TsHkkoi. Tomy
niKyBaHHs navieHTiB Mae By aganToBaHUM 4O TSHKKOCTI KMiHiY-
HOI cuTyaii. BignosigHo 4O HakonM4eHOro 4OcCBiay, GinbLicTb
iH(bikoBaHWX OCib i3 MOMIPHUM ypaXKEHHSM nereHb MOXyTb
BiQHOBMTUCS B ambynaTopHux ymoBax. Btim, okpemi nauieHTu
noTpebytoTb PETENLHOrO NikyBaHHS B yMOBax cTalioHapa. Y
GaraTbox nybnikaLlisix HaBegeHo KNiHiYHi Ta BionoriyHi ocobnm-
BOCTi XBOpUX, siki iHcpikoBaHi COVID-19, a kinbka MiXHapOaHuX
HayKOBWX TOBapMCTB pPO3POOMIN MPOTOKOMM AT JTiKyBaHHS LibOro
3axBOptoBaHHs [3,4].

BusiBneHHs navieHTis, iHchikoBaHnx SARS-CoV-2, i3 BUCOKM
PU3NKOM TSKKOrO Nepebiry 3axBoptoBaHHS Mae BupilLansHe
3HaueHHs1 B pobOTi CiMeHOro nikaps, OCKinbku Lie BU3Ha4ae
TaKTUKY BEOEHHS nauieHTa Hagani. HuHi Yumano gaktopis npo-
rHO3Y, 30Kpema KinbKiCTb MiMgouuMTiB, NakTataerigporeHasa,
iHTEpreKiH-6, NPOKaNbLMTOHIH, BUBYa/M Mig Yac AOCMigKeHb.
OpnHak NpOrHOCTHYHA C1Mna KOXHOTO 3 LiMX MOKA3HUKIB Mpu PisHIX
thopmax 3axBOPIOBAHHS Ta MPOrHO3 3anuLIakTLCS 3AEBINBLIOMO
He3'ACoBaHNMN. Y 383Ky 3i 3HAUHUM MOLLUMPEHHAM | PISHOMAHITHI-
CTHO i cumnTOMaTHKK, 11 nepediry, Hacnigkis COVID-19, ocobnmeoi
aKTyarnbHOCTi HabyBaE PO3yMiHHS (haKTOpIB, LLIO BUSHAYAKITb PU3KK
TSKKOTO nepebiry 3aXBOPIOBaHHS Ta MOXIIMBMX YCKNaaHeHb. Bia-
TaK JOLMbHAM € CTBOPEHHST MPOTHOCTUMHUX MOLENE BUHUKHEHHS
Tspkkoro nepebiry COVID-19-acouiioBaHoi NHEBMOHIi [5,6].

Merta poboTtu

BusHaumth npeaukTopn TsHKKoro nepebiry HerocnitansHoi
MHEBMOHIT, LLI0 acoLiioBaHa 3 KOPOHABIPYCHOH IHAPEKLIE.

Marepiaaun i meToAU AOCAIAKEHHA

3picHunu BigkpuTe, nNpocnekTMeHe obcepgaLiiHe aocni-
[KeHHs (3 ciunsa 2021 go ntotoro 2022 poky) B NOnikniHIYHOMY

BioaineHHi KHIM «XepcoHcbka Micbka KMiHiYHA MiKapHs MeHi
Adpanacis i Onbru TponiHux» XepcoHcbkol Micbkoi pagu. Mig
cnocTepexeHHsM nepebysanu 102 xBopux Ha HerocnitansHy
NHEBMOHIto BikoM Big 40 go 65 pokis, siki Manu NO3UTUBHUI
TecT Ha SARS-CoV-2. TepmiH cnocTepexeHHs 3a navieHTamu
craHosmB 30 Aib Big noyaTKy 3axXBOPIOBAHHSI.

lNepen 3any4yeHHsM OO0 OCTIMKEHHS nalieHT nignucany
copmy fOBPOBINLHOI 3rogmn Ha y4acTb. [lu3aiH SOCHigKeHHs
MOTOKEHW 3 FIOKanbHOK KOMICIE0 3 NUTaHb BioeTukuM Ta Bid-
noBifaB MOPanbHO-ETUYHIM HOPMaM BIOETVKM, L0 BU3HAYEH
YMHHIM 3aKOHOLABCTBOM Ykpainu, npasunamm ICH/GCP, lenb-
CIHCbKOO AeknapaLieto npaB ntoanHm (1964 poky), KoHBeHLuieto
Pagw €sponv npo npasa MoguHy Ta biomeguumHy (1997 poky).

[lo pocnimkeHHs 3anyyanu YonoBikiB i XiHok Bikom 40-65
POKiB, Y KOTPUX [iarHOCTOBAHO HerocnitanbHy JBOCTOPOHHIO
BIPYCHY MHEBMOHItO Ta SIKi Haarnm MMCbMOBY iH(POPMOBaHY 3rogy
Ha yJacTb. Kputepii BUKIoYeHHs — BariTHICTb, AiarHOCTOBaHa He-
KOHTPOMbOBaHa apTepiaribHa rinepTeHsis, rinepToHiYHa XxBopoba
Il cTagii, Lykposui giabet, BpomxeHi Ta HabyTi reMoguHaMiyHo
3HauyLLi Bagu CepLs, XpoHiyHa cepuesa HepocTaTHicTb |IB-II
cTafil, OHKOMNOriYHi 3aXBOPIOBAHHS, HASIBHICTb > 75 % ypaKeHHs!
nereHb, 3a fJaHumu komm'totepHoi Tomorpadii (KT), BusiBneHi
arkoronbHa 3anexHicTb, HAPKOMaHis, NCUXIYHi PO3naaK, a Takox
BiAMOBA Bif y4acTi B JOCIIKEHHI.

Ycix nauieHTiB 06CTeXMNM Ans NiATBEPMKEHHS! BiANoBiAHOCTI
KpuTepisiM 3anyyeHHs / BUKMoYeHHs. [iarHo3 HerocnitanbHoi
nHeBMoHiT (HITT) BcTaHOBMNM BiANOBIAHO 40 2AaNTOBAHOI KITiHIY-
HOI HAaCTaHOBW Ha 3acafax JoKa3oBOl MeauLMHM «HerocnitanbHa
nHeBMOHis y gopocnmx, 2019, COVID-19», Hakaa MO3 Ykpaiqu
Big 17.09.2020 p. CnocTepexeHHst 3a nauieHTaM 3aicHUIK
BignosigHo Ao Hakady MO3 Ykpaitn Ne 722 Big 28.03.2020 p.
3i aMiHamu Ne 2122,

OBcTexeHuX, KOTPUX 3amy4nnn 4O AOCHIMKEHHS, NOGINMM
Ha rpynu 3amnexHo Bif BUHUKHEHHS Tshkkoro nepebiry HITI,
wo acouinoBaHa 3 COVID-19. [lo nepLuoi rpynu 3anydeHi 32
naujieHT 3 nepebiroM 3aXBOPIOBAHHS CEPEHbOI TSKKOCTI (ce-
pepHin Bik — 57,5 + 1,3 poky); B0 Apyroi — 70 XBOPMX i3 THKKMM
nepebirom HITI, wo acouinosaHa 3 COVID-19 (cepepHin Bik —
56,2 + 0,9 poky). [pynu navjieHTiB 3iCTaBHi 3a BiKOM | coLjianbHUM
CTaTycom.

PiBHi iHTEepnenkiHy-6, iHTepnelikiHy-10 Ta BUCOKOYYTINBO-
ro C-peaktusHoro 6Binka (BY-CPB / hs-CRP) y nnaami kposi
BMU3Ha4Yanu iMyHOHEepMEHTHUM METOAOM, BUKOPUCTOBYHOYM
cTaHaapTHi Habopw «BY-C-peaktuaHun 6inok HF-ELISA-Becty,
«IN-6-ELISA-Bect» Ta «IJ1-10-ELISA-Bect». JocnimkeHHs 3ainc-
HWNW B akpepuToBaHi nabopartopii KHI «XepcoHcbka Micbka
kniniyHa nikapHs MeHi Adaracis i Onbr TponiHUX» XepCOHCHKOI
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Tabauus 1. 3HauyLwicTb BapiaHC AA BUHUKHEHHS TAXKOro nepebiry HerocnitaAbHOi THEBMOHIT 3@ pesyAsTaTaMi OAHOGAKTOPHOTO

Ta MyABTUGAKTOPHOTO PErpeciiHoro aHanisia

MokasHuK, YHiBapiaHTHa mogenb MynbTuBapiaHTHa Mogenb

LI R0 X?Banbpa p-piBeHb Coefficient Std. error p-piBeHb
Bik, pokis 0,93 p=0,340 - - -
YacToTa cepLeBnx CKOpOUeHb, XB™! 0,06 p=0,810 - - -

Sp0,, % 2,44 p=0,120 - - -

OB6’em ypaxeHHs nerexb, % 13,54 p <0,001 0,25 0,07 p <0,001
IMtoko3a KpoBi, MMOMb/N 5,67 p =0,020 -2,48 1,27 p = 0,060
BY-CPB, mr/n 54,37 p < 0,001 0,80 0,20 p < 0,001
N-6, nr/mn 5,94 p =0,020 0,16 0,39 p =0,680
N6 /11-10 6,12 p=0,010 -0,62 1,64 p=0,710
Micbkoi paay. 3rigHo 3 iHCTpykuieto, MeTon IDA rpyHTYeTbCS Ha Pe3yabtatun

iIMYHOOTIYHIl «CeHaBiY»-peaKkwii. 3pasku nnasmu, Wo MiCTATb
MeBHy KinbKicTb iHTeprelikiHy-6 (IL-10, hs-CRP), Ta ctaHgapTHi
3paskyi NPOXOAATb NPOLEC iHKyOaLlii 3 MOHOKMOHAINbHUMM aHTHTI-
namm o iHTepnelikiHy-6 (IL-10, hs-CRP) ntognhm Ta aHTUTINaMm
[o intepneiikiHy-6 (IL-10, hs-CRP) noguHu, KoH'toroBaHUMu
nepokcuaasor. Mpouec iHKybaLii NpoxoanTs A0 YTBOPEHHS
«ceHaBiu»-komnnekcy. Ilicns fogaeaHHs po3dmHy cybeTpaty
YTBOPKETLCS 3abapBneHuin NPoayKT BiAMOBIAHO A0 KinbKOCT
iHTepnenkiHy-6 (IL-10, hs-CRP), wo € B cTaHaapTax abo 3pas-
kax. ONTUYHY rYCTMHY OLiHIOBaNM CNEKTPOOTOMETPUYHO NpU
LOBXUHI xBuni A = 450 HM. BenuumHy eksucTeHLi Bu3Havanu
3a gonomorow nnaHwetHoro puaepa HTI Immunochem-2100
(High Technology Inc.) Bmict 1J1-6 (IL-10, hs-CRP) y 3paskax
BW3HaYanu nicns iHTepronsiLii BUMipSHAX JaHuX Ha CTaHaapTHY
kanibpysarnbHy Kpuy. BmicT iHTepnenkiHy-6 (iHTepnelikiHy-10)
B Mia3Mi BUMipIoBany B Mr/mn, a KOHUeHTpaLito C-peakTBHOrO
Binka B nnaami — y mr/n.

Komm'iotepHy Tomorpadito nereHiB BUKOHanM Ha Kom'loTep-
Homy kommnekci Somatom goNOW (Siemens, HimeuwunHa). Mig
Jac JocnimKeHHs navjeHT nepebyBaB y NOMOXKEHHI Nexaqn Ha
CrWHiI 3 NIBHATAMM pykamu. [liana3oH ckaHyBaHHS — Big anepTypu
TPYAHOI KNiTKM 4O 3afHiX pebepHo-giadyparManbHNX CUHYCIB;
BUKOPUCTanu CTaH4apTHY KonimaLliio 3piay.

Mig vac nepesipku CTaTUCTUYHKX FINOTE3 HYMbOBY FiNOTE3y
BiZKMOANM NpU PiBHI CTATUCTMYHOI 3HavywocTi p < 0,05, wo
BIANOBIZAE 3HAYEHHSAM, MPUAHATUM Y MEAMKO-BioNorivHNX
pocnimkeHHsx. [Ans aHanidy 6iHapHuX 3MiHHUX 3aCTOCOBYBany
meTog noricTuyHoi perpecii Ta ROC-aHania (Receiver Operating
Characteristic curve analysis), 3 06paxyHkom noi nig ROC-kpu-
Boto (Area under the ROC curve, AUC) Ta i 95 % poBipyoro iHTep-
Bany. CTaTyCTMYHO 3HauYyLLot BBaxany BennumHy AUC Ginblue
Hix 0,5. ObpaxoByBanu YyTnuBicTb (Se), cneundiyHicTb (Sp),
TOYKY BifCIkaHHS BU3Ha4anu 3a Aonomoroto J-iHgekcy Youdena.
Mig yac nopisHsHHA AUC 3acTocyBanm MeTo nepekpuTTs A0Bip-
Yux iHTepBaniB. [ns ouiH0BaHHS 3HAYYLLOCTI BNUBY KOXHOIO
3 BUAINEHNX YMHHWKIB BUKOPUCTAHO MeTog, NobynoBM NOricThY-
HOI perpeciiHoi Mogeni; OLiHIOBAHHS 3AINCHUINN 3a KpUTEPIEM
Banbaa (x?). BuaHaunnm igHowweHHs WwakciB (OR — odds ratio)
i 95-BinCOTKOBUI AOBIPYMI iHTEPBAN.

BvikopucTanu aBa MacuBy JaHVX: NepLUmnin — XBopi 3 nepedi-
rOM 3aXBOPHOBAHHS CepeaHbOoi TshkkocTi (n = 32), apyruii (n = 70)
— nauieHTy 3 Tsikkum nepebirom HITI. O6panu Bicim NokasHwKiB,
BMXOASAYM 3 MPUMYLLEHHS, LLIO BOHU MOXYTb BNMWBATW HA PO3BU-
TOK Tshkkoro nepebiry HITI, HeaanexHo Big BENW4MHM Aucnepcii.

Pesynktati yHi- Ta MynbTUBapiaHTHOMO MOTCTUYHOMO pe-
FPECINHOTO aHanisy HambinbLL 3HaYyLLIMX BapiaHC HaBEdEHO B
mabnuuyi 1.

AHani3 0aHOGaKTOPHMX NOTCTUYHNX PErPecinHMX Moaenen
rokasaB: Bik NaLligHTa, YacToTa CepLeBmx ckopoues i SpO, He
MPOTHO3YKOTb BUHUKHEHHS Tshkkoro mepebiry HITI. Jlnwe Taki
MOKa3HWKM, Ik 06’eM YpaKEHHS NereHb, PIBEHb TIH0KO3M B KPOBI,
C-peakTuHuit Binok, IJ1-6 Ta cniegigHoweHHs I11-6 / 1]1-10 mo-
XYTb MaTV NPOTHOCTUYHY LiHHICTb. TirbKu Lii NOKa3HWKK Hapani
BKIIOYMIN B0 BaraTodakTopHOI NOTCTUYHOT perpeciiHoi Mogeni.
3rigHo 3 gaHUMK, Wo HaBeneHi B mabnuyi 1, piBeHb rMoKo3n B
kposi, I]1-6 i cnieigHowweHHs IJ1-6 / 1]1-10, BTpaTMny cBOK Npo-
THOCTWUYHY LiiHHICTb y 6araToakTOpHil NOTiCTUYHIN perpeciiHii
MoZeni wopo po3suTky Tspkkoro nepebiry HITI. HesanexHi
npeaykTopy Tshkkoro nepebiry HITl — 06’em ypaxeHHs nereHs Ha
KT i BY-CPB. 3HaueHHs BigHOLLIEHHS LAHCIB PO3BUTKY TSXKKOTO
nepebiry HI1 3a pesynbratamm 6aratoakTopHOro perpecinHoro
aHanisy HaBeaeHo B mabnuuj 2.

MynsTuBapiaHTHWUIA NOTICTUYHUIA PErpeciinHuiA aHani3 noka-
3aB: He3anexHi npegukTopy Tshkkoro nepebiry HI - 06’em ypa-
XEHHS1 nereHb, 3a gaHnmn KT (OR=1,28, 95 % 1l OR 1,11-1,48),
i BY4-CPB (OR =2,22, 95 % [l OR 1,50-3,31).

Ak cTaHaapTHY Mogenb 0BpaHo Takuid MeToZ, LOCHIMKEHHS,
gk KT nereHb. [MOpIBHAAHHA HACTYMHUX MOKa3HUKIB 34iACHUNN
3i CTaHZApTHOK MOAENITI0 METOAOM BU3HAYEHHS! NEPEKPUTTS
foBipumnx iHTepeanisa AUC. TporHocTUYHa LiHHICTb MapkepiB
iMyHO3ananbHoI BignoBiai wodo Tskkoro HITI B13HaveHa 3a
ponomoroto ROC-ananisy. Pesynstatv HaBegeHo B mabnuyj 3.

Y nporHo3yBaHHi Tsxkoro nepebiry HII I1-10 maB Hai-
meHwy nnowly nig ROC-kpusoto (AUC = 0,52) cepen npoaHa-
ni30BaHNX MapkepiB iMyHO3anarnbHoI BifNoBiAi Ta 4OCTOBIPHO
nocTynaBCcs CTaHZAPTHIN MoZeni 3a NOoKasHUKOM Nnowi nig
ROC-kpusoto (AUC = 0,72, 95 % [ 0,623-0,805). Cnigsia-
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Tabanua 2. CniBBiAHOLIEHHS LIAHCIB PO3BUTKY TAXKOTO Nepediry HerocnitaAbHOi NHEBMOHIT 3a pesyAsTatamu baratrodpakTopHOro perpecinHoro

aHaniay

Moka3HuK, oAUHMULI BUMipIOBaHHS

MynbTuBapiaHTHa mogens

OR 95 % Ol OR p-piBeHb
06'eM ypaxeHHs nerexb, % 1,28 1,11-1,48 p < 0,001
BY-CPB, mr/n 2,22 1,50-3,31 p < 0,001

Tabauus 3. MporHocTYHa LIHHICTb MapKepiB iMyHO3aMnaAbHOT BIANOBIAI LLIOAO TAXKOro nepebiry HerocnitaAbHOi MHEBMOHi

MeTon Cut off Se, % Sp, % AUC 95 % Ol AUC
CraHgapTHa Mogens 20,00 64,29 68,75 0,72 0,623-0,805
BY-CPB, mr/n 13,50 85,71 81,25 0,92 0,846-0,963
N-6, nr/mn 749 80,00 46,88 0,65 0,552-0,744
N-10, nr/mn 5,09 71,43 18,75 0,52 0,414-0,615
n-6/11-10 1,51 85,71 37,50 0,62 0,523-0,718

1 4
08

0,6

Se

0,4

0,2

0,0
0,0 0,2 04

- — BY-CPBb
— OnopHa
TiHis

0,6 0,8 1,0
1-Sp

Puc. 1. ROC-aHani3 nopiBHaHHA AUC ctaHaapTHOI Moaeni 3 BY-CPB (0,72 nopisHsHo 3 0,92 BianosiaHo, p < 0,05).

HowweHHs I/1-6 / 1]1-10 (AUC = 0,62) npm Touui BiacikaHHs 1,51
mano uytnueictb 85,71 % i cneumdivnicts 37,50 % wopo
NMPOrHO3yBaHHs! BUHUKHEHHS Tsbkkoro nepebiry HITI. Mnowa
nig ROC-kpueoto ana BY-CPB Hambinbla 3-nomix npoaHa-
nisoBannx nokasHukis (AUC = 0,92, 95 % [l 0,846-0,963),
3 yytnueicTio 85,71 % i cneumdiynictio 81,25 % npu Touui
BicikanHs 13,50 mr/n. Mnowa nig ROC-kpusoto ans BY-CPB
(AUC =0,92) gocrosipHo 6inbLua nopisHsHo 3AUC = 0,72, 95 %
[10,623-0,805 craHgapTHoi Mogeni (p < 0,05).

Toukm posnoginy BY4-CPE i ctangapTHoi Mmogeni (06’em ypa-
XeHHs nereHb 3a KT) 4 nporHo3yBaHHS BUHUKHEHHS TSHKKOTO
nepebiry HIT1 HaBepeHo Ha puc. 1.

B acnekTi nporHo3yBaHHs po3suTKy Tsbkkoi HITT 3a nnoLleto
nig ROC-kpusoto, BY-CPB nepeBaxae CTaHgapTHY MOZENb.
3 nornsgy yytnueocTi Ta cneuudivHocti, BY-CPB npu Toyui
BifcikaHHs 13,50 Mr/n Takox NnepeBepLLye CTaHAAPTHY MOAENb:
85,71 % nopieHsHO 3 64,29 % Ta 81,25 % nopieHsaHO 3 68,75 %
BiANOBIAHO.

06roBopeHHA

JocnimkeHHs), WO aHaniayloTb NPUYMHU TSHKKOTO nepebiry
COVID-19, 3a3Bryai BKka3sytoTb Ha Taki NATONOrii, IK OXMPIHHS,
apTepiarnbHa rinepTeHsis Ta iHLWi cepLeBo-CyauHHI 3aXBOpHO-
BaHHS, @ TaKOX CYNyTHi 3aXBOPOBaHHS, SIK-OT LlyKpoBUiA Aiaber,
XPOHIYHi 3aXBOPIOBAHHSI HUPOK, XPOHI4HI 0OCTPYKTUBHI 3aXBOPIO-
BaHHs! NereHb i pak, sk Ha HeraTueHi hakTopy. KniHiyHa kapTuHa
COVID-19 gyxe iHausigyaneHa, i iH(iKyBaHHS BipycOM MOXe
MaTu fyxe pisHui nepebir. BoHa 3anexuTs i Big 6e3nocepenHLo-
ro BNAVBY BIpYCY Ha KNiTUHW, i Bl iIMyHHOT BIBNOBIAi opraxismy
Ha HbOTO, LLIO NPU3BOANTL 40 PO3BUTKY «LIMTOKIHOBOIO LUTOPMY»,
LLIO MOXXEe CMPUYMHUTM NoRiopraHHe ypaxeHHs [7,8].

HuHi BU3Ha4atoTb 0cobnMBY ponb, Ky Bigirpae iMyHHWNA
CcTarTyc naLjieHTa, OCKiNbKM 3'BMSETLCA Bee BinbLue fJaHuX Woao
imyHonaroreHedy COVID-19. MyrnstuopraHHe ypaxeHHs 3any-
ckae aucdyHKLioHanbHa iMyHHa BignoBidb Ha Bipyc, IKUA MOXe
30epiraTncs B KOHTEKCTI, aHaNOr4YHOMY CYHZPOMY BUBINbHEHHS
LMTOKIHIB. 3a pe3ynbratamu JOCAigeHb, NOBILOMIANM Npo nig-
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BULLIEH PiBHI PI3HWX IHTEPMENKIHIB Ta XEMOKIHIB Y Nna3Mi navjeHTiB
i3 COVID-19. OpHak 6yno cknagHo BUSIBUTU 3aKOHOMIPHICTb,
MOB'AA3aHy 3 MoraHWM NporHo3oM. Cepen UMTOKIHIB MigBMLLEHi
piBHi I[1-6 noctinHO peecTpytoTb y nauieHtis i3 COVID-19, wo
KOperioe 3 akTMBHICTIO 3axBoproBaHHs [9,10,11].

¥ npaui M. Riveiro-Barciela et al. BU3Ha4eHo, LU0 3MiHM piBHIB
IN1-6 i hepuTHy fatoTb 3MOry BUSBNSTY NavieHTis i3 COVID-19,
SKUM 3arpoXye TSk nepebir 3axeoptoBaHHs [12]. OTpumaHi
Y HalLOMy JOCMigXeHHi AaHi wopo I1-6 nokasanu MeHLuy npe-
OVKTOPHY LHHICTb 3a SIKICTIO MOAENI LWOAO0 TshkKoro nepebiry
HerocniTanbHOi MHEBMOHII, sika acoLliioBaHa 3 KOPOHaBIPYCHOKD
iHexuieto.

PesynbraTi QOCHimKeHHs], WO 3AiCHUNK, 30iraloTbes 3
faHumu, ski ogepxanu M. Ahnach et al. [13]. AsTopu ginwnu
BUCHOBKY, Lo AUC ans CPB Ha pigHi 0,87 Byna 3HayHo BULLOKO
3a BCi iHwi napametpu. Kpim Toro, CPB He3anexHo NoB's3aHui
i3 TsKKiCTIO 3axBoptoBaHHs COVID-19 (OR = 1,11, 95 % [
1,01-1,22). IHTepnpetauis kpusix ROC-nokasHukis i pisHs CPBy
HaLLOMY AOCHiMmKeHHI NigTBEpAnIa, WO Lie HadinHUA NpeaukTop
HECMPUATIMBOIO HacnigKy 3axBoproBaHHS. ba Ginblue, came
Liey nokasHuK OyB He3aneXHUM NPeavKTOPOM TShKKOro nepediry
3aXBOPOBAHHS MOPIBHAHO 3 iHLWMMKM (hakTopamu [14,15,16].

OTxxe, BCTAHOBUIM, LLIO MOPIBHSHO 3 iHLUMMM NOKa3H1KaMu
piBeHb BY-CPB icToTHO MoB'si3aHuii i3 TsKiCTio nepebiry He-
rocnitanbHOI MHeBMOHii, sika acouinoeaHa 3 COVID-19. PiseHb
BY-CPB, BM3HaueHuWi nig yac 0BCTEXEHHS! XBOPKX, € MPOCTUM
ONS1 OLiHIOBAHHS Ta HE3aneXHUM (haKkTopoM, ik Moxe ByTu
KOPWCHUM L1151t paHHBOTO NepeadaveHHs po3suTKy TskkocTi HITI
i NonerLuye yxBaneHHs pilleHb LLOAO TaKTUKW NiKyBaHHS.

BucHoBKH

1. 3a pesynbratamu MynbTMBAPIaHTHOrO JOTICTUYHOTO pe-
PECINHOTO aHani3y, HanbinbLUe 3HAYEHHS LLOLO BUHUKHEHHS!
TSHKKOTO Nepebiry HerocniTanbHOi NHEBMOHII, LU0 acoljiioBaHa 3
KOPOHaBIpYCHO iHJIeKLjiet0, Manu Taki He3anexHi NpeankTopu,
K 00'€M YpaXKEHHsI NereHb, 3a AaHUMN KOMIT'OTEPHOT ToMorpa-
cii, Ta BuCoko4yTMBIIA C-peakTuHUIA Ginok. Came Lii MoKasHWKM
3-NOMiX aHarni3oBaH1x Manu HanbinbLui nnowi nig ROC-kpuBsoto.

2. BusHaueHHsi piBHsi C-peakTuBHOIO Girnka BYCOKOUYTIMBUM
METOLOM € BXKNMBUM ANS NALJEHTIB i3 MHEBMOHIEI0 cepeaHbOl
TSDKKOCTI, LU0 acoLliioBaHa 3 KOPOHABIPYCHOKO iHAeKLiet, Ans
OLIHIOBAHHS PU3NKY BUHUKHEHHSI TSHKKOrO nepebiry 3axsopto-
BaHHS.

MepcnekTMBM NOAAABLLIOTO AOCAIAXKEHHSA. C-peakTUBHMIA
Binok sk HecneundiYHU MapKep 3ananeHHs TiCHO NOB’s3aHui
i3 TSXKKICTIO Ta MPOTHO30M HaAMIPHWX 3anasibHUX peakLin npu
MHeBMOHii, Lo acouijioaHa 3 COVID-19, ockinbku € He Tinbku
Biomapkepom 3ananeHHs, ane 1 BesnocepeaHiM y4acH1KOM
natonoriyHoro npouecy. OuiHoBaHHS AnHaMiYHUX 3MiH BY-CPB
nig BNAMBOM nikyaHHs xBopux Ha COVID-19 Moxe nokpaLuuTi
KMiHIYHWIA pesyniTaT nikyBaHHs!. Lium 0BrpyHTOBaHa AOLINbHICTL
HaCTYMHWX AOCTTIMKEHD.
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MpeAVMKTOPU PEHTIeHOAOTiYHOrO NPorpecyBaHHA
peBMaToIiAHOIo apTPUTY Ha TAi XBOpo6oMoaudiKyBaAbHOI Tepanii
TPAAMLIMHUMU CUHTETUYHMMU 3acobamu
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Meta po6oTi — BUBYUTY NMPEAVKTOPU PEHTTEHONOMYHOTO NPOrpecyBaHHs peBmaroigHoro aptputy (PA) Ha Tni
xBopobomoaudikysansHoi Tepanii (XMT) TpaguLiiHMM CUHTETUYHUMK 3acobamu.

Marepianu i metoau. [1o focnimxeHHs 3anyuunnu 163 xsopux Ha PA, sikum 6yno npusHadeHo XMT TpaguuinHnmu
CUHTETUYHUMY 6a3ncHUMM 3acobamu. 3-momix obcTekeHnx — 141 xiHka (86,5 %). CepepHilt Bik XBOpWX CTaHOBB
50,1 12,0 poky, TpuBanicTb xeopobu — 37,5 + 56,3 micsus. PesmartoigHuit daktop (P®) BusiBneHo y 53,3 %
oci6, aHTuTina Ao umkniyHoro uutpyniHosaHoro nentuay (ALLIM) —y 54,0 %. HesanexHi npeaukTopyn pexTre-
HOMOrYHOro nporpecyBaHHst PA BU3Ha4YeHO METOAOM PerpeciiHoro aHanisy 3 po3paxyHkom CniBBiAHOLIEHHS
pusukis (CP). CtaTucTyHo pesynstati onpawtoBany, 3actocysasLun nporpamy SPSS 29.0.

Pe3syAbTaty. [1pOTArom 2 pokiB CMoCTEPEXEHHS PEHTTEHONOriYHe NporpecyBaHnHs 3a kputepismu OMERACT 4
BM3HaueHo y 104 (63,8 %) xsopux: y 97 (59,5 %) xBopux — 3a cymapHoto MogundikoBaHot Lkanoto LLap-
na—BaH aep Xewnge (SHS); y 53 (32,5 %) — 3a wkanoto eposiit; y 99 (60,7 %) ocib — 3a wwkano 3ByxeHb
cyrno6oBux WinvH. [luHamika cepefHix 3HayeHb 3aranbHoi Wkanu SHS Ta ii cknagosux, 30Kpema epo3uBs-
HOT Ta WKanu 3ByxeHb, ctaHoeuna 11,50 + 14,20 (p < 0,001), 3,29 + 5,86 (p < 0,01) Ta 8,30 + 15,90 6ana
(p < 0,001) BignogigHo.

KinbkicHWi NpupicT peHTreHOMOrYHMX 3MiH 3a 3aranbHoto Wkano SHS 3a oauH pik y cepeaHboMy CTaHOBMB
5,75 6ana; peHTreHonorivHy pemicito Bu3Hauunu y 41 (25,2 %) xsoporo. 3a pesynbsratamu foricTUYHOro perpe-
cinHoro Ta ROC-aHanisis, 3 puankom nporpecyBaHHs CyrnoboBoi aecTpykuii npu PA BiporigHo acouitoBanucs
tutpu ALLIM (CP 0,06 [0,05; 0,09]) Ta P® (CP 0,01 [0,002; 0,020]), a Takox 3ararnbHe OLiHIOBaHHS NaLieHTOM
CBOrO CTaHy 3a BidyanbHoto aHanorosot wkanoto (CP 0,15 [-0,02; 0,33)).

BucHoBku. Ha i XMT TpaguuitHumMn CUHTETUYHMK 3acobami PEHTTEHOMOTYHE NPOrpecyBaHHs 3aXBOPIO-
BaHHs cnocTepiranu y 63,8 % xBopux Ha PA. JlnLue KoXeH 4eTBepTUiA XBOPUIA LOCAT PEHTTEHONOTHHOI peMICii.
HesanexHumn npeaukTopamm NporpecyBanHs Cyrno6oBoi AecTpykLii y xBopux Ha PA e suwi tutpu ALLIM,
P® i BuLLi noka3HWKK 3aranbHOrO OLiHIOBaHHS NALLEHTOM CBOTO CTaHy 3a BidyarnbHOK aHanoroBO LLKamMoK Ha
BMXiZHOMY eTani.

CyuacHi meauuHi TexHoAorii. 2024. T. 16, Ne 4(63). C. 260-266

Predictors of radiological progression of rheumatoid arthritis while receiving
conventional synthetic disease-modifying antirheumatic drugs

0. B. laremenko, G. M. Mykytenko

The aim of the work is to study the predictors of rheumatoid arthritis (RA) radiological progression while using
conventional synthetic disease-modifying antirheumatic drugs (csDMARDs).

Materials and methods. 163 patients with RA who were prescribed csDMARD were included in the study. Most
of them were female 141 (86.5 %); mean age was 50.1 £ 12.0 years, disease duration 37.5 £ 56.3 months.
Rheumatoid factor (RF) was detected in 53.3 % of patients, and antibodies to cyclic citrullinated peptide (ACCP)
—in 54.0 %. Logistic and linear regression were used to analyze independent risk factors for radiological pro-
gression of RA and results were expressed as odds ratio (OR). Statistical processing was carried out using
SPSS 29.0 software.

Results. During 2 years of study, radiological progression according to the OMERACT 4 criteria was observed
in 104 patients (63.8 %): in 97 patients (59.5 %) according to the total van der Heijde’s Sharp score (SHS); 53
(32.5 %) — erosion scale; and 99 (60.7 %) — narrowing scale. The dynamics of the average values of the total
SHS and its components (erosive and narrowing scales) were 11.50 + 14.20 (p < 0.001), 3.29 + 5.86 (p < 0.01)
and 8.30 + 15.90 (p < 0.001) respectively. The mean increase in total SHS was 5.75 per year, while 41 patients
(25.2 %) had radiological remission. In multivariate and ROC analyses, higher titers of ACCP (OR 0.06 [0.05; 0.09])

260

Modern medical technology. Volume 16. No. 4, October - December 2024 ISSN 2072-9367


https://orcid.org/0000-0003-2095-5819
https://orcid.org/0000-0002-3385-3080
https://doi.org/10.14739/mmt.2024.4.311076
mailto:o.b.iaremenko%40gmail.com?subject=

OpwuriHanbHi pochipkeHHs / Original research

and RF (OR 0.01 [0.002; 0.02]), as well as the patient’s global assessment by visual analogue scale (OR 0.15
[-0.02; 0.33]) were independently associated with the risk of radiological progression of RA.

Conclusions. The radiological progression of RA is observed in 63.8 % of patients with undergoing csDMARDs
therapy. Only one in four patients achieves radiological remission. Independent predictors of radiographic pro-
gression in patients with RA are higher titers of ACCP, RF and higher values of patient’s global assessment by

visual analogue scale at baseline.

Modern medical technology. 2024;16(4):260-266

PesmatoigHui aptpuT (PA) — XpOHiuHe cucTeMHe 3anarnbHe
3aXBOPIOBAHHS], LLIO XapaKTepu3yeTbCst CUMETPUYHUM MoriapTpy-
TOM NepeBaxHO ApibHMX cyrnobis kuctei i cton [1]. AKLLO Takum
nauieHTam CBOEYACHO He Npu3Ha4eHo XBopobomoamndikyBanbHy
Tepanito (XMT), y HUX MOXYTb BUHWUKHYTU BECTPYKTUBHI 3MiHM
XPALLOBOT TKaHUHU Ta CCHOPMYBATUCA KICTKOBI eposii, pyHKLjo-
HarbHi NOpyLEeHHs [2].

[ns 3anobiraHHs iHBanigu3auii xBopux HeobXxigHe BCTa-
HOBIEHHS diarHody PA Ha paHHix cTagisx xsopobu. [ins uporo
B KIMiHIYHIA NPaKTUL LIMPOKO BUKOPUCTOBYHOTL KracudikawjinHi
kpuTepii AMepukaHcbkoi konerii peematonoris (ACR) ta €Bpo-
nevicbkoi npotupeBmatuyHoi nirm (EULAR) [3]. MMpoTe HaBiTb
Ha (hoHi 0AHaKOBOrO 6a3nCHOrO MiKyBaHHS LWBMAKICTL Mporpe-
CyBaHHsI cyrnoboBux ypaxeHb Yy XxBopux Ha PA iHouBigyans-
Ha [4]. Mepebir xBopobyM MOKE XapakTepuayBaTMCS i MOBIMBHUM
MPOrPeCyBaHHSM, i LWBUAKUM YTBOPEHHSAM KiCTKOBUX AEDEKTIB i
HE3BOPOTHUX AedhopmalLliii ONopHO-PyXOBOro anaparty. Ha aymky
JesiknX JOCTIiOHMKIB, LWBMAKICTb CyrnoboBOi AECTPYKLl He 3aBXau
KOpErioe 3 akTUBHICTIO XBOpPOBYK Ha noYaTky NikyBaHHs [5,6]. Y
YaCTWHM NaLiEHTIB, HE3BaXatuM Ha JOCATHEHHS KITiHIYHOI pe-
MiCil, MPOAOBXYIOTLCS PYMHIBHI 3MiHK B Cyrnobax [7]. BuB4eHHs!
NPeauKTOpIB PEHTTEHONONYHOM nporpecyBaHHs PA cnpusno 6
onTumisoBaHoMy Bu6opy XMT 4715t KOXXHOrO XBOPOro.

HwHi yumarno JocnimkeHb NPUCBAYEHO BUBYEHHIO LIMX MOTEH-
LiHMX Mapkepis. Tak, 3rigHo 3 pesynbratamu S. Meller-Bisgaard
et al., BaroM1Mu YnHHUKaMW pyIiHyBaHHs Cyrnobis 6yrnu Bik i CTaTb
nauieHTis [4]. 3rigHo 3 AaHUMW iHLIOrO AOCHIMKEHHS, CEPONO3u-
TUBHICTb 3@ aHTUTINAMM [0 LIMKIIYHOTO LIMTPYNIHOBAHOIO NenTuay
(ALLIM) Ta pesmatoigHnm caktopom (P®) acouitoBanacs 3
PEHTreHonoriYH1M nporpecyBaHHaM PA [8].

Kpim Toro, BaxnmBe 3Ha4eHHs MaB BUXigHUI piBeHb C-peak-
TMBHOrO bGinka (CPB), ane He WBMAKICTb 3CiAaHHS epUTPOLINTIB
(LLIBE). 3a cnoctepexenHamu T. Takeuchi et al. [9], He nmwe
HasIBHICTb CEPOMNOriYHNX MapKepiB, ane i BUXigHi 3MiHW Ha
peHTreHorpami (a came LuKari eposii) Oynu 3HauyLLMMK LWOAo
Hacnizkis nepebiry xsopobu. Kpim Toro, 0buasa Mapkepy 3ana-
neHnst (LUIBE ta CPB) acoujtoBanmcs 3 cyrnoboBot AECTPYKLIEH.

OTxe, pesynsTaTi pisHNX AOCAIMKEHb € CYNepeYnMBIMM i He
HaZaloTb BUYEPMHUX AAHUX LOAO NPOrHO3YBaHHS CTPYKTYPHUX
3MiH y cyrnobax. [inst BUBYEHHS NPEAVKTOPIB PEHTIEHOOMYHOTO
nporpecyBaHHs PA B yKpaiHCbKii nonynsiLii naLieHTiB 3giicHUnm
Lie AOCTimMKEHHS.

Merta poboTtu

BWBYMTI NpeanKTopu PEHTTeHOMONYHOr0 NPOrpecyBaHHs
PA Ha tni xBopob6omoaundikyBanbHOI Tepanii TpaguLinHuMu
CUHTETUYHUMM 3acobamu.

Marepianun i meToAM AOCAIAKEHHA

lNpoaHanisyanu gaHi 366 naujeHTis i3 PA, ski nepebysanu
Ha CTaLioHapHOMY iKyBaHHi B PEBMATONOMYHOMY BifiNeHHi
OnekcaHapiBcbKoi KniHiYHOT NikapHi M. Knesa. [liarHo3 PA BcTa-
HOBWIW, 'PYHTYIOUMCH Ha KnacudikauinHux kputepiax EULAR/
ACR 2010 [3].

Kputepii 3anyyeHHs xBopux A0 OOCMIMKEHHS — JOCTOBIP-
HicTb giarHo3y PA, Bik mauieHTiB Ha noyaTky 3axBOPHOBaHHS
noHag 18 pokiB, NPUNUHEHHs NpuoMy 6a3nCHUX Npenaparis,
MPpW3HAYEHNX NOMNEPEAHBLO, He MEHLLE 5K 3a 3 MiCALi A0 novaTky
[OCMIIKEHHS], BIICYTHICTb BHYTPILLHBLOCYIMOBOBKX i BHYTPILL-
HBbOM'SI30BWMX iH'EKLA MPOMOHroBaHux rmtokokopTukoigis (MK)
He MeHLUE HiX 3a Micsub 40 NovaTky AocnimkeHHs. He 3any-
Yanu XBopwX i3 NCMXOEMOLINHIMY po3nagamu, ankoroniaMmom,
BariTHICTIO i NakTauielo y nepiog AOCMIAKEHHS, 3 THKKAMM
3aXBOPIOBAHHAMM MEYiHKW, HUPOK, MEreHiB Ta iHLWMX OpraHis,
LLIO MOFMIM CYTTEBO BMNUHYTW Ha hapmakoguHaMiky npenapa-
TiB Ta €(heKTUBHICTb NiKyBaHHSA, @ TaKOX MaLiEHTIB, KM He
3AiAICHWNM NOBTOPHE PEHTTEHOMNOriYHE 0BCTEXEHHS Yepes 2
POKY NiKyBaHHS AN OLiHoBaHHs nepebiry xsopobw. BigTak oo
JocnimkeHHs 3anyyeHi 163 nauieHTu.

TpuBanicTb CNOCTEPEXEHHS CTAHOBMMA 2 POKU. AKTUBHICTb
PA ouintoBanu Yepes 6, 12, 18 i 24 micaui nikysaHHs. Ha koxHomy
3 eTaniB AOCTIKEHHS BU3HAYamNM KiNbKiCTb B0MHUMX, HABPAKIX
cyrnobiB; 3AiicHIOBaNM 3arasbHe OLiHBaHHS piBHs onto (30B),
CaMOOLliHIOBaHHs cTaHy naujeHToM (30TT), ouiHIoBaHHS cTaHy
nikapem (30J1) 3a Bi3yanbHO aHanorosoo wkanot (BALL);
Bu3Ha4am piBeHb LUISE Ta CPB, a Takox aKTUBHICTb XBOPOGU
3a iHTerpanbHot wkanow DAS28 (LU3E). basucHe nikyBaHHS
nepenbavyano npu3HaYeHHs OOHOIO 3 TaKuX BapiaHTIB Tepani:
metotpekcat (MT) 7,5-20,0 Mr/TuxaeHb, Yy cepeaHboMy —
14,20 £ 1,03 mr/twxgeHb, n = 52 (31,9 %); neconyHomig (NTED)
10-20 mr/noby, y cepeaHbomy — 19,60 + 0,44 mr/goby, n = 25
(15,3 %); cynbthacanasuH (CC) 2 r/poby, n = 23 (14,1 %); rip-
pokcuxnopoxiH (MX) y aosi 200-400 mr/g y kombiHawii 3 iHWrMK
npenapatamu; kombiHoBaHy XMT (MT + CC, MT + X, MT + JIE®,
NE® + X, IE® + CC) opepxysann 63 (38,6 %) ocobu. Jo
npu3HayeHHs unx G6asncHux npenapartis 115 (70,5 %) xsopux
He oTpumyBanu XMT; y pewTn nauieHtis XMT (nepegycim
MT) ckacyBanu Yepes nobiyHi Aii 3a 3 MicaLi 40 3anyyeHHs [0
pocnimkenHst. K npusHayanu 3a CTaHZapTHAMM NOKa3aHHAMM
y MoYaTkoBMX 4o3ax Big 2,5 mr/noby go 30,0 mr/goby B nepepa-
XYHKY Ha nepoparnbHWiA NPeaHi30NoH, Haaani 403y 3MEHLLYBanm
aX [0 CKacyBaHHS.

Tutp PO Bu3Ha4anu MeTogom narekc-armotuHavii (Humatex,
HimeuumnHa). PechepeHTHi 3HaueHHst ctanosumm <20 1U/ml. Tutp
AULIMy cuposaTLji KpoBi BU3HAYanM METOLOM iIMyHO(EPMEHTHO-
ro aHanisy (<iEMS» Lab System, ®iHnaHais) 3 BUKOPUCTAHHAM
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Habopy cipmu IBL-Hamburg (HimewumnHa). [iarHocTyHa Mexa
aHT-LLM cTaHoBuna 215 U/ml, makcumanbHe 3HaveHHs —
2345 U/ml.

PeHTreHonorivHi 3MiHM B cyrnobax kucTei i cTon 4o noyar-
Ky OOCTIDKEHHS Ta Yepe3 2 POKM COCTEPEXEHHS OLiHIOBanM
LLMISIXOM KirlbkiCHOro obpaxyHky (Bupaxanu B 6anax) 3a mogu-
(hikoeaHoto Wwkanot LWapna—saH gep Xege (SHS) [10]. Yepes
2 pOKW NiKyBaHHs BCTAHOBUMW AUHAMIKY PEHTTEHOMOriYHUX
faHnx y 163 xBopux. AK peHTreHONoriYHe NPorpecyBaHHs,
3rigHo 3 pekoMeHzaLlisMm KoMmiTeTy 3 npoBeAeHHs KMiHIYHUX
pocnimkeHs OMERACT 4, Bu3HaYanu peHTreHonoriyHi 3MiHu
LLIOHaMeHLe Ha 3,2, 2,9 Ta 3,4 6ana BignoBiaHO 3a EPO3NBHOKD
LUKArIOK 3BYXeEHb i 3aranbHOK PEHTTEHOMOMYHOHD LKAroH [5].
PeHTreHOnoriYHy pemicito B1U3Ha4anm, SKWo Yepes 2 poku He
BUSIBMSANN CTPYKTYPHUX 3MiH.

OuiHtoBaHHSI 3MiH Ha peHTreHorpamax Ha BUXigHOMY eTari
Ta Yepes 2 poku JOCTiMKEHHS 3AIMCHIOBANN TPOE nikapiB-peBs-
matonoris. [1o aHanisy 6panu cepeaHii NoKasHuK.

JocnimKkeHHs 3aiMCHUNM BiZNOBIAHO A0 ETUYHMX NPUHLMNIB
lenbCiHCbKOI Aeknapauii Ta pekoMeHZaUin LWOAO HanexHoi
KMiHIYHOT NpakTWKK; oro Byno cxsaneHo BignoBIgHUMM iHCTU-
TYUiIHAMU KOMICISIMM 3 Harnsay.

CTaTMCTUYHO AaHi OMpaLitoBank, BUKOPUCTABLLM CTATUCTAYHY
nporpamy SPSS 29.0. KinbKicHi nokasH1ky HaBeEHO Sk cepeaiHe
apUgMETUYHE Ta WOr0 CTaHLAPTHE KBafpaTUYHE BigXMMEeHHS
(M £ 0); KaTeropianbHi NOKa3HWKY — Ik YacToTu Ta BiACOTKM (N, %).
[ocToBipHICTb PO3BIKHOCTEN CepeaHiX BENMUYMH OLIiHIOBaNMN,
3aCTOCOBYHOUM HemapameTpuyHuiA kputepin ManHa-BitHi ons
KiNbKICHMX O3HaK Ta KpUTEPIN X2 30Kkpema 3 nonpaskoto EiTca,
L0151 YaCTOTHWX MOKA3HUKIB.

B3aemosB’'s30k Mix nporpecyBaHHAM PA Ta noTeHUinHUMM
npeayKTopamm BUBYanK 3a JOMOMOIOK MeToay GiHapHOi noric-
TUYHOI perpecii 3 po3paxyHKkoM cniBBigHoLWeEHHs pusukis (CP)
T1a 95 % posipyoro iHtepsany (95 % [l). 4ns BusBneHHs Hesa-
NEXHNX NPOrHOCTUYHNX MapKEPIB, LLO BNMBAKOTb HA PEHTTEHO-
noriyHe nporpecysaHHs PA, BUKopucTanu MeTod MOKPOKOBOTO
TOriCTUYHOTO perpeciHoro aHaniay 6aratohakTopHUX Mogenen.
Kpim TOro, aHarnisyeanu BnnuB BUXIOHWX XapakTepUCTUK naLli-
€HTIB Ha AMHAMiKy PEHTTEHOMOMYHMX 3MiH 3a Lkanow SHS 3
BUKOPUCTAHHAM OfiHO- Ta BaratodhakTopHOro MiHilHOro perpe-
cinHoro aHaniay. [lo aHaMHeCTU4HUX, KniHiKo-aeMorpadivHmx,
nabopaTopHyX Ta IHCTPYMEHTanbHIX PaKTOPIB PU3NKY BKITHO4aNM
cTaTb, BiK XBOpWX, TpuBanicTe PA, nonepeaHin Npuiom iHLwmnx
XM, akTvBHicTb xBopo6m 3a DAS28 (LU3E), BuxigHi peHTreHo-
noriyHi 3miHM 3a SHS, nosutueHicTb 3a PO ta ALLM, Tutpn PO
Ta AL, 300 cTany 3a BALLI, noyatkoy ao3y K. AHania sikocTi
perpecinHoi Mogeni, oLiHioBaHHS i YyTNMBOCTI Ta cnelmdivHoCTi
3nincHunm wnsixom Receiver Operator Characteristic (ROC) aHa-
nisy 3 Bu3HadeHHam nnoLyi nig ROC-kpuBoto. PisHuL0 BBaXanu
BiporigHoto npm p < 0,05.

Pe3yabTati

3-nomix 163 3any4eHnx Ao AOCMImKEHHS XBOPUX NepeBa-
Xanu xiHkn — 141 (86,5 %). Bik nauieHTiB cTaHoBMB Bif 18 0
70 pokiB (y cepegHbomy 50,1 £ 12,0 poky), TpuBanicTb XBo-
pobu — 37,5 £ 56,3 micsus (8ig 1 oo 360 micsuis). PanHin PA

(22 pokm) BusHaumnmn B 60,7 % Bunaakis (99 xeopux); 53,3 % ocid
cepono3uTueHi 3a PO, 54,0 % — 3a ALLIM. Maitxe y nonosuHu
XBOPWX 3apeECTPOBaHO no3acyrnobosi nposisu PA, nepeBaxHoO
PeBMaTOIgHi By3nukv Ta niMcbageHonarii.

Y Bcix xBopux A0 noyatky HebionoriyHoi XMT ouiHtoBanu
nokasHuKK cyrnobosoro cratycy, pieni LU3E, CPB, PO, ALlLIM ta
peHTreHonoriyHi 3MiHM B cyrnobax kucted i cton. Y 158 xBopux
Ha BUXiZHOMY eTani BU3HauUnu Taki 3MiH1 3a SHS-Lwkanoto: Ha-
SIBHICTb €po3ili —y 72 (44,2 %), 3ByXeHHS CyrnoboBuMX LLinNuH —y
157 (96,3 %) naujeHTiB. Y pewwTi 5 XBopuXx BisyanbHKX 3MiH Ha
peHTreHorpamax cyrnobiB KUCTEN i CTON He BUSBUTIW.

Y mabnuyj 1 HaBefeHa 3aranbHa xapakTepuCTKa 3ay4eHnx
[0 NOCTIDKEHHS XBOPYX.

[NpoaHanizyBanum nporpecyBaHHst PA 3a okpeMumu cknago-
BUMU LLkanu SHS, 0CKiNbK1 epo3uBHa LLIKana Onmcye ypaxeHHst
rnepeaycim KICTKOBOI TKaHWHW, a LLKana 3BY)eHb — XpALLOoBOi. Ha
noyatky focnigpxeHHs y 44,2 % nawjieHTiB BUSHAUMMM CTPYKTYPHI
€pO3VBHi CyrnoboBi 3MiHW, Yepes 2 POKM IXHS KiNbKiCTb 3pocna
[0 62,6 % (npumpict — 18,4 %, p < 0,01), a y xBopux, ki Manu
3BY)KEHHSI CYrfODOBWX LLNIMH Ha BUXIGHOMY eTani, Lie NOKa3HIK
30inbLLUMBCA MeHL icToTHO — Ha 3,1 % (3 96,3 % [0 99,4 %,
p < 0,05) (mabn. 2). Ak npuknag HaBeaeMo AMHaMIKy peHTre-
HOMOTiYHMX 3MiH y cyrnobax cTon NpoTsarom 2 pokiB y xsopoi [.
BiKOM 64 pOKW, y KOTPOI BU3HAYMIM NMPOrPECYBaHHS KICTKOBUX
€p03iit Ha TNi NiKyBaHHS TPaAULIMHAMU CUHTETUYHUMM 3acobamm
XMT (puc. 1A, B).

PeHTreHonoriyHe NporpecyBaHHs 3a KpUTepisiMu MiHiMarb-
HOI KniHiYHO 3Hauywoi pisHuui OMERACT 4 BusHaueHo y 104
(63,8 %) xBopux: y 97 (59,5 %) naLlieHTiB — 3a CyMapHOIO LLIKanow
SHS; y 53 (32,5 %) — 3a wkanoto epoait; y 99 (60,7 %) obeTe-
KEHWX — 32 LUKAsOH 3BYX€eHb CYrnoboBUX LLMMH.

[nHamika cepeaHix 3HaveHb 3aranbHoi Wkamm SHS Ta ii
CKMafoBuX, 30KpEMa epO3UBHOI Ta LKA 3BY>KeHb, CTAHOBUNA
11,50 + 14,20 Gana (p < 0,001), 3,29 + 5,86 6ana (p < 0,01) Ta
8,30 £ 15,9 6ana (p < 0,001) signosigHo. YMOBHO (Ans nopis-
HSIHHS 3 pe3yrbTaTamu iHLWKX JOCHIMKEHb) MOXHA BBaXaTw, L0
KINbKICHWIA NPUPICT PEHTIEHOMOTYHUX 3MiH 3@ 3aranbHOLO LLIKanow
SHS 3a oguH pik y cepegHbomy cTaHoBKB 5,75 Bana.

PeHTreHonorivHy pemicito Bu3Hauunny 41 (25,2 %) xsoporo.
CTpyKTypHi cyrno6oBi 3miHW BusBUIK | B peluTn 18 nauieHTis,
NpOTE BOHW HE JOCAMIN KpUTEPIiB MiHIMaNbHOT KMIHIYHO 3HaYYLLOI
pisHuLi OMERACT 4.

[1ns BUB4EHHS NPOTHOCTUYHIX (PAKTOPIB PEHTTEHONONYHOM
nporpecyBaHHs PA BUKopuUcTani i MeTog NiHIHOTO perpecinHoro
aHaniay (K 3anexHy 3miHHy obpaHo AuHaMmiky KinbkocTi 6anis
3a cymapHoto wkanow SHS), i noricTnyHy perpecito (3anexHa
3MiHHa — € YW HEMAE PEHTIEHONOMYHOTO MPOrPeCcyBaHHS).

3rigHo 3 pesynbTaTamm NiHiiHOro PErpeCiinHOro aHaniay, YnH-
HUKaMW, LLIO aCOLit0BaNMCA 3 BIPOTiZHM PU3VKOM MPOrpecyBaHHs!
cyrno6osoi aectpykuii npn PA, Bussunuce tutpu ALLM (CP
0,06, 1 0,05-0,09, p < 0,001) Ta P® (CP 0,01, il 0,002-0,020,
p < 0,01). BctaHOBMNM TEHAEHLiKO [0 3HAYYLIOTO BAMBY Ha
PEHTreHonoriYHe nporpecyBaHHs PA Takux YMHHUKIB, SIK JABHICTb
3axsoptoBaHHs (CP 0,03, I -0,07-0,002, p = 0,06) Ta 3001 3a
BAL (CP 0,15, Al -0,02-0,33, p = 0,08).

3a pesynbratamu noricTuyHoro 6aratogakTopHoro pe-
[PECINHOTO aHanisy, BaroMMM1 YUHHUKAMU PEHTTEHOMOMYHOrO
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Tabauus 1. AemorpadiuHa Ta KAiHiYHa XapaKTepucTka XBOpuX Ha PA, 3any4eHNX A0 AOCAIAKEHHS

Moka3HuK, oAMHMULI BUMipHOBaHHS

3HavueHHa, M+ o

[Hiana3oH konvuBaHb
nokasHMKa (x max — X min)

Bik, poku 50,1+ 12,0 18-70
KiHoua ctatb, n (%) 141 (86,5) -
TpuBanictb xBopobu, Mic. 37,5+£56,3 1-360
KinbkicTb 6onounx cyrnobis 15,80 £7,36 2-28
Kinbkictb Habpsiknux cyrnobis 9,35+ 6,25 0-28
306 3a BALL, Mm 58,1+ 14,5 5-100
300 3a BALL, Mm 57,7+124 5-95
30N 3a BALL, Mm 56,7+ 12,7 10-100
LI3E, mm/rop, 30,6 15,7 4-67
He npuiimanu paiwe XMT, n (%) 115 (70,5) -
P®-nosutueHi, n (%) 87 (53,3) -
AULM-no3nTveHi, n (%) 88 (54,0) -
Tutp PO, IU/ml 74,7+£102,5 -
Tutp ALLIM, U/ml 115,8 £ 127,5 0-371
DAS28 (LU3E) 6,04 + 1,08 3-8
HasiBHicTb nosacyrnobosux nposisis, n (%) 94 (57,6) -
HasBHicTb cynyTHbOI natonorii, n (%) 94 (57,6) -
HasBHicTb 3MmiH 3a wkanot SHS, n (%) 157 (96,3) -
EposueHa wwkana, 6anu 3,87 £8,21 0-66
LLikana 3ByeHb, 6anm 274 +18,7 0-104
3aranbHa Lwkana SHS, banu 31,3£23,6 0-124
MT, n (%) 52(31,9) -
NE®, n (%) 25(15,3) -
CC,n (%) 23 (14,1) -
KBT, n (%) 63 (38,6) -
Monotepanis, n (%) 100 (61,4) -
MoyatkoBa fo3a 'K, mr 10,1+ 9,57 0-54
TabAuusa 2. 3ViiHW PEHTTEHOAOTTUHOI LiKaAW SHS uepes 2 poku AikyBaHHS
lMoka3HuK, oAMHWLI BUMIpIOBaHHSA BuxiaHui Yepes 2 poku | [iuHamika | x> p
eTan niKyBaHHA
HasBHicTb eposiit, n (%) 72(442%) 102 (62,6 %) |18,1% 1,1 [<0,01
HasiBHICTb 3BY>eHHS CyrnoboBmX LWinuH, n 157 (96,3 %) |162(99,4 %) |3,1% 525 |<0,05
PeHTreHonoriyHe nporpecyBaHHs 3a epO3VBHOI0 LLKaso, N (%) - 53(325%) |- - -
PeHTreHonoriyHe NporpecyBaHHst 3a UKo 3BYXeHb CyrnoboBux WinuH, n (%) |- 99 (60,7 %) |- - -
PeHTreHonoriyHe nporpecyBaHHs 3a 3aranbHoto Lwkanot SHS, n (%) - 97 (595 %) |- - -
EposusHa wkana, 6anu (M £ o) 3,87+8,21 717+10,30 |[3,29+5,86 |- <0,01
LLikana 3By:eHb cyrno6oBux wWinuH, 6anu (M + o) 274 +£18,7 35,7+19,9 8,30+159 |- <0,001
3aranbHa wkana SHS, 6anu (M £ o) 31,3+23,6 428+26,3 115+142 |- <0,001
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Puc. 1. PeHTreHOoAOriuHi 3MiHK1 y cyrao6ax cTon NpoTaroM 2 pokiB y XBopoi A. BikoM 64 poku Ha TAi AikyBaHHS TPAAWLLIMHUMU CUHTETUY-
HUMK 3acobamu XMT. A: po nouatky XMT; B: uepes 2 poku XMT. CTpiAkaMu NO3HAYEHO AOKaAi3aLLito KiCTKOBMX epo3ili, LU0 NporpecyBanm
MPOTArOM CMOCTEPEXEHHS; AOAATKOBO 3'IBMBCA MIABUBUX Y N'ATOMY NAECHEdAAGHTOBOMY CYrA0Di.
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Puc. 2. ROC-kprBa 3aAeXHOCTI PEHTFEHOAOTIYHOTO NporpecyBaHHsA PA Bia BUxiaHOro TMTpy ALLLIM.
Puc. 3. ROC-kprBa 3aAeXHOCTi PEHTFEHOAOTYHOIO NporpecyBaHHsA PA Bia BUXiaHOTO TUTPY PO.

Puc. 4. ROC-KpuBi 3aAEXHOCTI PEHTFEHOAOTIYHOTO NporpecyBaHHA PA BiA NOTEHLIMHUX MPOFHOCTUYHUX YMHHMKIB.
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Puc. 5. AAKiCTb NPOrHOCTUYHOI MOAEAI BUSIBAEHWX NOTEHLAHWX GAKTOPIB PEHTTEHOAOMYHOMO NporpecyBaHHs PA.

nporpecyBaHHs PA Takox 6ynm nuwe tutpu ALLIM (CP 1,01,
Al 1,000-1,017, p = 0,004) Ta P® (CP 1,01, Al 1,000-1,004,
p =0,04).

Y pesynerati ROC-aHanidy BCTaHOBUNK, LLO NOMCTUYHA pe-
rpeciiHa Moaenb, Bpaxosyloun TuTp ALILIM, xapakTepusysanacs
HaWKpaLLolo npeaukTopHoto skicTio (mnowa nig ROC-kpusoto
-0,84 (0,74-0,94), uytnmeictb — 91 %, cneumdivHicTb — 82 %).
3HauywwicTb TUTpY PO 3HauHo Hwkya (nnowwa nig ROC-kpusoto
- 0,57 (0,49-0,66), uytnusictb — 58 %, cneumdivHicTs — 60 %)
(puc. 2, 3).

3a pesyneratamu GaratodaktopHoro ROC-aHaniay, kpim
tutpy AULTM (nnowa nig ROC-kpueoto — 0,85 (0,74-0,94),
p < 0,001), BaroMMMK NpeayKTOpaMu BUSIBUNIUCS TaKOX TUTP
P (nnowa nig ROC-kpusoto — 0,64 (0,50-0,77), p < 0,04) Ta
300 3a BALW (nnowa nig ROC-kpuBoto — 0,63 (0,49-0,75),
p < 0,05) (puc. 4).

lMporHocTMYHa Mofenb MOTEHUIMHUX YMHHWKIB PEHTrEHO-
noriyHoro nporpecysaHHst PA Bignosigana kputepisim skicHoT
mogeni (puc. 5).

06roBopeHHA

3rigHO 3 OTPUMaHUMK pesynisTatami, y BinbLue HiX NONOBUHM
xBopwx (63,8 %) NpOTArom 2 pokis Ha TAi NikyBaHHS TPaaULIiiHK-
MU CUHTETNYHIMM 3acobamn XMT cnocTepirani peHTreHomnorivyHe
nporpecyBaHHs PA. Y pocnimxenni T. Parikh et al. [2] Hosi ge-
CTPYKTVBHI 3MiHI Ha (hOHi TpaamLiiiHOT XBopobomoamdikyBarbHoi
Tepanii BusBneHo y 32,5 % nauieHTis. 3a pesynsratamu Knacud-
Horo pocnimkeHHs ERAN (Early Rheumatoid Arthritis Network)
[11], BipcoTok 0ci6 3i LOpIYHMM NPUPOCTOM NoHaA 5 GaniB 3a
wkanoto SHS craHoBuB 27 %. MoSICHEHHAM BiAMIHHOCTEN Mix
pesyrnbTatamu JOCTigpKeHb MOXyTb OyTu pisHi KpuTepii 3anyyeH-
HS, 30Kpema pisHa YacTka oci6 3 paHHim PA. Tak, y HaLwi poboTi
60,7 % XBOpMX Manu TPUBanIiCTb 3aXBOPIOBAHHS MEHLLE HiX 2
POKY, @ B Ha3BaHUX AOCHIZKEHHSIX KiSTbKICTb XBOPYX i3 paHHiM PA
pocsrana 100,0 % [2,11]. Ha BuxigHomy eTani 44,2 % XBOpuX, SiKi
3anyyeHi 0 LbOro JOCImKeHHs, Manu epo3uBHI AECTPYKTUBHI
3MiHK, L0 3yMOBEHO 3HAYHOK YACTKOK MaLieHTIB (TpeTuHa) 3
nisHim PA. Lleit nokasHuk 3pic Ha 18,4 % yepes 2 pokm nikyBaHHS.
MpupicT 3a LLUKaro 3BYXeHb MeHLL BUpaxeHuii (3,1 %), npoTe
[OCTOBIPHMM.

[1nsi KinbKiCHOTO OLiHKOBAHHS PEHTTEHOMOMYHOrO MPOrpecy-
BaHHs PA B GinbLLIOCTi KMiHIYHUX LOCTIDKEHb OLHIOTH LLOPIYHIIA
npupicT cyrnoboBux 3MiH (ATSS) 3a 3aranbHoM0 LKkanow SHS.
3rigHo 3 oTpuMaHuMu pesynstatamu, ATSS CTaHOBMB anpokcu-
MoBaHo 5,75 6ana 3a pik. Lie He cynepeunTb pesynbsratam iHLWwnx
JI0CNimKeHb, e Lier NoKasHWK CTaHOBMB Bif 2,5 40 6,9 oauHuLb
[2,11], | 3anexwTb Bif KPUTEPIIB 3aMy4eHHS i TEPMIHIB BUKOHAHHS
MOBTOPHOI peHTreHorpadii (Yepes 6 micauis, 1 41 2 poku).

BwxigHi 3MiHM Ha peHTreHorpamax, 3rigHo 3 AaH1MM OKPEMUX
nybnikaLii, € BU3Ha4arnbHYMM LLOAO NOAAMNbLIOIO NPOrpecyBaHHS
PA [2,12]. OgHak nig Yac HaLoro AOCTIMKEHHS TaKoro BBy
He BWSIBIMEHO, LU0, MOBIPHO, MOB'A3aHO 3 PI3HOK TPUBASICTHO
XBOPOOM y 3any4yeHnxX A0 JOCHImKEHHS NaLieHTIB.

Klooster T. P. et al. [5], BUBUMBLLM 3B’A30K MiX aKTUBHICTIO
3aXBOPHOBAHHS Ta LIBMAKICTIO PEHTIEHOMONYHOO NPOrpecyBaH-
HS, QiALNM BACHOBKY, LWO BUXiaHe 3HaveHHs DAS28 (LU3E) He
KOpernioe 3 BUSIBMIEHUMM 3MiHAMW Ha PEHTTeHorpamax KucTen i
cron yepes 1 1a 2 pokw nikyBaHHs. Lli gawi 3birarotbes 3 pesynb-
TaTamMy HaLWOro AOCMIMKEHHST: 1 iHTerpasbHa LuKana akTMBHOCTI
PA DAS28 (LLI3E), i okpeMi ii KOMMNOHEHTH (KinbkiCTb 6omntoymx,
Habpsknmx cyrnobie, piseHb LUBE) He BnnuBanu Ha gnHamiky
CTPYKTYPHUX 3MiH.

3rigHo 3 pesynsratamy perpecinHoro aHaniay, 0 He3anexH1X
YWHHWKIB PEHTTEHONOMYHOrO NporpecyBaHHs PA Hanexanu TuTpm
AULM i P®. Li paHi sicTaBHi 3 pesynsTratamut iHLUUX SOCHIMKEHb.
Hanpuknag, y npaui D. Abdelhafiz et al. [8] Bucokui Tutp ALILIM
pasoM i3 BUXiGHUMM PEHTTEHONOTYHUMI 3MiHamMK Ta piBHem CPB
acoLitoBaBCs 3i LWBMALLMM PEHTTEHOMOTYHUM NPOrPECyBaHHAM
PA. BnacHe dhakt ceponosutusHocTi 3a ALLIM, 3a Hawwumu
CMOCTEPEXEHHAMW, HE Hanexas [0 MPOTrHOCTUYHO 3HAYYLLMX
YMHHUKIB NOAANbLUMX PEHTTEHOMOMYHMX 3MiH, ane, 3rigHo 3
paHiwe onybnikoBaHNMU AaHWMK, BMIIMBAB HA AOCATHEHHS
XBOPVMM KITIHIYHOT peMiCii Ta AnHaMiKy akTuBHOCTi xBopotu [13].
LLlopo P, To NO3UTMBHICTL 3a LM CEPOIIONIYHUM MapKepoM €
MeHLU Baromoro nopisHsaHO 3 ALILIM, ane cnpuunHsina gocto-
BIPHO LUBMALLMIA PO3BUTOK LECTPYKTUBHUX 3MiH Yy cyrnobax.
3ayBaxmMo, LLO, HE3BaXAKUM Ha CTATUCTUYHO NEPEKOHMMBILLYY
3Hauvywicte TMTpy AULIM sk npeamkTopa peHTreHonorivyHoro
nporpecyBaHHs PA, iHLLi Baromi AeTepmiHaHTL, Sik-0T TUTp PO Ta
300 3a BALL, 36epiratoTb CBOE KITiHIYHE 3HAYEHHS, OCKIMbKY HE
BinbLue Hix 2/3 xsopux Ha PA € no3uTvBHUMK xo4a 6 3a 0gHUM
i3 CEPONOriYHNX MapKepiB.
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BucHoBKH

1.'Y nonag nonosuHu xBopux Ha PA (63,8 %) Ha Tni niky-
BaHHs TpaauLiiHMN CUHTETUYHUMYM 3acobamn XMT npoTsrom
2 pokiB cnocTepirany peHTreHoNoriyHe NporpecyBaHHs 3axBo-
PtoBaHHS. JIMLLE KOXEH YETBEPTUI XBOPUI JOCST PEHTIEHOrO-
riYHOI pemicii.

2. MporpecyBaHHsa cyrnoboBoi AecTpykLii y XBOpuX Ha
PEBMATOIAHWI apTPUT acoLitOeTbCS 3 TaKUMU HEe3anexHUMM
npegukTopamu, sk Buwi tutpn ALLIM, P® i Buwwi nokasHuku
3aranbHOro OLiHIOBAHHS NALLIEHTOM CBOrO CTaHy 3a BidyaribHO
aHasoroBO LLKAmNo Ha BUXigHOMY eTani.

MepcneKTMBM NOAAALLLMX AOCAIAKEHB NOMAraloTh Y BUBYEHHI
NPEAVKTOPIB LUBUAKOCTI PEHTFEHOMNONYHOM0 MPOrpecyBaHHs
pasi 3aCTOCYBaHHS OKPEMUX TPAANLINHUX CUHTETUYHMX, Biono-
rYHUX | TapreTHUX XBopobomoamdikyBansHUX npenaparis Ang ix
AMEPEHLIOBaHOIO NPU3HAYEHHS 3aEXHO Bif BUXIOHWX Xapak-
TEPUCTUK KOHKPETHOrO XBOPOrO Ha peBMaToigHuii apTput. Kpim
TOrO, MPaKTUYHO 3HAYYLLMMU MOXYTb ByTU LOCMIMKEHHS WOAO
VIMOBIPHOCTi MOHOBMEHHS! PEHTFEHONONYHOTO NPOrPECYBaHHS Y
XBOPMX, SIKi LOCAINN PEHTIEHOMOTYHOT PEMICIT, MiCs CKacyBaHHS
xBopobomoamndikyBanbHOro 3acoby.
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BuKopHucTaHHA iHTpaonepawuiuHUX AlOMiHECLLEHTHUX METOAIB
BUABAEHHSA YPa)KeHUX AiM¢paTUUHKUX BY3AIB Y NaLi€HTIB
3 YCKAaAHEHUMK popmamu paky 000A0BOI KULLIKK
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ponomoru» 3MP, M. 3anopixxs, YkpaiHa
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3anuwaeTbes anckyTabenbHUM MUTaHHS Wopo obcsary nimdaTnyHoi Aucekuii y nauieHTiB 3 ycknagHeHumm
hopmammn paky TOBCTOTO KULLKIBHWKA Ta MOXIMBOCTI BUKOPUCTaHHS METOLIB iHTpaonepaLiiHoi Bidyanisavii
ypaxeHux nimcosy3nis.

Merta po6otu - NpoaHaniayBati pe3ynstaTi BUKOPUCTAHHS IHTpPaonepaLiiiHoro NOMIHECLEHTHOTO METOAY
BUSBMNEHHS YPaXEHNX NiMGaTUYHNX BY3NIB Y MALEHTIB 3 YCKNagHEHNMN popmMamu 3MosikiCHUX 3aXBOPHOBaHb
TOBCTOrO KWLLIKIBHUKA.

Marepiaau i metoau. [lo rpynu gocnimkenHs anydeHo 109 (100 %) nauieHTiB 3 ycknagHeHUmmu hopmamu paky
000740BOI KMLLKK. Y CTPYKTYpi 3a CTaTTIO NepeBaxani xiHkn — 57 (52,29 %), yonosikis 6yno 52 (47,71 %). Ce-
peqHil Bik xBopux CTaHOBUB 69,78 + 16,37 poky. KoHTpacTyBaHHs perioHanbH1X niMgaTuyHNX By3niB 34iCHUNK,
BukopucTaBLum 10 % po3unH dryopecueiy HaTpito.

Pesyabtatn. 3a pesynsratamu ¢hyopecLeHTHOTO AOCTimXeHHS, y 67 (61,47 %) xBopux BisyanizoBaHo nimMda-
TUYHI By3nu B perioHarnbHil 30Hi niMcdatuyHoro BigToky: y 39 (58,21 %) Bunagkax BidyanizoBaHi niMgaTuyHi
BY3MW 3HaX0AUNNCA B 30Hi eni- Ta napakoniyHux Byanis (nimgoaucekuis D1), y 23 (34,33 %) nauieHTiB — B 30Hi
Me30KoniYHKX nimdpoy3nis (Nimdogucekuis D2), y 5 (7,46 %) — B 30Hi anikanbHUX NiMdoBy3niB (3 piBeHb NiM-
cogiaToky). 3aranom y 109 nauieHTiB BUsiBNEHo 268 nimchaTyHuX By3niB, y cepeaHbomy — 2,46 nimcosy3na Ha
ofHoro naujeHta. Lli Byanu npomapkoBaHi Ta HanpaeneHi Ha ricTonoriyHe LOCHiIKEHHS OKPEMO Bifl OCHOBHOIO
npenapary. 3aranom 3aincHUIM naToricTonoriyHe aocnimxkeHHs 1436 nimchaTyHMX By3niB i3 perioHanbHOi 30HN
NiMchOBIATOKY Bifi OHKOMPOLIECY TOBCTOTO KULLKIBHUKA, Y cepeaHbomy — 13,17 niMchoByana Ha OAHOTO XBOPOTO.

BucHoBku. BukopuctanHs 10 % posduHy drnyopecueiHy HaTpito Sk npenapaty Ans oTonoMIHECLEHTHOTo
[OCTifKeHHs [ano aMory BiyanisyBatuy 67 (61,47 %) xsopux nimdaTiyHi By3nu B perioHanbHii 45 nyXnuHn
30Hi NiMaTUYHOrO BiATOKY. 3acTOCyBaHHS (HOTOMOMIHECLIEHLLT 4aN0 3MOry BU3HAYMTW ONTUManbHUA obcsar
nimdatnyHoi ancekuii 6e3 HeobrpyHTOBAHOrO MOT0 POSLLMPEHHS Mif Yac OnepaTuBHUX BTPYYaHb i3 npueomy
ycknagHeHux hopm paky 06040Boi KuLLKK. YyTAnBICTb i cneumdivHiCTb POTOMOMIHECLIEHTHOrO MEeTOLY BUSIB-
NEHHS ypaxeHnx NimcatnyHmx By3nis 3a gonomoroto 10 % po3yuHy nyopecLeiHy HaTpito Manu 4OCUTb BUCOKI
piBHi, cTaHoBunM 72,41 % i 93,28 % BignosigHo.

CyuacHi mepuuHi TexHoAorii. 2024. T. 16, Ne 4(63). C. 267-272

Use of intraoperative luminescent methods for detecting affected lymph nodes
in patients with complicated forms of colon cancer

M. A. Kubrak, S. M. Zavhorodnii, M. B. Danyliuk, A. I. Rylov

The issue of the volume of lymphatic dissection in patients with complicated forms of colon cancer and the
possibility of using methods of intraoperative visualisation of the affected lymph nodes remains controversial.

The aim of the study — to analyse the results of using the intraoperative luminescent method of detecting affected
lymph nodes in patients with complicated forms of malignant diseases of the large intestine.

Materials and methods. The study group included 109 patients with complicated forms of colon cancer. In the gender
structure, female patients predominated — 57 (52.29 %), there were 52 (47.71 %) men. The average age of the patients
was 69.78 £ 16.37 years. Contrasting of regional lymph nodes was carried out using a 10 % sodium fluorescein solution.

Results. According to the results of the fluorescence examination, in 67 (61.47 %) patients, lymph nodes were
visualized in the regional lymphatic outflow: in 39 (58.21 %) cases, the visualized lymph nodes were located
in the area of epi- and paracolic nodes (lymphodissection D1), in 23 (34.33 %) of patients — in the zone of
mesocolic lymph nodes (lymphodissection D2) and in 5 (7.46 %) — in the zone of apical lymph nodes (3" level
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of lymph drainage). A total of 268 lymph nodes were detected in 109 patients, which was an average of 2.46
lymph nodes per 1 patient. These nodes were marked and sent for histological examination separately from
the main preparation. In total, a pathohistological examination of 1436 lymph nodes from the regional zone of
lymph drainage from colon cancer was carried out, which was an average of 13.17 lymph nodes per 1 patient.

Conclusions. The use of a 10 % solution of sodium fluorescein as a preparation for photoluminescence examination
made it possible to visualize lymph nodes in the regional lymphatic outflow zone for the tumor in 67 (61.47 %)
patients. The use of photoluminescence made it possible to determine the optimal volumes of lymphatic dissection
without unjustified expansion in the case of surgical interventions for complicated forms of colon cancer. The
levels of sensitivity and specificity of the photoluminescent method of detecting affected lymph nodes using a
10 % solution of sodium fluorescein had quite high results and amounted to 72.41 % and 93.28 %, respectively.

Modern medical technology. 2024,16(4):267-272

3nosikicHa natonoris 06040BOI KWLLKM NMociaae 4 MicLe y XiHOK
Ta 3 MicLie B YOMOBIKIB Y CTPYKTYpPi OHKO3aXBOPIOBaHb YkpaiHu
Ta caiTy 3aranom [1]. Moxag 50,0 % Takux navieHTis onepyroTb
B YMOBAX 3ararbHOXipypriYHuX CcTaLlioHapiB, OCKINbKY B HAX BU-
HWKaKOTb YCKMaAHEHHs OHKOMATONOrii TOBCTOMO KWLLKIBHMKA [2].

FKLLO B MaLjieHTa AjarHOCTYHOTb YCKITaAHEHHS, XipypriHi BTPY-
YaHHs NepeayciMm MatoTb Ha METi 30epPEXKEHHS XUTTS XBOPOTO i He
nepenbaqatoTb XOAHUX NPUHLMMIB OHKOPaAWKanbHOCTI: TOBCTY
KULLKY 3 NYXMMHOK 4acTo BUZANSOTb Y MiHiManbHoMy 06cssi
abo B3arani He BUOANsOTh, HE BUKOHYHOTb NiMATN4HY AMCEKLO
[0CTaTHLOro 06CAry, He YCyBatoThb COMiTapHi MeTacTasw nig Yac
BuaaneHHs Towo [3]. Ak Hacnigok y 23,0-30,0 % naujeHTiB He-
MPaBWIIbHO OLIHIOKTL CTaAINHICTb OHKOMPOLIECY, i Lie HeraTMBHO
BNMWBAE Ha Pe3yNbTaTUBHICTb NiKyBaHHS XBOPMX, iXHili NPOrHO3
i NOKA3HUKW BUXMBAHOCTI [4].

Came obcar nimchaTyHOI AMCEKLT CyTTEBO BNNMBAE Ha CTa-
[LitoBaHHS OHKOMPOLIECY — Bif KiNbKOCTi ypaeHUX niMaTiHmX
BY3niB 3anexuTb nokasHuk pN. Liei nokasHuk npsiMo acoLiiosa-
HWW i3 3aranbHOHO KiNbKICTIO BUAANEHNX MiMcaTuyHnX By3nis nig
yac onepaTMBHOIO BTpyYaHHs [5,6]. 3a aaHnmu 6araTbox aBToOpIB,
nif, Yac ypreHTHOI onepadii BUAansioTb HEAOCTATHIO KiNbKIiCTb
nimdoByanis (MeHwe Hix 12). Lle He Aae 3mory NpaBubHO
OUjHMTY nokasHuk pN [7]. BTim, 3rigHO 3 BUCHOBKaMW OKpPEMMX
JOCTigHuKiB, 30inbLUeHHs obcsiry nimdaTyHoT gucekuii nig Yac
YPreHTHIX onepalii Npu3BoaANTb 0 NiABULLIEHHS PIBHIB Nepione-
paLifiHVX yCKnaaHeHb | paHHbOI NicnsionepaLiiHoi NeTanbHOCTI,
LLO € HeraTMBHUMM NOKA3HMKaMU NiKyBaHHS LINX XBOPWX.

Omxe, guckyTabernbHUM 3anuLaeTbes NUTaHHS LWopo obesry
nimaTnYHOT AncekLii y nauieHTiB 3 ycknagHeHMN dopMamm
paKy TOBCTOTO KULLIKIBHVKa Ta MOXIMBOCTI BUKOPUCTaHHSA METOZB
iHTpaonepaLliHoI BisyaniaLlii ypaxeHux nimcoBy3nis, LU0 Janu
6 3mory onTumisyBatn piBHi nimgogucekLii 63 nigBuLLEHHS
PU3WKIB YCKMaAHEHb Ta NETanbHOCTI ANS LMX XBOPUX.

Merta po6oTtu

[NpoaHaniayBaTu pe3ynsraTit BUKOPUCTaHHS iHTpaonepaLlin-
HOTO NIOMIHECLIEHTHOrO METOAY BUSIBIIEHHS ypaskeHuX nimdbaTiny-
HWX BY3MiB Y NaLiEHTIB 3 yCKNagHeHUMU hopmMamit 3nosiKicHUX
3aXBOPOBaHb TOBCTOMO KULLIKIBHUMKA.

Marepianun i meToAU AOCAIAKEHHA

lMpoCneKTUBHE KOTOPTHE AOCHIMmKEHHS 3OiNCHUNMM Ha 6asi
XipypriuHux BinaineHb KHIM «Micbka nikapHs ekCTpeHol Ta Wwamna-

koi MeguyHoi gonomorny 3MP (M. 3anopixoks) Ta KHIM «Micbka
nikapHa Ne 7» 3MP (m. 3anopixoksi) y nepiog 3 2020 go 2023
poky. [lo rpynu gocnigkenHs 3anyyeHo 109 (100 %) nauieHTis 3
ycKnagHeHMm hopmamu paky 0600BOI KKK, B cTpyKTypi 3a
CTaTTIO NepeBaxanu xiHkn — 57 (52,29 %), yonosikis Byno 52
(47,71 %). CepeqHin Bik xBopux cTaHoBMB 69,78 + 16,37 poky.

Y nepegonepaLiiHoMy nepiogi BCiX XBOPUX 0BCTEXMNH
BIZMNOBIAHO A0 YMHHMX MPOTOKOMIB AiarHOCTUKW Ta MiKyBaHHS
ycKnagHeHnx ¢opm paky TOBCTOrO KuLKiBHMKa. Y Bcix 109
(100 %) obCTexeHNX NiTBEPMKEHO 3MOSKICHWI MPOLIEC TOBCTOIO
KWLLKIBHWKa, 3a pe3ynsTatamu nicnsionepawiiHoro ricTonorivyHoro
[OCTIMKEHHs!. TaLieHTm i3 rpynu JOCHIMKEHHS MPOONEepOBaHi
TEPMIHOBO (HEBiAKIagHO UM YpPreHTHO) abo y BiACTPOUYEHOMY
nepiogi — nicns ctabinisavii BiTanbHUX dyHKLiN.

CTpyKTypa OHKONATONOrii: MyXN1Ha CRINOi KULLKY BUSIBNEHA
y 13 (11,93 %) nauieHTis, BuCXigHOT 060LOBOI KMLWkK — Yy 12
(11,01 %), neviHkoBoro kyta —y 8 (7,34 %), nonepeyHoi 060-
poBoi kuwku —y 4 (3,67 %), cenesiHkosoro kyta —y 2 (1,83 %),
Hu3xigHoi 06oaoBoi kuwwku —y 12 (11,01 %), curmonogibHoi — y
43 (39,45 %), pekTocMrMoiiHOro BiaAiny TOBCTOI Kuwku —y 13
(11,93 %) npoonepoBaHwX.

LLlogo ycknagHeHb OHKOMPOLIECY TOBCTOTO KWLLKIBHIKA, TO Y
74 (67,89 %) xBOPWX HiarHOCTOBAHO MYXIMHY TOBCTOTO KMLLKIB-
HUKa 3 FOCTPOIO KULLKOBOK HenpoxigHicTio, y 21 (19,27 %) — i3
nepcpopadiiero NyxmuHm, y 6 (5,50 %) navieHTis BUSBNEHO rocTpy
KWLLKOBY KpoBOTEMY, ¥ 3 (2,75 %) — NOeAHAHHS rOCTPOT KULLKOBOI
HenpoXigHOCTI 3 nepdpopaLlieto nyxnuHu, we'y 5 (4,59 %) ocib — i3
KWLLIKOBOHK) KPOBOTEYEHO.

Y cTpyKTYpi XipypriyHux onepavin npesarnoBany pagukarsHi
onepartuBHi BTpyYaHHs — 79 (72,48 %) sunapkis. Y 29 (36,71 %)
navjieHTiB BUKOHaHa npaBobiuHa remikonexkTomis (y 3 (10,35 %) i3
HWX — i3 NAHTICTEPEKTOMIEIO Y 3B’A3KY 3 MPOPOCTAHHSAM NYXINHK),
40 (50,63 %) — pesekList NiBMX BiAAiNIB TOBCTOrO KULLKIBHMKA 3
nyxnuHoto (y 4 (10,00 %) i3 HUX — 3 naHricTepekToMmieto, i y 1
(2,50 %) — 3i cnnexekToMmieto), y 10 (12,66 %) rocnitanisoBaHux
— niBobiyHa reMikonekToMmis!.

Y 22 (20,18 %) rocniTaniaoBaHux BUKOHaHI NaniaTuBHi LnTo-
penyKkTviBHi onepaLii: y 6 (27,27 %) —npaBobivHa remikornekTomis,
y 12 (54,55 %) — pesekuis niBux BiAAiNiB TOBCTOI KALIKK, Y 4
(18,18 %) ocib — niBobivHa remikonekToMisi.

Y 8 (7,34 %) xBOpUX BUKOHAM CUMATOMATUYHI onepaii: 5
(62,50 %) Bunagkis — Lekoctomis, 3 (37,50 %) — HaknagaHHs
00XiAHMX TOHKO-TOBCTOKMLLIKOBIX aHaCTOMO3iB.

Y BCiX XBOPUX, SIKUM 3LiACHWNK paguKarnbHe Ta naniaTueHe
LMTOPELYKTUBHE BTPYYaHHS, BUKOHAMM NiMaTUYHy AWCEKLio
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Puc. 1. lpouec BBeAeHHA OTOMOMIHECLLEHTHOTO npenapary B 30HY MyXAUHW. A: AIASHKA 3A0SIKICHOTO HOBOYTBOPEHHS TOBCTOTO KULLIKIB-
HUKa (MapkoBaHa NyHKTUPHOIO AiHieto); B: BBeaeHHS 10 % po3unHy dayopecLeiHy HaTpito 3a AOMOMOrOH0 LWnpULa y cybceposHuii Lwap.

Micns KOHTPaCTYBaHHSA perioHanbHoOI NiMgaTnyHoOi cuctemu
(hoTONOMIHECLIEHTHUM NpenapaTtoMm. Y NauieHTiB, SKAM 3iNCHUMM
CAMNTOMATMYHI onepaLii, BUKoHanm Bioncito perioHanbHUX fnim-
thatuyHmx By3niB Gpwi (eni- Ta napakoniyHkx), 6epyyn 4o yearu
pe3ynbrati POTONOMIHECLIEHTHOMO AOCIIMKEHHS.

KoHTpacTyBaHHs perioHanbHUX NiMgaTuyHmX By3niB BUKO-
Hanu, 3actocysaBLUK hoTomoMiHecLeHTHUA npenapaT — 10 %
po3unH chryopecuieity Harpito. Llei nikapcbkuin 3aci6 wupoko
BIKOPMCTOBYIOTb B 0hTanbMOonorii, BiH 4o6pe 3apekomMeHayBaB
cebe Ak KOHTpacTHa peyoBuHa Ans nimdorpadii [8] Ta nig yac
Bi3yanisauii myxnuH ronosHoro Mo3ky [9]. ®nyopecueiH HaTpito
[OBOSi LUBMAKO BMBOAUTLCS 3 TKAHWH Yepes NiMgaTuyHy Ta
BEHO3HY CUCTEMY, 3B'3yHOUMCh i3 Binkamm (nepeBaxHo ansoy-
MIHOM), MPY LIbOMY KOHTPACTYH4M PErioHanbHy 471s MiCLis BBe-
[EHHS1 30HY Ta YaCTKOBO 3aTPUMYIOYMCh Y NiMaTUYHUX By3nax.
Mig pieto cBiTNa 3 AOBXWHOK XBui Big 465 HM 0 490 HM (CUHI
CMEKTp CBITNa) CNOCTEPIraloThb XOBTO-3emneHy (hryopecLeHLto 3
JoBxuHoto xauni 520-530 HM, Lo fo6pe NOMITHA OKOM.

3a ponomoroto wnpuua Ta ronku G23 y cybceposHuii wap
TOBCTOTO KWLLKIBHMKA B 30HY myxnuHiy Beogumm 2,0-3,0 mn 10 %
pO34mnHy chryopecLieiHy HaTpito (puc. 1).

Ak prepeno caitna BukopuctaHo LED-nixTapuk i3 JOBXUHO
xBuni potoenemeHTa 480 HM. Yike Yepes 5 XBUMNUH nicns BBEAEH-
Hs1 Mpenapary cnocTepirani noLWMpeHHs POTONMIHECLIEHTHOTO
npenapary 3 30Hi NyXIMHU Ta perioHanbHil 30Hi NiMOBEHO3-
HOrO BIATOKY (€ni- Ta napakoniYHMX NiMaTNYHKUX BY3NiB — 30Ha
nimcpogucekuii D1), puc. 2. Yepes 15 xBunnH nicnsi BBEAEHHS
npenapary pOTOMNOMIHECLIEHLIiK0 BUSIBMSAMI B 30HI ME3OKOMIYHIX
nimdosy3nis (3oHa nimogmcekuii D2), puc. 3.

Bepyun 4o yBarv gaHi iHTpaonepawiiHoi oTomtoMiHeCLIeHL,
BM3HA4an1 onTuMarnbHuii 06csar nimgaTnyHoT AUCEKLT.

FAKLLO GhOTOMOMIHECLIEHLH0 HE CNIOCTEpIranu Ta He BUSIBNSIM
Bi3yarbHi 03HaKM 30inbLUEHNX NMiMGaTUYHMX By3TiB, BUKOHYBaAnM
niMmdpoamcexLiio B Mexax eni- Ta napakonivyHux nimpaTnyHux By3-

nis (D1) 3 Gioncieto ME30KOMIYHX By3riB, PO3TALLOBAHMX MO XO4Y
CYAMHHOTO NyyKa, K1 nirysanu. AKLLO GoTontoMiHECLIEHLtO B
nimcpoBy3nax BU3HaYanm yu Oynu BidyanbHi 03HaKM iX MOXMN-
BOMO YPaXeHHS (3BiMbLUEHHS PO3MIpIB, LWIMbHICTb, OKPYMIICTb,
HepIBHOMIPHICTb i 3MiHa KONbOpY), BUKOHYBanu niMoamcekLio
B MeXax Me30KOMiYHVX niMmcpatnyHmx By3nis (D2).

Yci nimchaTyHi By3nu, LLO BUSIBIIK Mg Yac SFOMIHECLIEHTHOMO
JOCTIMKEHHS!, @ TaKOX NiMOBY3MH, SIKi Mani BidyaribHi 03HaKu
METaCTUYHOIO YPaXKeHHs!, MapKyBanu Ta Hanpaensnu ans na-
ToricTonoriyHoro gocnimkerHs. Lle gano amory Hagani ouiHMTy
YyTIMBICTb i CNeuMMIYHICTb DOTOMOMIHECLIEHTHOTO MeTomy Y
navieHTiB 3 ycKknagHeHMMmM chopmamm paky 06040BOi KULLKK.

3ayBaxumo, Lo OTOMOMIHECLIEHLS B 30HI MyXIUHK Ta
nimaTnyHuX By3nax novacTv 3anuiianacs y BuaaneHomy npe-
napari HaBiTb Yepes roguHy nicns BBeaeHHs 10 % criyopecueiny
HaTpito (puc. 4).

Yci npoueaypy, L0 3aiINCHUAM Nifg Yac AOCTipKEHb 3a y4acTHo
nogen, BignoBigany eTUYHUM CTaHZapTaM iHCTUTYLAHOTO A0-
CcnigHMLBKOro KoMITeTY 3anopi3bkoro AepxaBHOMO Meauko-ap-
MaLEBTUYHOTO YHIBEpCUTETY, a Takox lenbCiHCbKIN aeknapadii
1964 poky 3i 3MiHaMy, iHLLIMM ETUYHUM CTaHAapTaMm.

CraTtucTnyHo pesynsratit LJOCHiMmKeHHs onpaLoBanu 3a ao-
MoMoroto Komm'toTepHuX nporpam Statistica 13.0, TIBCO Software
Inc. (niueHsist Ne JPZ8041382130ARCN10-J) Ta Microsoft Excel
2013 (niueHais 00331-10000-00001-AA404). [aHi B TEKCTi Ha-
BedeHo sk M £ m (cepenHe apudMeTYHe  cTaHOapTHe Bigxu-
neHHst), abconioTHi 3HauYeHHs (n) Ta ixHa BigHocHa vacTka (%).
UyTnmeicTb MeTogy BU3Ha4anu 3a chopmynoto: Y =M/ (1M + XH),
ae Y - uytnusicTb metoay; IM — iCTMHHO NO3WUTWBHI pe3ynbTaTy,
XH - xunbHo HeraTvBHi pe3ynsrati. CneuundivHicTb MeTogy
ouiHioBanm 3a doopmynoto: C = IH/ (IH + XI), e C - cneuundpiv-
HiCTb meToay; IH — icTuHHO HeraTuBHi pesyniTtaty; XIM — xubHo
MO3UTUBHI pe3ynsTaTy.
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Puc. 2. DotontomiHecueHist 10 % dayopecueiHy HaTpito yepes 5 XBUAMH MiCASi BBEAEHHS B 30Hi €Ni- Ta MapakoAiuHUX AiMGaTUYHKX BY3AIB

- 30Ha AiMpoamcekuii D1 (MapkoBaHa MyHKTUPHO AHIEHD).

Puc. 3. ®otontomiHecueHuis 10 % dayopecueiny HaTpito Yepes 15 XBUAWH MiCAS BBEAEHHSA B 30Hi ME3OKOAIYHMX AiMBATUYHUX BY3AIB — 30Ha
AimdoanceKuii D2 (AimdaTUUHI BY3AK, WO HAKOMUYUAKM KOHTPACT, MapKOBaHi NyHKTUPHOLO AIHIEHD).

4A

4b

Puc. 4. 3aA1iiKoBa GOTOAOMIHECLIEHLA Y BUAAAEHOMY NpenapaTi KULWKiBHWUKA 3 NyXAMHOO Yepes 1 roanHy nicas BBeaeHHS 10 % dayopec-
LLeTHY HaTpito. A: 30BHILLHIW BUTASIA BUAGAEHOTO Npenapary KULLKIBHUKA 3 MyXAUHOK, BEAUKUM YenueM i AiMpaTnuHumMm Byanamu (ad block);
B: 3aAvLLKOBa GOTOAIOMIHECLIEHLIA B BUAGAEHOMY npenaparti yepe3 1 roauHy nicaa BBeaeHHA 10 % dayopecueiHy HaTpito (MyHKTMPOM
no3HayeHa 30Ha 3 MapKoBaHUMW ME3OKOAIYHUMU AIMOATUYHUMM BY3AAMMU, LLLO HAKOMUYMAW KOHTPACT).

Pe3yabtatu

Y rpyni OCNIMKEHHS He 3adhikCOBaHO peakLii anepriyHoro
xapaktepy Ha BeefeHHs 10 % po3uuHy dnyopecueiHy HaTpito B
nepionepaLinHomy nepiogi.

3a pesynbratamm riyopecLEHTHOrO AOCTIMKEHHS, y 67
(61,47 %) xBopux Bi3yanisoBaHo niMcaTUyHi By3nu B perio-
HarnbHiN 4Ns NyXIUHK 30HI NiMgaTuyHOro BiATOKY. Y pelutn 42
(38,53 %) nimchoBy3nu He KOHTPACTOBaHI PryOpPeCLEHTHUM npe-

naparom. 3-Nomix 67 XBopyX, Y KX CrOCTepirani HakonMYeHHs!
(hOTONKOMIHECLIEHTHOTO Npenapary B niMgaTtnyHmx By3nax, y 39
(58,21 %) oci6 BisyanisoBaHi niMaTyHi By3nM 3Haxogunmucst
B 30Hi eni- Ta mapakoniyHux By3nis (nimcogucekuia D1), y 23
(34,33 %) — y 30Hi Me3okoniyHMX NiMcoBy3niB (MiMdogncekLis
D2), y 5 (7,46 %) npoonepoBaHux — Y 30Hi anikanbHUX NiMdo-
BY3niB (3 piBeHb MiMGOBIATOKY).

BpaxoBytoun aaHi dotontomiHecLeHuii, y 42 (38,53 %) npo-
onepoBaHux 6e3 YiTKOro KOHTpacTyBaHHS NiMaTUYHMX By3niB
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BUKOHanNM NiMaTuyHy AUCEKLito B Mexxax 1 piBHS NiMADOBIZTOKY
(D1). Y 8 (19,05 %) i3 umx naujexTiB 3giicHunn bioncito Me3o-
KOMiYHUX niMpaTU4HUX BY3NiB (2 piBEHb), OCKINbKY BidyanbHO B
HWUX BUSBMNM 3BiMbLUEHi MiMGOBY3NM 3 03HAKaMKU MOXKITMBOIO
MeTacTasyBaHHsl.

Y 62 (56,88 %) nauieHTiB, y KOTpUX CnocTepiranut nomiHec-
LIEHLIit0 B 30HaX eni-, mapa- Y1 Me30KOMiYHMX NiMchoBy3niB, BUKO-
Hanu NiMoaNCeKLt0 B MeXax KONEeKTopiB 2 piHS NiMAOBIATOKY
(mimdpogucekuia D2). Y 5 (4,59 %) xBopux fogaTkoBo Ao niM-
thaTnuHoi gucekuii pisHsa D2 3giricHunu Gioncito BisyanisoBaHux
3a JOMOMOrok hoTOMMIHECLIEHLT anikanbHUX NiMgoBY3niB.

3a gaHumMmn hOTONIOMIHECLLEHTHOO AOCTimKeHHs, y 109
nauieHTiB BUSIBNEHO 268 nimatnyHux By3nis, y CepeaHLOMY —
2,46 nimchoByana Ha ogHoro nauieHTa. Lli By3nu npoMapkosaHi Ta
HanpasneHi Ha ricToNoriyHe AOCHiMKEHHS OKPEMO Bil OCHOBHOMO
npenapary. 3aranom 3aiNCHUM NaToriCTONOrYHe JOCTIIKEHHS
1436 nimcpaTyHUX BY3niB i3 perioHanbHOI 30HK NiIMGOBIATOKY
BiJ OHKOMpPOLIECY TOBCTOrO KWLLKIBHWKA, Y cepeHbomy — 13,17
niMcoBy3na Ha OHOrO XBOPOTO.

Cepen 268 (18,66 %) nimpaTyHmx BY3niB, LLO Bidyarni3oBaHi
nig Yac dpnyopecueHTHOro obctexenHs, y 189 (70,52 %) Busis-
neHo meTtacTatuyHe ypaxeHHs (1), y 79 (29,48 %) — peakTuBHi
3anasbHi 3MiHM 6e3 03Hak meTacTadyBaHHs nyxnunu (XI). Cepen
1168 (81,34 %) nimcpoBy3niB, B SAKMX HE BUSBNEHO HAKOMUYEHHS
thotontomiHochopy, MeTacTaTnyHe YpaxeHHs BU3HAYMNM B 72
(6,16 %) nimcbatnunmx By3nax (XH), y 1096 (93,84 %) Bunagkax
MeTacTasn nyxnHu He BuseneHo (IH).

BignosigHo oo cTaHgapTusoBaHux opmMyn, piBeHb YyTIn-
BOCTi (4) (hoTOMOMIHECLIEHTHOrO METOLY BUSIBIIEHHS YPaXKEHNX
nimcpaTnyHmX By3nis 3a gonomoroto 10 % poaqnHy cpriyopecuieiHy
Hatpito craHosws: I/ (IM + XH) =189/ (189 + 72) = 72,41 %;
piBeHb cneumdiyHocTi (C): IH/ (IH + XIM) = 1096 / (1096 + 79) =
=93,28 %.

06roBopeHHA

[HTpaonepaLiiiHa giarHOCTUKa CUrHANBHUX Ta YpaKeHNX nim-
(haTyHKX By3NiB — BAXNMBUI KOMMOHEHT Cy4aCHOT OHKOXIpypril
3r105KICHWX 3aXBOPIoBaHb. Llei MeTog WMPOKO BUKOPUCTOBYHOTL
Mig Yac onepaTMBHOIO MiKyBaHHS MyXMMH Pi3HOI nokanisauii,
30KpemMa MOIOYHOT 3ano3u, LUKIPU, FONOBHOMO MO3KY, TOBCTOrO
KULLKIBHUKA, opraHiB Tasa Towo [10,11]. Ak iHaMKaTopu BuUKO-
PUCTOBYIOTb HM3KY 3acobiB: (hyopecLEeHTHI po34nHu nimda-
3ypuHy, dnyopecueiy, iHOOoUiaHiHy 3eneHoro, HaHOKpUCTanm
CdSe1 — xTex, papioi3oTonu TexHeLito, Liesito Ta 6araTo iHLWmX
[12]. Yci BoHM MatoTb oBedeHy edeKTUBHICTb Ans iHTpaone-
paLiHOi 4iarHOCTVKM CUrHaMbHUX Ta ypaKeHuX fimdoByanis.
Pa3om i3 TuM, BinbLUICTb i3 HIX MaKTb NEBHI 0COONMBOCTI BUKOPU-
CTaHHsl, a Takox noTpebykoTb AOPOroBapTICHOrO 0bnagHaHHs 4ns
BUSIBMIEHHS LiX Npenaparis y niMcoBy3snax nig vac onepadii [13].
Lli YvHHMKM Npr3BOASATb 4O TOrO, L0 METOAM iHTpaonepaviiHoro
BUSIBNEHHS ypaxeHx NiMoByaniB A0Ci He Habymny NOLLMPEHHS!
B OHKOXipyprii, i TUM Binblue B YpreHTHIN Xipyprii ycknagHeHnx
dopm paky [14]. Tomy OCUTb BaXIIMBUM € BUKOPUCTAHHS ONTH-
ManbHUX He MWLLe 3a YYTNMBICTIO Ta creundivHicTIo, ane 1 3a
LliHO Ta HEODXiAHICTHO 3aCTOCYBaHHs! AOAATKOBKX 3acobiB Ans
BUSIBNEHHS! LX IHAMKATOPIB Mif Yac onepaTBHOIO BTPYYaHHS.

HaBeneHi hakT 06r'pyHTOBYHOTH NEPCNEKTUBHICTL BUKOPU-
CTaHHs sk dhoTontomiHecueHTy 10 % posunHy cnyopecueiHy
B YPreHTHiln oHkoxipyprii [15]. Lleit 3aci gosoni geluesuii no-
PIBHSHO 3 iHLLIMMM iHAMKaTOpamK, He NoTpebye BUKOPUCTaHHS
cneumgiYHOro AOpOroBapTiCHOMO 0bnagHaHHS Ans BUSIBIEHHS
noMiHecCLeHLii, ampke nig gieto cBitna 3 JOBXUHOW XBUMI Bif
465 Hm g0 490 Hm (LED-giog i3 cuHimM cnekTpom cBitna) cro-
CTepiratoTb XOBTO-3eMeHy (hrlyopecLeHLito 3 JOBXMUHOK XBUTi
520-530 Hw, Lo 106pe NOMITHA OKOM; Lie Ia€ 3MOrYy BifCTeXyBa-
TV NOLUMPEHHS KOHTPACTY B AnHaMiLli. Kpim Toro, hoTontomiHec-
LeHT y niMaTUYHUX By3nax BUSBNAOTL Yxe Yepes 15 XBUIUH
nicns BBEAEHHS, @ OTXe He 36inbLUYETHCA TPUBANICTb YPreHTHOro
BTPYYaHHs! BHACTiZOK 3aCTOCYBaHHS [OAATKOBUX METOLB.

Adrian G. Dan et al. [16] gocnigunnu ecekT1BHICTb BUKOPY-
ctaHHs 10 % po3umHy coriyopecLieiHy nopiBHsHO 3 1 % pos4nHOM
nimcbasypuHy. HaykoBLi J0BENM ePeKTUBHICTb BUKOPUCTaHHS
(hnyopecueiHy ANns BUSIBNIEHHS YpaKEHUX MiMpaTUYHUX By3-
niB MeTactasamu KOMopekTanbHOro paky. 3a ixHiMu gaHumu,
YyTIMBICTb METOAY AiarHOCTyBaHHA cTaHoBuna noHag 97,0 %,
cneumdiyHictb — noHag 93,0 %. ABTOpU LALLM BUCHOBKY, LLIO,
BPaXOBYKOUYM [OCTATHIO JELIEBU3HY PO34MHY priyopecueiHy
MOPIBHSAHO 3 NiMasyprHOM, BiH € XOPOLLIOK ankTepHATUBOI B
NIOMIHECLEHTHI iarHOCTUL CUrHaNbHIX NiMADaTUYHUX By3niB
y MawieHTiB i3 KoropekTanbHOM pakoM [16]. MogibHi pesynsraty
BCTAHOBMNM Mif YaC HALIOMO JOCHIMKEHHS: YyTNMBICTb METOAY
craHosuna 72,41 %, cneundivHicts — 93,28 %.

BucHoBKH

1. BukopuctanHs 10 % posumHy dyopecueiHy HaTpito sk
npenapaty Ans OTOMOMIHECLEHTHOTO AOCHIMXEHHS Aano
3mory BidyanidyBatuy 67 (61,47 %) xBopux nimatnyHi By3nv B
perioHanbHii AN MyXnyHKY 30Hi NiMGaTUYHOTO BIATOKY.

2. BukopuctaHHs hoTONKOMIHECLEHLLT 1ano 3MOry BU3HAUNTH
onTUMarnbHiA 06ear nimaTnyiHoi ancekLii 6e3 Heobr'pyHToBaHO-
ro MOr0 PO3LLMPEHHS Mif Yac onepaTMBHIX BTPYYaHb i3 NpuBogy
ycknagHeHux hopm paky 06040BoI kuwkn. Tak, y 42 (38,53 %)
NpoonepoBaHnX 6e3 YiTKOro KOHTPACTYBaHHS NMiMGaTUYHMX
BY3MiB BUKOHaNW NiMpaTUyHy AMCEKLt0 B Mexax 1 piBHS NiMdo-
BigToky (D1), y 62 (56,88 %) XBOPUX i3 NIOMIHECLIEHLIIE B 30HaX
eni-, napa- 41 Me3oKoniYHMX MimMcoBYy3niB — NiMEOONCEKL;O
B Mexax KorekTopis 2 pisHs nimcosigToky (D2), y 5 (4,59 %)
navujieHTiB 4OAATKOBO A0 NiMdaTuyHoi aucekuii pisHa D2 3giiic-
HWnM Gioncito Bi3yariaoBaHMX 3a AOMOMOTOK (hOTOMOMIHECLIEHLi
anikanbHuUx NiMgoBy3nis.

3. YyTnmeicTb i cneungivHiCTb POTOMOMIHECLEHTHOMO Me-
TOLY BUSIBNIEHHS ypaXeHWX NiMhaTUYHUX BY3MiB 3a JONOMOroH
10 % po3unHy chryopecLeiHy HaTpito Manu OCUTb BUCOKI PiBHI,
ctaHoBunn 72,41 % i 93,28 % BianosigHo.

MepcneKTMBM NOAAABLLMX AOCAIAKEHB. BUKOPUCTaHHS NOMi-
HECLIEHTHWX METOfB Bi3yani3aLji ypaxeHux niMgaTuyHNX By3niB
y NaLYiEHTIB 3 yCKnagHeHMMM hopMamm KOMOPEKTaNBHOIO paky B
yMOBaXx 3aranbHOXipypriYHOro ctauioHapa 4acTb 3MOry BUKOHY-
BaTM NMiMdaTnyHi AncekLii 6e3 HeoOrpyHTOBAHOIO PO3LLIMPEHHS!
obcsAry onepaTvBHIUX BTPyYaHb.
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Merta po60TH - BU3HAUUTH €CDEKTVBHICTb 3aCTOCYBaHHS KOMMIEKCHOT AndepeHLiiioBaHoi peabinitaii y navieHTiB
i3 lereHepaT1BHO-AMNCTPOGIYHO NaTonorieto rpyaHoro Biaainy xpebta (OAMX) Ta TopakanriyHum CMHAPOMOM
3anexHo Bif NoKasHWKIB BepTebpoanHaMmiki.

Marepianu i metoau. PeabinitauiiiHnx 3axogie Bxunm y 124 nauienTis i3 JAAMNX, Wo ycknagHeHa CMHAPOMOM
Topakanrii, Ha nicnsroctpomy eTani peabinitauii. Bik nauieHTis cTaHosus Big 18 go 54 pokis. [1o AocnimKeHHs
sanyunv 51 (41,2 %) xinky Ta 73 (58,8 %) yonosikiB. TpuBanicTb 3aXBOpIOBaHHS CTaHoBMNa Bif 2 Bo 23
pokiB. 3aiicHunu peabiniTauiiiHe 06CTEXEHHS 3 OLiHIOBAHHSM NOKa3HUKIB MopyLleHb BepTebpoanHamikv 3a
meTogoMm A. Stoddard. Y Bcix nauieHTiB BUSIBNEHO (yHKLioHanbHWi 6riok (PB) 2 cTyneHs B XpebLeBo-pyxoBux
cermeHTax (XPC) rpygHoro Bigginy xpebTa. MNauieHTiB noaineHo Ha 2 rpynu, 3iCTaBHi 3a BIKOM i TSXKKICTIO 3aXBO-
ptoBaHHs. XBopi nepoi rpynu (n = 56) oTpumysany 6a3oBuin koMmnnekc peabinitauii: Macax, nepcoHicikoBaHi
KOMMMeKCH TepaneBTUYHUX BNpaB, GidnyHi METOAM NikyBaHHS (MarHiTotepanis, ynsTpa3sykoBa Tepanisi) Ha Tri
MeAMKaMEHTO3HOrO NikyBaHHs (HeCTEPOiaHI NpoTu3ananbHi 3acobu, MiopenakcaHTy, aHanbreTky). MauieHTam
2 rpynm (n = 68) AOOATKOBO MPW3HAYMIM CEaHCK MOCTI30METPUYHOI Ta MOCTPELIMMPOKHOI penakcaLlii M's3is,
TexHiku Mobiniauii 3a K. Lewit, R. Maigne, B. I'y6eHkoM, a Takox aBTOpPCbKi METOAMKM KiHe3ioTepanii 3anexHo
BiA nokasHukiB BeptebpoanHamiku. Linkn ambynatopHoi peabinitauii ctaHoBuB 14 fHiB.

Pesyabtatn. Po3pobneHa komnnekcHa cxema 0BCTEXEHHS XBOPWX HA OCHOBI HEBPOSOTYHOTO, MaHyarbHOro,
iHCTPYMEHTaNbHOro AOCHIAKEHb, OLiHKOBaHHS 6OMBOBOTO CUHAPOMY, IHCOMHIYHIX Ta aDEKTUBHIX NOPYLUEHb ae
3MOry 3[iMICHIOBATY PaHHIO iarHOCTUKY 3aXBOPIOBAHHSA Ta AVHAMIYHUIA HAarnsa y npoLeci nikysaHHs. Pospobnera
i anpoboBaHa KOMMIeKcHa KiHesioTepaneBTMYHa METOAMKA NiKyBaHHS, WO nepeadadae MaHyarnbHy Tepanito,
CNpUsie LWBWALIOMY PErpecy HEBPONOTYHMX CUMMTOMIB, BiHOBMEHHIO BTpa4eHOro obcsry pyxis y rpyaHoMy
BinAaini xpebTa, 3MeHLLEHHI0 60MBOBOIO CUHAPOMY Ta pu3uki 3arocTpeHHst AAMNX, aae 3mory CKopoTUTY TEPMIHN
nikyBaHHs1 i peabinitauii nauieHTiB, NiABALMTY SKICTb IXHBOTO XUTTS.

BucHoBku. PospobnieHa Ta focnimkeHa komnnekcHa audeperuinosara peabinitavis 3 BUKOPUCTaHHAM MaHy-
anbHoI Tepanii nigTBepAnna ceo ePEKTUBHICTb, TOMY i MOXHa PEKOMEHAYBaTH 10 3aCTOCYBAHHS Y KIHIYHIMA,
peabiniTauinHin npaktuui. Lis cxema peabinitauii nauiexTis i3 JAMX 3abesnevye 3Ha4HUIN €KOHOMIYHWI eCPEKT
nig Yac NikyBaHHS.

CyuacHi mepuuHi TexHonorii. 2024. T. 16, Ne 4(63). C. 273-283

Clinical effectiveness of complex differentiated rehabilitation of patients with
vertebral thoracic pain due to degenerative-dystrophic pathology of the thoracic
spine

0. Ye. Alypova, Ye. |. Maramukha

The aim of the study. To determine the effectiveness of complex differentiated rehabilitation in patients with
degenerative-dystrophic pathology of the thoracic spine (DDPS) and thoracic back pain syndrome depending
on the indicators of vertebrodynamics.

Materials and methods. Rehabilitation measures were carried out in 124 patients with DDPS complicated by
thoracalgia syndrome at the post-acute stage of rehabilitation. The age of the patients was from 18 to 54 years.
There were 51 (41.2 %) women, 73 (58.8 %) men. The duration of the disease was from 2 to 23 years. A reha-
bilitation examination was carried out with an assessment of vertebrodynamic disorders indicators according
to the A. Stoddard method. All patients had functional block of the 2 degree in the vertebral-motor segments
of the thoracic spine. Patients were divided into 2 groups, comparable in age and disease severity. The first
group (n = 56) received a basic complex of rehabilitation: massage, personalized sets of therapeutic exercises,
physical methods of treatment (magnetotherapy, ultrasound therapy) against the background of drug treatment
(nonsteroidal anti-inflammatory drugs, muscle relaxants, analgesics). Patients of the second group (n=68) were
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prescribed, in addition, sessions of post-isometric and post-reciprocal muscle relaxation, mobilization techniques
according to K. Lewit, R. Maigne, V. Gubenko, as well as the original methods of kinesiotherapy developed by
us depending on the indicators of vertebrodynamics. The outpatient rehabilitation cycle lasted 14 days.

Results. The developed comprehensive scheme of of patients examination based on neurological, manual,
instrumental studies, assessment of pain syndrome, insomnia and affective disorders allows early diagnosis of
the disease, as well as dynamic monitoring during treatment. The developed and tested complex kinesiothera-
peutic treatment method with the use of manual therapy leads to a faster regression of neurological symptoms,
restoration of the lost range of motion in the thoracic spine, reduction of pain and the risk of DDPS exacerbation,
shortening the time of treatment and rehabilitation of patients, and improving their quality of life.

Conclusions. The comprehensive differentiated rehabilitation with the use of manual therapy developed and
researched in the work has confirmed its effectiveness, which allows recommending its use in clinical and
rehabilitation practice, and provides significant economic effect in the treatment of this contingent of patients.

Modern medical technology. 2024;16(4):273-283

OcTaHHiMmM pokamm y bGaraTbox KpaiHax CBiTy Bce OinbLuo-
ro MOLUMPEHHS HabyBatoTb XPOHiYHI Goni y CruHi nepeBaxHo
cepen MpaLe3naTHoro HacemnelHsl. HanyacTilwow npu4nHo
3axBOPIOBaHb MepucepruyHoi HEPBOBOI CUCTEMU € JereHepa-
TWUBHO-ANCTPOGIYHI 3MiHM MiXXXPeBLEBOro aucka, Lo Cnpu4n-
HAKTb (POPMYBAHHS KNIHIYHWX NPOSIBIB OCTEOXOHAPO3Y XpebTa.
BuvByeHHIO Liei npobnemu NpuceaYEHo npaLli MPOBIAHNX YYEHNX
Ykpainv Ta caity [1].

CraTucTuyHi faHi ceiguaTh, WO BUPaXeHi KMiHiYHI NposiBu
BepTebporeHHoi Topakanrii Bu3HavyakTb B 0Cib Bikom 25-55
pokiB, TOGTO B Nepiog HalaKTUBHILLOI TPYAOBOI AisnbHoCTi. [No-
LUIMPEHICTb XPOHIYHWX TOpaKanriii cTaHoBUTL Maixe 25,4 Ha 100
onuTtaHux nauieHTis [2]. OTxe, 3aroCTPeHHs KNiHIYHUX NposiBiB
0CTEOXOHAPO3Y XpebTa — 0fHa 3 HAaNYaCTILLMX MPUYMH TUMYACO-
BOI HeNpaLe3aaTHoCTi, LLO NPU3BOAUTL A0 3HAYHUX EKOHOMIYHMX
BTpaT. Y 3B'A3KY 3 LIMM CBOEYACHICTb [iarHOCTWKM Ta NikyBaHHS!
HEBPOSOTiYHINX NPOSIBIB LiiEi NATONOrii € BaXnBoo npobnemoro
Cy4aCHOi OXOPOHM 3OPOB’S.

3anexHo Bif NPUYKMHM PO3PI3HAIOTL BEPTEOPOreHHi Ta
HeBepTebporeHHi 60nboBi cuHapomu. [lo BepTebporeHHnx To-
pakanriyHUX CUHOPOMIB HanexaTb YPaXeHHS rPYaHUX KOpIHLIB
npw rpuxi MbxxpebLEeBOro aucka, CTeHo3i XpebeTHOro kaHany,
cnoHaunonictesi Ta HecTabinbHOCTI, apTPONaTUYHMIA CUHAPOM
npy fereHepaTMBHOMY YpaXKeHHi AyrosigpocTyacTux i pebep-
HO-NONEPEeYHNX CyrnobiB, 3MOSKICHI HOBOYTBOPEHHS XpebTa,
3ananbHi W iHDEKLiAHI ypaXKeHHsl, KOMMPECIHI nepenomu Tin
xpebLjiB BHACMIZOK 0CTEONOPO3y. MpUYMHO HEBEPTEBPOreHHMX
60NbOBMX CUHAPOMIB MOXE OyTW NaTONOrist BHYTPILUHIX OpraHis.
MioreHHi 60Mb0Bi CUHAPOMM MOXYTb (hOPMYBaTUCS Nif BNSIMBOM
i BepTEOPOreHHuX, i HeBepPTEBPOreHHMX 3MiH [3].

3a nokanisaLjeto po3pisHAIOTb NoKanbHWUiA, BiobuTuiA, ippa-
Jitotounid Ginb y rpyaHin kniTui. JlokansHuii Binb NoB'a3aHNi i3
MaTonoriYHMM NPOLIECOM, SIKWA BNBae Ha BonboBi peLenTopu
LUKIpK, M’5I3iB, CyXOXWIb, 3B’A30K, CyrnobiB, KICTOK Ta iHLUMX
TKaHWH. Bigbutui Binb NOWMPIETLCS Yy Mexax AepMaTomis,
MOB’A3aHX 3 iHHEepBaLieto MOLLKOMKEHVNX CTPYKTYP | 3yMOBINEHWI
HalnJacTilLe NaTonorieto BHYTPILLHIX opraHiB. birb, WO ippagitoe,
MOB'A3aHUN i3 PO3TATHEHHAM, MOAPA3HEHHAM, CTUCHEHHSM
KOpiHLS abo COMaTU4HOrO HepBa, XapakTepuayeTbCs BinbLLOK
IHTEHCWBHICTIO Ta AMUCTaNbHUM NOLLMPEHHAM Y 30HY BiAMOBIAHOrO
[epmaToma, 3a3Buyan NOCUETLCA NPY YXaHHi, Kawwni, ¢iany-
HOMY HaBaHTaXeHHi [4].

Yci HaBeAEHi YHHWKM 3yMOBIOOTb 3HMKEHHS (PYHKLIOHaNb-
HocTi xpebTa Ta BigirpaloTb ONOCepenKoBaHy posb Y PO3BUTKY
[ereHepaTBHO-A1CTPOIYHOMO NPOLECY, NMPWU3BOAAYM 0 HEpiB-
HOMIPHOrO HaBaHTAXEHHS Ha AMUCK. 3ayBaXMMO, LLO € TEHAEHLis
[0 NpOrpeaieHTHOCTi B MOMOZOMY Ta 3pifloMy BiLli, 11 aKTUBHOKO
PErpeaieHTHICTIO L TeHAEHLIS BUPISHSETLCS Y MOXUIOMY BiLli.

OcTeoxoHap0o3 — natomMopdonoriYHMI MPOLIEC, LU0 He 3aBxau
BUSIBNSAIOTb 3@ aKTUBHWUM OOMbOBUM CUHAPOMOM, a BUMAAKOBO
LiarHOCTYHOTb Mg Yac PEHTTEHOMNOMYHOrO AOCIMKEHHS ypake-
Horo Bigainy xpebTa. [JocuTb YacTo He BUSIBNSAKOTH 3aKOHOMIp-
HOCTi MiX CTyneHeM BUPaXEHOCTi MOPHONOrivHMX 3MiH XxpebTa
i iHTEHCMBHICTIO BONbOBOTO CHAPOMY [5].

Y naroreHesi 0cTeOXoHApO3y xpebTa po3pisHstoTb ABi haau:
nepLUa — AUCTPOMIYHIX 3MiH Y MiXpebLIEBOMY AMCKY, LLIO HE Ma€e
KNIHIYHWMX NPOSBIB; Apyra (hasa xapakTepuayeTbCs KNiHYHMM
nposisamu. Y posBUTKY nepLuoi ¢hasn 6epyTb y4acTb Taki OCHOBHI
haKTOpW: NMOKarbHi HaBaHTaXEHHS B XPeOLIEBO-PYXOBIX CETMEHTaxX
(XPC), wo BuHMKatoTb Y NobyTi Ta Ha BMPOOHULTBI, 0COBNMBOCTI
OynoBY Ta hyHKLOHYBaHHSI ONOPHO-PYX0BOIO | M'SI30BOTO anapary,
MOPYLUEHHS Y TPOGIYHUX CUCTEMAX, 3YMOBMEHI CynyTHIMU 3aXBo-
PHOBAHHSIMM, CNaZKOBO CXMITBHICTHO, @ TaKOX BIIMBOM 30BHILLIHIX
hakTopis. [pyra dhasa — popMyBaHHS KiHiYHWX NPOSIBIB [6].

[MepLLoto 03HaKot0 BepTebpanbHOT0 CUHAPOMY € NOPYLUEHHS
(DYHKLIOHYBaHHS ofgHOro yu kinbkox XPC. ®opMyeTbCst iXHs
HeCTabiNbHICTb, L0 3MIHIOETLCS JTOKaNbHO, 0bMexeHo abo
MoLLMPEHOO MiodpikcaLlieto xpebTa; NoTiM BUHUKAOTb MOPYLLEHHS!
3B'13K0BO-CYrN0B0BOI Ta M'A30BOI dhikcalLlil, LLIO CynpOBOMKYHOTb-
€S 3MiHaMK KoHdirypaii xpebTa: yLLinbHeHHsIM abo NocUNeHHAM
nopAao3y, rinepkidho3om, ckonio3om, kighockoniosom abo nopao-
30M. lMNopywweHHst pyxnmeocTi XPC BU3Ha4atoTb 3a HAMPYXXEHHSM
rMUOOKKX i NMOBEPXHEBUX M'SI3IB CrHM [7].

[pyra BaxnuBa o3Haka BepTeOpanbHOro CUHAPOMY — Jo-
kanbHWiA Binb | BOMKOYICTB Mg Yac aKTUBHKX YK NACKUBHUX PYXIB,
LLIO BUHUKAKOTb BHACIAOK NOAPA3HEHHS peLienTopiB CUHYBepTe-
BpanbHoro Hepea Ta NaTonorivHoT iMnynbcaii 3 BepTebpansHoro
ocepeaky. Lis imnynbcauis 3ymoBnoe pedrnekTopHe TOHIYHE
Hanpy>XeHHs M'A3iB y BiANOBIAHMX MioTOMaX [8].

Tpets 03Haka BepTebparnbHOr0 CUHAPOMY — YPaXEHHS Xpe-
GETHOro CerMeHTa, Lo nonsrae y BTpaTi peCopHOi Ta CyrnoboBoi
YHKL MixxpebLesoro aucka.

HWHi po3pi3HatoTh Taki cTagii aereHepaTUBHO-ANCTPOdIYHMX
3MiH MiXXXpeOLIEBMX ANCKIB:
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- 1 cTagig — penonimepusadii rnikosamiHornikaxie nyrnb-
MO3HOro AApa, WO NPU3BOAUTb A0 3HWKEHHS TiAPOMINLHOCTI
Ta OychepHnx BNacTUBOCTEN AUCKA, 3MEHLLEHHS €NacTUYHOCTI
ibpo3HOro KinbLs;

— 2 cTapis — nynbnosHe sapo nponabye 3miHeHe ¢ibposHe
KinbLe, y SKoMy 3'SBRSTHCS TPILLUHY;

— 3 cTagis — po3pmB hibPO3HOTO KiNbLis, BUNAAIHHS XenaTu-
HO3HOTO siApa Ta HACTYMHMI ibpo3 Ancka, Lo NponabyeTbest [9].

[ns nepLuoi cTagii xapakTepHi jereHepaTuBHO-AUCTPOMDIYH
3MiHM B MiXXpebLeBMX AMCKaX, 30KpeMa 3HWXKEHHS KiflbKOCTi
rniko3aMiHOrmMiKaHiB, WO MakTb BaXNUBY PYHKLIIO LUBMAKO
3B’A3yBaTV i BigdasaTu Body, 3abe3neyyloun onTUMansHU
BHYTPILLHbOAWCKOBMIA TUCK, a Lie Aae 3MOry XxpebTy LUBMAKO
NPUCTOCOBYBATUCS 10 3MIHHWUX HaBaHTaXeHb. [laTonoriyHumn
MPOLIEC 3MEHLLIYE aMOPTU3yBanbHi PyHKLT MixxpebLesoro auc-
Ka, L0 MpW3BOAMTb OO 3MiLLeHHs! XpebLiB LoA0 OAVH OAHOTO,
HaTsryBaHHsi BONIOKOH (hibpO3HOTO KinbLis MixxpebLeBoro aucka
Ta CNpUYMHSE noapasHeHHs pelenTopis Hepaa Jliowwka [10].

[nsa apyroi Ta TpeTLOI CTaAin AereHepaTuBHO-AUCTPODIYHIX
3MiH MiXXpebLEeBOro ancka XxapakTepHWiA po3BUTOK KOMMPECIN-
HOrO MeXaHi3My Noapa3HeHHs PELIENTOPIB CUHyBepTEDBparbHOro
Hepea. Y pesynkraTi NopyLUeHb LinicHOCTi (hibpo3Horo KinbLs Ta
MosiBY TPILLMH, NPONANCIB i FPWXOBUX BUNMHAHL PO3BUBAETLCS
KOMMPECiHUI MexaHisM. HesanexHo Bif Lboro BiaOyBaeTbes
BMIIMB Ha CaHOreHe3, SKU CYNPOBOMAXYETHCS NOCUNEHHSM
CYOMHHOI MPOHMKHOCTI, ParoLnTo30M, WO CMPUYMHSIE MOLLKO-
[PKEHHS KNITWHHWX MemOpaH, BUAINEHHS KiHiHIB i BUpaXeHy
MakpodaranbHo-hibpobnacTuyHy 3ananeHy peakuilo. OTxe,
OCHOBHMMW MpUYMHAMKM NOAPa3HEHHS CUHYBepTebpanbHOro
HepBa € HabpsiK, BEHO3HWIA CTa3, MOPYLLEHHS! MIKPOLMPKYNsLi
Ta chikcaulii ypaxeHoro XPC, nopyLueHHs LinicHocTi ibpo3Horo
KinbUgsi, — IO NPU3BOAUTL O YTBOPEHHS TPILLMH, FPUXOBOTO
BUMUHaHHS Nyrbno3Horo sigpa, pyouis [11].

OcTaHHiMM pokamu akTyanbHUM € po3pobreHHs Hemeayka-
MEHTO3HWX METO/iB MiKyBaHHS XBOPWX Ha BEPTEDPOreHHi 3axBo-
PIOBAHHS i3 3aCTOCYBaHHAM KiHE3ioTepanii, METOAMK MaHyanbHoI
Tepanii, CIPsIMOBaHNX Ha MOKPALLEHHS PE3ePBHUX MOXITMBOCTEN
OpraHiamy, CTIMKOCTi [OCATHYTUX edbekTiB, NOMIMLUEHHs MiKpo-
LMPKYNALii B TKAHWHAX, BIZHOBIMEHHS HOPMarbHOI PyXMWBOCTI
B XPC [12]. Btim, usmano npaupb BiTYNSHAHUX i 3apyOiXHNX
aBTOPIB NPUCBAYEHO BUBYEHHIO Ta NiKYBaHHIO ypaxeHb LINAHOIO
Ta nonepeKoBoro Bigainie xpebTa, a pebinitavjinHi nigxoam fo Me-
HEe[KMEHTY BepTebPOreHHNX Topakanriil BUBYEHO HEOCTATHBO.

OTxe, HeobXigHICTb NiABULLEHHS eDEKTUBHOCTI NiKyBaHHS
Ta peabinitauii xBopux Ha BepTebporeHHi Topakanrii, LWo AacTb
3MOrY 3MEHLLWTU PU3NKI 3arOCTPEHHS Ta EKOHOMIYHI BTPaTH NpK
BiJHOBMEHHI NALI€EHTIB i3 Lji€to NaTONOorieto, 3yMOBIHOE aKTyarb-
HICTb | 3HaYYLLCTb NOPYLLEHOI Npobremu.

Merta poboTu

Bun3HaumTu eheKTUBHICTb 3aCTOCYBaHHS KOMMIEKCHOT Andre-
peHLitoBaHoi peabinitaLii y XBopux 3 AereHepaTuBHO-AUCTPO-
thiuHoto NaTonorieto rpyaHoro Biadiny xpebTta Ta TopakanriyHum
CWMHAPOMOM 3anexXHO Bifi MOKa3HWKIB BepTEDpOAMHAMIKM.

Marepianun i meToAU AOCAIAKEHHA

PeabinitauinHux 3axogis Bxumm y 124 nauieHTis i3 aeHe-
paTUBHO-AMCTPOCIMHOK MaTonorielo rpyaHoro Biaainy xpebTa
(88NX), wo ycknagHeHa cMHAPOMOM Topakanrii, Ha ambyna-
TOpHOMY eTani peabinitauii. CepeaHii Bik NaLieHTiB CTaHOBKB
39,77 £ 0,69 poky. [Jo pocnimkeHHs 3anyunnm 51 (41,2 %) xiHky
T1a 73 (58,8 %) YonosikiB. TpuBanicTb 3aXBOPIOBAHHS CTaHOBIIA
B cepeaHbomy 12,16 + 0,56 poky.

3pincHnm peabiniTauiiHe 06CTEXEHHS! 3 OLHKOBAHHAM Mo-
KasHWKiB MopyLLeHb BepTebpoamnHamikv 3a metopgomA. Stoddard.
Y BCiX NaLieHTiB BUSBNEHO (hyHKLioHanbHWIA Briok (PB) 2 cTynens
B XPC rpyaHoro Bigainy xpebra.

LLInsixom paHgomi3aLii nauieHTiB Noainmnm Ha 2 KNiHiyHi rpynn
peabiniTauii. AHani3 kniHiko-gemorpadiyHnx AaHux nokasas
OLHOPIQHICTb OTPUMaHUX BMOOPOK (3iCTaBHI 3a BikOM, CTaTTIO,
TSDKKICTHO 3aXBOPIOBAHHS) Ta MOXITMBICTb OTPUMaHHS JOCTOBIp-
HWX J@HMWX Mif Yac CTaTUCTUYHOTO aHaniy. XBopi NepLuol rpynu
(n = 56) oTpumyBanu 6a3oBuin KOMMNEKC peabiniTavii: megvka-
MEHTO3He NikyBaHHS 3a NoTpebot (HeCTepoiaHi NpoT3ananbHi
3acobu, MiopenakcaHTu, aHanbreTyikm), Macax, NepCoHicikoBaHi
KOMMMEKCW TepaneBTUYHUX BripaB, (isnyHi MeToay nikyBaHHs!
(mariToTepanisi, yneTpa3sykoBa Tepanist). MavieHtam 2 rpynu
(n =68) gopatkoBo A0 6a30BOrO MiKyBaHHS NPU3HaYan ceaHcu
MOCTI3OMETPUYHOI Ta MOCTPELMNPOKHOI penakcaLlii M's3iB, TEXHIKK
mobinisavii 3a K. Lewit, R. Maigne, B. I'y6eHkom [13], a Takox
opwuriHanbHi po3pobneHi Hamu MeToauKY KiHe3ioTepanii 3anexHo
B} MoKa3HuKiB BepTebpoauHamiku. Linkn ambynatopHoi peabi-
niTauii ctaHoBuB 14 AHiB.

O6cTexeHHs BKMNKOYaANo 3aranbHi aHanisn KpoBi Ta ceui,
GioxiMiYHMIN aHani3 KPOBi, peHTreHcnoHAmnorpadito rpyaHoro
BigAiny xpebra B NpsAMii i BiHi NPOEKLisX, 3a HAsBHOCTI No-
KasaHb — MarHiTHO-pe30HaHCHY ToMorpadito rpyaHOro Bigginy
xpebTa, KoHCynbTauii nikapis CyMixXHUX cnewjanbHocTen (Tepa-
MeBT, Kapaionor, HeBPOIIOr, Herpoxipypr). [Ans audepeHLiansHoi
[iarHoCTUKM 3 COMaTUYHUMM 3aXBOPIOBaHHAMM abo CynyTHBOI
KMiHIYHO 3HaYyLLOi NaTonorii BHYTPILLHIX OpraHiB (BKIKOYaum
CUMMTOMATMKY, L0 NOB'sI3aHa 3 «BIAOUTUMY BICLLEPOTEHHUM
XapakTepoM) Ha eTani CKpUHiIHTy aHanisyeanu gani EKT, HaBaHTa-
XyBarnbHUX KapaianbHuX npob, exokapaiockonii, rabopaTopHux
GiomapkepiB ypaKeHHs Miokapa, XOrNTePiBCHKOr0 MOHITOpYBaH-
H8, cniporpadii, e3ocharoracTpoayoaeHoCKonii Ta peHTreHorpadii
OpraHiB rpyAHOI KITITKW TOLLO.

[nsa ouiHoBaHHs BepTEBPO-HEBPONOriYHOTO CTaTyCy Ta
HaCTYMHOrO CNOCTEPEXEHHS 3a AUHAMIKOK HEBPOMOMiYHMX
CMHAPOMIB YCiM NaLlieHTam 34iACHWUMM KOMMIIEKCHE 0OCTEKEHHS!
i3 3aCTOCYBaHHSAM HU3KU [OAATKOBUX AOCTiMKeHb. [liarHo3 3a
OCHOBHMM 3aXBOPIOBaHHSM Ha eTani ambynaTopHoi peabinitavii
BCTaHOBMIOBaNM Ha MiACTaBi Ckapr XBOPOro, aHaMHEe3y 3axBo-
PIOBaHHSI, aHaMHE3Yy XWUTTS, BUSBIEHHS CYMyTHbOI NaTonorii
BHYTPILLHIX OpraHiB, BiJOMOCTEN LLOAO TPaBM i onepavii B aHa-
MHe3i, 3a pesynsrataMmy KniHiko-HEBPOSIOTYHOO Ta MaHyanbHOro
06CTEXEHb. YTOYHIOBANM XapakTep Ta iHTEHCUBHICTb 600,
iXHI0 3anexXHICTb Bif HAasABHOCTI pyxiB. Beptebpo-HesponoriyHe
0BCTEXEHHS XBOPUX 30INCHUNM 3a 3ararnbHONPUNHSATOK CXEMOIO
B JMHaMILi: Ha noYaTKy, y NPOLECi Ta micns 3aKiHYeHHs Kypcy
peabiniTauii.
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Ycim XBOpUM BUKOHaMNM komnnekcHe peabinitaLiiiHe obcTe-
XEHHs1. [Nt OLiHIOBaHHS CTaHy M'SI30BOi CICTEMM BUKOPUCTANM
MaHyanbHuin M'a3oBui TecT (Medical Research Council Scale,
R. Van der Ploeg et al., 1984). M’a3oBy cuny oujHtoBanm 3a
n'aTbanbHoI Wkanow: 5 6anis — M'A30Ba ca He 3HWKEHA;
4 Banu — NOMIpHO 3HWKeHa; 3 Banu — 3Ha4YHO 3HWKEHa; 2 6anm
— pi3Ke 3HWKEHHst M'30B01 cunu; 1 6an — He3HaJHe CKOPOYEH-
HS M's13iB 6e3 iCTOTHOI 3MiHM JoBxuHK; O GaniB — BiACYTHICTb
CKOPOYEHb Y M'A3I.

CrtaH pyxoBoi cchepm OLiHUNK 3a pesynbTaTaMy BUMIpHOBaH-
HS1 PYHKLA Ta 06CAry aKTUBHWX | MACWUBHWX PYXIB Y rpyaHOMY
Biaaini xpebta (biuHi HaxMnKW, 3rMHaHHs BNepen, PO3rvHaHHS
Ha3sag, obepTaHHs).

[ig Yac BMBYEHHS HEBPOIOMYHOIO CTaTyCy 3aXBOPHOBAHHS
OLIiHIOBaHHS1 37 CHIOBANM 32 TaKUMM KpUTEPISIMU, SIK FoKaridaLlis
Gonto, 110ro iHTEHCUBHICTb, ippadiaLlis, xapakTep, NONoXeHHs
Tina, Npu skoMy Ginb NOCUINIOETLCS UM crnabLuae; OLiHIBaHHS
MOMOXEHHS TONOBY, NNEYen, Tasa; GisionorivHi BUrMHu xpebTa
(ckonios, kidho3); nanbnawisa B MiCLSX NPUKpINNeHHs Tpanewie-
nogibHoro, pomMbonogibHoro, HANWKMPLIOTO M'A3IB CMHKM (MiA
yac nmanbnauii sk KpUTepii oLiHIOBaHHS BpaxoByBanu 6inb B
JinsiHKax OCTUCTKX BigPOCTKIB, Tin xpebLiB, napaBepTebpanbHuX
TOHOK; pyXnmBicTb okpemux XPC, cyrnobosi bnokagu; Ginb npu
0CbOBOMY HaBaHTaXeHHI Ha xpeberT).

M’130BMI1 TOHYC BU3HaYan¥ 3i BCTAHOBNEHHSM TPbOX CTyne-
HiB: NEPLLMIN — He3HaYHe MIABULLEHHS, Mig Yac nanbnavii BIGHOCHO
Nerko MoXHa NPOHUKHYT Y TOBLLLY M’'i3a | NponanbnyBaTi OKpeMi
MyyKW; APYrvid — MOMIpHe NiABULLEHHS, NiA Yac nanbnawii M'a3
LUirIbHWRA, | B A0TO TOBLLY MPOHUKHYTW CKNaaHO; TPETIN CTYNiHb —
Pi3KO BUPaXKEHE MigBMLLEHHS TOHYCY, M'Ai3 KaM SHIUCTOI LLiTbHOCTI,
HEMOXNMBICTb nanbnalvyi.

BusHavanu 4yTnuBi posnagu: rinectesito, rinepectesito,
napecrtesii, rinepnarito. PoapiaHanu BepTebparbHi pechnekTopHi
AechopmaLlii rpyaHoro Bigainy xpebta: 3miHu isionorivHoi Kpy-
BU3HW, HAsSiBHICTb NATOMOTYHOI KPUBM3HK, Kiho3 (MOCUNEHHS,
CMIOLLEHHS1), CKOMi03. 3MiCHUIN KOHTPOMb pechneKTOPHOI cdhe-
pu: pecbrekcu 3HMKeHiI, NiABULLEHI, aHi3opeddnekcist, BUNagiHHS
pednekcis. [locniannm BeretatMBHO-CyaNHHI Ta HENPOANUCTPO-
iuHi posnagwm.

i Yac ouiHBaHHs BepTEOPOreHHX Topakarrili BpaxoByBa-
N1 Taki kpuTepii: okanisavlis 6onto B rpyaHoMy Biaaini xpebTtaTa
TPYAHINA KNiTUi, BAMYLUEHE MOMOXEHHS Ta 3MiHa noaw, NoB's3aHa
3i 3MiHaMn KoHdirypauii xpebTa, 3anexHicTb iHTEHCUBHOCTI
Gonto Bifi HaBaHTaXeHb Ha XpebeT, pyxiB y HOMY, iMMobinisaLlisi,
BiACYTHICTb TPABMaTM4HOIO BNMBY Ha XpebeT, 0OMEXEHHS Yu
BICYTHICTb pyXiB Yy rpyAHOMY Biagini xpebTa, MiognMCTpodiyHi
Ta MiOZMCTOHIYHI 3MiHW y NapaBepTebparnbHUX M'si3ax rpyaHoro
BigAiny xpedTa, 3MEHLLEHHS! YN 3HUKHEHHS KITIHIYHUX NPOsIBIB
niZ BrAMBOM iKyBarbHWX 3aXOLiB, CMPSMOBAHUX Ha TPyAHMIA
Bigain xpebra.

EdbekTuBHicTb peabinitalii Takox aHanisysanu Ha nigcrasi
OLiHIOBaHHs1 60IbOBOTO CUHAPOMY (3a BidyaribHOK aHarNoroBo
wkanoto (BALL) Ta McGill), sikocTi xuTT4 (3a wkanoto EuroQOL-
5D). BaxnvBuin KpUTEPIiA Y KNiHILi HEBPOMOTYHMX MPOSIBIB NpK
BepTeOPOreHHNX Topakanrisix — OLiHOBaHHS! 6OMbOBOrO CUH-
OPOMY, LLO € BXKIMBWM 3 MOMSAY AMHAMIKM 3aXBOPIOBAHHS,
MCUXOEMOLNHOTO (hOHY XBOPOrO i OLiHIOBaHHS €PEKTUBHOCTI

Pi3HUX BWLiB KOHCEPBATMBHOrO MikyBaHHS. [ns oUiHIOBaHHS
Gonto 3actocoByeanu BALLl ycim navjieHTam Ha noyartky Ta nicns
3aKiH4YeHHs Kypcy peabiniTaLlii. XBopoMy NponoHyBanu NpUAHSTY
MakcumanbHo Moxnmeuia 6inb 3a 100 % i nosHaunTK 1oro Ha
BiApi3Ky, @ NOTIM BigKNaCTV MPONOPLAHO A0 MaclTaby CTyniHb
MepexuToro nig vac 06CTexeHHs 60NbLOBOrO BiAYYTTS.

HopManbHicTb po3noginy oujHioBanu 3a kputepiem LLanipo—
Binka. SkLL0 po3nogin aMiHHOT NignopsAKoBYBaBCS HOPManbHOMY
3aKOHY, BUKOPVCTOBYBanM npoLeaypy 0AHOGaKTOPHOro ancnep-
CIMHOro aHaniay, BiZKuaauu HyNbOBY rinOTe3y Npo BiACYTHICTb
po36ixHOCTI BIBIpkoBOI cykynHocTi npu p < 0,05. MNopiBHAHHS
rpyn 3a SKICHOK O3HAKOHK 34iNCHUNN 33 JOMOMOro KpUTEpito
X2. Mig Yac cTaTMCTUYHOTO OMpaLitoBaHHS AaHUX BUKOpPUCTaNM
niueHsinHy nporpamy Statistica for Windows 13 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J).

Pe3yabtatu

OCHOBHMI KNiHIYHWI CMMNTOM BepPTEOPOreHHNX Topakar-
rii — 6inb y rpyaHomy Bipgini xpebTa, skvin Bu3Hauunm y 120
(96,77 %) nauieHTi. MMig Yac cyb’eKTMBHOI xapakTepuUcTUKM
Ginb BrU3HAYanM 3a TakUMM KPUTEPISIMU, SIK HUKOUMIA, KOMHOYUIA,
CTUCKamNbHWA, NEKYYNid, 3 BiQUYTTAM BaXKKOCTI, XpYCKoTY, Binb
MiKNONATKOBIN AiNSHLI, 3 BiQYYTTSM CKyTOCTI y rpyaHoMy Bigaini
xpebTa. Tpneanictb 60150BOr0 CUHAPOMY OLiHIOBaNM B AjanasoHi
Bif, HE3HauYHOI [0 TpMBanoi (3binbluyBanacs nig yac Kawuno,
pi3KIX pyxiB). XapakTepHa 0cobnmBicTb 600 — 110ro 3aNexHiCTb
B} PYXiB i (Di3NYHMX HABaHTaXEHb, & TAKOX MOCUMEHHS Mig Yac
X0Ab0OM, NpU 3rMHAHHI Ta PO3rHaHHI, L0 He NPUMMHAETLCS iHOA
HaBiTb y crokoi. Y 50 (40,32 %) xsopux 6inb ippagitoBas y nisy
PYKY, Nig niBy nonatky, NOCWIOBABCA NPW 3MiHi MONOXeEHHS Tina,
TpUBaNOMy CUAIHHI, KaLumi, YxaHHi. [ig Yac nanbnavii TpurepHux
30HY 100 (80,65 %) xBop¥X BU3Ha4MM GOMICHI AiNSHKM (By3nVKm
KopHeriyca, rineptoHycu Mionnepa). Y 95 (76,61 %) nauieHTis
BM3HaAYasM CEerMeHTapHi BEreTaTuBHI MOPYLLEHHS: MOXONOAaHHS,
MapMypOBICTb LUKIPHWUX MOKPUBIB (KWUCTEN, cTOM), rineprigpos,
Aepmorpadiam poxesuid, bniguii.

Y pesynbtari kniHiko-BepTE6POHEBPOITONIYHOTO 0BCTEXEHHS
BUSIBINEHO, LLO Binb NoKanisosaHuil y rpyaHoMY Biaaini xpebTa 6e3
ippagiauii —y 60 (48,39 %) xBopux; y rpyaHoMy Biggini xpebTa
3 ippagiavieto B nisy pyky —y 50 (40,32 %), npu oMy GonicHi
BiQUYyTTS CTaBan NEKy4MMM, PO3NUTUMU, BUHUKAIM BETETATUBH
MOPYLLUEHHS (MOCWMEHHS MOTOBUAINEHHS, 3MiHa Typropy Ta 3a-
BapBreHHs: No4YepBOHIHHS ab0 36MiAHEHHS! LKIPHUX MOKPUBIB);
y rpygHomy Biggini xpebTa 3 ippagiavieto B npasy pyky —y 10
(8,1 %) ocib; 6inb nig Yac kawnw —y 7 (5,65 %); y rpyaHomy
BinAini xpebTa 3 ippapiauieto nig nisy nonatky —y 30 (24,19 %)
navieHTiB; y rpyaHin knitui —y 27 (21,77 %); nig Yac nanbnavji
octuctux sigpocTkiB — y 120 (96,77 %); nig yac nanbnavji na-
paBepTebpanbHix Todok — y 124 (100 %); 6inb npn ocboBoMy
HaBaHTaxeHHi Ha xpebeT —y 70 (56,45 %) Bunagkax; 6inb y M's-
3ax —y 42 (33,87 %); y mbxnonarkosii ginsHui —y 20 (16,13 %)
oci6; y 25 (20,16 %) xBopux 6inb y OinsHUi cepus NpoBOKYBaB
Pi3KWIA He3rpabHuMiA pyX, MiAHATTS BaXkoro abo nepebyBaHHS B
He3pyu4Hil No3i, i Hanagy nepegysany Goni B AinsHui xpebTa uu
Hagnnivyst. 3ayBaXxmvMOo, LLIO MPUAOM HITPOTMILIEPMHY UM HLLIMX KO-
POHAPOAKTMBHYX Npenapartis 60MbOBMI CUHAPOM He KynipyBaB.
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Mig yac pyxis Tyny6a 6oni amiHoBanmcs y 35 (28,23 %) xsopux,
nig yac pyxis wui —y 15 (12,1 %); 10 (8,1 %) naujiexTiB manu
CcKapru Ha 3anamopoyeHHs, 70 (56,45 %) ocib — Ha nigBuLLEeHy
CTOMITIOBAHICTb Ta MOPYLUEHHS] CHY.

Docnigunu pedonekcn: KicTkoBo-abaoMiHanbHUIA pedoriekc
BextepeBa (BUKMMKae CKOPOYEHHS M'AI3iB MEPEeAHbOI YEPEBHOI
CTiHKM, Ayra 3aMUKaeTbCs Yepes cermeHT ThS-Th6) BusiBneHo
y 55 (44,35 %) xopwx; BontovicTb y Toukax Jlasapesa (napasep-
TebparnbHi Toukm Ha piBHi Th3-Th4) 3adpikcosaHo y 40 (32,26 %)
0Ci0, 6OMHOYICTb Y MICLISX M'SI30BMX BY3MMKIB Ta YLLiNbHEHb (TOYKM
Mtonnepa, KopHeniyca). MopyLueHHs yHKLji xpebTa: 3miHy xoau,
HasiBHICTb aHTaNr4YHOI NO3, 0BMEKXEHHS PYXiB Y rpyAHOMY BiAini
xpebta—BusBneHo y 120 (96,77 %) naLieHTiB. AHisopednexcito
(3 pyk) Bu3Haumnm y 25 (20,16 %) nauienTis. Yytnusi posnagw,
30KpeMa rinepecTesito, rinectesito, NapecTesito, BU3HAYEHO Y
80 (64,52 %) xBopux, riNOTPOChit0 M'A3iB NNEYOBOMO Nosica — y
17 (13,71 %).

Y GinbLuocTi nauieHTiB (kpim 600 B rpyaHoMy Binaini xpebra)
BM3Ha4MnM Boni B LWMAHOMY BifAiNi 3 Nokarnidawieto 3a rpyamHor
Ta B NigkmMoumyHin ginaHui—y 40 (32,26 %) ocib, y nonepekosomy
—y 65 (52,42 %). Ue cBiguMTh NPO HasiBHICTb pedhrieKTOpHOro
MEXaHi3aMy Topakasrii Ta MoB’s3aHo, Sk MOXHa NpUNycTUTH, 3
XOPCTKOIO aHaTOMIYHOHK dhikcaLlieto rpyaHoro Bipainy xpebta,
sKa € CBOEPIAHO iMMoBinisaLlieto MixkxpebLeBX 34neHyBaHb.

Peaynistati 0BCcTeXXeHHs nokasanw: Topakanrii BeprebporeH-
HOTO I'eHesy XxapakTepu3ytTbCsl Pi3HOMaHITTSIM XxapakTepy 60mto
i, K NpaBKno, NOCTIHO NoKaniaaLlieto, 3 KO NoB’si3aHa neBHa
ippagiavis GonboBMx BiguyTTIB i BOMKOYICTL N Yac nanbraii
M’SIKWX TKaHWUH rpyaHOT KniTk. 3a MaTtepianamu KniHiko-HeBpo-
NOriYHOrO OBCTEXEHHS Y XBOPUX BCTAHOBMEHO PEIEKTOPHI
CWHIPOMM, OCHOBY SIKUX CTAHOBMUTb MaTororiyHa iMnynbcalis 3
nepeBaxHUM ypaxeHHsm XPC.

BuaHayeHHs1 cuHapomiB BepTeEOpOreHHoT Topakanrii aae
3MOry TOYHiLLe CnpsiMYBaTy MiKyBanbHYy [il0 Ha FOIOBHY JaHKY
Ta NoninWUTK eheKTUBHICTb KOMMEKCHOMO NiKyBaHHS. ToMy
PO3PI3HAM TaKi KMiHIYHI BapiaHTX CMHAPOMY BepTEBPOreHHOI
TOpakanrii:

— nionarkoBo-pebepHuii cuHapom — 25 (20,16 %) navuieHTis;

— CUHZPOM nepeaHboi rpyaHoi cTiHku — 40 (32,26 %) naui-
EHTIB;

— BepTebpanbHo-kapgiansHuid cuHapom — 59 (47,58 %)
navyjieHTiB.

JlonaTtkoBo-pebepHuii CHAPOM BU3HAYUIM Y 15 YONOBIKIB |
10 xiHok Bikom Big 18 g0 54 pokiB. Kputepii BU3HaYEHHS LibOro
BapiaHTa cuHapoMy: Binb, NOB'SI3aHWI i3 HAXIIOM i NMOBOPOTOM
TOMOBU; HAKOUMIA Birb Y LK, BEPXHBO-BHYTPILLHBOMY KYTi NIOMaTKX,
3ippagiaLlieto B Ne4oBuiA cyrnoo, nieye, Lo NOCKUITOKTLCS MpK
3MiHi noroau; nig Yac nanbnawii 3'ABISeTbCS NOKanbHUIA, TYNUI
Binb, LU0 NPOHMKAE B IMBMHY, NpU pyxax NonaTkoto XxapakTepHMIA
«XPYCKIT» Yy AiMsHUi ii BEPXHbOrO kyTa. [auieHTn no-pisHomy
onucyBanu xapaktep Oornio: kopoTkoyacHuii abo Tpusanwii,
HUIOYMI, KOSHOUMIA, CTUCKANBHUIA, PiXKYYUA Y AINSHUI onaTky,
y MDXnonaTkoBii (4acTille 3nisa) i B NinonaTkoBi AinsHkax,
BiJYYTTS HE3PYYHOCTI B NONATL, «XPYCKIT» Y Hil MpU PisKux
pyxax pyKoto, Binlb y HaBKONOCOCKOBIN AinsHUi. binb NoB’si3aHuii
i3 pi3HOMAHITHICTIO mKepen 60onboBOI iMNynbcaLlii. 3miluaHui
xapakTep 6onto BU3Hauunu y 15 xsopux. Y naujieHTiB Li€ei rpynm

Ooni Manu TOYKOBMI XapakTep i SIokaniayBanucs B NTONaTKoBilk
AinsHui (B nonatui Ta nignonatkosii AingHui). Y 10 xsopux 6inb
MOB’A3aHWIA i3 AWXaHHsIM | pyxom Tynyba.

OyHKLUioHanbHi 6riokaamn B CErMeHTax HMKHBOLLMIAHOTO Bif-
ainy C7-Th1 BuseneHo y 7 nauieHtis, Th4—Th5 —y 18 xopux.
Br3aHaueHo Takox dhyHKLiOHanbHY Griokaay KicTKoBO-TpaHCBEp-
3anbHuX cyrnobis Ha pieHi llI-V pebep, iHogi VI pebpa, pisky iXHio
GonicHiCTb nig Yac nanbnawii, y MicLi NpukpinneHHs oo pebdep
pombonogi6Horo, BepxHb03y64acToro i BepXHix nyykis HaliLoB-
woro M'a3a. Mg yac nanbnavji Bu3Haumnm Gomtodictb y I1-VI
pebpax i rpyanHo-pebepHX 34neHyBaHHAX. Y pasi nopyLLeHHs
(hyHKLji KICTKOBO-TPaHCBEP3aNbHIX CYrobiB BUHMKNA Orokaga y
rpyaHomy BiaAini xpe6Ta 3 NopyLLEHHSIM TOHYCY M'513iB, (PyHKLiEr0
Akux Byno nigHiMaHHs nonarku. MNpw Tprueanomy nepebiry 3axBo-
POBaHHsI KOB3Ha NanbnaList cnpuymHsna Binb, Lo «CTpinsie» B
PYKY, Y 7 XBOpUX iarHOCTyBanm GOMiCHWI cnas3M Maroro rpyaHoro
M'513a; y 6 NaLieHTiB — CUHAPOM rinepcTesil.

CuHapom nepeaHboi rpyAHOI CTiHKY (MeKTanris) AiarHocToBa-
HWA y 17 yonosikis i 23 xiHok Bikom Bi 30 4o 54 pokis. Kpuepii
3anyyeHHst NaLieHTIB O L€l rpynu — 3anexHicTb 60MbOBOro CiH-
JPOMY Bifj 03, pyXy roNIoBM Ta pyK, HasiBHICTbL BEpTEDPANbHOTO
(peHTreHoNoriYHi 03HaKK) Ta BiANOBIAHOTO M'SI30BO-TOHIYHOIO
cuHapoMmy (3 GonicHicTio B 30Hax AepmaTtomie-miotomis C2-C8
y OiNsHUi BENWKOro rpygHoro, TpaneuienodibHoro, nepegHix
ApabuHYacTux i 3yb4actux M's3is), BiCyTHICTb KMiHIYHNX Ta iH-
CTPYMeHTanbHUX 3MiH 3 60Ky cepLisi, eOEKTY Bifi HITPOMILIEPUHY
/1 @aHTUKOArynsHTiB, KNiHiYHe NONiNLUEeHHs BHACMIQOK BXUTTS 3a-
X0AiB, CNpsMOBaHMX Ha nikyBaHHs AAMX. [Ins wiei rpynn xBopux
XapaKTepHi ckapri Ha Tyni, H1Ko4i Boni TpuBanoro xapakrepy —y
23 XBOPUX; piaLe NavieHT Manu ckapri Ha Kontui, Hanagono-
[i6Hi 6oni — 6 BUNaaKiB; 3MiLLaHWIA | nepioanYHMI xapakTep 6o
— B 11 nauieHTiB. Hanvacrilua nokanisavis — 3nisa Big rpyavHm,
BusiBNeHa y 18 xsopux; 6inb y rpyaHin kniTui Bu3Ha4eHo y 5 ocib;
17 navujieHTiB Many ckapru Ha Ginb, L0 MOCKIKOETLCSA N Yac Pyxy.

O6MmexeHHs pyXIMBOCTI PyXOBWX CErMEHTIB rPyAHOrO Biadiny
Thi-Th4 BusBneHo y 7 nauiexTie; Th4-Th5-y 12; Th6-Th12 -y
5; WmiHo-rpyaHoro nepexopy Ha pisHi C6—C7, ThI-Th2 3niBa—y
6 BuNagkax; rinepcresito Ha NepeaHin NOBEPXHi rpyaHOI KTk
BM3HaueHo y 10 nauieHTiB.

BeptebpanbHo-kapajianbHuii CMHAPOM fiarHOCTOBaHO Y 41
yonosika i 18 xiHok Bikom Bif 27 8o 54 pokis. Ha nigctasi kpu-
TepiiB AiarHoCTVKY, BepTebpanbHo-kapaianbHUin CUHOPOM Mag
Taki 0COBNMBOCTI: HexapakTepHa Anst NepBUHHOI COMATUYHOT
naTornorii KniHiyHa kapTuHa BicLieponarTiii; HasiBHICTb MiCLEBMX
BeretTaTyBHUX MOpYLLUEHb; PO3BUTOK BiCLiepanbHUX po3nagis
OAHOYACHO YM HEBAOB3i MICMS KMIHIYHOMO NPOSBY Y rPYAHOMY
Binaini xpebTa; YiTK1A 3B'30K 3aroCTPeHb i peMiciii Bicuepona-
Tin i3 nepebirom 0CcTeoXoHAPO3y XpebTa Ta oro HEBPOMOTYHUX
MpOSIBIB; NOYACTILLAHHS Ta NOCUMNEHHS NAapOKCU3MIB BicLepanrii
Ta NopyLUEHb BicLiepanbHX (YHKLA i BNAMBOM (hakTopis, cre-
LMdhiYHMX ANt OCTEOXOHAPO3Y XpebTa; HasBHICTb PaaMKyNSpHOI
CMMMTOMATMKM YW IHLUMX O3HAK 3a5Ty4EHOCTI BignoBiaHOrO Biadiny
xpebTa; TUMOBI ANst OCTEOXOHAPO3Y PEHTTEHONOTiYHI 3MiHM Bif-
MOBIAHOrO BiAAiNy xpebTa; BiACYTHICTb BUPKEHMX MATONONYHNX
3MiH Mif Yac BUKOPUCTaHHSI JOLATKOBMX METOLIB OOCTEXEHHS
BHYTPILLHIX OpraHiB Y1 NOro aTUMoBWiA XapaKTep; 3Ha4yHe Nokpa-
LLeHHS BiCLlepanbHUX (PYHKLIN | 3MEHLLEHHS BicLiepanrii, Konu
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BXWTO 3ax04y, WO CNpsSIMOBaHi Ha MikyBaHHSI OCTEOXOHAPO3Y
xpebTa; He JOCArHYTO MikyBanbHOrO eDEKTY Bifi 3aCTOCYBaAHHS
KapoioTpornHUX npenaparis.

MMig yac pOCMiMKEHb 3aCTOCOBAHO TaKi KpUTEPIl: HasBHICTb
Yy XBOPOro 2—3 03HaK, LLO AaBano 3Mory NpunycTuTi BepTebpo-
TEHHWI XapaKTEeP LyX NOpyLLeHb. AKLLO BUSBAANM MATb i GinbLue
03HaK, 3B'A30K BicLieparnbHUX PO3nagiB 3 ypaxeHHsM xpebTa
BBaXasnu JOBEAEHUM, XBOPOMY BCTaHOBIHOBanu fiarHo3 Bepre-
OporeHHoI BicLieponarTii Biano.iaHoi nokanisawi.

KpwuTepii 3anyyeHHs nawjieHTiB 4o Liei rpynu — ckaprvt Ha Ginb
y cepui (Bci xBopi); m'siTepo 0b6CTexeHux Ginb y AiNsHUi cepus
BiguyBanu pasoMm i3 cunbHUM 6onem y rpyaHoMy Biadini xpeb-
Ta. BeprebporeHHuin xapakTep 6onto B cepLi 06’ eKTMBI30BAHO
BIACYTHICTO NaTonoriyHmx 3miH Ha EKI™ HaBiTb nig vyac Hanagis,
HeedeKTUBHICTIO NPUIAOMY HITPOTMILIEPUHY, YITKOIO 3aNeXHICTIO
BWHWKHEHHS1 GO0 B AiNSHLI CepLs Mif Yac 3aroCTPEHHS KIiHiY-
HUX NPOSBIB rPyAHOTO OCTEOXOHAPO3Y. 3anexXHiCTb Liboro Buay
Gonto Big naTonoriyHoi iMnynbcauii 3 rpyaHoro Biaainy xpebTa
niATBEPAKYBanNo Te, L0 Malbke y BCIX XBOPUX el rpynu B pe-
3ynbraTi NikyBaHHA 6inb y xpe6Ti 3HKK (55 BUNaaKiB) un 3HAUHO
3MEHLUMBCA (4 nauieHTw).

XapakTepHumm Bynu ckapri Ha 6oni NOLUMPEHOTO XapaKTepy,
LLO BUSIBNIEHi y 18 xBOpWX; HWtoui Boni B MiXXNONATKOBIN AiNsHL
—y 22; 6inb y rpyaHomy Bigaini xpebTa 3 ippagiauieto nig nisy
nonatky — y 19 nauieHTiB. binb 3a3Bnyan xapakTepusyBaBcs
TPMBANICTIO | CTINKICTHO.

®OyHKLUioHanbHi 6riokaau xpebLieBo-pyxoBux cermenTis Th3—
Th4-Th5 BusHauunu y 55 (93,22 %) nauienTis. Iig yac obcTe-
KEHHS! BUSIBUIM 0OMEXEHHS 00CATY akTUBHIX | MACUBHUX PyXiB,
LLIO MOEOHYBANOCA 3 BUPAXEHOK OOMHOYICTIO B LIbOMY CETMEHTI
Ta piskoto BontovicTio nig Yac nanbnawii ocTUCTOro BigPOCTKA
Th3-Th4-Th5, mixxocTncToi 3B'A3kM Ha piBHi Th3-Th4-Th5
XPC; y noBrux M'sizax cnuHu, GinbLue 3nisa nanbnysany 6onicHi
BiNsHKN NIOKabHOTO M'SI30BOM0 HaNpyXEHHS.

KniHiuHi 03HaKM Npu pisHMX CUHOpPOMax BepTebporeHHoi
TOpakanrii HaBegeHo B mabnuyj 1.

NokanisaLlito TPUrepHMX TOYOK, BUSIBREHY Mif Yac nanbnaii
Yy NaujieHTIiB i3 BepTEOPOreHHMMM TopakanrisiMy, HaBegeHo B
mabnuuj 2.

Y pesynbTati JOCHIMKEHHS BCTAHOBUIM, LLO B OCHOBI BCIX
Ha3BaHMX CUHAPOMIB — (hyHKLiOHamNbHi Brokazy rpyaHoro Biggainy
Th4-Th6 i wwitHo-rpygHoro nepexogy xpebrta C6-Th2. Mopy-
LLIEHHst HopManbHOi PyXMBOCTi pebepHO-NONEPEYHUX 3'EAHAHD |
PyXnMBOCTi pebep, a Takox pedpreKTopHi 3MiHV B NepiapTuKynsp-
HWUX M’'si3aX, NOB'A3aHX i3 6riokoBaHUMYK cyrnobamu, Ta M'sa3ax,
MOB'AA3aHMX i3 GrIOKOBAHMMI PYXOBUMM CErMeHTamm xpebTa.

Y pesynbTarti 06CTEXeHHsI NaLieHTiB i3 BEpTeOPOreHHNMK
TOpaKanrissMu N aHanisy OTPUMaHIX AaH1X BUSIBUNW 38’30k G0mH
3a rpyAMHOI0, MIAKIIOYNYHIN AingHKax 3 ippagiaLieto B Mixrnonat-
KOBY LiNSHKY, Nig NiBy nonatky, Niey pyKy 3 (yHKLiOHaNbHUMM
Brnokagamm XPC Th4-Th5 i BupaxeHum kichozom. BcTaHoBneHo
3B'A30K ippagiaLii 600 B MiXIONATKOBY AiNAHKY, WM, NiBy
PYKY 3i 3rnafpkeHicTio rpyaHoro Kidosy, 3 yHKLiOHansHUMK
Griokagamm Ha piBHi BepXHbOrpyaHoro Thi-Th2 Ta HuxHbOrpya-
Horo Th6-Th8 Bigainis xpebTa. Haronocumo Ha 38's3ky 6onto B
rpyaHomy Bipgini xpebTa 3 yactotor brokag Ha pieHi Thi-Th4
Ta LUMIAHO-TPYOHOTO NEepexoay, LU0 NOSICHIOETLCS MiABULLEHHSM

(PYHKLOHaNBHOTO HABAHTAXEHHS! Ha Lii CErMEHTY Y NaLjieHTiB i3
BepTebporeHHo Topakanrieto. binb y AinsHui cepust 3 ippagi-
auieto B AiNsHKY Wi Nokasye 38’30k hyHKLioHanbHWX 6rokas
C6-C7 3niea Ta BepxHborpygHoro Thi-Th4 Bigainis xpebTa.
Topakanrii B 4insHL rpyavHy NokasyoTb (yHKLioHanbHI 6riokaam
LWKAHO-TpyaHoro nepexogy C7-Th2, Lo noeaHyrTLCS 3 Mopy-
LUeHHsIMK HKHBOTPYaHOro Th5-Th8 Bigainy xpebTa.

OpvH i3 NpoBIAHMX CMMNTOMIB Y KNiHilli BepTebporeH-
HOI Topakanrii — M’130BO-TOHIYHI NposiBU, BU3HaYeHi y 124
(100 %) xBopux. Y 10 (8,1 %) xBopwux i3 BepTeOpOreHHMM
TOpakanrismu, Lo nos’a3aHi 3 yHKLiOHaNbHAMMW NOPYLLEHHS-
MW HWKHBOLUMIHOTO Bigainy xpebTa, BU3HAUMNW MigBULLEHHS
M’5130BOrO TOHYCY B napaBepTedpansHuX, MixpebepHux M'a3ax,
MIAKMOYMYHIN ML, Y TOPU3OHTANBHIN | BEPTUKAMNbHINA NPOEkK-
Lisix TpaneLienogibHoro mM’'si3a, y BEPXHIN YacTWHI BENUKOTO
rpyaHoro m'siza (Byanuku KopHeniyca B HagkmoumyHin amui). Y
60 (48,39 %) nauieHTiB i3 BepTEOPOreHHMY TOpakanrismu, siki
MoB’A3aHi 3 hyHKLiOHaNbHMY MOPYLLIEHHAMW BEPXHLOMPYAHOTO
Bigainy xpebTa, BUSIBNEHO NiABULLEHHS M’'S30BOMO TOHYCY Y
rpyoHuX i goBrx m'a3ax cnvku. Y 35 (28,23 %) obcTexeHnx
i3 BepTeOpOreHHNMI TopakanrisiMu, Lo NoB’s3aHi 3 nonaTko-
BO-pebepH1M BapiaHTOM CUHAPOMY, 3achiKCOBAHO MiABULLEHHS
M’i30BOTO TOHYCY: M’si3a, L0 NigHiMae nonatky, MixpebepHnx
m’a3iB, pombonogibHoro, TpaneuienogibHoro, pednekTopHo
NnoB’sA3aHOro 3 GIIOKOBaHUMK M'si3aMu pebepHO-NonepeyHNX
cyrnobis. ¥ 20 (16,13 %) nauieHTiB i3 BepTebporeHHumm Topa-
Kanrisimu, siki NoB’si3aHi 3 CUHAPOMOM NepeHbOI FPYAHOT CTIHKN,
BCTAHOBMIEHO MOCUIEHHS! M’SI30BOM0 TOHYCY Y BEMKOMY Ta
Manomy rpyaHux m'sasax. Y 95 (76,61 %) xsopux 60onboBi TOUKM
nokanisoBaHi y niBii NONOBWHI rpyaHOi KNiTuHK, y 25 (20,16 %)
naLieHTiB BM3HaYeHa [BOGIYHA nokanizauis 6oniCHUX TOYOK,
y 4 (3,23 %) nauieHTiB — y NpaBiii NOMNOBUHI FPYOHOI KIITKK.
Y 10 (8,1 %) obcTexeHux y cepeaHbOMy nanbnysanu no 4-5
60MbOBMX TOYOK.

Bereto-cyauHHi Nposisn 3a TUMOM Ba3ocnasMy BCTAHOBIEHI
y 25 (20,16 %) xBopwx. Kpim TOro, pis3HOMaHiTHi BereTatusHi no-
PYLUEHHSI BUBHAYEHO Y BiNbLIOCTI NaLlieHTIB i3 BepTebporeHHuMM
Topakanrismu (6nigi 4insHKW LKIpY BEPXHIX KiHLIBOK, 30MiAHEHHS
abo UiaHO3 HIrTboBMX (hanaHr, HeMpUEMHI Bif4YTTS — NEYiHHS,
MOKOMKOBAHHS).

AHani3 HaBeeHNX AaHUX CBIOYNTb, LLIO Cepen YacTUX PeHT-
FeHONOTiYHMX 03HaK — cybxoHapanbHui cknepos (y 95 (76,61 %)
XBOPUX), LLIO € MPUCTOCYBANBHOKO PeaKLjieto opraHiaMy Ha yHK-
LliOHanbHEe HaBaHTaXeHHs xpebTa. 3HKEHHS BUCOTM MixXped-
LIeBOrO [1CKa € OFHIEID 3 NEPLUMX PEHTTEHOMOMYHMX O3HaK, LU0
CBiAYMTb NPO PO3BUTOK AEreHepaT1BHO-ANCTPOMIYHOTO NpoLecy
Yy TKaHWHi aucka (3adikcoBaHo y 60 (48,39 %) xBopwx). YTBO-
PEHHSI HEBENMWKMX KparoByX KICTKOBIX PO3POCTaHb — OCTEOWDITIB
— 3YMOBMEHO KOMMEHCATOPHOI MPUCTOCYBANbHOK PeakLieto,
LLIO BMHMKAE BHACMIZOK 3MiHM HaBaHTaXeHHS Ha Tino xpeobus.
OcTeoiTn NoLWIMPOKTLCS B3OOBX KiNbKoX XpeOLiB, LIO BUSB-
nero y 65 (52,42 %) navuieHTi. [pyaHUIA CKOMiO3 giarHOCTyBanm
y 58 (46,77 %) ocib; necbopmyBarnbHMIA CNOHAUIEO3 BA3HAYMN
PEHTTEHOMONYHO 3a KICTKOBMMM PO3POCTAHHSAMM, LLO OTOYYHOTb
XPC Ha pisHi ogHoro, pigwe — asox XPC. Y pasi nporpecy-
BaHHS CMOHAMIBO3 NPU3BOAUTL 4O MOCTYNOBOMO (hOPMYBaHHS
kictkoBoro 6moky, wo BusieneHo y 38 (30,65 %) obcTexeHux;

278 Modern medical technology. Volume 16. No. 4, October - December 2024

ISSN 2072-9367



OpwuriHanbHi pochipkeHHs / Original research

Tabauusa 1. KaiHiuHi 03HaKW Npu Pi3HKX CUHAPOMaX BepTebporeHHoi Topakanrii

KniHiuHi 03Haku KniHiyHi BapiaHTn BepTe6GporeHHoi Topakanrii
NonatkoBo-pebepHuit | CuHApOM nepeAHbLOI BeprebpanbHo-
CUHOPOM, TPYAHOI CTiHKM, KapAianbHWi CUHAPOM,
n=25 n=40 n=59
XapakTtep 6onto Hutouni 16 23 18
HanaponopioHwit 3 6 -
TpvBanui 6 1 41
Tokanisavis 6onto Y rpygHin kniTui - 5 -
Hap- i migkniounyHa ainsHKu - - -
Y pinsHui cepus - 18 55
Y rpynHomy Bipaini xpebra 25 17 4
Ippagiavis 6onto Y wnwo - 7 -
Y nisy pyky 10 2 8
Y pinsHKy nonatku 15 - 19
38’30k Bonto 3 pyxom 10 17 35
3anamMopoyeHHs - 3 9
Cepuebnts 20 2 3

CMOHAMNOapTPO3 CBIYMTL MPO AereHepaLiio cyrnoboBux xps-
wis, giarHoctoBaHui y 20 (16,13 %) BUNagKax; XpsLLOBi By3nu
Tin xpebuis (rpvxi LLmopnsi) BuseneHo y 15 (12,1 %) xsopwx.
OsHaku fereHepaTMBHO-QUCTPOGIYHWX 3MiH FpyAHOMO BiaAiny
xpebTa HaBeaeHo B mabnuui 3.

Y BinblWOCTi MaLEHTIB YpaKEHHSI BUSIBNSMM OQHOYACHO Y
ABox — Tpbox XPC. Kpim Toro, dhyHKLioHanbHi brnokaagu Hanvac-
Tille BU3Ha4anw y AinsHui wuitHo-rpyaHoro nepexogy C7-Th1.
Y pesynsrati 4OCTiZKeHHs 3p06WM BUCHOBOK, LU 3rTaKEHICTb
rPYLHOTO Kiho3y CpUUIMHSIE PO3BUTOK PYHKLiOHANbHUX 6riokas
y BepXHborpyaHomy Bigaini xpedta Th3-Th4 Ta 3ymoBntoe ix
YTBOPeHHs nuLwe Ha piBHi Th5-Th6. Akwo rpyaHui kigos Bupa-
XKEHWI, (hOPMYHOTLCS PYHKLIIOHANBHI Bnokaay Y LWWAHO-TPYOHOMY
Bigaini xpebta C6-Th6.

HannoLmpeHiLLi peHTreHornori4Hi 03Haku AereHepaTMBHO-aM-
CTPOIHHMX 3MiH rPYAHOTO Biaainy xpebTa, 3rigHo 3 pesynbratamm
[OCRIMKEHHS, — CyOXOHAPanbHWIA CKIepo3, 0CTEOMITH, 3HUKEHHS
BMCOTM MixxpebLeroro aucka. HaivacTile nokanisaviio gere-
HepaTUBHO-ANCTPOGIYHIMX 3MiH BU3HAuMNK Ha piBHi C7-Th1,
Th3-Th4, Th4-Th5, Th5-Thé XPC.

Micns umkny peabinitavii B y 78,6 % nauieHTiB 1 rpynu go-
CArHYTO NOKPaLLEeHHs BepTebpoanHaMiYHX NOKa3HWKIB, a came
BigHOBMeHHs1 obcsry pyxis y XPC Ha rpygHoMy piBHi. Y XBopux
2 rpynu nosuTWBHY AWHaMiky cnocTtepiranu y 6inbLuoi Wwoao
nepLUOi rpynu YacTku nauieHTis —y 94,1 % unagkis. O3Hakn Pb
36epiranucay 12 (21,4 %) i3 56 oci6 nepwwoi rpynu taB 4 (5,9 %)
i3 68 xBopux apyroi rpynu. OTxe, Ha (OOHI BUKOPUCTAHHS KiHe-
3i0TepaneBTUYHWUX TEXHOMOTIA NiKyBaHHS y Apyrii rpyni XBopux
[OCSITHYTO KpaLLyX MOKasHUKIB ePEKTUBHOCTI peabiniTaviinHmx
3axopis.

BcraHoBuMnm, WO KOMANEKCHUIA Kypc peabinitavii Xsopux
i3 BepTebpOreHHMMM TopakanrisiMu Cnpusis Hopmanisavji Be-

FETAaTUBHOMO TOHYCY, MOMIMLIEHHIO CaMOMNOYYTTS Ta HAcTpolo,
HopMariaaLlii CHy, kpiM TOro, y MawjieHTiB 3'ABMANOCS BigyyTTS
BMEBHEHOCTi y CBOIX cunax.

[Micns 3akiHYeHHs Kypcy ambynaTopHoi peabinitayii Ans npo-
hinakTMky NaLjieHTam pekoMeHLoBaHO 3anobiraHHs Ta 3MEHLLEH-
HS NepeBaHTaXeHb OMOPHO-PYXOBOi CUCTEMM (CTOATU, CULITH,
nexaru, nigHiMaTi BaXki NPeaMETH 3rigHO 3 peabiniTavinHumm
MeToaMKaMm), NepPCoHichikoBaHi TepaneBTUYHI BNpasw, JOTPU-
MaHHs paLlioHanbHOro Xxap4yBaHHs, OpTE3yBaHHS, ONTUMAanbHUIA
PYXOBWIA CTEPEOTHN (HAMAraTucsl YHUKaTL PyXiB, LLO MPOBOKYHOTH
3ar0CTPEHHS), YHUKATW NEpPeoXoromkeHb, EProHOMIYHE NnaHy-
BaHHS MOBCAKAEHHOI AiSNbHOCTI, pO6040ro Micus.

3ayBaxumo, LU0 Yy XBOPYKX i3 KMiHiYHAMK nposisamu OOMX
rpyAHoro Biaginy xpebTta rpynu NOpiBHSHHS JOCTOBIPHO Ya-
CTilLE 3apPEECTPOBAHO 3HAYEHHS MATUKOMMOHEHTHOI CUCTEMM
EuroQOL-5D noHap 4 6anm (x? = 11,63, p < 0,01). 3rigHo 3i
Lwkanoto 6omto BALL, navieHT 4o Ta nicns KiHesioTepaneBTUYHNX
KOMMIEKCIB ¢hikcyBanu, Yu Bif4yBatoTb BOHM Girnb Yepes XBopo-
Oy Ta Hackinbkv cunbHWiA Ginb BOHK BigvyBanu Yepe3 xBopoly
MPOTArOM OCTaHHIX 7 gHiB. 3rigHO 3 L€t LKanow BCTAHOBMEHO
CTaTUCTUYHO LOCTOBIPHE 3HWKEHHS iHTEHCWMBHOCTI 60NBOBOrO
cuHapomy Yy 93,75 % nauieHTiB nicns peabinitauinHux 3axoais
32 aBTOPCHKOK METOAMKOH.

3acTocyBaHHs opuriHanbHOI METOAMKM KiHesioTepanii B
pamkax peabinitaLinHux 3axogiB Mig vac NikyBaHHS aereHepa-
TUBHO-AMCTPOIYHNX NPOLIECIB PyAHOTO Biaginy XpebTa xapak-
TEpK3yBanocs 4OCTOBIPHUM BifbLLMM perpecoM iHTEHCUBHOCTI
BonboBoro cuHapomy Ha 32,19 % vs 14,74 % (p < 0,05, BALL)
Ta 3MEHLLUEHHSIM aKTUBHOCTI CEHCOPHOrO KOMMOHEHTa 6onio
(aHkeTa Bomto McGill) (y 3,71 vs 1,22 pasa, p < 0,001) nopisHs-
HO 3 MOKa3HMKaMM rpynu XBOPUX, SiKi OTPUMYBani NikyBaHHs 3a
PYTUHHUMU METOAUKAMM.
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Tabauua 2. \okani3aLLif TPUrepHKX TOUOK, LLO BUSIBAEHI Nip Yac
Nanbnajii B NaLlieHTiB i3 BepTebporeHH1MM Topakaarismm

Jlokanisauis KinbkicTb nauieHTis,
n=124
Oci6 %

OctucTui Bigpoctok C6 xpebus 15 12,10
OctucTui Bigpoctok C7 xpebus 10 8,10
OctucTui Bigpoctok Th1 xpebus 1 8,87
lapaBepTebpanbHi Toukm Ha piBHi Th1 xpebuga | 10 8,10
Octuctuit BigpocTok Th2 xpebus 10 8,10
[NapaBepTebpanbHi To4km Ha piBHi Th2 xpebus |5 4,03
OctucTui Bigpoctok Th3 xpebus 14 11,29
MapaBepTebpanbHi Toukm Ha piBHi Th3 xpebuga | 11 8,87
Octuctuit BigpocTok Thé xpebus 80 64,52
[NapaBepTebpanbHi To4km Ha piBHi Th4 xpebus | 75 60,48
OctucTui Bigpoctok Th5 xpebus 70 56,45
[NapaBepTebpanbHi To4km Ha piBHi Th xpebus | 60 48,39
Octuctuit BigpocTok ThG xpebus 21 16,94
[NapaBepTebpanbHi To4km Ha pieHi The xpebus | 15 12,10
I'pynmHo-pebepHe 34neHyBaHHs — 3 pebpo 15 12,10
[pyanHo-pebepHe 34neHyBaHHs — 4 pebpo 45 36,29
I'pyamHo-pebepHe 34neHyBaHHsS — 5 pebpo 55 4435
Benukuii rpyaHun m's3 100 80,65
Manwii rpymHuit M's3 95 76,61
TpanevienoaibHmin M3 60 48,39
M’a3, Lo nigHiMae nonarky 50 40,32
MepepHii 3yb4acTuii M's3 17 13,71
HapocTHuin M'si3 41 33,06

TabAnua 3. PEHTTEHOAOMUHI 03HAKW AETEHEPATUBHO-ANCTPODIUHMX
3MiH rpyAHOro BiaAiAY Xpebra

JlokanbHi peHTreHoNnoriyHi 03HaKu KinbkicTb nauieHTis,

n=124

Oci6 %
3MEHLLEHHS BICOTU MiXXPeBLEBOrO Aucka 60 48,39
Cy6xoHIpanbHuii CKIepo3 3aMuKarnbHIX 95 76,61
nnacT1HoK Tin xpebuis
[pvxi LWmopns 15 12,10
Octeoditin 65 52,42
[edopmyBanbHUin CNOHANLO3 38 30,65
CnoHamnoapTpos 20 16,13
AHomanii po3suTky 5 4,03
['pyaHmiA rinepkico3 55 44,35
Ckonio3 58 46,77

OTxe, KpiM perpecy KMiHIYHUX CUMMTOMIB, 3MEHLUEHHS! iH-
TEHCMBHOCTI BOMto, crnocTepiran BiGHOBNEHHS AKOCTI XUTTS, i
pisnyHoro, i ICMX0CoLianbHOro CTaTycy; CTaTUCTUYHO JOCTOBIPHO
MOKPaLLMIMCS NOKa3HWKM 3aranbHOr0 CTaHy 30O0poB's, 36inbLum-
nacb (oianyHa aKTUBHICTb, 3HA4YHO 3MEHLUMIACS Porib I3NYHMX
Ta emoLinH1X npobnem, Hanarogunacs colianbHa akTUBHICTb,
noninwmnacs XUTTe3AaTHICTb NaLliEHTIB.

06roBopeHHsA

KomnrekcHa xapakTepucTuka KNiHIYHUX NPOSIBIB Y XBOPUX
i3 AereHepaT1BHO-AMCTPOGIYHOI NATONOriE rpyaHOro BigAiny
xpebTa fgae nigcrasu obrpyHTYBaTH BUBIP KNiHIKO-IHCTPYMEH-
TanbHUX METOLIB AOCTMKEHHS 3aNeXHO Bif CTyneHs aedopmadi
xpebTa, yTOYHUTW DaKTOPM PU3NKY 3aroCTPeHb Ta IXHIl 3B'S30K
i3 BepTEBPONOriYHMMM NOPYLLEHHAMM.

[NopiBHSANbHE OLiHIOBAHHS, 3AiMCHEHE Nig Yac NEPBUHHOTO
peabinitaLiiHoro obcTexeHHs (MaHyanbHa fiarHocTuka) Ta Tepa-
nii, Moka3ano: NaTonoris po3TaLlyBaHHs Tin xpebLiB (aHTenicTes,
peTponicTes, nareponicTes) nos’s3aHa 3 NOpyLUEHHAM (PYHKLi
3'eHaHHS CyMiKHUX XpebLiB, CTPYKTYPHUMM 3MiHaMu Cyrmobis,
xpebLiB, L0 NPU3BOASATL A0 BTPAT aMOPTU3ALAHUX (PYHKLIN,
NOPYLLEHHS pyxnmBocTi [14].

Ha paHHix cTagisix 3aXBOpHOBaHHS NOPYLIEHHS OAHMX Biadi-
niB cnoyaTky KOMMEHCYIOTLCS, a NOTIM 3aryyvatoTb iHLLI Bigainm
xpebTa. OyHKUiIOHANbHI 3B’S3KM MiX PYyXOBUMMU CErMEHTamm
xpebTa crpusitoTb KoMMeHcaLlii (hyHKLOHaNbHOTO NOPYLUEHHS,
cnpuimnHeHoro Briokagoto Mixxpebuesnx cyrnobis Ta yTBOPeH-
HAM Onokag y cerMeHTax, Lo NoB's3aHi 3 yHKLIOHANbHUMK
Gnokagamu. OTxe, xpebeT — eanHa BiomexaHiyHa cuctema, BC
BiAZINM SKOT TICHO B3agEMOMOB'si3aHi [15].

HacTynHi gocnimkeHHs Uil MeauyHoi npobnemu cTaHyTb
MiarpyHTSAM Ans po3pobneHHs CTaTUCTUYHOI MOZENi MPOrHo-
3yBaHHS KifbKICHOTO OLiHIOBAHHS PU3UKY PO3BUTKY 3aroCTPEHb
[ereHepaTuBHO-AMCTPOIYHOI NaTonorii rpyAHOro Bigdiny xped-
Ta. Po3pobka Ta BNpoBamkeHHs NepcoHicikoBaHoi nporpamm
peabiniTaLii XBOpuX i3 fereHepaTBHO-AUCTPOGIYHOK NaTono-
riet rpygHoro Bigainy xpebTta Ha pisHux etanax peabiniTaii
3AiNCHIOBAaTUMETLCS, 3BaX@koun Ha pesynbTaTi AOCHiMKEHHS
Ta Gepyun 0o yBary NPoBiAHI CyyacHi NpakTukn peabiniTauii
TaKUX NaLieHTiB.

OpnuH i3 BaxmnMBMX €TaniB KOMMIEKCHOTO JTiKyBaHHS XBOPYX
— GiognHamivHa kopekLisi. [ns ycyHeHHst 60nbOBMX CUHAPOMIB
Yy NauieHTiB i3 BepTebpPOreHHMMM TopakanrisMu, BpaxoBytoum
0Cco0MnMBOCTi KOHKPETHOTO XBOPOTO, MOKa3aHHs Ta MpoTUMoKa-
3aHHS [0 3aCTOCYBaHHS, BUKOPUCTOBYIOTb AUAEPEHLiNOBaHi
MaHyanbHi meToauku [16].

Bepyun po yBarv iMOBIpHICTb BUHVKHEHHS HeDaxaHux nobiy-
HIX eheKTiB NPy BiBHOBIEHHI PYHKLioHanbHMX Briokag 3a Aomno-
MOTOH0 XXOPCTKUX MaHinyrsiLlii, Lo BUKOPUCTOBYKOTb «KMACKUYHI»
MaHyanbHi TepanesTy (PO3BUTOK TUMYACOBOI TiNEPMOBINBHOCTI
Ha 2 Ta BinbLue roguHax, nocuieHHs BonbLOBOro CMHAPOMY Ha
6—24 roguHax, po3BNUTOK BEreTaTuBHUX eCHEKTIB, @ TAKOX MOXMM-
BE MOTipLUEHHSI KOPOHAPHOTO KPOBOOBIry), y Cy4acHNX METOAMKaX
niKyBaHHs HAMaratTbCH 3aCTOCOBYBATH CNOCcoby GiognHamivHoT
kopekuii (BK) sk wagHuii metog Bnnvy. BK 3acHoBaHa Ha Hell-
podpisionoriyHMx 3aKoHax, BpaxoBye CyrnoboBy GiomexaHiky;
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BHACMIAOK LibOro ocsirarTb Mobiniaavii rinoMobinsHuX cyrnobis,
po3crnabneHHs Ta po3TArHeHHs yKopodeHwx (abo GonicHo Hanpy-
KEHWX, TiNEPTOHIYHMX) M’SI3iB, NOBEPHEHHSI CUI PO3CTabneHnm
M'si3aM, MOKPALLEHHS MIKPOLMPKYTLii y 3MiHEHUX TKaHWHax [17].

3actocyBaHHs cnocoby BK Mae Hi3ky nepeBar NopiBHSHO 3
KIacy4HOK MaHyanbHOL0 Tepanieto, SK-0T BUCOKa ehEKTUBHICTD,
BUKOHAHHS MaHinynsuii i3 MeHWUM 3ycunnsam, BiACYTHICTb
yCKnagHeHb (Hanmpuknag, nocuneHHs 6onboBoro CUHAPOMY,
PO3BUTOK TMMYAcOBOI rinepMobinbHocTi). 3axoam BK cnpusiotb
30IMbLLUEHHI0 PYXIIMBOCTI B XpebeTHOMY Cyrnobi, 3MEeHLLIEHHO
abo NOBHOMY 3HWUKHEHHIO CIOHTAHHOrO 60rHo, Big4yTTSIM Tenna
B 30Hi BM/MBY, penakcavyii cnasmoBaHux M'a3iB i 3aranbHOMY
3aCnOKOEHHI0, Hopmanisalii cHy [18].

OcobnmBoCTAIMM LibOTO METOAY NiKYBaHHS € PUTM BUKOHAHHS
MOBini3aLiiH1X i MaHINYNALIHAX NPUAOMIB, @ TaKOX peTenbHa
MiAroToBKa XBOPOro 4o GioguHamiuHoi kopekuii. BK 3ailicHioTb
TPUYi Ha TWXOEHb, KypC NiKyBaHHS CTAaHOBUTbL 3 ceaHcy. Bci
npuiioMn BiogrHaMIYHOT KOPEKLii BUKOHYIOTb MPU AOCTATHIN pe-
nakcaLlii XBoporo Ha BUAMXY [Ns BiAHOBMEHHS pyXOBOI (hyHKLUii
XPC y HopmanbHoMy aHaToMiyHoMy 06cssi. O6ecsr nacuBHUX
pyxiB xpebTa B natonoriyHo 3miHeHomy XPC poBogsTb 40
MaKCUManbHO [AOCTATHLOTO MPOBEAEHHS KOPOTKOBAXENbHIX
marinynauin BK. Kpim Toro, nig yac nikyBaHHs BUKOPUCTOBYHOTb
MpUAOMK MOCTI3OMETPUYHOI ayTomobinisaLi rpyaHoro Bigginy
xpebTa. JlikyBansbHoro edpekTy npu BepTedpOoreHHii Topakanrii,
K MpaBnI10, OCSArarTb Y XBOPUX Nicns 2—4 npovenyp MaHyasb-
Horo nikysaHHs [19].

OnucaHuii cnoci6 BigHOBMEHHS BKIHOYAE KOMMMEKC 3aX0fiB,
LLIO BXKWBAIOTb Y NPOLLEC AiarHOCTYKM, NiKyBaHHS Ta NpoinakTuku
3axBOpOBaHb XpebTa. BiH CknafaeTbes 3 NpUitoMiB MaHyarnbHoro
BMIMBY, SiKi BUKOHYIOTb Y LLIGAHOMY MPYXXHO-Ka4anbHOMY pexuMi,
LOTPUMYIOHMCH HU3KM MPUHLMMIB AiarHOCTUYHUX i NiKyBanbHWX
BrnuBis [20].

AnropuTM NikyBaHHS 3anpornoHoBaHUM cnocobom BK xpebta
nepenbayae 4 ocHoBHi eTanm [21]:

— penakcauito Ta MoKpaLLeHHs! MiKPOLMPKYMALT TOHIYHO
HanpyxeHux abo AereHepaT1BHO 3MiHEHNX M'S13iB BiBNOBIGHOIO
piBHS xpebTa;

— noeTanHy Mobinisauito CyMixXHWX CermeHTiB xpebTa il
ypaxeHoro XPC, noctynose nepeseaeHHs XPC 3i ctagii opra-
HiYHOro BroKyBaHHS B CTagito yHKLioHaNbHOro BrokyBaHHs 3a
A. Stoddard;

— TpaKLito ypaxeHoro Bigainy xpebta;

— WagHy MaHinynsuito ypaxeHoro XPC, ska npu narepo-
nictesax MOYMHAETLCS MPYXHUM KOMMUBANBHUM PYXOM Lyro-
BiZPOCTKOBOTO Cyrnoba 3 OXOMfeHHsAM OCTUCTOrO BiAPOCTKA i
MakcumanbHum BuBefeHHsM XPC B aHaTOMIYHO npaBumbHe
MOMOXEHHS.

Y baxosiit nitepatypi HaBedeHO Taki pekoMeHaaLli: npu
nonarkoBo-pebepHOMy CMHAPOMI yBary nMpuainsoTb nepeay-
cim pebepHo-nonepeyHnm cyrnobam, ixHin mobinisauii abo
MaHinynsuii, BigHOBMNEHHIO HOpManbHOI PyXnMBOCTI pebep 3a
[J0MOMOrot MobinisaLlii B puTMi AnxaHHs!, a TakoX BiJHOBIMEHHIO
HOPMarbHOI GoyHKLLiT M'A13iB, LLIO NiAHIMAOTb onarky (cermeHTap-
HO-pedhnekTOpHUM MacaxeM) [22]. Y pasi cuHapoMy nepenHboi
TPYAHOI CTiHKV NpK3HaYatoTh Nepeaycim NoCTi3OMETPUYHI BNpaBm
ONs BIQHOBMNEHHS (OYHKLUIT rpyOHUX M'A13iB, @ TaKOX BUKOHYHOTb

cerMeHTapHo-pehnekTOpHMIA Macax. FKLLO fiarHOCTOBaHO Bep-
TebpanbHo-KapaianbHU CMHAPOM, NOB'A3aHN i3 MOPYLIEHHSMM
HVXHBOLUMIAHOTO Binginy xpebTa, yBary npuainstoTs Hacamnepes,
BiQHOBNEHHIO (DyHKLIii 1Or0 PyXOBWX CErMEHTIB 3a AOMOMOroK0
MaHinynauin Ha WwuitHo-rpygHomMy nepexogi C6-Th2 Ta rioro
Mo6ini3aLii MeTogoM B6iYHOro 3rvHaHHS B MONOXEHHI Nexayn Ha
CMWHI, MapanenbHO 3iMICHIOKYM BNMMB Ha TpanewjienoaioHi M'asm
CerMeHTapHo-pecnIeKTOPHUM MacaxeM i NOCTI3OMETPUYHOK
penakcadieto [23]. Konm BepTebpanbHo-kapaianbHuin CUHAPOM
MOB’A3aHWIA i3 NOPYLUEHHAMU BEPXHLOTPYAHOIO BiAAiny xpedTa,
NepLIOPSAHE 3HAYEHHS NPUAINSAIOTL BAHOBNEHHIO QyHKLii py-
XOBWX CErMEHTIB rpyaHoro Bigainy Th4-Th5 npuiiomamu Mobi-
nisauii abo maHinynsuji, m’asiB-potaropis xpebra — npuitoMamm
nocTisoMeTpuyHoi penakcalii [24].

BcTaHoBneHo, Lo Ang yenilHOro nikyBaHHs BepTebporeH-
HWX TOpaKanriil BaXInBe 3Ha4eHHS Mae OAHOYaCHWA BNIUB Ha
pechneKkTOpHi NPOSIBY Ha LUKIpI, Y CNOMYYHIN TKaHWHI, M's3ax Ta
okicTi. Mpw uboMy HeobXigHO JOTPUMYBATUCS TakMX OCHOBHUX
npaswun: Tpeba ycyHyTH BCi natobiomMexaHidHi 3MiHW, MoYuHato-
4K 3 OCHOBHOI NaHKK; obpatu npuiommn BK 3anexHo Big Bugy
nartobioMexaHivH1X 3MiH; YCyHYTU OUCAYHKLT 3HU3Y Haropy, He
MPOMYCKakoUM XOAHOI AiNsHKM, BNIMBaKOYK NOCRIZOBHO Yepes3
BCi BUAW TKAHWH (30BHi BCEPEONHY); HE NepexoanTy A0 iHLOi
LiNsHKW, He BUNIKyBaBLLW NONEPEaHH0; BpPaXoByBaTH B anropuT-
Mi BMIMBY XapaKTepHi pedorekTOpHi Ta BTOPWHHI BioMexaHiyHi
MpOSIBUN COMAaTWUYHWUX AUCAYHKLINA; 3annaHyBaTh B 3aranbHOMY
KOMMNMeKCi NikyBaHHS METOAM BMMBY HA OCHOBHE Y¥ CyMyTHI
3aXBOPIOBAHHS, LLIO MOXYTb OyTV Ipkepenom natobioMexaHiqHnx
3MiH, Y BU3HAYaTM KNiHIYHMIA naToMopdo3 xBopobu [25].

MMicns 3aBepLLeHHs MaHinynswji HeobXigHO AOTPUMYyBATHCS
noctinsHoro pexumy npotsarom 30-120 XBunWH, a Takox 3a
HeobXigHOCTI dhikcyBaTV rpyaHWiA Bigain xpebra opToneanyHM
KOpCETOM.

3anponoHoBaHi ONTUMI30BaHi KiHE3IoTEPaNEeBTNYHI KOMMIEK-
CM B MicnsrocTpoMy Ta BigganeHomy peabinitaviiHix nepiogax
y nauieHTiB i3 gopconatieto rpygHoro Bigainy xpebrta ganum
3MOry OTPUMATU CTAaTUCTUYHO 3HAYYLLWIA NO3UTUBHUIA KMIHIYHWIA
eeKT i JouinbHi ANns BNPOBaMKEHHS B MeAUYHY npakTuky. Li
BOOCKOHaneHi peabiniTaLiiHi MeToauku kiHesioTepanii B koMOi-
Hauil 3 MeauKkaMeHTO3HWUM NiKyBaHHSIM [OCTOBIPHO CMpUSIOTL
NigBMLLEHHI0 echeKTUBHOCTI peabiniTallii Ta NOKpaLLEeHHH SKOCTi
XKUTTS TaKMX NaLieHTiB.

Omxe, npobriema nikyBaHHs NavieHTIB i3 BepTebPOreHHNMM
TOpaKasrisiM1 € aKTyarbHO Ta Mae BaXITVBE NPAKTUYHE 3HAYEH-
Hs1. PoapobnieHa Ta gocnigkeHa komnnekcHa andepeHuioBaHa
peabiniTaLlisi 3 BUKOPUCTaHHSIM MaHyarnbHOi Tepanii nigTeepauna
CBOI0 e(heKTUBHICTb, TOMY Ti MOXHa peKkoMeHayBaTh [0 3acTo-
CyBaHHs Y KniHivHin, peabinitauiiHin npaktuui. Lis cxema pea-
Ginitauji nauieHTis i3 AAMNX 3abe3neyye 3Ha4HMIA EKOHOMIYHMIA
eeKT nig Yac nikyBaHHs.

BucHoBKH

1. BMBYEHHS KMiHIYHOI KapTWUHK pednekTopHUX Miockne-
POTOMHWX i pecdhrieKTOpHUX BigbUTUX Topakanrii gano amory
BMPI3HUTI OCHOBHI CUHAPOMM LIMX BB 3aXBOPHOBAHHST: CUHAPOM
nepenHLOI IPYAHOI CTiHKK, NonaTkoBo-pedepHuii, Beptebparb-
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HO-KapgianbHuiA cuiapoM. Hanolumpenilli Beptebpo-HeBpono-
ri4Hi CUMNTOMM 3aXBOPIOBAHHS — NOPYLUEHHS 0BCArY aKTUBHUX
pyxiB rpygHoro Bigainy xpebTa, HasiBHICTb (OYHKLIOHAMNbHIX Ta
opraHiYHMx GrokiB xpebLIeBO-PyXOBKX CErMEHTIB, KOPIHLEBI Ta
M’5130BO-TOHIYHi NOPYLUEHHS.

2. Po3pobneHa komnnekcHa cxema 0BCTEXEHHS XBOPKX
Ha OCHOBI HEBPOIOr4YHOr0, MaHyanbHOro, iIHCTPYMEHTarb-
HOr0 AoCnigXeHb, OLUiHIOBaHHA 60MbOBOrO CMHAPOMY Aae
3MOry 34iNCHIOBATU PaHHIO AiarHOCTUKY 3aXBOPIOBaHHSA Ta
AMHaMIYHUI Harnag y npoueci NikyBaHHS 3anexHo Bif Bep-
TebpoanHamiku.

3. PeabiniTauiiHi 3axoam i3 3aCTOCyBaHHsAM KiHesioTepane-
BTWYHOI KOPEKLIii, ONTUMI30BaHMX TEXHIK MaHyanbHOi Tepanii
CNPUSIKOTH LUBWALLIOMY PErpecy HEBPOMONiYHNX CYMMTOMIB, Bif-
HOBNEHHIO BTpa4eHoro obcsry pyxiB y rpyaHOMY Biaaini xpedra,
3MEHLLEHHI0 BOMbOBOMO CUHAPOMY, LU0 AA€ 3MOTY 3MEHLLNTM
PW3WKM 3arOCTPEHHS BNPOZOBXK HACTYMHOTO POKY.

4. 3anponoHoBaHa KOMMNEKCHa MEeToauKa KiHesioTepanii B
KoMBiHaLiT 3 MeankaMeHTO3HUM NiKyBaHHSM LOCTOBIPHO Cripu-
AT NiABMLLEHHIO eheKTUBHOCTI MikyBaHHs1, peabiniTauii Ta
MOKPALLEHHIO AKOCTI XUTTS TakiX naLjieHTiB.

MepcnekTMBM NOAAAbLUMX AOCAIAKEHb MONAraoTb Y PO3pPo-
BrieHHi Ta BNpoBamkeHHi nepcoHidikoBaHoi nporpamu peabi-
niTauii nauieHTiB i3 JereHepaTMBHO-AMCTPOMIYHO NaTonorieo
rpyaHoro Bigainy xpebra Ha ambynatopHomy eTani peabiniTaui.
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Aim of the work: to assess the results of a complex use of cycle- and power-ergometry in determining the aerobic
and anaerobic-aerobic performance in young athletes for the selection of criteria in predicting athletes’ sports
abilities and performance results at competitions in certain sports.

Materials and methods. Young athletes aged 15-16 (n = 636) took part in the study in which they represented
two groups of athletes according to a training process direction: group A (n = 260) — speed-power sports (boxing,
freestyle wrestling); group B (n = 376) — endurance sports (athletics, skiing, cycling, swimming). According to
the results of their performance at competitions, all athletes were additionally divided into two groups: 1) a group
of people who won prize places at competitions in their chosen sports — winners, 2) a group of their peers who
unsuccessfully performed at competitions — outsiders. Physical working capacity was determined using two
methods: cycle ergometric test PWC . and power-ergometric test PWC, . . Submaximal ergometric test PWC,
(Physical Working Capacity, PWC) is a method based on the determination of physical working capacity (load
capacity) upon reaching a heart rate of 170 beats-min-.

Results. The fact of possible prediction of sports results at competitions of adolescents in sports chosen by them,
depending on the nature of changes in indicators of aerobic and anaerobic-aerobic performance PWC,, , was
established. Examples of the performance of young athletes at competitions are given. Statistically significant
differences were found in the indicators of aerobic (cycle-ergometry) and anaerobic-aerobic performance (power-
ergometry) of athletes-winners and outsiders.

Conclusions. A complex use of cycle- and power-ergometry allows to determine the level of contribution of each
type of energy potential separately — aerobic (aerobic performance PWC,, ) and anaerobic-aerobic (anaerobic-
aerobic performance PWC_, ) to the general physical working capacity (PWC). In our opinion, the level of aerobic
and anaerobic-aerobic performance PWC,_ (according to PWC index proposed by us) may be one of the criteria
in predicting athletes’ sports abilities and performance results at competitions in certain sports.

Modern medical technology. 2024;16(4):284-291

Pe3yabTaTi 6aratopiuHoro KOMNAEKCHOr0 BUKOPUCTAHHSA BEAO- | power-epromerpii
Y BU3HaueHHi ¢i3nuHoi npaLe3AaTHOCTi KOHMX CNOPTCMEHIB

M. ®. Xopoluyxa, A. . BoceHko, €. A. Muxantok, M. M. ®ininnos

Merta po60TH — OL{iHWTY pe3ynbTaTh KOMMEKCHOTO BUKOPUCTaHHS BEMNO- | pPOWEr-epromMeTpii y BU3Ha4eHHi aepob-
HOi Ta aHaepobHO-aepOBHOT NPaLe3aaTHOCTI FOHUX CMOPTCMEHIB AN BUOOPY KpUTEPIiB Mig Yac NPOrHO3yBaHHS
CrMOPTUBHWX 3AIGHOCTEN | BUCTYNY Ha 3MaraHHsX 3 OKPEMWX BULiB CMOPTY.

Marepianu i meToan. Y OOCTIDKEHHI B3ANM y4acTb tOHI CopTCMeHU Bikom 15-16 poki (n = 636), akux 3a
CMpSIMOBAHICTIO TPEHYBarbHOro NpoLecy Noainuamn Ha Agi rpynu: rpyna A (n = 260) — LWBKAKICHO-CUNOBI BUAK
cnopty (6okc, BinbHa 6opoTsba); rpyna b (n = 376) — Buam cnopTy Ha BUTPUBANICTL (Nerka atneTuka, IVKHUIA
CMOpT, BENOCMOPT, NnaBaHHA). 3a pesynsratami BUCTYMNY Ha 3MaraHHsIX YCix CopTCMeHiB 4OAATKOBO NOAINMIM
Ha ABi rpynu: 1 — rpyna ocib, ski OTpManu Ha 3maraHHsx 3 0bpaHux BUAIB CMOPTY NPU30BI MicUs (Mpu3epw);
2 —rpyna ofHONITKiB, Ik HEBAANO BUCTYMWNW HA 3MaraHHsX (ayTcaigepm). PisanyHy npauesnatHiCTb BU3Havanm
3a [LONIOMOTOt0 [1BOX METOAiB: BenoepromeTpuyHoro tecty PWC - Ta power-eprometpuyHoro tecty PWC, . .
CybmakcumanbHui epromeTpuyHii Tect PWC, (Bin aHrn. Physical Working Capacity (PWC) — ciandHa npa-
Lie3AaTHICTb) — METOA, LLO I'PYHTYETbCS Ha BU3HAYEHHI (hisnyHOi NpaLe3aaTHoOCTi (MOTYKHOCTI HABAHTaXeEHHS)
MpM JOCSATHEHHi YacToTh cepLieBnx ckopodeHb 170 ya/xs™.

PesyabTatn. BCTaHOBNEHO (haKT MOXMMBOMO NPOrHO3YBaHHSA CMOPTUBHUX pesysbTaTiB MigniTkiB y BUCTYNax Ha
3MmaraHHsx 3 06paHNX HUMK BUZIB CMOPTY 3aNeXHO Bif XapakTepy 3MiH MOKa3HWKiB aepobHOi Ta aHaepobHo-
aepo6Hoi npauesnarHocTi PWC, . . HaBeaeHo Npuknaam BUCTYNY KOHUX CMIOPTCMEHIB Ha 3MaraHHsX. BuasneHo
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CTaTUCTUYHO 3HaYyLLi BiAMIHHOCTI NOKa3HUKiB aepobHOI (BenoepromeTpisi) Ta aHaepobHo-aepobHoi npaLe3aar-
HOCTi (power-epromeTpist) CopTCMEHIB-NPU3epIB (CunbHa rpyna) Ta ayTcaiiaepis (cnabka rpyna).

BucHoBku. KomMnnekcHe BUKOPUCTaHHS BENO- | pOWEr-eproMeTpii Jae 3Mory BU3HaUMTU BHECOK OKPEMO KOXHOTO
BUAY eHeprornoTeHuiany — aepo6Horo (aepobHa npauesaatHicts PWC, . ) Ta aHaepobHo-aepobHoro (aHaepob-
Ho-aepobHa npaviesfatHicTs PWC ) —y 3aranbHy disuuHy npauesaatHicts (PWC). 3po6uni BUCHOBOK, L0
piBeHb aepobHoi Ta aHaepobHo-aepoGHoi npatesnarHocTi PWC  (3a iHoekcom PWC) moxe 6yTv ogHuM i3
KpUTEPIiB NPOrHO3yBaHHS CMOPTUBHUX 3MiOHOCTEN CNOPTCMEHIB i pe3ynbTaTiB BUCTYMIB HA 3MaraHHsX 3 OKpEMIX

BWAIB CMOPTY.

CyuacHi MeanuHi TexHonorii. 2024. T. 16, Ne 4(63). C. 284-291

It is well known that physical working capacity is one of the
components of somatic health of the population and a necessary
attribute of human everyday life, and for athletes, respectively, itis
a component of their successful self-realization in a chosen sport
[1,2,3,4]. Alarge arsenal of scientific works by leading experts in
the field of physical culture and sports, sports medicine, physical
therapy and rehabilitation is devoted to the problem of assessing
the physical working capacity of people of different ages, genders
and occupations [5,6,7].

However, despite the above, the factor of specificity of the
impact of training loads on the body is not sufficiently taken into
account when assessing the physical working capacity of ath-
letes [8]. The latter is especially acutely reflected in the issue of
conducting a comprehensive selection and staffing of Ukrainian
national teams in various sports [9,10]. In this connection, leading
experts emphasize the need to take into account both sex and
age peculiarities of physical development of young athletes and
characteristics of their physical working capacity and mechanisms
of the body energy supply during sports selection.

As noted earlier [11], there are many functional tests in de-
termining physical working capacity, namely: cycle ergometry,
treadmill ergometry, step ergometry, etc. These tests mainly
use dynamic aerobic loads, which allow determining the level of
aerobic performance capacity in athletes according to the value
of PWC_,,. Submaximal ergometric test PWC _ (Physical Work-
ing Capacity, PWC) is a method based on the determination of
physical working capacity (load capacity) upon reaching a heart
rate of 170 beats-min™.

There are also a number of functional tests in determining
anaerobic performance. Among them are: the Margaria anaero-
bic test (running up the stairs at maximum speed); the Wingate
anaerobic cycle ergometer test (pedaling on a cycle ergometer
at maximum speed and counteracting high resistance for 30 s);
speed and power tests (used to determine the maximum me-
chanical power when performing work on a cycle ergometer or a
hand ergometer) [12,13,14,15,16], etc. However, the above tests
cannot a priori diagnose physical working capacity by the value
of PWC_, . They can only determine the maximum and average
anaerobic work capacity for 30 s. Moreover, some of them (e. g.,
the Margaria anaerobic test) are not considered atraumatic tests.

We have developed a method of power-ergometry (submaxi-
mal power-ergometric test PWC . ) for determining anaerobic and
aerobic performance of power nature in healthy athletes (Patent
of Ukraine No. 49417) and people with disorders of the musculo-
skeletal system (Patent of Ukraine No. 47969). The method has
no analogues in the near and far abroad countries. Testing in the

diagnosis of physical working capacity can be carried out both
in athletic training conditions (in gym rooms, on sports grounds,
stadiums, etc.) and in laboratory conditions.

In this regard, we introduced into the practice of medical and
biological control of young athletes the method of a complex
use of cycle-and power-ergometry in determining the physical
working capacity [11]. In our opinion, the use of the mentioned
methodology will allow to realize the following:

— to diagnose the levels of aerobic and anaerobic-aerobic
performance on the basis of PWC . values;

— to estimate the adaptive capability of an athlete’s body to
the work of different orientation (on strength, speed, endurance);

— to define strong and weak links in body function;

—to objectively manage the educational and training process
of athletes.

Aim

To assess the results of a complex use of cycle -and pow-
er-ergometry in determining the aerobic and anaerobic-aerobic
performance in young athletes for the selection of criteria in
predicting athletes’ sports abilities and performance results at
competitions in certain sports.

Materials and methods

The study involved the young athletes (boys) aged 15-16
(n = 636) from the Brovary Higher School of Physical Education
(Kyiv region), who, by a training process direction, represented two
groups of athletes: group A (n = 260, average age 15.00 + 0.45)
—speed and power sports (boxing, freestyle wrestling); group B
(n=376, average age 15.00 + 0.47) —endurance sports (athletics:
800, 1500, 3000 and 5000 meters race, skiing, cycling, swimming:
200, 400 and 1500 meters). Sports experience was 3-5 years or
more. Many years of research and observation of athletes were
conducted in two stages of the annual training cycle: stage one
(preparatory) — September — October, respectively, and stage
two (precompetitive and competitive) — March — April. Besides
that, additional examinations were conducted (2-3 days before
the competition), the results of which were compared with similar
results of the athletes’ performance at competitions.

According to the results of their performance at competitions
all athletes were additionally divided into two groups: a group
of persons who took prize places — winners at competitions in
their chosen sports; a group of their peers who unsuccessfully
performed at competitions — outsiders.
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Physical working capacity was determined using two meth-
ods: submaximal cycle ergometric test PWC _  and submaximal
power-ergometric test PWC .

The examinations were carried out in the first half of the day
from 9:00 till 13:00 and in the second half of the day from 16:00
till 19:00, i. e. during increased working capacity of human body.
The day before the examination, the athletes did not train in the
second half of the day. The air temperature during the laboratory
testing ranged from +18 °C to +23 °C. All the subjects were fa-
miliarized with the content of the tests, the peculiarities of tests
conducting, and gave their consent to participate in the research.
The determination of physical performance using the method of
submaximal cycle-ergometry and power-ergometry PWC, , was
an integral part of the mandatory set of annual medical examina-
tions (dispensary examinations) of young athletes of the specified
school. Intotal, more than 1,500 human studies were conducted.
The results of these studies have not previously been published
or submitted to other journals.

The research was conducted on with observance of the basic
hioethical provisions of the Convention of the Council of Europe on
Human Rights and Biomedicine (04.04.1997), the Declaration of
Helsinki of the World Medical Association on ethical principles of
scientific medical research with the participation of human beings
(1964-2008), as well as the Order of the Ministry of Health of
Ukraine No. 690 of 23.09.2009.

The results of the conducted research were statistically
processed using the package of the standard computer program
Statistica 10. Arithmetic mean (X), mean square deviation (SD)
and error of the mean (m) were calculated. The probability of
group differences between values (p) was assessed by the para-
metric Student’s t-test. The difference was considered statistically
probable at the 5 % level of significance (at p < 0.05).

The research of aerobic capacity was carried out according
to the submaximal cycle ergometric test using the mechanical
cycle-ergometer “Monark” (Sweden), accordingly, anaerobic-aer-
ohic capacity — to the power-ergometry method (developer of
the method M. Khoroshukha). Mechanical work was determined
using a power-ergometer “PE-2" of our own design (r. p. No. 980
of the Ministry of Health of Ukraine). Method of power-ergometry
(Patent of Ukraine No. 49417) has no analogues in the near and
far abroad countries (note: method of conducting cycle-ergometry
research and method of conducting power-ergometry research
are described in detail in the work [11]).

So-called Index PWC (Physical Working Capacity) offered
by us is determined by the formula:

Index PWC =PE_, / CE

170’

where PE, - anaerobic-aerobic performance according to
power-ergometry test PWC

CE170
test PWC, ...

The assessment of the index (in conditional points) was
carried out in the following way:

—0.60 points and more - level of anaerobic-aerobic perfor-
mance is high, aerobic performance is low;

—0.31-0.59 points — balance of anaerobic-aerobic and aer-
obic performance (conditionally);

170’
— aerobic performance according to cycle-ergometry

—0.30 points and less — level of aerabic performance is high,
anaerobic-aerobic performance is low.

Results

Table 1 presents the results of a comparative analysis of the
multi-year-research of physical working capacity in 32 best boxers
aged 15-16 who won prize places at competitions (winners) and
their peers (n = 106) who performed unsuccessfully (outsiders).
The data of this table indicate that the boxers-winners had sig-
nificantly better absolute and relative (p < 0.001 in both cases)
values of anaerobic-aerobic performance (power-ergometry
method) compared to those athletes who performed unsuccess-
fully at competitions.

However, in the values of aerobic performance (cycle-ergom-
etry method) no statistically significant differences were found
between the representatives of the strong (winners) and weak
(outsiders) groups of adolescent boxers (p > 0.05). PWC index in
athletes of the strong group (0.640 + 0.039 points) was such that
it corresponded to a high level of anaerobic-aerobic performance
and, accordingly, a low level of aerobic performance. In boxers
of the weak group, this index was 0.480 + 0.041 points, which
corresponded to the balance of anaerobic-aerobic and aerobic
performance. The differences between these indices are statis-
tically significant (p < 0.01).

Almost the same type of changes in indicators of physical
working capacity PWC . of both (strong and weak) groups
was registered in young wrestlers aged 15-16 (Table 2). Like
boxers, in wrestlers-winners (n = 27) PWC index was such that
it corresponded to a high level of anaerobic-aerobic performance
(0.690 % 0.043 points), while in athletes-outsiders (n = 95) — to
balance of anaerobic-aerobic and aerobic performance (respec-
tively, 0.500 + 0.052 points). Differences between these indices
are also statistically significant (p < 0.01).

A comparative analysis of indicators of physical working
capacity PWC__ of the strong and weak groups of young track-
and-field athletes aged 15-16 is specified in Table 3. From the
data of this table, it can be seen that the winners (n = 22) had
reliably better absolute and relative (p < 0.001 in both cases)
values of aerobic performance according to the data of the cycle
ergometry test compared to those athletes (n = 64) who performed
unsuccessfully at competitions. At the same time the values of
anaerobic-aerobic performance (power-ergometry method) in
two groups of runners did not have statistically significant dif-
ferences (p > 0.05). PWC index in athletes of the strong group
(0.220 £ 0.033 points) and weak (0.260 + 0.037 points) was such
that it corresponded to a high level of aerobic performance and,
accordingly, a low level of anaerobic-aerobic performance. No
statistically significant differences were found between the values
of both indices (p > 0.05).

The results of a comparative analysis of indicators of physical
working capacity PWC . in young bicycle riders aged 15-16
some of whom successfully performed at competitions (winners)
with their peers, who took one of the last places (outsiders), are
illustrated in Table 4. From the data of the table, it follows that in
bicycle riders, like runners, who also develop the quality of aerobic
endurance, and their physical activity engages the muscles of
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Table 1. Indicators of physical performance of PWC ., young boxers of 15-16 years old, who performed successfully (winner group) and

unsuccessfully (outsider group) at competitions (n = 138), X+ m

Group n Power-ergometry method Cycle-ergometry method PE .,/ CE_,, points
PWC,,,, W PWC,,,, Wkg* PWC,,,, W PWC,,,, Wkg*

Winners 32 112.60 + 2.35 1.70+0.05 172.40 £ 4.07 2.60 £ 0.05 0.640 + 0.039

Outsiders 106 86.70 + 2.49 1.30+0.04 176.20 + 3.84 2.70+0.04 0.480 £ 0.041

Reliability of difference, p <0.001 <0.001 >0.05 >0.05 <0.01

Table 2. Indicators of physical performance of PWC, . young wrestlers of 15-16 years old, who performed successfully (winner group) and

unsuccessfully (outsider group) at competitions (n = 122), X+ m

Group n Power-ergometry method Cycle ergometry method PE .,/ CE,, points
PWC,,, W PWC_,,, Wkg™ PWC_,, W PWC_,,, Wkg™*

Winners 27 12330+ 2.44 1.80+0.05 178.00 + 3.97 2.60 £ 0.05 0.690 + 0.043

Outsiders 95 85.40 + 2.52 1.30+0.05 170.90 + 3.76 2.60+0.04 0.500 £ 0.052

Reliability of difference, p <0.001 <0.001 >0.05 >0.05 <0.01

Table 3. Indicators of physical performance of PWC, ./

young track and field athletes of 15-16 years old, who performed successfully (winner
group) and unsuccessfully (outsider group) at competitions (n = 86), X+ m

Group n Power-ergometry method Cycle ergometry method PE,,,/ CE,, points
PWC,,, W PWC_,,, Wkg™* PWC_,, W PWC_,,, Wkg™

Winners 22 49.20 £2.43 0.70 £ 0.03 222.80+3.18 3.20+0.05 0.220 + 0.033

Outsiders 64 4740+ 2.44 0.70£0.03 183.20 + 2.49 2.70£0.04 0.260 £ 0.037

Reliability of difference, p >0.05 >0.05 <0.001 <0.001 >0.05

Table 4. Indicators of physical performance of PWC, .|
unsuccessfully (outsider group) at competitions (n = 103), X £ m

young cyclists of 15-16 years old, who performed successfully (winner group) and

Group n Power-ergometry method Cycle ergometry method PE .,/ CE_,, points
PWC,,, W PWC_,,, Wkg™ PWC_,,, W PWC_,,, Wkg™

Winners 28 48.70 £ 2.52 0.70 £ 0.03 22590+ 331 3.20+0.05 0.220 £ 0.035

Outsiders 75 50.30 + 2.48 0.70£0.03 202.10 + 3.54 2.80+£0.05 0.250 + 0.038

Reliability of difference, p >0.05 >0.05 <0.001 <0.001 >0.05

mainly the lower extremities, the same type of changes in these
indicators was noted.

So, adolescents of the strong group (n = 28) had reliably
better values of aerobic performance according to the cycle-er-
gometry test compared to those athletes (n = 75) who performed
unsuccessfully at competitions (p < 0.001). At the same time, no
probable differences in the values of anaerobic-aerobic perfor-
mance of power nature (p > 0.05) was established. As would be
expected, PWC index in bicycle riders of both groups was con-
sistent with a high level of aerobic performance and a low level of
anaerobic-aerobic performance. Also, no statistically significant
differences (p > 0.05) were found between the values of PWC
indices of both groups. Thus, the winners'index was 0.22 + 0.035
points, outsiders’— 0.250 + 0.038 points.

A comparative analysis of indicators of physical working
capacity PWC_,  of both groups of young skiers aged 15-16
(Table 5) showed the following:

1. winners (n = 25) had significantly better values of both
aerobic (p < 0.05) and anaerobic-aerobic performance (p < 0.001)
compared to outsiders (n = 51);

2. PWC index in skiers of both groups was such that it corre-
sponded to a high level of aerobic performance and a low level of
anaerobic-aerobic performance of power nature (on an average
of 0.25 points in both groups).

Finally, the results of a comparative analysis of indicators
of physical working capacity PWC . in young swimmers aged
15-16, some of whom successfully performed at competitions
(winners), and others unsuccessfully performed (outsiders), are
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Table 5. Indicators of physical performance of PWC, . young skiers of 15-16 years old, who performed successfully (winner group) and

unsuccessfully (outsider group) at competitions (n = 76), X + m

Group n Power-ergometry method Cycle ergometry method PE .,/ CE,, points
PWC,,,, W PWC,,,, Wkg* PWC,,,, W PWC,,,, Wkg*

Winners 25 55.70 + 2.36 0.80 £0.03 222.80+3.42 3.20£0.05 0.250 + 0.037

Outsiders 51 48.60 + 2.45 0.70+£0.03 19430+ 3.54 2.80+0.05 0.250 + 0.034

Reliability of difference, p <0.05 <0.05 <0.001 <0.001 >0.05

Table 6. Indicators of physical performance of PWC, ,/ young swimmers of 15-16 years old, who performed successfully (winner group) and

unsuccessfully (outsider group) at competitions (n = 111), X+ m

Group n Power-ergometry method Cycle ergometry method PE,,,/ CE.,, points
PWC,,, W PWC,,, Wkg PWC,,, W PWC_,,, Wkg™*

Winners 30 129.50 + 3.36 1.80+0.05 224.70 + 3.42 3.10£0.05 0.580 + 0.047

Outsiders 81 98.70 + 3.49 140+ 0.05 197.50 + 3.54 2.80+0.05 0.500 + 0.041

Reliability of difference, p <0.001 <0.001 <0.001 <0.001 >0.05

Table 7. Comparative analysis of the PWC index in prize-winning athletes and outsiders of groups Aand B (n = 636), X+ m

Group n Index PWC, points | Group n Index PWC, points
Winners (group A) 59 0.660 + 0.040 Outsiders (group A) | 201 0.490 £ 0.042
Winners (group B) 105 0.300+0.033 Outsiders (group B)  |271 0.310+ 0.034
Reliability of difference, p <0.001 Reliability of difference, p <0.001

presented in Table 6. As can be seen, athletes of the strong group
(n = 30) had reliably better values of both aerobic performance
determined by cycle-ergometry method (p < 0.001), and anaero-
bic-aerobic performance by power-ergometry method (p <0.001)
compared to those adolescents (n = 81) who unsuccessfully per-
formed at competitions. PWC index in swimmers of both groups
was such that it corresponded to the balance of anaerobic-aerobic
and aerobic performance (0.580 + 0.047 points in winners and
0.500 £ 0.041 in outsiders respectively).

A comparative analysis of the PWC index, as one of the in-
tegral indicators of anaerobic-aerobic and aerobic performance
of prize-winning athletes and outsiders of both groups, is given
in Table 7. As expected, statistically significant differences in the
PWC index were recorded between the winners and outsiders
of groups A and B. Thus, the prize-winning athletes of group A
had a high level of anaerobic-aerobic (average statistical values
of the PWC index were 0.660 + 0.040 points) and a low level of
aerobic capacity PWC_, . Prize-winning athletes in endurance
sports (group B) are characterized by the PWC index, which
reflects a high level of aerobic capacity PWC . and a low level of
anaerobic-aerobic capacity (0.30 points and less). Athletes-out-
siders mostly had a balance of anaerobic-aerobic and aerobic
capacity with a significant difference in their average arithmetic
values (from 0.490 + 0.042 points in representatives of group A
t0 0.310 £ 0.034 points in group B; p < 0.001).

A characteristic feature of the PWC index of swimmers of
both groups (prize winners, outsiders) is that these athletes had

a balance of anaerobic-aerobic and aerobic performance (respec-
tively, 0.580 + 0.047 points for prize winners and 0.500 + 0.041
points for outsiders). The identified phenomenon can be explained
by the lack of dominance of the upper or lower limbs in providing
sports activities.

Discussion

It is generally known that the testing of physical working
capacity in the practice of sports, sports medicine and physical
rehabilitation occupies one of the leading places in the diagnos-
tics of functional state, assessment of cardiorespiratory reserves
of the body and is the basis for managing the educational and
training process of athletes. Despite the fact that a large number
of scientific works and developments of leading specialists are
devoted to this problem, the specificity factor of the influence of
training loads of different orientations, as noted earlier, is still
insufficiently taken into account enough [2,5,6,13,17].

The results of our previous studies [11], which provided for
the integrated use of aerobic and anaerobic-aerobic loads in the
diagnostics of physical working capacity, indicate a dual nature of
changes in PWC__ indices in young athletes at different directions
of the training process. The result of this effect was the improve-
ment of one (aerobic or anaerobic-aerobic) type of performance
and the deterioration of another. Thus, for high-speed sports
the most characteristic was a statistically significant increase
in the dynamics of anaerobic-aerobic performance indicators
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(according to power-ergometry; p < 0.001) and non-significant
changes in aerobic performance indicators (respectively, during
cycle-ergometry; p > 0.05). On the other hand, endurance sports
were characterized by a significant increase in aerobic perfor-
mance indicators (p < 0.001) and the non-significant changes in
anaerobic-aerobic performance (p > 0.05). The results obtained
about the special influence of the sport type and training loads
are consistent with the data of many authors [8,9,18,19].

The data of the comparative analysis of indicators of physical
working capacity PWC . in adolescents aged 15-16 in various
sports, some of whom successfully performed at competitions
(winners), and others unsuccessfully (outsiders), indicated the
fact that it is possible to predict the results of their performance
at competitions in a chosen sport, depending on the nature of
changes in aerobic and anaerobic-aerobic performance indica-
tors. So, the winners of competitions among boxers and wrestlers
(group A — speed-power sports) were those adolescents who
had significantly better (p < 0.001) values of anaerobic-aerobic
performance (power-ergometry method) in comparison with
those athletes who performed unsuccessfully at competitions.
PWC index in strong group athletes was consistent with a high
level of anaerobic-aerobic performance and a relatively low level
of aerobic performance.

Accordingly, the winners in endurance sports (group B —run-
ners and cyclists), whose physical load engaged the muscles of
mainly the lower extremities, had significantly better values of
aerobic performance according to the data of the cycle-ergometry
test compared to outsiders (p < 0.001). PWC index of the winners
corresponded to a high level of aerobic performance.

It is noteworthy that other winners in endurance sports
(skiers and swimmers), for whom a physical load engaged the
muscles of the arms and legs, had significantly better values of
both aerobic and anaerobic-aerobic performance compared to
outsiders. Itis interesting to note the fact that if the PWC index in
skiers of the strong group corresponded to a high level of aerobic
performance and a low level of anaerobic-aerobic performance
then in swimmers-winners it corresponded to the balance of
anaerobic-aerobic and aerobic performance. The above is indis-
putable evidence of the specific effect of physical exercises on
body functions (including physical working capacity) of people
of different ages and occupations [18,17,19,20]. In addition, the
result of such influence is the acquisition of some and the “loss”
of other functions of the body.

In the scientific publications available to us, there is no data
on the complex use of bicycle and power-ergometry in deter-
mining the physical capacity of young athletes. Therefore, the
method proposed by us, as evidenced by the study of works in
this direction, is original, that currently limits the possibilities of
comparative analysis with the work of other authors.

Below are the examples of a comparative analysis of changes
in indicators of physical working capacity PWC ., in adolescents
specializing in various sports with the results of their performance
at competitions.

The first example. Young skier L., 15 years, body weight 68
kg. The research was conducted in two stages. The first stage
was in the middle of the preparatory period (September); the
second stage — at the end of the pre-competition period (Decem-

ber). The data of physical working capacity of athlete at the first
stage: aerobic performance interms of PWC, (cycle-ergometry
method) made up 169.6 W (2.5 W-kg™), anaerobic-aerobic (pow-
er-ergometry method), respectively, — 51.5 W (0.8 W-kg?). The
data of the second stage (after 4 months) of research of physical
working capacity are presented as follows: PWC,, which was
determined by the cycle-ergometry method, increased by 21.6 %
and was equal to 206.7 W (3.0 W-kg'?), while the mentioned
indicator, which was registered by the power-ergometry method,
increased by only 6.5 % (respectively, 54.4 W and 0.8 W-kg™).
At the All-Ukrainian cross-country skiing competition among the
children and youth sports schools (CYSS), which was held in
January of the following year, an athlete showed a result lower
than expected. In our opinion, one of the reasons, why the skier
performed poorly at the competition, was a relatively low level
of anaerobic-aerobic performance of power nature. After all, it
is known that modern ski tracks make great demands on the
physical fitness of ski racers. In order to successfully complete
a distance with a complex profile and at high speed, the athletes
must not only be endurance athletes, but also strong ones. The
latter is achieved using weight-bearing exercises (bending and
straightening the arms in a push-up position and on parallel bars,
climbing a rope without the help of legs, squatting on one or two
legs, pulling up on a crosshar, etc.).

The second example. Here we present the results of aerobic
and aerobic-anaerobic performance (PWC,, ) of young track and
field athlete, allrounder B., 16 years, according to the data of
annual medical examinations that were made in autumn (Septem-
ber—October) and in spring (March—April). The first stage — data
of physical working capacity of athlete according to the autumn
examination: body weight — 71 kg; aerobic performance accord-
ing to submaximal cycle ergometry test— 178.7 W (2.5 W-kg™),
respectively, anaerobic-aerobic performance according to sub-
maximal power-ergometry test — 74.0 W (1.0 W-kg™). Within 2.5
months of the training cycle (Autumn-Spring), due to traumatic
injuries of the soft tissues of the knee joint, the athlete was forced
to suspend aerobic training (especially, the performance of run-
ning loads). However, at the instruction of the coach he contin-
ued to persistently perform the strength exercises in an athletic
hall. Below are the data of the second stage (after 6 months) of
research of allrounder: body weight — 72 kg; physical working
capacity according to the PWC__; value that was established
through the power-ergometry method, increased by 26.6 % and
made up 95.5 W (1.3 W-kg™). While the PWC  indicator, when
conducting a cycle ergometry test of the physical working capacity,
increased by only 4.5 % (respectively, 190.0 W and 2.6 W-kg™).

The third example. Two 15-year-old wrestlers with a body
weight of 68 kg had the same (2.7 W-kg™) values of aerobic perfor-
mance determined by the cycle ergometry method. However, they
had different values of anaerobic-aerobic performance according
to the power-ergometry test. In one athlete, the above-mentioned
indicator was equal to 1.1 W-kg?, in the other one, respectively, —
1.4Wkg™. Difference of PWC  values was 0.3 W-kg™. As shown
by the results of the control wrestling match for qualifying for the
Ukrainian Freestyle Wrestling Championship, the wrestler with
a higher level of the physical working capacity of power nature
was the best.
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The fourth example. Physical working capacity (PWC,, ) was
determined in two swimmers aged 15 by means of cycle- and
power-ergometry tests. Tests were conducted in a pre-competi-
tion period (April) of the annual training cycle. Here is the data of
their physical working capacity. Thus, swimmer C., 1 category
(specialization — freestyle swimming, breaststroke), body weight
71 kg, aerobic performance during a submaximal cycling ergo-
metric test made up 218.4 W (3.1 W-kg™), accordingly, anaero-
bic-aerobic performance during a submaximal power-ergometric
test — 127.6 W (1.8 W-kg?). Another athlete — swimmer K., 1%
category (specialization is the same as in athlete C.), body weight
70 kg, aerobic performance was 95.8 W (2.8 W-kg?), anaero-
bic-aerobic performance, respectively — 104.8 W (1.5-W-kg™).
From the above data it is seen that the best values of PWC
in both cases are registered in athlete C. Thus, the difference in
values of both aerobic and anaerobic-aerobic performance was
equal to 0.3 W-kg* (in the first case 3.1 W-kg™ against 2.8 W-kg™,
in the second case — 1.8 W-kg* vs. 1.5 W-kg?). Higher levels of
aerobic and anaerobic-aerobic performance in swimmer C. com-
pared to swimmer K. contributed largely to the achievement by
such sportsman of better sports results. He met the standard of
a candidate for master of sports in swimming 200 m freestyle and
200 m breaststroke. Thus, the specificity of swimmers’ training
which is conducted on land and water with the use of physical
loads of various kinds (strength, speed, endurance), which (loads)
involve the muscles of the upper and lower extremities while
exercising, contributes to the achievement of high rates of both
aerobic and anaerobic-aerobic performance. The latter is known
to have a positive effect on a swimmers’ sports resullt.

Conclusions

1. A complex use of cycle- and power-ergometry allows to
determine the level of contribution of each type of energy poten-
tial — aerobic (aerobic potential PWC,, ) and anaerobic-aerobic
(anaerobic-aerobic performance PWC ) to the physical work-
ing capacity (PWC) as the athlete’s potential ability to exhibit
submaximal efforts in aerobic (dynamic) and anaerobic-aerobic
(static-dynamic) work.

2. The PWC index in prize-winning athletes of speed-power
sports (group A) corresponds to a high level of anaerobic-aerobic
(0.60 points and more) and a low level of aerobic performance
PWC,,,; outsider athletes have a balance of anaerobic-aerobic
and aerobic capacity. Prize-winning athletes in endurance sports
(group B) are characterized by the PWC index, which indicates
high level of aerobic capacity PWC, . and low level of anaero-
bic-aerobic capacity (0.30 points and less). In swimmers of both
groups (prize-winners, outsiders), the PWC index indicates a
balance of anaerobic-aerobic and aerobic performance (respec-
tively, 0.580 + 0.047 points in prize-winners and 0.500 + 0.041
in outsiders).

3. The results of the complex use of cycle-ergometry and
power-ergometry indicate that the PWC index proposed by us
for evaluating the aerobic and anaerobic-aerobic performance
of young athletes can be one of the criteria for predicting sports
abilities of athletes and the results of performances at competi-
tions in some sports.

Prospects for further research will consist in a scientific sub-
stantiation of the potential of a complex use of the cycle- and
power-ergometry in determining the physical working capacity
of adolescent female athletes.
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of medicinal plant syrup are the basis for new herbal remedies

V. M. Odyntsova@®*AEF O, Ye. Matsehorova@*BCP S, |, Tertyshnyi®*BEF Yu, F. Polkovnikov®AEF

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Keywords:

Myrtus communis L.,
anatomical structure
of leaves, transmission
electron microscopy.

Katouogi croBa:

Myrtus communis L.,
aHaToMiyHa ByaoBa AUCTS,
TpaHCMiCiiHa eAEKTPOHHa
MiKpPOCKONifl.

Hapinwaa po pepakLii /
Received: 06.09.2024

[licast poonpautoBaHHsA /
Revised: 13.11.2024

CxBaneHo A0 APYKY /
Accepted: 18.11.2024

KoH®AIKT iHTepeciB:
BIACYTHIN.

Conflicts of interest:
authors have no conflict
of interest to declare.

*E-mail:
odyntsova1505@gmail.com

In the context of war, developing and standardizing new medicinal plants, such as Myrtus communis L., can
significantly enhance the availability and effectiveness of medicinal products. The micro- and ultramorphological
features of the leaf cells of this species could become crucial parameters for their identification and standardi-
zation, thereby facilitating the introduction of new, effective medications into practice.

The aim of the work is to study the morphological and anatomical structure and determine the general diagnostic
microscopic features of leaves and the structure of meristem cells of common myrtle.

Materials and methods. Microscopic analysis of temporary leaf preparations of Myrtus communis L. was carried
out using a Carl ZEISS “AxioStar Plus” and “Primo Star” microscopes with a photographic attachment for work
in both direct and reflected light. The ultrastructure of leaf cells was additionally studied using transmission
electron microscopy methods. Ultra-thin sections, 60 nm thick, were obtained on a Reichert Om 43 ultrami-
crotome. Sections were contrasted with a 1 % solution of uranyl acetate and lead citrate for 2 minutes in each
solution at room temperature. Ultrathin sections were studied using a PEM-100-01 electron microscope at an
accelerating voltage of 75 kV.

Results. The external features of common myrtle (Myrtus communis L.) leaves are described, including their
shape, color, and type of veining. Anatomical features of the leaf include the presence of convoluted epidermal
cells, anomocytic stomata located on the abaxial surface of the leaf, calcium oxalate crystals and druses, simple
hairs on the midvein, and schizolysigenous secretory receptacles.

The ultrastructure study of common myrtle leaf cells revealed characteristic structural components of various
cell types, including a nucleus with a nucleolus, chloroplasts with plastoglobules and starch grains, a Golgi
complex with numerous dictyosomes, endoplasmic reticulum, mitochondria, lysosomes, oil droplets, and myrtle
characteristic storage inclusions such as amyloplasts.

During electron microscopy, mature secretory receptacles were observed, with visible remnants of cells in the
lumen. They are surrounded by cells with a high metabolic rate, as well as senescent cells that appear darker,
with low organelle definition and tortuous walls.

Conclusions. The leaves of Myrtus communis L. have a hypostomatic leaf type, with the lower epidermis con-
taining a significant number of uniformly arranged stomata of the anomocytic type. Simple unicellular hairs are
present only on the central vein. Shared anatomical features with other species in the Myrtaceae family include
the presence of druses and prismatic calcium oxalate crystals, along with schizogenous secretory receptacles
that produce lipophilic substances.

The ultrastructure of meristem cells and cells adjacent to the secretory receptacles in Myrtus communis
includes cell membrane, cytoplasm, nucleus, mitochondria, vacuoles, chloroplasts, Golgi complex with nume-
rous dictyosomes, endoplasmic reticulum, lysosomes, oil droplets, and amyloplasts, which are starch-storing
inclusions characteristic for the species. Mature secretory receptacles were found, within which cell remnants
are surrounded by metabolically active cells and senescent, darker cells with poorly defined organelles and
convoluted walls.

Recommended parameters for the standardization of Myrtus communis L. medicinal plant material: micro-
scopic indicators include the anomocytic type of stomatal apparatus with hypostomatic placement, simple
hairs, the presence of druses and prismatic calcium oxalate crystals, and schizogenous secretory recepta-
cles. Ultramorphological indicators include cell membrane, cytoplasm, nucleus with nucleolus, chloroplasts
with plastoglobuli and starch granules, Golgi complex with numerous dictyosomes, endoplasmic reticulum,
mitochondria, lysosomes, oil droplets, characteristic storage inclusions (amyloplasts), and the presence of
secretory receptacles.

Modern medical technology. 2024,16(4):292-302
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Mikpo- Ta yabTpamopdonoriuHi 0co6AuBocTI KAiTMH AMcTA Myrtus communis L.
AIK napameTp cTaHAApPTU3aLji AikapcbKoi POCAUHHOI CUPOBUHU - AXKepena HOBUX
dironpenaparis

B. M. OauHuoBa, 0. €. Maueroposa, C. |. TeptUwwHui, H0. ®. MoAkoBHIKOB

B ymoBax BiilHM BUBYEHHS Ta CTaH4aPTM3aLlis HOBWX BUAIB NikapCbKOi CUPOBKHK, 3okpema Myrtus communis L.,
MOXYTb iCTOTHO MOKPALLMTK AOCTYMHICTb Ta eheKTUBHICTb Nikapcbkux 3acobis. Mikpo- i ynsTpamMmopdonoriyHi
0co6nMBOCTI KNITUH IMCTS LbOr0 BUAY MOXYTb CTaTW BAXNMBIMY NapameTpamu Ans ineHTudikavii Ta ctaHaap-
TM3aLii, LLO CNpUATUME BNPOBaKEHHIO HOBUX ePEKTUBHWX MEANYHX NPEenapaTiB y NpaKTuKy.

Merta po6otn - JOCNigKEHHS MOPONOro-aHaToMiYHOT 6y0BM Ta BU3HAYEHHS 3aranbHUX AiarHOCTUMHUX Mi-
KPOCKOMIYHMX O3HaK NUCTS Ta By[LOBM MEPUCTEMHUX KIITUH MUPTY 3BUYAIHOTO.

Marepiaau i meToau. MikpockomiuHWiA aHani3 TMMYacoBWX npenaparie nmMcts Myrtus communis L. 3ailicHunm Ha mi-
kpockoni Carl ZEISS «AxioStar Plus» Ta «Primo Star» i3 cootoHacagkoto anst poboTit y npsiMomy i Bigbutomy CBiThi.
YneTpacTpykTypy Gy[oBK KIITUH NUCTS fOAATKOBO BUBYaIH, BUKOPUCTOBYIOYW METOAM TPAHCMICIHOI €NEKTPOHHOI
Mikpockonii. YsTpaToHki 3piav 3aBTOBLLKM 60 HM ofepKyBanu Ha ynsTpamikpotomi Reichert Om 43. 3pisu koHTpacTy-
Ban 1 % po34MHOM ypaHinavLeTaTy Ta UTpaTy CBIHLIO MPOTArOM 2 XBUIMH Y KOXKHOMY PO34MHI 3@ KIMHATHOI Temne-
patypu. YnTpaToHKi 3pisun BBYani B enekTpoHHoMy Mikpockoni [MEM-100-01 npu npuckoptoBanbHii Hanpysi 75 kB.

Pesyabrati. ONnCaHO 30BHILLHI O3HAKW IUCTS MUPTY 3BUYANHOTO: hOPMY, KOMIP, TN XWUMKyBaHHS. AHATOMIYHI
0COBNMBOCTI NMMUCTKA BKITOYAIOTH HASIBHICTb 3BMBMUCTUX €MnigepManbHUX KMiTWH, aHOMOLMTHIX MPOAMXIB, LIO
po3TalloBaHi Ha abakcianbHiln NOBEPXHi NUCTKa, KPUCTaNIB i APy3iB OKCanaTy KanbLito, MPOCTHX BOMOCKIB Ha
CepeHin Xunui, Cxi3oni3oreHHX CEKPETOPHNX BMICTULL. [Tig Yac AOCNIMmKEHHS yNsTPaCTPYKTYpU KNiTUH NNCTS
MWUPTY 3BUYAAHOTO BWSIBNIEHO XapakTepHi CTPYKTYPHI KOMMOHEHTU Pi3HUX TUNIB KMITWH, LLO BKMKOYAKOTb SAPO 3
sAepuem, xnoponnacti 3 nnactornobynamu Ta KpoOXManbHUMK 3epHamm, KoMnneke Monbaxi 3 YNCHEHHUMM
AMKTIOCOMaMK, eHAONMa3MaTUYHUIA PETUKYIYM, MITOXOHAPIT, Ni30COMM, Kpanmi onii Ta XapakTepHi Ans MupTy
3anacHi BKMIOYEHHS — aminonnactu. Y pesynsrarti enekTpOHHOI MiKpoCKoMii BUSIBMIEHO 3pini CEKPETOPHI BMICTULLA,
Yy MPOCBITI AK1X BYNN 3anNLLKK KNITUH. BOHM OTOYEHI KNiTMHAMKM 3 BUCOKUM piBHEM MeTaboniamy Ta kniTuHamu,
LLIO CTapitoTb, CTAKTb TEMHUMMU, 3 HU3LKOIO YiTKICTIO OpraHen i 3BUBUCTUMU CTIHKaMU.

BucHoBkwu. JIucts Myrtus communis L. Mae rinoctoMaTnyHuii T1n NUCTOBOI NNACTUHM; HWKHIN enigepMic MiCTUTb
3HaYHY KinbKiCTb PIBHOMIPHO PO3TaLLOBaHUX MPOAMXIB 3 aHOMOLMTHUM TUMOM NPOAMXoBoro anaparty. MpocTi
OAHOKMITUHHI BOMOCKM BUSIBNIEHO TiNbKW Ha LEHTPanbHii xunui. CrinbHi 3 iHWUMK BUAAMM POAMHW MUPTOBUX
aHaTOMi4Hi 0COBNMBOCTI — HasIBHICTb [pY3 | NPU3MATUYHUX KPUCTaniB oKcanaty Kanbliito Ta CXi3oni3oreHHux
CEKPETOPHMX BMICTULL, LLIO NPOAYKYIOTb NiNOMinbHI peYoBUHW. YNBTPACTPYKTypa KNiTUH MEPUCTEMM Ta KNITUH,
LLIO NpUNsratoTb [0 CEKPETOPHUX BMICTULL, Myrtus communis, BKIto4ae KniTuHHY MembpaHy, Lutonnasmy, Sapo,
MITOXOHAPII, Bakyoni, xnoponnacTu, KoMnnekc [onbaxi 3 YACHEHHUMM QUKTIOCOMaMK, eHOoNNasMaTudHN
PETUKYNyM, Ni30COMM, Kpanni onii Ta xapakTepHi A1 MAPTY 3BUYANHOTO 3anacHi BKIIOYEHHS — aMinonnacTu.
BusiBneHo 3pini CekpeTopHi BMICTULLA, Y NPOCBITI SKUX MICTATLCS 3anWLLKW KIITUH, LLO OTOYEHi KiTuHamu 3
BMCOKMM piBHEM MeTaboniamy Ta Oinbll TEMHAMM KNiTUHAMM, LLO CTapitoTb, i3 HU3BKOK YITKICTIO OpraHen i
3BMBMCTUMM CTiHKaMu. PekoMeHZ0BaHMM NapaMeTpamm ANs CTaH4apTu3aLii nikapcbKoi pOCANHHOT CUPOBUHM
Myrtus communis L. € MikpockoniyHi NOKa3HUKK, L0 BKIHOYAKTb aHOMOLMTHWIA TUM NPOAMXOBOrO anapary 3
riNOCTOMAaTUYHUM PO3TaLLyBaHHAM, NPOCTi BOMOCKM, HAsSBHICTb APY3iB i NPU3MATUYHWX KpUCTaniB okcanaty
KanbLiito Ta CXi30ni30reHHUX CEKPETOPHIX BMICTULL,; ynsTpaMopdonorivHi — KniTuHHa MembpaHa, LuTonnasma,
S0pO0 3 AAEpLEM, XJTOPONNAacTy 3 nnacTornobynamm i KpoXmManbHUMKU 3epHamMu, KOMMNEKC Monbaxi 3 YACIEHHM-
MU AWKTIOCOMaMK, EHOONNA3MaTUYHUIA PETUKYYM, MITOXOHAPII, Ni30COMM, Kpanni onil; XxapakTepHi Ans MupTy
3anacHi BKIIOYEHHS — aMinonnacTi Ta HasiBHICTb CEKPETOPHUX BMICTHLL.

CyuacHi MeanuHi TexHonorii. 2024. T. 16, Ne 4(63). C. 292-302

Under martial law, amid a full-scale Russian invasion, it is
crucial to provide aid to the wounded and to strengthen both
the physical and mental health of the population, as the ongo-
ing military actions can have a significant negative impact on
public health. According to the Ministry of Health of Ukraine, the
number of people who will experience negative mental health
consequences due to the war is expected to rise daily. Preliminary
forecasts suggest that approximately 15 million Ukrainians will
need psychological support in the future. Mental disorders can
adversely affect physical health, increasing the prevalence of
cardiovascular diseases, diabetes, arthritis, asthma, and cancer;
in cases of severe trauma, these risks may manifest 10-15 years

earlier than the population average [1]. Therefore, it is crucial to
employ simple, effective, and safe medicinal products, with herbal
remedies playing an important role.

Treating the wounded during war requires substantial resour-
ces, including medications for infection prevention, pain relief, and
wound healing. Many medicinal plants possess potent therapeutic
properties that can effectively treat various diseases and injuries.
Studying these properties and developing new medical prepara-
tions from plant-based materials can enhance the effectiveness
of medical care. Additionally, the use of plant raw materials can
reduce reliance on imported drugs and ensure a steady supply
of essential medical supplies.
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Common myrtle is a valuable medicinal plant belonging to
the myrtle family (Myrtaceae). It has two subspecies: Communis
and Tarentina, which differ in their morphological features [2].
Common myrtle (Myrtus communis L.) is the only species found
in Europe. Itis an evergreen shrub, ranging from 0.5 to 6.0 meters
in height, characterized by opposite leaves, rough bark, white
flowers (with five to nine petals), and berries. Depending on the
genotype, these berries can be pigmented (dark blue or dark
red) or non-pigmented (white) at the ripening stage, with various
shapes such as spherical, elliptical, ovoid, or pear-shaped [3].
Plants with pigmented fruits belong to the melanocarpa variety,
while those with non-pigmented fruits are classified as leucocar-
pa. The melanocarpa variety, which is widely found both in the
wild and in cultivation, is commonly used as raw material in the
liquor industry [4].

Some characteristics of the myrtle bush, such as its abun-
dant summer flowering, evergreen leaves, persistent fruits, and
the presence of multi-colored mutations, make it suitable for
decorative use [4].

Various components of Myrtus communis leaves have been
found to be pharmacologically active. The essential oil from
the leaves of M. communis has been the subject of numerous
chemical and pharmacological studies. It has been established
that 1,8-cineole, linalool, and a-pinene are the main components
of the essential oil, and they are present in varying quantities in
the raw materials from different parts of Myrtus communis L., re-
gardless of geographical factors (such as temperature, soil quality,
and day length), time of collection, or species genotype [5,6,7].

Myrtle essential oil has antibacterial properties. It can inhibit
the formation of biofilms by Staphylococcus aureus and disrupt
cell biofilm metabolism in all studied strains (E. coli, P. aerugi-
nosa, P. carotovorum, L. monocytogenes), with the exception of
Staphylococcus aureus. Additionally, the oil has shown cytotoxic
and antiacetylcholinesterase activities [5].

Myrtle essential oils have gained attention as potential ingre-
dients in functional foods and nutraceuticals due to their benefits
for weight management, antioxidant status, and antilipidemic
effects. This was demonstrated in a study where laurel and myrtle
essential oils were administered intragastrically to rats over a
period of two weeks. The treatment led to weight loss, reduced
glycolytic activity, improved lipid parameters (including choles-
terol, triglycerides, low-density lipoprotein cholesterol (LDL-C),
and very low-density lipoprotein cholesterol (VLDL-C)), and
improved indicators of atherogenicity. These effects contribute
to the protection of the cardiovascular system [8].

Plant extracts from myrtle berries and leaves have attracted
the interest of both consumers and researchers due to their high
concentration of phenolic compounds. These compounds are
involved in absorbing reactive oxygen species, which helps in
the prevention and treatment of various diseases associated with
aging [9]. Afraction enriched with polyphenols, obtained from the
leaves of Myrtus communis, has significant anti-inflammatory,
antioxidant, wound healing, and anti-leukemic potential [10].
Therefore, myrtle herbal preparations could offer a new, effective,
and safe alternative to current treatment methods.

Proper standardization is crucial for determining the quality
of medicinal plant raw materials, especially considering the diver-

sity in myrtle’s geographical distribution, environmental growth
conditions, availability of chemotypes, and varieties [3,4,11]. In
addition to evaluating the phytochemical quality indicators of plant
raw materials and the pharmacological actions of phytochemicals
derived from them, it is essential for pharmacognostic studies to
understand the morphological and anatomical characteristics of
plants used as medicinal raw materials. This knowledge aids in
the standardization and quality control of the product, ensuring
the effectiveness and safety of medicines.

The presence of secretory receptacles containing essential
oil is a defining feature of the Myrtaceae family [12,13]. These
secretory receptacles produce compounds that protect plants
from herbivores and pathogenic microorganisms. The structure
and development of the secretory cavities in Myrtus communis L.
have been studied in both young and mature leaves using light
and scanning electron microscopes [14,15,16]. Additionally, the
flowers of Myrtus communis L. are also rich in essential oil se-
cretory receptacles, which are distributed across all floral organs
(sepals, petals, corolla, stamens, ovary, and leaf). In the flowers
of Myrtus communis, unicellular papillae located at the top of the
ovary, closer to the base of the stamens, and hairy trichomes
have also been identified [17].

Cleber J. da Silva, Luiz Claudio de A. Barbosa, and colleagues
analyzed the frequency and determined the morphological
types of secretory receptacles using light and scanning electron
microscopy in 52 species of the Myrtaceae family. Conical secre-
tory receptacles were observed in three tribes (Leptospermeae,
Myrteae, and Melaleuceae), while the euryform type was found
in five tribes (Leptospermeae, Syncarpieae, Myrteae, Syzygieae,
and Melaleuceae) [18]. The ultrastructure of secretory receptacle
cells in flowers was described by Rafael R. Pimentel, Natalia
P. Barreira, and others using light and electron microscopy. These
cells feature a well-developed smooth endoplasmic reticulum,
dictyosomes with adjacent vesicles, numerous mitochondria,
and starch-containing plastids [19].

Determination of morphology and anatomy of the vegetative
parts of plants is crucial for their identification and classification,
as well as for evaluating the quality of medicinal raw materials.
However, the ultrastructural features of common myrtle cells
have not yet been thoroughly studied. This information could be
critically important for the accurate identification and utilization of
new types of plant raw materials, especially in wartime conditions.

Aim
The aim of the work is to study the morphological and ana-
tomical structure and determine the general diagnostic micro-

scopic features of leaves and the structure of meristem cells of
common myrtle.

Materials and methods

The object of the research is fresh and dried plant material
of common myrtle grown under controlled conditions at the
Department of Pharmacognosy, Pharmacology, and Botany of
Zaporizhzhia State Medical and Pharmaceutical University. Micro-
scopic research was conducted in the Phytochemical Laboratory
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Fig. 1. Appearance of Myrtus communis L. leaves.

Fig. 2. Fragment of the lower epidermis of the leaf. a: stomata; b: near stomatal cells.

of the Educational and Scientific Medical and Laboratory Center
with a vivarium at Zaporizhzhia State Medical and Pharmaceutical
University. lllumination of the microscopic preparations involved
heating the samples for 2-3 minutes in a 3-5 % aqueous solution
of sodium hydroxide, avoiding excessive softening. After heating,
the material was washed 2-3 times with distilled water, and then
a microscopic specimen was prepared [20,21].

Carl ZEISS “AxioStar Plus” and “Primo Star” microscopes (ob-
jectives x4, x10, x20, x40, x100) with an AxioCam ERc 5s digital
camera were used for observations in both direct and reflected
light. Anatomical studies were conducted with statistically signifi-
cant sample sizes (at least 10 specimens per object). During the
microscopic examination of medicinal plant raw materials, attention
was given to the type of leaf plate, the structure of epidermal cells,
the presence and type of stomata, as well as the characteristics
of hairs and glands. To identify the localization of the essential oil,
a histochemical reaction was performed with Sudan Il solution,
which stains the receptacles in an orange-red color.

Object counts per unit area were conducted with tenfold
replication. Statistical analysis was performed using Microsoft
Excel 2010 software.

The ultrastructure of leaf cell structures was further examined
using transmission electron microscopy methods in the Electron

Microscopy Laboratory of Zaporizhzhia State Medical and Phar-
maceutical University, on a transmission electron microscope
“PEM-100-01" (Selmi, Ukraine) at an accelerating voltage of
75kV. Plant material chopped into 2 x 3 mm fragments, was fixed
in a 2.5 % solution of glutaraldehyde prepared in a 0.1 M phos-
phate buffer, with the addition of acrolein at a final concentration
of 1 %. The inclusion of acrolein was necessary due because
of the insufficient and slow penetration of the fixative containing
only glutaraldehyde through the leaf epidermis. Acrolein, which
penetrates more deeply and reacts faster than other aldehydes,
improves the preservation of ultrastructural details when used in
combination with glutaraldehyde fixatives [22]. The time between
sample preparation and electron microscopic examination was up
to 5 minutes, and fixation was performed for 4 hours at +40 °C.

After washing the fixative three times with 0.1 M phosphate
buffer, the material was treated for 6 hours in a 1 % solution of
0sO, in 0.1 M phosphate buffer. The plant material was then
washed through a series of increasing concentrations of alcohol,
starting from 30 % to 96 %, with each concentration processed
at room temperature for 15 minutes. Subsequent processing
involved treatment with a solution of 100 % alcohol-acetone in
successive ratios (3:1, 1:1, and 1:3) for 15 minutes each. The
final dehydration step consisted of two 20-minute treatments in
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Fig. 3. Fragment of the epidermis of the middle vein of a leaf. a: trichomes; b: secretory container; ¢: stomata; d: near stomatal cells.

Fig. 4. Drusen and calcium oxalate crystals. a: calcium oxalate crystals; b: calcium oxalate drusen.

pure acetone. For embedding, the material was infiltrated with
epoxy resin (Epon), ensuring proper composition, sequence, and
duration of processing according to the resin’s specifications [23].

Ultrathin sections, each 60 nm thick, were prepared using a
Reichert Om 43 ultramicrotome. The sections were contrasted
with a 1 % solution of uranyl acetate and lead citrate, each for 2
minutes at room temperature. These ultrathin sections were then
examined with a PEM-100 electron microscope, operating at an
accelerating voltage of 75 kV. The microstructure of the leaf cells

was described using the terminology summarized by Byung-Ho
Kang et al. [24].

Results

The leaves of Myrtus communis L. are simple, opposite, and
either sessile or slightly sessile. They are lanceolate, elliptical or
ovoid in shape (Fig. 1). The apex of the leaves is pointed, while
the base ranges from acute to rounded. The leaves feature
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Fig. 5. Schizolysigenous secretory receptacles. a: schizolysigenous secretory receptacle; b: stomata; ¢: calcium oxalate drusen; d: central

vein; e: epithelial cells located above the receptacles; f: trichomes.

numerous secondary and tertiary net veins with brochidromous
(pinnate-loop-like) venation. Although the venation is not very
prominent on the exterior, there is a noticeable depression just
above the midvein. The upper surface of the leaves is dark green,
whereas the lower surface is a lighter green.

During the microscopic study, surface micropreparations of
various parts of the leaf plate, specifically the upper and lower
epidermis, were examined. Myrtle leaves are hypostomatic, with

stomatal complexes that are anomocytic and evenly distributed
on the abaxial surface at a density of 228 + 73 units/mm?. These
stomatal complexes are oval to round in shape and are surround-
ed by 3 to 5 epidermal cells (Fig. 2).

The abaxial surface of the leaf consists of convoluted epi-
dermal cells. The epidermis on the upper side of the leaf plate
features strongly tortuous, thickened walls. The cells are either
isodiametric or slightly elongated in shape. On the midvein of
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Fig. 6. Idioblasts with resinous oil content. a: idioblast.

Fig. 7. Transmission electron microscopy image of meristem cells of common myrtle. nu: nucleus; va: vacuole; mi: mitochondrion;
cl: chloroplast; cm: cell membrane; im: intercellular; pl: plastoglobules.

Fig. 8. Transmission electron microscopy image of common myrtle meristem cells with chloroplasts containing starch grains. nu: nucleus;
ts: cytoplasm; va: vacuole; mi: mitochondrion; cl: chloroplast; cm: cell membrane; pm: plasma membrane; I: lysosomes; g: face;

pl: plastoglobule; sg: starch grains.

the abaxial surface, there are a few scattered trichomes. These
trichomes are simple, unicellular, non-glandular hairs that are
conical, slightly wavy, and single (Fig. 3).

The leaf of common myrtle contains a significant amount of
crystalline calcium oxalate inclusions, which are represented by

both drusen and prismatic crystals. These inclusions are dis-
tributed across the entire surface of the leaf plate at a density of
144 £ 49 units/mm? (Fig. 4).

In the mesophyll of the leaf, spherical secretory receptacles
are present, displaying a typical schizolysigenous pattern (Fig. 5).
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Fig. 9. Transmission electron microscopy image of common myrtle epithelial cells in contact with the secretory container. nu: nucleus;
va: vacuole; mi: mitochondrion; cl: chloroplast; im: intercellular; cm: cell membrane; lu: lumen; oec: senescent epithelial cells; ol: drops

of oil; er: endoplasmic reticulum.

Fig. 10. Transmission electron microscopy image of common myrtle parenchyma cells in contact with the secretory container. nu: nucleus;
va: vacuole; mi: mitochondrion; cl: chloroplast; em: cell membrane; ve: vesicles; ge: Golgi complex; ol: drops of oil; pl: plastoglobule;

er: endoplasmic reticulum.

The presence of epithelial cells surrounding these cavities indi-
cates that their development is schizogenic, involving cell division
rather than dissolution, which characterizes the lysigenous type.
Histochemical testing with Sudan Il reveals that the secretory
receptacles of Myrtus communis primarily produce lipophilic
compounds. The specific density of secretory receptacles per

unit area is 5 + 1 units per mm?. In addition to the essential oil
containers, dark brown idioblasts containing resinous oil are also
present (Fig. 6).

When studying the ultrastructure of common myrtle leaf
cells, characteristic structural components of various cell types
were identified. The ultrastructure of typical meristematic cells
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Fig. 11. Transmission electron microscopy image of common myrtle cells containing spare inclusions - amyloplasts. a: amyloplasts;
va: vacuole; mi: mitochondrion; cl: chloroplast; em: cell membrane; ve: vesicles; pl: plastoglobule; oec: senescent epithelial cells.

in common myrtle is characterized by very thin walls (Fig. 7),
which merge to form small intercellular spaces in the central
region. Each meristematic cell contains a prominent nucleus
with a nucleolus. The cytoplasm is rich in polyribosomes, mi-
tochondria, and Golgi complexes with numerous dictyosomes,
from which many vesicles are formed. Vacuoles are small and
contain membranes or electron-dense bodies. Additionally,
smooth and rough endoplasmic reticulum, lysosomes, oil drop-
lets, and plastids are present. Plastids, specifically chloroplasts,
are spherical or oval in shape (Fig. 8). Like the nucleus and
mitochondria, chloroplasts are surrounded by a double mem-
brane. The internal environment, or stroma, is a protein matrix
permeated by membranes known as lamellae. These lamellae
are interconnected to form thylakoids. Thylakoids, tightly ad-
hered to each other, create facets within the chloroplast. The
chloroplasts also contain lipid droplets called plastoglobules,
and excess carbohydrates produced during photosynthesis can
be stored as starch grains.

During electron microscopy, mature secretory receptacles
were found, in the lumen of which remnants of cells are visible
(Fig. 9). During the secretory process, high metabolic epithe-
lial cells and senescent signaling cells are found side by side
in the same epithelium. Senescent epithelial cells have loose
convoluted walls and a retracted protoplast. The cytoplasm of
such cells becomes very dark and retracts, and the visualization
of organelles becomes impossible. These changes end with
protrusion of the degenerated epithelial cell into the lumen or
cell fragmentation.

The membranes of the parenchyma cells surrounding the
secretory receptacles are characterized by thicker walls. These
cells contain an oval or irregularly shaped nucleus with distinct
nucleoli and a substantial amount of cytoplasm, which includes
both small and large vacuoles (Fig. 10). The cells also feature
typical chloroplasts, mitochondria with well-developed cristae, oil
droplets, and numerous vesicles near the plasma membrane. The
cells are tangentially elongated. A distinctive feature of common
myrtle leaf cells is the presence of spare inclusions called amy-
loplasts, located in the cytoplasm (Fig. 11). These amyloplasts

are simple, concentric, round or oval-shaped starch grains,
characterized by well-defined layering and a central formation in
the shape of a circle or point.

Discussion

Although Myrtaceae species are rich in essential oils and
other chemical compounds, detailed information on the leaf
anatomy of Myrtus communis L. is scarce. The results of this
study reveal that Myrtus communis L. shares several anatomical
features with other species in the family. These features include
drusen (calcium oxalate crystals) and schizolysigenous secre-
tory receptacles. The secretory receptacles develop from single
cells, initially originating schizogenically but ultimately becoming
lysogenic during maturation, leading to the disintegration of all
secretory cells within the gland lumen [14,15,25].

In addition to the genetically determined characteristics com-
mon to the family, Myrtus communis exhibits specific anatomical
and ultrastructural features that may be linked to its environmental
origin and reflect various survival strategies [17,26].

It was determined that the epidermal cells have a tortuous
shape, and the leaves are equipped with trichomes in the form
of simple hairs scattered on the abaxial surface of the midvein.
The stomata are anomocytic and hypostomatic, located on the
abaxial side of the leaf blade. This evolutionary adaptation allows
the plant to better control water loss and gas exchange, protecting
the leaves from environmental stressors [27]. For common myrtle,
which grows in Mediterranean regions with high solar activity, this
adaptation is particularly important for maintaining water balance
and supporting optimal physiological processes.

In addition, some ultrastructural features of chloroplasts and
other organelles may reflect adaptations to high solar radiation
conditions. For instance, the presence of large and bulky starch
grains in chloroplasts could be indicative of more intensive pho-
tosynthesis. The abundance of plastoglobules observed in the
chloroplasts of the mesophyll in Myrtus communis L. may be
related to oxidative stress, which could help the plant cope with
high levels of insolation [28].
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Starch grains and oil droplets in the cells of Myrtus com-
munis L. probably represent an energy reserve. This strategy
provides an uninterrupted source of energy for synthesis and
secretion of essential oil.

Electron micrographs illustrate the features of meristem cells
and the presence of secretory receptacles. Young meristem cells
are characterized by dense cytoplasm and a large number of
organelles, including a nucleus with a nucleolus, plastids, a Golgi
complex with numerous dictyosomes, endoplasmic reticulum,
and mitochondria. As cells mature, vesicles fuse with vacuoles
or plasma membrane, which becomes noticeably tortuous and
thickened. Plastids become less numerous, exhibiting dense
stroma and large starch grains. These plastids, with their well-de-
veloped internal membranes and starch grains, facilitate photo-
synthesis and provide the energy required for the biosynthesis
of secretory compounds, as observed in glandular trichomes of
various species [29].

The secretory receptacles feature a well-developed parenchy-
ma shell with thicker cell walls and initial signs of cell degradation,
such as nuclear fragmentation and mitochondrial proliferation.
Dictyosomes are well developed and produce several vesicles
visible in the peripheral cytoplasm near the convoluted plasma
membrane. In addition, vacuoles containing secretions form
and fuse with the plasma membrane in a continuous process of
vacuole formation and essential oil release, similar to the process
described by M. O. Mercadante-Simdes and E. A. S. Paiva [30].

Based on ultrastructural studies of mature cavities, several
indicators of cell senescence have been identified. These include
cells with dark cytoplasm and reduced clarity of organelles, swol-
len membranes, nuclei with irregular contours and vesiculation,
tortuous cell walls, and loss of contact with neighboring cells.
These features correspond to with programmed cell death and
represent a natural aspect of plant development [31].

Common myrtle leaf cells are distinguished by the presence
of spare inclusions known as amyloplasts. The structural cha-
racteristics of these amyloplasts are species-specific and are
valuable for comparative anatomical analysis of medicinal plants
and their raw materials.

These data can be used for identification of medicinal plant
raw materials of common myrtle and contribute to the develop-
ment and implementation of promising phytopreparations based
on Myrtus communis L. into medical practice.

Conclusions

1. The leaves of Myrtus communis L. have a hypostomatic
leaf type, with the lower epidermis containing a significant number
of uniformly arranged stomata of the anomocytic type. Simple
unicellular hairs are present only on the central vein. Shared
anatomical features with other species in the Myrtaceae family
include the presence of druses and prismatic calcium oxalate
crystals, along with schizogenous secretory receptacles that
produce lipophilic substances.

2. The ultrastructure of meristem cells and cells adjacent
to the secretory receptacles in Myrtus communis includes cell
membrane, cytoplasm, nucleus, mitochondria, vacuoles, chloro-
plasts, Golgi complex with numerous dictyosomes, endoplasmic

reticulum, lysosomes, oil droplets, and amyloplasts, which are
starch-storing inclusions characteristic for the species. Mature
secretory receptacles were found, within which cell remnants are
surrounded by metabolically active cells and senescent, darker
cells with poorly defined organelles and convoluted walls.

3. Recommended parameters for the standardization of
Myrtus communis L. medicinal plant material: microscopic indi-
cators include the anomocytic type of stomatal apparatus with
hypostomatic placement, simple hairs, the presence of druses
and prismatic calcium oxalate crystals, and schizogenous se-
cretory receptacles. Ultramorphological indicators include cell
membrane, cytoplasm, nucleus with nucleolus, chloroplasts with
plastoglobuli and starch granules, Golgi complex with numerous
dictyosomes, endoplasmic reticulum, mitochondria, lysosomes,
oil droplets, characteristic storage inclusions (amyloplasts), and
the presence of secretory receptacles.

Prospects for further research are to continue pharmacog-
nostic studies of Myrtus communis L. leaves.
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Aim. Assessment of the physicochemical characteristics of suspended particulate matter of the ultrafine range
present in the air of the working area of the sintering factory of a metallurgical plant.

Materials and methods. The assessment and analysis of the physicochemical parameters of ultrafine particles
were carried out in different areas of the sintering factory of the metallurgical plant. The parameters were
measured using a portable scanning spectrometer Nanoscan 3910 (USA). The chemical composition of the
suspended particulate matter was determined by the method of optical emission spectrometry with inductively
coupled plasma (OES-IZP) using the device “Ortima 2100 DV” (PerkinElmer, USA).

Results. It was estimated that the concentration of suspended particulate matter of ultrafine size in the main
part of the sintering machine ranged from 3.02 x 10* to 3.12 x 10*per cm®, in the tail part of the sintering ma-
chine — from 5.09 x 10* to 7.59 x 10*per cm?, in the sintering machine control room No. 1 — from 2.06 x 10* to
2.38 x 10* per cm?, in the workers of the control group — from 1.43 x 10* to 1.73 x 10* per cm®. The quantitative
concentration of suspended particulate matter by individual sizes at all workplaces of the sinter plant workers
compared to workers of the control group had a significant difference. Values of the total surface area and
surface volume of suspended particulate matter of the nano-sized range had their maximum in the tail part and
near the head of the sintering machine, the lowest values were recorded around the control room and among
the employees of the plant management department. The highest mass concentration of ultrafine particles
was recorded in the tail part of the sintering machine (22.55 pg/m? to 508.35 pg/m?®), which is associated with
a significant amount of suspended particulate matter of a larger size (2115.5 nm). The chemical composition
of the particles of the ultrafine range included aluminum, calcium, iron, magnesium, manganese, silicon, and
phosphorus, which is explained by the specifics of the technological process, and the exceeding of the hygienic
standard was observed for calcium, silicon and phosphorus.

Conclusions. It was established that during the sintering of the agglomerate in the agglomeration compartment,
many suspended particles of the ultrafine range are formed. They included aluminum, iron, manganese, magne-
sium, silicon, phosphorus, and calcium. Significantly higher values of the number, mass concentration, surface
area and surface volume of suspended particulate matter were determined at the workplaces of sintering factory
workers, which had a statistically significant difference compared to the workers of the control group.

Modern medical technology. 2024;16(4):303-309

YAbTpapAMCnepCHUM NPOMUCAOBUI aepo30Ab AK GaKTOp NPodECinHOro pU3UKY
AAS NPaUiBHUKIB arAomepaujiiHoro BUpobHMLTBa

A. . lWapasapa, H. M. Amutpyxa, I. M. AHApycULLIMHA

MeTa po60TH - OLIHNTY (i3UKO-XIMIUHI XapaKTEPUCTUKI 3BAXXEHUX YACTUHOK YNbTPAANCNEPCHOTO AianasoHy, Lo
MICTSTBCS B MOBITPi po6040i 30HM NpaLiBHUKIB arnomMepaLiiHoro BifAiNeHHs MeTanypriiHoro 3aBogy.

Martepiaau i meTopu. OLiHIOBaHHS 11 aHanis i3nko-XiMi4HIX NOKa3HWKIB yNbTPaANCTIEPCHIUX YaCTUHOK 3A4INCHUIN
Ha pi3HVX dinsHkax arnoMepaLiiHoro BiadineHHs MeTanypriiHoro 3aBogy. [okasHuky BCTaHOBMMM 3a LOMOMOTO0
nopTaTMBHOTO ckaHytodoro cniektpometpa Nanoscan 3910 (CLUA). XimiuHwit cknag 3BaxeHUX YaCTUHOK BU3Ha-
YEHO METOAOM OMTUKO-EMICIIHOI CNEKTPOMETPIT 3 iHAYKTUBHO 3B'a3aHoto nnasmoto (OEC-I3[1) 3a gonomoroto
npunagy Optima 2100 DV (PerkinElmer, CLLA).

Pesynabrati. KOHLIEHTPALLiSt 3BaXEHNX YaCTUHOK YNTPaAMCNepCHOro PO3MIpy B FONOBHIl YaCTUHI arnoMepaLiiHoi
MaLL1HW konueanacs B Mexax Big 3,02 x 10* go 3,12 x 10* Ha cm®, y XBOCTOBII YaCTUHI arnomepaLiitHoi MaLuy-
HW — Big 5,09 x 10* no 7,59 x 10* Ha cMm®, y nynbTi ynpaBniHHs arnomepadinHoi mawwmhm Ne 1 - Big 2,06 x 10*
10 2,38 x 10* Ha cm®, y npaUiBHUKIB KOHTponbHOI rpynu — Big 1,43 x 10* go 1,73 x 10* Ha cm®. KinbkicHa KOH-
LieHTpaLlis 3BaXEHNX YaCTMHOK 3@ OKPEMMMM PO3MipamMm Ha BCiX poBoYmMX MICLiSX arnomMepaTHuka NopiBHSHO 3
npaLiBHUKaM1 KOHTPOMLHOI rpyni LOCTOBIPHO BigpidHsnacs. MokasHyku 3aranbHoi NoLLi noepxHi Ta 06'emy
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MOBEPXHi 3BAXEHUX YACTUHOK HAHOPO3MIPHOTO Ajana3oHy Gynu MakcuMansHUMK Y XBOCTOBIN YacTuHi Ta 6inst
FONOBHOI YaCTWHM arnoMepaLiiHoi MaLLWHW; HaUMEHLLI NOKa3HUKM 3apEECTPOBaHO B 30Hi MynbTY ynpasniHHS
Ta y NpaLiBHUKiB Biaainy 3aBogoynpasniHHs. HanbinbLly MacoBy KOHLEHTpALL0 yNbTpaaUcnepCHUX YacTUHOK
BM3HA4WNM y XBOCTOBIN YaCTWHI arnomepaLiiHoi MawwmHm (22,55-508,35 MKr/M®), Lo NOB’A3aHO 3i 3HAYHOK
KINbKICTHO 3BaXXEHMX YaCTUHOK BinbLuoro poamipy (2115,5 Hm). [lo ximiyHOro cknagy YacTUHOK yrbTpaguenepc-
HOro Aiana3oHy BXOAWUMM antoMiHil, KarbLiit, 3ani3o, MarHii, MapraHeLb, KpeMHIN i octop, LU0 NOSCHIETLCS
CMeLMMIKO TEXHOMOTYHOMO NPOLECY; NEPEBULLEHHS TNEHIYHOr0 HOPMaTUBY BCTAHOBMEHO ANS KarbLito,
kpeMmHito Ta dpocchopy.

BucHoBKu. Y npoLeci cnikaHHs arnomMepary B arnoMepaviiniHoMy BigfineHHi yTBOPOETLCS BENUKa KirnbKicTb 3Ba-
KEHUX YaCTUHOK yNbTpaaucnepcHoro fianasoHy. BoHu MicTunv antoMmiHii, 3aniso, MapraHeLb, MarHin, KpemHin,
cocdhop i kanbuii. Ha pobounx MicLisix arnomepaTHuMKIB BCTAHOBMNEHO ICTOTHO BYLLi MOKA3HWKM KiIbKOCTi, MacoBOi
KOHLIeHTpaLji, nnowyi Ta 06’eMy MOBEPXHi 3BaXXEHNX YACTUHOK, L0 Manu CTaTUCTUYHO BIipOTiAHi BiAMIHHOCTI
MOPIBHSHO 3 NapaMeTpamu, ki BU3HaYeHi B NMPaLiBHUKIB KOHTPOMBHOI rpynu.

CyuacHi MeanuHi TexHonorii. 2024. T. 16, Ne 4(63). C. 303-309

The metallurgical industry in Ukraine is one of the most harm-
ful and dangerous industries in terms of working conditions due
to insufficiently advanced technology and outdated equipment.
Therefore, the working conditions of workers in sintering, cast
iron, steel and rolled products workshops are particularly difficult
and harmful [1].

Employees of this category work in harmful working con-
ditions, they are affected by unfavorable microclimatic condi-
tions, increased concentration of industrial dust and chemicals,
industrial noise and vibration [2,3,4]. The complete exclusion
of dangerous and harmful professional factors in metallurgical
production is impossible, but developing and applying preventive
measures to reduce their negative impact on workers’ health is an
urgent task for occupational hygiene. One of the main issues is
a detailed analysis of dangerous and harmful production factors,
especially industrial aerosol [5].

Among professional pathologies, dust lung pathology (pneu-
moconiosis, chronic bronchitis, chronic obstructive pulmonary
diseases) is the most widespread in Ukraine. Today it also occu-
pies a leading place among the causes of temporary incapacity,
disability and mortality [2,6].

It is known that the main reason for the development of
respiratory diseases is the increased level of industrial dust in
the working zone air (WZA) of workers. In Ukraine, only the
total dust mass is determined and regulated, not considering
its finely dispersed and ultrafine components. It is known that
suspended particulate matter (SPM) of the finely dispersed and
ultrafine range affects health most negatively, causing patholo-
gical changes in various organs and systems of the human body
[7,8,9,10,11,12].

Therefore, studying the SPM content of the ultrafine range
in the WZA of employees of various enterprises, including me-
tallurgical ones, is an urgent hygienic issue to determine, apply
and implement effective measures to prevent occupational and
industrial pathology.

Aim
The study aims to assess the physicochemical parameters

of ultrafine particles present in the air of the working area of the
sintering factory of a metallurgical plant.

Materials and methods

The physical characteristics of ultrafine industrial aerosol
(UIA) (number per cm?, surface area and volume, mass concen-
tration) were studied using a Nanoscan 3910 portable scanning
spectrometer (USA), which allows the determination of suspend-
ed particles in the range from 10 to 400 nm. The device allows
to measure the SPM in 13 channels for individual particle sizes:
11.5nm, 15.4 nm, 20.5 nm, 27.4 nm, 36.5 nm, 48.7 nm, 64.9 nm,
86.6 nm, 115.5 nm, 154 nm, 205.4 nm, 273.8 nm and 365.2 nm.
The study of the content of ultrafine particles in the WZA was
carried out at the sinter factory workplace (WP) in different areas
of the sintering department: the head part of the sintering machine
(SM) (n = 39), the control room of SM No. 1 (n = 130), the tail
part of the SM (n = 52), where workers spend a long time during
their work shift, managing the sintering process, controlling the
operation of equipment and machines.

The results obtained were compared with the results obtained
atthe WP in the area of the SM control room (isolated WP from the
shop floor), as well as with the results at the WP of employees of
the plant management department (n = 130) who are not exposed
to industrial aerosol and have acceptable working conditions, so
they were taken as a control group.

Statistically, the study results were processed using the
Statistica, version 13 licensed software package (Copyright
1984-2018 TIBCO Software Inc. All rights reserved. License
No. JPZ8041382130ARCN10-J). The normality of the distri-
bution of quantitative features was determined with the Sha-
piro—-Wilk test. Since all the values were distributed abnormally,
the descriptive statistics were presented as the median with
interquartile range — Me (Q,; Q,;). The Mann-Whitney test
assessed the reliability of differences in the compared values.
Differences were considered probable at the level of statistical
significance p < 0.05.

The chemical composition of the SPMisolated from the WZA
was determined by inductively coupled plasma optical emission
spectrometry (ICP-OES) using “Optima 2100 DV” instrument
(PerkinElmer, USA) [NIOSH, 2001, GOSTISO 15202-2008].
The obtained results were processed using the software of the
OES-IMP device WinLab32 in the Windows XP prof operating
system. The results were compared with the maximum per-
missible concentrations (MPC) for the WZA according to Order
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Fig. 1. Cumulative concentration of ultrafine suspended particles of the nanoscale at the workplace of sinter operators and control

group workers, %.

No. 1596 “Hygienic regulations of chemicals in the working zone
area” dated July 14, 2020.

Results

The metallurgical plant includes a sinter factory, which
consists of the following divisions: car tipping division, receiving
bins, raw material distribution division, raw material warehouses,
charge bins, fuel and flux grinding and crushing divisions, sin-
tering division, gas-treating facilities, sinter sorting and cooling
divisions, and a “return” sorting division. The sinter factory is
a complex set of structures, mechanisms and machines for
producing iron ore sinter, which is subsequently used in blast
furnace ironmaking to produce cast iron. The main equipment of
the sintering division includes a sintering machine (SM), which
agglomerates the sinter from iron ore and metallurgical waste
using limestone and fine coke as fuel. The sintering process
begins at the sintering head of the SM, where the raw material is
loaded onto the sinter strand and passed under the SM ignition
furnace, where natural gas with a combustion temperature of
about 2200-3000 °C is burned, resulting in the agglomerating of
the sinter. The finished sinter slowly moves on the sinter stand
pallets, cooling down. At the tail end of the SM, the pallets enter
the sinter strand rounding and are then fed to screens to screen
out small pieces and return them to the previous stages. The
finished sinter is cooled by atmospheric air and screened on
vibrating screens in the sorting division for further transportation
to the next technological processes.

The sintering department employs sinter operators who con-
trol the sintering process and monitor the operation of equipment
and machinery. While performing technological operations, they
are exposed to high concentrations of industrial dust and chemi-
cals [13]. As a result of the study of the WZA on the sinter factory
WP for the content of ultrafine SPM, it was found that ultrafine
particles of the nanoscale range were present in all areas of the
sintering department. It was found that the quantitative concentra-

tion of ultrafine SPM on the sinter factory WP in the head part of
the SM ranged from 3.02 x 10* to 3.12 x 10* per cm®, and in the
tail part of the SM from 5.09 x 10* to 7.59 x 10* per cm®. In the
SM control room No. 1, where the sinter operator’s WP is isolated
from the main factory, the quantitative concentration of SPM was
lower than in the previous WPs and ranged from 2.06 x 10* to
2.38 x 10* per cm®. The lowest quantitative concentration of SMP
was recorded at the WP of workers in the control group — from
1.43 x 10*to 1.73 x 10 per cm?.

When studying the concentration of ultrafine SPM by indivi-
dual sizes, it was found that their amount on the sintering ma-
chine in the head part compared to the WP in the control room
during agglomerating of the sinter was significantly higher for the
following sizes: 11.5 nm, 15.4 nm, 20.5 nm, 27.4 nm, 36.5 nm,
48.7 nm, 115.5 nm, 154 nm, 205.4 nm, 365.2 nm (p < 0.014)
and 273.8 nm (p < 0.001). At the WP in the tail part of the SM,
the amount of SMP of 11.5 nm (p < 0.008), 15,4 nm, 36.5 nm,
48.7 nm, 64.9 nm and 86.6 nm (p < 0.005) was significantly
higher compared to the WP in the control room. No significant
difference was observed in the number of particles of larger sizes
(from 86.6 nm to 365.2 nm) on these WPs.

The quantitative concentration of ultrafine SPM by individual
sizes on all sinter factory WPs compared to control group workers
had a significant difference (Table 1). In the control group wor-
kers, the amount of larger-sized SPM (=154 nm) was statistically
significantly higher compared to the WPs in the head part of the
SM and the control room. The data obtained allow us to conclude
that pyrometallurgical technological processes, such as agglo-
merating of sinter, are a source of ultrafine SPM entering the air
of the working area in a significant concentration.

When calculating the cumulative concentration of ultrafine na-
noscale SPM (<100 nm), it was found that the largest percentage
of it was part of the industrial aerosol on the sinter factory WP
in the head part of the SM, and in the SM control room - 91 %
and 95 %, respectively (Fig. 1). The highest percentage of larger
particulate matter (accumulation mode) was recorded at the work-
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Table 1. Analysis of the content of ultrafine suspended particles in the air of the working zone air of sintering division workers

(number, amount/cm?), Me (Q,,; Q,,)

Size Head part of SM, n =39 Tail part of SM, n =39 SM control room, n =130 Control group, n = 130
1.5 |1130.27 (966.15; 1336.49)*$ 1733.98 (1204.963; 2053.43)*3 | 709.58 (650.58; 763.57)° 359.69 (328.64; 460.28)
154 | 1743.64 (1276.66; 1988.06)*S | 1894.36 (1711.61; 2247.50)*% | 930.04 (867.49; 973.44) 826.71 (773.45; 911.43)
20.5 |1936.72 (1445.63; 2028.59)*S | 1409.31 (896.88; 2411.39) 801.98 (777.45; 837.13)% 991.59 (970.54; 1071.37)
274 | 3864.64 (3309.15;4099.98)*% | 4606.96 (3493.75; 5280.79)*¢ | 1884.11 (1874.13; 1951.86)° 1385.24 (1332.24; 1441.37)
36.5  |4996.45 (4586.25; 5133.24)*% | 8694.64 (7540.79; 8989.50)*% | 3149.58 (3064.53; 3260.27) 1234.26 (1167.83; 1319.88)
487  |4935.93 (4797.18; 4971.93)*¢ | 11345.50 (9204.65; 11750.50)*¢ | 3879.41 (3797.62; 4142.79)¢ 1126.94 (967.87; 1175.57)
64.9  [4193.93 (4114.54; 4212.06) 9797.28 (8322.21; 11559.50)*¢ | 3813.07 (3756.85; 4147.71) 1302.93 (1232.74; 1434.91)
86.6 | 3404.47 (3217.91; 3475.45)¢ 8352.93 (3969.55; 10785.50) | 3051.63 (3009.14; 3345.51) 1860.75 (1795.31; 2023.13)
115.5 | 2471.49 (2214.05; 2596.26) 4695.19 (1265.40; 8320.89) 1902.26 (1821.69; 1954.23) 2160,79 (2080,66; 2229,92)
154 1591.78 (1254.43; 1602.72)*% | 3918.62 (1592.57; 5337.01) 753.54 (720.89; 773.99)8 1841.39 (1788.77; 1904.39)
2054 |795.19 (605.99; 958.19)*$ 0.00 (0.00; 5977.00) 75.12 (32.42; 136.75)8 1203.25 (1166.88; 1231.23)
273.8 |344.67 (338.86; 615.48)" 0.00 (0.00; 6736.00) 0.00 597.66 (559.73; 643.72)
365.2 |416.13(320.19; 535.51)8 277.27 (0.00; 4392.35) 129.28 (115.18; 159.05) 275.30 (243.14; 312.76)

*: statistically significant difference with the sinter operator’s workplace in the SM control room (<0.05); §: statistically significant difference with the

control group (£0.05).

Table 2. Chemical composition of ultrafine suspended particulate matter (number/cm?3) in the working zone air in different areas of the sintering

division
Chemical Head part of SM Tail part of SM SM control room MPC*
element min/max median value | min/max median value | min/max median value
Al 0.001/0.006 0.004 0.0003/0.0050 | 0.004 0.003/0.005 0.004 6.00
Ca 3.42/3.62 3.490 2.41/2.64 2.520 1.45/2.55 1.990 1.00
Fe 0.002/0.004 0.003 0.0003/0.0030 | 0.002 0.0003/0.0050 | 0.005 6.00
Mg 0.41/0.60 0.500 0.21/0.22 0.220 0.26/0.48 0.370 4.00
Mn 0.001/0.002 0.001 0.006/0.009 0.008 0.003/0.008 0.005 0.05
Si 1.32/2.23 1.770 1.54/1.66 1.600 1.52/3.41 2.460 1.00
P 0.39/0.64 0.500 - - - - 0.20

*: MPC is according to the Order No. 1596 “Hygienic regulations of chemicals in the working zone area” dated July 14, 2020.

place of workers in the control group (25.7 %) and accounted for
almost a third of the studied air in the working area.

In the head part of the SM, the highest quantitative concentra-
tion of nanoparticles was observed in the size range from 27.4 nmto
115.5 nm (Fig. 2), which accounted for 67.9 % of the total number of
detected SPMin the working zone air. In the tail part of the SM and
the control room, the largest number was recorded among particles
with a size of 36.5 nm to 86.6 nm and accounted for 60.6 % and
65.8 % of the total amount of detected SPMin the UIA, respectively.
In the control group employees, the largest number of particles was
in the size range from 86.6 nm to 154.0 nm, accounting for 38.5 %
of the total number of detected SPM.

The total surface area of nano range ultrafine SPM at a sinter
operator's WP near the head part of SM ranged from 7.22 x 108
to 9.20 x 108 nm2/cm?; near the tail part of the SM, it ranged

from 7.41 x 108 to 1.19 x 10° nm?/cm?, at the control group’s
WP —from 6.74 x 108 to 7.93%x108 nm%cm?, but at the WP in the
control room it was the smallest — from 3.61 x 108 to 4.13 x 108
nm2/cm?. The surface area of this SPM by individual dimensions
is demonstrated in Fig. 3. It was determined that the surface area
was larger for the SP with the highest quantitative concentration.

The surface volume of ultrafine nanoscale SPM had different
values in different parts of the SM with maximum values at the WP
in the tail part of the SM —from 1.88 x 10'°to 4.24 x 10" nm%cm?®
and at the WP near the head part of the SM — from 2.29 x 10
to 3.19 x 10" nm3/cm?, the lowest values were recorded in the
control room — from 8.03 x 10°to 1.10 x 10" nm?®/cm? and in the
control group — from 2.19 x 10 to 2.83 x 10 nm%cm?®.

The mass concentration of ultrafine SPM at a sinter opera-
itor's WP near the head of the SM ranged from 27.49 ug/m®
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Fig. 2. Quantitative concentration of ultrafine suspended particles (number/cm?3) in the air of a sinter operator’s working zone in different
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Fig. 3. The surface area of ultrafine suspended particles of different sizes (nm?/cm?) in the working zone air in different areas of the

sintering division, and for control group employees.

to 38.24 ug/m?®, in the tail of the SM — from 22.55 pg/m? to
508.35 ug/mé, in the control room the concentration was the
lowest — from 9.63 ug/m® to 13.20 ug/m3, and the maximum
mass concentration in the control group was 33.91 pg/m?. The
high mass concentration of ultrafine SPM in the tail part of SM
is associated with the highest number of larger SP (115.5 nm
and 154.0 nm). High indicators of mass concentration, area and
surface volume in workers of the control group were noted due to
a greater number of large SP in the UIA composition (2115.5 nm).

The study of the chemical composition of ultrafine particulate
matter at a sinter operator’s WP is presented in Table 2, showing
that the air contains particles containing aluminum, calcium, iron,
magnesium, manganese, silicon, and phosphorus. According to
Order No. 1596 “Hygienic regulations of chemicals in the work-
ing zone area” dated July 14, 2020, the MPC in the WZA was
exceeded by 2.0-5.5 times for calcium, 1.6-2.5 times for silicon,
and 2.5 times for phosphorus, while other chemical elements did
not exceed the MPC and met the hygienic requirements.
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Discussion

Our study of the samples of WZA for the presence of ultra-
fine SPM at sinter operators’ WP during agglomerating of sinter
confirmed their presence in various quantitative concentrations
at all stages of the technological process, which coincides with
the studies of Gabriele Marcias et al. [14], who determined the
content of SPM in WZA at a steel plantand M. Jarvela et al. [15] at
aferroalloy plant. As in our study, the authors quantified ultrafine
particulate matter in the metallurgical industry workers’ WZA to
determine the number of particles and their size distribution. Their
investigations confirmed the presence of many ultrafine particles
in the WZA directly next to the metal melting point and a gradual
decrease in their concentration at the WPs located at a distance
from the melting process. Our studies also found that the largest
amount of ultrafine SPM is formed at WPs near the melting point
(the head and tail parts of SM), while workers not involved in the
melting process are exposed to the lowest quantitative concen-
tration. The authors state that studying the amount of ultrafine
SPM, its size distribution, and the determination of its chemical
composition is an important step in determining occupational risks
levels for workers in these conditions.

Contrary to other studies, we measured and analyzed not
only the quantitative concentration of SPM but also its other
physical characteristics: total surface area and volume, mass
concentration for SPM in general and separately for different si-
zes. According to the scientists, the value of the total surface area
of suspended particles, which we measured in different areas of
the sintering division, is important. The largest surface area was
characteristic of the SPM, whose quantitative concentration was
the highest. This value is undoubtedly important since with an
increase in surface area, the possibility of adsorption on the SP
and the transport of additional pollutants from the environment
to the worker’s body rises, which increases their toxicological
properties to biological structures of the body [16].

In our work, we also determined the chemical composition
of suspended particles. We found that WZA of the sintering
division contained suspended particles comprising aluminum,
iron, manganese, magnesium, calcium, silicon, and phosphorus,
which corresponds to the technological process of agglomerating
sinter with the addition of various impurities. Our data on the
chemical composition of suspended particles is confirmed by
several foreign studies that have established the presence of
these elements in the air from emissions of various industrial
enterprises, including the metallurgical industry. The presence
of these metals in the nanoscale range is due to the peculiarities
of the technological process when during pyrometallurgical tech-
nological operations of melting or sintering, SPs of various sizes
are formed and enter the workers’ WZA [14,17].

It is worth mentioning that our studies confirm the effective-
ness of collective means of protection of workers (isolated sinter
operator’s WP in the control room) against the effects of ultrafine
range SPM. It has been determined that the SPM quantitative
concentration and surface area in the control room were signifi-
cantly lower by 1.3-2.5 times compared to the WP near the sinter
melting site. These data can be used in the risk management
system from exposure to ultrafine SPM.

Thus, the study of WZA for the content of the ultrafine range
SPs and their physicochemical characteristics is necessary for
the hygienic assessment of production factors and determination
of occupational risk levels at different WPs at metallurgical plants
and other industries to develop and implement effective measures
for the prevention of occupational and industrial pathology.

Conclusions

1. It has been established that in the process of agglomerat-
ing the sinter in the sintering division, a large amount of ultrafine
nanorange SPM is formed. The concentration of SP in the sinter-
ing division during agglomerating of the sinter had a statistically
significantly higher amount of ultrafine SPM (p < 0.05) compared
to WPs of the control group employees who were not involved
in melting processes.

2. The chemical composition of ultrafine industrial aerosol
includes iron, manganese, magnesium, silicon, phosphorus,
and calcium, which is explained by the use of these substances
during the agglomeration of the sinter. Exceeded values of the
MPC according to Order No. 1596 “Hygienic regulations of
chemicals in the working zone area” dated July 14, 2020, were
determined for calcium, silicon and phosphorus. Other chemicals
did not exceed the MPC, but it should be noted that due to their
ultra-small size, they can have an increased toxic effect on the
biological structures of the body.

3. The studies conducted at a sinter operator’s WP in the
control room confirm the effectiveness of collective protective
measures in the system of occupational risk management against
the effects of ultrafine SPM (reduction in quantitative concentra-
tion by 1.3-2.5 times).

Prospects for further research. In the future, it is planned
to study the health status of workers in the studied occupa-
tional group by calculating the level of occupational risk for the
purpose of early and effective prevention of occupational and
occupation-related pathology. In the future, it is planned to study
the health status of workers of the studied occupational group
by calculating the level of occupational risk for the purpose of
early and effective prevention of occupational and occupationally
induced pathology
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In many clinical cases, the use of probiotic microorganisms is a safer alternative to antibiotic therapy. Spore-form-
ing probiotics, due to their high resistance to damaging environmental factors, stand out among other beneficial
microorganisms and, therefore, deserve special attention. Determining the conditions that enhance the inhibi-
tory potential of probiotic bacilli is an important step towards increasing their effectiveness against pathogenic
bacteria and pathobionts.

The aim of this study was to determine whether the inhibitory potential of spore-forming probiotic species: Al-
kalihalobacillus clausii (previously known as B. clausii), Heyndrickxia coagulans (formerly B. coagulans) and
B. subtilis increases under conditions of co-cultivation or nutrient depletion (starvation).

Materials and methods. The commercial strains of bacilli from three probiotic preparations: Enterogermina
(A. clausii), Lactovit forte (H. coagulans) and Subalin (B. subtilis) were used in this study. The ability of mono-
and mix-cultures of the studied probiotic species cultured on conventional and semi-starvation nutrient media
to affect the growth of indicator bacteria-pathobionts (Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa) was investigated by the agar block method (using 1.5 % nutrient agar) and the spot-on-lawn assay
with wells (using 0.7 % nutrient agar).

Results. Inhibitory activity against indicator bacteria-pathobionts was characteristic of both mono- and mixed
probiotic test cultures. Using the agar block method, probiotic monocultures grown on nutritive agar demonstrated
moderate inhibitory activity against S. aureus and P. aeruginosa, but weak inhibitory activity against E. coli. Pro-
biotic monocultures grown on “semi-starvation” agar and mix-cultures regardless of the culture medium showed
pronounced inhibitory activity against S. aureus and P. aeruginosa, but moderate inhibitory activity against
E. coli. Co-cultivation and cultivation on semi-starved media were accompanied by an increase in the number
of isolated colonies of probiotic bacilli (disseminates) in the transparent zone of no growth and the pathobiont
growth zone. Using spot-on-lawn assay revealed moderate inhibition of staphylococcus growth by both mono- and
mixed probiotic cultures, regardless of their cultivation conditions. However, the inhibition indicators of probiotic
mix-cultures were statistically significantly higher than those of monocultures. The inhibitory activity of probiotic
monocultures against E. coli and P. aeruginosa was moderate, while probiotic mix-cultures had a pronounced
inhibitory effect on these gram-negative bacteria.

Conclusions. The inhibitory activity and dissemination ability of spore-forming probiotic species: A. clausii, H. coagu-
lans and B. subtilis increases under conditions of co-cultivation or nutrient depletion (starvation). The demonstrated
effect of increasing the inhibitory potential of probiotic spore-forming bacteria by co-cultivation and application
of nutrient depletion conditions requires further study and clarification of the underlying molecular mechanisms.

Modern medical technology. 2024;16(4):310-317

IHribiTopHUM NoTEHUiaA cnopoyTBOPIOBaABHMX NPOBGIOTUUHMX 6aKTepil, BUPOLLLEHUX
AK MOHO- Ta MiKC-KyAbTYPH 32 YMOB Pi3HOi AOCTYNHOCTi NOXXMBHUX PEUOBUH

0. B. Knuw, A. B. MaptuHos, T. 1. OconopueHko

Y BaraTbox KniHi4YHUX BUNagkax 3actocyBaHHs NpOBiOTUYHIX MIKpOOPraHiaMiB € 6E3MeYHiLLOK ansTepHaTBOI0
aHTubioTukoTepanii. CnopoyTBOpIOBanbHi NPOBIOTHKM 3aBASKM CBOIN BUCOKIN CTIKOCTI A0 LKiamMBMX (akTopiB
[OBKINMS BUPI3HAKOTLCS CEPE iHLLINX KOPUCHIX MIKPOOpraHiaMiB, TOMy 3acrnyroBytoTb Ha ocobnuy yeary. BusHa-
YeHHs yMOB, SiKi TOCUITIOKTh iHMGITOPHMIA NoTeHLian NpobioTUYHNX Baumn, € BaxnMBUM KPOKOM [0 NiABULLEHHS
iXHbOT eheKTUBHOCTI NPOTM NaToreHHx BakTepil i naToBioHTIB.

Merta po60TH - BU3HAUUTK, YU 30iNbLLYETLCS iHMBITOPHMIA NOTEHLian CnopoyTBOPKOBANbHUX BUAIB NPOGIOTUKIB:
Alkalihalobacillus clausii (paniwe Bigomuit sk B. clausii), Heyndrickxia coagulans (paHiwe B. coagulans) i
B. subtilis — 3a ymoB cninbHOro KynbTByBaHHS ab0 BUCHAXEHHS MOXUBHWUX PEYOBUH (rONOAYBaHHS).

Martepiaau i metoau. i Yac OCTIDKEHHS BUKOPUCTaNM KOMEPLLiAHI LUTamm BakTepii i3 TpboX Npo6ioTUYHMX Npe-
naparis: «EHTepoxepMiHay (A. clausii), «JlakTosiT hopte» (H. coagulans)i «CybaniH» (B. subtilis). DocnigpxeHo
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30aTHICTb MOHO- Ta MIKC-KyNbTYP AOCHIMKEHUX BUAIB NPOGIOTHKIB, KyNETUBOBAHUX Ha 3BUYANHUX i HANiBronoa-
HWUX NOXWBHWUX CEPeNOoBULLAX, BNNBATY Ha picT iHaukaTopHux 6akTepii-natobioHTis (Staphylococcus aureus,
Escherichia coli i Pseudomonas aeruginosa) MeTogom araposux 6rokis (3 BukopucTaHHsam 1,5 % noxusHoro
arapy) Ta METOAOM NyHOK Ha rasoHi (3 BukopucTanHam 0,7 % noxusHOro arapy).

Pe3yAbTati. [HribiTOpHA aKTUBHICTb LLOAO iHAMKATOPHUX GakTepiit-naTobioHTIB BNACTVBa i MOHO-, | 3MilLaHNM
nNpoBioTUYHNM TeCT-KynbTypam. [pu BUKOpUCTaHHI METOy arapoByix 6r1okiB NPo6iOTUHHI MOHOKYMETYPU, BUPOLLEH
Ha NOXVBHOMY arapi, xapaKkTepn3yBanuncs NoMipHOI0 iHriGITOpHOK akTKBHICTIO MpoTu S. aureus i P. aeruginosa,
ane cnabkoto wwopo E. coli. MpoBioTuyHi MOHOKYNBTYpK, BUPOLLIEHI HA HANIBrONOAHOMY arapi, Ta 3MiLLaHi Kyrb-
TYpU HE3aMNEXHO Bif KyNbTypanbHOro CEpeaoByLLA MOKa3anu BUPaXeHy iHribiTOpHY akTUBHICTb LWOA0 S. aureus i
P. aeruginosa, ane nomipHy Loao E. coli. CninbHe KynbTUBYBaHHS Ta KynbTUBYBaHHS Ha HaMiBroNIOgHWX cepeno-
BMLLIAX CYNpOBOMXKYBaNocs 30iNnbLUEHHSM KiNbKOCTi i30MIbOBAHMX KOMOHIl (aucemiHaTiB) npobioTnyHux baumn y
NpO30pil 30Hi BiACYTHOCTI POCTY Ta 30Hi poCTy NaTobioHTY. 3a 4OMOMOro METOAY JYHOK Ha rasoHi BUSIBMEHO
MOMipHE NMPUTHIYEHHS POCTY CTaiNOKOKIB i MOHO-, i 3MillaHMK NPOBIOTUYHUMI KyNBTYpaMn HE3anexHo Bif
YMOB KynbTVBYBaHHS. [1poTe NokasHuKY iHribyBaHHS Mpo6ioTUYHUX MIKC-KyNETYp CTaTUCTUYHO JOCTOBIPHO BULL,
HiXX Y MOHOKYMTYP. IHriGiTOpHa akTUBHICTb MPO6IOTUYHUX MOHOKYNETYP MpoTu E. coli Ta P. aeruginosa nomipHa,
a NpobiOTUYHI MIKC-KyNnbTYpU Marnu BUpaxeHy iHribiTopHy Aito Ha Ui rpamMHeraTuBHi 6akTepii.

BucHOBKM. IHri6GITOPHa aKkTUBHICTb | 30aTHICTb [0 MOLIMPEHHS CMOPOYTBOPIOBAMNbHNUX NPOBIOTUYHNX BUAIB:
A. clausii, H. coagulans i B. subtilis — 3pocTae 3a yMOB CRiflbHOrO KynbTHBYBaHHS @60 BUCHAXEHHS MOXUBHIX
PeyoBMH (ronogyBaHHs). BusBneHuit epekT 36inbLUeHHS iHMBITOpHOro NoTeHLiamy NpoGioTUYHIX CIOPOYTBOPIO-
BarbHWX GakTepili LWNSXOM CifIbHOTO KyrbTMBYBaHHS Ta 3aCTOCYBAHHS YMOB BUCHAXEHHS MOXWUBHUX PEYOBUH

notpebye NPOLOBXKEHHS BUBYEHHS Ta YTOYHEHHS MOMNEKYNSPHUX MEXaHI3MIB, SiKi lexaTtb B i0ro OCHOBI.

CyuacHi meauuHi TexHoAorii. 2024. T. 16, Ne 4(63). C. 310-317

Antibiotics are undoubtedly the most effective means of
fighting infectious diseases. However, given their ability to cause
serious adverse effects, in some clinical cases it is advisable to
use safer alternative medicines. Probiotics are one of them [1,2,3].
In addition to their antimicrobial activity, probiotics have numerous
human health benefits [4]. Popular probiotic microorganisms
used as natural therapeutic agents are various species of the
genera Lactobacillus, Bifidobacterium, Bacillus, Streptococcus,
Lactococcus, Enterococcus and Saccharomyces [5,6].

Spore-forming probiotic bacteria have a significant advantage
over many beneficial microorganisms due to their ability to survive
in such extreme environmental conditions which are lethal to
vegetative cells [4,7,8,9,10]. Currently, more than 40 species of
probiotic bacilli are used to treat intestinal and other diseases [11].
Alkalihalobacillus clausii (previously known as Bacillus clausii),
Heyndrickxia coagulans (formerly Bacillus coagulans) and Bacil-
lus subtilis are among the most comprehensively studied species
and are included in most commercial spore-based probiotics
[8,12]. Four strains of B. clausii (O/C, N/R, SIN and T), derived
from a single penicillin-resistant strain B. subtilis ATCC 9799,
are recognized as safe by the European Food Safety Authority
and have been added to the Qualified Presumption of Safety
(QPS) list [10,13]. The US Food and Drug Administration (FDA)
has granted Generally Recognized as Safe (GRAS) status to
a number of probiotic strains of B. subtilis and B. coagulans, in
particular, B. coagulans GBI-30 6086 (GRAS Notice No. GRN
660) [14,15]. The safety of recombinant B. subtilis strain (UCM
B-5020) has been proved in vitro, on animals and on healthy
volunteers, and the probiotic preparation Subalin based on this
strain has been approved as a medical immunobiological drug
by the national authority of Ukraine [16].

These probiotic species possess immunomodulatory, anti-in-
flammatory, antiviral, antioxidant, anticancer, antidiabetic and
hypolipidemic properties, produce a number of enzymes, vita-

mins, other chemicals, and exhibit direct and indirect antagonistic
activity against other microorganisms [8,9,10,14,16,17,18,19].
Each probiotic microorganism has specific and sometimes unique
biological properties. Preferring multi-strain / species probiotic
preparations over single-strain ones is based on the idea of ex-
tending the spectrum of benefit to the host organism, obtaining
additional or even synergistic effects from the combination of pro-
biotic microorganisms [20,21]. Although some researchers argue
that multi-strain mixtures are not significantly more effective than
single-strain probiotics, others believe that combining probiotic
microorganisms is a promising strategy to improve the efficacy
and prevent side effects of probiotic therapy [12,21,22,23,24].
Experimental data have been obtained indicating a higher effec-
tiveness of multi-strain probiotics against pathogens compared
to single-strain probiotics [24,25]. However, there are few studies
that shed light on the nature of the interaction of probiotic micro-
organisms and the mechanisms of their mutual influence, leading
to an increase in their joint effect [20].

Properties of bacteria and the spectrum of substances
produced by them depend both on the influence of coexisting
microorganisms and on the physicochemical parameters of
the environment. Determining the conditions that enhance the
inhibitory potential of probiotic bacilli is an important step towards
increasing their effectiveness against pathogenic bacteria and
pathobionts.

Aim

The aim of this study was to determine whether the inhibitory
potential of spore-forming probiotic species: Alkalihalobacillus
clausii (previously known as B. clausii), Heyndrickxia coagulans
(formerly B. coagulans) and B. subtilis increases under conditions
of co-cultivation or nutrient depletion (starvation).
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Materials and methods

The commercial strains of bacilli from three probiotic prepa-
rations were used in this study:

—four multiresistant strains of A. clausii ENTPro: O/C (CNCM
[-276), N/R (CNCM 1-274), SIN (CNCM [-275) and T (CNCM
[-273) from Enterogermina (Sanofi-Aventis S. P. A., Italy, contains
a mixture of spores (2.5 x 10%/5 mL);

— H. coagulans from Lactovit forte (Mili Healthcare, Great
Britain, contains 1.2 x 108 spores/capsule);

—B. subtilis UCM B-5020 from Subalin (Biopharma, Ukraine,
contains spores and lyophilized microbial mass of a live antago-
nistically active culture (1 x 10° CFU/sachet).

Suspensions prepared from probiotic preparations were
heated for 15 min at 70 °C in order to kill bacteria and activate
spores. Then inoculums, containing spores of one bacillus species
or mixtures of two or three bacillus species in equal concentration
(~10%ml), were seeded onto the surface of nutrient agar (NA,
HiMedia, India) or “semi-starvation” agar (SSNA) using the “lawn”
method or inoculated into nutrient broth (NB, HiMedia, India) or
“semi-starvation” broth (ssNB) in 10-ml culture tubes at a ratio
of 1:10 (1 part of inoculum and 9 parts of broth) and incubated
at 37 °C for 48 hours.

Such pathobionts were used as indicator bacteria: Staphy-
lococcus aureus ATCC 25923 (S. aureus), Escherichia coli
ATCC 25922 (E. coli) and Pseudomonas aeruginosa ATCC 27853
(P. aeruginosa). Agar precultures of indicator bacteria were
obtained by cultivating overnight aerobically at 37 °C on Muel-
ler-Hinton agar (Merck, Germany).

The inoculum from indicator bacteria was prepared by sus-
pending a few colonies from the agar preculture in sterile saline
solution (0.9 % NacCl) and adjusting the suspension to a turbidity
equaling 0.5 on the McFarland scale (approximately corresponds
to a cell density of ~108 cells/ml). The turbidity of the suspension
was measured using the Densi-La-Meter device (Pliva-Lachema
Diagnostika, Czech Republic).

The inhibitory potential of mono-, double and triple mix-cul-
tures of probiotic Bacillus species against pathobionts was studied
by two modified diffusion methods. The effect of probiotic bacilli
cultivated on the surface of a solid nutrient medium (NA and
ssNA) on the growth of indicator bacteria was studied using the
agar block method [26]. The influence of probiotic bacilli grown in
liquid nutrient medium (NB and ssNB) on the growth of indicator
bacteria was evaluated using an optimized spot-on-lawn assay
with wells [27].

Agar block method. The inoculum from bacilli spores of one
species or double / triple mixtures was sown on the surface of the
NAor ssNAby “lawn” method and cultivated at 37 °C for 48 hours.
It was assumed that during cultivation, diffusion into the agar of
metabolites produced by bacteria, including those with inhibitory
properties, occurred. Agar blocks (cylinders with a diameter of
5 mm and a height of 3 mm) with grown test cultures were cut out
in the conditions of sterility. The resulting blocks were installed
on the surface of freshly seeded (by inoculum from indicator
bacteria) and dried agar. Plates with agar blocks were kept at a
temperature of +8 + 2 °C for an hour for the diffusion of metabolites
of the test culture from the blocks into the agar with the indicator

culture and in order to avoid premature growth of the latter. Then
the plates were incubated at 37 °C. The results of the experiment
were taken into account after 24 hours. The inhibitory activity of
the test culture against the indicator culture was assessed based
on the diameter of a growth inhibition zone of the latter: weak
(7-14 mm), moderate (15-24 mm); pronounced (25-35 mm) and
strong (36 mm and more), as described previously [28].

Spot-on-lawn assay. 800 pl of inoculum from indicator precul-
ture was mixed with 16 ml of 0.7 % soft NA and directly poured
onto a plate with 1.5 % NA. The plate was dried for 50 min. Into
the wells with a diameter of 10 mm, made within soft NA, were
added 50 pl of mono-, double or triple mix-culture of bacilli grown
in NB or ssNB. The plate was incubated at 37 °C for 24h. The
inhibitory activity of the bacilli cultures and their mixtures against
the indicator cultures was evaluated based on the diameter of a
growth inhibition zone as described above.

All experiments were repeated in triplicate at least three times.
Data were expressed as the mean+SD. Significant differences
(p < 0.05) between the compared indicators were determined
by performing one-way analysis of variance (ANOVA) followed
by post hoc multiple comparisons using Bonferroni adjustment.

Results

The results of the study demonstrated the presence of inhibi-
tory activity in both mono- and mixed probiotic test cultures against
indicator cultures of pathobionts. When using the agar block
method, inhibition was manifested in the expansion of probiotic
cultures beyond the agar blocks (Fig. 1, b) and the formation of a
transparent zone of no growth (Fig. 1, ) separating the indicator
cultures of pathobionts from the probiotic ones. The appearance
of isolated colonies of probiotic bacilliin the transparent zone and
the pathobiont growth zone (Fig. 1, d) prompted the use of an
additional indicator to characterize the growth of test cultures.
Thus, a dissemination index was introduced, indicating the weak
“+" (1-2 colonies), moderate “++" (3-5 colonies), pronounced
“+++" (5-10 colonies), strong “++++" (more than 10 colonies)
ability or lack “~" of ability of probiotic mono- and mix-cultures
to disseminate.

The inhibitory activity and dissemination ability of probiotic
cultures varied depending on their cultivation conditions. Probiotic
bacteria grown as monocultures on NA were characterized by
moderate inhibitory activity against S. aureus and weak ability
to disseminate (Table 1, Fig. 2a, b). There were no significant
differences in inhibitory activity between the three probiotic mon-
ocultures. The indicators of antistaphylococcal activity of probiotic
mix-cultures grown on NA were significantly higher than those of
monocultures (Table 1, Fig. 2c) and corresponded to moderate
(A. clausii + H. coagulans and A. clausii + B. subtilis mix- cul-
tures) or pronounced (H. coagulans + B. subtilis and A. clausii
+ H. coagulans + B. subtilis mix-cultures) inhibition. Zones of
growth inhibition of the indicator culture under the influence of
mix-cultures were significantly wider due to the greater expansion
of probiotic cultures beyond the agar blocks and the extension
of the transparent zones of no growth. In addition, there was a
significant increase in the number of disseminates, indicating a
higher ability to spread of mix-cultures than monocultures.

312 Modern medical technology. Volume 16. No. 4, October - December 2024

ISSN 2072-9367



OpwuriHanbHi pochipkeHHs / Original research

Fig. 1. Representative photograph of an agar block with a probiotic culture (a), surrounded by a zone of growth inhibition of the indicator
culture (b: expansion of the probiotic culture beyond the agar block; c: transparent zone of no growth of cultures) and disseminates (d)
- colonies of probiotic bacteria in the transparent zone / pathobiont growth zone. The scale bar is 5 mm.

2a 2b 2c

Fig. 2. Representative photographs, demonstrating the increase in inhibitory activity and dissemination ability of probiotic bacteria
under conditions of co-cultivation. Agar blocks with tested probiotic monocultures: H. coagulans (2), B. subtilis (3) and H. coagulans +
B. subtilis mix-culture (6) on the surface of NA with S. aureus as indicator culture. The scale bar is 5 mm.

Table 1. The inhibitory activity and dissemination ability of probiotic cultures, studied using the agar block method (mean + SD, mm)

Test cultures Indicator cultures
S. aureus E. coli P. aeruginosa
NA ssNA NA ssNA NA ssNA
Monocultures | A. clausii 19.0+24 25.8+2.3* 9.3+18 15.2+1.5% 18.0+23 26.0+2.3*
+ ++++ + ++ + ++
H. coagulans 18.0+35 29.3+4.0* 11.8+15 15.7+0.8* 20.1+20 29.8+2.7*
+ o+ ++ 4+ + ++
B. subtilis 173120 247 +3.0% 123+1.4 15.3+1.8* 19.0+ 26 27.0+1.8*
+ ++ + ++ + ++

Mix-cultures | A. clausii + H. coagulans 24.7+ 3.0 27.8+2.3* 19.2 + 3.0 17.8 + 2.5 21.7+2.2* 29.0+ 3.0*

+Ht+ +H++ ++ +++ +++ ++

A. clausii + B. subtilis 24.0+1.8* 26.0 £ 1.4* 17.8 £ 1.7* 17.3+1.4* 28.8+2.9* 28.1+£2.3*
+H+ +HH+ ++ +++ +++ ++

H. coagulans + B. subtilis 26.0 £ 3.8* 26.7+£2.3* 13.8 £ 2.6* 16.3+0.8* 28.0+3.1* 27.2£2.6*
-+ +H++ ++ +++ ++ ++

A. clausii + H. coagulans + 25.7+3.3* 27.3+1.8* 16.8+1.7* 19.3+1.4* 29.8+29* 28.9+2.2*
B. subtilis +H++ +H++ ++ ++ ++ ++

*: the differences are significant compared to the inhibitory activity of probiotic monocultures, grown on NA, p < 0.05.
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3a 3b 3c

3d 3e 3f

Fig. 3. Representative photographs demonstrating the increase in inhibitory activity and dissemination ability of probiotic bacilli under
nutrient depletion (starvation) conditions. Agar blocks with tested probiotic monocultures: A. clausii (1), H. coagulans (2) and A. clausii
+ H. coagulans mix-culture (4) on the surface of NA (a, b, ¢) and ssNA (d, e, f) with S. aureus as indicator culture. The scale bar is 5 mm.

4

Fig. 4. Representative photograph, demonstrating inhibitory activity of probiotic mono- and mix-cultures: A. clausii (1), H. coagulans (2),
B. subtilis (3), A. clausii + H. coagulans (4), A. clausii + B. subtilis (5), H. coagulans + B. subtilis (6), A. clausii + H. coagulans + B. subtilis

(7) against S. aureus, studied by spot-on-lawn assay.

Probiotic monocultures grown on ssNA (Table 1, Fig. 3d, €)
also showed a significantly greater inhibitory effect on the growth
of the S. aureus indicator culture and dissemination ability than
monocultures grown on NA (Table 1, Fig. 3a, b). There was an
increase in the expansion of probiotic monocultures beyond
the agar blocks and an extension of the transparent zone of no
growth to indicators corresponding to pronounced inhibition.
A. clausii and H. coagulans cultures grown on ssNA had a strong,
and B. subtilis had a moderate ability to disseminate (Table 1).
All mix-cultures grown on ssNA exhibited pronounced inhibitory

activity and strong ability to disseminate on plates with an indica-
tor culture of S. aureus. A. clausii + H. coagulans and A. clausii
+ B. subtilis mix-cultures grown on ssNA demonstrated higher
dissemination ability than mix-cultures grown on NA (Table 1,
Fig. 3c, ).

Thus, the inhibitory activity against S. aureus and ability to
disseminate of studied probiotic cultures increased when they
were co-cultivated or grown in a semi-starved media.

Probiotic monocultures grown on NA had a weak inhibitory
effect on the E. coli indicator culture (Table 1) mainly due to ex-

314 Modern medical technology. Volume 16. No. 4, October - December 2024

ISSN 2072-9367



OpwuriHanbHi pochipkeHHs / Original research

Table 2. The inhibitory activity of probiotic cultures, studied using spot-on-lawn assay (mean + SD, mm)

Test cultures Indicator cultures
S. aureus E. coli P. aeruginosa
NB ssNB NB ssNB NB ssNB
Mono-cultures | A. clausii 16.3£2.3 18.3+2.7 19.3£29 193+18 232+36 219+19
H. coagulans 192+19 19.7+22 20317 212+12 23927 24321
B. subtilis 20321 20718 21.3+22 21722 228+29 24025
Mix-cultures | A. clausii + H. coagulans 22.7+1.6* 223+ 16" 247 +2.2* 237+18* 26.4+2.2* 26.8 + 2.5
A. clausii + B. subtilis 242+ 1.5* 233122 24.3+2.3* 25.0+2.0* 28.1+2.6* 26.3+2.0*
H. coagulans + B. subtilis 240+ 1.8* 232+ 15" 25.2+2.8* 26.0 £2.8* 27.1+25* 278+ 1.7*
A. clausii + H. coagulans + 233+£2.3 24.3+1.6* 26.2 + 1.6* 26.8+2.1* 28.0+1.1* 29.1+2.6*
B. subtilis

*: the differences are significant compared to the inhibitory activity of probiotic monocultures, grown in NB and ssNB, p < 0.05.

pansive growth beyond the agar blocks. The transparent zone
of no growth of the indicator culture was barely noticeable or
absent altogether. The dissemination index was low (A. clausii
and B. subtilis) or moderate (H. coagulans). The inhibitory activity
of mix-cultures grown on NA, as well as mono- and mix-cultures
grown on ssNA, was significantly higher and corresponded to
“moderate”. However, inhibition also occurred predominantly due
to expansive growth of probiotic cultures. The transparent zones
of growth inhibition of the indicator culture were narrow. There
were no significant differences between the inhibitory activity
against E. coli of monocultures grown on ssNA and mix-cultures
grown on both cultivation media. Co-cultivation and cultivation in
a semi-starved media led to an increase in the ability of probiotic
cultures to disseminate over the surface of plate with growing
E. coli indicator culture.

Zones of growth inhibition of P. aeruginosa culture around
agar blocks with probiotic monocultures, cultivated on NA, were
consistent with “moderate inhibitory activity” in diameter (Table 1).
However, in these zones, very weak growth of the indicator
culture was observed in the form of a barely noticeable, delicate
translucent coating, which indicated the bacteriostatic activity of
probiotic cultures against P. aeruginosa. The ability of probiotic
monocultures grown on NAto disseminate was weak. Cultivation
of probiotic cultures on ssNA and co-cultivation on both cultiva-
tion media resulted in an increase in the diameters of growth
inhibition zones of the indicator culture to sizes corresponding
to “pronounced inhibitory activity”, and an increase in the ability
of probiotic cultures to disseminate.

The results of studying the inhibitory activity of probiotic
mono- and mixed-cultures against pathobionts using the spot-
on-lawn assay were in many ways similar to the results obtained
using the agar block method. They confirmed that co-cultivation
of probiotic bacilli leads to an increase in their inhibitory acti-
vity against pathobionts (Table 2, Fig. 4). However, the use of
this method did not reveal significant differences between the
inhibitory activity of probiotic cultures grown before sowing into
wells in NB and ssNB.

Discussion

The data obtained in this in vitro study clearly demonstrated
the effect of enhancing the inhibitory potential of probiotic spore
formers when they were co-cultivated together. The increase in
inhibitory activity was manifested both in the enhanced expansion
of probiotic mix-cultures beyond the agar blocks and extension
of the transparent zones of no growth of the indicator culture. In
addition, co-culturing of probiotic bacilli resulted in an increase
in the number of their disseminates in the transparent no-growth
zone and the growth zone of the indicator culture. Expansion
and dissemination characterize the ability of bacteria to spread
across the surface of a habitat for surface colonization. This ability
is realized through various mechanisms of surface-associated
motility. The use of a particular movement mechanism depends
on the circumstances and involves different genes [29].

Bacilli can colonize surfaces using swimming (flagellum-me-
diated movement of single cells in a three-dimensional fluid
space), swarming (flagellum-dependent multicellular coordinated
migration in a thin liquid film on a semi-solid surface) or sliding
(flagellum-independent growth-powered passive surface trans-
location) [29,30,31]. Under the conditions of this experiment,
the spread of bacilli was possible both by swarming and sliding.
The data on the increase in the ability of bacilli to spread on the
surface under conditions of co-culture agree well with the results
of our earlier comparative study of bacilli motility in mono- and
mix-cultures and indicate the ability of bacilli to stimulate each
other’s motility [32]. The increased ability of probiotic cultures
to spread when grown in semi-starved media is likely due to
the movement of bacilli along the surface towards nutrient-rich
areas with optimal conditions for growth and reproduction. The
obtained data suggest that probiotic bacilli in a community,
especially under starvation conditions, have a higher ability for
early colonization than monocultures growing under conditions
of nutrient abundance.

The direct antagonistic activity of probiotic bacilli is realized
due to the antimicrobial substances, including bacteriocins
(clausin, gallidermin, subtilin, etc.) and bacteriocin-like inhibitory
substances (BLIS) [10,28,33,34]. Bacteriocins are a class of
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allelopathic compounds produced by bacteria that can confer a
competitive advantage by targeting and killing close competitors
[35,36]. These antimicrobial peptides can have a bactericidal/
bacteriostatic effect on both closely related and unrelated mi-
croorganisms [37,38,39]. The production of bacteriocins is meta-
bolically demanding, so bacteria have developed mechanisms
to regulate bacteriocin production depending on local conditions
and especially the social environment [35,36,40].

Usually, a bacteriocinogenic strain maintains a low level of
bacteriocin production until a competitor appears in its environ-
ment. Bacteriocin production increases significantly at high cell
densities when competition for resources becomes high [35].
Probiotic bacteria, when co-cultured, can act toward each other
as inducers of bacteriocin formation. We were prompted to this
conclusion by the results of a previous study [32]. In addition,
studies by several other authors have shown that co-cultivation
of bacteria or bacteria with fungi can enhance the production of
bacteriocins [41,42].

We also hypothesized that under conditions of nutrient
deficiency, which increases competition between co-cultivated
species of probiotic bacilli, their production of bacteriocins and
other inhibitory substances would increase. As a result, it is pos-
sible to increase the overall inhibitory potential of mixed probiotic
cultures against pathobionts and pathogenic bacteria. The results
of this study confirmed our assumptions. The inhibitory activity
of spore-forming probiotic species increased under conditions
of co-cultivation (using both research methods) and nutrient
depletion (using agar block method). The absence of the effect
of increased inhibitory activity against the pathobionts of probiotic
cultures grown in ssNB can be explained by the peculiarities of
the research method. The spot-on-lawn assay involves the culti-
vation of probiotic cultures under the same conditions of nutrients
availability. And presumably in 48 hours of cultivation under the
same conditions, the expected difference in the inhibitory activity
of probiotic cultures grown under different conditions of nutrients
availability was not observed.

Conclusions

1. The inhibitory activity and dissemination ability of
spore-forming probiotic species: A. clausii, H. coagulans and
B. subtilis increases under conditions of co-cultivation or nutrient
depletion (starvation).

2. The demonstrated effect of increasing the inhibitory po-
tential of probiotic spore-forming bacteria by co-cultivation and
application of nutrient depletion conditions requires further study
and clarification of the underlying molecular mechanisms.

Prospects for further research: obtained results will be applied
in the further development of probiotic preparations based on
consortia of spore-forming bacteria.

Funding

The study is a fragment of the research project of the State Institution

“|. Mechnikov Institute of Microbiology and Immunology National Academy
of Medical Sciences of Ukraine™: “Study of the stress factors influence on the
antagonistic properties of spore-forming probiotic bacteria”, state registration
No. 01220000422 (2022-2024).

Information about the authors:

Knysh O. V., MD, PhD, DSc, Senior Researcher, Leader Researcher of
Laboratory and Clinical Department of Molecular Immunopharmacology,
State Institution “I. Mechnikov Institute of Microbiology and Immunology
National Academy of Medical Sciences of Ukraine”, Kharkiv.

ORCID ID: 0000-0002-4105-1299

Martynov A. V., PhD, DSc, Professor, Head of the Laboratory and Clinical
Department of Molecular Immunopharmacology, State Institution “I. Mechnikov
Institute of Microbiology and Immunology National Academy of Medical
Sciences of Ukraine”, Kharkiv.

ORCID ID: 0000-0003-1428-0085

Osolodchenko T. P., PhD, Head of the Laboratory of Biochemistry and
Biotechnology, State Institution “l. Mechnikov Institute of Microbiology and
Immunology National Academy of Medical Sciences of Ukraine”, Kharkiv.
ORCID ID: 0000-0003-3589-7308

BiaomocTi npo aBTOpiB:

Kumw O. B., o-p men. Hayk, cTapLumii 4OCAIAHWK, MPOBIAHWIA HAyKOBUIA
cniBpobiTHWK nabopatopii Ta KMiHiYHOro BiaAiny MonekynspHoi
imyHodbapmakonorii, Y «IHcTuTyT Mikpobionorii Ta imyHonorii

im. 1. 1. Meynnkosa HAMH Ykpaitn», M. Xapkis.

MaptiHoB A. B., A-p dhapm. Hayk, npodecop, 3aB. nabopatopii Ta KniHiYHOro
BinAiny MonekynsipHoi imyHodbapmaxonorii, Y «IHcTutyT Mikpobionorii Ta
imyHonorii im. . 1. MewHnkoa HAMH Ykpaihu», M. Xapkis.

OconopueHko T. M., kaHa. Gion. Hayk, CTapLUNA HAayKOBMIA CMIBPOGITHUK,
3aB. nabopartopii Gioximii Ta GiotexHonorii, Y «IHcTUTYT Mikpobionorii Ta
imyHonorii im. I. . MeuynnkoBa HAMH YkpaiHuy, M. Xapkis.

References

1. Ghuneim LA, Raghuvanshi R, Neugebauer KA, Guzior DV, Christian MH,
Schena B, et al. Complex and unexpected outcomes of antibiotic therapy
against a polymicrobial infection. ISME J. 2022;16(9):2065-75. doi: 10.1038/
541396-022-01252-5

2. Liu X, Liu F, Ding S, Shen J, Zhu K. Sublethal Levels of Antibiotics
Promote Bacterial Persistence in Epithelial Cells. Adv Sci (Weinh).
2020;7(18):1900840. doi: 10.1002/advs.201900840

3. RanjanA. The use of probiotics, prebiotics, and synbiotics as an alternative
to antibiotics. In: Alternatives to Antibiotics. Singapore: Springer Nature
Singapore; 2022. p. 449-65. doi: 10.1007/978-981-19-1854-4_18

4. Zhu J, Chen Y, Imre K, Arslan-Acaroz D, Istanbullugil FR, Fang VY, et al.
Mechanisms of probiotic Bacillus against enteric bacterial infections. One
Health Adv. 2023;1(1). doi: 10.1186/s44280-023-00020-0

5. Aponte M, Murru N, Shoukat M. Therapeutic, Prophylactic, and Functional
Use of Probiotics: A Current Perspective. Front Microbiol. 2020;11:562048.
doi: 10.3389/fmich.2020.562048

6. Das TK, Pradhan S, Chakrabarti S, Mondal KC, Ghosh K. Current
status of probiotic and related health benefits. Applied Food Research.
2022;2(2):100185. doi: 10.1016/j.afres.2022.100185

7.  Elshaghabee FM, Rokana N, Gulhane RD, Sharma C, Panwar H. Bacillus
As Potential Probiotics: Status, Concerns, and Future Perspectives. Front
Microbiol. 2017;8. doi: 10.3389/fmicb.2017.01490

8. Lee NK, Kim WS, Paik HD. Bacillus strains as human probiotics: charac-
terization, safety, microbiome, and probiotic carrier. Food Sci Biotechnol.
2019;28(5):1297-305. doi: 10.1007/s10068-019-00691-9

9.  Soares MB,Almada CN, Pereira EP, Ferreira BM, Balthazar CF, Khorshidian
N, et al. Review — Sporeforming probiotic bacteria: Characteristics, health
benefits, and technological aspects for their applications in foods and
beverages. Trends Food Sci Technol. 2023;138:453-69. doi: 10.1016/).
ifs.2023.06.029

10. Ghelardi E, Abreu y Abreu AT, Marzet CB, Alvarez Calatayud G, Perez M,
Moschione Castro AP. Current Progress and Future Perspectives on the
Use of Bacillus clausii. Microorganisms. 2022;10(6):1246. doi: 10.3390/
microorganisms10061246

11. Santacroce L, Charitos IA, Bottalico L. A successful history: probiotics and
their potential as antimicrobials. Expert Rev Anti Infect Ther. 2019;17(8):635-
45, doi: 10.1080/14787210.2019.1645597

12.  Mazkour S, Shekarforoush SS, Basiri S. The effects of supplementation
of Bacillus subtilis and Bacillus coagulans spores on the intestinal micro-
flora and growth performance in rat. Iran J Microbiol. 2019;11(3):260-6.
doi: 10.18502/ijm.v11i3.133

316 Modern medical technology. Volume 16. No. 4, October - December 2024

ISSN 2072-9367


https://orcid.org/0000-0002-4105-1299
https://orcid.org/0000-0003-1428-0085
https://orcid.org/0000-0003-3589-7308
https://doi.org/10.1038/s41396-022-01252-5
https://doi.org/10.1038/s41396-022-01252-5
https://doi.org/10.1002/advs.201900840
https://doi.org/10.1007/978-981-19-1854-4_18
https://doi.org/10.1186/s44280-023-00020-0
https://doi.org/10.3389/fmicb.2020.562048
https://doi.org/10.1016/j.afres.2022.100185
https://doi.org/10.3389/fmicb.2017.01490
https://doi.org/10.1007/s10068-019-00691-9
https://doi.org/10.1016/j.tifs.2023.06.029
https://doi.org/10.1016/j.tifs.2023.06.029
https://doi.org/10.3390/microorganisms10061246
https://doi.org/10.3390/microorganisms10061246
https://doi.org/10.1080/14787210.2019.1645597
https://doi.org/10.18502/ijm.v11i3.133

OpwuriHanbHi pochipkeHHs / Original research

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Management Board members, Executive Director, Operational Manage-
ment. Qualified presumption of safety (QPS) [Internet]. European Food
Safety Authority. 2024 [cited 2024 Nov 16]. Available from: https:/iwww.efsa.
europa.eu/en/topics/topic/qualified-presumption-safety-qps

Cao J, Yu Z, Liu W, Zhao J, Zhang H, Zhai Q, et al. Probiotic character-
istics of Bacillus coagulans and associated implications for human health
and diseases. J Funct Foods. 2020;64(103643):103643. doi: 10.1016/).
jff.2019.103643

GRAS Notices (GRN) No. 660 Bacillus coagulans GBI-30, 6086 spores.
Fda.gov. [cited 2024 Nov 16]. Available from: https://www.fda.gov/files/food/
published/GRAS-Notice-000660---Bacillus-coagulans-GBI-30--6086.pdf
Sorokulova I. Modern Status and Perspectives of Bacillus Bacteria as
Probiotics. J Probiotics Health. 2013;1(4): 1000e106. doi: 10.4172/2329-
8901.1000e106

Zhang L, Yi H. Potential antitumor and anti-inflammatory activities of an
extracellular polymeric substance (EPS) from Bacillus subtilis isolated from
a housefly. Sci Rep. 2022;12(1):1383. doi: 10.1038/s41598-022-05143-9
Fijan S, Fijan T, Connil N. Overview of Probiotic Strains of Weizmannia
coagulans, Previously Known as Bacillus coagulans, as Food Supplements
and Their Use in Human Health. Applied Microbiology. 2023;3(3):935-47.
doi: 10.3390/applmicrobiol3030064

Su Y, Liu C, Fang H, Zhang D. Bacillus subtilis: a universal cell factory
for industry, agriculture, biomaterials and medicine. Microb Cell Fact.
2020;19(1):173. doi: 10.1186/s12934-020-01436-8

Puvanasundram P, Chong CM, Sabri S, Yusoff MdS, Karim M. Multi-strain
probiotics: Functions, effectiveness and formulations for aquaculture ap-
plications. Aquac Rep. 2021;21:100905. doi: 10.1016/}.aqrep.2021.100905
Ouwehand AC, Invernici MM, Furlaneto FAC, Messora MR. Effectiveness of
Multistrain Versus Single-strain Probiotics: Current Status and Recommen-
dations for the Future. J Clin Gastroenterol. 2018;52 Suppl 1, Proceedings
from the 9th Probiotics, Prebiotics and New Foods, Nutraceuticals and
Botanicals for Nutrition & Human and Microbiota Health Meeting, held
in Rome, ltaly from September 10 to 12, 2017:S35-S40. doi: 10.1097/
MCG.0000000000001052

McFarland LV, Huang Y, Wang L, Malfertheiner P. Systematic review and
meta-analysis: Multi-strain probiotics as adjunct therapy for Helicobacter
pylorieradication and prevention of adverse events. United European Gas-
troenterol J. 2016;4(4):546-61. doi: 10.1177/2050640615617358

Knysh OV. Bifidogenic properties of cell-free extracts derived from probiotic
strains of Bifidobacterium bifidum and Lactobacillus reuteri. Regulatory
Mechanisms in Biosystems. 2019;10(1):124-8. doi: 10.15421/021919
Fijan S, Sulc D, Steyer A. Study of the In Vitro Antagonistic Activity of Vari-
ous Single-Strain and Multi-Strain Probiotics against Escherichia coli. Int J
Environ Res Public Health. 2018;15(7):1539. doi: 10.3390/ijerph15071539
Bernatek M, Zukiewicz-Sobczak W, Lachowicz-Wiéniewska S, Pigtek J.
Factors Determining Effective Probiotic Activity: Evaluation of Survival and
Antibacterial Activity of Selected Probiotic Products Using an “In Vitro” Study.
Nutrients. 2022;14(16):3323. doi: 10.3390/nu14163323

Hong-Thao PT, Mai-Linh NV, Hong-Lien NT, Van Hieu N. Biological
Characteristics and Antimicrobial Activity of Endophytic Streptomyces sp.
TQR12-4 Isolated from Elite Citrus nobilis Cultivar Ham Yen of Vietnam. Int
J Microbiol. 2016;2016:7207818. doi: http://doi.org/10.1155/2016/7207818
Cao Y, Pi H, Chandrangsu P, Li Y, Wang Y, Zhou H, et al. Antagonism of
Two Plant-Growth Promoting Bacillus velezensis Isolates Against Ralsto-
nia solanacearum and Fusarium oxysporum. Sci Rep. 2018;8(1):4360.
doi: 10.1038/s41598-018-22782-z

Chechet OM, Kovalenko VL, Horbatyuk Ol, Gaidei OS, Kravtsova OL,
Andriyashchuk VO, et al. Antagonistic properties of a probiotic preparation
containing bacteria of the genera Bacillus and Enterococcus. Regulatory
Mechanisms in Biosystems. 2022;13(4):362-6. doi: 10.15421/022247
Bartolini M, Grau R. Assessing Different Ways of Bacillus subtilis Spread-
ing over Abiotic Surfaces. Bio Protoc. 2019;9(22):3425. doi: 10.21769/
bioprotoc.3425

Rutschlin S, Béttcher T. Inhibitors of Bacterial Swarming Behavior. Chem-
istry. 2020;26(5):964-79. doi: 10.1002/chem.201901961

Jeckel H, Jelli E, Hartmann R, Singh PK, Mok R, Totz JF, et al. Learning the
space-time phase diagram of bacterial swarm expansion. Proc Natl Acad
Sci U SA. 2019;116(5):1489-94. doi: 10.1073/pnas.1811722116

Knysh OV, Martynov AV, Pokhyl SI, Skliar NI. The behavior of the Bacillus
probiotic species under conditions of co-cultivation. Modern medical tech-
nology. 2023;(4):59-69. doi: 10.34287/mmt.4(59).2023.8

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Darbandi A, Asadi A, Mahdizade Ari M, Ohadi E, Talebi M, Halaj Zadeh M,
et al. Bacteriocins: Properties and potential use as antimicrobials. J Clin
Lab Anal. 2021;36(1):e24093. doi: 10.1002/jcla.24093

Bartel LC, Abrahamovich E, Mori C, Lépez AC, Alippi AM. Bacillus and
Brevibacillus strains as potential antagonists of Paenibacillus larvae and
Ascosphaera apis. J Apic Res. 2018;58(1):117-32. doi: 10.1080/0021883
9.2018.1495439

Bhattacharya A, Pak HT, Bashey F. Plastic responses to competition: Does
bacteriocin production increase in the presence of nonself competitors?
Ecol Evol. 2018;8(14):6880-8. doi: 10.1002/ece3.4203

Gonzalez D, Mavridou DA. Making the Best of Aggression: The Many Di-
mensions of Bacterial Toxin Regulation. Trends Microbiol. 2019;27(11):897-
905. doi: 10.1016/}.tim.2019.05.009

Ghazaei C. Study of the Effect of Bacteriocin-producing Bacillus subtilis
Strains on Beta-lactamase-producing Pathogenic Bacteria. J Clin Res
Paramed Sci. 2022;11(2). doi: 10.5812/jcrps-130208

Knysh O, Martynov A. Nisin: Prerequisites and Prospects for Application
in the Medical Field. Galician medical journal. 2023;30(1):E202316.
doi: 10.21802/gmj.2023.1.6

Soltani S, Hammami R, Cotter PD, Rebuffat S, Said LB, Gaudreau H, et
al. Bacteriocins as a new generation of antimicrobials: toxicity aspects
and regulations. FEMS Microbiol Rev. 2021;45(1):fuaa039. doi: 10.1093/
femsre/fuaa039

Kern L, Abdeen SK, Kolodziejczyk AA, Elinav E. Commensal inter-bacterial
interactions shaping the microbiota. Curr Opin Microbiol. 2021;63:158-71.
doi: 10.1016/j.mib.2021.07.011

Nie R, Zhu Z, Qi 'Y, Wang Z, Sun H, Liu G. Bacteriocin production enhancing
mechanism of Lactiplantibacillus paraplantarum RX-8 response to Wicker-
hamomyces anomalus Y-5 by transcriptomic and proteomic analyses. Front
Microbiol. 2023;14:1111516. doi: 10.3389/fmich.2023.1111516
Gutiérrez-Cortés C, Suarez H, Buitrago G, Nero LA, Todorov SD. Enhanced
Bacteriocin Production by Pediococcus pentosaceus 147 in Co-culture With
Lactobacillus plantarum LE27 on Cheese Whey Broth. Front Microbiol.
2018;9:2952. doi: 10.3389/fmich.2018.02952

ISSN 2072-9367

CyuacHi MeanyHi TexHoAorii. T. 16, Ne 4(63), x0BTeHb - rpyaeHb 2024 p. 317


https://doi.org/10.1002/jcla.24093
https://doi.org/10.1080/00218839.2018.1495439
https://doi.org/10.1080/00218839.2018.1495439
https://doi.org/10.1002/ece3.4203
https://doi.org/10.1016/j.tim.2019.05.009
https://doi.org/10.5812/jcrps-130208
https://doi.org/10.21802/gmj.2023.1.6
https://doi.org/10.1093/femsre/fuaa039
https://doi.org/10.1093/femsre/fuaa039
https://doi.org/10.1016/j.mib.2021.07.011
https://doi.org/10.3389/fmicb.2023.1111516
https://doi.org/10.3389/fmicb.2018.02952
https://www.efsa.europa.eu/en/topics/topic/qualified-presumption-safety-qps
https://www.efsa.europa.eu/en/topics/topic/qualified-presumption-safety-qps
https://doi.org/10.1016/j.jff.2019.103643
https://doi.org/10.1016/j.jff.2019.103643
https://www.fda.gov/files/food/published/GRAS-Notice-000660---Bacillus-coagulans-GBI-30--6086.pdf
https://www.fda.gov/files/food/published/GRAS-Notice-000660---Bacillus-coagulans-GBI-30--6086.pdf
https://doi.org/10.4172/2329-8901.1000e106
https://doi.org/10.4172/2329-8901.1000e106
https://doi.org/10.1038/s41598-022-05143-9
https://doi.org/10.3390/applmicrobiol3030064
https://doi.org/10.1186/s12934-020-01436-8
https://doi.org/10.1016/j.aqrep.2021.100905
https://doi.org/10.1097/MCG.0000000000001052
https://doi.org/10.1097/MCG.0000000000001052
https://doi.org/10.1177/2050640615617358
https://doi.org/10.15421/021919
https://doi.org/10.3390/ijerph15071539
https://doi.org/10.3390/nu14163323
http://doi.org/10.1155/2016/7207818
https://doi.org/10.1038/s41598-018-22782-z
https://doi.org/10.15421/022247
https://doi.org/10.21769/bioprotoc.3425
https://doi.org/10.21769/bioprotoc.3425
https://doi.org/10.1002/chem.201901961
https://doi.org/10.1073/pnas.1811722116
https://doi.org/10.34287/mmt.4(59).2023.8

DOI: 10.14739/mmt.2024.4.313384

KnaiHiuHi Bunaaku / Clinical cases

Y[IK 616.36-033.2-02:616.379-006.6]-089-06

MHOXHHHI rocTpi ycKAaAHEHHA TpaHcapTepiaAbHOI Ximieembonizawii
nevyiHKOBUX MeTacTasiB

P. H. A6y Lamcia®*8¢2, |0, M. 3axapawu®*2AEF

1TOB «AIEBO LieHTp XipypriuHux pileHb», M. K1iB, Ykpaita, 2HauioHaAbHU MearuHIiA yHiBepeuTeT imeHi 0. 0. BoromoabLs, M. Kiis, YkpaiHa

A - KoHUenLis Ta AM3aiH AOCAIAKEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTauia AaHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi

KarouoBi croBa:

paK MiaALAYHKOBOI 3aA03M,

neyviHka, MeTacrasu,
TpaHcapTepianbHa
ximieembonizaLjis.

Keywords:

pancreatic cancer, liver,
metastases, transarterial
chemoembolization.

Hapirwwaa po pepaklii /
Received: 23.09.2024

[licast poonpaLtoBaHHs /
Revised: 14.10.2024

CxBaneHoO A0 APYKY /
Accepted: 18.10.2024

KoH®AIKT iHTepeciB:
BIACYTHIMN.

Conflicts of interest:
authors have no conflict
of interest to declare.

*E-mail:
ymzakharash@gmail.com

Merta poboTu - onucaTy KniHiYHUIA BUNaaoK NikyBaHHS MHOXUHHUX FOCTPUX YCKIaAHEHb MICAS BUKOHAHHS TpaHC-
apTepianbHoi ximieembonisaLii NeYiHKOBKX METACTa3iB Y XBOPOTO Ha pakK MifLyHKOBOI 3a503u.

Martepianu i metoau. XBopuii M. Bikom 52 poku 3BepHYBCS N0 MEANYHY AOMOMOTY [0 MEANYHOTO LEHTPY Xi-
pyprivnnx pilweHs «AIEBO». Panilue B iHWWX NikyBanbHWX yCTaHOBax OTPUMYBaB NikyBaHHS 3 NpUBOAY paky
NiALWIYHKOBOT 3a103u. BUBUMNN aHaMHECTUYHI AaHi XBOPOro, 0COBNMBOCTI 10r0 NONepeaHbOro MikyBaHHS, y
TOMY YUCAi 3 BUKOHAHHAM TpaHcapTepianbHoi xiieembonisaLii neviHkoBMx MeTacTasis. XBOpoOMYy BUKOHaNM
KniHiYHe obcTexeHHs, nabopaTopHi 11 IHCTPyMEeHTanbHi JOCNIAXEHHS, 3a pe3ynbratamu Skux AiarHoCToBaHO
MHOXWHHi rOCTpi ycknagHeHHs. KoHcuniym cneuianicTiB yxBanuB pilleHHs WOoJO ONnTUMisalii nikyBanbHOI
TaKTUKN.

Pesyabratu. Ha 24 o6y nicns rocnitanisaLii XBoporo, nicns 3aBepLUeHHs NikyBaHHS B MEAUYHOMY LIEHTPI y 3a-
[OBINbHOMY CTaHi navjieHTa BUNMCaHO 3 KNiHiku Ans noAarbLuoro ambynaTtopHoro nikyBaHHS Ta CNOCTEPEXEHHS
B Nnikaps-OHKonora 3a MicLleM NpoxuBaHHA. [Ing CBOEYacHOI AiarHOCTUKW THINHO-CENTUYHNX YCKNaaHeHb nicns
TpaHcapTepianbHoi XivieembonisaLii neyiHKoBKX MeTacTasis, KpiM yNTPa3BykOBOTO AOCTAKEHHS], KOMIM OTEPHOI,
MarHiTHO-pe3oHaHcHOT TomMorpadii, HeobXxiaHi peTenbHe KniHiYHe CNOCTEPEXEHHS 3a NaLEHTOM i KOMMEeKCHe
OLiHIOBaHHS CTaHy MOro 300pOoB's.

BucHoBKH. PeTenbHe KniHiYHe CNOCTEPEXEHHs 3a MaLlieHTOM, 1I0ro KOMMNEKCHe nabopaTtopHe Ta iHCTPYMeH-
TanbHe 06CTEXEHHS 3 BUKOHAHHAM YNbTPa3ByKOBOTO AOCHIAKEHHS, KOMM'OTEPHOI, MarHiTHO-pe30HaHCHOI
ToMorpadii TOLLO — BaXKIMBI NEepesyMOBY CBOEYACHOI [iarHOCTUKM MOXIMBUX THINHO-CENTUYHUX YCKMaaHEeHb
nicns BUKOHAHHSA TpaHcapTepianbHoi XimieembonisaLlii neviHKOBIX MeTacTasiB.

CyuacHi meauuHi TexHonorii. 2024. T. 16, Ne 4(63). C. 318-322

Multiple acute complications of transarterial chemoembolization
of liver metastases

R. N. Abu Shamsia, Yu. M. Zakharash

The aim of the work: to describe a clinical case of treatment of multiple acute complications after transarterial
chemoembolization of liver metastases in a patient with pancreatic cancer.

Materials and methods. Patient M., 52 years old, sought medical help at the “DIEVO” Medical Center for Surgical
Solutions. He had previously been treated for pancreatic cancer in other medical institutions.The patient's anam-
nestic data, features of his previous treatment, including transarterial chemoembolization of liver metastases,
were studied. The patient underwent a clinical examination, laboratory and instrumental studies, as a result of
which multiple acute complications were diagnosed. The council of specialists made a decision to optimize the
treatment tactics.

Results. On the 24" day after hospitalization, the patient, after completing treatment at the medical center,
was discharged from the clinic in a satisfactory condition for further outpatient treatment and observation by
an oncologist at his place of residence. For timely diagnosis of purulent-septic complications after transarterial
chemoembolization of liver metastases, in addition to ultrasound, computer, magnetic resonance imaging, careful
clinical monitoring of the patient and a comprehensive assessment of his health are required.

Conclusions. Careful clinical observation of the patient, comprehensive laboratory and instrumental examina-
tion of the patient with ultrasound, computer, magnetic resonance imaging, etc. are important prerequisites
for timely diagnosis of possible purulent and septic complications after transarterial chemoembolization of
liver metastases.
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Pak nigwmyHKoBOI 3amo3n 3 MeTacTasdyBaHHAM Y MeYiHKy
3anuLLAETbCS OAHIEK 3 HAWCKNaAHILLMX Npobnem CyyacHoi OH-
konorii. Lie 3yMOBNEHo nepeBaHO MHOXWUHHICTIO MeTacTaTU4HIX
YpaKeHb, LLIO HEPIAKO MOLLMPIOIOTLCS HA MOMOBYHY i GiNbLLe Macu
neviHky, 6e3yCnillHICTIO XipypriYHOro NikyBaHHS Ta CUCTEMHOI
XimieTepanii, arpecuBHICTIO KMiHIYHOro nepebiry OHKOMOriYHOro
npoLecy, KOPOTKOK TPUBANICTIO XUTTS TaKuUX NaLieHTIB ToLLo. Y
LIMX XBOPKX 3a3BMYal BUSBASAKOTb ICTOTHI MOPYLLEHHS QyHKLio-
HanbHOro CTaHy NeYiHKK, | TOMy CUCTEMHY XiMieTepanito (Bpaxo-
BY0UM i1 JOBOTI BUCOKY TOKCUYHICTb | HEAOCTATHIO €DEeKTUBHICTb
TaKuX npenapariB) y KNiHiYHil NpakTUL 3aCTOCOBYI0Tb AOCUTb 00-
mexeHo. CTepeoTakeuyHy NpOMEHEBY Tepanito Ta pagiovacToTHy
abnsLito Sk MeToAM NoKanbHOI AeCTPYKLT MyXMMHHNX YpaXKeHb,
3BaXaluM Ha iXHK AOCUTb HU3bKY e(hEKTUBHICTb i peanbHy
3arpo3y Po3BMUTKY TSHKKMX MOCTNPOMEHEBUX YCKMaHEHb, TaKOX
BUKOPUCTOBYOTH 40BOSI pigko [1,2].

OnHuMm i3 edheKTUBHUX METOLIB NiKyBaHHS NEeYiHKOBUX Me-
TacTacTasiB paky NigWwnyHKoBOI 3am03u (0COONMBO BEMMKMX
po3MipiB) € TpaHcapTepianbHa ximieemboniaavis (TAXE). Liei
€HA0BaCKYNAPHUN IHTEPBEHLIMHUIA XipypriYHWA MeTOq, nepes-
Bayae NpUNMHEHHS KPOBOMOCTaYaHHs NepBUHHOI abo mMeTacTa-
TUYHOI PaKoBOI MyXIUHK, LLO MPU3YMKUHSE i PICT, Y NOEOHAHHI 3
niaBeaeHHsM [0 Hel ximienpenapartis. OTke, BUKOPUCTOBYHOUM
LIK0 TEXHONOTik0, OAHOYACHO BBOASATL NMpenapar, ki emoonisye
CyauHy Ta 6riokye NpunnmB KpoBi A0 NyXNMHK, i XiMienpenapar,
LLIO CrIoYaTKy HaKoMMYyeTbCS, @ NOTIM NOCTYMOBO BUBINbHSETLCS
emOOoni3ytouMMM YaCTUHKaMW, KOTPi HagxoasaTs 6e3nocepenHsLo
[0 HOBOYTBOpPEHHS [3,4,5].

Baxnugo, Lo TAXE gae 3mory BUKOpPUCTOBYBATU XiMienpena-
paTu y BUCOKUX ePeKTUBHUX [03aX i3 MiHIMabHOK TOKCUYHOH
Ji€to Ha opraHi3M naLlieHTa 3aranom, OCKirnbKv BOHW He noTpansis-
t0Tb Y CUCTEMHWIA KPOBOOGIT, @ eMBOni3ytodi YaCTUHKM NOETANHO
[0CTaBNAoTh ix 6e3nocepeaHbO 40 pakoBoro Byana. bepyun go
yBaru, WO pak NeviHKM i NigLwmyHKOBOI 3a503u, Ha BigMiHy Big 6a-
raTbOX iHLUMX OHKOIOTHYHNX 3aXBOPIOBaHb, Malixe He Bianosigae
Ha cucTemHy ximieTepanito, TAXE npu paky Takoi nokanisadii
Ma€ iCTOTHI nepeBaryt Haf iHLLIMMK MeToaamu. TpaHcapTepianbHa
ximieemboniaauisi mig Yac paky neviHku gobpe noegHyeTbes 3i
CTepeoTakCMYHOK MPOMEHEBOI0 Tepanielo Ta PagiodacToTHO
abnsuieto; 3a HeobXiQHOCTI i MOXHA BUKOHYBATW MOBTOPHO.
OTtxe, TAXE MOXHa 3acTOCOBYBaTU SiK BaXXNWBY CKNaLoBy
KOMMMEKCHOTO MiKyBaHHS MEPBUHHOIO Ta METACTaTUYHOTO paKy
NEYiHKKM, a TaKOX SIKk caMoCTinHMIA meTog [1,3,6].

MeToguky ximieembonisauii Mikpocdepamu 3anpoBamkeHo
B KIiHIYHY npakTuky Ha noyatky XXI ctonitts. BuHanaeHo em-
GonisauiiiHi npenapaTti Ha OCHOBI MIKPOCEP, LLIO HAKOMNYYHOTb,
a noTiM BMBINbHAIOTL XiMienpenapar; Le Aae 3Mory NigBULLUTK
KOHLieHTpaLito Ximienpenaparty, Skuii 4OCTaBNSETbCA 40 NyX-
nnHmn. Came ue pobuts TAXE mikpocepamm 3HauHO edek-
TMBHILLMM BMZOM XiMieembonisaui. Ilicns 3akpuTTs NpoCBIiTY
CyOMH 300p0Ba NapeHxiMa nediHk1 Marxe He NOLUKOMKYEThCS,
OCKiNbkK 30€e6inblLoro OTPUMYE KPOB i3 BOPITHOI NEYiHKOBOI
BEHM, a He 3 neviHkoBOi apTepii. Mpoueaypa € foeoni 6e3ney-
HOI0, il MOXHa BMKOHYBATU, HABITb SIKLLIO MYXIMHOK YPaXKEHO 10
MOMOBMHU MAcK MeYiHKK, MpK po3Mipi HOBOYTBOPEHHS GinbLue
Hix 10 cMm; MOBTOpHa Npoueaypa 3a NoTpebu MoXnnBa BXe
yepes 4 TuxHi [3,4,5].

HuHi ans TAXE neviHk1 Mikpocdhepamu BUKOPUCTOBYHOTH MNe-
peBaxHo ABa npenapati: DC Bead i Hepaspheres. Mikpocdepn
DC Bead Bipo6nsie 6putarcbka komnaist «Biocompatibles. ix
BUrOTOBNAOTL i3 NoniBiHINankoronto; diametp — Big 100 MK go
900 MK (KOXeH BapiaHT po3mipy BiAnoBiZae AiamMeTpy CyauHu, y
SIKil HeoOXigHO NepekpMTM KPoBOOGir). [okcopybiLH — OCHOBHMI
Ximienpenapar, Lo 3acTtocoBytoTb Anst TAXE, BiH BUBIMNbHSAETHCS
3 mikpocchep DC Bead npotsirom aBox TwxHiB. Mikpocdepm
Hepaspheres Bupobnsie amepukaHcbka komnaHis «Biosphere
Medical». L|i mikpocdepu cknagarotbes 3 cononiMepy BiHis-
auerary i MmeTunakpunarty, Matotb giametp 30-60 mk, 50-100 mk,
100-150 mk abo 150-200 mk [3,4]. Ak ximienpenapaT Takox
BMKOPWCTOBYHOTb JOKCOPYDILWH.

3asBuyan ximieembonisaLlito 3aiMCHIOITb i 3ararbHUM
3HebonoBaHHsM, MiCLIEBOIO aHecTesieto abo navieHTa BBOASTb Y
CTaH cepallii. Yepes HeBENMKMI po3pi3 y BEPXHiIll TPETUHI CTETHA
y CTEerHoBy apTepito Mif, PEHTreHKOHTPONEM BBOASATH KaTeTep,
MPOBOASYM Or0 [0 NEYiHKOBOI apTepii. [ns OLiHIOBaHHS aHrio-
ApXITEKTOHIKM YpaXKEHOT AiNsHKW BBOASTb PEHTIEHOKOHTPACTHUI
PO34MH. Komnm KiHumMK kaTeTepa gocsrae 6e3nocepeaHbo rinku
NeYiHKOBOI apTepii, O XMBUTb MyXIMHY, BBOAATL eMboniyto-
Ynii Mpenapar pa3oM i3 ximienpenaparom. icns Lsoro pobnsite
KOHTPOMbHIIA PEHTTEHIBCLKIAIA 3HIMOK, 2D OLIHUTY NPaBUMbHICTb
MO3MLIIOHYBaHHS KiH4MKa KaTeTepa Ta NePeKoHaTUCS B TOMY, LLO
npenapar BBeeHO NpaBurbHO. [10TiM kaTeTep BUAANSOTb, HA
MicLe po3pidy HaknaaarTs noB'a3ky. Mpoueaypa TAXE TpuBae
1,0-1,5 roguHu.

[ns ouiHoBaHHS pesynbTaty ximicembonisavii Yepes 4 TWkHi
nicns nepLLoi npoLeaypy BUKOHYIOTb KOMM'KOTEPHY TOMOrpadito
(KT) abo marHiTHo-pe3oHaHcHy Tomorpadito (MPT) 3 koHTpacTy-
BaHHAM CyAWH. FAKLLO KOHTPACTHY PEYOBWHY HE BUSIBMSIOTHL Y
CYAMHI, SiKa XWUBUTb MyXMHY, BUSHAYaAIOTb MPUMMHEHHS POCTY
nyxnuHu. Yepes 1,5-2,0 micaus BUKOHYOTb Apyry npouenypy
3 KOHTPOIbHUM OBCTEXEHHSAM. FAKLO KOHTPACTHa pevoBrHa
noTpannsie 40 CyauH, BUKOHYIOTb MOBTOPHY MpoLeaypy 3 KOH-
TPONbHUM OOCTEKEHHSM Y2ke Yepes 4 TVkHI, LoO He 3BinbLuyBaTy
iHTEpBan Mix npouenypamu. XimieembonisaLlis npoTunokasaqa
Mpm TPOMBO3i BOPITHOT NEYiHKOBOI BEHM ab0 ii BeNMMKMX rinok [3,6].

EcbekTvBHiCTb XiMieembonisaLlii 4OCUTb BUCOKA: Maixe Y
2/3 XBOpYX BOAETHCA NMOMITHO 3MEHLUUTY PO3MIpK NYXInHK abo
3YNUHUTY Ti piCT. 3anexHo Bif TUMY 3MOSKICHOT MyXnnHW edhekT
uvkny TAXE 36epiraetbest npotsarom 10-14 micauis. Ak yepes
6 MicsLiB nicns LKy ximieembonisaLii picT nyXn1HW BigHOBIHO-
eTbest, TAXE MoxkHa noBTOpuTH. 3rigHO 3 pesyrnbratamu KniHiYHOro
JOCTiIKeHHs, Lo 3aiicHeHe y M. bapcenoHa (IcnaHisi) 3a yyacTio
27 nauieHTiB, LMK XimieembonisaLlii neviHKkv NPOJOBXVB XNTTS Ha
1 pik'y 92 %, Ha 2 pokn — 89 % Bunaakis. [MoKasHUK BIXKUBAHOCTI
npotsarom 3 pokis nicns uykny TAXE, 3a pesynstatamu BOCTIimKeH-
HS 3a yyacTio 71 nauieHta B M. AdpiHu (Tpevis), ctaHoBuB 76,4 %.
[ns Garatbox nauieHTiB TAXE cTae MOXNMBICTIO AOYEKaTUCS CBOET
Yepry Ha TpaHcnnaHTaLio neviHky [1,3,6].

YcknagHerHs nicns TAXE MoxyTb By 3yMOBIEHi TOKCUYHI-
CTH0 Ximienpenapary abo CENeKTYBHOIO CYAMHHO MaHinynsLieto.
HanuacTilwe sk nobiyHi edhekTn BU3HaYaTb HydoTy, 6onboBi
BiQUYTTS Y MiCLi kaTeTepu3aLii cyamHu, KopoTKovacHe norip-
LUEHHs camonouyTTs. MOXIUBI TakoX NiABULLEHHS TeMnepaTypu
Tina, Binb Y XWBOTI, YLIKOMKEHHS 300POBOI TKAHUHI NEYiHKM Ta

ISSN 2072-9367

CyuacHi MeanyHi TexHoAorii. T. 16, Ne 4(63), x0BTeHb - rpyaeHb 2024 p. 319



Knainiuni Bunapku / Clinical cases

iHLIKX OpraHiB YepPEeBHOI MOPOXHUHW Yepe3 NOPYLLEHHS NpaBun
BWKOHAHHS NMyHKLi, BUPaXeHWA CnaikoBWiA NPOLIEC SiK HACMiAoK
BWUKOHAHHS NMEPBUHHOTO paZykanbHOro XipypriYHOro BTPyYaHHS,
iHCbiKyBaHHs MyxnuHK ToLwo. OgHaK CyqacHi TeXHONOrii Ta BUCOKA
KBanichikaLlis fikapis 4atoTb 3MOTY MiHIMI3yBaTW PU3NK BUHWUKHEH-
HS! Ha3BaHUX ycknaaHeHb. CknagHi nobiuni echextu nicns TAXE
HWHI BUSIBNSOTH e y 5 % nauienTis [2,3,6].

Merta poboTtu

Onwmcaty KniHiYHWIA BUNaZoK MikyBaHHS MHOXUHHUX FOCTPYX
yCKITagHEeHb MiCnst BYUKOHAHHS TpaHcapTepianbHoi ximieemboni-
3alii NeviHKOBMX MeTacTasiB y XBOPOro Ha pak MiALLnyHKOBOI
3anoau.

Marepianun i meToAU AOCAIAKEHHA

XBopuit M. Bikom 52 poku rocnitaniaoBaHuii 4O MEAUYHOIO
LeHTpY XipypriyHnx pieHs «[ieso» 20.04.2024 p. 3i ckapramu
Ha 3aranbHy crabkicTb, nepioanyHe NiABULLEHHS TeMnepaTypu
Tina go 38 °C, 6inb y XMBOTI, NOCTiliHEe NOMIpHE 1100 30y TTS.

[JiarHo3 nig yac rocnitanisauiii: cTaH nicns XipypriyHoro
NiKyBaHHA (onepauisi — NaHKpeaTogyoAeHanbHa pesekLis,
09.02.2022 p.) Ta noniximieTepanii 3 npuBody KapLUHOMM
nigwrnyHkosoi 3anosm (ED 02/22) — pT3bN2(11/36) cM1 (HEP)
LI VI Pn1 R1, embonisauii metactasis y neuiHui (09.04.2024 p.
B OfHilA i3 kniHik Hime4unHm); abeuecu cermenTis VI, VI nevdiHky;
aCUMT-NEPUTOHIT (?); ABOBIYHWIA rigpOTOPaKC; XPOHiYHa CybKOM-
MeHCoBaHa HEMPOXIAHICTb KULIEYHNKA.

AZneHokapLHoMa NiaLLITyHKOBOI 3an03u BniepLue AiarHoCTo-
BaHa y notomy 2022 poky. Y KHIT «3anopibkuin perioHanbHui
MPOTUNYXMMHHWIA LieHTP» 30OP 09.02.2022 p. BUKOHaHO onepaLlito
— naHkpeatoayoaeHanbHy pesekuito: pT3bN2(11/36) cMo Li VI
Pn1 Ri. I3 6epesHs go nunHs 2022 poky B OfHiii i3 KniHik MicTa
®paHkdypT-Ha-MaiiHi (HimewumHa) 3aiicHeHO Kypcy af'toBaHT-
HOi cucTemHoi ximieTepanii. OgHak yxe y nuctonagi 2022 poky
nig vac koHTponbHoI MPT Bneplue BUSIBNIEHO MeTacTasyBaH-
HSI MyXNMHU B MeviHky. PosnovaTo Tepanito remumtabiHom i3
Hab-MakmniTakCenoMm i3 «gye XOpoLUot BignoBiaa», sk byno
3a3Ha4eHo y BUMKCL 3 icTopii xBopoOu, Lo byna 3aBepLueHa y
BepecHi 2023 poky.

3a micLiem NpoxwvBaHHA 3a pesynsTamu KT opraHiB rpyaHoi Ta
YepeBHOi nopoxHUH 09.01.2024 p. KOHCTATOBAHO NPOrpPecyBaHHs
3axBoptoBaHHst: KT-03Haky CTaHy nicns naHkpeaToayoneHarnbHoT
pe3exLji; ocepeakn B NeviHLi BTOPUHHOTO XapakTepy; aepobi-
nis; HOQYNsipHe NOTOBLLEHHS NIBOTO HAHWPHMKA; KICTU NpaBol
HUPKY; NiBOGIYHA NaxBMHHA rpyxa; ABOGIYHI AinsHKM ¢ibposy
nereHb. lMopieHiotoun 3 KT opraHiB YepeBHOI MOPOXHWHW Bif,
18.09.2023 p., BusiBUNYK 30iNbLUEHHS KiNIbKOCTi Ta po3MipiB oce-
PELKiB Y NeYiHLj; B iHLLOMY — BiJHOCHO CTabisbHi faHi.

Y 3B8'13Ky 3 NPOrpecyBaHHsIM 3aXBOPIOBaHHS NaLliEHT MoB-
TopHO nepebysas 3 08.04.2024 o 16.04.2024 p. Ha nikyBaHHi
y KriHiLi npod. Vorepa (M. ®pankdypt-Ha-MaiiHi, HimeyunHa,
ictopist xeopobu Ne 1212367454). Ak 3a3Ha4YeHo y BUNMCL 3
icTopii xBopobu, NaLieHT «rocnitanisoBaHUin AnNst BUKOHAHHS
TAXE y 3B'513Ky 3 MeTacTasyBaHHsIM y MeYiHKy paKy MigLmyHKOBOI
3aroay Ta Ans BUKOHaHHs 6ioncii neviHkmy . ComaTnyHuii cTatyc

i 3aranbHWiI CTaH MmawieHTa nig vac rocnitanisadii 4O KIiHiku
3anuwanucs ctabinbHumu. KniHiyHo «He Gyno »KogHWX O3Hak
iHbeKLiT». 3aranbHui CTaH XOPOLLIWIA, XapyyBaHHS HOpMarbHe,
TYProp LLKipW HopMarbHWiA. ToHK CepLis pUTMIYHI, YuCTi. [uxaHHs
Be3uKynsipHe 3 060x 6okiB, 6e3 xpuniB. XKX1BIT MOMIpHO 3ayTWA,
npy nanbnadii M’'akvin, 6€360MiCHN, 3aXUCHOTO HaMPYXEHHS!
M'a13iB Hemae. lNediHka nig Yac nanbnadji He 36inblueHa, ce-
nesiHka He nanbnyeTbest. KUwkoBi wymm — 6e3 ocobnmeocTen.
Hesponoriynui cTatyc — 6e3 ocobnmeocten. QizionoriuHi Buno-
POXXHEHHS B HOPMI.

Onsa mopdonoriyHoi BepudikaLlii HOBOYTBOPEHHS
09.04.2024 p. 0 09:45 xBOpOMY BMKOHAHO MYHKLiHY Gioncito
Bard Tru-Cut 18G meTactatnyHOro ocepeaky B neviHLi giame-
TPOM Maiixe 6 cM.

lNaTonoroaHatoMivyHui BUCHOBOK Big 09.04.2024 p.: nyHK-
TOBaHa TKaHMHaA (NEYiHKa) 3 iHINbTPaLIE 3MOSKICHOW BM-
cokononiMopdHOKO eniTenioigHo NyXMMHOW, WO Bignosigae
HU3bKOAMEPEHLOBaHiI afeHOKapLIMHOMI.

XBopomy BukoHaHo npoueaypy TAXE (1 unkn DEBIRI-TACE)
09.04.2024 p. B TepmiH Big 11:11 go 14:30. Micna micuesoi
aHecTesii 3 BUKOpuCTaHHaM npenapaty «Kcunonect» 1 % npo-
BEOEHO MyHKL0 NpaBoi 3aranbHoi CTerHoBoi apTepii. BctaHos-
neHo kateTep 6 F 3a CenbanHrepom. 30HAyBaHHS YEPEBHOMO
cToBbypa — 6e3 ycknagHeHb. 3a [JOMOMOrolo MikpokaTeTepa
Progreat 30HL0BaHO NpaBy LeHTpanbHy / KpaHianbHy rinky npa-
BOI MeviHKOBOI apTepii (TepaneBT4He nonoxeHHs 1). BeeaeHo
6rm3bko 25 % ipuHotekaHy 100 mr/DC Beads 100-300. HactynHe
30HAYBaHHS — LLie OHIEi NpaBoBIYHOI rifKK, LLIO CMYCKAETLCS BHU3
(TepaneBTUYHe NONOXeHHS 2), BBeAeHo75 % cymiwi DC Beads.
MauieHT nepeHic iH exujii 6e3 ycknagHeHb. BUKOHAHO KOHTPOIbHY
aprepiorpacito CyauH YepeBHOI MOPOXHUHM AN BU3HAYEHHS
po3TallyBaHHS KiHYMKa KaTeTepa HanpyKiHLi NpoLeaypu.

0cobauBoCTI KAiHIUHOrO Nepe6iry nicasonepauiiiHoro nepioay.
Micns BukoHaHHa TAXE nauieHT MaB ckaprvt Ha 3anamMopOYeHHs,
NiaBULLEHHS TemnepaTypu Tina. Y pesynbrari 6akrepionoriyHoro
nociBy KpoBi BUsIBNEHO 6akTepiemito E. coli. Poanodyato aHTubio-
TUKOTEpanito 3 BUKOPUCTaHAM LieddTpiakCoHY, MiCns BBEAEHHS
SKOTO Y NavjieHTa BUHWKNW FinepTeHsis 1 Taxikapaisd, ToMmy Len
npenapar CKacoBaHO, MPU3HAYEHO amMiLiH i3 cynbbakTamom
i3 XOpOLLMM etheKTOM. XBOPOro BUMUCAHO 3 KNiHIKK Y 33[0BiMb-
HoMmy cTaHi 16.04.2024 p., xo4a BiH MaB Ckapri Ha 3ararbHy
cnabKicTb, 3anamMmopOYeHHs!, HyOTY, NiABULLEHHS TeMMepaTypu
Tina, nepioan4HniA Ginb y xmBOTI TOLLO. [iA Yac BUNMCKY XBOPOMY
MpU3HaYEHO aMOKCHLMITH i3 KNaByMaHOBO KUCTOTO. PekoMeH-
[I0BaHO NPOBECTY MOBTOPHUIA LMKI XiMieembonidaLlii B Til cami
KniHiui HimequnHmn 13.05.2024 p. Y pasi BigMoBW Big nogans-
LLOro NikyBaHHS B HiMewunHi Taky npoLenypy pekoMeH40BaHO
BMKOHATU B YKpaiHi NPOTArOM HaCTYMHWX 5 TWXHIB, Nicns Yoro
MPOBECTW KOHTPOIbHY Bidyanisavjto 3a gonomoroto KT opraHis
FPYLHOI Ta YepEeBHOI MOPOXHWH; Haani BUHAYUTH OLIMBHICTb
npogoBxeHHs npoueaypy TAXE. Akwo BignosiaHa peakuis He
HaCTaHe, peKOMeH4oBaHa CMCTEMHa XiMieTepanis.

Pe3yabtatu

lNavjieHT 3BepHYBCH 40 MEOUYHOTO LEHTPY XipyprivHWX pi-
weHb «[ieso» 20.04.2024 p. 3i ckapramu, L0 HaBeAEHi BULLE.
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3a pesynsratamm KniHiYHOrO 0GCTEXEHHS, NabopaTopHux Ta
IHCTPYMEHTaNbHUX JOCHiDKEHb BCTAHOBMEHO AiarHo3: MeTacTa-
3yBaHHs KapLMHOMM NiALLINYHKOBOIT 3ano3u B neviHky (ED 02/22)
— pT3bN2(11/36) cM1 (HEP) LI VI Pn1 Ri; abcuecwn cermeHTiB
VI, VII nevikw; acumt; ABOGIMHWIA rigpoTOpaKC, CeNTUYHWUIA CTaH;
CyOKOMNEHCOBAHA HEMPOXIAHICTb KULLIEYHNKA.

[p13HaYEHO IHTEHCBHY aHTUOaKTepianbHy, iHdby3ilHy, cumn-
TOMaTU4Hy Tepanito. 3a pesynsratamu BUKoHaHoro 24.04.2024 p.
Y3[ npunycTtunu, Wo B nigneyiHkoBoMy Ta nigdiadparmMoBoMy
npocTopax BWHUK 3ananbHui npouec. Tomy 25.04.2024 p.
nawieHToBi 3gicHunu mynbstucnipansHy KT opraHiB yepeBHoi
MOPOXHWHY, 3a04EPEBMHHOMO MPOCTOPY Ta Maroro Tasa. Bu-
CHOBOK: CTaH nicnsl naHKpeaToayoaeHanbHoi pe3ekLii 3 npusody
paky MigLwyHKOBOI 3aro3u, emboniaaLlii nedYiHKkOBUX MeTacTasis;
KT-o3Hakw abcueciB cermenTiB VI, VI nevinku; renatomeranisi,
rnopTanbHa rinepTeHsis; acunT; ABOBIYHMIA rigpoTopakc. Y ce-
rmeHTax V1, VIl neviHku BU3HAYEHO AinsiHKY AeCTPYKLT napeHxiMm
HenpaBurbHOI dopmMu, poamipamm 126 x 105 x 72 MM, 3aN0BHEHY
PIVHHUM BMICTOM i ra3oM. Y nopTarbHy a3y KOHTPaCTyBaHHs
B cermeHTi VIII neyiHkn BUSIBMEHO MiHINHY AiNgHKY 3HWXEHOI
LwinbHoCTi Be3 YiTkUX KOHTYpIB (4insiHka rinonepdysii). PewuTa
napeHxiM1 NeviHku, NigneYiHKoBWi | NigaiadparMoBMi NPOCTOpK
— 6e3 NaTonoriYHmx 3miH.

KoHcuniym criewjianicTiB yxBanuB pilieHHs Npo HeobXigHICTb
BWKOHAHHS! XBOPOMY XipypriYHOrO BTPyYaHHs B TakoMy 0Bcsi3i:
[BOGIMHMIA TOPaKOLIEHTE3, NanapoLeHTes, MyHKLis Ta ApeHyBaH-
Hs abeuecis VI, VI neviHku.

B ymoBax onepauinHoi 26.04.2024 p. BUKOHAHO ABOGIYHUIA
TopakoLieHTes. BuganeHo o 450 Mn cepo3HOro BMICTY 3iBa Ta
po 550 mn cnpaga 3 gomilukamm idpuHy. MNneepanbHi NOpoX-
HWHW JpeHoBaHi 3a Bronay, nicns 4oro BUKOHaHO NanapoLeHTes.
3 YepeBHOI NOPOXHIHYM eBakyoBaHo 200 M CEPO3HOTO BMICTY
TaKoX i3 AoMiLLKamu hibpuHy; YepeBHa NOPOXHMHA CaHOBaHa
Ta ApeHoBaHa.

Hapani nig koHtponem Y3[ y aecatomy mixpebep'i no
nepeaHbO-aKCUMSIPHIN NiHii XBOPOMY BUKOHAHO MYHKLit0 Ta Ape-
HyBaHHs1 abcLieciB NeviHkK, nokaniaoBaHux y cermeHTax VI ta
VII. Otpumano go 150 mn i go 100 M BiANOBIAHO ryCTOro rHO
3 BUPaXXEHUM THUMICHUM 3amaxoM, SKui nepenaHo s 6akte-
pionorivyHoro gocnimkeHHs. Abcuecy caHoBaHi Ta APEeHOBaHi.

Mig vac paHkosoro ornsgy 27.04.2024 p. o 08:10 yeprouii
nikap BUSIBUB HilHi BUGINEHHS 3 APEHaXy YEPEBHOI MOPOXHMHM,
nabopaTopHo — NiABULLEHHS! piBHsI NevikoLwmTie A0 13,25 x 10%/n.

0 08:30 nig 4ac kniHiYHOro 06CTEXEHHS KOHCUITYM CrieLiaric-
TiB BUSIBUB Y XBOPOTO THiliHi BUAINEHHS MO APEeHaxy 3 YepeBHOT
MOPOXHWHW, 30yTTS XXMBOTA Ta CNabKOMO3NTHBHI NEPUTOHEANbHI
CUMNTOMM Y AOr0 NpasuX Bigdinax. YXsanunu pilleHHs npo
BVKOHaHHS onepaLlii anapoToMmii 3a YpreHTHAMM MokasaHHAMM
3 OCTaTOMHWUM BU3HAYEHHAM 00CAry XipypriYHOro BTpy4aHHs
iHTpaonepavinHo.

[icns BUKOHaHHS CepeanHHOI nanapoToMii nig Yac pesisii
YepeBHOI MOPOXHHN Y BCiX ii Bigainax susieneHo 800 mn cepos-
HO-aCLMTUYHO-THIAHOMO BMICTY; NETMi TOHKOI Ta TOBCTOI KULLOK
Brvckydi, 6e3 HawapysaHb ibpuHy. LLinyHok, ABaHapusTMNana
KuLka — 6e3 natonorii. Metni ToHkoT Kuwku Ha 15-20 cm auc-
TanbHile Bif paHiwe copMoBaHOro GpayHIBCHKOrO CriBycTs
PO3LLUMpPEHi 10 5 cM Y AiameTpi No BCiil 4oBXWHI, 06040Ba KULLKA

— [0 8-9 cM y piameTpi 4O CenesiHKOBOrO 3riHy, ie BUSIBNIEHO
BUPaXXEHUIA CNakoBWIA NPOLEC MiX NETNSIMW TOHKOI Ta 06oa0-
BOI KULLOK 3 YTBOPEHHSIM HEMOBHOTO NEPEKPYTY OJHIET 3 NeTenb
TOHKOI KULLIKM, LLIO JTOKanidyBanach y aecekTi bpiki nonepeyHoi
00010BOI KULLKY. [ETNS KULLIKW XKUTTE3AaTHA. BUKOHAHO BicLepo-
ni3, BUBIMBHEHO HaMiBNepPeKpy4YeHy NETIHO TOHKOI KMLLKN.

Mig yac oOCTEXEHHS NediHKK BUSABIIEHO MiANeYiHKOBUI i
nipaiadpparmoBuii abeLiecu 3 HalapyBaHHSaMM idpuHy. insHka
NYHKLUi THiAHWKa NpaBoi YacTku neviHkv — 6e3 ocobnmeocTeit. Y
cermeHTax VI a VIl neviHkn BU3HAYeHO LWinbHi METACTaTUYHi oce-
penku. Kykca XxBocTa nigLuLnyHKoBoi 3anoau — 6e3 ocobnmeocTei.
CdhopmoBaHuii paHille NaHKpeaToeHTePOaHaCTOMO3 — 6e3 0co-
OnveocTeii. 3gificHUNM peTenbHy caHauto AinsHkv niggiadpar-
MOBOTO Ta MigneviHkOBOro abCLeciB aHTUCENTUYHUMM PO34MHAMM
[0 YMCTOro BMICTY. YiumTO AedbekT Gpuski nonepeyHoi 06040B0I
KULLKY. BUKOHAHO HA30iHTECTVHAMBHY iHTY6aLlito KMLIeYHKa [0
CcenesiHKoBOro 3ruHy 060A0BOI KULLKW 3 aKTUBHOIO acmipaLieto
KULLKOBOrO BMICTY Ta ragiB, Hagani — peTenbHy 3akIoyHy caHaito
YepeBHOI MOPOXHIHY PO34MHaMM aHTMCenTUKiB. i yac onepai
3MiCHIOBaN peTeNbHNIA remocTas. BukoHaHo aopatkose ape-
HYBaHHS YEPEBHOI NOPOXHWUHW YOTUPMA MONIXIIOPBIHINOBUMY
JpEeHaxkamy, 3aBeleHUMM Yepe3 KOHTpanepTypu Mo npaBoMy
(Hap- i nigneviHkoBO) Ta NiBOMY cpriaHkax (y AiNsHKY cenesiHKoBo-
ro 3rviHy Ta no niBomy cpnaHKy 4o Manoro Tasa). PaHy nowaposo
YLIKTO, NOKNaJEHO acenTUYHY NMOB'A3KY.

OTxe, XipypriyHe BTPYYaHHs 30iNCHWMN B Takomy 00Cs3i:
NanapoToMisi; peBisisi OpraHiB YepEeBHOI NOPOXHMHMK, ii caHaLis;
€HTEepOBICLIepONi3; NikBiAaLis HEMOBHOMO NEPEKPYTY NETIi TOHKOT
KWLLKW; yLUIMBAHHS AedekTy Opuski nonepeqHoi 06010BOT KULLKN;
caHaLlis nigaiadparMoBoro Ta nigneyiHkoBoro abeLEeciB YePEBHOI
MOPOXHUHU i3 3aBEAEHHAM A0AATKOBO 4 ApeHaxiB.

Pesynbratt nabopaTopHOro o6CTEXEHHS XBOPOro Bif
27.04.2024 p.: neitkountn — 13,5 x 10%/n, remorno6ix — 98,0 r/n,
TpomBoumTtn — 541 x 10%n, 3aranbHui Ginok — 54,0 r/n, Ginipy6iH
npsamuin — 5,20 MkMonb/n, nyxHa ocdatasa — 135,1 Og/n,
C-peakTuBHuit 6inok (kinbkicHuit) — 191,14 mr/n, npokansumTo-
HiH — 11,59 Hr/mn.

XBOPOMY NpMU3HAYEHO iHTEHCUBHY aHTWOaKTepianbHy,
[ETOKCUKaLLIiHY, KoperyBanbHy Ta CUMNTOMaTUYHy Tepanito,
peTenbHy CaHallilo THIMHMX ocepeakiB 3—4 pasu Ha foby. Y
HaCTyNHi AHi AnHamika kniHivHoro nepediry nicnsionepayinHoro
nepiogy NO3WTUBHA, NOKPALLMIMNCS pe3yrnbTaTi nabopaTopHoro,
IHCTPYMeHTarnbHOro 06CTexeHb. Takox NO3UTUBHO Oyna AnHa-
Mika 3aranbHOro CTaHy navieHta. Yepes gpeHax, BCTaHOBIEHMUI
y nignediHkoBomy npocTopi, Buginunocs maimke 10 mn cepos-
HO-THIMHWX BUAiNEHD, 3 NMigaiadparMoBoro NpocTopy — 6nmsbko
20 mn. Mo gpeHaxax i3 HaBKONOCENE3iHKOBOrO NPOCTOpy Ta
Marnoro Tasa — HesHa4Hi Cepo3Hi BuAineHHs. 1o npasomy nnee-
panbHOMY ApeHaxy Buginunocs 5075 Mn, no niBoMy — Marxe
70 mn cepo3Hux BugineHb. Okpemi nabopaTopHi MOKa3HUKM
Manw No3uTMBHY AMHaMIKY: piBEHb NPOKANbLMTOHIHY 3HW3MBCS
[0 7,42 Hr/mn, nerkoumtos — a0 10,6 x 10%n. 3anuwanmcs H1sb-
KuMu piBHi remornobiny — 97,0 r/n, 3aranbHoro Ginka — 51,2 r/n.

3a pesynbratamu Y3[] opraHiB YepeBHOI NOPOXHUHM Bif
13.05.2024 p., nopoxHWHW nigaiacdparMoBoOro Ta nigneyviHko-
BOro abLeciB He BidyanisoBaHO. BUSBNEHO acumUTUYHY pignHY
B YEpEBHI MOPOXHUHI B YCiX Bigainax. Y npasiit nnespanbHin
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MOPOXHUHI BINbHOI PiauH Mif Yac ornsigy He BUSIBIEHO, Y MiBiK
— maike 200 mn.

XBOpwit 3aBepLLUMB cTauioHapHe nikyBaHHs 14.05.2024 p.
(18 poba nicnst onepalii) y 3a80BiNbHOMY CTaHi, 3 HOPManbHOK
TEMMEepaTypoto Tina; BUNMCAHWIA 415 HACTYMHOTO amBynaTopHOro
NiKyBaHHs Ta COCTEPEXEHHS B Nikaps-OHKOMora nonikniHik1 3a
MiICLIEM NPOXMBAHHSI.

[LiarHo3 nig yac Bunmckm 3 kniHiku (14.05.2024 p.): cTaH nicns
KOMGIHOBaHOrO XipypriYHOro (MaHKpeaToayoaeHarbHa pe3eKLis)
nikyBaHHs Ta noniximieTepanii 3 NpUBoaYy KapuMHOMM MigLLIyH-
koBoi 3ano3u (ED 02/22) — pT3bN2(11/36) cM1 (HEP) LI VI Pn1
R1, embonisaLii MeTacTasis neviHku; abeLecy cermenTis VI, VI
neviHkW; OBOGIYHWA rigpoTOpakc; cencuc; nigaiadparmoBui i
MigneviHkoBMIn abcLecy i3 CaMOCTINHUM PO3KPUTTSAM Y YEPEBHY
MOPOXHWHY; NOLUMPEHUIA THIRHUIA NEPUTOHIT; XPOHIYHA TOHKO-
TOBCTOKMLLUKOBA CraikoBa HENpOXiAHICTb Yy cTagii cybkoMneH-
caLii 3 HEeMoBHWUM NEPEKPYTOM TOHKOI KULLKM Y AedbekTi Bpui
nonepeyYHoi 06040BOT KULLIKK.

06roBopeHHA

OpHum i3 gocuTb eheKTUBHMX METOAIB NiKyBaHHS MeTa-
cTacTasiB paky MigLnyHKoOBOI 3a103u B neviHui € TAXE, wo
[06pe NoeaHyeTbCA 3 iHLLIMMI METOAAMM TOKarNbHOT AeCTPyKLii
3M0SIKICHOT MyXJTUHY — CTEPEOTAKCUYHOK MPOMEHEBO) TEpanien
Ta papioyacToTHot abnsuieto. Lie gae nincraem BusHavatu Lien
METOA K BaXXNWBY CKNaZ0BY KOMMIEKCHOTO NiKyBaHHS XBOPUX
i3 METacTaTM4YHUM PaKkoM Pi3HUX foKanidaLlin.

MeToauka BukoHaHHs npouenypu TAXE uiTko BU3HaYeHa.
MMpote, 6epyyn [0 yBaru iHBa3WBHICTb BTPYYaHHS Y MOEAHAHHI
3 TSDKKMM COMaTWYHUM CTAHOM MepeBaXHOi BiNbLLIOCTi Takux
XBOPWX, @ TaKOX CKMaaHi MOPYLUEHHS iMyHHOTO CTaTyCy Ta iHLLi
YMHHMKM, 3arp03a BUHWKHEHHS BKPAM TSHKKMX NOKaNbHUX YCKMaa-
HEHb NiCNs Hei € peanbHoLo.

Ocobnueoi 3HavyLocTi Habyeae npobnema 3anobiraHHs
BYHUKHEHHIO 3ananbHMX i THINHO-CENTUYHUX YCKMaaHeHb, iX
CBOEYACHOI [iarHOCTUKM 11 afileKBaTHOro nikyBaHHs. Hacnigkom
iMOBIPHOTO iH(PiKyBaHHS METACTATUYHUX NYXITWH Nid Yac npoueay-
pu TAXE Moxe cTaTi po3BUTOK abCLIECIB MEYiHKM, MigneviHKoBOro
Ta nigaiacpparMoBOro NPOCTopiB, LLO 3a3BKYal YCKIagHeHi ABo-
Bi4HUM peakTMBHUM NneBpuToM. CyTTEBO MOMIPLLYE XipypriYHy
CUTYaLil0 XpOHiYHa CraikoBa xBopoba (BHACTIZOK BUKOHAHHS!
NEPBMHHOTO PaAMKanbHOTO XipypriYHOrO BTPYYaHHS).

BucHoBKHU

1. TAXE — goBoni yChiluHWI iHTEPBEHLiNHUI MeTOZ, MiKyBaH-
HS MeTacTaTU4HKX NYXAUH Pi3HOI nokanisavii. BukoHaHHs Ljel
npouenypu noTpebye YiTKOro LOTPUMAHHS NpaBu acenTuku i
AHTUCENTUKY, PETENBHOTO KIHIYHOMO CMOCTEPEKEHHS 3@ XBOPUM
i3 BUKOHAHHSIM KOHTPOMbHMX NabopaTopHuX Ta iHCTPYMEHTasb-
Hux (Y3, KT ToLLo) gocnimkeHb Ans CBOEYACHOI AiarHOCTUKM,
NOKanbHOI CaHaLjii 3ananbHuX i THIHUX 0cepeaKiB, KOMMIEKCHOI
iHTEHCMBHOI aHTUDaKTepianbHOI, Ae3iHTOKCUKaLIIHOT Tepanii,
KOperyBaHHs NopyLUEHb iMyHHOrO CTaTyCy TOLLO.

2. 'Y CBOEYaCHiW AiarHOCTUL FHINHO-CENTUYHUX YCKIaaHEHb
y 30Hi BukoHaHHa TAXE (neviHka, nianediHkoBui i nigaiacppar-

MOBWIA MPOCTOPU TOLLO) ManoiHPOPMaTUBHUMU MOXYTb ByTH
HaBIiTb IHCTPYMeHTanbHi JocnimxerHs, ak-ot Y3, MPT. Le
3YMOBJIOE HEOOXIAHICTb PETENBHOTO KIMHIYHOMO CMOCTEPEXEHHS
3a NavieHTOM Ta KOMNMEKCHOTO OLiHIOBAHHS CTaHY MOr0 300POB'S.
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