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PE3IOME

Iens nccnegoBanMA: paspaboTKa arOpUTMa 0OC/IeOBAHMSA IOHBIX CIIOPTCMEHOB C yinuHeHreM uHTepBana QT Ha cranpaprHoit OKT.

Marepuanel u Meropnl. Ha ocHOBe aHanmmsa nmreparypbl ¥ COOCTBEHHOTO OIIBITA PaspabOTaH anropuT™M OOCIEJOBAHMA CIOPTCMEHOB
¢ yamuHeHrem uHTepBana QT na OKI.

PesynbraTbl. IIpennoxkeH anroput™ o6CIeoBaHNUSA, BKIIOYAIONIMI IOC/IEOBaTeIbHOE 00CIeloBaHMe ¥ JIONYCK K CIOPTY CIHOPTCMEHOB
¢ ynmuenneM naTepsana QT (QTc na OKI 6onee 460 mc) ¢ nenbio uddepeHimanbHOi [MarHOCTUKY TPUYMH IS €10 YIUIMHEHNA.

3axmrouenne. [IpeyIoXKeHHBIIT aIrOPUTM OOC/IEOBAHMA CIIOPTCMeHOB ¢ yaauHenneM yHTepBana QT Ha OKI' MOXeT IPUMEHATHCS C IebIo
nuddepeHIanbHOl AMATHOCTUKM CHHAPOMA YUIMHEHHOTo MHTepBana QT ¥ BTOPMYHOTIO yIIMHEHMs, BRI3BAHHOTO NepeTPEeHNPOBaHHOCTDI0. Ero
JICIIO/Ib30BaHMe TTO3BO/IUT ONTHMU3MPOBATL CTOMMOCTD 00C/IefOBaHNA U M36eKaTh HEOOOCHOBAHHBIX IOPOTOCTOALINX 00C/IeOBAHMIT Y CIOPTCMEHOB
C BTOPMYHBIM WM CTPECC-MHAYIMPOBAHHBIM yAnuHeHneM nHTepBana QT.

Kniouesvie cnosa: cioprcMeHsl, yinnHeHne narepsana QT, anroputm o6cnenopanms

KoH(IUKT MHTepeCcoB: aBTOPbI 3asIB/ISIIOT 06 OTCYTCTBUM KOHQIVKTA IHTEPECOB.

ODuHaHCHPOBaHME: JCCIEIOBaHME IPOBEJEHO B paMKaX BbINOTHEHUsA TOCYJAapCTBEHHOTo 3afaHmA: per. No 125050605765-8 «Paspurue
[IePCOHAIM3MPOBAHHOTO MOAXO0/iA B BefIeHNI HECOBEPIIEHHOMIETHIX CIIOPTCMEHOB CIIOPTUBHBIX cOOpHBIX KoMaHf Poccuiickoit Pepepannm», umdp
«letn B ciopte —25/27».
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The algorithm of examination athletes with prolongation QT interval in ECG

Vera N. Komoliatova>*, Leonid M. Makarov'?, Akopyan">, Dmitrii A. Besportochnii’

"Federal Scientific and Clinical Center for Children and Adolescents, Moscow, Russia

2 Russian Medical Academy of Continuing Professional Education, Moscow, Russia

3 Institution of State Research Center of Russian Federation - FMBC after A.l. Burnazyan of FMBA of Russia,
Moscow, Russia

ABSTRACT

The aim of the study: to developed the algorithm for the examination of the young athletes with prolongation of the QT interval on a standard ECG.
Materials and methods: based on the analysis of literature and our own experience, an algorithm for examining athletes with a prolongation of the

QT interval on an ECG has been developed.

Results. the algorithm of examination includes sequential examination and sport admission of the athletes with prolongation of QT interval (QTc on
an ECG more than 460 ms) in order to differentiate diagnosis of its prolongation.

Conclusion. The proposed algorithm for examining athletes with QT prolongation on an ECG can be used for the differential diagnosis of long QT
syndrome and secondary prolongation caused by overtraining. Its use will optimize the cost of the examination and avoid unjustified expensive exami-
nations in athletes with secondary or stress-induced prolongation of the QT interval.

Keywords: athletes, long QT interval, algorithm of examination
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1. BBenenne

Mutepan QT sBnsieTcst OZHNM 13 HanMbOsIee BaKHBIX
IapaMeTpoB OLleHKM aneKTpokapayuorpaMmsl (OKI') roHbIX
CIIOPTCMEHOB, TaK KaK ero IaTOJOrM4ecKoe YIIMHEeHNe
MO>KET PacCMaTpPUBATBHCS KakK MapKep pUCKa OIAaCHBIX JKe-
JIyZOYKOBBIX APUTMUIL, 4TO TpebyeT 00s53aTeIBHOIO [0-
06cenoBaHMst Il YTOYHEHMs NPUYMH M3MeHeHwms [1].
Yomuuenne mutepBana QT BcTpewaeTca cpegm poccuii-
CKMX CIIOPTCMEHOB JOCTaTO4YHO 4acTo. o 45 % BpeMmeH-
HBbIX MM IIOCTOAHHBIX OTBOIOOB OT 3aHATUN CHOPTOM
[0 CEpAEYHO-COCYAUCTHIM 3a060/IeBAHUAM ITIPUXOIATCS
Ha yanuHeHue uHTepBana QT, uro cocrasnser 4% cpenn
BC€X CIIOPTCMEHOB, IIPOXOAAIINX yr}Iy6JIeHHoe MeIUIVH-
ckoe ob6¢cmenoBanme [2]. YacToTa BBISIBIEHNS IEPBUYHOTO,
T€HETNYECCKI HOHTBCP)KJICHHOI‘O CI/IHHPOMa y,HHI/IHeHHO-
ro nurepBana QT (CYMQT) ocraercss HEBBICOKOI 1 CO-
craBnAer oxono 0,4% cpegu BBICOKOTPEHMPOBAHHBIX
POCCMIICKMX IOHBIX CIIOPTCMeHOB [2]. B wmccmemoBanum
Basavarajaiah u coaBT. ¢ y4acTyeM 9/1IUTHBIX CIIOPTCMEHOB
PacIpocTpaHeHHOCTb yainHeHusA uHTepBana QT Taxke
cocraBuna 0,4 % [3]

3Ha‘~H/ITeIIbHO qaie HpI/I‘II/IHaMI/I OIA yIUII/[HeHI/IH VH-
TepBaa QT 1 OTBOAOB OT 3aHATUII CIIOPTOM CTAHOBATCA
BTOpI/I‘IHI)Ie (baKTopr, BBIABJIEHUE U yCTpaHeﬁme KOTO-
pI)IX IIO3BOJIAET €TI0 HOpMaIII/ISOBaTI) I CHU3NUTDH pI/ICK pas-
BUTHUsS OINIACHBIX aputMmmit [4]. B To >ke BpeMs BaKHOCTb

KOPPEKTHOJI IMarHOCTUKY J CBOBPEMEHHOCTD BBIAB/ICHIA
[IePBUYHOTO, T€HETUIECKN 06YCTIOB/IEHHOTO, CHHAPOMA Y-
muHeHHOoro MHTepBana QT TpynHO mepeoleHnTh. BoBpemsa
He BbLABNeHHBIT CYVIQT MoxeT mpuBecTy K TParm4ecKum
[OCTIEACTBIAM, a OLIMOOYHO IOCTABIEHHBIN JUArHO3 —
HeO0OOCHOBAHHO OTPAHNYNUTH 3aHATHUs CHOPTOM. IloaToMy
HeOOXOMMO MCIIONb30BaTh YETKUII aITOPUTM OOCIefoBa-
HIsI, 9TO MO3BOJINT HpoBecTH AuddepeHianbHO-AnarHo-
CTUYeCKMII IIOMCK MeXy BTOPMYHBIM YIIMHEHNUEM MHTep-
Bama QT, xoTopoe MOXeT ObITh 06YCTIOBTIEHO B TOM UNCIIE
Y MHTEHCUBHBIMY (PV3UYECKUM HaTrPy3KaMIL.

ITens mccregoBaHus: paspaboTKa anropuT™Ma 06Cmeno-
BaHNA IOHBIX CIIOPTCMEHOB C yIMHeHMeM MHTepBama QT
Ha CTaHJAPTHOI 9/IeKTPOKapAMOrpaMMe.

2. MaTepuanbl 1 METOJbI

B nccnenoBanum 6pUIM CyMMUPOBAHBI JAHHBIE TUTEPA-
TYPBIL U Pe3y/IbTAaThl COOCTBEHHOTO [/INTENIBHOTO OIIbITa (60-
nee 15 jieT) 06CIeH0BaHsI IOHBIX CIOPTCMEHOB YPOBHSI BBIC-
IIETO CIOPTMBHOIO MAacTepCTBa, MPOXONAIUX PErylIsapHO
yrnybneHHOe MegMIMHCKoe obcnenoBanne Ha 6ase GHKI]
meteit u mogpoctkoB ®MBA Poccun n BefeHUS GOMBHBIX
¢ cunppomoM yanHeHHoro nHTepBana QT. ITo cocTosHuIO
Ha MapT 2026 roga B lleHTpe CHMHKOIAJIbHBIX COCTOSHMIL
U CepIeYHbIX apPUTMMIL y JieTell ¥ IOpOCTKOB HabMogaeTcs
60stee 250 gerelt ¢ 3TUM 3a00/IEBaHIEM.
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ITouck mMTEpPaTypBl MPOBOAMICS C DIYOMHON IOMCKA
10 et B 6a3ax ME>XIYHAPOFHOTO 1 POCCUIICKOTO LIUTHPOBA-
Hust (PubMed, Scopus, Web of Science, PVIHII, Cyberleninka)
C MICIIO/Ib30BaHNMEM COYETAHNII CTIOB «y[/IMHEH)Ee NHTepBajIa
QT y [OHBIX 3NUTHBIX CIOPTCMEHOB» M «CHHIPOM YIMHEH-
Horo unrepBana QT u cnopr». B pesynbrare moucka 6b10
o6Hapy>xeHO 134 cTaTby, U3 KOTOPBHIX OBUIM MCK/IIOUEHBI
MaTepuaJbl, IOCBAIIEeHHbIe MOMCKY ONTUMA/IbHBIX (GOpMYIT
mia xoppekuuu nHTepBanma QT mo UCC (QTc), anammsy
TeueHMs CMHZIpoMa yiyimHeHHoro mHTepBana QT y mereit,
B TOM 4YMC/Ie 3aHMMAIOLIMXCA CIOPTOM, OLieHKe BIVIAHMA
PasIMYHbIX MeJMKAMEHTO3HBIX IIpelapaToB Ha BENMYMHY
nurepsana QT y gereit. Takum 06pasom, mocje A€TaTbHOTO
aHammsa 6pU10 0TOOpaHO 29 cTaTelt, KOTOpble B OCHOBHOM
SIB/SUINCh 0030paMul 110 IpobieMe Y/IMHEHNUs] MHTEpBaia
QT y cnoprcMeHOB.

3. PesynbTarsl

Pa3paboTaHHBII anropuT™M OOC/IENOBAHMsI CIOPTCMe-
HOB C yA/IMHeHHbIM nHTepBaioM QT BKIowaeT B cebs Tiga-
TENbHO COOpaHHBIN aHaMHe3 C OOS3aTeIbHBIM aKI[EHTOM
Ha BBIABJICHNMM C/Iy4aeB BHE3aIlHOI CMEPTU B ceMbe Cpefu
MOJIOABIX POACTBEHHUKOB B Bo3pacTe fo 50 jeT 1 Hanm4mn-
eM Y HIX CMHKOIIQJIbHBIX cocToAHuI (puc. 1). Heobxommnmo
TAaK>Ke BBIACHATD (PAKT CHHKOIA/IbHBIX COCTOSIHMIL Y CaMo-
rO CIIOPTCMEHA, IMOAPOOHO MPOSICHATH OOCTOSTENbCTBA,
IIpM KOTOPBIX OH TepsieT co3HaHue. Ocob6Oro BHUMAHMS
TO/DKHBL 3aC/Ty)KUBATh SIM30fbl IIOTEPU CO3HAHNA, BO3-
HUKapoIe Ha GoHe pu3Mdecknx HATPy30K, IIPM KOHTAK-
Te C BOJOIT, Ha (POHE Pe3KUX 3BYKOB, TAK KaK MMEHHO 9T
nposoupyomye GpakTopbl MOIYT YKa3bIBaTh Ha Ha/IM4ue
CYUQT [5].

C yderoMm TOTO, UTO yANMHeHMe MHTepBana QT moxer
OBITH OOYC/IOB/IEHO MHTEHCUBHBIMMU (PUSMYECKVIMU HATPY3-
KaMy, He0OXOIMMO YTOYHNUTD y CIIOPTCMEeHA B Kakoii (ase
TPEHMPOBOYHOIO IMK/Ia OH HAXOAUTCS (IIPOBOAATCS JIU
yCUIeHHbIe TPEHUPOBKU IIepell OTBETCTBEHHBIMM COpEB-
HOBaHJAMI WIN COPEBHOBAHUA yXKe 3aKOHUYMINCD, KaKOil
00beM TPEHMPOBOK B HACTOSILINIT MOMEHT, KaK JJABHO ObIIN
CriopTuBHBIE COOPBI U TaK [jajiee), KaK JABHO Yy CIIOPTCMe-
Ha OBUT OT[BIX OT TPEHMPOBOK (B TedeHNUe He MeHee OIHOII
negerm). Cobupas aHamHes, TpeOyeTCA YyTOYHUTD, HPMHU-
MaeT I CHOPTCMEH KaKyo-1100 IeKapCTBEHHYIO TePAIINIo,
TaK KaK HEKOTOpble IIpenaparhl, KOTOpPble MCIIOIb3YIOTCA
B JIeYeHNN IPYTIUX 3a00/IeBAHIL, MOTYT yA/IUHSATD MHTEPBAII
QT Ha IKT. ITogpoO6HBIIT CIUCOK ITHX IPENapaToB MOXKHO
HaiiTu Ha caiite www.crediblemeds.org.

[Tocne ocMoTpa BCeM CHOPTCMEHAM IPOBOJUTCS CTaH-
mapTHas 12-xananpHasA OKI B momoKeHNN 7ie)ka Ha CIMHE
IOC/ie 5-MMHYTHOTO OTHBbIXa (K/IMHOIIOJIOKEHME) C OIleH-
KOl CTaHJAPTHBIX IIOKa3aTe/leil: 4acTOTa CEPHEYHbIX CO-
kpamennit (UYCC), mpopomkutensHocts uHTepBama QT
(B Mc) — nHTepBa OT Havasa 3ybua Q 0 okoHUaHMs 3y61a
T, mpu sTom 3y6er; U 13 aHa/mM3a MCKIIOYAETCS.

Bemmunna muTepBama QT ompegensdercs MeTOgoM Ha-
K/IOHA VI TaHTeHIIMaTbHBIM MeTo#oM Bo Il cTranmapTHOM

wim V5 OTBefieHMAX, Jlallee PacCUNTBIBAETCS KOPPUIMPO-
Bauubii nHTepBan QT (QTC) o obwenpusHaHHOI PopMy-
ne Baserra (QTc (mc) = QT (mc)/VR-R (cex)). B CIydae ysMe-
HEeHIA YaCTOTbI CePIEYHBIX COKPAIIEeHNII, YTO BCTpedaeTcs
IIPY BBIP@XKEHHOJ [IbIXaTe/IbHOI apUTMUM, PACCUNTHIBACTCS
cpepumit nHTepBan QTc Ha OCHOBe aHaNM3a TpeX MOCTIeNo-
BaTe/IbHbIX CEPAEYHBIX IMKIIOB [6]. I/ reTeit HopMaIbHbIM
sHaveHreM uHTepBana QTc Ha cranmaprHOI IKI cunraet-
cs sHaveHme oT 360 go 440 mc [7]. 11 B3pOC/IBIX MY>KIMH
VICIIONIb3YIOTCA 3HAY€HUs CBbIe 450 MC, y JKeHIUH — 60-
nee 460 Mc [4, 6]. CormacHO MeXXIYHaPOLHBIM KPUTEPUAM
1o oneHke uHTepBana QT y 91IMTHBIX CIOPTCMEHOB, IIPO-
TOILKUTENbHOCTD MHTepBana QTc y nui my»Kckoro moma —
He BbIle 470 Mc, y geBymek — 480 mMc Ha crangapTHOi KT
nokos [8]. YV meTell-cIOPTCMEHOB 3a yA/IMHEHME MHTepBaa
QT mpunsita mmdpa 460 mc [9].

B crnyuae BousiBinenns 6papukapayu Ha KT (UCC me-
Hee 60 yi/MUH) peKOMEH/[yeTCs UCIIONb30BaTh YMEepEeHHbIe
aspoOHble Harpysku Ajst moseiieHust YCC, Tak Kax Ipiu mc-
nonbp3oBaHuy Gopmynsl baseTra [jIA OLEHKN KOPPUTMPO-
BanHoro nurepsana QT Ha pone Huskort YCC MOXHO TIOTTY-
YNTD JIOXKHO OTPUIIATe/NIbHBIN pesynbrat [8]. C aToil Ienbio
MOYXET OBITh MCIIONIb30BAH KMCTEBOI acanep. [IpoBoantcs
npoba Io Clefylollell MeTOfUKe: He MEH:AA IIOJOXKeHNUA
Te/la CIIOPTCMEH JIOMMHAHTHOM pyKoil B TedyeHne 20-30 ce-
KYHJ, pPUTMUYHO C)KMMAET KICTEBOI 3CHaHfep C CONPOTUB-
nenneM 20 xr go ysenndenust YCC 6omee 60 ya/muH, mo-
CJIe 4ero BHOBb permcrpupyercs 12-xanampuas OKI [10].
Yeenmuuenue natepBana QTc 6omee 460 mc pu 9101 TIpOGE
cBupieTenbCTBYeT 00 ymmmHenun nHtepBana QT. Eme ogna
npo6a, KOTOpas HCIONb3yeTCsA [JONOMHUTEIbHO LA BbI-
sABneHns ymmHeHnsa — cHatue OKI B panHuit nepuop op-
TocTasza. CIIOpPTCMeHy IIpejaraeTcsi BCTaTh, Cpasy IOC/Ie
M3MEeHEHM TIOJIOKEH NS Te/la C TOPU3OHTAIbHOTO Ha BepTH-
KaJIbHOE, TI0C/IE CTaOmIm3anny u3onmaun, canmaercs JKI,
I7ie, KaK U B TOPM3OHTATbHOM IIOTIO’KE€HMM, OLIeHMBAETCA
YCC, unrepsan QT m QTc [11]. YBennyeHnue mHTEpBaIa
QTc 60mee 500 MC B paHHWIT TIEPMOJ OPTOCTA3A CBU/ETENb-
crByer 06 ymmuuenun untepsama QT. [Tocre moaTBepKze-
Hust yoymHenust natepsana QT Ha 9Tnx nmpobax criopTcMeH
BpeMEHHO OTBOJMTCS OT 3aHATHUI CIIOPTOM JIO Pe3y/IbTaToB
I000CIemOBaHNS.

B xauecTBe 06C/IEOBaHMII [IEPBOIL IMHUN VCIIONB3YeT-
cs axokapauorpadu (9xoKI), HarpysouHoe TecTMpoBaHue
c onteHKoi1 nHTepBana QT Ha YeTBepTON MUHYTE BOCCTAHOB-
JIeHNs, XOJITePOBCKOE MOHUTOPMPOBaHME C aBTOMAaTude-
ckuMm aHamm3oM uHrepBana QT. Ilposenenne OxoKT Heo6-
XO[IMMO [JI OLIEHKM PasMepOB Cepfilja, COKPAaTUTEeIbHON
CIIOCOOHOCTH, MAacChl MIOKApAa, TaK KaK CyIIeCTBYIOT JaH-
Hble, IEMOHCTPUPYIOLINe, YTO yijnHeHne MHTepBama QT
Ha IKI' MOXXeT COmyTCTBOBATh KAPAMOMMONATUAM M KJIa-
IIAHHBIM IIOpOKaM ceppua [12-15]. B crydyae mopo3penus
Ha HajIM4Me KaKuX-1mbo CTPYKTYPHbBIX 3a00I€BaHNUIT Cepa-
1la CIIOPTCMEH HaIlpaB/IAeTCA Ha IpOBeleHNe MarHUTHO-
Pe30HaHCHOI ToMorpaduu cepila ¢ KOHTPAaCTUPOBAaHUEM,
U 10 €TO Pe3y/IbTaTaM pelIaeTCsi BOIPOC O HeOOXOAMMOCTHI
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HarpysouHoe TecTMpoBaHue IPOBOAUTCA Ha BENO-
IproMeTpe B BEPTUKA/JIbHOM IIOJIOKEHUM IIO IIPOTOKOTY
PWC 170. HayanpHasa Harpyska cocrasnsger 1-1,5 B1/kr
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C IOCTIEYIOIMM CTYIIEHYAThIM yBeIMYeHeM Ha 25 BT Kax-
Jible Be MUHYThI IIPY 9aCTOTE BpaleHusI mefasest 60 06/muH
no poctiokenna YCC 170 yu/mun. ITocre npexpalieHns Ha-
I'PY3KM CTefiyeT KOPOTKUII Iepyof;, BOCCTAHOB/IEHNS B Te-
YeHUe TpeX MUHYT U fajiee ABe MMHYTbI IIOJTHOTO OT/bIXa:
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YCC n untepsansl QT, QTc onpenenAoTca Ha YeTBEPTON
MUHYTe B [Iep1OJi BOCCTAHOBJIEHN:A. YBeUeHNe NHTepBasIa
QTc 60ree 480 MC BXOAUT B KPUTEPUI IOCTAHOBKIL AMATHO-
3a CMHApOMa yimHeHHOro nHTepBana QT [16].

Bcem cnoprcmenam ¢ ypnmuHeHmeM uHTepBama QT
Ha cTtaHgapTHoll OKI IpoBOZMTCA XONTEPOBCKOE MOHM-
topupoBanne (XM) ¢ anamsom uHTepBana QT, Bpyunyro
UM MaHYaJIbHO OLIEHMBAETCA IPOJO/DKUTEIBHOCTD UH-
teppana QT Ha mmHmmanbHoit YCC, 3HaueHME KOTOPOTO
He JI0JDKHO TpeBbimath 530 Mc [17]. ABTOMaTm4eckuii aHa-
mm3 uaTepBana QT mpu XM oneHMBaeT CpegHION MIPOJOI-
KUTENbHOCTh MHTepBana QTc 3a cyTKM, MakCUMa/bHYIO
MIPOO/DKUTENTbHOCTDb MHTepBana QT, MpoIeHT yiInHeHns
nurepsana QT 6omee 450 Mc B Tedenme cyTok. Cpemmsis
npogomkuTenbHocTh uHTepBana QTc sa cyTkm y pereii-
CIIOPTCMEHOB He JOJDKHA NpeBbIaTh 460 MC, MaKCUMalb-
Has Ipopo/mKuTenbHoCcTh MHTepBana QT y crmopTrcmeHoB
MOXXeT OCTUTaTh 530 MC, a IPOLEHT Y/INHEHNA MHTePBaJIa
QTc 60mee 450 Mc He BbInIe 65% [18, 19]. B xauecTse m0-
[IO/THNTE/IBHOTO KPUTEPIsI MOKET OBITh MCIIONIb30BAH METOJ
«QT pyHAMMKU», OTpaXkarouuii aganTtanyio natepsana QT
K nsMmeHeHnssM YCC. OH ol[eHUBAEeTCs C MCIIOIb30BaHMEM
YPaBHEHMs JIMHENHOI 3aBUCUMOCTY MeX/y MHTepBanmaMu
QT u RR. Ina criopTCMEHOB XapaKTepHa I'MIIOafjalTalusA
nutepBana QT [20]. [Tomumo orjenkn nntepBana QT Heo6-
XO[IMMO MCK/IIOUUTh Halu4dme 3SIMM30fI0B OKEMyLOUYKOBON
TaXMKapAUM 1 SMU30f0B ajbTepHanuy 3ybna T — mocre-
TOBaTe/IbHOTO YepefOBAHNSA N3MEHEHNS aMIUINTY/bl U/
no/sipHOCTH 3y6ua T B COCEIHNX COKPAIIIeHNX.

[Tocne mpoBemeHMsT BCETO KOMIUIEKCA OOCIEOBaHMI
1IepBOJi IMHUY IPOBOANTCA aHAIN3 Pe3y/IbTaTOB. B ciydae
HOpMaJbHOI npofomkuTenbHocty nHTepsana QT mpu fo-
monmHUTENbHBIX TecTax (DKI-mpo6bl, BemosproMeTpusi, X0m-
TepOBCKOe MOHUTOpPUpOBaHUe) yaimHeHre nHTepBana QT
Ha cragpaptHoit OKI pacieHmBaeTcsa Kak TpaH3UTOPHOE
U CIIOPTCMEHY Pa3pellaeTcsl BePHYTbCA K 3aHATUAM CIIOp-
ToM. IIpu moATBepKAeHNM Ha 3TUX MCC/IeJOBAHNAX YIIHe-
a5t QT HeoOXOANMO UCK/TIOUNTD €T0 BTOPUYHbIE IIPUINHBL.
[TpoBoaMTCS aHANMN3 NIEKTPOIUTOB KPOBU (Kajnit, HaTpuii,
Maramit, Kanbunii, Gocdop, sxenes3o), CHIDKEHME KOTOPBIX
MOXKeT IPUBOAUTb K yAymHeHmio mHTepBana QT, Taxke
KaK I CHIDKEHME YPOBHS TOPMOHOB LIUTOBM/HON KeTle3bl.
ITpu BBIAB/ICHUN I3MEHEHUIT B 9TNX TECTaX 1 HEOOXO[UMO-
CTH CIHOPTCMEH MOXKeT OBITb HAaIIpaB/IeH K [PYTUM CIlelua-
micTaM (9HTOKPUHOTIOT, HeposIoT U fIp.) IS JaIbHEIIero
006C/IeIoBa s, KOPPEKIUI BBISB/ICHHBIX N3MEHEHIIT U pe-
IIeHNUsT BOIIPOCa O IOIycKe K criopty. Ha dakr neperpenn-
POBAHHOCTHU MOXKET YKa3bIBaTb 3HAYMTE/IbHOE NOBbIIIEHE
ypoBHst 0611eit kpeaTnH(pocOKMHa3bl B KpoBu. Takxe 3To
COCTOsIHME COIPOBOXAETCsl BbIPAKEHHBIMM CHYDKEHVAMMU
[oKasaresieil BapuaberTbHOCTI PUTMA Cepflia, OIpefesie-
MBIMM ITpY ITpoBefeHnn XM.

[Tpn OTCYTCTBMM HAaHHBIX O BTOPMYHOM XapaKTepe yi-
muHenys yHTepBama QT pekoMeHAyeTCs OTBECTH CIOp-
TCM€Ha OT 3aHATUII CIOPTOM C IIOCTAENYIOIIMM IIOBTOP-
HbIM oOcenoBanueM. CylecTByeT AaHHbIE, yOeqUTeNnbHO

TOKas3bIBaIOLVe, YTO IIOC/Ie YeThbIpeX MecsAleB OTHbIXa
y CIOPTCMEHOB 0e3 IEePBUYHOrO, I€HETNIeCKN OOYCIOB-
nennoro CYMQT, oTmevaeTcs cyllecTBEHHOE YKOPOYEHNe
artoro nHTepBana Ha OKI [21]. VIHorga i1t monmHoi HopMa-
mmsanyu SKT 6bIBaeT FOCTATOYHO OT/ABIXA IUTEIBHOCTDIO
1-2 mecsiia.

ITpu coxpanenun ymmHeHus natepsana QT mocne ot-
IbIXa IIPOBOAUTCA aHAINM3 IIPENbIAYIINX S/IeKTPOKapHMo-
rpaMM CIOpTCMeHa, aHamu3 yHTepBana QT nHa OKI 6mm-
JKAIIINX POACTBEHHNKOB U PV CTAOMIBHOM XapakTepe
ymmHeHuA unTepBana QT v Hamauy yiIMHeHNA MHTep-
Bana QT Ha ceMelHBIX 3/IeKTPOKAPANOrPaMMax CIIOPTCMEH
HaIlpaBjIsAeTCA Ha KOHCY/IbTALNIO K TeHeTUKY M IIPOBeieHIe
MOJIEKY/IIPHO-TEHETYECKOr0 00C/IeIOBAHNs [I/IsI BBISBIIE-
HIA MyTalMil B TeHaX, oTBevaromux 3a passutue CYVQT.
Jlo pesynbTaToB MOJIEKY/IAPHO-T€HETUYECKOro 00CIefoBa-
HIIS CIIOPTCMEH OTBOJMTCA OT 3aHATUI CIIOPTOM.

4. O6¢cyxpeHne

OpHOI U3 OCHOBHBIX IPUYMH /1A OTBOfA OT 3aHATUIA
CITIOPTOM C L[eTIbI0 JOOOCTIENOBAHNS SIB/ISETCS CEPAEYHO-CO-
CymmcTas nmaronorus. [2, 22]. B HacToAIMIT MOMEHT B MMpe
He CYIIeCTByeT a/JTOPUTMOB JVATHOCTUKU CIIOPTCMEHOB
¢ ywinaenusiM unrepsasom QT. B 2022 ropy 6pi1 omy6mm-
KOBaH 0030 110 00C/IefOBAHNIO CIIOPTCMEHOB C YAIMHEHEM
unTepBana QT, HO B HEM He IIpeNIO’KeH YETKMUI alTOPUTM
obceoBanus, a npy ymHenun nutepsana QT ero aBro-
PBI PEKOMEHTYIOT Cpa3y IpOBefieH)e MOIEKY/IIPHO-TeHeTH -
yeckoro o6cnenosanus [23]. Takoi mogxoy, He/b3s Ha3BaTh
OIIPaBJAHHBIM He TO/IBKO IIOTOMY, YTO MICCTIEIOBAHNE [JOCTa-
TOYHO [IOPOTO€, HO U IIOTOMY, YTO YacTO B IIPOBEJEHUN €I0
HeT HeoOXOMMOCTH, Tak Kak uHTepBan QT MoxeT 3HauM-
Te/IbHO YKOPa4MBaThCA IOC/Ie Iepuofia fleTpeHuHra [21].

B menoM y CIIOPTCMEHOB, B TOM YNC/Ie IOHBIX, MHTEP-
Ban QT gmHHee, YTO MOXeT OBITH 0OYC/IOB/IEHO GOIbIIIel
Maccoil MUOKapfa Yy MHT€HCUBHO 3aHMMAIOLINXCA CIIOPTOM
areroB [24]. [Tpepio>keHHbIE /11 CHOPTCMEHOB HOPMAaTWB-
Hble TapaMeTpbl IPOfO/DKUTeIbHOCTI nHTepBana QT (y iy
my>kckoro nona QTc He Bbimte 470 Mc, sxeHCKoro — 480 Mc
Ha cranfaprHoil OKI mokos) [8] MoryT mepekpbIBaTh Kpiu-
TepyUy AYMATHOCTUKM CMHAPOMA YNMHEHHOTo nHTepBana QT
[16], Tak yammuennre QTc 6omee 460 Mc gaet 1 6at B Kpure-
pUM TIOCTaHOBKM MArHO34, a oT 470 mo 480 mc — 2 Gana.
[TosToMy HeOOXOAMMO MCIIOb30BaHMe IIOTHOTO a/ITOPUTMA
06C/IefOBaHNMs, YTO HO3BOIUT He IPOIMYCTUTD CUHAPOM VA-
muHeHHOro mHTepBana QT, BoBpeMsA HasHAYUTH Tepalnmio
U peIINTD BOIIPOC C BO3MOXKHOCTBIO ITPOJO/DKEHIA 3aHATUN
ciopToM. VIcnonb3oBaHME MOMOTHUTENLHBIX ITApaMeTPOB
IKI, Takmx Kak yBenudeHne Npofo/DKUTeIbHOCTY MHTepBa-
nma QTc 6omee 500 MC B paHHMIT IEPMOZ OPTOCTa3a u 6oree
460 Mc B mpobe ¢ KICTeBbIM 3CIAHEPOM, Ha MOIIY/IALUN
60mpHBIX ¢ CYVIQT MOXHO CUMTATh BBICOKO IyBCTBUTE/Ib-
HBIMIU ¥ CIIeUMPUIHBIMA Il 3TOI TPYIIbl 601bHBIX [10,
11]. VIx ucnonp3oBaHye MO3BOMUT JIy4Yllle BBIAB/IATD CIIOP-
TCMEHOB ¢ yinHeHueM nHrtepBana QT u mpoBoguts fud-
bepeHInaTbHO- AMATHOCTUYECKUIT TIOUCK IIPUUNH JTISI 9TOTO

K)
A
b
(0)
A
E
B
A
H
"
A

woIrXTmEZOH®"OHO




©» =5 " O " «»n

D
I
S
E
A
S
E
S

YIVIMHEHNS: TO3TOMY UX BK/IIOUEHNME B /ITOPUTM 00CIeno-
BaHVSI MO)KHO CIMTATB 1[€7IeCO0OPA3HBIM.

5. 3akmoueHne
I[TpenoskeHHBIIT ANTOPUTM 0OCIETOBAHNMS CIOPTCMEHOB
¢ yanuuenneM nHTepBana QT Ha OKI MoXKeT MpUMeHATbCA

Bknap aBTOpOB:

KomonsiroBa Bepa HukonaeBna — paspaboTka KOHI[EIIINN, Ha-
IIICaHNe TeKCTa CTaTbhM, PeJaKTHpOBaHIe, yTBepXKaeHIe BIHATbHOI
BEPCUM CTaTbM.

Maxapos JIeonna MuxaitmoBmd — pa3paboTka KOHIIEIINU pe-
JAKTHPOBaHMe, yTBEPKieH e QUHATBLHOI BEPCHIL.

AxonsaH Anym IpuropbeBHa — 00630p IUTepaTyphl, HalMCAHME
TEKCTa CTaThM, pEflaKTUPOBaHME.

becnioprounsnit [IMutpuit AmekceeBMY — HamMCaHNe TeKCTa
cTaThy, 0POpPM/IEHIE PUCYHKOB.
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puuHoro yanmHeHusa uHTepBana QT, BpI3BaHHOrO Iepe-
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OueHKa To4YHOCTH n3MepeHuns naKkrata B KpoBu CnNopTcMeHOB
C Ucnosnb3oBaHeM TpeX NOPTAaTUBHLIX aHAJIN3aTOPOB

Huxyney M.A.", Iyoxo I.A."", Apxunxun A.A.?, Kprouxoe A.C.", Abanan A.I"

"®rbY «®edepasnbHbil Hay4YHbIU yeHmp gusudeckol Ky/ibmypbl u cnopma», Mocksa, Poccus
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PE3IOME

ITenp MccnemoBaHMA: OLEHUTb TOYHOCTb M3MEPEHMs KOHIIEHTPALMY JIAKTaTa B KPOBM TPeMs IIOPTATMBHBIMY aHA/IM3ATOPAMMU 110 CPABHEHUIO
€O CTaIMOHAPHBIM 3TaTIOHHBIM IPUOOPOM.

Marepuainsl 1 MeToabl. OOpasiibl KAIMUIPHOI KPOBY OTOMPATINCH Y BHICOKOKBAMM(UIMPOBAHHBIX CIIOPTCMEHOB BO BPeMs IPOBEEHN 9TaIl-
HOTO KOMIIJIEKCHOTO 00C/IeJOBaHNs B TaOOPAaTOPHBIX yClIoBIsAX. KOHI[eHTpalys lakTata B KPOBJ B COCTOSIHUIL IIOKOS 1 IOC/IE IIPOBEIEHNS TecTa
€O CTYIIEHYaTO-BO3PaCcTAOlell HarPy3Koil Ha IbDKHOM 3PTOMeTpe, BeI03proMeTpe NI 6eroBoii JOPOyKKe OIpefie/Anach TpeMsa HOPTaTVBHbIMY aHa-
mmsaropamn nakrara (Lactate Plus, YST n Eaglenos) n ¢ ncrions3oBanmem nomyaBromaTndeckoro poTomerpudeckoro anammsaropa (BTS-350).

Pesynbrarsl. [Ipenenbl cOIIacOBAHHOCTY Pe3y/IbTaTOB M3MepeHNs aKkTaTa aHaansaTopamu Lactate Plus, YST u Eaglenos u sTajoHHBIM IpH-
60pOM ITpeBbILIaNN JOMYCTUMBbIil IHTEPBaJl, yCTAHOB/ICHHDIII Ha ypOBHE * 2,1 MMO/Ib//I. Bce mopTaTiBHBIE TAKTOMETPbI CUCTEMATUYECKY 3aHVDKAIN
KOHLIEHTpalyM 1akTaTa Ha 2,0-4,0 MMO/Ib//T OTHOCUTE/IbHO 3TA/IOHHOTO AHA/IM3ATOPA, YTO KPUTUYECKM MCKAXKAeT OL[eHKY MHTEHCMBHOCTY HaTPy3KN.
CraHgapTHbIe OMIMOKY OLIEHKN M3MepeHIsl KOHIIEHTpalLNii IaKTaTa BO BCeM [yama3oHe aHanusaropamu Lactaten Plus, YST u Eaglenos cocraBunn
0.95, 0.63 1 0.91 MMOJIB/ZT COOTBETCTBEHHO ¥ YBEIMYMBA/IUCH C POCTOM KOHILIEHTPAIMM JIAKTATa B KPOBIL.

3aknovyeHne. PaCCManI/IBaeMI)Ie B JICCNIENOBAHMM IIOPTATUBHBIE TAKTOMETPBI HE MOTYT 6I)ITb PEKOMEHTOBAHDI /11 TOYHOTO MSMEPEHNA TaKTaTa
B KpOBI CIIOPTCMEHOB B I10/I€EBBIX 1 na60paTopH1>1x YCIIOBUAX.

Kniouesvie cnosa: naxrar, COpTCMEHBI, CUCTEMBI SKCIPECC-AMaTHOCTUKY, HATPY30YHBIil TECT, METObI TAOOPaTOPHbIX M3MepeHMIt

KoH)MMKT MHTEpecoB: aBTOPHI 3aAB/IAIT 00 OTCYTCTBUU KOHPIMKTA NMHTEPECOB.

st uurupoBanus: JukyHers MLA., Tyaxo I'A., Apxunxus A.A., Kproukos A.C., A6asia A.I. OrjeHKa TOYHOCTI M3MEpEHIsI TaKTaTa B KPOBM
CIIOPTCMEHOB C MCIIONb30BAHMEM TPeX MOPTATMBHBIX aHanu3aTopoB. Cnopmuenas meouyuna: Hayka u npakmuxa. 2026;16(1):12-23. https://doi.
0rg/10.47529/2223-2524.2026.1.7
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Assessment of blood lactate measurement accuracy in athletes using three
portable analyzers

Marina A. Dikunets', Grigory A. Dudko"’, Alexander A. Arkhipkin®, Andrey S. Kryuchkov',
Avak G. Abalyan'

" Federal Science Center of Physical Culture and Sport (VNIIFK), Moscow, Russia
2| LC Scientific Center EFIS

ABSTRACT

Objective. To evaluate the accuracy of blood lactate concentration measurements using three portable analyzers compared to a stationary reference
instrument.

Materials and methods. Capillary blood samples were collected from highly qualified athletes during staged comprehensive examinations under
laboratory conditions. Blood lactate concentrations at rest and following incremental exercise tests on a ski ergometer, cycle ergometer or treadmill were
determined using three portable lactate analyzers (Lactate Plus, YST and Eaglenos) and a semi-automatic photometric analyzer (BTS-350).

Results. The limits of agreement for lactate measurements by the Lactate Plus, YST and Eaglenos analyzers compared to the reference instrument exceeded
the acceptable interval set at +2.1 mmol/L. All portable lactometers systematically underestimated lactate concentrations by 2.0-4.0 mmol/L relative to the
reference analyzer, which critically distorts the assessment of exercise intensity. Standard errors of estimate of lactate concentration measurements across
the entire range were 0.95, 0.63 and 0.91 mmol/L for Lactate Plus, YST and Eaglenos, respectively, and increased with rising blood lactate concentration.

Conclusion. The portable lactometers examined cannot be recommended for accurate blood lactate measurement in athletes under field or
laboratory conditions.

Keywords: blood lactate, athletes, point-of-care systems, exercise test, clinical laboratory techniques
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1. Begennue YTO KOHILIEHTPALWsI 9HEPIeTNIeCcKOro CyOCTpaTa XOpOLIO

MOHI/ITOPJ/IHF KOHIIEHTpaluM J/IaKTaTa B KpOBU CIIOPT- KOppemMpyeT € IMOKa3aTe/IsIMM BbIHOCIMBOCTIL BO BpeM:A Ha-
CMEHOB BO BpeMsi (pUSMIECKON HArpPy3KM B 1a6OPATOPHBIX TPy3KH, a ero moporosble sHadeHus (lactate threshold, LT)
U TIOJIEBBIX YCTIOBUAX AB/IAETCA LMIMPOKO PacIpOCTPaHEHHOM ob6mafator 6OJIbIIelT FUATHOCTUYECKO [IEHHOCTBIO 110 CPaB-
IIPAKTUKOI (PUSMOTOTMYECKOTO OOCTIEOBAHNUS CIIOPTCMe- HEHIIO C MaKCUMa/IbHBIM IoTpebnenneM Kucnopopa (MIIK)
HOB, 3aHMMAIOMMXCA BUTaMIM CIIOpTa Ha BBIHOC/INBOCTD. IIpn OLIEHKE BI)IHOC}II/IBOCTI/IyBI)ICOKOKBaIH/I(I)I/II_H/[pOBaHHI)IX
310 06YCIOB/IEHO MPOCTOTON OTOOPA KAMWUIAPHON KPOBI CIIOPTCMEHOB, CIELNATN3UPYIOLINXCS B BUAX CIIOPTA Ha BbI-
U IIPOTHOCTIYECKOI 3HAUMMOCTDIO PeaKLUY IAKTaTa B TeCTe HOCIIMBOCTB [3].
CO CTYIIEHYAaTO Bo3pacTaloleil Harpyskoii [1]. CrangapTHbIe Opnako MHGOPMATUBHOCTD aHA/INM3a JTAKTAaTa B KPOBU
YCIoBMA MPOBENCHNA CTYIIEHYATOIO TeCTa C BO3paCTaIOH.[eI7[ 3aBUCUT OT pALa q)aKTOpOB, BK/IIO4asl 3HAYNTEIbHYIO 6]/[0-
HATPY3KOI1 B 1a60PaTOPHBIX YCIOBUSAX BKIIOYAIOT MI3MEPEHIe JIOTMYecKyIo BapuabenbHOCTD [4], MecTo oT60pa KpoBu [5],
MHTEHCUBHOCTY, YacTOThl ceppiedHbIx cokpamenuii (YCC) IIPOTOKOJI CTYTIEHYATOrO TECTA C BO3PACTAIOIIEl HarPy3Ko
u orpebnenust kucmopona (ITK), Torma Kak KOHIEHTpaIist [6] 1 BBIGOP pacueTHbIX MeTOROB ompenenenns LT u MITK
JIAKTaTa VMCIIO/Ib3yeTCs J/Is1 OIIpefie/ieH s [IePeXofia OT a9poo- [7, 8]. Orenka ypoBHsI JTaKTaTra B KPOBU B 3HAYUTETBHOI
HOTO K aHadpOOHOMY 9HeproobecredeHno paboThl MBbIIIL] CTeIIeH) OIpee/AeTCA MeTPOJIIOTMYeCKUMY XapaKTepl-
U, CIEeOOBATC/IbHO, OLUECHKNM BBIHOCIMBOCTU U IIOTCHIIMA/IA CTUKaMIl aHa/IN3aTOPOB, B YaCTHOCTU TOYHOCTDHIO. OHHaKO
paborocrocobroctn crioprcmena [2]. Kpome toro, yposeHs B HAyYHOIl IUTepaType IPeCTABIEHbl MPOTUBOPEYNBBIE
JIaKTaTa B KpOBU MCIIOJIb3YyETCA B Ka4deCTBE€ MHIOMKATOpa pe3ynbTaTbl OLEHKN TOYHOCTM MOPTATUBHBIX JIaKTOMeE-
afalTaluy CIOPTCMEHa K TPEHMPOBKaM U 3((PeKTUBHOTO TpoB. Tak, B psfie MCCIe[OBaHWII IIPOIEMOHCTPUPOBAHO,
MPOTHOCTUYECKOTO MHCTPYMEHTAa KOHTPOJISA MHTEHCUBHO- 4TO mopraruBHble aHa/m3aTopsl (ITA) obmafgaoT MeHbleil
CTM Harpy3km 1 MOHUTOPMHTA MeTa6OIII/I‘{eCKI/IX IIpOLIECCOB, TOYHOCTBIO IIO0 CPABHEHNIO CO CTAJVIOHAPHBIMU aHa/I0OTraMm
CBSI3AHHBIX C M3MEHEHIEeM XapaKTePUCTUK SHEPreTUIecKo- [9, 10], a Tak)Xe ;EeMOHCTPUPYIOT TEHAEHIMIO K 3aHIDKEHUIO
TO MeTa6OIH/[3Ma MI/ITOXOHHPI/H/“I B 3aBUICMMOCTI OT TPE€HU- pe3ynbTaToB I/I3MepeHI/H7I OTHOCUTE/IPHO 3TA/IOHHOTO IIpM-
POBOYHOIO LMK/Ia IOArOTOBKU. IIpomeMoHcTpupoBaHO, 6opa [11]. B TO ke BpeMs1 ApYyrye UCCIELOBAHNS BBIABUIN
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XOPOLIYI0 HAfI)KHOCTb U TOYHOCTb IOPTATMBHBIX JIAKTO-
METPOB 10 CPAaBHEHUIO C 9TA/JIOHHBIM Ta0OPATOPHBIM aHa-
mm3atopamu. Ilokasano, yto ITA maloT aHa/IOTMYHbIE 3HA-
YeHNUsl JIaKTaTa 110 CPAaBHEHMIO CO CBOMMIM HACTOJIBHBIMU
aHajJIoraMy, IpU 9TOM CpefHMe pa3IN4MA BapbUPYIOTCA
or -0,8 mo 1,0 mmons/n [12, 13, 14, 15]. Bonee Toro, me-
TPOJIOTUYECKIE XaPAKTEPUCTUKU HOPTATUBHBIX MPUOOPOB
MOTYT OBITh COIIOCTABUMBI CO CTALMOHAPHBIMI aHAJIN3ATO-
pamu [16], a molTy4eHHbIE ¢ MX IOMOIIBIO Pe3Y/IbTaThl YEOB-
JIETBOPUTENbHBI IJIsI PelleHns 3a4a4 CHOPTUBHON OMOXM-
MUY, B YaCTHOCTH J/IsI OL|eHKV IHTEHCUBHOCTY TPEHMPOBOK
Ha yposHe LT.

Hecmotpst Ha BeposITHBIE OLIMOKM M3MEPEHMIST, MOHUTO-
PVHT JIaKTaTa B KPOBYU CIIOPTCMEHOB B IIMK/INYECKIX BUAX
CIIOPTA OCTAETCS MOMY/LIPHBIM METOIOM CPOYHOT'O KOHTPO-
JII MUHTEeHCHBHOCTY HAIPY3KIU HEIIOCPeCTBEHHO B IIpoIiecce
BBIMIO/THEHsT PU3NIeCKUX yrpaxkHeHuit. [Ipoctora paboTe!
MIOPTATVMBHBIX IIPUOOPOB ¥ MHTYUTHUBHO IIOHATHBIE TPEHEPY
YPOBHU JIaKTaTa [IO3BOJIAIOT HE TOIBKO IPOrPaMMUPOBATDH
VMHTEHCUBHOCTD MBIIIETHOI PabOTHI, HO U OTIEPATUBHO IIPH-
HUMATh PelIeHVsI 0 KOPPeKIUY CKOPOCTH IePefiBIKEHNMS
CIIOPTCMeHa B paMKaxX TPEHUPOBOYHBIX 3aHATHIL.

3HAYMMOCTD U B&YKHOCTb KOHTPOJLA HaTrPy30K, OCHOBAH-
HOTO Ha MOHUTOPMHTIE JIAKTaTa B KPOBY CIIOPTCMEHOB IIM-
K/IMYECKMX BUMIOB CIOPTa, NMOATBEPXKAAeTCcsa TeM (GaKToM,
YTO B BUJAX CIOPTa Ha BBIHOCIMBOCTD YPE3MEPHO YacTOe
IIpeBbllleHNe 0ObeMa HArPy30K C BBICOKOI CTEIEHbIO 3a-
KIUC/IEHM CKE/IeTHBIX MBI IIPOBOLMPYET PUCK CHYDKEHNUA
a9pOOHOIT TPOU3BOAUTENBHOCTI U CKOPOCTH TIPEOTOTEHNS
COpEBHOBATE/IbHON JUCTaHIMA. B TO >Ke BpeMs HeloCTaTod-
HBIIT 06BeM PabOTHI B paMKax MOATOTOBUTEIBHOTO MIEPHOTa
C COPEBHOBATENBHON U CBEPXCOPEBHOBATENIBHON CKOPOCTDHIO
He [03BO/IsIeT cHOpMUPOBATD Tpebyemyo MOpdodyHKIIO-
HaJIbHYIO CIIeIVaIN3alyio HepBHO-MbIIIEYHOTO aIllapara,
[03BOJISAONIYI0 93¢ EeKTUBHO PasBUBATh U IOAAEPXKUBATDH
TO/DKHYI0O COPEBHOBATeIIbHYI0 CKOPOCTb Ha [UCTAHINIL.
BeimreykasaHHble OCOOEHHOCTV IIOAYEPKUBAIOT AKTYasIb-
HOCTb M3MepeHNA KOHIIeHTpallyi TAKTaTa B IOJIEBBIX YC/IO-
BUSX C UCIIOTb30BaHMeM [1A.

BHe 3aBMCHMOCTI OT MeCTa IpOBefeHMsT HUIMOMIOTIYe-
CKOTO TeCTMPOBAHUS CIIOPTCMEHOB JIOCTOBEPHOCTDb M3Me-
PEHUA YPOBHA JIAKTaTa B KPOBU OIpefie/AeTCA TOYHOCTBIO,
JIMHETHOCTBIO U HAJI©XHOCTBIO MCIIONB3YeMOro 060pymo-
BaHus. Kpome TOro, /s mMpakTMYecKOTO MCIIOIb30BAHM
B Ta0OPATOPHBIX 1 IIO/IEBBIX YCIOBMAX aHATN3ATOPDI TAKTA-
Ta IOJDKHBI COOTBETCTBOBATD PARY TpeOOBaHMUIL: IOPTATHB-
HOCTb; aBTOHOMHOE IIMTaHNE; YCTONYMBOCTD K YCIOBUAM
OKpY>Kalollell cpefbl (TeMIepaTypa BO3[yXa, OTHOCKUTEIb-
Hasl BIKHOCTb, BBICOTA HaJl yPOBHEM MOpsi); OBICTpPOE, IPO-
CTOe ¥ TOYHOE IIPOBefleHMe aHaMN3a. B mocmegHme HecKOb-
KO JIeT Ha PbIHKe IOABUINCH HOBble Mofenn ITA nakrara,
ofHaKo nHpOpManst 06 UX HaTEeKHOCTY 1 TOYHOCTH M3Me-
PEHNS 110 CPAaBHEHUIO C STA/IOHHBIM /TA00PATOPHBIM aHAIIN-
3aTOPOM OTCYTCTBYeT. L]e/IbI0 JaHHOTO MCCIeRO0BaHsI OBIIO
OLIEHUTDb IPUTOHOCTDb McIonb3oBaHuA [1A makTara Lactate
Plus (Nova Biomedika), YST (Shenzhen Dumbo Medical
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Technology Co., Ltd.) n Eaglenos (Chizhou Zunyou Import
& Export Trade Co., Ltd.) i1 TecTMpoBaHus CHOPTCMEHOB
B IOJIEBBIX 1 TA0OPATOPHBIX YC/IOBUSIX. B KOHTeKcTe maH-
Horo mmnotHoro uccnegosanus (YST u Eaglenos ounennsa-
OTCA BHepBI)Ie) 10 IPpUTOAHOCTHIO ITIOHMMA/IOCh TOYHOCTD
OIpeneneHNsl KOHLEHTpaluy J/JaKTaTa B KpPOBU, TO €CTb
croco6HocTh [TA B cpejHeM IIpencKasbiBaTh MCTUHHOE 3Ha-
YeHNe, M3MEepPEeHHOe 3TaJIOHHbIM aHanmsatopom BTS-350
(BioSystems S.A.). To ecTb 3afja4a MCCIe[OBaHMNA 3aK/II0Ya-
JIach B OIIPEENeHNN TOTO, KaKue U3 paccMaTpuBaeMbIx [1A
MOI'yT 6bITI) PEKOMEHJOBAHDI K MCIIO/Ib30OBAHNIO B C60prIX
KOMaHJaX, TEM CaMbIM IIp€JOCTaB/IAA PEKOMEHOAUN Tpe-
HEpaM U CIIOPTUBHBIM BpadaM, IIOJIararolnMca Ha Pe3y71b'
TaTbl ISMEPEHNA ypOBHF{ JIaKTaTa B KpOBM C VX IIOMOIbIO.

2. MaTepuanbl 1 METOJbI

YyacTHUKMN

B mccnepoBanuy npuHAMM y49actye 12 BBICOKOKBAsIN-
¢unupoBaHHbIX CrIOpTcMeHOB (11 >XeHmyH, 1 MyX4nHa),
CIlelMaN3UPYIOMMXCS B JIBDKHBIX TOHKaX (n = 3, 24,0 *
4,6 rona) 1 ropHONIBDKHOM criopre (n = 9, 20,5 + 5,0 roga),
cpeny HUX 6 KaHAUOATOB B MacTepa CIOPTAa, 5 MacTepOB
CIIOpTa M 2 MacTepa CIOpTa MEX/yHapOJHOro Kiacca. Bce
YYaCTHUKU MOANNUCAIN MHPOPMMUPOBAHHOE COIACUE B CO-
OTBETCTBUM C IOIMUTUKONM HAYYHOTO YUPEXJEHMA, IIPOBO-
nawmero uccnepopanue. Gopma cormacua IMOATBEpXKIAIa
Z06pPOBOJIbHOE yUACTHE, IOHVMAHIE IPOTOKO/IA UCCIEf0Ba-
HIA U TIPABO OTKA3aThCsA OT Y4aCTUA B 9KCIIEPUMEHTE B JII0-
60oe Bpems. IIpOTOKOM WMCCIENOBAaHNUS COOTBETCTBOBAI
STUYECKUM TIPUHIMIIAM XeTbCUHKCKON IeK/Iapannin u O
07f0OpeH 3TUYECKUM KOMUTETOM HAyYHOTO YUPeXeHUs,
IIPOBOJAILETO VICCTIENOBAHNE.

O6opynoBanue

Il TIpOBeieHUsT MCCIEOBAHMS IIOMUMO YKa3aHHBIX
BBIIIIE TOPTATMBHBIX ¥ 3TAJIOHHOTO aHAIM3aTOPOB JTaKTa-
Ta MCIONb30Banuch: Bemoapromerp Lode Excalibur Sport
(Lode BV), 6erosast gopoxxka HP Cosmos Venus (Cosmed),
nbDKHBI 9proMeTp Concept 2 (Concept2 Inc.) n moprarus-
HbII KappuoMonnTop Polar Vantage V2 HR B xominrekte
¢ kappuopardnkoM H10 (Polar Electro Oy) u mporpaMMHbIM
obecneuenrem Polar Flow.

AHanmn3 KOHIEHTPAaIM TAKTaTa

Bo Bcex 3ajieiicTBOBaHHBIX B JaHHOM MccaemoBanmm [TA
JaKTaTta peann3oBaH (epMEHTATVMBHBIN aMIIEpOMeTpuYe-
CKMII METOJ, BeTEKTUPOBaHNU cy6CTpaTa. IIpyHuMDI MeTORA
3aK/TI0YaeTCA B OKVICTIEHUN COfIePrKAIIerocs B KPOBM TaKTaTa
MMMOOIIM30BAHHBIM Ha TECT-TIOJI0OCKAX KaTa/IU3UPYIOLINM
(bepMeHTOM JTAKTaTOKCH/Aa3011 ¢ 0Opa3oBaHNUeM MMpyBaTa
U HePeKNCH BOJOPOfa. BricBoOOXKatoIIecs: B pesy/IbTaTe
MOC/IEAYIOLIETO OKMCIEHNA IIePEKNUCY BOOPOJA 37IEKTPOHBI
CO3JJAI0T NIEKTPUUYECKNI TOK, BEIMIMHA KOTOPOTO IPIMO
IPONOPIMOHAIbHA KOHIIEHTpaLMy JTakTara. bonee mopgpo6-
Hble 0630PBI 3TOTO U [PYTUX METOLOB U3MEPEHMsT KOHIIEH-
TpALNN TAKTaTa B KPOBU IIPeACTaB/IeHbI B 0630pe [17].
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It anammsa ITA YST tpe6yercst obpaser; KpoBu 06b-
emoMm 0,7 MK, BpeMs aHanmsa cocraBiasgeT 20 CeKyH[.
KOIU/IPOBaHHbIe TECT-IIOJIOCKM 3aIIOJITHAIOTCA KallNUIAPHBIM
IeIICTBUEM HEIOCPENCTBEHHO 13 MecTa oTbopa obpasia.
Jist ananusa ITA Eaglenos Tpebyercst o6paser; kpoBu 06be-
moM 0,8 MKJI, BpeMs aHanmusa cocrasnsaer 10 cekynp B recr-
[IO/IOCKAX WCIIOIb3YIOTCSI 30/I0ThIe 3IEKTPOJBI, MOBBIIIAIO-
I[ye TOYHOCTb Pe3y/IbTAaTOB aHAINM3A 3a CUET YIydIIeHNs
M CTaHJAPTU3ALUY ITIEKTPUIECKOI Tepefadyt OT 30HBI pe-
aKIMU TeCT-MOIOCKM K aHA/MN3aTopy. TeCT-II0I0CKN 3aI0-
HAIOTCA KaMIISAPHBIM HyTeM HETIOCPENCTBEHHO M3 MeCTa
orbopa obpasua 1 OCHAIEHbl NHTEIEKTYaIbHBIM KOZIOM,
[epefalolnM aHAIN3aTOPY MHQPOPMALMIO O XapaKTepu-
CTHKAX HOJIOCOK, TIOCKO/IBKY KaXK/jast MapTIUs TeCT-IIOTOCOK
VIM€ET YHUKA/IbHBII KamOpoBOYHbIt Ko, [yt ananmmsa [1A
Lactate Plus Tpebyetcst o6paser; kposn o6bemom 0,7 MKIL,
BpeMs aHanmm3a cocraBnAeT 13 cekyHpn. TecT-momockm
He TPeOYIT KanOPOBOYHBIX KOJOB WM MOIOCOK. Bee ITA
JIAKTaTa 9KCIUIYaTMPOBAINCh B COOTBETCTBUU C MHCTPYK-
OUAMN IIPOM3BOANTENSA, X TEXHNYECKNE XapaKTEPUCTUKU
MpeficTaB/IeHsl B Tabmue 1.

KonmuecTBeHHOE OIpefie/ieHNe TaKTaTa B L{eIbHOI KPO-
BJM B 3Ta/JIOHHOM aHanmm3aTope BTS-350 ocymiecTBnAnoch
9H3VMATUYECKVIM KOJIOPMMETPUIECKMM METOAOM C MC-
monb3oBaHMeM Habopa pearenToB B 19.01 Jlakrar-Buran
(AO «Buran [esenonment Kopnopaitmn», Poccus), npo-
60IOfIrOTOBKY 00pasiioB IPOBOAWIM COIIACHO WHCTPYK-
UMY TPOU3BOAMTENs Habopa peareHToB. Hivke mpuserne-
HBl aHAUTUYECKNE XAPaKTEPUCTUKM Habopa peareHTOB
B 19.01 JIakraT-Buran:

— nuanasoH anHenHocTu — 0,3-15,5 MMosIb/ It

— YYBCTBUTE/IbHOCTD ompenenennsa — 0,3 MMOb/1;

— K03 PUIMeHT BapualiM Pe3yIbTaTOB OLpefe/IeHIs
nakrara — 1,14 %.

Ju3aiid sKCIiepuMeHTa

KoHLleHTpanmsa yMakTaTa B KalVJUIIPHON KPOBM CIOPT-
CMEHOB, OTOOPaHHOII M3 Tajlblia BO BpeMs IPOBENEHNUS
9TAIHOTO KOMIUIEKCHOTO OOCTIeflOBaHMsl, U3MepsIIach Tpe-
ma ITA. Jlnd MMHMMM3anuMu BpeMEHU M3MEPEHNUSA ypPOB-
HfA JIaKTaTa in Vitro TpU UCCIefoBaTeNsl ONHOBPEMEHHO
aHaMM3MPOBaMM 06pasLbl KPOBU ¢ momoubio IIA, Bpems
MEeXJy IIPOKOIOM KO>KHOTO IIOKPOBa 11 HaHeCeHreM 06pas-
11a Ha TeCT-TIONIOCKY He npeBblano 20 cexynp. YerepTsiit
HCCTIeflOBaTeNb OCYIECTB/ITI 0TOOp 00pasiia Kamumumsip-
HOIT KpoBM 00BeMOM 20 MKIT [iist IIOC/IEAYIOLIETO aHa/IN3a
Ha BTS-350. KoHIjeHTpaunum jgakTata B KpPOBMU, M3MEpPEH-
Hple ITA, cpaBHUBamMCh C KOHIIEHTpaIVeil, M3MepeHHO
Ha BTS-350, KoTOpBIT A Leneil JaHHOTO MCCIefOBAaHNA
OBbIT TIPUHSAT 3a 9Ta/IOHHBI. ObIjee KOMNIECTBO 06pa3oB
cocTaBuio 42.

TopHOMBDKHBIA CIOPT

s onpenenenns aspobHO U aHAIPOOHOIT TTOATOTOB-
JIEHHOCTY TOPHOJIBXHMI] MCIIO/Ib30BAIM TECT CO CTYIIEH-
YaTOBO3pACTAIOLIE)l HATPY3KOIl Ha Bemoapromerpe Lode
Excalibur Sport. HauaspHast MOIJHOCTh HArpy3K! COCTaB-
nsama 50 BT (2 MUHYTHI), KOKAYI0 IOCTERYIOMYI0 MIHYTY
Harpyska yBeqM4YuBazachb Ha 12 Br, wacrora memammpo-
BaHMA ObUIA IIOCTOAHHON ¥ COCTaBIAMa 75 + 1 00./MMH.
Pa6oTa BBIIONHAMACD 10 HOCTIDKEHMA aHA39POOHOTO II0pora
(AHII) + 1 crynens. Ilocme 5 MMHYT IacCMBHOTO OTZBIXA
IIPOBOAIWIOCH  OIIpefie/leHne MaKCHMAaIbHOIO IOTpebie-
HuA kncnopopa (MIIK). HavanpHas MOIIHOCTD Harpysku
y CHOPTCMEHOK cocTaBsa 100 Bt (2 MuHyTHI), Hanee Kax-
mpie 30 ceKyHN OoHa yBenmmuuBanach Ha 20 Br. Hacrora me-
JAIMPOBAHMSA HA MIPOTAXKEHUI BCETO TECTA COCTAB/IsANA 75 £
1 06./mMun. IIpouenypa mpofo/bKazach GO TeX IIOp, MOKa
IIK He mocTuraso yCToif4MBOro MaKCHMAa/IbHOTO 3HAYEHMS,

Tabnuma 1
TexHnveckme XapaKTepUCTUKI NOPTATUBHBIX AHATTM3ATOPOB TAKTATA /IS IKCIPECC-TUATHOCTHKN
Table 1
Technical specifications of portable lactate analyzers for point-of-care diagnostics
YST Eaglenos Lactate Plus
IIponssopurens Shenzhen Dumbo Medical Chizhou Zunyou Import & . .
B 1, CIIIA
Technology Co., Ltd., Kutaii | Export Trade Co., Ltd., Kurait Nova Biomedical, C
. . DJIEKTPOXMMUYECKIIT
Tun 6nocencopa AMTiepoMeTprIecKuit AMriepoMeTprIecKuit
6110CEHCOP /TAKTATOKCUIA3BL

o6peM 06pasiia, MKII 0,7 0,8 0,7
Bpems ananmsa, c 20 10 13
Juamnason OnpepienseMbIx 0.5-25.0 0,5-28.,0 0.3-25.0
KOHIIEHTPALVIT, MMOJIB/ T
ITpenen 06HAPY>KEHNS, MMOJIb/ T 0,5 0,325 0,12
CpoK CIONb30BaHN d7IEMEHTa sHopMaLA oTcyTCTBYeT 1000 600
IIUTaHNA, KOJI-BO TECTOB
Bec, T ~60 ~100 ~80
Temmneparypa Bosayxa, °C 5-45 10-35 5-45
OTHOCHUTENIbHASA BIAXKHOCTD, % 20-80 10-85 10-90
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JWIN yY9AaCTHMK He MOT OOJIbllle NOANEP>KUBATH 3aaHHYIO
CKOPOCTb, WJIY CAMOCTOSITE/IbHO OTKa3bIBaJIaCh OT Jla/IbHel-
nreit pa6otel. KoHIIeHTpalnio 1akTaTa B KPOBY OIPE/eIsin
IO OLIEHKN a3POOHBIX M AaHA9POOHBIX IOATOTOBIEHHOCTH
CIIOPTCMEHOK (B IIOKO€) U ITOC/Ie 3aBeplieHns TecTa Ha AHII
un MIIK Ha niepBoil 1 TpeTbell MUHYTe BOCCTAaHOBJIEHNA CO-
OTBETCTBEHHO.

JIBIKHBIE TOHKM

CHopTcMeHbl BBINONHAMN CTYIEHYATbIl TeCT Ha JIbDK-
HoM spromerpe Concept 2 ¢ NMpeuMyIIeCTBEHHbIM 3ajieli-
CTBOBAHMEM MBIIIIIIbI T/IEY€BOTO TOSICA, )KUBOTA U CIUHBL.
VicxopHas MOIIHOCTD /I SKEHIIVH ¥ MY)KYMH COCTaBIIAIa
60 11 80 BT cOOTBETCTBEHHO U OblIa IIOCTOSIHHON B T€YeHIe
2 MuHYT. [lajiee MOIIHOCTD YBEIMYMBATACh CO CKOPOCTBHIO
12 m 15 BT/MUH [/ )KEHIIMH X MY>KYMH COOTBETCTBEHHO.
YCC u vacToTa ABIDKEHMII CHOPTCMeHA (UKCUPOBAINCDH
3a 5 CeKyHJ [10 KOHIIa KaXMoil cTyleHu. PaboTa BbIION-
HAMach 1o foctivkeHusA AHII + 1 crynens. KoHneHTpanmsa
JIaKTaTa B KPOBU OIpefie/LsIN 0 Hadana (B IIOKOe) 1 IoCIe
(BTOpas MMHYTa BOCCTAHOBJICHIIA) TeCTPOBAHUA.

Jnst onpepnenenyst ad9poOHBIX BO3MOXKHOCTEN CIIOPTCMe-
HOB C 3a/IeMICTBOBaHMEM MBI HIDKHUX KOHEYHOCTEN MC-
TIO/Ib30BA/IM TECT CO CTYIIEHYaTO-BO3PaCTAOI el Harpy3Kou
Ha 6eroBoit mopoxxke HP Cosmos Venus, Bo BpeMsi KOTO-
POTO CIIOPTCMEHBI BBIIOMHSIN Oer ¢ JbDKHBIMM MajIKa-
MI, UMUTUPYA K/IACCMYECKMIT XOf Ha /lbDKax. HavdanpHble
YCIOBUA: YTON IONOTHA JOPpOXXKM — 10%; ckopocTh —
6 KM/4 y My>X4uH 1 4,5 KM/4 y JK€HLIVMH; TPOJO/KUTEND-
HOCTb pabOTBI HA MEPBOI CTymeHM — 2 MUHYTHL [amee
Harpyska yBe/lIM4MBajgach KaKAylo MMUHYTy Ha 0,5 Km/4.
Tectuposanme mposogumn fo AHII + 1 crymens. Ilocme
5 MMHYT IACCMBHOTO OTHAbIXa IPOBOAVIOCH OIpefieNieHNe
MIIK. HaganpHast CKOPOCTD Oera B TaHHOII IIPOLIEAYpPe CO-
CTaB/IA/IA 6 KM/Y U TOAAEep>XMBATACh IIOCTOAHHON Ha MPO-
TAOKEHNM 45 CeKyHJ, 32 9TO BpeMs YroJ HOJI0THa 6eroBoit
TOPOXKKM MOBBIMAJICA [0 16°. 3aTeM CKOpPOCTb [IBVDKEHNA
[IO/IOTHA TpefOaHa yBeIMIMBAIACh K0 8 U 9 KM/ JI/IsT XKeH-
MIMH U MY>KYUH COOTBETCTBEHHO ¥ COXPAHANACh B TeUeHMe
1 mMuu 15 cexyHp. 3axaounTenbHas pabodas CKOpocTs Oera
yCTaHaBAMBalach K MOMEHTY BPeMeHM, PaBHOMY 1 MMHY-
Te 16 ceKyHIaM, u cocTapsna 11 u 12 KM/4 1 IbDKHULY
U IBDKHMKOB COOTBETCTBEHHO. IIpoluenypa mpogomkanack
mo Tex mop, noka IIK He focTuraso ycToityMBOro Makcu-
MaJ/IbHOTO 3HAYeHM: WIM JIO MOMEHTA, KOTZIa TeCTUPYeMbIi
CaMOCTOSITE/IBHO OTKAa3bIBAJICS OT JAa/bHeNIelr paboThl.
KoHLleHTpaums j1akTaTa B KPOBU OIpefe/siNN [0 OLeHKU
a9poOHOIT 11 aHAIPOOHOI IOATOTOBIEHHOCTI CIIOPTCMEHOB
(B mOKO€) ¥ Ha IIEPBOJL U TPEThell MIUHYTaX BOCCTAHOBJICHV
niocre 3aBepiienns Tecta Ha AHIT n MIIK cooTBeTCTBeHHO.

TecTnpoBaHmUe CIIOPTCMEHOB HPOBOAMIOCH B KOHTPO-
JIMPyeMBbIX TaOOPATOPHBIX YCIOBMAX, COOTBETCTBYIOLIMX
YCTAQHOBJIEHHBIM TpPeOOBaHMAM K MUKPOKIMMATY IOMe-
LIEHNIT; MapaMeTphl OKPY)KaloLleil Cpefbl IOJep>KMBa-
JIUCh B [UAIla3OHe, 00eclledMBaoNieM CTA0MIbHOCTD M3-
MepeHNII, BOCIPOM3BOAMMOCTD Pe3yIbTaTOB U KOMGOPT
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A CIIOPTCMEHOB. TeMHepaTypa B IIOMEUICHNN COCTaB-
nsna 22 £ 1 °C, oTHOCHTeNbHASA BIXHOCTb BO3YyXa IIOf-
Iep>KuBaIach Ha ypoBHe 50 + 2%, arMocdepHOe JaBIeHne
BO Bpems TecTmpoBaHus — 1000 mbap. Ilepen Hauamom
TeCTMPOBAHMA IIapaMeTpbl MUKpOK/IMMaTa (UKCUpOBa-
JIUCh C MCIONb30BaHMEM IIOBEPEHHDIX CPEICTB M3MEPEHMI.
KoHTposb ycroBuil oCyIiecTBIANCA Ha IPOTXKEHNM BCETO
9KCIIEpUMEHTA, OTKJIOHEHMII 3aJaHHbIX ITapaMeTPOB He OT-
M€YasioCh.

CraTuctimyeckuii aHamm3

ToynocTb ompepeneHusa nakrara IIA oTHOcCHTeNbHO
9TAJIOHHOTO OIleHMBa/lach MeTofoM brmanpga — AnbTMaHa
[18], Torma xak xoaduument xoppemsinun IInpcona nc-
MO/Ib30BAJICA I OLEHKM CUIbl JIMHENHOM CBASU MEXIY
U3MepeHMAMM CPaBHUBaeMbIX akToMeTpoB 1 BTS-350.
CpenHee cMellleHMe PacCUUTBHIBAIN KaK CPEIHIOI Pa3HOCTD
Mexny msmepennuamu ITA n BTS-350. Ilpenensr cormaco-
BaHHOCTU OIIpefle/siIN, KaK cpefHee cMeleHue £ 1,96 x
CTAaHJAPTHOE OTKJIOHEHME pa3HOCTell, a #id pacuera 95 %
TOBEPUTENbHBIX MHTEPBA/IIOB IIPEJe/OB COITIACOBAHHOCTH
ucnonb3osany pacrnpenenenue x* [19]. TounocTs onpenerne-
HIsI 9HEPreTUIecKoro cybcrpara ITA u 3Ta/OHHBIM MeTO-
TIOM OIIeHMBA/IM BO BCEM /iMalla3OHe KOHIIEHTpPALMil 1aKTa-
Ta M B TPeX ero cermeHrax (< 4,0, 4,0-8,0 u > 8,0 MMomb/1).
Takast Kareropnsaryst OCHOBaHa Ha MH(pOpMaLyi 06 yBemu-
YeHUU BapuabeTbHOCTI MEXIY M3MEPEHISIMH II0 Mepe I10-
BBIILIEHNsI KOHIIEHTpaLnu nakraTa B Kposu [11]. Kpurepuem
TOYHOCTM OIpefenienns naxkTara ITA ABmsAnca mpegen corna-
COBAHHOCTM Pe3y/IbTATOB M3MepeHMst YPOBHs cybcTpara
HaHHBIM TIPUOOpPOM 1 9TanoHHbIM BTS-350 Ha BceM nma-
ITa30HE €ro KOHLEHTPALMii, yCTAaHOBJIEHHDII Ha ypOBHE *
2,1 mmonb/n [11]. CTaTMcTI4YecKUiT aHA/IN3 JaHHBIX OCY-
LIeCTB/IAIM IpY IIOMOIY MTakeTa Imporpamm IBM Statistica
st Windows, Bepcust 10.0 (StatSoft. Inc, CIIIA). Pacuer
CTaHIAPTHOM OLIMOKM OLIEHKM ¥ IOCTPOEeHMEe AyarpamMmm
brmanga—AnprMaHa BeImonHAmu B Python 3.13 ¢ mpume-
HeHreM 6mbmmorek pandas (2.3.3), NumPy (2.2.6), SciPy
(1.14.1) m Matplotlib (3.10.8).

3. PesynbTarsl

Pesynbrarsl cpaBaenns 1A Lactate Plus, YST u Eaglenos
¢ BTS-350 npencraBieHsl Ha pucyHKax 1-2 u B Tabnuie 2.
JIvHelinas perpeccus IpefCTaB/lIeHa CIUIOIIHONM KpacHOM
IH/[HI/IQI\/‘I, nmpenenbl COITAaCOBAHHOCTM — ITYHKTUPHBIMU.
CraHpapTHble OMMOKY OLIEHKYU M3MEPEHVSI KOHIIEHTPaINil
JIaKTaTa BO BCeM JMala3oHe aHaausaropamu Lactate Plus,
YST u Eaglenos coctaBumu 0,95, 0,63 u 0,91 MmMonb/n co-
orBeTcTBeHHO. Koo uIieHTs! KOppeniun MeXxay KOH-
LIEHTpalysAMY JIaKTaTa B KpoBH, M3MepeHHbIMU BTS-350
u aHaymmsaropamu Lactate Plus, YST n Eaglenos, coctaBum
r=10,980, r = 0,912 u r = 0,971 coorBeTCTBEHHO. HInKHMI
U BepXHMII Ipefensl cormacoBanHoctu Lactate Plus, YST
u Eaglenos Bo BceM AmanasoHe n3MepsieMbIX KOHIIEHTpaLnil
JIaKTaTa, a TaK)XX€ B OTHE/IbHBIX €r0 CETMEHTAaX IIpefCcTaBiIe-
HBI B TaOnnue 3.
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B cpemnem anamusatopnl Lactate Plus, YST n Eaglenos
no cpapHeHnoo ¢ BTS-350 sammkanm ypoBHM /aKTaTa
B KpoBu Ha 2,07, 4,08 u 2,14 MMO/Ib/T COOTBETCTBEHHO
(puc. 3, Tabm. 2). Lactate Plus o cpasrenuio ¢ BTS-350
3aHIDKAJ KOHIeHTpauyun Ha 0,77 £ 0,53 MMonb/n B guamna-
30He < 4,0 mMmonb/n, Ha 1,43 + 0,48 MMONb//T B guarra3oHe
4,0-8,0 mmonb/n u Ha 3,47 + 1,62 MMOIb//T B AMamasoHe >
8,0 MMOJIB/ .

CpenHee cMellleHVe pe3y/IbTaTOB OINpefie/IeHNs JTaKTa-
ta YST n Eaglenos no cpaBrenmio ¢ BTS-350 npu xoHIeH-
Tpaumsax cybcrpaTa B KpoBu MeHee 4,0 MMOIB/I cOCTa-
Buo 0,18 + 0,60 u -0,07 £ 0,57 MMO/b//1, a B quamasoHe
4,0-8,0 mmonb/n — -1,61 + 0,60 u -0,68 + 1,64 coorBert-
CTBEHHO. B 1MmamasoHe BBICOKMX KOHLEHTpalLMil JaKTaTa
(> 8 MMOJIB/T) CpefjHYIe CMelleH sl 3HAYeHUI, M3MEPEeHHBIX
YST u Eaglenos o cpasrenmio ¢ BTS-350, cocTasumm -7,83

(or -11,06 mo -4,09) u -4,04 (ot -6,09 mo -2,00) cooTBeT-
crBeHHO. Koadduinent koppesinu pesyapraTos usMepe-
HUA KOHLeHTpanuy nakTara BTS-350 u YST ymenbmranca
¢ 0,914 (B mpuanasone menee 4,0 mmonb/n) go 0,491 (B mua-
IIa30He CBbIlIe 8 MMOJIb/JI).

Ha pucynxke 4 npefcraBneHo M3MeHEHME CTaHJAPTHON
OMIMOKY OLIEHKM, OTPAXKAIIENl TOYHOCTh IIPefCKa3aHuUs
JMHENHON perpeccun, Tpex IIA B 3aBMCMMOCTM OT M3Me-
PEHHOI KOHLIEHTPALMM TaKTaTa.

MunumanpHas craHgaptHas ommnbka omeHku YST
3aUKCMpoBaHa B [Malla30He KOHIIEHTpaIWIl JaKTaTa
MeHee 4,0 MMmonb/n. Ha 3TOM >ke KOHIIEHTPAallIOHHOM
YpOBHe BCe CpaBHUBaeMble aHAIM3aTOPBI IPOJEMOH-
CTpUpOBANM MMUHUMAaJIbHble 3HadeHUs OMMOOK. Taxxe
C/IefyeT OTMETUTh, YTO CTAHJAPTHBIE OUIMOKU OLIEHKNU
ITA He yBenMUMBaNINUCh C POCTOM KOHIIEHTPAI[UM B KPOBU

Tabnuma 2

[laHHBIE 0 TOYHOCTH KOTITYECTBEHHOTO MI3MEPEHNA TaKTaTa B KPOBU CIOPTCMEHOB IOPTATHBHBIMY aHanmu3aTopamu Lactate Plus,
YST u Eaglenos mo cpaBHeHuto ¢ sTanoHHsiM BTS-350

Table 2

Accuracy data for quantitative blood lactate measurement in athletes using portable analyzers Lactate Plus, YST and Eaglenos
compared to the reference instrument BTS-350

BTS-350 vs
Lactate Plus YST Eaglenos
Min-Max, MMOJIb/ 0.40-16.30 2.10-6.70 1.30-13.20
Cpennee cMenienne, MMonb/ (+ 95 % V) -2,07 (-2.59...-1,55) -4,08 (-5,54...-2,63) -2,14 (-2,92...-1,37)
Bo Beem 0,95 (0,78...1,21) 0,63 (0,52...0,80) 0,91 (0,75...1,17)
auamasoHe
CranpaprHas oum6Ka oueHKi, <40 0,53 (0,39...0,86) 0.20 (0,14...0,32) 0,52 (0,38...0,84)
MMob/11 (£ 95 % 1)
4,0-8,0 0,38 (0,24...0,94) 0,63 (0,39...1,54) 1,67 (1,04...4,09)
> 8,0 1,27 (0,96...1,88) 0,57 (0,43...0,85) 0,66 (0,50...0,97)
Bo Beem 0,980 0,912 0,971
IuanasoHe
Koaddurment xoppenamun, yci. ef. <4,0 0,857 0,914 0,821
4,0-8,0 0,958 0,743 0,638
> 8,0 0,915 0,491 0,951
Tab6bnuma 3
IIpemensi cornacoBanuocTu (LOA) Tpex MOPTATHBHBIX AHATM3ATOPOB TAKTATA
Table 3
Limits of agreement (LoA) for three portable lactometers
LoA, MMOTB/TT Lactate Plus YST Eaglenos
(£ 95 % ON) Lower Upper Lower Upper Lower Upper
Bo Bcem -5,35 1,21 -13,22 5,06 -7,03 2,74
nuamna3oHe (-6,05...-4,64) (0,50...1,91) (-15,19...-11,25) (3,08...7,03) (-8,08...-5,98) (1,69...3,80)
<40 -1,82 0,27 -1,00 1,36 -1,19 1,05
’ (-2,20...-1,44) (-0,11...0,65) (-1,43...-0,57) (0,93...1,79) (-1,60...-0,78) (0,64...1,46)
40-8.0 -2,37 -0,49 -2,79 -0,43 -3,90 2,54
TS (-2,89...-1,86) (-1,00...-0,42) (-3,44...-2,15) (-1,08...0,22) (-5,84...-1,99) (0,63...4,48)
>80 -6,66 -0,29 -15,17 -0,50 -8,05 -0,04
’ (-7,66...-5,65) (-1,29...0,72) (-17,48...-12,86) (-2,81...1,81) (-9,28...-6,82) (-1,27...1,19)
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Puc. 1. Accounaumsa pesynstaTtoB KONMYECTBEHHOIO onpeaeneHns fnakrata B KpOBM CMOPTCMEHOB, NOMYyYEeHHbIX C ncnonb3oBaHnem BTS-350
1 nopTaTuBHbIX aHanusatopos Lactate Plus (1), YST (2) n Eaglenos (3)
Fig. 1. Association of blood lactate levels in athletes measured by BTS-350 and portable analyzers Lactate Plus (1), YST (2), and Eaglenos (3)
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Fig. 2. Scatter plot of blood lactate levels measured by portable analyzers compared to reference instrument BTS-350

CIIOPTCMEHOB — WX AMHAMMKA HOCWUIA BOTHOOOPA3HBII
XapakTep.

4. O6¢cyxneHne

CDI/IKC&LU/IH KOHLEHTpauM J/IaKTaTa B KpOBM B paMKaX
TeKymero KOHTPOJIA HE TOJIBKO IIPEJOCTABIIAET TpeHepy MH-
(I)OpMaLU/IIO 0o (1)YHKLU/IOHa}IbHOM COCTOSIHUM CIIOPTCMEHA,
IIPOTEKAHNN CPOYHBIX alallTAJMIOHHBIX ITPOLIECCOB U pa3-
BEPTHIBAHNN MEXaHN3MOB 9Heproo6ecnequm{, HO "I MOJXET
CIIy>KUTb OCHOBAHMEM IS KOPPEKIUIM TPEHMPOBOYHOIO
IIponecca, HalIpyMeEPp CHVDKEHNA VIV IIOBBINIEHNA UIHTEHCYIB-
HOCTI I/ICHOHI)3Y€MI)IX TpeHMpyIOH.U/IX CPENCTB C LIEJIbIO ITIOBbI-
HIEHVA SHEPTETUIECKOI0 IIOTEHMa/Ia MbIIIIEYHBIX BOTOKOH.
B cBs3u c aTM 71 IVTAaHVPOBaHNA I/IHHI/IBI/I}IY&HBHI}IX TpeHU-
POBOK C LIeJIbIO TIOBBIIEHSI PAGOTOCIIOCOOHOCTH CIIOPTCMe-
HOB pellIaolee 3HaYeHNe UTPaeT UCIonb3oBanme [TA makra-
Ta, 00€CIeYNBAONINX BHICOKYIO HA/IeXKHOCTD I3BMEPEHIL.

CpaBHMTeHbeII?I aHaIn3 pesyanaTOB KOJIMYECTBECH-
HOTO OIpefie/IeHNs JaKTaTa 9TAaToHHBIM u [TA BbIABUI
KPUTUYECKNE OTPAaHNYIEHNA B IPUMEHMMOCTHU IIOCIENHUX.
C opHOIT CTOPOHBI, HAOIOAINCH BBICOKIE IBYXCTOPOHHIE
KoppenAagnn ypOBHeﬂ JIaKTaTa, M3MEPEHHBIX C MCIIO/Ib30-
BarmeM BTS-350 u tpex ITA Bo BceM Aguama3soHe KOHIIEH-
tpaumit. C Apyroil CTOPOHBI, Ipefie/ibl COITTACOBAHHOCTH
pesy/nbTaToB M3MepeHMs nakTara Bcemu ITA mpeBbimramm
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YCTaHOB/IEHHDINI MMMUT B +2,1 Mmonb/n. Kpome Toro, Bce
CpaBHIUBAaeMble JIAKTOMETPbI IPOJEMOHCTPUPOBA/IN 3aHU-
JKEHMe OIIpefie/ieHNsi YPOBHsI 9HEPreTHIecKoro cybcrpa-
Ta Ha BCEM AMAIla30He ero KOHIIeHTPalMil II0 CPaBHEHMUIO
¢ BTS-350. Taxas KapTyHa MOXXeT OOBSCHATHCS PasInds-
MI METOJIOB M3MepeHNs JIaKTaTa B 06pasiie KPOBY, peasn-
30BaHHBIX B IOPTATUBHBIX I CTALMOHAPHOM IIPUOOpaX.
Heobxopumo OTMeTUTb pacliupeHue IPelesioB Co-
TZTAaCOBAaHHOCTUM  OIIPpE€AENIEHNA JIaKTaTa IOPTATMBHBIMU
mpubopamu oTHocuTenpHO BTS-350 ¢ yBemmdeHmeM ero
KOHIeHTpanuy B KpoBu. Tak, Lactate Plus B mmamasone
HM3KMX KOHIL[eHTpaumii cybcrpara (< 4,0 MMOb/m) mpo-
JNEMOHCTPUPOBA/ MUHMMAJIbHbBIA IIPENeNl COITIaCOBAaHHO-
CTV OTHOCKTeNbHO Hpourx ITA — or -1,82 (-2.20...-1,44)
1o 0,27 mmons/n (-0,11-0,65). Hanbormee mumpoxmit mpefen
COITIACOBAaHHOCTH Pe3y/IbTaTOB OIpefe/leH A TaKTaTa Cpefu
Bcex ITA U KOHIIEHTPAIIOHHBIX CETMEHTOB OoTMedeH y YST
B [JMaIla30He KOHIeHTpauuu cybcrpara 4,0-8,0 MMob/m —
or -15,17 (-17,48...-12,86) go —0,50 mmosnb/n (-2,81-1,81).
TakuM 06pa3oM, IPU MCIOMB30BAHUM CPABHUBAEMbIX
HaMM IIOPTaTMBHBIX JIAKTOMETPOB HAOIIONAETCS OTCYT-
CTBME COIVIACOBAaHHOCTM Ppe3y/IbTaTOB M3MEPEeHNUA JIaKTa-
Ta OTHOCUTETBHO 3TAJIOHHOrO MprbOpa 1 HEZOOLIEHKA ero
KOHIIEHTPAIWIT, TO eCTh IIPAKTUYeCKOe IIpUMeHeHNe MOy-
YeHHbBIX 3HAaYEHMIT MOYKET ICKAa3UTh OHCHKY VHTCHCUBHOCTI
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Puc. 3. Mpadukn cormacoBaHHocTn (BnaHga — AnbTMaHa) KOHLEeHTpauuii nakrara B KpoBU CNopTCMeHOB (N = 42), namepeHHbix BTS-350 v nop-
TaTuBHbIMK aHanuaatopamu Lactate Plus (1), YST (2) n Eaglenos (3). CuHas cnnowHasa nuHus — cpefHee cMelleHune (Bias), kpacHble MyHKTUp-
Hbl€ NINHUN — Npeaenbl cornacoBaHHOCTU (LoA)
Fig. 3. Bland-Altman plots of blood lactate concentrations in athletes (n = 42) measured by BTS-350 and portable analyzers Lactate Plus (1), YST
(2) and Eaglenos (3). Solid blue line — mean bias (Bias), dashed red lines — limits of agreement (LoA)
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Fig. 4. Standard error of estimate (SEE) of three portable lactometers depending on blood lactate level (n = 42)

¢usnMIecKoil Harpys3KM, OCYILIECTB/LSIEMONl HA OCHOBE KOH-
LEHTpaluy 3HEepPreTUdeckoro cybcrpara. IloHIDKeHHas
TOYHOCTb MOXeT OBITb IIPMEM/IEMOII TOTbKO TPV HaININN
nH(OPMALIUN O CHCTeMATHYeCKOII OLIOKe U BOSMOXXHOCTI
ee MaTeMaTmdecKkol koppekiyu. CrelyanmucrtaM Caefyer
VUINTBIBATD, YTO UCIIOIb30BAHNE AHAIM3ATOPOB PA3TMIHBIX
[IPOM3BOAUTENEIl MOXKET HMPUBECTH K 3HAYMTETbHBIM pac-
XOX/IEHUSIM Pe3y/IbTaTOB OIIPefeIeHNs TaKTaTa, 00yCI0B-
JICHHBIM Pas/INdMsAMY B METOHOIOTMU MEXAY aaboparop-
HBIMU ¥ TIOPTATUBHBIMU CHUCTEMAMI, @ TAKXKe BO3MOXKHBIM
BIMSIHMEM 3aIlaT€HTOBAHHBIX A/ITOPUTMOB IpeobpasoBa-
HIsI HAIIPSDKEHUST [PV MOHUTOPVHTE JIAKTaTa B KPOBU aM-
[IePOMETPUIECKIM METOTOM.

BO/BIIMHCTBO MOPTATUBHBIX JIAKTOMETPOB (YHKIO-
HUPYIOT B IMamasoHe TemrepaTtyp oT +10 mo +40 °C, cre-
IOBAaTeNIbHO, UX NCIOJb30BAHNE B 3MMHUX BHUJAX CIIOPTa
(IPDKHBIE TOHKY, OMATIOH, KOHBKOOEXKHOM CIIOPTE) Orpa-
HIYEHO U NMPUBOAUT /6O K OTKasy B pabore mpubOpoOB,
760 K 3HAYNTEIBHOI IIOrPeIHOCTH M3MepeHmit. [Toatomy
UCIIO/IB30BaHME 9TUX NPKOOPOB B 3UMHUX BUAX CIOPTa
IIpY HUSKMUX TeMIEpaTypax BO3JIyXa HOMYCKAETCs TONBKO
IIPY YCTIOBUU COOTIOIEHNSI BBIIIEYKAa3aHHOTO TeMIIepaTyp-
HOTO PEeXIMa, HAlpMMep B OTAIUIMBAEMOM IOMeELIEHMIN.
Heob6xopumo mpuHMMaTh BO BHMMAHUE, YTO B CIydae Ha-
PYLIEHNSI TeMIEPAaTypHOIO peXxmma HUCHOAb30BaHms IIA
U M3MepEeHNs BBICOKMX KOHIIEHTPAI[Uil JaKTaTa B KPOBMU
CIIOPTCMEHOB (> 8 MMO/IB//T) BeTMYMHA OMMOKU M3MePEHNUS
KPUTUIECKN BO3PACTAET.
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OI‘paHI/I‘IeHI/IeM HalIero mMCCaeqoBaHMA ABIACTCA MC-
MO/Ib30BaHME OJIHOTO YCTPOMCTBA KaXK[IOJ paccMaTpuBa-
emont mogenu ITA maxTara. [laHHOe mMccefoBaHUe TIpef-
CTaBIIO CO601t /MabopaTopHOE CpaBHEHME 0OpasoB
KaIlJJUIAPHON KPOBM, OTOOPAHHON ¥ IIPOaHATU3MPOBAH-
HOJI B KOHTPONMPYEMBIX YCIOBMAX OKPY>KAIOWEH CPeJbl.
VccnepoBanue, MpOBEJEHHOE B IONEBBIX YCIOBUAX U IIPU
HM3KMX TeMIIEpaTypaX, MOXET [OaTb WNHbIE PE3yabTaTbl.
B sKcmepuMeHT BK/IIOYEHBI CEPUITHO BBIIYyCKaeMble IOP-
TaTUBHbIE JTAKTOMETPDI, MOCTYIIHbBIE [OJIA HpI/IO6peTeHI/I§I
Ha TeppuTtopun Poccuiickoit egepanun.

5. 3akmoueHie

PesynpraThl ~ HaHHOTO  MCCIEOBaHUA  IIOKa3aln,
YTO HU OfMH M3 CPAaBHMBAEeMbIX IOPTATUBHBIX JIAKTOMeE-
TPOB He 00/afiaeT BHICOKOI TOYHOCTBIO OIpefeneHNns TaK-
TaTa B KPOBM B AyamnasoHe ~1-25 mmonb/n. 1o cpaBHeHMIO
C 9TaJIOHHBIM Bce ITA leMOHCTpMpOBany TeHAEHINIO K 3a-
HIDKEHVIO KOHIIEHTPALMY JIAKTaTa B KpOBY (OTpUIlaTeIbHOE
CMelljeHNe), Hanbojlee BHIPAKEHHYIO IPY €r0 COAEP)KaHNI
cBbIlIe 4 MMonb/n. [TpakTudeckoe IpuMeHeHNe TaKUX MCKa-
JKEHHBIX 3HaYeHMI CIIOCOOHO MPUBECTH K ITEPEOII€HKe BO3-
MO>XHOCTEJI CIIOPTCMEHA M Ha3HAYEHMIO TPEHEPOM Harpy-
30K IIOBBIIIEHHOV WMHTEHCUBHOCTU. HeBbICOKass TOYHOCTH
1 9yBCTBUTENMbHOCTD ITA /TaKTaTa K yCIOBUAM OKpY Karoliein
Cpelbl Ie/1AI0T VX HENPUTOGHBIMM K MCIO/Ib30BAHUIO B JIa-
6OpaTOPHBIX U TOJIEBBIX YCIOBISX IO CPABHEHUIO CO CTa-
OMIbHBIMM a7IbTEPHATIBAMIL.
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Bknap aBTOpOB:

Jukynen, MapiHa A/leKCaHZPOBHA — HAMNCaHNUeE TepBOHAYAIb-
HOTO TEKCTa.

TTynxo Tpuropmit AmexceeBid — HOpManbHBII AHANIN3, BUSYAIH-
3anus.

Apxunkun AneKkcaHap AnexceeBId — ICCIeJOBaHNE, PECYypPCHI.

Kproukos Amnppeii CepreeBud — Kypalus J[aHHBIX, Haluca-
HIle — pelleH3UPOBaHUe U PeAKTUPOBAHNE.

Abanan ABak IeHbeBIY — HayuHOE PYKOBOJCTBO, AIMUHNICTPH-
pOBaHue IPOEeKTa.
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MNoka3aTenu TenocnoxeHus, d)usuqecxoﬁ noaroToBrieHHOCTU
N KWHeMaTU4eCKknx XapaktTepuCcTukK TeXHMKu Gera Yy GuatnoHucToB
BbICOKOIO KJj1lacCa C pasnleoﬁ ANCTaHUNOHHON CKOPOCTbLIO B C€30He

E.b. Makunuenko, M.B. Bonkos, A.C. Kprouxos, C.C. Muccuna*

®rby «®edepasbHbili Hay4HbIU yeHmp ¢usuyveckoll Ky ibmypbl U cnopma», Mockea, Poccus

PE3IOME

Llenpb MccnexoBaHms: CPABHUTD IIOKA3aTe/IN TeIOCTIOKE s, (pU3IeCKOil ITOATOTOBIEHHOCTH 11 KMHEMAaTIKI KOHPKOBOTO XOJia Ha JIbDKAX y 61aT-
JIOHVICTOB BBICOKOTO K/IACCa C PA3/IMIHOI CPeiHell IMCTaHIIOHHOI CKOPOCTBIO.

Marepuansl 1 MeTOAbL. Y 53 GMAaTIOHNUCTOB B KOHI|e IIOATOTOBUTENBHOIO MEPHUOAA OIpPee/ieHbl MoKasare/ (pusidecKoil MOArOTOBIEHHOCTI
IIpY TIOMOLIY BUAEOCHEMKI B YCTIOBIUSX COPEBHOBAHMIT — [apaMeTphl ONHOBPEMEHHOIO OFHOIIKHOIO KOHBKOBOIO XOfa, KOTOPbIe OBUIM HOPMI-
poBaHbl Ha ckopocTb (5,89 M/c). CpelHsAA NUCTAHIMOHHASA CKOPOCTb B CE€30HE OLEHMBAIACD 110 PErPECCHMOHHOMY OCTAaTKY 3aBMCUMOCTI: CPEeHMI
PEJITHHT B TOHKAX — TOYHOCTD CTPE/IbOBL.

Pesynbrarsl. CrOpTCMeHEI ¢ G0JIee BBICOKOI JUCTAHIMOHHOI CKOPOCTBIO B Ce30HE MMe/II MEHBILIYIO [UINHY CBOGOLHOTO CKO/IbKEHISI I OTHOLLIe-
HIle TPOKATa K UINTeIbHOCTY OTTaIKMBAHILA, a TAKKe GOJIbIINe YTO/ B KOJICHHOM CyCTaBe [P IOCTAHOBKE IIA/IOK I aMIUTUTYY BePTUKA/IbHBIX Ilepe-
MeﬂleHI/Iﬁ[ LE€HTpa Macc Tena. Y aroit TPYIIIIbL 6bUII/I BBIIIE MacCCa Tejla ¥ MBILIL, HV)KE MaKCMa/IbHaA a/laKTaTHAA MOITHOCTD MBIIII] HOT, OTMe4YaIach
TeH/IeHLVs K YIYUIIEeHIIO CYIOBBIX U a9pOGHBIX IT0KasaTesIeii pu pabore pykamt. Ilocie BbIpaBHMBAHIS PYIII IIO Macce Te/la I MBILILL BCe PAs/INdIAs
B KMHeMaTuKe Gera CTa/my He3HAIMMBIMIL, HO Cpefii 6o/mee GBICTPIX GHATIOHNCTOB (C OMHAKOBBIM BeCcoM) 3apuKCHpOBaHa Gotee BEICOKas CKOPOCTb
aHa’pOOHOTO IOpora.

3akmroueHe. BUaTIOHUCTBI ¢ 60/lee BBICOKOIT AUCTAHIIMOHHOI CKOPOCTHIO B COPEBHOBAHMAX OT/INYAIOTCS MEHbIIEH aKTUBHOCTBIO OTTa/IKIBA-
HIISL U TIOTePelT TOPU3OHTAIBHOI CKOPOCTH B IIMKJIE IATOB IIPU GOMBIINX BEPTHKATBHBIX KOTeOaHIAX [IeHTpa Macc Tefa. [Ipy 9ToM pasindus B KiuHe-
MaTMKe 3Ha4MMO CBsI3aHbI C MacCOI Tena 1 MBbIIIIII.

Knioueevie cnosa: 6uaTioH, Gpusideckas IOATOTOBIEHHOCTD, KMHeMATHKa 6era Ha JIbDKaX, BbICOKOKBAMN(UINPOBAHHbIE CLIOPTCMEHBI, CLIOPTIUB-
Hasl pe3y/IbTaTHBHOCTD

KoH}IMKT MHTepecoB: aBTOPbI 3aAB/IAOT 00 OTCYTCTBUM KOH(IMKTA NHTEPECOB.

@duHaHCHpPOBaHMe: pabOTa BBIIIONHEHA B PaMKax rocygapcrseHHoro 3agauns OI'BY «®DenepanbHblil HayqHbI HeHTP (GU3NIECKON KyIbTYPhI
u criopta» Ne 777-00021-26 (Tema Ne 001-25/9).

ABTOPBI BBIP)KAIOT 67IaTOfAPHOCTD TPEHEPCKOMY LITaby 11 pyKoBoacTBy Denepaiyi 61aTioHa 3a COfeEIICTBUE B OpPraHM3aL Uy MCCIeOBaHNA.

st purmpoBanms:: Msiknadyerko E.B., Bonkos M.B., Kproukos A.C., Muccuna C.C. ITokasareny TeocnoxeHns, GruandecKoil IIoAr0TOBIEHHO-
CTU ¥ KMHEeMaTIYeCKIX XapaKTePUCTUK TeXHNUKM 6era y OMaTIOHICTOB BBICOKOTO K/Iacca ¢ pas/idHOl AUCTAHIMIOHHOI CKOPOCTBIO B ce30He. Cnop-
MUsHAS MeouyUHa: Hayka u npakmuka. 2026;16(1):24-32. https://doi.org/10.47529/2223-2524.2026.1.2
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Indicators of physique, physical fithess and kinematic characteristics
of running technique in high-class biathlete with various distance speeds
in the season

Evgeny B. Myakinchenko, Maksim V. Volkov, Andrey S. Kriuchkov, Svetlana S. Missina*

Federal Science Center of Physical Culture and Sport, Moscow, Russia

ABSTRACT

Purpose. The study was aimed to compare the physique, physical fitness, and kinematics of the V1 skating technique of high-level biathlete with
different average distance speeds during the competitive season.

Methods. The study involved 53 elite biathletes. Their physique and physical fitness indicators were assessed at the end of the preparatory period.
The parameters of the V1 skating technique were recorded during competitions and normalized to a standard speed of 5.89 m/s. The average distance
speed over the season was estimated using the regression residual from the relationship between the average race ranking and shooting accuracy.

Results. Athletes with a higher seasonal distance speed demonstrated: a shorter free glide duration and a lower ratio of glide time to push-off dura-
tion, as well as a larger knee angle at pole plant and a bigger amplitude of vertical displacement of the body’s center of mass. This group also had higher
body weight and muscle mass, lower maximum anaerobic power of the leg muscles, and a tendency towards better strength and aerobic capacity during
upper-body work. After matching the groups for body weight and muscle mass, all statistical differences in skating kinematics disappeared. However, in
the sample of faster biathletes (with the same weight), better anaerobic threshold was recorded.

Conclusion. Biathletes with a better distance speed in competitions were characterized by lower “push-off activity” and lower horizontal speed loss
per cycle, coupled with bigger vertical oscillations of the center of mass. The differences in kinematics appear to be largely determined by the difference
in body and muscle mass.

Keywords: biathlon, physical fitness, skiing kinematics, elite athletes, sports performance
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1. Beepenue — B 3UMHIUX BIJ]aX CIIOpTa MMeEeT MeCTO BBICOKas Ba-
CnenuanbHas usnmdeckas ¥ TeXHMYECKas MOATOTOB- PUATUBHOCTD YCIOBUII CKONbXXEHUA, IIepPeMeHHBIN pe-
JIEHHOCTD — JIBa K/TIOUEBbIX (PaKTOPa, OIpeMesoLIe CIIopP- nbed Tpacc, 3aBUCUMOCTb OMOMeXaHNYEeCKNX [TapaMeTPOB
TUBHYIO pe3yIbTaTMBHOCTb. OIpenesieHue MX [ieTalbHBIX, OT CKOPOCTH, UCIIOJIb30BaHME PA3IMYHBIX JIBDKHBIX XOJ0B
a He 001X (TaKue, KaK CIIOPTUBHBII Pe3y/IbTaT) KpUTEPIEB [7,11];
y CIIOPTCMEHOB BBICOKOTO KjIacca Heobxoammo st addex- — IpU M3YYEHUM XapaKTePUCTUK CIIOPTCMEHOB CaMO-
TUBHOI'O YIIpaBJIeHNSA TPEHUPOBOYHBIM IIPOLECCOM U MC- r0 BBICOKOTO YPOBHs (WIEHOB HAlMOHAIBHBIX COOPHBIX
CT1eoBaHsI TPO6TIEM MX IIOATOTOBIEHHOCTI. B TO )Ke Bpems KOMaH[I) MICCIeOBaHMA 3aTPYAHAIOTCA MaJIOYUCIEHHOCTDIO
U3y4eHNe 9TOr0 BOIIPOCa BeCbMa CJIOXKHO, YTO 00yCIOBIIe- BBIOOPOK.
HO, B YaCTHOCTH, C/IEAYIOINMI (DAaKTOpaMIL: Tem He MeHee dyHKUMOHUpYIOmas B Poccmiickoi
— Y CHOPTCMEHOB, TPEHNUPYIOMINX BBIHOCIMBOCTD, Depepanyn yxe 15 y1eT cucTeMa HayYHO-METOZMYIECKOTO
10 Mepe TOBbIIIEHVST KBa(UKALN HaOTI0NaeTCs CHIDKe- obecrievueHnst TIOATOTOBKM CIIOPTUBHBIX COOPHBIX KOMaH/
HIIe KOPPE/IALINI MeX/Ty II0Ka3aTe/IIMU IOATOTOB/IEHHOCTI [1], B paMmKax KOTOPOJ CcUCTeMaTU4YeCK! cOOMpaeTcss CTaH-
U CIIOPTUBHBIM pe3y/IbTaToM [4]; DapTU3VpOBaHHas MHpOpMALMs O BCeX CTOPOHAX IOATO-
— CIIOPTCMEHBI BBICOKOTO K/Tacca MMEIOT IIMPOKWIA Ayara- TOBJIEHHOCTY CIIOPTCMEHOB, IPENOCTAB/IsIET BO3MOXKHO-
30H 3HAUEHWIT KMHEMaTUIeCKIX, IMHAMIIECKUX U IHTErPalb- CTV ISl TaKUX MCCIEROBaHMII. DTO MO3BOIM/IO HOCTABUTD
HBIX IITaPaMETPOB TEXHMKI 6era Ha nbDKax [3, 4, 6-8, 11]; nepeq, HacTosALIeN pa60T0171 IieIb — OIIPEJEUTh PasINInsa
— TIapaMeTpbl TeXHUKY CBSI3aHbI C YPOBHEM 11 0COOEH- IIOKa3aresieil TeMOCTIOKeH Vs, PU3UUECKOIl TTOrOTOB/IEHHO-
HOCTAMU GU3NYECKON IIOATOTOB/ICHHOCTI, YTO 3aTPYLHAET CTV M KMHEMaTW4YEeCKUX XapaKTEePUCTUK OJHOBPEMEHHOTO
pasrpaHMyeHne BIVUSIHMS TEXHUYIECKON MOJTOTOBIEHHOCTY OffHOIIIXXHOTO KOHbKOBOro xofa (OOKX) y 6uaronncros
U CBOJICTB HEPBHO-MBIIIEYHOTIO aIlllapaTa Ha KMHEMATUKY BBICOKOTO KJ/Iacca C Pas3/IMYHOI OLIEHKON CpeIHeNl JUCTaH-
6era [3, 4, 6]; LIMIOHHOJ COPEBHOBATENBbHOI CKOPOCT B CE30HE.
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2. Matepuanbl 1 METOJbI

B pabore mcmonb3oBanuch maHHbIE 53 OGMATIOHMCTOB
MY’KCKOTO I0/Ia — WIEHOB COOPHBIX KoMaHJ Poccuu 1o 6u-
amIoHy (cpemHMIT Bo3pacT 25,5 + 2,2 rofa; CpegHUIl pocT
1,77 + 0,05 m), mis KOTOPBIX MIMENINChH BIUJEOCHEMKI HE Me-
Hee 4eM JBYX FOHOK Ha Pa3HbIX COPEBHOBAHUAX OJHOTO
Ce30Ha U JIaHHBbIE HECKOTBKUX 00CIeTOBaHMII ITapaMeTPOB
TETOCTIOKEHNsT M (PUSMYIECKOI MOATOTOBIEHHOCTI B Tede-
HIe TOTO XK€ Ce30Ha, KOIfla MIPOBOAMIACh CheMKa (Tabi. 1,
3). AHa/M3 IPOBOIWICA B T€YEHNE COPEBHOBATE/NIbHBIX Ce-
30HOB 2018-2019/2024-2025. Bce aHTpomoMeTpuyecKue
U3MepeHNs IPOBOANINCH OFHVM U TeM K& KBaInUIupo-
BAHHBIM COTPYAHUKOM C GONBIINM CTaXKeM IIPAKTUIECKO
paboThL.

OT Bcex YYaCTHUKOB MNCCIE[OBAHUS OBUIO IIOTy4eHO
mICchbMeHHOe NHPOPMUPOBaHHOE cormacie. IIpoBeneHme nc-
C1emoBaHst ObIIO OHOOPEHO TOKATBHBIM STUIECKIM KOMM-
teToM OI'DY «DemepanbHblil HAYIHBIN LEHTP PU3NIECKON
KY/IBTYPBI U CIIOpTa» (IIpoToKoI Ne 4.24 ot 25.12.2024 1.).

Meromika TecTUpoOBaHUA PU3MIECKOI

MOATOTOBIEHHOCTN

[Toapo6HO mpoLeAypsl TECTUPOBAHMS I pacyeTa MOKa-
3aTenell B paMKax STAIHBIX KOMIUIEKCHBIX 00CIefoBaHMIT
CIIOPTCMEHOB cOOPHBIX KOMaH/ Poccui mogpo6HO ommcaHb
panee [1, 3,4, 10]. Crporo cran/japTU3MpOBaHHOE TECTUPO-
BaHIe B IA00PATOPHBIX YCIOBIUSX OOIIEll AINTENbHOCTIO
140-160 MUHYT IPOBOAWMIOCH B TE€YEHME OJHOTO JHA TIOC/IE
OKOHYaHNA PasTPy309HOIO MUKPOLMKIIA JIUTETbHOCTHIO
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5-8 pHeil. AHTPONOMETpPUYECKME M3MEPEHMA IIPOBOJM-
JIUCH IO MOlII/I(I)I/[I.H/IpOBaHHOMy MeTony Mareliku ¢ yueTom
IAHHBIX 0 00jIe€ BBICOKOI TOYHOCTI STOIO METOHA OTHOCH-
TeJIbHO a/IbTePHATUBHBIX [5]. Pacnpenenenne Toueit Macchl
PacCUMTBIBAJIOCH C OIIpefie/ieHlieM MacC-MHEePLIMOHHbIX Xa-
PaKTEePUCTUK CETMEHTOB Tejla 110 MEeTORY 3al[MOPCKOro —
CenysiHOBa. BeHTI/IATOPHBII aHA9POOHDIN MOPOL, 3HaUe-
HIe MaKCUMalbHOrO mHoTpebnenus xucmopoga (MIIK),
VMHOEKCbI ynapﬂoro 061>eMa Cepp;ua n MI/IHyTHOFO KPOBO-
TOKa OIpefe/INCh M0 JIMHAMMKe IapaMeTpOB ra3oaHa-
mm3a MetaLyzer3B (Cortex Biophysik GmbH, Tepmanns).
Yactora cepueunbix cokpamenuit (UYCC) ompepensanach
B [IByX TeCTaX CO CTYIIEHYaTO BO3pACTAIOLIell Harpys-
KOJi: He MaKCUMa/JbHOM TeCTe Ha JIBDKHOM SproMerpe
(Concept-2, INC, CIIA) n mMakcumaabHOM TecTe — bOere
¢ meDKHBIMK Tankamu Ha Tpenbane (Fitnex Master, INC,
CHIA). YCC perucrpupoBanach ¢ ucrnonpzoBanuem Polar
RS800CX (Polar Electro, ®umsauaus). Mexay cryneHda-
TBhIMU T€CTaMU CIMJIOBBIE€ I MOIITHOCTHBIEC ITIOKAa3aTEe/IM MBIIIII]
IUIEYeBOTO I0ACA M PYK TeCTUPOBAIUCH B YIPa>KHEHUAX
Ha TOM >X€ JIbDKHOM 3promMerpe. B3pbIBHaA Cula MbIIIL] HOT
OTIpefieNsiIach B IPBKKOBOM TeCTe C JMCIONIb30BaHMEM JIM-
HeitHoro sHkogepa MuscleLab (Ergotest Innovation A.S.,
Hopserus), nuHammdecKast Cuia MbIIIL CTUbaTesneit u pas-
rubareselt KOJTEHHOTO CyCTaBa IIPU YITIOBOM CKOPOCTH
60 rpag/c — ua Biodex System 4 Pro (Biodex Medical
Systems, Inc., CIIIA), a m1xoBas aHaspoOHaA (aaKTaTHAA)
MOIHOCTh — Ha Benospromerpe Monark 894E (Monark
Exercise AB, IlIBenus).

Tabnuma 1

3HayeHNA, CTAHJAPTHBIE OTKIOHeHU U pasMep 3¢ dexra (PO) pasmiunii aHTponoMeTpUIeCKIX UHIEKCOB
y 6uaTmoHucToB ¢ Boicokoi (BC, n = 27) u Huskoii (HC, n = 26) omeHKamMu cpefHeli JUCTAHIIIOHHOI CKOPOCTH B C€30He

Table 1

Values, standard deviations and effect sizes (ES) of differences in anthropometric indices in biathletes with high
(HS, n=27) and low (LS, n = 26) estimates of average distance speed in the season

BC HC P3

IToxasarens / Parameter HS SD LS SD ES
AHTpOIIOMETpUYECKIIe MHTEKCHI
gf‘;;g:;a’k‘;r 77,4 6,93 73,7% 4,80 0,10

2
Wnpexc Macchl Tena KI‘/ZM 24,0 128 233 127 0,12
Body mass index, kg/m
MplIIeYHbII KOMIIOHEHT Tejia, %
Body musclesmass, % 22,2 1,74 >0.8* 1,35 0,16
Macca moiuu, kr 40,5 4,09 37,5% 2,80 0,14
Body musclesmass, kg
7 0,
gi”él; g OHEHTTES o 9,08 1,70 9,98* 128 |-0,10
5 /0

OTHOCKTETBHBIT 06BEM TOLLLET MACCHI BEPXHEN YacTy Tefa, % .
Relative volume of upper body muscles, % 164 1,21 156 115 0.12
OTHOCHUTEIBHBI 06beM TOLLel Macca HUKHeN JyacTu Tena, %
Relative volume of lower body muscles, % 20,7 1.78 200 1,34 0,07

IIpumeuanue: *— pasnuans foctosepHsl mpu a = 0,05.
Note: * — differences are significant at a = 0.05.
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Puc. KoppensiunoHHoe none B3aMMOCBSI3V CpeaHel pesynsTaTUBHOCTU GUaTnoHMCTa U cpedHel TOYHOCTM cTpenbbbl B ce3oHe. PO — perpeccu-
OHHBbI OCTaTOK, UCMONb3yEMbIN B KA4ECTBE OLIEHKM ANCTaHLMOHHOM CKOPOCTM CriopTcMeHa. R? — oueHKka [onu AUCNePCUn pesyrnbTaTBHOCTY,

0ObACHSIEMOW TOYHOCTBIO CTPEenbObl B CE30HE

Fig. Correlation field of the relationship between the average performance of a biathlete and the average shooting accuracy during the season.
RR — regression residual used as an estimate of the athlete’s skiing speed. R?> — the proportion of the variance in performance explained by

shooting accuracy during the season

MeTopuKa BUAEOCHEMKN U pacyeTa KUHeMaTI4eCKIX

nokasareneint OOKX

BupeocbeMka IpoBOAWIACH HA BCeX Kpyrax CIIpUHTEp-
CKMX M VH[VIBUIYaJIbHBIX TOHOK B YC/IOBIAX KPYIHENIINX
POCCUIICKMX M MEX/yHapOJHBIX COPEBHOBAHMII C YaCTOTOM
50 Iy Ha TeX y9acTKaxX TPACChI, I7ie CTIOPTCMEHBI MCTIONb30Ba/IN
OOKX. Ee mertonuka mogpo6bHo onvcana panee [4]. Kaxmprit
6erosoit nuxi B mporpamme Dartfish Pro Suite 6 pasgersiics
Ha aKTVUBHBII (c (pasaMy OTTaNKMBaHMEM PYKaMy ¥ HOTOI)
M TIACCUBHBIII TTEPHOJL CO CBOOOTHBIM CKOMbKeHMEM (IIPOKa-
TOM). BBIYMCIIANMNCH JINTEIBHOCTD KaXX/[01 (hasbl ¥ X OTHO-
IIeHe K TIPOoKaTy (TabiL. 2). B MOMEHTBI IOCTAHOBKM U OTPbI-
Ba IIJIOK OT OIOPBI OLPele/LAICA YroNl B IVIeYeBOM CyCTaBe.
ITpu moCTaHOBKE TTA/IOK U B HIDKHEN TOUKE CTUOAHNS OIIperie-
msuucs yrabl B konenHoM (KC) u taso6enpentom (TBC) cy-
CTaBaX. YTO/I OTTa/JIKMBAHMs TTalKaMyl OIpefe/syIcs B KOHIle
KOHTAKTa I1aJIOK ¢ onopoli. «Paccornmacosanmue» paccunTbiBa-
JIOCh TI0 BpeMeHV MeX/[y IIOCTaHOBKOI! IIaJIOK Ha OIIOPY U Ha-
YaJIOM OTTAJIKMBAHMS HOTOA.

IIpn ouLeHKe [UCTAaHLMOHHOM CKOPOCTH CIOPTCMe-
Ha B CpefHEM 3a Ce30H OTHOCHUTEIBHO APYIuX OMaTIo-
HIICTOB IIPYIMEHEH METOJ PErpecCUOHHBIX OCTaTKOB [2].
Vicnonp3oBaHa 3aBUCUMOCTD (PIC.): CpeqHsAA Pe3y/IbTaTIB-
HocTb B ToHKe (CP) — cpenuss tounocts ctpenbbsl (TC),
rge CP — wacTHOE OT fIe/leHNsI KOMMYeCTBA HAOpaHHbIX 04-
KOB Ha KOJIMYECTBO «3aYETHBIX TOHOK» B JJAHHOM CE30He,
TC — cpepgHUI MpOLIEHT NOMATAHNIL BO BCEX 3a4eTHBIX TOH-
Kax ce3oHal.

Vcnionb3oBaHMe MeTOJa OCHOBBIBAJIOCH Ha IIPEJIIO-
JIOKEHUM O TOM, YTO €CIM CIIOPTCMEHBI Pa3INdaloTCs
IO CpefjHeil pe3y/IbTaTUBHOCTY TOHOK IIPY COIIOCTaBMMOI
TOYHOCTHU CTPeNbOBI, TO TOT U3 HUX, KTO MMeT Hoee BbICO-
Kuil perpeccronHsiit ocrtarok (PO), numen u 6omee BbIcO-
KyI0 ZVMCTaHIVMOHHYIO CKOPOCTb. To ecTh B KayecTBe KpM-
Tepust pasfie/ieHus CIIOPTCMEHOB Ha rpymimsl (tabm. 1 u 2)
C pa3/IM4HOI OLIEHKOI JUCTAHLMOHHOM CKOPOCTH UCIIO/Ib-
30BaHBl 3HAYEHMS PErPecCHOHHBIX OCTATKOB YKa3aHHOIN
3aBUCUMOCTH.

3HaunTeNIbHAs YACTh IIOKa3aTenell KMHEMAaTUKM TeCHO
CBsI3aHA CO CKOPOCTBIO Oera, Ha KOTOPYIO TAK)Ke CYIeCTBEH-
HO BIIMAIOT YC/IOBUA CKOJIBKEHUSA M YTOJI HaKJIOHA TPACCHI
[4]. I ycTpaHeHMA 5TOTO UCTOYHMKA AUCIIEPCUU perpec-
CHOHHBIM METOJIOM BCe ITOKasaTe/lu KaXX/IOTO CIIOPTCMeHa
IpUBeIEHbI K OMHAKOBOI cCKopocTu 6era — 5,89 m/c.

Beut0 mcmonp3oBaHo fBa crocoba GopMUpPOBAHIS BbI-
6OPOK CIIOPTCMEHOB JAJIsI MEXTPYIIIIOBOTO CPABHEHSL:

— II0 pasHUIIe CpefHell AMCTAaHIMIOHHO CKOPOCTH B Ce-
30He;

— IIpY COXPaHEHMM Pa3HMUIbI B JUCTAHIIOHHON CKOPO-
ctu (p < 0,001), HO HMBEIMPOBAHUY PA3HUIIBI B Macce Teja.

CraTucTHYeCcKIte METOIbI

Bennumna pasnmyuii mokasaresiell OLeHIBAJINCD 110 pas-
Mepy addekra [9], FOCTOBEPHOCTD pasnInumit MoKasareeil
¢dusngeckoit mogrorosneHHocTn u KuHematuku OOKX —
1o kputepuio Manna — YurHnu [2].

! MexayHapoqHble COpeBHOBaHMSI 10 Omarmiony. www.biathlonrus.com [mpounmtnpoBano 24 wmostopst 2025]. https://www.biathlonrus.

com/sorevnovaniya/mezhdunarodnye/?year=2025
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Tabnuma 2

3HaveHsI, CTaHIAPTHBIE OTKIIOHEHs 1 pasmep 3ddexra (PI) pasmirumit KNHEMATIIECKIX TIOKA3aTeIell, IPUBETEHHDIX K CPETHEl
ckopoctu 5,89 M/c, y Guationmctos ¢ Bbicokoit (BC, 11 = 27) n nuskoit (HC, n1 = 26) olieHKaMu cpejiHeit AUCTAHIMOHHOIT CKOPOCTH B Ce30He

Table 2

Values, standard deviations and an effect sizes (ES) of differences of kinematic parameters which were normalized to the average
speed of 5.89 m/s, in biathletes with high (HS, n = 27) and low (LS, n = 26) estimates of average distance speed in the season

Iloxasarenn BC/HS SD HC/LS SD P3/ES

OHGHKa AWCTaHLMOHHOI CKOPOCTH B CE30HE, Y. €. 30,9 9,04 152¢ |4.97 0.34
Distance speed index in the season, i.e.
DakTIIecKas CKOPOCTh bera, M/c 5.94 0.20 567|022 0.27
Actual average speed, m/s
Jlmsa maros, m 551 (023 |557 |015  |-0,05
Step length, m
O’lef)IlIeHI/[e JUIHDI POKATA K [UTIHE LIATOB, Y. €. 047 0,02 049* 0,02 016
Gliding and cycle lengths ratio, i.e.
Oijxomeﬂme JVIMTEbHOCTI OTTA/KUBANS IANKAMI K OTTA/IKUBAHIIO HOTOM, Y. €. 167 0,19 1,76 0.18 0,08
Poling and leg push duration ratio, i.e.
O’I:Hf)IHEHI/Ie JVIMTEbHOCTI MPOKATA K JYIMTEbHOCTI OTTAKUBAHNS TANKaMIL, Y. €. 2.50 042 278|039 0,13
Gliding duration and poling duration ratio, i.e.
O'lef)H.IeHI/Ie JUITENbHOCTI IPOKATA K ATMTENbHOCTH OTTANKUBAHIS HOTOM, Y. €. 1,49 0.14 L5t |0.13 013
Gliding duration and leg push duration ratio,i.e.
OTgomeHme JVINTEHHOCTI MPOKATA K /UM TENBHOCTI AKTHBHOTO MEPHOAR, Y. €. 0.93 0.11 Lot 0,09 0,14
Poling to active period duration ratio, i.e.
BpeMH OTTaT.IK]/IBaH]/[ﬂ ImajKamu, ¢ 0)30 0,02 0,30 0’01 0’00
Poling duration, s
BpeMH OTTaHK]/.[BaHI/IH HOTOI, C 0,18 0’02 0’17 0’02 0,08
Leg push duration, s
Oﬁlluee Bp.eMS{ OTTa{IKI/IBaHI{IH majKaMIu ¥ HOTOI, C 0.48 0.03 0.48 0,02 0.05
Active period duration (Poling and Leg push), s
Bp.eA./m CB0601.IH01“0 CKOIb)KeHUs1 (IIpoKara), ¢ 0.45 0,03 048* 10,03 0,18
Gliding duration, s
Yron manku npu OKOHYAHIN OTTAKUBAHIL, TPaj. 267 1.06 26.6 122 0,01
Poles angle at the end of poling, deg
Bpemst MeXjy HayajoM OTTaJKMBAHMS IAMKaMU ¥ HAYaJIOM pasrubaHusi B KOJIEHHOM
CyCTaBe, C 0,23 0,03 0,23 0,03 0,01
Time between the start of poling and the start of knee extension, s
Y1t0n_ B Ta306epeHHOM CyCTaBe B MOMEHT MOCTAaHOBKH MIA/IOK, TPaj. 1297 |2.96 1287|413 0,06
Hip joint angle at the placing the poles, deg
Yr‘on_ B Ta306epeHHOM CyCTaBe B MOMEHT HIDKHelt TOUKH crubaHus, rpaf. 1031 |5.14 1014|488 0,07
Hip joint angle at the lowest point of flexion, deg
AMnmTyna yrioa B T?,306CHPCH.H.OM cycrase, Tpaj. 26,5 491 273 5.11 0,03
Range of movement in the hip joint, deg
Yron B KOJICHHOM CYCTBe B MOMEHT IOCTAHOBKI MA/IOK, TPaf. 476|373 144.4% |3.62 0.16
Knee joint angle at the moment of placing the poles, deg
Yron B KOJIHHOM CYCTaBe B MOMEHT HIDKHel TOUKH CI‘I/I6.aHI/[${, rpap. 1263|350 1260 |3.13 0,02
Knee joint angle at the moment of the lowest point of flexion, deg
AMIIMTYyfA yria B K?}IEHHOM C)’.C”I.‘aBe, rpap. 2123 3.73 18,4% 3.83 0.15
Range of movement in the knee joint, deg
Yron B [7€4eBOM CYCTaBe NP MOCTAHOBKE MANIOK, TPaj. 6248 19,00 6410 |1050 |-003
Shoulder joint angle at the placing the poles, deg
YToI1 B [/Ie4€BOM CyCTaBe B KOHILe OTTA/IKVMBAHNS, TPAJ,.

13, 4, 14,24 4,4 -0,01
Shoulder joint angle at the end the poling, deg 3,98 85 3 0.0
Amnmmryna yrioa B IIe4eBOM CYCTaBe, IPaf. 7628 |8.66 7817 |1L60 |-0.04
Range of movement in the shoulder joint, deg

ITpumenanue: * — pasnmuuns gocToBepHel Ipu o = 0,05.
Note: * — differences are significant at a = 0.05.
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3. PesynbTarsl

B Ta651. 2 ykasaHbl cpenHIe 3HaYeHNs, pasMep ¢ dekra
U OLIEHKU JOCTOBEPHOCTH PA3NINYUNUl MEX/Y Ipymnmamu 6m-
aTmoHucToB ¢ Bbicokoit (BC) u uuskoi (HC) mucraHImon-
HOII CKOPOCTBIO B C€30He B COOTBETCTBUU C IIEPBBLIM CIIO-
cobom opmmpoBaHust BBIGOPOK — TOMBKO IO KPUTEPHUIO
pasInyua B JUCTAaHLMOHHON CKOPOCTIL.

Bce MexrpymmoBele pasmudnsi, 6O/IbIIAs 4acTh U3 KO-
TOPBIX CyllecTBeHHa npy o = 0,01, MMenn HeBBICOKMII pas-
mep addekra mo kmaccudukanyu Cohen (1988) [9]. Tem
He MeHee, eC/IM CYUTD 10 Be/I4MHe 9TOTO KPUTEPH S, TO OC-
HOBHBIM (PaKTOPOM Pa3/IN4Mii IPOCTPAHCTBEHHO-BPEMeH-
HBIX IIOKa3aTejlell ObUI OTHOCUTENBHO KOPOTKMII IEPUOJ,
CBOOOJHOTO CKONbKeHNUA (IIPOKaTa) y CIOPTCMEHOB, JMe-
IOIIMX JIyYINYI0 OLEHKY AMCTAHIVIOHHON CKOPOCTH B Ce-
3oHe (BC). Ilpu 9TOM aKTMBHBI Iepuof (OTTaNKMBAHMA)
un 06a ero KOMIIOHEHTa — JIUTeIbHOCTb OTTAJKMBAHMUS
PYKaMu ¥ HOTOJi, a TakkKe IJIMHA LIAarOB, He pas3/M4asychb.
COOTBEeTCTBEHHO, OMATIOHNUCTBI C H0/Iee BBICOKOIT AMCTaH-
L[VIOHHOJ CKOPOCTBIO MMe/IY MEHbIIINe OTHOIIEHIA: JI/IVHDI
IIpOKaTa K J/IMHe IIIaroB; BpeMeH! IIpOKaTa K IINTeTbHOCTH
OTTAJIKMBAHUI PYKaMU, HOTOJI ¥ 0OLIeMy BpeMeHY aKTVB-
HOTO IIepUOfia.

BuatmoHucTs! ¢ 6071€€ BBICOKOI JUCTAHIIMOHHO CKOPO-
CTBIO MMeIN 607Iee BBICOKIIE 3HAYEHNS YI/Ia B KOJIEHHOM CY-
CTaBe B MOMEHT ITOCTAHOBKY IIA/IOK 11 OOJIBIIYIO aMIUIUTYLY
IBVDKEHVIS B HeM IIpY OTTa/IKUBaHNIL.

B Bei6opke BC 6ojee BBICOKYIO AMCTAHI[MOHHYIO CKO-
POCTb B Ce30HE WMMeEM CIHOPTCMEHbI ¢ OOJbILeil Maccoil
TeNa, YTO MOXKET OODBIACHATHCS 60mee BBICOKOI MBIIIEYHOI
MAaccoit Ipy OOIBLINX TOIINX 0O'beMax BepXHell JacTH Tera,
HO MEHBIIEM >KMPOBOM KOMIIOHeHTe. «BrICcTpbix» 6maTio-
HIICTOB TaKoKe OT/IMYa/IM MEHbIIIVe II0Ka3aTe/Il MaKCHMalb-
HOJT @/JIaKTaTHOI MOIIHOCTM MBI Ipy paboTe HOramu
(Tabn. 1 u 3).

ITpu BTopoM criocobe popmupoBamst BBIOOPOK (coxpa-
HEHUM Pa3HUIIBI B CKOPOCTH, HO HUBE/IVPOBAHUY Pa3/ININil
B Macce Tena) Bce pasmuuns B KuHemarnke OOKX crammu
He3HaunMbIMU. [Ipy 9TOM CHOPTCMEHBI ¢ 60JIee BBICOKOIL
IVCTAHIVOHHON CKOPOCTBIO MMemu 6ojee BBICOKYIO MeXa-
HITYECKYI0 MOIIHOCTD Ipu Oere Ha Tperbane (3,25 + 0,31 vs
3,06 £ 0,36 M/c, p = 0,04, PO = 0,10).

4. O6¢cyxneHne

Llenpio MPOBEXEHHOTO MCCIENOBAHNS OBIIO CpaBHEHIE
TEJIOC/IOXKEH N, TIOKa3aTenell Gu3n4ecKoyl HOArOTOB/IEHHO-
CTV ¥ KMHEMATUK! OJJHOBPEMEHHOTO OJIHOLIa)KHOTO KOHb-
KOBOTO XOfa Ipu 6ere Ha JIbDKAX Y OMATIOHUCTOB BBICOKOTO
Kmacca B cesoHax 2018/19-2024/25 rr. B pabote uccneno-
BaJINCh CIIOPTCMEHBI, BXOALINE B YIC/IO Ty4Yux B Poccyun
B COOTBETCTBYIOIVE TOfIbl, MCIIOIb30BA/IACh OTHOCUTENBHO
Oorbluast sl TAKUX MCCIETOBAHMIT CTAHAAPTHO TeCTUpYye-
Masi BBIOOpPKa CIIOPTCMEHOB (1 = 53), 6bII1t HOpMaTN30BaHbI
BCe KMHEMaTIIeCKIe TTapaMeTphl 6era Ha CKOPOCTb, a TaK-
K€ B Ka4eCTBe OLIEHKM CpeJHell AMCTAaHIVIOHHOM CKOPOCTH
OMAT/IIOHNCTOB B Ce30HE WCIO/Mb30BAJICS PErpeCcCHOHHBIN
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OCTATOK 3aBUCUMOCTU Pe3Y/IbTaT — TOYHOCTb CTPEIBbOBIL.
IIpenmonaranocs, 9TO TaKuM 0OpasoM ymacTcst Oojee Ha-
IeXXHO BBIABUTb KpuTepuy (GU3NYeCKON IOfrOTOB/IEHHO-
CTV M TE€XHVKU, KOTOPbIe OTPaXKAIOT (PaKTOPbI, BIMAIOLE
Ha [UCTAHIMOHHYI0 CKOPOCTb OMATIOHMCTOB BBICOKOTO
KJIacca.

Anams xknHematuky OOKX mosBomma ¢ BBICOKOI Be-
positHocTbio (a0 = 0,01) yTBepXKzarh, 4TO OGMATIOHMCTOB
¢ 6oree BBICOKOII JUICTAHLIMOHHON CKOPOCTBIO XapaKTepl-
3yeT IpeX/e BCEro MeHbIIas IINTEIbHOCTD/IYTh CBOOOA-
HOTO CKO/TbXXeHUsI (IIpoKaTa), pu c1aboit TeHgeHun 6omee
IINTENBHOTO AaKTUMBHOrO Iepuopa. COOTBETCTBEHHO [JIM-
Ha I 9aCTOTA IIAroB y OMATIOHUCTOB [IBYX CPaBHUBAEMBIX
rpymni (¢ BBICOKOM M HM3KOJ JUCTAaHLIMOHHON CKOPOCTBIO)
IpY OfVHAKOBOI CKOPOCTM He pas3mMyaaach HECMOTP:
Ha TO, 4TO 6€3 HOPMUPOBAHIISI HAa CKOPOCTb 6oIee ObICTpbIE
CIIOPTCMEHBI  YBEIMYMBAOT AVCTAHIMOHHYI0 CKOPOCTD
B 60JIblIIelT Mepe 3a CYeT AIMHbI 11aros [4, 6]. C ydeToM faH-
HBIX paHee IIPOBEEHHBIX MCCIEOBAHMIT TAKOI Oer MOXeT
OBITD OXAPAKTEPU30BAH KAK «9KOHOMWUYHBI», C MEHBIINM
UMITyIbCOM M SKCTPEMyMaMM CWIBI NP OTTa/JIKMBaHNUU
Y MEHBIIVMY ITOTEPSIMU NPOJOJIBHON CKOPOCTY B LIMKIIE
maros [3]. B To ke BpeMs1 HEOOXOAUMO OTMETUTb, UTO IT0-
JlydeHbl OYeHb HM3KMe 3HadeHMsl pasMmepa addexra, faxe
IpM CTATUCTUYECKON 3HAYMMOCTHU Pa3IMuuil. ITO MOXKET
OODBSCHATBCS OYeHb MATIEHPKUMI MEXIPYIIOBBIMU pPa3-
IMYVMAMU MEXAY CIOPTCMEHaMU IO COOTBETCTBYIOIUM
nokasare/siv. OfHAKO [Is1 OUeHb y3KOIl BBIOOPKIL SMIUTHBIX
CIIOPTCMEHOB JJa>Ke MUHUMaJIbHble Pas/indns B «HACTPOIIKe
TEXHMKI» MOTYT ObITh 3HAYMMBI B OTHOIIIEHNH CIIOPTUBHOII
pe3y/IbTaTUBHOCTIL. B TO ke BpeMst HeOOXOAMMO YIUTHIBATD
IIPYMEHEHHBII METOJ, — TeXHMKA BCEX CIIOPTCMEHOB HOP-
MIPOBaHA Ha CKOPOCTH Oera. ITO OYEBUAHO 3HAYUTEIBHO
HUBEJIMPOBAIO Pas3Niyysi B 3HAYEHMAX KMHEMATUYECKMUX
IapaMeTpoB, KOTOpbIe CYLIECTBEHHO CBA3aHBI CO CKOPO-
CTBIO IBVDKeHMA [4, 6].

BropbIM BBIBOIOM SIBJISIETCS TO, YTO OCHOBHBIMM pas3-
JIMYIUTENbHBIMY TIPU3HAKAMM SIBIISIOTCSI 0COOEHHOCTH (a-
30BOIT CTPYKTYphl Gera. COITIACHO CYLIECTBYIOLIMM Ipef-
CTaB/IEHNsIM, 9TO MOXeT OBITb OOYC/IOB/IEHO (DaKTOpOM
I[e/IeHAIIPAB/IEHHOI TeXHUYECKOII MOATOTOBKM — «00yde-
Hus» [3, 4]. B To e BpeMsi B paHee IIPOBEJIEHHOM NCCIIe-
IoBaHMM OBUIM IIOTydYeHbI [AaHHbIE, IO3BOMAIIINE Ipel-
TIO/TOXKUTB, UTO BbISIB/IEHHBIE PAa3/INyysi B KMHEMATIKe bera
MOTYT OBITh OOYC/IOB/IEHBI PA3HUIIEN B MacCe Tejla I MbIIII]
[4]. st mpoBepKu 9TOI TUITOTE3BI GBIIO IPOU3BELEHO TIepe-
pacrpefesieHe CIOPTCMEHOB B BBIOOPKAX TaKuM 00pasoMm,
4TOOBI COXPAHNUTH PA3NMUMIMS IO OL[eHKE AUCTAHI[MOHHOIM
cxopoctu (p < 0,001), HO BLIPOBHATH TPYIIIBI IIO Macce Teya
(p > 0,5). B pesynbrare Bce pas3mmdis 0 KMHEMATIKe MeXK-
Iy M3y4aeMbIMU IPYIIIAMU CTIM CTaTUCTUYECKU He 3Ha-
uyrmMbiMi. Cpent mokasateneit pU3MIecKoil MOfTOTOBIEH-
HOCTU OMAT/IIOHUCTOB C 00jiee BBICOKOI IUCTaHI[MIOHHO
CKOPOCTBIO XapaKTepr3oBaa 6ojiee BBHICOKUIT aHA3POOHBII
nopor npu 6ere Ha Tpegbane (p = 0,04), TakXKe K rpaHuIle
IOCTOBEPHOCTH IPKUOMM3NMIICs U 60/Iee BBICOKMIT TOKA3aTeNb
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Tabnuma 3

3HavyeHMs, CTAaHAAPTHBIE OTK/IOHeHNs U pasMep 3¢ dekra (PI) pasnuunit mokasareneit pu3NIeCKOil HOATOTOBTEHHOCTH
y 6uaTmoHucTOB ¢ BoIcoKoi1 (BC, n = 27) u Huskoii (HC, n = 26) omeHKamMu cpegHeli JUCTAHIIIOHHOI CKOPOCTH B C€30He

Table 3

Values, standard deviations and effect sizes (ES) of differences in physical fitness indicators in biathletes with high
(HS, n=27) and low (LS, n = 26) estimates of average distance speed in the season

IToxasarenn / Parameter

BC HC P3
HS $D LS SD ES

MakcumarnbHas cuja Mbiii Hor, H*m/kr
Maximal strength of leg muscles, N m/kg

2,65 0,21 2,68 0,38 -0,03

CKOPOCTHO-CM/IOBbIE CIIOCOOHOCTH MBIIIIL] pasrubaresneii Hor, BT/kr
Explosive strength of leg muscles, W/kg

21,8 2,11 22,4 2,04 -0,06

MakcuMaibHas CHJIa MBIIII IJIeYeBOTO Mosica ¥ PyK, Br/kr
Maximal strength of upper body muscles, W/kg

3,85 0,52 3,67 0,54 0,07

MakcrMabHas aJlakTaTHasA MOLTHOCTD IIpK paboTe pykamu, Br/kr
Upper body anaerobic power, W/kg

8,09 0,69 8,08 0,71 0,00

MakcuMaipHas ajakKTaTHas MOLIHOCTD Ipu paboTe Horamu, Br/kr
Lower body anaerobic power, W/kg

13,0 0,81 13,8* 0,96 -0,18

MaxcrManpHbII IMITY/IbC CUIBL IPK paboTe pykamu, Br¥c/kr
Explosive strength of upper body muscles, W*s/kg

9,16 1,14 9,23 1,12 -0,01

Upper body work per cycle at an anaerobic threshold, i.e.

Mexanndeckas paboTa 3a UMK ABIDKEHIS TPy paboTe pyKamu, y. e.

42,9 6,47 41,5 6,06 0,04

VHpekc ygapHOro o6beMa cepalia, y. .
Stroke Volume Index, i.e

188,7 18,2 194,1 14,6 -0,06

VIHJieKC MUHYTHOTO KPOBOTOKA, Y. €.
Cardiac Output Index, i.e.

31,9 2,13 32,6 1,98 -0,06

MHK, MJI/MUH/KT
VO, max, ml/min/kg

73,1 5,10 71,3 5,15 0,07

Kucnopopnsiit mynbc Ha AHIT npu padote pykamu, Ma/Kr*100
Upper body AnT O, pulse, mL/kg*100

30,1 2,15 30,0 2,07 0,02

Kucnoponnsiit mynbc Ha AHIT npu 6ere Ha TpefbaHe, Mi/Kr*100
Treadmill running AnT O, pulse, ml/kg*100

34,7 2,95 35,0 2,01 -0,02

VO, na AuII npu pabote pykamu, M1/KT/MUH
Upper body VO, AnT, ml/min/kg

51,0 3,14 50,0 3,85 0,06

MomHoctp Ha AHIT pu pa6ore pykamu, Br/kr
Upper body AnT power, W/kg

3,32 0,31 3,26 0,20 0,04

VO, AHII B 6ere Ha Tperbane, My1/Kr/MuH
Treadmill running VO, AnT, ml/min/kg

61,9 4,94 61,2 3,57 0,03

Mournocts Ha AHII B 6ere Ha Tpegbane, Br/kr
Treadmill running AnT power, W/kg

3,24 0,37 3,14 0,34 0,05

Ipumenanue: AHIl — anaspo6ubIit Topor, VO, — moTpebrenie KMCIOpoyia, *— pasmmyus A0CTOBepHbI npu a = 0,05.
Note: AnT — anaerobic threshold, VO, — oxygen consumption, * — differences are significant at a = 0.05.

OTHOCHUTE/IbHOI CH/IBI MBIIIL HOT y TAKUX OMATIOHUCTOB
(p =0,09).

Takum 06pa3oM, IOATBEPANIACH TUIIOTE3d, YTO B BBI-
OOpKe JIYYIINX 110 CKOPOCTH OuaTIoHncToB Poccuu sHaum-
MBIM (aKTOPOM, BIUAIOMINM Ha 3HAYCHMA KTHEMATI9eCKIX
napameTpos TexHukn OOKX, ABIAOTCA aHTpOIOMETPH-
JecKnme OCOOEHHOCTV CIOPTCMEHOB, a JIydIlas CKOPOCTb
IIpU yCTpaHEHMM 3TOro (pakTopa CBA3aHA C TeHIEHIMeEN
JTy4IINX a9POOHBIX CIIOCOOHOCTEIL.

B TO e Bpems y cropTcMeHOB ¢ 6ojiee BBICOKOIL [VIC-
TaHLVMOHHOJ CKOPOCTBIO OO/bIIass aMIUINTYHA [BIDKEHNA
B KOJIEHHOM CyCTaBe IIpM OTTajnKuBaHuu. IIpoBeneHHBIN
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O61OMeXaHMYEeCKIUI aHa/IN3 TI03BOJIAET CHeIaTh BHIBOJ, O TOM,
YTO 3TO [O/DKHO COIPOBOXKIAATHCS OONBIINM BePTUKAIIb-
HBIM IlepeMelieHyeM neHTpa mMacc tena (IIMT) coprceme-
HOB, 4YTO HE€ COBCEM yK}IaHI)IBaeTCH B I‘I/IHOTCSY «9KOHOMMIY-
HOTO CTIIA 6era», OMHAKO MOYKET OBITh CBA3aHO C MEHBIIEN
aHaKTaTHOﬁI MOIIHOCTBIO MBbIIII] HOT HpI/I X OOVMHAKOBBIX
CUIOBBIX TOKasarenax (tabm. 1). [Tocmennee, Kak cuuTaeTcs
Ha OCHOBAaHUU HpOBeHeHHbIX paHee I/ICCIIe}IOBaHI/H?I, MOXET
OBITH IPM3HAKOM MTPe06/IaaHMs MEITIEHHO COKPAIIAIONINX-
CAd MBIIIE€YHbIX BOJIOKOH B OCHOBHBIX MBbIIIIE€YHbBIX rpynnax
[4]. Ecnn aTa rumoTesa crpaBeminBa, TO 6ojlee MeMyeH-
HbI€, HO CVJIbHbI€ MBIIIIIbI HOI' IIO3BOIAKOT 6I/IaTHOHI/ICTaM
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¢ 6oree BBICOKOII JUCTAHIMOHHOM CKOPOCTBIO JIY4Ile VIC-
[I0/Ib30BaTh 3HEPTUIO YIPYroi fedopManyu Ipy pasroHe
IMT Ha omope mpy MeHblIIlell BEPOATHOCTY HAKOIUICHVA
KIC/IBIX IIPOIYKTOB o6MeHa B MBIIIIAX paerGaTeHeI?I HOT.
B cBoo ouepepp, myumnit pasroH IIMT nosBonseT nmeTb
6071ee BHICOKYIO BEPTUKAIBHYIO CKOPOCTD B HadajIe CBOOOJ-
HOTO CKOJIbJX€CHUA, CHVDKAA TEM CaMbIM [OAaBJICHME HA CHET
U yMeHbIIasi K09 GUIMEHT COIPOTUBICHNUS CKOIbXXEHMIO.

5. 3akmioueHne

Crooprcmensl  ypoBHs c6opHoil KomaHpael Poccun
mo 6uarioHy ¢ 0Oojee BBICOKON AMCTAHIIOHHON CKO-
POCTBIO B Ce30He MMeV MEHbIIYI0 JINHY CBOOOLHOTO
CKOJIBKEHUS M OTHOILIEHYE MpOKaTa K JUINTEIbHOCTU OT-
TAJIKMBaHNsA, @ TAKXKe OOJIblINe YTOl B KOJIEHHOM CyCTaBe

Bknag aBTOpOB:

Msaxkuayenko EBrennit bopucoBuy — KOHIIENINA CTaThby, HAMN-
CaHIe TeKCTa CTaTby, HayYHOe PeJaKTUPOBaHNe, SKCIIePTHAs OLIeHKA.

Bonkos Makcum BragumMupoBuy — aHanus3 JTUTEPaTypPHbIX UC-
TOYHMKOB, COOP U CTaTHCTNYeCKasd 00paboTKa JaHHBIX.

Kproukos Anppeii CepreeBud — KOHLIEIIINA CTaTbl, PEAKTUPO-
BaHJe PYKOINCH, SKCIIEPTHAs OIleHKa.

Muccnna Ceernana CepreeBHa — craTUCTUYecKas 00paboTka
TAHHBIX, HAYYHOE PeaKTUPOBaHNE.
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OcobeHHOCTM B3anMOAeNCTBUA KOMMNOHEHTOB KUCNIOPOAHOro TpaHcnopTa
y HOHOLLEeN B 3aBUCUMOCTH OT (PM3MY4ECKON aKTUBHOCTU U nonumopcuama
reHa ACE

E.E. Ucaesa', A.3. laymosa>’, 3.A. Haypa3baesa’, A.JI. Axesamosa’, B.I. lllampamosa’

'®rb0Y BO «bawkupcKuli 2ocydapcmseHHbill MeduyuHcKuli yHusepcumem» MuH3dpasa Poccuu, 2. Y$a, Poccus

2QrboY BO «[Mososmkckull 20cyoapcmaeHHbIU yHusepcumem ¢u3uydeckol Ky/ibmypbl, cnopma u mypusma,
2. Kazanb, Poccusa

PE3IOME

IMens: nccnenoBannme accoryanyy nmommMopdusma I/D rerna ACE ¢ oxcureHanyeit reMornmo6uHa 1 ero CpofCTBOM K KVIC/IOPOAY, a TAK)Ke OLjeHKa
TOJIM Y9aCTUA OTAE/MIbHBIX KOMIIOHEHTOB KUC/IOPOATPAHCIIOPTHON CHCTEMBI Y IOHOLIIElT B 3aBUCHMOCTH OT PU3NUeCKOil aKTUBHOCTIL U OMMOpdusMa
rena ACE.

Martepuansr u Metoppl. O6cmefoBansr 201 roHoma B Bospacte 21 + 2 roga. B saBucuMocTy OT ypoBHs fBUraTeNbHOI akTuBHOCTH (JJA) 06cme-
ZyeMble OBUIY pa3felleHbl Ha ABe TPYIIbL. [lepBas rpymma IpefcTaBieHa CTYeHTaMI C BHICOKOI J[IA — CIIOPTCMeHbI-TerkoaTieTsl (6er Ha CpefHme
u iiHHEBIe gucTanym) (n = 50). Bo Bropyto rpymy Bouutu cryaents ¢ Huskoit JA (HIA) (n = 151). Y y4acTHUKOB onpefersiim oflee Y1cIo 3pu-
TPOLIITOB, COfEpPIKaHIe TeMOITIO0NHA, CPEFHIIT 06beM OT/eIbHOTO SPUTPOLIUTA, FEMATOKPIUT, CPEFHIO KOHI[EHTPALIIIO TeMOITIOONHA B 9PUTPOLIUTE,
a TaKXKe HaIIpsDKeHue Kucmopopa mpu 50 %-Hoit gecatypaiyun Kposu (p50), mapifanbHOe AaBaeHMe KICIOPOa U YIZIEKICIOTO ra3a, COfiepyKaHme
oKCH- 1 He3okcuremornobuHa, pH. Takske IpoBOAMIACh OLjeHKa reMOAMHaMuIeckux nokasareneit. JHK Boigensnin us mumonutoB KpoBr copbeHT-
HBIM c0co60M. [eHOTHIIIPOBaHIE 06PA3I[0B IPOBOAN/IN C IIOMOIBIO ITO/IVIMEPA3HOIT LIETTHOI PeaKIuil B peaIbHOM BPEMEHIL.

PesynbpraTsl. YCTaHOBJICHO, YTO Ha/mu4ye B reHotuie awtens D rena ACE 06ycoBnIuBaeT B3auMOCBsI3b CHIDKEHNUA YPOBHA [IA ¢ yXy/lLIeHueM I10-
Kasaresieil caTypaLuy KICIOPOJia, YTO HOBbILIAeT BEPOATHOCTD HeO/IarONpUATHBIX M3MEHEeHNIT PyHKIMOHAIbHOTO COCTOSHUA CEePHIedHO-COCYAMNCTON
cucrembl. Y HocuTeneit renoruna I/I cumxenne yposHs JIA accouumpyercs ¢ yMeHbIIEHNEM CYMMApHOIi /IbIXaTeIbHOI IOBEPXHOCTY SPUTPOLUTOB
[P OTCYTCTBUIU HAIIPSDKEHNSA CO CTOPOHBI allllapaTa KPOBOOOpalleHNA.

3axmrouenne. Pazmiranst B agpuHHOCTY reMOIIOOMHA K KUCIOPOAY FeHeTIeCKI e TePMUHNPOBAHBL. Y HOCUTeselt ate/si D OKcUreHaryst reMo-
r106yHa 3aBUCKT OT YpoBH: 1A, a y mpencraBurerneit reHotnma I/I rena ACE cHyDKeHMe CpOACTBa reMOINo01Ha K KMCTOPOAY He 3aBUCUT OT MHTEHCHB-
HOCTY MBIILIEYHOI [esTeTbHOCTI.

Kniouesvie cnosa: nomimopdusm I/D rena ACE, okcureHalust KpoBHU, KUCTOPOATPAHCIOPTHAsL CCTeMa, (puanyeckast akTMBHOCTb, alallTALVs

Insa mutuposanus: Vicaesa E.E., [layToBa A.3., Haypa36aeBa 9.A., Axpamosa AV, lllamparosa B.I. Ocob6eHHOCTY B3auMOJeICTBIA KOMIIOHEH-
TOB KIMCTIOPOJHOTO TPAHCIIOPTA y IOHOLIIEN B 3aBUCUMOCTH OT (pU3MIECKOil aKTUBHOCTY 11 oniMopduama rena ACE. Cnopmushas meouyuna: Hayka
u npakmuxa. 2026;16(1):33-42. https://doi.org/10.47529/2223-2524.2026.1.4
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Peculiarities of interaction of oxygen transport components in young men
depending on physical activity and ACE gene polymorphism

Ekaterina E. Isaeva', Albina Z. Dautova®’, Emilia A. Naurazbaeva’, Alina I. Akhyamova’,
Valentina G. Shamratova'

" Bashkir State Medical University, Ufa, Russia

2Volga Region State University of Physical Culture, Sports and Tourism, Kazan, Russia

ABSTRACT

Objective: to investigate the association between the I/D polymorphism of the ACE gene and hemoglobin oxygenation and its affinity for oxygen,
as well as to assess the contribution of individual components of the oxygen transport system in young men depending on physical activity and the ACE
gene polymorphism.

Materials and methods: The study involved 201 young men aged 21 + 2 years. Depending on their level of physical activity (PA), the subjects were
divided into two groups. The first group consisted of student-athletes engaged in track and field (middle- and long-distance running) (n = 50). The
second group comprised students with low PA (n = 151). General blood parameters were determined: total red blood cell count (RBC), hemoglobin
concentration (HGB), mean corpuscular volume (MCV), hematocrit (HTC), and mean corpuscular hemoglobin concentration (MCHC). Additionally,
oxygen tension at 50 % blood desaturation (p50), partial pressure of oxygen and carbon dioxide (pO, and pCO,), concentrations of oxyhemoglobin and
deoxyhemoglobin (HbO,, HHb), and pH were measured. Hemodynamic parameters were assessed. DNA was extracted from blood lymphocytes using
a sorbent-based method. Genotyping of samples was performed using real-time PCR.

Results. Factor analysis revealed that the presence of the D allele of the ACE genotype determines an association between decreased PA levels and
impaired oxygen saturation parameters, which increases the likelihood of adverse changes in the functional state of the cardiovascular system. In carriers
of the I/T genotype, a decrease in PA level is associated with a reduction in the total respiratory surface of red blood cells without placing strain on the
circulatory system.

Conclusion. Differences in hemoglobin affinity for oxygen are genetically determined. In carriers of the D allele, hemoglobin oxygenation depends
on the level of PA. In individuals with the I/I genotype of the ACE gene, a decrease in hemoglobin’s affinity for oxygen, regardless of the intensity of
muscular activity, ensures the body’s ability to maintain the necessary level of oxygen delivery to tissues.

Keywords: ACE gene I/D polymorphism, blood oxygenation, oxygen transport system, physical activity, adaptation
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1. Beepenue 6rmaropapsi BerpakeHHOMY ety Bopa) [6, 7]. Tak, cyme-

[ToBbIIeHHBIE 9HEPro3aTpaThl IpK PU3NIECKIX HATPY3- CTBYIOT CBEICHNA O TOM, UTO YBe/IMYeHye Bbllle (I3UOIOTN-
Kax TpeOyIoT OT OpraH13Ma MOOMIN3ALINN BCEX 3BEHBEB CI- YECKOM HOPMBI BeTM4MHbI P50, KOTOPOIl COOTBETCTBYET Ha-
cTeMBbl ObecIiedeH st KMCTIOPOOM TKaHell, pealn3yomleri- npsoxerne pO, mpu 50 % fiecaTypanym KpoBu, Cloco6CTByeT
C pasHbIMM MeXaHU3MaMU: IIyTe€M YCWIEHUA CepHedHON BO3PACTaHMIO BO3MOYKHOCTEN OpraHM3Ma IIPY BBIIIOJHEHUN
TeATETbHOCTY, YBENMYEHMA KUCTOPOJHON €MKOCTU KPOBU (b13MYeCcKIX HATPY30K U CEPHEIHON HETOCTATOYHOCTH [8, 9].
(KEK) u (yHKIMOHA/IBHON aKTUBHOCTY CUCTEMBI BHEII- ITpraem cpepy >XMBOTHBIX M3BECTHBI T€HETUYECKM I€TEPMI-
Hero papixaHysA [1-3]. Tem He MeHee yBelmM4yeHVe TOCTaBKU HUPOBaHHbIE AJJANITAIIVIOHHbIE MEXaHU3MBbI, PeaNn3yIoluecs
KIC/IOPOJa K TKAHSAM 32 CYeT Oojlee MHTEHCUBHON PaboThI IyTeM BapbJpoBaHNA BemrduHbI p50 [10].
cepyilia U IOBBIIIEHNA TPOU3BOLUTEIBHOCTH allllapaTa Kpo- B cBA3KM ¢ 3TMM TIpefCTaBNAET MHTEpEC M3yYeHue VH-
BoOOpaleHus: He Bcerga 3 QeKTNBHO 13-3a BO3pACTaHMs AMBUAYATIbHBIX TEHETUYECKUX OCOOEHHOCTEN UeI0BeKa,
SHepreTM4ecKnx sarpar. [IopplIeHne ke KOIM4ecTBa Spu- 06yCTIOBIMBAOINX MOAYIALUI0 CPOACTBA TIeMOITOOM-
TPOLUTOB U reMornobuHa, xors un yBenununsaer KEK, mo- Ha K KJCTIOPOAY M OIaronpyATCTBYIOMMNX ONTHMATbHOMY
JKET CHUBUTD KICTIOPOATPAHCIIOPTHBIE CLIOCOOHOCTI KPOBI TPAHCIIOPTY KUCIOPOAa K TKAHAM Ipu (USMIECKMX Ha-
B MUKPOLMPKY/IATOPHOM PYC/Ie U3-3a yXYILIEHN €€ PeOsIOo- rpyskax. IlepCcrieKTMBHbBIM T€HETUYECKMM MapKepOM, IIpu-
IMYeCKIX CBOVCTB [4, 5]. YACTHBIM K PEryIALMM CUCTEMBI TPAaHCIOPTa KUCIOPOJa,

Hanboree onpaBgaHHBIM a/falITAllOHHBIM MEXaHI3MOM, SIB/ISIETCSL HOMMMOP(U3M TeHa aHIMOTEeH3MH-TIPEeBPAIAIo-
03BOJISIIOIINM O0€eCIIedrBaTh TKAH afJeKBATHBIM IIOTPEOHO- mero ¢epmenra (ACE). [Tormmmopgusm I/D rena ACE 06b-
CTAM OpraHM3Ma KOMM4IeCTBOM KMCTIOPOJIA, MOYKHO CUMTATh Pe- sicusieT 7o 47 % BapuabenpHOCTY ypoBHs akTuBHOCTU ACE
TY/ISALUIO CPOACTBA FeMOIIOONHA K KICTIOPORY (B 4aCTHOCTH, Cpenu MHAMBUAOB 1 oOIafaeT afgUTUBHBIM 3((deKToM
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B 3aBucumoctu ot reHoruna (II, ID mau DD). Ammenp 1
accoluMpoBaH C MOHIDKeHHbIM ypoBHeM ACE Kak B Cbl-
BOPOTKE KPOBM, TaK ¥ B TKaHAX 110 CPAaBHEHMIO C ajlIelieM
D. YcranosneHa cBA3h MeXy Hamm4dueM ajensa D u ycue-
H1teM pacnafa 6paguknanHa. Hocuremn amnenst I obmagator
YIYUIIEHHO COCYAMUCTON (QyHKIMEl, TydInM KpOBOCHA0-
JKeHIeM MBIIII] U JOCTABKOM KMCIOPOZa BO BPeM:I IIUTe/b-
HBIX (PUBMUECKMX HATPY30K, YTO O/IATONPUATCTBYET PasBU-
10 BoIHOCMBOCTH [11]. TTokasaHo, uro momumopduam I/D
reHa ACE accouMmpoBaH C M3MEHEHMeM MaKCMMAaIbHOTO
noTpebeHns KUcnoposa [12], MMHYTHOI BeHTW/ISLINY JIeT-
KX M HaCBILIEHNS apTepuaabHOI KpoBU Kucaopopom [13],
PSIOM reMaToornueckyx mokasareneit [14]. Hocurenu an-
nena I (ACE) meMOHCTPUPYIOT IIPAMYIO aCCOLMALINIO C Kap-
IMOPECIMPATOPHON ¥ MBIIIEYHO BBIHOCIMBOCTBIO, a TaK-
e C TIPOsIB/IEHIEM ad9POOHBIX BO3SMOXKHOCTeN! [14-16].

HecmoTps Ha Hanm4me B COBpeMEHHOI HayYHO TUTepa-
Type MHOTOUYNMCTIEHHBIX CBefieHNi o BnysaHuu I/D nonumop-
¢usma rena ACE Ha pasindHble KOMIOHEHTbHI KICTIOPOFHOTO
TpaHcropTa [11-16], OCTalOTCA HepacKpHITBIMYU MeXaHM3-
MBI, 00YC/IOBIMBAOINE pa3andne aspoOHOI BBIHOCINBO-
ctu y Hocuteneit amneneii I u D. YuuTbiBas BbIIIEUSI0KEH-
HOe, MOXKHO TIPEAIONOXNUTh, ITO momMopousm 1/D rena
ACE MoOxeT ObITh aCCOLMMPOBAH CO CTEIEHbI0 OKCUTeHa-
L1 TeMOITIO0MHA ¥ €70 CPOACTBOM K KUCTIOPOZY.

ITenp HacCTOAIETO MCCIEJOBAHMA 3aK/I0Ya/Iach B U3Y-
yeHun acconmanuy nonumopdmusma I/D rena ACE c ok-
CUreHanuell TeMOITIOOMHA 1 er0 CPOACTBOM K KUCTIOPOLY,
a TakKXXe OlLl€HKa MO/M y4YacTUs OT/eIbHBIX KOMIIOHEHTOB
kucnoponrpancrnoproit cructemsl (KTC) y oHomIEl B 3a-
BUCUMOCTI OT (M3MIECKOI AKTUBHOCTH 11 OMUMOpPPu3Ma
reHa ACE.

2. MeTopabl UCClIeNOBaHUA

YyacTHUKN

boumn o6¢cnemosansl 201 10HOIIA B Bo3pacre 21 * 2 ropa,
MIPM3HAHHBIN KIMHMYECKU 30OPOBBIM II0 pe3y/IbTaTaM exe-
TOJJHOTO IMCITAHCEPHOTO OCMOTPA. B 3aBMCUMOCTH OT ypOB-
Hs fiBUraTenbHOi akTuBHOCTU ([IA) ob6cimenyemble Obuin
pasie/ieHbl Ha [iBe IPYIIIbL.

[lepBas rpymnma mpefcTaBeHa CTyA€HTaMM — CIOPT-
CMEeHaMM-/IeTKOAT/IeTaMU (BospaCT 20,32 + 1,72 ropa, Bec
70,64 + 10,43 xr, poct 176,32 * 8,10 cM), KOTOpbIe 3aHMMa-
nrch 6eToM Ha CpefHMe U IMHHBE Auctanunm) (n = 50).
Y4acTHMKM 9TOJI TPYIIIIBI MME/N IIEPBhIN B3POC/IbIN paspsf,
win 6BUTM KaHAUAATAMM B MacTepa CIopTra. TpeHMpOBKM
OIUTETPHOCTBIO 7IBA Yaca B JIAHHONM IpyIIe IIPOXOIVIN
4 pasa B Heztermo. TakuM 006pa3oM, Helle/IbHBII TPEHUPOBOY-
HbIIT 06BeM COCTaBIIsT He MeHee 480 MUHYT, a cymMma 6aj-
JIOB COIVIACHO JJAHHBIM OIIPOCHMUKA (PU3NIECKOI AKTUBHOCTYI
Obl1a He MeHee 42 6a1I0B — TO eCTh UX JIA MOXXHO CYMTATh
BBICOKOII (rpymma BIIA).

Bo BrOpyto rpymnmny Bonum cTyfeHTsI ¢ Hnskoit JA (HITA)
(n=151) (Bo3pact 19,58 * 1,54 ropia, Bec 69,46 + 9,28 kr, pocT
176,52 + 6,36 cM). B manHoi1 rpymite y foHomIel ¢r3ndecKue
Harpy3Ku COCTaB/sAIM MeHee 150 MUHYT B HeMIEN0, a CyMMa
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0aJIIOB COITIACHO JAHHBIM OIIPOCHIKA (PUSIIECKOIT AKTUBHO-
ctu He mpeBbiiaa 21. Kaxxaas rpyma o6c/ieOBaHHbIX TOJ-
pasfenanach Ha TpY IOATPYIIIbI B 3aBUCUMOCTI OT T€HETH-
4YecKoit mpeppacnonoxenHocT (¢ renorunom 1/1, I/D, D/D).
B rpymnme BJIA cooTHomenue cocTasiano 15, 13, 22 yenosexa
cootBeTcTBeHHO ¢ reHoTunom I/1, I/D, D/D, B rpynne HIA
COOTBETCTBEHHO 25, 62, 64 YenoBeKa.

Jlyist oLieHKM ypOBHsI (GU3NIECKOI aKTUBHOCTH CTYfeH-
TOB JCIIO/NIb30BA/IM OMPOCHUK (DUSUIECKON AKTUBHOCTI
(International Questionnaire on Physical Activity, IPAQ),
KOTOPBINI BK/IIOYaeT BOIPOCHl O BPEMEHM, IPOBEIEHHOM
B Pas/AMYHBIX BUAAX (USMIECKON aKTUBHOCTH (XOfbOa,
yMepeHHasT M VHTEHCUBHas (U3N9ecKas aKTUBHOCTb)
3a Hepemo. Beibop Tecta OOYCIIOBIIEH €ro BaINIHOCTBHIO
IS B3pOCIION HMONY/LALNVIN ¥ KPATKOCTBIO (IIPOfIOKUTE/Ib-
HOCTb OTBETOB — He 6ojiee Tpex muHyT). Ha ocHoBe mon-
cyeTa CyMMbI 6a/UIOB OIIpefe/sUIN Haudue IPU3HAKOB T1-
HOAVHAMMM Y IOHOLIEIL.

Bce yyacTHUKYM moAnucanu f06poBOIbHOE MUCBMEHHOE
corjacue Ha ydJacTre B 9KCIIepUMeHTe U Obumn mponHgop-
MUPOBaHBI O Le/IAX U 3afjadyax ycciaemoBaHusA. ITporokon
uccrenoBanusa ofobpen Itudyeckum komurerom PIBOY
BO «bamknpcknit TocyLapcTBEHHBIN MeIUIIMHCKNIT YHM-
BepcuTeT» MuHMCTEpCTBA 3apaBooxpaHenusa Poccuiickon
@epepanyu (mpotokon Ne 2 ot 26.05.2023 1.).

TemaTonmormyecknii ananus

O1eHKa reMaTONIOTMYeCKNX IOKas3aTeseil IPOBOAMIACH
Ha reMaTonormdeckoM anammsarope ADVIA 60 (Bayer,
lepmanus). Ompenesymich KOMMYECTBO IPUTPOLUTOB
(RBC), cpegumit o6bem spurporuros (MCV), cpennee
coflep)XaHMe TeMOITIOOMHA B OTHEIBHOM 3PUTPOLIUTE
(MCH), cpenHsisi KOHLeHTpalusi reMOITIOOMHA B KIIETKe
(MCHCQ), remarokpur (Ht) n KoHIleHTpanusi reMoraoom-
Ha (Hb). Ha aBTOMarmueckoM aHaaM3aTOpe rasoB KPOBU
ABL800 FLEX (Radiometer, Tepmanust) onpepensiim Hanpsi-
JKeHMe Kucnopopa rnpu 50 %-Hoit fecarypanym kposu (p50),
HapuyajbHOe JaBjIeHMe KUCTIOpOJa U YIVIEKMCIOTO rasa
(pO, n pCO,), conepxanme OKCH- ¥ JIE30KCUTEMOTTOOMHA
(HbO,, HHb), xucnornocts kposu (pH).

OneHKa reMOIMHAMIYECKUX MMOKa3aTenein

C IOMOIIbI0 MOHUTOpPA aHEeCTE3MO/IOra-PeaHMaTonora,
KOMHbIOTepI/IBOBaHHOFO sl TeMOOVMHAMMYECKOrO MOHMN-
topunra «MAPT 10-01» (Mmuxpomokc, Poccusa) y Beex mc-
HbITyeMI)IX B COCTOAHUN OTHOCUTE/IBHOTO ITOKOA I/[3MePFUH/I
cucTonmyeckoe aprepuanbHoe pasnenue (CAJl, MM pr. cT.),
ayacronnyeckoe aprepuanpHoe fasnenue (JAJL, MM pr. cT.),
vacToTy ceppeynblx cokpamennit (UYCC, ym./mmH). Taroke
JICIIO/Ib30BA/INICh paCC‘II/ITaHHbIe MOHI/ITOPOM II0Ka3arenn,
XapaKTepusyIolljyie pe3epBHbIC BO3MOXKHOCTY CepAeYHO-CO-
cymucroit cuctembl (CCC): MMHYTHBII 06beM KpoBOOOpa-
menvst (MOK, M1/MuH) U ygapHbIit 06beM KpOBOOOpaleHyst
(YOK, m), K09 dnIineHT 5KOHOMIU3AI[II KPOBOOOPAII[eHNS
(K9K, mi), nupexc HanpspkeHusa Muokapga (VIHM, yen. en.),
obmee nepudepnueckoe conporusienue cocynos (OIICC,
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muHXcxcm”), koadduunent soHocmusoctu (KB, yeu. en.)
U afjanTalMoHHbI noTeHuuan (Al yo. ex.).

TeHeTnyecKme MeTOBI

L/ reHe TMYECKOT0 aHa/IM3a TOMMMOPQHOTO BAPUAHTA I'S
4646994 (1/D) rena ACE ucnonbsosamu JTHK, Boifenennyro
73 TUMQOIIUTOB KPOBU COPOEHTHBIM CIIOCOOOM B COOTBET-
CTBUY C IPUJIATa€MOJ MHCTPYKIIMEN IO TPMMEHEHNIO K KOM-
1eKTy peareHToB s akcrpakiyy JHK «Ammmullpaiim
IOHK-cop6-B» (Hekctbuo, Poccust). O6pasupl 661 reHo-
TUNMPOBAHBI C IOMOLIBIO NTO/IMMEPA3HOI LIENMHON peaKIuu
B pea/IbHOM BpeMeHU B AyO/IMKaTe C UCIOIb30BAHIEM KOM-
Mepueckux peareHToB (Tect-ren, Poccust) Ha ammnnguka-
tope CFX96 Touch™ (Bio-Rad, CIIIA).

CraTucTHYeCKIte METOIbI

Craructudeckyo 06pabOTKy JaHHBIX IIPOBOLUIIN C IIO-
MOIIBIO CTAaHAAPTHOTO ITaKeTa IporpaMm Statistica Bepcun
10.0. Viccrenyemble BBIOOPKM ObIIM IIPOBEPEHBI Ha HOP-
MaJIbHOCTD PacIpefie/ieHNs KOMMYeCTBEHHbIX ITOKa3aTenen
c momourbio Kputepus llanmpo — Yuika, a Tak>ke Ha paBeH-
CTBO JIUCTIEPCUI M3Y49aeMOTo IPU3HaKa C IOMOIIbIO KpHTe-
pus Levene. JI11s1 BoIAB/IEHNUA OT/I€/IBHOTO, @ TAK)KE COYETAH-
HOTO B/IVSAHYS (PAaKTOPOB OBUI IPOBEfIeH MHOTO(aKTOPHBII
nucriepcuonHsiit ananu3 Factorial ANOVA ¢ Boifenennem
¢axropos: «ren ACE» (DD, ID, II), «yposens JA» (HIA
u BJA). 11 BBIAB/IEHNA CTATUCTUYECKUX PA3/INIVIT MEXILY
IpyHIaMu IPOBOJWIN ANOCTEPHOPHbIE CPAaBHEHM:A C TIO-
mpaBkoit Bougeppoun. KonnuectBeHHbIe 3HAYEHNST HA PU-
CYHKaX IIpefiCTaB/IeHbl B BUJI€ CPEJHETO 3HaYeHUA U CTaH-
TApTHOTO OTK/IOHEHM CPeJHEro 3HaueH:A. I/ BbIABIeHNA
CKPBITBIX (PAKTOPOB, XapPAKTEPUIYIOLUX CBSI3M MEXAY Ha-
O/m0faeMbIMIL [IePEMEHHBIMM, ObUI IpOBefeH (HaKTOPHBII
aHa/IM3 METOJOM IIABHBIX (PaKTOPOB C varimax-poTarjueii.
BbUti paccMOTpeHBI U MHTEPIIPETHPOBAHBI TOMBKO (aK-
TOpBI, MMeEIOIYie MAaKCMMaJIbHble HarpysKu IIOC/Ie Bpalile-
HIA IBYX OCell IJTaBHBIX KOMIOHEHT. OcTabHble (GaKTOPbI
B JICCTIE[IOBAHMM HE ONMCBIBANINCDH B CYJTY HU3KMX BeMYNH

120

100

I
D/D
ul/D
ml/I
20
0
HIOA BIA

Puc. 1. CpegHerpynnosble sHaveHuss pO, npu pasHom yposHe A
B 3aBucumocT ot (I/D) nonumopduama. Mpenensl norpellHocTen
yKasblBaloT Ha CTaHAapTHOe OTKMoHeHWe 3HadYeHus pO, (p < 0,05)
Fig. 1. Mean group values of pO, at different levels of DA, depending
on (I/D) polymorphism. The error limits indicate the standard
deviation of the pO, value (p < 0,05)
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KOppesLuii lepeMeHHbIX K pakropy. VHTeprnperarus oc-
HOBaHa Ha Harpyskax > 0,70.

3. Pe3ynbraThl CCTIeROBaHILA

[lo pesynbraTam amoCTEPMOPHOIO aHA/IU3a YCTAaHOB-
neHo (puc. 1), 9TO IpU CUCTEMAaTHYECKMX 3aHATUAX CIIOP-
TOM y Hocuteneit atens D Bemranna pO, Bbiie, 0CO6eHHO
pu reTepo3nrotHoM Bapuante (py D/D renorume: 88,4 +
5,6 mmHg; I/D renorune: 96,2 + 2,4 mmHg u I/I renoru-
me: 79,3 + 5,8 mm pr. ct. mmHg) (p < 0,05). IIpnuem y 06-
napareneti I/D renotuna suadenus pO, MpeBbIIa yPOBEHb
y 060X TOMOSUTOT TPV BHICOKOI (PM3UUECKOIT aKTUBHOCTIL,
HO ObIIM HIDKE Y IOHOLIIEI!, BEYILIMX Ma/IOIIO/IBYDKHbIIT 00pa3
xusHu (py D/D renorume: 77,8 + 1,4 mmHg; I/D reHoTnme:
73,9 £ 1,4 mmHgu I/l renotume: 81,7 + 3,1 mmHg) (p < 0,05).

ITpu ananMse mapamMeTpoOB reMOIIOOMHOBOTO PO
YCTaHOBJ/IEHO, YTO, Kak 1 B cmy4ae pO,, Ha peHoTumMIECKOE
[IpOsIBIEHNE T€HOTNUIIA BIIVSUI TAKOI (hakTop 06pasa KI3HI,
Kak ¢usuyeckue Harpysku (mpy D/D renoruie: 95,9 + 0,5 %;
I/D renorume: 96,3 + 0,3% u I/I renorune: 92,8 + 1,9 %)
(p < 0,05). Y mocureneit aytens D n3 rpynnst BIJA orme-
qaeTCst 60jIee BBICOKIII YPOBEHD CATyPALUIL IO CPAaBHEHUIO
¢ obnmagarensmu 1/1 renoruna (mpu D/D renorumne: 96,4 +
0,5 %; I/D renorure: 97,3 + 0,2 % u I/I renorume: 95,3 + 0,9)
(p < 0,05) (puc. 2-3). B T0 ke BpeMs y yIaCTHUKOB I'PYTIIIBI
BIIA — mpencrasurerneit I/I reHoTnma — 06a mokasaTess
OT/INYAINCD 60/Iee HUSKMMY 3HAYCHVAMN.

Ob6Hapy)XeHHBIe TeHeTUYeCKre OCOOEHHOCTU YPOBHs
pO, n HbO, coueranmce ¢ BapmabenbrocTbi0 p50. ITpn cpas-
HEHUM 3TOro nokasarensa y Hocureneit 1/1, I/D, D/D reno-
TUIIOB C PasHbIM YPOBHeM (M3MIECKOIl aKTUBHOCTU ObUIa
obHapysxeHa accouuaiys Mexxay resorurom 1/1 rena ACE
U CHIDKeHMeM a(@UHHOCTM TreMOrIOOMHA K KUCTOPOLY
Kak B rpynmne HJIA, Tax u B rpynne BIJA. Bennanna p50 mipu
rerorure I/l mpesblmaa ypoBeHb y obmagareneit D/D
Brpymre HIA: (I/1: 27,4 £ 1,7 mmHg, p = 0,022; D/D: 25,4 +
0,5 mmHg,) u BIA (I/I: 28,0 £ 1,76 mmHg, p = 0,000096;
D/D: 25,3 + 0,7 mmHg).

Bemuunna CO, pasnuyanach B 3aBUCUMOCTH OT T€HETH-
YeCKOil MPMHAIIEKXHOCTY TONMbKO B rpymme BIIA, cocras-
nasa npu D/D renotune: 39,6 = 1,7 mmHg; I/D renorumne:
40,6 £ 1 mmHg n I/I renoTnme: 45,7 + 1,8 mmHg) (p = 0,03)
Y He OT/INYAJIach Y y9acTHMKOB rpynmsl HIIA Hy ipu ogHOM
U3 TeHOTUIIOB.

[IpuHuMasa BO BHMMAaHNE yCTAaHOBJIEHHBIN (akKT O Tre-
HeTUYECKOIl JeTepMUHANuy apPUHHOCTM TeMOITIOOMHA
K KIICTIOPOZLY U, COOTBETCTBEHHO, PA3IN4Nnil B CIIOCOOHOCTI
CBASBIBATb M OTHABATh KMC/IOPOJ, TKAHAM, IIPEeNCTaByAeT
MHTepecC V3y4eHMe BKIaa 3TOr0 MOJIEKY/IAPHOIO MeXaHU3-
Mma B obecredenne agantanuu KTC opranusma x ¢usnde-
CKJIM Harpy3KaM.

CocTaButh 060CHOBAHHOE IMPEACTABIEHNE O B3ANMO-
OTHOIIECHNAX OT/E/IbHBIX 3BeHbEB KUCTOPOLHO-TPAHCIOPT-
HOIl CHUCTEMBI, a TaKXKe KOHKPETU3MPOBAaTb U YTOYHUTD
MIpeficTaB/IeHNsA O POy reHeTmdeckoro mapkepa I/D rena
ACE B obecrieueHNN afamTalMi CUCTEMBI KUCTOPOZHOTO
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Puc. 2. CpeaHerpynnossle 3HaveHus HbO, n SatO, npu pasHom yposHe A B 3aBucumocTu oT (I/D) nonumopdusma. MNpeaensi norpelHocTen

yKasbIBalT Ha CTaHAapTHOE OTKNoHeHue 3HadveHns HbO, n SatO, (p < 0,05)

Fig. 2. Mean group values of HbO, and SatO, at different levels of DA, depending on (I/D) polymorphism. The error limits indicate the standard

deviation of HbO, and SatO,values (p < 0.05)

TPAHCIOPTa K (PUSMYECKNM HArPy3KaM IO3BOIUIIO MCIIOb-
30BaHMe HaKTOPHOTO AHAMN3A.

Pesynmprarsl (DaKTOPHOTO aHA/NN3a, BBIIOIHEHHOTO
Ha OCHOBE MaTPWUI, KOPpeNALNIA M3MEPEHHBIX ITOKa3aTenen
KTC y Hocurenelt pasubIx BapuaHToB /D mommmopdus-
Mma reHa ACE, mpefcTaBieHbl Ha pucyHkax 3-5. CormacHo
(baKTOPHOI CTPYKType, IIpM HAINYUM B €HOTHUIIE ajlIesis
D ocHOBHOII BKIaf B (GOopMUpOBaHUE (PUSMOIOTUIECKO-
rO CTaTyca OpraHM3Ma BHOCAT CTelleHb HACBIIIEHNSA KPOBU
U reMOIIOOVHA KUCIOPOAOM M COCTOSIHUE CepPAeYHO-COCY-
TMCTOV CUCTEMBI.

Tax, npu D/D reHoTune B MepBbIi, TOMUHMPYIOLINIA
¢daxrop (F1 — 25% pucmepcun) BOLUIM BMecTe ¢ (HU3U-
geckoit aktusHocThio pO, (-0,8), HbO, (-0,8), YOK (-0,9)

oA

pO,

HbO,

YOK

C omHOMMeHHBIM 3HakoMm, a HAIl (0,7), YCC (0,7) u KB
(0,8) — ¢ mporuBomnonoxubIM. F2 (20 %) xapakrepusyer
OIHOHAIIPAaB/IEHHOE BapbJpPOBaHNUe IIapaMeTPOB KPaCHOI
kposu (HGB (-0,7) u HTC (-0,7)) n moxasateneitr CCC
(CA[ (-0,8), MHM (-0,8), AII (-0,8), K9K (-0,7)) (puc. 3).
ITpn rereposurorHoM BapmaHTe reHa (I/D) BbraBmA-
eTCs IPUMHLMIINATBHO CXOLHAsi KapTHHa CBsseln (puc. 4).
Opnako Bknag JJA B perymaumio KTC Hipke, ueM npu ro-
MO3UTOTHOM TeHOTHIIE: (pakTop cBssu mapamerpoB KTC
C ypoBHeM (PU3MYECKOI aKTMBHOCTY OO/IajfaeT MeHbIIei
yIeNIbHOI eMKOCTBIo (20 % pucrepcuy) 1 BKIIOYaeT Haps-
my ¢ 1A, pO, (-0,7) m HbO, (-0,7) Tormpko A]l (0,6). B cBoro
ouepenp, F2 (19 % pucnepcun), kaxk u npu resorume D/D,
OINChIBAeT B3aVMOOTHOIIEHUA CYMMAapHBIX IIapaMeTpOB

Hb

Ht

®akTop RBC

2

?—

4CcC

VHM

Puc. 3. dakTopHasi cTpykTypa nokasatenen KTC y toHowein ¢ DD reHoTunom

lMpumeyaHue: uBeT hurypbl 0603Ha4aeT HanpaBneHne CBSA3N.
— oTpuuarenbHas cBs3b
[ — nonoxuTenbHasa cBa3b

Fig. 3. Factor structure of KTS indicators in young men with DD genotype
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Note: the color of the figure indicates the direction of the relationship.
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Puc. 4. daktopHas cTpykTypa nokasatenev KTC y toHowew ¢ ID reHoTMnom
lMpumeyaHue: uBeT urypbl 0603Ha4YaeT HanpaBneHne CBS3N

— oTpuuartenbHas cBs3b

— MONoXuTeNnbHasa CBA3b.
Fig. 4. Factor structure of KTS indicators in young men with ID genotype
Note: the color of the figure indicates the direction of the relationship.

kpacHoit kposu (RBC (-0,7), HGB (-0,7) u HTC (-0,7))
¢ YCC (-0,8) u VIHM (-0,7).

CrpykTypa BbIfeneHHbIX (akTopoB mpu I/I BapmamTe
nommopdusma I/D rena ACE mmeer psifi 0cOOeHHOCTeI!
(puc. 5). Bo-nepsbix, F1 — Bemyumit ¢aktop ¢ gucrepcumeit
28 % BKIII0YaeT COBMECTHO C IIOKa3aTe/IsAMU CEPHIEYHO-COCY -
CTOI CMCTEMBI TAPaMeTPbI KUCTIOTHO-OCHOBHOTO COCTOSTHIS
” reMoro6uHoBoro mpodwist. C MOMOKUTEbHBIM 3HAKOM
B Hero sourm pH (0,9), HbO, (0,9) 1 MOK (0,7), ¢ orpmita-
tenphbiM — pCO, (-0,9), HHb (-0,6), p50 (-0,7), AT (-0,9)
n OIICC (-0,9). Hanbornee mpumedarebHO 3[ech Hammdre
Koppensamit, cesaspisarorux pH, pCO,, HHb, HbO, 1 p50, ko-
TOpbIE OTYET/INBO WIIICTpUpYeT 3¢ dekt Bopa. Ito Haxomur

HHb

p50

HbO, MOK

pH

Puc. 5. daktopHas cTpykTypa nokasatenew KTC y toHowwew ¢ |l reHoTunom
lMpumeyaHue: uBeT urypbl 0603Ha4aeT HanpaBneHne CBS3N

— oTpuuartenbHas cBs3b

— MOMOXuTeNbHas CBA3b.
Fig. 5. Factor structure of KTS indicators in young men with Il genotype
Note: the color of the figure indicates the direction of the relationship.
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OTPpa’X€HNE€ B COIPSDKEHHOM C YBEINMIECHNEM KOHLEHTPpalun
CO, n mporonos Bofiopona H*, ycunenun fiesoxcurenanym
I‘eMOI‘II06I/IHa  COIBUTOM KpVIBOﬁI OKCHUTCHAIn I‘eMOI‘IIO6]/IHa
BpaBo. OZHOBPEMEHHO U3 aHA/IM3a 9TOr0 (PaKTOpa CIIEAYeT,
YTO BO3pacCTaHME OKCUTEHALVIVI KpOBU IIPY ITOBBIIIEHNN pH
coueraercst co cHibkeHueM JIAJl, mepudepndeckoro compo-
TUBJIEHUSA COCY7I0B U yBemmdennem MOK.

F2 (21% pucnepcyu) XapakTepusyeT CBsI3b IIOKasare-
neit KTC ¢ ypoBHeM (pusndueckoil akKTUBHOCTIL. 3[eChb, B OT-
amane OT KapTUHBIL 'y HOCUTENIEN aJIens D, TUIIOOVIHAMUA
CKa3bIBAeTCSl IIABHBIM O0OpasOM HAa COCTOSHUM KPAcHOI
KPOBU, BBIP@XKasACh B CHVDKEHUM CYMMApHOM JIbIXaTebHOM
TIOBEPXHOCTU 3PUTPOLUTOB. B TO ke BpeMs apTepuanbHOE

oA

RBC

Ht

CAL

YOK

K3K

KB



CriopTviBHas
MeauunHa:

[ ayra u nparmuna | |

TaBjIeHIe TIpK orpaHmdeHnn [JA cHIDKaeTcs, a He TOBBIIIAeT-
cs1, Kax mpu reHoture D/D, v skoHOMM3HpyeTcst paboTa cepaLia.

4. O6¢cyxneHne

V3BecTHO, YTO [1s1 O6eCIeUeH s ONTUMAIbHOTO YPOB-
HA JOCTaBKM KICTIOPOAA TKAaHAM, COOTBETCTBYIOLIErO IIO-
TPeOHOCTSIM B HeM OPraHM3Ma, BOBJIEKAIOTCS PasjIMYHBbIe
crctemsl [17]. BmecTe ¢ TeMm, HECMOTPsI Ha TO YTO CHabXKe-
HIIe TKaHell KICIIOPOIOM 3aBJCHUT OT MHOXKeCTBa (GaKTOpPOB,
Hanboree OMpAaBAAHHBIM ¥ 9((EKTUBHBIM MeXaHI3MOM
afjalTalyy OpraHu3Ma K ero HeloCTaTKy HapARy ¢ FeMOIM-
HaMUYECKUM U PeCIMpaTOPHBIM OTBETOM SBJIACTCA pery-
JIALUS CPOACTBA TeMOITo6uHa K Kkucnopony [7, 9]. K uncny
¢$axTopoB, COCcO6CTBYOMNX afeKBaTHOMY OTBETY Opra-
HI3Ma Ha M3MeHeHe TOTPeOIeHNs KIUCIOPO/a, OTHOCUTCS
reHeTIYecKas IpepaclooKeHHOCTD.

ITo pesynbTaTaM IpOBENEHHOIO WCCIENOBAHMA YCTa-
HOBJICHO, 4To y Hocuteneit I/I renoruna (ACE) cpomctBO
reMOIZIOOMHA K KUC/IOPOAY HIDKE, 4eM Y IpeACTaBUTeNIel
D/D reHoTuna u y QU3NYECKM MaJOaKTMBHBIX IOHOLIEN,
Uy CIIOPTCMEHOB. VI3MeHeHMsI CPOfICTBA FeMOITIOOMHA K KIIC-
JIOpPORY Ha IPOTSDKEHNU BCEIO KPOBEHOCHOTO PYC/Ia OITH-
MUSHUPYIOT KaK IIOCTYIUICHNE KIC/IOPOJia B JIETKIe, TaK U JO0-
CTaBKy KHC/Iopofa B nepudepudeckue Tkaunu. Hampuwmep,
IIPY MBILIEYHOI paboTe MOOOYHBIE IPOFYKTHI MeTabOI3-
Ma, MTOBBIIIEHHBII YPOBEHDb CO2 u 6omee Huskmit pH cro-
COOCTBYIOT IOKa/IBHOMY CHIDKEHUIO CPOJICTBA FeMOIIOONHA
K KICTIOPOJY, TeM CaMbIM CIOCOOCTBYsI 60rtee 9¢ ek THBHOI
oT/jave M yTHIN3AIMU KIC/IOpofa KIeTkamu [19].

Pasnuune B adpprHHOCTH reMOrTOOMHA B 3aBUCUMOCTH
OT TeHOTHUIIA NIPOABJIAETCA y HOCUTeNnel ajuten D B OBBI-
wennu yposus pO,, HbO, un SatO, npu unrencudukanmm
¢dusndecknx Harpysok. JJaHHbIe 0COOEHHOCTU MOYXXHO 00'b-
SICHUTD CMellleHVeM KPUBOI JUCCOLMALVIN KIC/IOPOJia BIIe-
BO Y IOHOIIIEN, MMEIIIMX B CBOEM FeHOTHIe ajutensd D, Tak
KaK JIFOZ{Y C BBICOKIIM CPOACTBOM IeMOI/IOOMHA K KVCTIOPOLY
XapaKTePUSYIOTCS ero 60Jiee BBICOKMM HACBILIEHNEM apTe-
puanbHOIt KpoBu. IIpu aToM UpesmepHast BEHTWIALNS, 00-
YCTIOBIEHHAsI BO3PACTAHNEM MHTEHCUBHOCTM (M3MIECKUX
HArpy3oK, yBeIM4MBaeT IHOTpebIeHMme KMUCTIOPOfA [ibIXa-
TeIbHBIMM MblIIamu. Y Hocuteneit redotumna I/1 rena ACE,
Ha060poT, HabmoxaeTcsa 93¢ eKTUBHAS SKCTPAKIIUIO KUCTIO-
pofia K TKaHAM He3aBUCUMO OT YpoBHA JIA 1o cpaBHEeHUIO
¢ muiiamu, uMeromumy resotuit D/D rena ACE.

[IpoBeneHHBIe paHee MCCIENOBAHUA IIPOAEMOHCTPU-
poBanu accoumanuo /D monumopdusma rena ACE ¢ co-
CTOSHMEM SPUTPOLMTAPHOTO 3BeHAa KPOBU U Cephed-
HO-coCcymucToit cucteMbl [18]. He BbI3bIBaeT COMHEHNH,
4TO (PYyHKIMOHMPOBaHNE STUX KOMIIOHEHTOB B afiallTalll-
OHHBIX IIPOLIECCaX B3aMMOCBA3aHO U B3aUMO3aBVICHMO.
OO6BEKTBHO OLIEHUTD POJIb U CTEIEHDb YIaCTUs OTHAEIbHBIX
MEXaHV3MOB KIC/IOPOJHOTO TPAaHCIOPTa B 3aBUCHMOCTH
OT TeHEeTUYEeCKOIl IPMHAISKHOCTH II03BOTIMIO M3y4YeHUe
B3aMIMOOTHOIICHNII MeXJy IIOKa3aTe/IMU KOMIIOHEHTOB
KICIOPOA006eciedeH st IPYU Pa3HOM YpOBHe (U3IIECKOI
aKTVMBHOCTIL.
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[TpenMy1ecTBO MCIOIb30BAHIS C ITOI LIeIbI0 (PAaKTOp-
HOTO aHa/IM3a COCTOUT B BO3MOXKHOCTH COJiep>KaTe/IbHOM
MHTEpIIpeTalUM CUCTEeMbI KOPPE/IALNII B BBIfIe/ICHHBIX (ak-
TOpax 1 yTOYHEHMA OTHOCUTENIbHONM 3HAYMMOCTI M3ydaeMbIX
IPU3HAKOB B obecredennn opranusma kncnopogom. C aToit
LIe7IbI0 B MATPUIIbI Hapsy C IOKa3aTe/lAMH, XapaKTepusy-
IOI[MMI KUCIOPOATPAHCIIOPTHbIE CBOJCTBA TeMOITOOMHA,
BKJIIOYEHBI NTapaMeTPBbl, ONMCHIBAIOLINE COCTOSHIE KPACHOM
KPOBM ¥ CEPJIEYHO-COCYUCTON cuCTeMbL. VI3 TpoBeneHHO-
ro aHamu3a (aKTOPHBIX MATPUL] YCTAHOB/IEHO, YTO Pe3ePBBI
¢byHKIMOHMpOBaHNs pasHbIX 3BeHbeB KTC opranusma B 3a-
BUCUMOCTY OT YPOBH: (PU3MYECKON aKTUBHOCTY B OIpefie-
JIEHHOJ1 Mepe TeHeTNIeCKM JIeTepPMYHUPOBAHBL.

Tak, cynsa no pakTOpHBIM CTPYKTypaM, HeraTUBHbIE IIO-
CTIeCTBYUA TUIIOAMHAMMM IIPY HA/IMYMM B T€HOTHUIIE ajljIesns
D rena ACE nposiBnstiorcs B cHyokeHun pO, M CTENEeHN OK-
CUTeHALNV TeMOITOONHA, COYeTAIOUXCS C HAIPSDKEHNEM
(GYHKIMOHMPOBAHYS alapaTa KpoBooOpaleHus (ymMeHb-
IIeHNe YPOBH: OKCUTeHAIVV KPOBY 1 TeMOIIOOVHA KVIC/IO-
POZIOM KOPpeIupyeT CO CHIDKEHMEeM YAapPHOT0 06 beMa KpOBI
Ha ¢one Bospacranus JAJl, YCC). Ocnabnenne ¢yHKIMO-
Ha/IbHOJ aKTMBHOCTY KPACHOJ KPOBY Y JOHOLIEN — HOCHUTe-
neit renotuia DD conpsKeHo co CHYDKEHMEM HaIpsHKEHMA
MIOKapfa 1 YMeHbIlIeH/IeM SHepreTU4ecKyXx 3aTpar Ha jes-
TE/IPHOCTb allllapata KpoBoobOpaienus. V3 anammnsa Bbife-
JIEHHBIX CTPYKTYP BUIHO, YTO OTPaHMYEHME IBUTaTeTbHON
aKTMBHOCTY IIpy reHoTuIie DD uMeeT B 11e710M HeraTuBHbIE
HOCTIeACTBUSA I COCTOSIHUSI KMCTIOPOROO0ecIedeHnst op-
raHu3Ma. BO3MOXXHO, OJZHOI U3 HPUYMH OOHAPYKEHHBIX
3aKOHOMEPHOCTEN ABAeTCA accouuauus amnend D ¢ mo-
BBIIIEHHBIM TOHYCOM KPOBEHOCHBIX COCYOB, 00yCIIOBIIEH-
HBIM Ba3OKOHCTPMKTOPHBIM [I€/ICTBMEM aHrmoreHsyHa II
Ha IJIAJKYI0 MYCKY/IaTypy cocynos [20].

CpaBHuBast eMKOCTb (DaKTOPOB, COCTAB MEPEMEHHBIX
U BeMYMHBL UX K09 PuumeHToB Koppensanuit ¢ ¢pakropa-
MU, MO>KHO 3aK/IIOYNTD, YTO B T€T€PO3UTOTHOM COCTOSTHUM
amnens D (I/D) orpunarenbHOe BIVMsHVE TMIOAMHAMUN
Ha CUCTeMY KIC/IOPOR000ecedeHnsI BhIPasKeHO cnabee, deMm
B romosurotHoM (D/D).

Y mocureneit /1 reHoTnma orpanmdeHue QpuaNdecKoi
aKTMBHOCTY He BbI3bIBAeT HAIPsKEHMs CepfieuyHoN fes-
TE/IBHOCTH, BO3MOYXHO, 0/1arofiapsi YMEHBIIEHNIO BSI3KOCTI
KPOBIL, 00YC/IOBIEHHOMY OffHOBPEMEHHBIM CHIDKEHVEM 06-
I11ell KOHIIEHTPAL ¥ 06beMa IMPKYINPYIOLINX SPUTPOLYL-
TOB. AJIalITMBHbIE Pe3ePBbI CYICTEMBI KJMICIOPOJHOTO TPaHC-
nopTa y ui ¢ I/1 BapnaHTOM peanmusyroTcs uepes fielicTBue
MEXaHU3MOB, 00eCIIeYNBAIOLINX TEKYI[YI0 PEry/Lno [0-
CTaBKU KUC/IOPOJA TKAHAM IyTeM M3MeHeH1st ahPUHHOCTU
KICTIOPOJa K FeMOITIOOMHY.

Ponb MexaHM3Ma, HAIIpaB/IEeHHOTO Ha yBeIM4YeHUe CTe-
IIeHN JJOCTaBKM KUCTIOPOia TKAaHAM, CYI[eCTBEHHO BO3pac-
TaeT mpu PU3NIeCKUX HArPy3Kax, KOIA aKTUBU3ALISI MeTa-
00/IMYeCKIUX MTPOL[ECCOB CIIOCOOCTBYET CHIDKEHMIO CPOAICTBA
reMOIZIOONHA K KMCTIOPOAY 6/1arofapst yBeIndeHIIo KIC/I0T-
HOCTH Cpefibl U HaKOIUIEHMIO YITIEKMCIIOTO ra3a B TKaHAX.
OTO HAXOUT OTPAXKEHNE B COIPSKEHHOM C YBe/IMYeHMEM
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KOHLIEHTpaLNM CO2 U MPOTOHOB Bojopona H, ycunenun
Ie30KCUTeHALMY TeMOITIOOMHA U CABUTOM KPUBOII OKCUTe-
HaIy remMornobuna BrnpaBo. OfHOBPEMEHHO U3 pes3yb-
TaToB (PaKTOPHOTO aHa/lu3a BBITEKAeT, YTO BO3pacTaHUe
OKCHTEHalMM KpOBM TIIpy moBblmeHunn pH coueraerca
CO CHIDKEHMEM IMACTONNIECKOTO apTePUaTbHOTO IaB/IeHMS,
nepudepuIecKoro COpOTHUBIIEHNA COCYHOB M YBeIMICHN-
€M MUHYTHOTO 00'beMa KPOBIL.

Ha 60ree adpexTHBHYI0 9KCTPAKINIO KUCTOPOJAA B TKa-
HAX y npencraBuTterneit I/1 renoTnmna no cpaBHeHMIoO C MnIa-
M1, uMerommMu reHotun D/D, ykasbiBaeT 0OHapyKeHHbIN
HaMmu 0ojiee BBICOKMIT YPOBeHb p50, a TakxKe IIpefiCTaB/IeH-
Hble BBIIIe KOPPEALUM CPOACTBA K FeMOITIOOMHY C /M-
ragfaMu (yoIeKucaelit ras, H*), ciocoOHbIMU M3MEHUTDH
KOH(OPMAINIO reMOIIOONHA I COOTBETCTBEHHO €r0 CBOIL-
crBa [21, 22]. BaxxHO, 4TO peanmsanus 3TOTO MeXaHU3Ma
npu reHortuine 1/I rena ACE, cOI/IacHO CTPYKTYpe BblJie/IeH-
HBIX (aKTOPOB, OCYIIECTB/IACTCA COBMECTHO C KOOpPAMHA-
1yell IesITeNIbHOCTH CepfledHO-COCYANUCTON CUCTEMBI.

AHanusupys B3auMOJIeIICTBIE MeX/y Pa3HbIMMU 3BE€HbI-
vyt KTC, MOXXHO KOHCTaTHPOBATh, 9TO B ()aKTOPHBIX CTPYK-
Typax IIOKasaTesIell JOHOLIEN He3aBUCHMO OT T€HOTHUIIOB I10-
mimopdusma I/D rena ACE 0TUeTIMIBO NPOSIBIISIOTCS CBS3Y
MHTEHCYBHOCTH TIOIJIOLIEHN KPOBBIO KUCTIOPOJa 13 a/ibBe-
01 U caTypauuu reMornobuHa ¢ appexTUBHOCTHIO PAbOTHI
CCC. OyHKIMOHaNMbHAS B3aMMOCBA3b MEXIY ITOKa3aTesis-
MU OKCUT€HAllMM ¥ TeMOJMHAMIKM BBIpa)kaeTcsl B codeTa-
HIY TIOBBILIEHNS apTepuaNbHOTO JJaB/IeHNs CO CHIDKEHUEM
CTEIIeH! HaCbIIeHMsA KPOBU KUCTOPOJOM, UTO MOXKET CBU-
IeTebCTBOBATD O PA3BUTUI B OPTaHM3Me KOMIIEHCATOPHBIX
peaxImii, HallpaB/IeHHBIX Ha IOJJep>KaHue ONTUMAaTbHOTO
YPOBH JOCTaBKM KMCIOPOZA TKAHAM. Y JINI], COTepKaliX
B TeHOTHIIE a/ienb D, Ha 3TM B3aMMOOTHOLIEHUA BIUAET
¢busndeckast akTUBHOCTb.

[TepcrieKTMBHBIM HanpaB/IeHNMeM /I HaabHEMIINX UC-
C/Ie[IOBaHMUIT B 9TOI 00/MACTU ABJIACTCA U3YUEHME MOJIEKY-
JIAPHBIX MEXaHM3MOB BIMMAHMA IomiMopdusMa rena ACE
Ha perymanuio apGUHHOCTY TeMOIZIOOMHA K KUCTIOPOLY
Ha YPOBHE TPAHCKPUIILIMU ¥ HOCTTPAHC/AVIOHHBIX MOJM-
¢uxanmit. Mo>keT IpefCTaB/IsATh UHTEPeC TAKXKe IIPOBeie-
HIe JIOHTUTIOHBIX JMICCTIENOBaHMI [ OLeHKM JUHAMUKA
VM3MEHEHUII II0KasaTe/lell KMUCIOPOATPAHCIIOPTHONM CUCTe-
MBI B 3aBUCHMOCTU OT YPOBHs (DM3UIECKON aKTMBHOCTI

Bknapg aBTOopoB
Hcaena Exatepnna EBrenpeBHa — pa3paboTKa KOHI[EIIIIVN U V-
3alfHa ICCTeTOBaHNA, HAllCaHe TIePBOTO BapiaHTa PYKOIMCH.

ayroBa Anp6uHa 3ydapoBHa — paspaboTKa KOHLEIIINI 1 U~
3allHa MCCIIEJOBAHNS, TIPOBEJIEeHe CTATUCTIYECKOrO aHa/IN3a Pe3ylb-
TAaTOB, HAIICAHIE [IEPBOTO BAPMAHTA PYKOINUCIL.

Haypas6aeBa Ommnnsa AsamaroBHa — cO6op u o6paboTka JjaH-
HBIX, PefJAKTYPOBAHNE TEKCTA.

AxpamoBa Amuna VMnspapoBHa — c6op n 06paboTKa JaHHBIX,
QHAJIN3 IUTEPATYPHBIX UCTOYHUKOB.

IllampatoBa Banentuna I'ycmaHoOBHAa — aHanu3 M MHTEPIIpeTa-

IV pe3yNbTaTOB, HAYyYHOE PeJaKTMPOBAHNE PYKOIUCK U Offo6peHue
OKOHYATeTbHOTO BAPMAHTA PYKOIIUCIL.
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¥ TEHEeTUYeCKOro Mpodwis. B mepcrekTiBe MOXeT OKa3aTh-
Cs1 11e71eCO00pa3HBIM BKIIIOUEHNE B MCCIEOBAHNUE YKEHIINH
I OLEHKM TeHJIEPHBIX PA3Nu4uuii BO B3aUMOJENCTBUN
KOMIIOHEHTOB KVC/IOPOATPAHCIIOPTHON CHCTEMBI.

[TonydyeHHBIE Pe3yIBTATHI MOTYT JIeYb B OCHOBY (HOpMU-
POBAHUS IIEePCOHUPUIIMPOBAHHOTO IIOAXO0AA K IOATOTOBKE
He TO/IbKO CIIOPTCMEHOB, HO TAaK)Ke JINI] C HUSKUM YPOBHEM
busnIeCKOit AKTUBHOCTHL.

Hacrosimee mccmenoBaHme mMeeT HEKOTOpble OTPAHN-
vyennsi. ONHUM U3 HUX SIB/IETCSA y4YacTUe B 9KCIIEPUMEH-
T€ TOIbKO MY>XYMH B Bo3pacTe 19-22 jieT, MpOXKMBAOLIUX
B OJJHOM pErMOHE, YTO OTPAHMUMBAET HKCTPAIOJILUIO pe-
3y/IBTATOB Ha fpyrue momymsnun. s 6omee 060CHOBaH-
HBIX BBIBOJJOB HEOOXOAMMO IIPOBEEHNUE WUCCIEHOBAHN
Ha 6071bIINX 06BEMAX BBIOOPKIL, IIOCKOIBKY OTPAHIYEeHHBII
pasMep BBIOOPKM B IIOATPYIIAX II0 T€HOTUIIAM, OCOOEHHO
Cpefu CIOPTCMEHOB, YMEHbIIAET CTATMCTUYECKYI0 MOLI-
HOCTb aHA/IN3a.

5. 3akmroueHne

YyBCTBUTENBHOCTD OT/EbHBIX 3BEHBEB KICIOPOJ-
TPAHCIIOPTHOI CYICTEMBI K BapHalliAM YPOBHA PU3NIeCcKOl
aKTUBHOCT, @ TAK)XKe JOJIS VX YIacTIs B obecredeH e ajian-
TAIVIOHHBIX IIPOLIECCOB T'€HETUYECK! [[eTePMUHUPOBAHBI.
[Tpn Ha;mmuuu B renotuie amnens D (ACE), npexxze Bcero
y nu1 ¢ reHotuoM D/D, B ycloBUAX ruofnHaMum Ha GpoHe
OC/Iab/IeHNsT caTyparyy reMOIZIOONHa BO3PAacTaeT BEPOsT-
HOCTb HeOJIarONpMATHBIX M3MEHEHUI (YHKIMOHAIBLHOTO
COCTOAHMA CEPHEYHO-COCYAUCTON cucTeMbl. VI3 ananmsa
(aKTOPHOI CTPYKTYPBI MOXKHO 3aK/IIOUUTh, ITO y 0O/maja-
Teneli I/I BapuaHTa CHUDKEHME YPOBHS JIBUIaTe/IbHON aK-
TUBHOCTY aCCOLMMPYETCS C yMeHbIlIeHeM CYMMapHOI Jbl-
XaTe/IbHOM TOBEPXHOCTY KPACHOJ KPOBM IIPU OTCYTCTBUM
HAIIPSDKEHMsI CO CTOPOHBI ammapara KpPOBOOOpAIeHUs.
Kpome Toro, y Hocuteneit renotumna I/1, cyns no cucreme
Koppernsanuit nokasateneit KTC, BHe 3aBUCMMOCTI OT UH-
TEHCHBHOCTY MBIIIEYHO [EATENbHOCTU B IOJEeP>KaHUN
OpraHM3MOM HEOOXOAVMMOrO YPOBHS JOCTABKU KUCIOPOAA
TKaHsAM Y4YacTBYeT MOJIEKY/LAPHbBIII MEXaHU3M peryasanumn
adduuHOCTN reMOrIOONHA K KUCTOPOAY. BosMOXHO, 9TM
MO>KHO OOBSICHUTD XOPOIIO M3BECTHBIN U3 JTUTEPATYPHBIX
MCTOYHMKOB (DAKT O BBICOKOIT a9POOHOI BBIHOCIUBOCTH 06-
nmamateneit I/1 rerornma rena ACE.
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PE3IOME

BBeJIeH]/[eZ HECMOTPA Ha HECKONIbKO KOHCEHCYCHBIX 3aHB]'IeHI/II7[, TIPENIOKEHHBIX SKCIIEPTHBIMI prHHaMT/I, B TOM 4UC/TE 06 VICIIO/Ib3OBAHUN TE€P-
MIHOJIOTUMN, [0 CUX IIOP MHOKECTBO aBTOPOB MCIIONIb3YIOT PAa3/INIHbIE TEPMIHDI 10 OTHOIIEHNIO K OIHVIM U TEM JK€ IIaTOTIO0TMAM, CBA3aHHDBIM C 60}'[])}0
B IIaX0OBOI 06/IACTH Y CTIOPTCMeHOB. PasHoo6pasie ompeenen it ¥ IPUYMH ITAX0BOY 60/ Y CIOPTCMEHOB MOKeT HPUBOJWUTD K PA3/IMIHOI CTPATeTNn
AMATHOCTUKI U JIEIeHVs CTIOPTCMEHOB C CHHIPOMOM ITaXOBOII GO/

IMenpb: paccMOTpeTb M MPOAHAM3NPOBATh COBPEMEHHYIO IMUTEPATYPY A/IA OIpefieieHNs TEePMUHOMOTMI XPOHIYECKOIT ITaxoBoil 60N y CroprT-
CMEHOB B K/IMHIYECKOIl NpaKTHKe. JlaTh olpefienenyie TepMIHY «CIIOPTUBHAA IPhIKa» COIMTACHO MOC/IeHEMY KOHCEHCYCY O ITaX0BO¥ 60N y CIIopT-
CMEHOB.

Marepuanbl 1 MeToAbl. B 6azax ganHbix Pubmed, Springer, Scopus 1 Google Scholar 6511 mponsBefieH MoKcK cTares Ha aHIIMIICKOM A3BIKE, B KO-
TOPBIX ONMCBIBA/IACH TEPMIHOMOT YA XPOHMYECKOI! TaX0BOi 60/ y CHOPTCMEHOB. 71 OMCKa MCIIOTb30Ba/IICh CIEAYIOIIIe CTOBOCOYETAHMA: «SPOrts
hernia», «athletic pubalgia», «groin pain syndrome» u «sportsman’s groin». JJusaiis uccnefoBanys — IOBECTBOBATENbHbII 0030D.

Pesynbrarhl. Bpto 06HApY>KeHO YeThIpe KOHCEHCYCHDIX 3asB/ICHISA, MPEIOKEHHBIX PA3/IMIHbIMM KCIIEPTHRIMY IPYIINIaMy, HaunHasA ¢ 2014 .
Bonb B maxoBoii 06/1acTy y CIOPTCMEHOB OTHOCUTCA K KaTerOpui, KOTOPYIO B GONBIIMHCTBE Cy4aeB Ha3bIBAIOT «CIOPTUBHOI TpbiKeli». Hanbonee
YAaCThIMM TEPMUHAMMU ABJIAIOTCA «CIIOPTUBHAA I'PBIKa», «I'PbIXKa CIIOPTCMEHA», «CIIOPTUBHAA Hy6a}1r]/m» U «TpaBMa MbILIIL KOpa».

3axmrouyeHne. B HacTosIee BpeMs II07] TEPMUHOM «CIIOPTHUBHASA IPhIKa» IIOHMMAETCA M30MMPOBAHHAA CTAbOCTD 3a/jHell CTEHKN TAX0BOT0 KaHasa
6e3 Ha/UNA HACTOAMIEN AaHATOMIYECKON IPBIKY, MIPUBOJAIIAA K XPOHIIECKOI TTaX0BOJ 60/ y ciopTcMeHoB. Tak Kak 60/b He CBA3aHa C IPhIKeNt
B IIPUBBIYHOM €€ IIOHVIMAaHNN, 3TO BHOCUT HyTaHI/IL{y cpeqn Bpaqei[. COOGH_ICCTBa HpaKTI/IKyIOH_U/IX CIIEMAINCTOB TO/IKHBI OICHNBATDH MHOT006pa3I/Ie
CUMIITOMOB ITaX0BOJi 60/ y CIIOPTCMEHOB IIPM MOCTAHOBKE [IMarH03a, a TAK)Ke MCIIOIb30BaTh OJHY U TY JKe TePMMHOJIOTHIO, OCHOBAHHYIO Ha aHATO-
MWYEeCKOI, KTMHNYECKOI 11 ATOTeHeTUYeCKON COCTAaBIAIOIIe! TaX0Bo¥t 607m.

Kntouesvte cnosa: ciopTuBHas IpbKa, X CIOPTCMEHa, TaX0Bas 6071b, IyOaIris, axoBas IpbhKa

KOH(l)III/IKT MHTEPECOB: aBTOPHI 3AABJIAIOT 06 OTCYTCTBUN KOH(l)}'II/IKTa VIHTEPECOB.

Ina puruposanusa: I0puit A.B., Opnos b.b., lllnarun K.1O., Kamenko B.A., Konrees H.P,, bynanos [I.C., Kapnos T.Jl. Xponndeckas maxopas
6071 y cioprcMeHoB. TpygHocTn Tepmunonornu. JInteparypusiit 063op. Cnopmuenas meduyuna: nayxa u npakmuxa. 2026;16(1):43-49. https://doi.
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Chronic Groin Pain in Athletes. Terminology Challenges.
A Literature Review
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Nikita R. Kopteyev**, Dmitry S. Budanov', Timofey D. Karlov'
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ABSTRACT

Background. Despite several consensus statements proposed by expert groups, including those addressing terminology, numerous authors still use
different terms to describe the same pathologies associated with groin pain in athletes. The diversity of definitions and etiologies of groin pain in athletes
may lead to inconsistencies in diagnostic and therapeutic strategies for athletes with groin pain syndrome.

Objective. To review and analyze current literature in order to clarify the terminology of chronic groin pain in athletes used in clinical practice, and
to define the term «sports hernia» in accordance with the most recent consensus on groin pain in athletes.

Materials and methods. A narrative review was conducted using PubMed, Springer, Scopus, and Google Scholar databases to identify English-
language articles describing the terminology related to chronic groin pain in athletes. The following search terms were used: «sports hernia», «athletic
pubalgia», «groin pain syndrome» and «sportsman’s groin».

Results. Four consensus statements proposed by various expert groups since 2014 were identified. Groin pain in athletes is most commonly classi-
fied within the category referred to as «sports hernia». The most frequently used terms include «sports hernia», «athletic pubalgia», «sportsman’s hernia»
and «core muscle injury».

Conclusion. Currently, the term «sports hernia» refers to an isolated weakness of the posterior wall of the inguinal canal, without the presence of a
true anatomical hernia, leading to chronic groin pain in athletes. Because the pain is not associated with a hernia in the conventional sense, this termi-
nology can be confusing for clinicians. Professional communities should recognize the spectrum of symptoms associated with athletic groin pain and
adopt a unified terminology based on anatomical, clinical, and pathophysiological principles.

Keywords: sports hernia, athletic groin pain, groin pain, pubalgia, inguinal hernia
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1. BBenenue 6omu [1]. Tannas npobrema HanboIee aKTyanbHa y podec-

Bosb B 1aX0BOIT 00/IACTH MOXKET C/TY>KUTb IIPUYNHOI 00- CHOHAJIbHBIX CIIOPTCMEHOB. Bo/ib, CBA3aHHaA C IIaXOBOII 00-
pallleHNs K Bpady y BCeX IPYIII Hace/leHus. YacToTa 1axoBoii JIaCThI0, YaCTO BOSHMKAET Y CIIOPTCMEHOB, 3aHUMAIOINXCA
00/ cpefyt HaceleHNA B 11e/IOM Hey3BecTHA. BHe criopTuB- BIUJAMI CIOPTA, KOTOPbIE XapaKTePU3YIOTCS M3MEHEHUAMNI
HOTO KOHTEKCTa 4allle MCIONb3yeTcs: Oomee 0600mmaomyit HAIIPaBJIeHNS [JBIDKEHIS, YCKOPEHMsI U YAAPOB HOTaM, Ha-
TEPMUH — «Ta30Bast 60/Ib», BKIIOYAIOINIT IIMPOKIIL CIEKTP mpumep ¢yrbor, amepukanckuit Gpyrbos, xokkeii, ber u 6a-
3a00/1eBaHNUIT (TMHEKOIOTMYECKX, YPOITOTHIECKIX, HEBPO- cket601 [2, 3, 4, 5]. B cBoeM 0630pe 2015 . Waldén u coasr.
TIOTMYEeCKVX 1 Jp.), KOTOPBIE TAKXKe MOTYT PacCMaTpUBaThCsA I0Ka3a7M, 4TO OT 7 1o 13 % Bcex TpaBM B MYKCKOM I KEH-
B paMKaX [1aXx0BOI1 60/IJ COITIACHO JaHHBIM MEXX/[yHapOJIHO- ckoM yTbONIe CcTaplero Bo3pacTa IPUXONATCA HA TPABMBI
IO KOHCEHCyca. MHOIMe MallMeHThl He MOMTyYaloT afieKBaT- maxoBoit obmactu [6] Y ¢yT6ommMCcTOB-My)X4MH YacToTa
HOTO JIMarHO33, HOCKO/IbKY B HALIMOHA/IbHBIX PETUCTPAX OT- TpPaBM I1aX0BOII 06/TacTU BCTpedaeTcA Oojiee yeM B JiBa pasa
cyTcTByeT AuddepeHIMPOBAHHbI FUATHOCTUUECKUIT KOF Jaire, 4eM y skeHIuH [6]. [Ipy usydeHun murepaTypsl ObU10
TAHHON HO30JIOTUM. YCTaHOBJIEHO, 4TO 4-19 % BceX TpaBM B IPOQeCcCHOHAIbHOM

CormacHO 4eTBepTOMY MTANbAHCKOMY KOHCEHCYCy ¢byT6oe IpUXOANTCA Ha TPaBMbl IaxoBoit obmactu [6-10].
or 2023 r., cyujecTByeT 12 KaTeropmuii, BKIOYAIOLINX B cebs Jonas Werner u coaBT. B CBOeM 15-71€THEM NTPOCHEKTUBHOM
66 IATONOTNIT, CHOCOOHBIX BBI3BIBATDH CHMIITOMBI I1aXOBOIL MCCTIEIOBAHN, B KOTOPOM OBUII OTCIEKEHBI 47 eBPOIIeICKIX
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s/uTHBIX QyT60MbHBIX KTyba YEDA, nokaspisaior, 4To 14 %
TPaBM OTHOCSTCS K MaxoBoit obmactu [7]. 910 cocTostHIME
MOXeT OBITh M3HYPUTEILHBIM ¥ CIIOCOOHO TIPUBECT K OKOH-
YaHUIO Kapbepbl IIPO(eCcCHOHaTbHOTO CIIOPTCMEHa.

TepMuH «cropTyBHasA TIpbDKa» OBUI BIIepBbIC BBECH
CIIOPTUBHBIM BpadoM Iperom JlosemnoM B 1992 r. yia onmca-
HIST XPOHITIECKOTO GOJIEBOrO CHHAPOMA B MAXOBOIT 06IacTI
y CIIOPTCMEHOB, KOTOPBIiT OBUI CBS3AH CO CIAOOCTBIO 3afHEl
CTEHK! IIAXOBOTO KaHAJA IPU OTCYTCTBUU CHOPMUPOBAH-
HOTO TPBDKEBOTO MeIKa. B mcciefoBanme ObUIM BK/IIOYEHBI
50 cOPTCMEHOB C XPOHMYECKOJ HEAMArHOCTMPOBAHHOI IIa-
XOBOIT 00/IbI0, KOTOPBIM BBIIIOTHEHBI XUPYPridecKoe obcre-
TOBaHNe M IUIACTMKA IIAXOBOIO KaHala. VIHTpaoIlepalioHHO
y 40 IaLMEeHTOB BbIAB/IAIACH BbIPAKEHHAS CmaboCTb 3agHeln
CTEHKJ IIaXOBOIO KaHAJIA, OfHAKO IIPM3HAKOB MCTVMHHON ITa-
XOBOIT IpbDKU O6HapyxeHo He 6bu10 [11]. Takum o6pasom,
y>Ke B MCXOJHOI paboTe IOAYEPKUBAIOCh OTCYTCTBUE KJIAc-
CMYECKOJ TPhDKM KaK TaKOBOJA, YTO BIIOCTENCTBUY ITOCTABUTIO
TI0f], COMHEHe KOPPeKTHOCTDb MCIIOIb30BaHNUA TePMIHOB, CO-
IepyKAIIMX CTIOBO «IPbDKa», ¥ OOYCTOBMIO VX HMOCTEIIEHHBII
[IepeCMOTp ¥ OTKA3 OT HIX B IIPOQECCHOHATBHOM COO0IIeCTBe.

HecMmoTps Ha mpoBefeHHBIE KOHCEHCYCBHI, B KIMHUYE-
CKOII IIpaKTUKe IIO-IIPEeXKHEMY MCIIONb3YIOTCA yCTapeBILIe
U OTBEPTHYTbIE IPOQECCHOHAIBHBIM COOOIIECTBOM TEPMIU-
HbI JIs1 0003HAYEHNST XPOHIIECKOII IIaX0BOII 6O/ y CIIOPT-
cMeHOB. K 41cy Takyx TepMUHOB OTHOCATCS: CIIOPTUBHASA
IpbDKa, aT/IeTIIeCKast Iy Oarys, CHHAPOM TOHKOI MBIIIIIbI,
maxoBasi 60mp [MIMopa, maxoBast 60/Ib y XOKKENCTOB, ITa-
xoBast 6071b y PyTOONNCTOB, HauaIbHASI IPBIKA, TOBPEX]Ie-
HUS ITaXOBOTO KaHasla, IaXxOBBIN paspbiB, feUINT 3ajiHel
OpIOLIHOI CTEHKN ¥ TPaBMa MBbIIII Kopa [12-16].

Iensb: paccMOTpeTb M IPOAHAMU3UPOBATH COBPEMEH-
HYIO JIUTepaTypy I/ OIpefe/ieHNs TepMMHOIOIMU XPO-
HIYECKOIl I1aX0BOJ 6O/ y CIIOPTCMEHOB B KIMHMYECKON
mpakTrke. [IaTh ompesienieHne TepMUHY «CTIOPTUBHAS IPhI-
XKa» COIIACHO IIOC/IEHEMY KOHCEHCYCY IO IaxOBOil Oomm
y CHOPTCMEHOB.

2. Matepuanbl 1 METOJbI

JusaitH uccnefoBanmsi — IIOBECTBOBATEIbHBIN 0630D.
B 6asax ganusix Pubmed, Springer, Scopus u Google Scholar
ObIT IPOM3BE/EH MOUCK CTATel HA AHTIMIICKOM S3bIKE, B KO-
TOPBIX OIUCBIBA/IACH TEPMUHOJIOTSI XPOHIYIECKOI TaX0BOIT
60/ y CIIOpTCMEHOB. [IJIs1 OMCKA VCIIONb30BAIUCD CTIERY-
I0lIe CTIOBOCOYeTaHUsL: «sports herniax, «athletic pubalgia»,
«groin pain syndrome» u «sportsman’s groin».

3. PesynbTarsl

3a mocreHNe [ecsATh JleT ObUIO OIYO/IMKOBAHO YeThIpe OC-
HOBHBIX KOHCEHCYCHBIX 3asIB/IEHISI, B TOM 4IC/Ie YTOOBI IOMOYb
CIeL[Ma/IICTaM yTBEPAUTD TePMIHOIOTHIO [IAXOBOIL OO/

I. 2014 r. «JledeHne maxa CHOPTCMEHa»: 3asBJICHNE
Bpurasckoro o6IecTBa IpbDK, OCHOBaHHOe Ha MamdecTep-
CKOI1 KOHCEHCYCHOIT KoH(epeHuu [17].

II. 2015 r. TJoxmiickas BCTpedYa IO COIIAIIEHNIO O TEPMMU-
HOJIOTMH U OIIpefie/ieHIsIX 60N B [1axy y CIIOpTCMeHOB [18].
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II. 2016 r. Cungpom maxoBoit 6omu. Kondepenuns
IO OCTYDKEHNUIO KOHCeHCYyca B VTa/mmu 1o TepMUHONIOTUY,
K/IMHUYECKOI OIIEHKE M BU3Ya/IM3aLMIOHHOM OLIeHKE I1aX0-
BOIT 607111 Y cHOpPTCMEHOB [19].

IV. 2023 r. Cungpom 6omi B maxy. O6HOB/IEHME WTa-
JIbSTHCKOII KOHCEHCYCHOI KoH(pepeHunn [1].

ITo pesynpraraM KOHCeHCYCHOM BeTpeun B Jloxe B 2015 1.
OBL/IO JOCTUTHYTO COITIACUE O TOM, YTO MEeT CMBICT BbIfje-
JIATH YeThIpe KIMHIYeCKMe KaTeropun 60 B axoBoit 06-
JIACTHY, CBSI3AHHOT C PU3NYECKOI aKTUBHOCTBIO:

1) 607b, CBsI3aHHASI C IPUBOMAILMMI MbIIIIIaMI Genpa;

2) 6071b, CBA3aHHAA C TIOMIB3/OIIHO-TIOACHITYHONM MBIIILIEN;

3) 6071b, CBsI3aHHASI TIOOKOBBIM CHUMQU30M;

4) 607b, CBA3aHHAA C IIAX0BOI1 06acThIO [18].

B 3asBnenun bpurtaHckoll accoumanyuy TIepHUOIOTOB
or 2014 r., OCHOBaHHOM Ha MaH4YecTepCcKOil KOHCEHCYC-
Hoit KoHQepeHUMy 2012 I., TEPMUH «TPbDKA CIHOPTCMEHa»
WIN «IIaX CIIOPTCMEeHa» ObII OTK/IOHEH, IIOCKOIBKY B JIaH-
HOM CJIy4ae UCTUMHHOJ I'PhDKY He cylecTsyer [17].

B coBpeMeHHON MTepaType BCe elle MPUCYTCTBYIOT
pasnInYHble TepMMHOIOTMYecKe Bapyuanum. B 2015 1. Serner
M COaBT. IOAYEPKHYIM HEOOXOFMMOCTb CTAHAAPTU3ALINU
TEPMUHOJIOTUY Il OOJIerdeHns] CpaBHEHMUSI Pe3y/lIbTaToB
PasIMYHBIX MCCIeoBaHNit. Bo MHOTUX MCCIeOBaHNAX ina-
THOCTUYECKIIE€ KPUTEPUN VI TEPMUHOIOTHSI B GONIBIINHCTBE
CTy4aeB HeCIeuyUIHbI WIN HEMPAaBUWILHO MCIOIB3YIOTCS
10 OTHOIIEHNIO K TIATOMOIMSAM. B cBoeM 0630pe aBTOPHI pac-
CMOTpenu 72 UCCIefOBaHMs 10 TAX0BOIT OO/ Y CIIOpTCMe-
HOB U OOHAPY>XWIN, YTO 33 PasIUIHBIX COCTOSHIUS YIIOMU-
HAIOTCA KakK «00JIb B IIaxoBoit o6mact» [20].

OTcyTcTBMe cOIMacuA OTHOCUTEIBHO TEPMIHOJIOTYN
MO>KHO 00O'bSICHUTD, HO He OIIPABAATD TeM (PAKTOM, UTO CUM-
ITOMBI I1AXOBOI 6O/ MOTYT OBITH Pe3y/IbTaTOM IPOOIEM
OIIOPHO-IBUTATE/IbHOIO aIllapara, >KeyL0YHO-KUIIEeYHOTO
TpaKTa, MOYEIIOIOBOJ CHCTEMBI, HEBPOTIOTMYECKIX 1 TVHe-
KOJIOIMYeCKux 3abomeBanmii [21, 22].

OnHOIT 13 OCHOBHBIX IIPOOJIEM B 3TO¥ 0O/IACTH SB/ISIETCA
OTCYTCTBME KOHCEHCYCa OTHOCUTEIbHO AMArHOCTUYECKNX
KpuTepMeB U TakcoHomum [22]. YeTkasa mmarHocTmMdeckas
KIaccupuKanusa mo3Bommia O6bl 6oiee TOYHO MHTEPIIpe-
TUPOBaTb U CpPAaBHMBATh pPas3/IMYHbIE MCCIENOBAHM, TEM
caMbIM OOserdasi mpolecc HpUHATHUs peueHuit. ITo aToit
IpMYMHe IepPBblil JoOKyMeHT KOoHCeHCYCHOI KOH(epeHIn
B Vtamm 2016 1. 6bIT TOMTHOCTHIO COCPENOTOUEH Ha TAKCO-
HOMMI. B 9TOM HOKyMeHTe IepBoe IoJI0COBaHMe Kacaaoch
UCTIONTBb30BAHNMS TEPMUHA «CUHAPOM IIaXOBOIT 6OJII» 110 OT-
HOIIEHNI0 K MAlMeHTaM, KOTOPBIM MOXXHO ObUTO OBbI IIO-
CTaBUTh JVMArHO3 «CHOPTMBHas TpbDKa». Vcmonb3oBaHue
TepMMHA «CUH/POM» OIIPAaBIaHO YaCThIM COBIIafIeHVEM pas-
JIVIYHBIX KIIMHUYECKUX IPOSIBICHNIT M1 BO3SMOYXHBIM IPUYMH-
HO-CJIeICTBEHHBIM B3aMIMOJIe/ICTBIIEM, KOTOPOE XapaKTepy-
3yeT 4eTKO OIpeJe/IeHHYI0 CTPYKTYPY KIVHMKA IIaXOBOI
6omu [19]. Ha aTom >ke KOHCEHCYCe 9THOMOrHs OO/ B IIAX0-
BOIT o6mactu 6biTa pasgeneHa Ha 11 KaTeropuit MHOTOIIPO-
¢GUIbHOI TPYIION MEFULIMHCKUX paboTHUKOB: (1) cycras-
Hble TIPUYMHBL, (2) BUCLepaIbHble IPUYNHBL, (3) KOCTHBIE
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IIPUYMHBL, (4) MBIIIEYHO-CYXOXKIJIbHBIC IPUYMHBI, (5) IpH-
YMHBI, CBSI3aHHBIE C TOOKOBBIM CM®130M, (6) HEBPOIOTH-
YecKue NpUYMHBI, (7) IPUYMHBL, CBA3aHHbIE C PAa3BUTHUEM,
(8) mpuumHBI, cBA3aHHbIE C 3a00/IEBAaHMAMY MOYEIIOTOBO
crctemsl, (9) Heommactuueckme npuanHsl, (10) nHbeEKIM-
OHHBIe NPUYMHBI U, HaKoHel, (11) cucTeMHble NPUYNHBI,
cymmupymomue pnuddepeHINaNnbHy0 AMATHOCTUKY 607
B m1axy [19]. Taxoke B 9TOM KOHCEHCyce ObIIM IPM3HAHBI TPU
OCHOBHBbIE KaTerOpMi CHAPOMA ITAaX0BOI 60/u: 1) CHHApOM
[TaXOBO 6O/TN TPABMATUIECKOTO MTPOMCXOXK/EHNS: TIOSIBIIE-
HIe 60/n CIIeyeT 3a OCTPOI TPaBMOM, IMOATBEPIKIEHHON
aHaMHe30M, KIMHUYECKMM OOC/IefOBaHMEM U BU3yasIn-
3amyelt; 2) CHHAPOM I1aX0BOI 60mM OT (YHKI[MOHAIBHOI
IIeperpysKu: XapaKTepu3yeTcs He3aMeTHBIM M IIPOTPeccy-
pyoLINM HadaIoM 6e3 OCTPOIl TPaBMBL; 3) JABHUIL CHHPOM
MTaXOBOI GO WM XPOHMYECKMIT CUHAPOM IIaXx0BOit 60omu:
COBOKYIIHOCTb CUMIITOMOB, O KOTOPBIX COOOIIaeT MaIjieHT,
COXpaHsIeTCsl B TedeHe mmepuona 6omee 12 Hefenb 1 He MTO-
JaeTcs HUKAaKoJ KOHCepBaTMBHOI Tepanuiu [19]. OueBujHO,
YTO TEPMUH «CUHJPOM IaXOBOIl 60/M» sB/IsAeTCst 060061ma-
FOLIMM TEPMIHOM, KOTOPBIiT JOKEH OBITh TOIOTHEH OMM-
caHNeM KIMHNYEeCKO CTPYKTypbl Tormga y mammenra, co-
rmacHo JloxuitckoMy KoHceHcycy ot 2015 I., MOXeT ObITb,
HAIIpUMep, CUHAPOM IIaX0BOIT OO/, CBS3aHHBII C TAXOBOIL
00/1aCThI0, BbI3BAHHBIN C1ab0CThIO 3aJHENl CTEHKI [TAXOBOI'O
KaHaJIa, WM CUHAPOM TIaX0BOI 60N, CBSI3aHHBIIT C IPUBO-
ISIVMY MBIIIAMI, BBI3BAHHBIN TEHIMHOIIATET TIPUBOIS-
1ieil MbIubl. TOMBKO IMyTeM MPUHATUS BCEOOBEMIIONIETO
OMICATEeNbHOTO TEPMMHA, TAKOTO KaK «CHHAPOM IaXOBOI
60/M», ¥ CBA3BIBAHUA €r0 C aHATOMUYECKOI 30HOI U TaK-
COHOMIYECKMM onucaHueM 3abomeBanusa (mam 3abonepa-
HIT), OTBETCTBEHHBIX 32 CUMIITOMAaTHUKY, MBI MOXKEM MMETb
YeTKYI0 ¥ PAlMOHANBHYI0 KIACCUPMKALNIO MPOOIeMBI.
CreoBatebHO, OBIIO IIPEIOKEHO 1 OXOOPEHO CIefyIolee
OIIpefieieHIe «CMHAPOMa MTAaX0BOit 60/mn»: TI060IT KIMHIYe-
CKUII CMMIITOM, OTMEYEHHBIN TallieHTOM, JIOKa/IN3 YOI -
Csl B TIaXOBO-TTOOKOBO-TIPUBOJSAIIEN OOMTACTH, BIMSIOLINI
Ha 3aHATUSA CIOPTOM U/VIM MeIIAIOUIVI TIOBCeTHEBHON aK-
TUBHOCTH U TPEOYIOLNIT MEAUIMHCKOI moMoru [19].

B 2023 1. cocTosiicst ouepesHOiT OOHOBIEHHDI UTATbSH-
cknit KoHceHCyc. COITIaCHO 3asBJICHIIO 9KCIIEPTOB, IOJ CIIOP-
TUBHOI IPBDKEN! C/IeAyeT IOHUMATh U30/IMPOBAHHYIO C1ab0CTD
3aJIHell CTEHKV IIaXOBOTO KaHaJIa, IIPUBOJAIIYI0 K XpOHIYe-
CKOMY 60/IeBOMY CMHZIPOMY y criopTcMeHoB [1]. B aToil Te-
KyIleil Bepcuy KOHCEHCyca TpPyIIa SKCIepPTOB COITIACHIACD
BBECTI HOBYIO KaT€ropuio: 12-10 5TUOMIOTUI0 CUH/IPOMA I1aX0-
BOIT 60/, Ha3BaHHYIO «BHECYCTaBHbIE IPMYNHbI». V] 3a0Ky-
MEHTMpOBasa 4 HOBbIe ATOJIOTUY KaK BepPOSITHbIE IPUYHBI
CUHZIpOMA IaxoBOI 60/mi: 1) TpaBMBI IPemy6ndecKoro amo-
HeBpoTudeckoro komiviekca (PPAC — prepubic aponeurotic
complex); 2) CHHAPOM HOIB3LOLUIHO-OEIPEHHOTO CAABTIEHNS
(IFIS — ischio-femoral impingement syndrome; 3) cuuzpoM
CHaBJIeHNs TIepefiHelt HyDKHel moysaourHoi kocty (AIISI —
anterior inferior iliac spine impingement); 4) cunEpoM
ylieM/IeHV IepefHero KoxxHoro Hepsa (ACNES — anterior
cutaneous nerve entrapment syndrome) [1].
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4. O6¢cyxpeHne

O6parast BHUMaHNE Ha TO, KAK ABTOPbI UCIIO/Ib3YIOT Tep-
MIHBI, JIETKO TOHATD, YTO OIpefeleHNA «CIOPTUBHAS IPhI-
Ka/TpbDKa CIIOPTCMEHa» U «CIOPTUBHAS ITyOa/ITUsi» SB/ISIOT-
cs1 Hanbosee 3anyTaHHbIMU. B cBOeM uccmegoBanmy 2023 1.
V. Mitrousias 11 COaBT. IIOKa3bIBaIOT, YTO TEPMUH «CIIOPTUB-
Hasl TpbDKa» ObUT MAeHTHUUMPOBAH B 33 CTAThSX, 13 HUX
B 52 % ommchiBaeTca cnaboCcTb 3aHell CTEHKM ITaXOBOIO Ka-
Haja, B 24 % STOT TEPMIH UCIIONB3YeTCA I/I ONMCAHNUA IIa-
TOJIOTVM IIPSIMOJL MBIIILIBI JKMBOTA Y I/IMHHOV IPUBOAAILEN
MBIIIIIBL, B 15% — 11 onycaHus 06eux BbIlIelepeyrcieH-
HBIX TIATONOIUI U B 9% — I ONMcaHusa CUMIITOMa 6ou
B I1ax0BOJ1 o6macTu. TepMuH «araeTndecKas myoanrusa» Obi
BbIABJIEH B 45 CTaTbsAX, U3 HUX B 11 % aBTOPBI MCIIO/Ib30BA/IN
9TOT TEPMMUH JI/Is1 ONIMCAHNMSA CMAbOCTI 3a/iHEN CTEHKU Maxo-
BOTO KaHamna, B 47 % — I ONVMCaHUA MaTONOTUM IIPAMON
MBIIILIBI KMBOTA VI IJITHHOV IPUBOZAIIEN MBIIIIBL, B 27 % —
Wit omMcaHusT 00eux BBIIIENEPEUNCIEHHBIX TaTOIOTHIL,
B 15% — 14 ommcanus cuMIToMa 6071 B ITaX0BOI 00/1acT
[23]. TepmuH «I1ax criopTcMeHa» 6bUT 0003HAYEH B IIECTH CTa-
ThbsiX. Bo Bcex mectu crarbsx (100 %) aBTOpPBI MCHIONTB30BAIN
9TOT TEPMMH JI/Is1 ONIMCAHNUSA CMAbOCTI 3a/IHEN CTEHKU Maxo-
BOro KaHasa. TepMIH «TpaBMa MBIIIL KOpa» ObUT NAEHTIDN-
LMpoBaH B 15 cTarbax. B 73 % crareif aBTOPhI MCIIONbH30BAIN
TepMUH [II OMMCAHNA MaTOJIOTUY IPSAMOI MBIIIIIBI XXIBOTA
U JIMHHON IIPUBOZAIIEN MBILILDBL, a B 27 % — /14 ONMCAHUA
Kak c1aboCTy 3ajHEl CTEHKM [IaXOBOTO KaHajla, TaK U I1aTo-
JIOTUM TIPSIMOJ MBILILBI XKMBOTA M [JIMHHOM NPUBOAAILEN
MbIIEl [23]. MOXHO cieiaTh BBIBOJ, YTO /IO CUX IIOP IIPO-
671eMa TEPMIHOJIOTY XPOHIYIECKOIT T1aX0Boit 6o/ y crop-
TCMEHOB OCTA€TCsl AaKTYa/IbHOI, HECMOTPS Ha IPOBefieHHbIe
KOHCeHCYcHI [1, 17, 18, 19]. ABTOpBI He MOTYT JOCTUTHYTD
€IMHOTO COrIacusi 00 MCIIONb30BAHUM TEPMMHOB, Kacaio-
IVXCA T1aXO0BOJ 60N y CIOPTCMeHOB. PellleHne 3Tol Ipo-
671eMbI TpebyeT MyIBTUANCHUIUIMHAPHOTO OAX0fa. MHOTHIe
Bpaun, aBTOPBI WJIM PeIieH3eHThI ITPOJO/DKAIOT MICIIOTb30BaTh
HEKOPPEeKTHBIe TePMMHBI, YTO IPUBOAUT K 3a0Ty>KIEHUAM.
Ha namr B3I/1s171, B AMarHo3e BaKHO OTpaXkaTdb AnddepeHim-
Q/IbHYI0O aHATOMMYECKYIO ¥ K/IMHMYECKYIO COCTAaBIIAIOLIYIO
607111 7151 KOPPEKTHOTO TOHVMAHS TTATOTeHe3a.

Ha ocHoBaHMM aHa/mM3a COBPEMEHHOI JUTepaTyphl
M COOCTBEHHOTO KJIMHMYECKOTO OIBbITa MBI CUMTAEM LieJie-
coo6pasHbIM (POPMYINPOBATH AMATHO3 Y IIAX0BOI 601N
Y CIIOPTCMEHOB € 00513aTe/IbHbIM YKa3aHUEM:

1) OCHOBHOTO K/TMHIYECKOTO MICTOYHMKA 6OMIL;

2) CTOpOHBI TOPaYKeHNA;

3) xapakTepa 1 JJIMTEeIbHOCTH TeIEHISI 3a00/IeBaAHIIST;

4) COIyTCTBYIOUIVX ITATOJIOTMYECKIX U3MEHEHNIT C yKa-
3aHIEeM UX KIMHNYeCKON 3HAYMMOCTH.

B xnuHu4YecKoil NpaKTUKe PEKOMEHJYETCA MCIONIb30-
BaTh Kmaccudukamnmio Doha consensus, BbIZE/IIOIIYIO de-
TBIPe OCHOBHBIE K/TMHIYeCKIe GOPMBI TaxoBoi 6Ou:

1) 6071b, CBSI3aHHYIO C IPUBOAAIIMMI MbILIIAMU Oefpa;

2) 6071b, CBSI3AHHYIO C TIOfB3/OLIHO-IOSICHIYHON MBIIIITIETT;

3) 6071b, CBSI3AaHHYIO TOOKOBBIM CUM(I30M;

4) 6071, CBSI3aHHYIO C IIAX0BOIT 06/1acThIO [18].
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JIOIIONTHUTENIBHO 11€71eCO06PAa3HO YUMTHIBATh XapaKTep
Te4eHM IIaTOIOTMYECKOrO IIpolLecca, MOApasfensas CUH-
IPOM TTaxoBOI 60N Ha:

o TPaBMaTUYECKIIL;

o CBSI3AQHHBI ¢ (QYHKIMOHA/ILHON IIeperpys3Koll (MeHee
3 MecsAIEeB);

o XpoHMYecKuit (6omee 3 MecseB).

[IpyHIVTINANTbHO BAXXHBIM ABIAETCA TO, YTO HEepBUU-
HBIM JIOJDKEH OCTaBaThCS MMEHHO KJIMHUYECKUN TUArHO3,
OCHOBaHHbBIII Ha aHalM3e >Kajo0 malyeHTa, MeXaHu3Ma
BO3HUKHOBEHNS 60MN, JAHHBIX (PU3NKATBHOTO 00CIenoBa-
HUA ¥ TIPOBOKAIIVIOHHBIX TeCTOB. MeTofbl BU3yanM3alyn
TOJKHBI PacCMaTPUBAThCA KaK YTOUHAIOIME Y MOATBEPXK-
Talollyie METOJbl MCCIEJOBAHNA, IOCKONbKY CTPYKTYpPHBIE
M3MeHeHus 1o JaHHbIM MPT 1 yIbTpasByKoBOTO MCCIENO-
BaHNA HEPeJKO BBIABJIAIOTCA M Y 0@CCMMITOMHBIX CIIOPT-
CMEHOB.

[Tpumeps! GOPMYINPOBKI AMATHO3A.

1. CuHIpOM XpOHMYECKOII ITaX0BOIl 60N CrpaBa, CBs-
3aHHBIII C IAXOBOM 00/IAaCTbIO, BHI3BAHHBIN C/TA0OCTHIO 3a]l-
Hejl CTeHKY IIPaBOro IIaXOBOT'0 KaHasa; (IOATBEPXKAEHO -
HaMIYEeCKUM Y/IbTPa3BYKOBBIM UCCIEIOBAHIEM).

2. CHH[IpOM XPOHIYECKOIT TaX0BOIT 6OJIN C/IeBa, CBSI3aH-
HBIJI C IPUBOAAIMIMMY MBIIMIIIAMI, BEI3BAHHBIN TeH/[MHOIIA-
THeIl JIeBOJ JIMHHOI IPUBOJSIE MBIIIIBI (IOATBEPXKIe-
HO MarHUTHO-Pe30HAHCHOI ToMOTrpaduern).

3. Cungpom maxoBoit 60N CIeBa, CBS3AHHBIN C HOJ-
B3IOIITHO-TIOSICHUYHON MBIIIIEl, BI3BAHHBIN TEHMHOIIA-
THEN JIEBON IMOJB3IOIIHO-IIOSCHUYHON MBINIbI (IIATENh-
HOCTb CUMIITOMOB MeHee 12 Hepenb; MOATBep>xgeHo MPT
U YIBTPa3BYKOBBIM VCCIICTOBAHMEM).

4. CHH[IpOM XPOHUYECKOIl IIaXOBOI OOJN, CBSI3AHHBII
C TOOKOBBIM CMM®U30M, BBI3BAHHBIII OCTEUTOM JTOOKOBOIT
KOCTU ¥ HECTaOMIbHOCTHIO TOOKOBOTO cuMm3a.

Bknap aBTOpOB:

IOpuit Anexceii BUKTOpoBIY — KOHIENIMA ¥ AW3AIH MCCIENO-
BaHMsA, cOOp 1 06pabOTKa MaTepuasa, HalUCaHUe I pefaKTUPOBaHMe
TEKCTa, yTBEep)K/eHIe OKOHYATeTbHOTO BapaHTa CTaThll, OTBETCTBEH-
HOCTb 3a L[€/TOCTHOCTb BCEX YacCTell CTaTbI.

Opnos Borpan BopucoBny — KoOHIENIuA 1 AU3aliH UCCIeN0Ba-
Hus, coop u obpaboTKa Marepuana, HAIMCaHUe M PeJAKTUPOBAHNUE
TEKCTa, YTBep)K/IeH/e OKOHYATe/TbHOTO BapMAHTa CTATbM.

Ilnarun Koncrantun OppeBry — HamucaHye U pegakTupoBa-
HIle TEKCTa, CBA3Db C pefaKiueit, cbop u o6paboTKa MaTepuana, KOM-
MYHMKALS C pefaKijyeil, yTBepKeH)e OKOHYATEe/bHOIO BapuaHTa
CTaTbIU.

Kamenko Buktop AHaTronbeBid — KOHIIEIIUA U AW3alTH UCCIe-
moBaHMA, cOop U 06paboTKa MaTepuasa, HalMCAHNe 1 PefaKTUPOBa-
HIIE€ TEKCTa, yTBepmneﬂme OKOHYATE€/IbHOTO BapyaHTa CTaTb.

Kontees Hukura PoMaHOBMY — HamycaHue M pefaKTUPOBaHNe
TeKcTa, cOop 1 06paboTKa MaTepuana, yTBepXK/jeHIie OKOHYATEIbHOTO
BapMaHTa CTATbM.

Bynanos [Imutpnit CepreeBud — HamucaHye U peaKTUpPOBaHNe
TeKcTa, c6op  06paboTKa MaTepraa, yTBepKeHIe OKOHIATETbHOTO
BapnaHTa CTaTbu.

Kapnos Tumodeit Imurpuesna — c6op n 06paboTka MaTepnara.
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5. CUHPOM XPOHMYECKOII I1aXOBOI 6OMm ceBa cMe-
IIaHHOTO TeHe3a: CBA3AHHbII C IIaXOBOI 00/IaCTHIO B COYETa-
HUM C TIPUBOISILIVIMI MBIIIIIAMU O€efpa CieBa, BHI3BAHHBII
C1aboCThIO 3a/IHEN CTEHKU JIEBOIO I1aXOBOI'O KaHajIa M TeH-
IVHOMIATIEN IEBOI ITMHHOI IPUBOMAALIEN MBIIIIIBI Gepa.

CregyeT yYuTbIBaTb, YTO Y OFHOTO CHOPTCMEHA BO3MOXK-
HO COYeTaHUe HECKONbKMX KIMHMYECKUX (OpM IMaXOoBO
6omn. B ogo6HbIX crydasx HeOOXOAMMO OIpefie/ieHIe Be-
AyIIero UCTOYHMKA 6O/IEBOrO CHHAPOMA, KOTOPBII JO/DKEH
OBITH OTPaXKEH B OKOHYATE/TbHOI (POPMYIMPOBKE AMArHO3a
Ha IIepBOM MeCTe.

[IpepnmaraeMplit mopxon K (QOpPMYIMpOBKe [MArHO3a
MO3BOMAET CTAHAAPTU3MPOBATh KIMHMYECKYI0 IPAKTHUKY,
YAYYIINTD B3aMMOJECTBIIE MEXY CIIeIMaIICTaMI ¥ CO3-
TaTb OCHOBY JyIA Ha/IbHeiInell YHIU(PUKAIUN HayYHbBIX WC-
CTIEOBAHWIT U KIIMHUYECKNX PEKOMEH/AIINIT B 06/IaCTI XPO-
HITYECKOII IIaX0BOIt 60/ Y CIOPTCMEHOB.

5. 3akmoueHue

TepMuHONOTMA AXOBOI 6O/N Y CIOPTCMEHOB OCTAETCA
OJfHOII U3 HambosIee CIIOKHBIX U JUCKYCCHOHHBIX IIPO6IeM
CIIOPTMBHOI MeJMIVHBL. VICIIONb30BaHMe Pa3INYHbIX Tep-
MVHOB JJIsI ONMCAHVS CXOZHBIX KIMHWYECKUX COCTOSHUIL
IPMBOAUT K 3aTPYAHEHNIO MeXJVMCLUIIMHAPHOTO B3aMMO-
IeiiCTBNA, CHIDKAeT COIOCTABMMOCTb Hay4HbIX MCCIENOBa-
HIIT U OCTIOXKHSIET BHIOOP ONTUMA/IBHOI JIeIeOHOI TAKTUKIL.

[IpuHATHE MEXJYHApOJHBIX KOHCEHCYCHBIX COIJIa-
meHny, mpexpe Bcero Doha Agreement Meeting on
Terminology and Definitions in Groin Pain in Athletes (2015),
CTaJI0 BKHBIM 9TAIIOM CTaHIAPTU3ALMM MOAXONOB K [ya-
THOCTHKE U KITacCH(PUKALMI TAXOBOIL 60N Y CIIOPTCMEHOB.
Vcnonb3oBaHe eIHOI TePMIHOIOTMY II03BOJIAET YHUDN-
LMPOBATh KIMHMYECKYIO IPAKTUKY 1 GopMupoBaTh 6osee
TOYHBIE AMATHOCTHYECKNE U JIedeOHbIe aTOPUTMBL.
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HWKHUX KOHeYHocTel B npodheccMoHanbHom dyToone: ponb pagauonoros
B peanusauun KOPPeKTHOro NPoToKorna peabunurauum
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PE3IOME

Ienp mccneqoOBaHMA: IIPOAHAMM3NPOBATh COITACOBAHHOCTh MHTeprpertaryu gaHueix MPT B3pocmbix mpodeccnonanbHbix (GyT60mmcToB
C OCTpbIMU 6ECKOHTAKTHBIMI MbIleuHbIMY HoBpexxaeHnsaMy (OBMII), BbIOTHEHHOI paftosIoraMi C Pas/MIHBIM OIBITOM PabOTHI CO CIIOPTCMe-
HaMI.

Marepuainsi u MeTobl. [IpoBefieH peTPOCIeKTUBHBII aHa/3 IpoToKonoB onucannst MPT OBMIT HIKHUX KOHETHOCTeI B3POCIIBIX TPodeccro-
HaJIbHBIX QyTOOMUCTOB TPeX BeAYINX KI1y60oB Poccuiickoil IpeMbep-/Iiry, BBIIIOTHEHHBIX PAMOIOraMyt 001l IPAKTUKI, He IMEIOIMMI 6O0/IBIIIOro
OIIBITA B CIIOPTUBHOI MefMIyHe (Ipymma 1), 1 pafnooramu ¢ onbiToM 6omee 10 yieT B CIOPTUBHOI paguornorny (rpymmna 2). IIpoToKosIbI OImicanus
BKJII0YA/IM OLIEHKY aHATOMIYECKOI IOKaMM3aI TIOBPEXX/IEHNs, CTETIeHN TTOBPEX/EHNA C IPYMEeHEHMeM TON MU MHOII CIielaI31pOBaHHO Klac-
cruKaIy, yKasaHue Ha COYTCTBYIOLIIE IOBPEXAEHIIS CYXOXKIINIL U KOMMYECTBEHHYIO OLIEHKY 00'beMa MBIIIEYHOIO OTeKa.

Pesynbratbl. 113 Bcex 130 nepuunbix OBMIT pagnonoramu rpymms! 1 Tonbko 14 (10,8 %) TpaBM 6bUmn KaaccudULMPOBaHbL C MCIIONb30BaHUEM
xnaccudukanuy BpuraHcKoit aTreTideckoit acconnaryy, B 20 (15,4 %) caydasx mcrnonb3oBamach Kiaccudukamys Stoller. B ocranpubix 96 (73,8 %)
Cy4asx KmaccuuKaunys He yKaspiBaaach. CpaBHUTEIbHbII aHA/IN3 NHTEPIPETALNY JAHHDIX CIIeLNa/IICTaMI BYX MCCIEAYeMbIX TPYIII PafN0IOTOB
II0Ka3aJI, 4TO OIpefle/IeHNe aHATOMIYECKOII TIOKa/IM3aLi IOBPeX eH it COBIaso B 61,5 % ciy4aes (80 Habmonenuit 13 130).

IIpu cpaBHEHNN Pe3y/IbTATOB OLIEHOK 00'beMa MBIIIEYHOr0 OTeKa, BBHIIIOTHEHHBIX ABYMs IPYIIIAMI PA/IOIOTOB, He OBII0 0OHAPY)KEHO CTATHUCTH-
YeCK) 3HAuMMOIl PasHUIbI B CPEJHMX 3HAUeHMsAX mokasatens (p = 0,075). IIpu aHanmmuse ompefenieHys MOPaKeHs BHYTPUMBILIEYHOTO CYXOXKMINSA
UJIEHTUYHasA OLleHKa PafiYoJIoroB 06enx rpymi Habmonanach B 67 (59,8 %) ciny4asx, a pacxoxxenns — B 45 (40,2 %) cny4dasx. IIpu atoM koadduiiteHT
k Koama cocrasni 0,132, 9T0 CBMAETEIBCTBOBAIO O CTAOOM COITIALIEHUN CBEPX CTYYATHOTO YPOBHSI.

3axmrouenne. ToTbKO B HE3HAYNTEIBHOM KOJIMYIECTBE CIy4aeB PafMOIOry, He UMeolyie 60IbIIOro OIbITa pabOThI CO CIIOPTCMEHAMIL, MICIIONb30-
Ba/IU Kakie-1nu60 KaaccudMKayy MbILICYHBIX MOBpexgeHNit. [ nosbiuenns rounoct MP-guarsoctyiku OBMII y ciopTcMeHOB 1ie/iecoo6pasHo
IIPUB/IEKATb PaJVOIOroB, 00MIAAOMINX CIIeINaTU3POBAHHBIM IPO(MECCHOHATBHBIM OIBITOM, HEOOXOXMMBIM [/II MUHUMU3ALNI PUCKAa HEKOPPEKT-
HOJ MHTEPIIPETAIMY JAHHBIX.

Kniouesvie cno6a: BO3BpaT B CIIOPT, IIPOTHO3MPOBAHIE, MbILIIEYHOE IOBPEX/ieHIe, QyTOOII, CIIOPTUBHASA TPaBMa

Ina nuruposanua: besyrnos 9.H., Ipundyenko A.Il, Manakun [V, Xasitun B.IO., byrosckmit M.C., Bunorpagos M., Tonuapos E.H., Be-
tomkyH A.A. CornacoBaHHOCTp MPT-IMarHOCTHKY OCTPBIX IIOBPEXKIEHNUIT MBIIIL HIDKHUX KOHEYHOCTE! B IpodeccroHanbHOM (yTbOIIe: poib
PA/IOTIOrOB B Peannsanuy KOPPeKTHOTO IPOTOKONA peabumuranyn. CnopmusHas meduyuna: nayka u npaxmuxa. 2026;16(1):50-58. https://doi.
org/10.47529/2223-2524.2026.1.1
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Consistency of MRI diagnosis of acute lower limb muscle injuries
in professional football: The role of radiologists in implementing
an accurate rehabilitation protocol

Eduard N. Bezuglov'>*, Alesya P. Grinchenko®, Georgy I. Malyakin"?, Vladimir Yu. Khaitin®,
Mikhail S. Butovsky*®, Mikhail Vinogradov?, Evgeny N. Goncharov’, Alexander A. Vetoshkin’

T Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia
2 Science and Research Department, PFC CSKA, Moscow, Russia
3 Petrovsky Russian Research Center of Surgery, Moscow, Russia

4 First Saint Petersburg State Medical University named after I. P. Pavlov, Ministry of Health
of the Russian Federation, Saint Petersburg, Russia

5 FC Dynamo-Moscow, Moscow, Russia
¢ Kazan State Medical University, Kazan, Russia

”Department of Traumatology and Orthopedics, European Medical Center, Moscow, Russia

ABSTRACT

Purpose of the study: to assess the consistency of MRI interpretations among radiologists with varying levels of expertise in working with athletes
when evaluating MRISs of players with acute non-contact muscle injuries (ANCMI).

Materials and methods. A retrospective review of MRI interpretation protocols for lower limb muscle injuries in adult professional football players
from three prominent Russian Premier League football clubs was conducted. Reports were interpreted by general radiologists with limited experience
in sports medicine (Group 1), whereas Group 2 comprised radiologists with over 10 years of experience in sports radiology. The reporting protocols
included assessment of injury localization, grading of injury severity according to the respective classification system, identification of associated tendon
injuries, and quantification of muscle edema volume.

Results. Out of 130 primary ANCMI cases, the British Athletic Association classification system was used by Group 1 radiologists in only 14
(10.8 %) cases, while 20 (15.4 %) reports employed the Stoller classification. The remaining 96 (73.8 %) reports did not specify any classification system.
Comparative analysis of interpretations by the two groups demonstrated agreement regarding anatomical injury locations in 61.5 % of all evaluated cases
(80 out of 130). No statistically significant difference was observed in the mean edema volume assessments between the groups (p = 0.075). However,
when evaluating intramuscular tendon involvement, identical assessments were seen by both groups in 67 cases (59.8 %), whereas discrepancies oc-
curred in 45 cases (40.2 %). Cohen’s k coefficient was 0.132, indicating weak agreement beyond chance.

Conclusion. Significant variability was observed in defining the precise anatomical location of muscle injuries and in recognizing intramuscular
tendon lesions between experienced sports radiologists and general radiologists without such expertise. To improve diagnostic accuracy in MRI evalu-
ations of ANCMI within athletic populations, it is strongly recommended to involve radiologists with relevant specialization and sufficient clinical ex-
perience in sports medicine.
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1. BBenenne MIOBPEeX/IEHUIT Y 9/IUTHBIX B3POCIBIX PyTOO/MIICTOB [3, 6, 7].

Mpl1IeYHbIe HOBPEXXAEHN SIB/ISIOTCS CAMBIMY 9aCTHIMM [Tpu aTOM [I/Is1 TAKMX TPAaBM XapaKTepeH BBICOKMII PUCK pe-
TpaBMaMU Cpefyl CHOPTCMEHOB B IIpodeccHOHaIbHOM yT- upuBa: cormacHo ganueiM Elliott u coaBT., UX Konn4ectBo
607e, KaK IOHBIX, TaK 1 B3pocmbix [1-3]. Hamnbonmee gacto MOXeT jocturatb 16-24% [8]. B cBsA3M ¢ 9TMM BOIPOCHI
9TV TPABMBI OTHOCATCS K OCTPBIM OECKOHTAKTHBIM U JIOKa- KOPPEKTHO IMarHOCTUKY MBIIIEYHBIX TOBPEX/EHUI 9TOTO
JIN3YIOTCA B OHON 13 YeThIpeX MbIIIeYHBIX TPYIII HVDKHNIX TUIA SIB/ISIIOTCS AKTYa/IBHBIMU AJIsI CIELMAIICTOB, paboTa-
KOHewuHoCTell [4-6]. Yalje Bcero OHM AMAarHOCTUPYIOTCA IOIX C IPO¢eCcCHOHANBHBIMU (Y TOOMICTAMIL.
B MBIIIIIAX 3aHell IPYNIIbI Geipa: 0 PasIUIHBIM JaHHBIM B Hacrosmee BpeM: IByMSA OCHOBHBIMM METOJAMU IH-
Ha UX OO MpUXopmtcs oT 31 o 41% BceX MBIIIEYHBIX CTPYMEHTA/IbHOM AMATHOCTMKM OCTPBIX OeCKOHTAKTHBIX
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MbllledHbIX noBpexxaeHuit (OBMII) sBaAOTCA MarHuUT-
HO-pe3oHaHcHaA ToMmorpa¢uss (MPT) m ymprpassykoBoe
nccnenoBanne (Y3U) [9]. Hambomnee pacnpocTpaHeHHBIM
METOZOM JUArHOCTYUKY TPaBM y IPOdecCHOHATbHBIX QyT-
6omncroB aBserca MPT, KOTOPYIO MOXXHO CUUTATbh «30-
JOTBIM cTaHgapToM» [10, 11]. VimenHo pesynbratet MPT
HAXOJSITCSI B OCHOBE HambojIee YacTO MCIIOMb3YeMbIX KIac-
cnduKanMii MBINIEYHBIX IMOBPEXEHUI: KlaccuduKanmm
bpuranckoit ariermueckoit acconuanuy, MIOHXEHCKOTO
KoHceHcyca 1 MLG-R [12-14].

B 2024 romy rpymnma poCcCUIICKMX aBTOPOB IPEJCTaBU-
J1a TOAPOOGHBII AHAIU3 1 CPABHUTEIBHYIO XapPaKTEPUCTUKY
CYLIECTBYIOIINX KIACCUPUKALMI U IPOJEMOHCTPYPOBA-
ja, 4TO Hamboslee YacTO MCIONb3yeMOll Kiaccudukaryein
Kak 3a pybexxoM, Tak 1 B Poccnu sBysteTcst Kaccudukarus
bpuranckoit ariernyeckoil accouuanny, IMPeNIO’KeHHAs
Pollock u coast. B 2014 rogy [12, 15-17]. B ee ocnose je-
JKUT OLIeHKA K/IMHIYIECKIX CYMIITOMOB ¥ BU3Ya/Ii3aLnA I10-
Bpexxgenusa npu nomomy MPT ¢ onpenenennem noxanmusa-
LMV U CTETIeHN TOBpeXaeHus (Tabm. 1).

CorlacHO MMENUMMCS TaHHBIM, UCIIO/Ib30BaHIE 3TOIT
KnaccuduKanuy No3BOMsIET CIPOTHO3MPOBATh CPOKM BO3-
BpaljeHust GpyTOONMMUCTOB K PETrY/LIPHON TPEeHUPOBOUHOI
nesrenpHocTy (PT]]), a ToyHOe ompepeneHue noKanu3sa-
LUV IOBPEX/EHNA UIPaeT KIIYeBYI0 PO/Ib C TOUKY 3peHNA
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pucka pa3BuTus penuansa [17-19]. 3to obycmosieHo ycra-
HOBJICHHBIM BJIVIIHUEM Ha YBe/INYeHME JaCTOThI BO3HUKHO-
BEHIs PELMANBOB IIPU BOB/ICIEHNN CYXOXWINA B 06/1acTh
noBpexjenns [20, 21]. Ba)xHO IOgY4epKHYTH, YTO IO aH-
HbiM MPT K MOMEHTY 3aBeplueHNs peabWIMTaLuM HOP-
MajIM3alysi CUTHA/IA HEPeAKO OTCYTCTBYeT U caMa Io cebe
He MOXKET CIIY>KUTb KpurepueM 6e30macHoro (To ecTb 6e3-
peunausHoro) Bosspautenus k PTII [21]. IIpu arom, co-
[7IACHO KOHCEHCYCHOMY 3asIBJICHUIO BENYIINX IPOQIIIbHbIX
UTAIbAHCKUX SKCIEPTOB, [UHAMYKA YMEHBUICHNA MbIIIeY-
HOTO OTeKa MOXKET UCIIOJIb30BAThCs B Ka4eCTBE OPUEHTMPA
IIpU pellleHNM BoIpoca o Bo3spamenun k PT]T [22].

Takum 06pasoM, CTAHOBUTCS OYEBUAHBIM, UTO KOPPEKT-
Had MHTepnperanus pesynbraro MPT ABnaeTca kputudeckn
BaKHOIT IS IVTAHNPOBAHNS PeabMINTAL[IOHHOTO TIPOTOKOIA,
3a4aCTyI0 OKa3bIBas IPUHIVIINA/IbHOE BIVAHME Ha CPOKI BO3-
Bpagennst K PT]] [23]. Ho Heo6X0mmMMO OTMETHUTD, UTO C TOY-
KV 3peHIsI MEIMIIMHCKOTO 3aKOHOJATe/IbCTBA MHTEPIIPETALINIO
pesynbratoB MPT ocyIecTBsior cepTuUIMPOBaHHbIE Pa-
IVOJIOIN,  He CIIOPTMBHbIE Bpadn. B Takoil cuTyamy MIMeHHO
OT KOPPEKTHOCTY 3aK/II0YEHMI 9TUX CIIELMAIVICTOB BO MHOTOM
3aBycut ycremHocTs aedennst OBMIL Kpome toro, addex-
TUBHOCTD ¥icnonb3oBanuss MPT u manHOl Kmaccudukanmm
B K/IMHIYECKOJI IIPAKTVKe HAIIPAMYIO 3aBVMCUT OT BOCIPOM3-
BOJMIMOCTH 11 COIVIACOBAHHOCTY VX MHTEPIIPETAI Pa3HbIMU

Ta6bnnma 1

Knaccuduxanms mpinreyHsIx noBpexmennit bpuranckoii arnernyeckoit accouuanuu (nmepesoy Pollock et al., 2014)

Table 1

British Athletic Muscle Injury classification (translation based on Pollock et al., 2014)

Crenenn Knunuyeckne cuMmToMbl JToxkanu3amus MPT
0a — M3MEHEHM OTCYTCTBYIOT
Ob — gu 3HBIE «IIATHUCTBIE»
0a — ouaroBas; A ¢)be
0 — nerkas bornesHeHHOCTD B MBIIIIIIAX Y4acTKM HOBBIIIEHHOTO CUTHA/IA

Ob — Ha IpPOTsDKEHUM

B TIOCTIEf{OBATETbHOCTAX
C )KVMPOTIOfIaB/IeHNEM

bonb nosaBnsaerca Bo Bpemsa
1 — He3HaunUTeNb-

[NoBpexpenne cocrasnset o 10 % ot

HO€ IIOBPeX/IeHe
(pacTsKeHMe/MUKPO-
HaJIpbIB)

WV TIOCTIe TPEHMPOBOK. [lna-
Ma30H JBVKEHUIT CTAHOBUT-
cs1 6e300/1e3HEHHBIM Yepes
24 gaca

la — BHYTpUMbIIIECYHAsA TeMaTOMa;
1b — moBpexxaeHMe CyXOKUINA WIN
MBILIEYHO-CYXOXXUIbHOTO COEMHEHNS

HauOO/IbIIErO AnaMeTpa MbIIJ.ILH)I/CyXO-
SKIUJINS B AKCUAJIBHOM TJIOCKOCTH, IIpo-
TIOTBHOM TIIPOTAXKEHHOCTDBIO MEHEE lcm

2 — noBpexenne
CpenHell TSXeCTU

JInuMuTHpyommit fUckoMdpopT
COXpAHAETCA U II0C/e 24 4acoB.,
OTMeYaeTCs] CHIDKEHIe
MBIIIIEYHO CUJTBI

2a — HoBpeXxeHNe oT aciuy, BIIydhb
MBIIIIEYHON TKaHU;

2b — nmoBpexIeHne MBIIIIIBI IV MbI-
HI€YHO-CYXOKMTbHOTO COeIVIHEHM S,
2¢ — TOBPEX/IeHMEe CYXOXKUIUSA

IToBpexxnenne cocrasnaer 10-50 % ot

HanbO/IbIIEro AMaMeTpa MBIIIIbI/CyX0-
JKWINA B aKCHA/IbHOM IITIOCKOCTH, TIPO-
JOTbHOI IPOTAXKEHHOCTDIO MeHee 5 cM

3 — 3HaYUTEbHOE
(cy6roTanpHoe) mO-
BpeXeHne

BuesanHas peskast 607b, CO-
XpaHSIOLasIcs IpK ObITOBOI
akTuBHOCTU. CHUYKEHHBII [j1a-
[1a30H JBVDKEHUIT B TeYeHNe
Hepmenu u 6oee

3a — MmodacmanbHOe IOBPEXIEHNE;
3b — mOBpeXieHe MBIIILIbI IV Mbl-
ILIEYHO-CYXOXKI/IBHOTO COEfIHEHNIS;
3¢ — HOBpeX/IeHIe CYXOXKIINs
(cy6ToTaIbHBI Pa3phIB)

IMospexpeHme cocrasyseT 6omee 50 % oT
HanOoJIbIIEro YaMeTpa MbIIIIbI/CyX0-
SKUIUS B aKCHAIbHOM IINIOCKOCTH, IIPO-
IOTIbHOI MPOTSDKEHHOCTBIO 6ortee 5 cM

4 — TIOMHBII Pa3pbIB
MBIIIIBI

Peskasg BHe3anHasg 60b,
HeMeJJIEeHHO€e OTpaHnYeHe
IIOABVDKHOCTI

4a — paspbIBbI MBIIIIIb;

4b — paspbIB MBIIIEYHO-
CYXO>KMJIBHOTO COEJIVIHEHN;
4c — paspbIB CYXOXKMINA

[Tonubiii paspbiB

52




CriopTviBHas
MeauunHa:

[ ayra u nparmuna | |

crenyrayictaMu. IIpy aToM o HacToOALIEro BpeMeH! He IIpo-
BOJIVJIVICh MICCTIETOBAHIA, B KOTOPBIX aHA/IM3UPOBA/ICD IIPOTO-
Korbl orvicarst MPT, BeinornHsiemMble pajyonoramu 6e3 607b-
IIOTO OMbITa PabOTHI CO CIIOPTCMEHAMI BBICOKOTO YPOBHSL.
B cBA3KM ¢ 3TMM Le/b JAHHOTO JCCIENOBAHMA 3aK/II0YaIach
B aHAJIM3e COITIACOBAHHOCTI MHTEPIIPETALNY JAHHBIX MATHNUT-
HO-PE30HAHCHO! TOMOTpa(uyl MBIIIL HVDKHIX KOHEYHOCTeN
B3poCbIX mpodeccroHanbhbix ¢yTéomictos ¢ OBMII, BbI-
IIOJIHeHHOJI PafiMiOJIOraMy ¢ Pa3HBIM OIIBITOM MHTepIpeTaLliN
mauusix MPT npodeccroHambHbIx GyTOOMICTOB.

2. Matepuanbl 1 METOJbI

Hu3aitH ucceqoBaHUs

IIpoBeieH peTPOCIEKTVBHBIN aHAIU3 BepUPUIUPO-
BaHHBIX ¢ ucnonbsoBanueM MPT ocTpbix 6GecKOHTaKT-
HBIX MBbIIICYHBIX HOBPEXIEHNUII HIDKHUX KOHEYHOCTeN
B3POCTIBIX IPOeCcCHOHANBHBIX PYyTOOMICTOB Tpex KIyOoB
Poccuiickoit mpembep-murn (PITI) m3 pasHbIX ropopos
(Kazaum, Mockspl 1 Cankr-IleTepbypra), NoOMy4eHHBIX
B TeYeHNe TpeX IOC/Ie[OBaTe/IbHbIX COPEBHOBATE/IbHbIX Ce-
30HO0B: 2021-2022, 2022-2023, 2023-2024 ropmos.

YcnoBusA nposeeHns UCCIEJOBAHNMA

Bce TpaBMBI JOKYMEHTHPOBANINUCh B 9JIEKTPOHHBIX Me-
AMILVMHCKUX 3aIICSIX KIyOHBIX Bpadert. JuarHoCTuKa mpo-
BOIMIACh B COOTBETCTBUM C aKTyaJbHBIMU IIPOTOKOIAMU
CIIOPTMBHOI MENUIIVHBI, BKIOYas ONpPOC, (U3UKAIbHOE
obcmenoBanne u BoimonHeHne MPT. Bece wuccmenoBanms
OBbIIV BBITIO/THEHBI HA MATHUTHO-PE30HAHCHBIX TOMOTpadax
¢ moifHocTbhio 1,5 Tecna u Bbie.

YyacTHukn

B amamms 6pumt Bxmodensl 130 mepBuunbix OBMII
HIDKHMX KOHEYHOCTeil, IOJy4eHHble 93 dyrdommcTamMu
(cpemumit Bospact 27 + 4,95 ropa). JlOIOMTHUTENIBHBII pac-
4yeT 06beMa BBIOOPKY He IPOBOAWICS, TaK KaK Ie/bI0 VC-
CrefloBaHMsA AB/IATACH OLIEHKA peanbHBIX KIMHIYECKNMX
HaHHBIX. Bce yuacTHuKM mopmucanu MHGOPMUPOBAHHOE
coryacye 06 y4acTuM B MCCIIeOBAaHNN, KOTOPOe OBIIO O10-
6pero JIOKa/bHBIM 3TUYECKUM KOMUTETOM CedeHOBCKOTO
yHuBepcnreta (10.03.2021, Ne 05-21).

IlopAnok meiicTBMIT U IepeMeHHbIe ICXO0B

Pesymbratet  MPT-mccnenoBaHus OLeHMBAaIUCh [JBYM:A
TpylIaMy pajivofioros. B mepBylo rpymiy BOLINM pajiioIorn
061iert pakTHKY 6e3 GOTIBIIIOrO OIBITA PAOOTHI B CIOPTUBHOIL
paguonornu (rpymma 1). Beero Taknx papmonoros 6suio 48,
OHM paboTam B 13 AMAarHOCTUYECKNX LIEHTPAX TPeX KPYIIHbIX
ropozoB. Bo BTOpyIO rpymiry BOLIIN PafiIiO/IOrH € OIIBITOM 60-
nee 10 7ieT B CHOPTUBHON PajiO/IOTUM ¥ OAVMH HE3aBUCUMBbII
CIIELMAINCT, KOTOPBIiI yYacTBOBaJI B aHamm3e MP-TomorpamMm
B CJTy4ae PasHOITIACUA MEX/y IBYMsA PaJIiOIOraMIA.

CregyiolyM 3TaroM MCCIefOBaHNsA CTalo IpoBefeHne
CPaBHUTEIBHOTO aHA/IM3a CAEAYIOUMX ITapaMeTPOB IPOTO-
komoB MPT, cocTaB/leHHBIX crienmanucTaMyu o0eMx IpyI
PanyoIoroB:
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— aHATOMMYECKasl IOKAMN3ALVS TOBPEX/EHNS, IO KO-
TOPOIT BBIAE/SUIOCH IISATh IPYIIL: 3aJHsS U MEePeRHss TPYII-
Bl MBI Gefipa, MPUBOISIIE MBIIIIBI Oepa, MBIIIIBI TO-
JIeHM, Ipyrie (B TOM 4KCTIe, ATONNYHEIE);

— IpUMEHEHNE ClIenNanu3npOBAHHON KIacCUPUKALIN
IIPY OLI€HKE TTOBPEX/EHNS;

— yKasaHIe Ha COITyTCTBYIOILee OBPEeX/eHIIe BHYTPU-
MBIIIEYHOTO CYXOXKIIINS;

— KO/IMYECTBEHHAS OLIEHKA 00'beMa MBIIIEYHOTO OTEKA.

i KaXZOoro 13 mepedrcieHHbIX IOKasaTesneil Obura
IpOBeJleHa OLIeHKAa YPOBHsI COIIACOBAHHOCTU MEXJY CIie-
LMauCTaMu 06eux TPYIIL.

Pagmonorn us rpynnel 2 pna ommcanmsa MPT nc-
HO/TB30BAIM  K/MACCU(DUKALINIO MBIIIEYHBIX TTOBPEKIEHNIT
Bpuranckoit atnetndeckoit accoryanuu (British Athletics
Muscle Injury Classification — BAMIC), KOTOpYI10 MOXHO
cuMTaTh Hambo/Iee Y4acTO UCIOIb3YeMOIl Cpefy MPOpIIb-
HBIX 9KCIIepTOB [24]. BHyTpuMbIIeyHOE CyXOXumnue 6bUIO
OIpefe/IeH0 KaK YYAaCTOK CYXOXWINS, KOTOPBI IIPOXO-
AUT BIOJIb MBIIIIIBI U IPOHMKAET K Hell, B pe3y/ibTare 4ero
K HEMY IPUKPEIUIAIOTCS MBIIIeYHble BOJIOKHA [25]. O6bem
HOBPEX/IeHVIsI OIPee/IsUICS Ha OCHOBE BU3Ya/IM3ALI C VIC-
MO/Tb30BAHMEM CTaHIAPTU3MPOBAHHBIX MPOTOKO/IOB Mar-
HUTHO-PE30HAHCHBIX TOMOTPAMM.

VYMeHbIeHme CUCTEMATIIIECKUX OLINOO0K

st cHvkeHyst MHGOPMALMIOHHOTO CMEIeHNs OIyca-
HIIe BCEX IIPOTOKOJIOB B IPYIIIIE 2 TPOBOJIOCH HE3aBUCHMO
IBYM: CIIEIVATIIICTaMM C IPYUBJIeYeHNeM TPEThero sKCIepTa
B C/Iy4ae pacXOXJeHMA MX 3akmodeHuit. Vlccnemosarenn,
IPOBOAMBILNE CTATUCTUYECKYI0 00pabOTKy, He MMeIN MH-
¢dbopmanuu o rpymme uHTeprperatopa. Hamndame crucrema-
TUYECKO OIIMOKN, CBI3AHHOI C Pa3/IMYNEM B OIIbITE CIIELIN-
AJIIICTOB, OLI€HMBAJIOCh Yepe3 IT0Ka3aTe/ll COIJIACOBAaHHOCTI
(k KoaHa, X*-TecT, mapHble CPaBHEHUS).

CraTucTimyeckuii aHamm3

CTaTUCTUYECKUIT aHaIN3 IIpoBOAMIICA IIpM IIOMOINN
Python (Bepcust 3.11.9, Python Software Foundation) ¢ nc-
nonmp3oBaHmeM 6ubmmoTekn pandas mast 06paboTKM fmaH-
HbIX 1 SciPy 1 cratucTudeckux TecToB. KareropmanbHble
knaccnduranyu  («BAMIC», «Stoller», «apyroe») 6Gpumm
0600111eHbI 110 a0COMOTHOMY KOMMYECTBY 1 IIPOLIEHTHOMY
COOTHOIIEHNIO OT 06ulero umcaa caydaes. OLeHKN JI0Ka-
IN3alnu M BOBJICYCHUA CyXO)KI/I}H/Iﬁ 6I>UH/I IIpefCcTaBI€HbI
B BUje TaOMuIl COIJIaCOBaHHOCTH 2 X 2. Bpuma paccumra-
Ha JOJIsI TOYHOTO COITIACHSI MEXAY PajioIoraMy IPYIIIBL
2 n papuonoramy rpymusl 1. lons Hecormacys 6bl1a BbIpa-
JKeHa KaK JOIO/THEHIe K I0/Ie COITIACHSL.

[TapHble u3MepeHus1 06beMa MBIIIETHOTO OTeKa aHa/IU-
3MPOBAJIVCh TO/IBKO B TOM CITy4ae, eciu 06a 3HaYeHus1 ObIn
uncnoBbiMit (1 = 96 map). I[TockonbKy pacnpenenenne 06b-
€MOB OTeKa 3HAYMMO OTKJIOHSIOCh OT HOPMa/IbHOTO (TecTt
[lammpo — Yunka, p < 0,001), B KadecTBe OCHOBHON Me-
TPUKI CBA3N Me>1<,u;y M3MEPEHNAMMI VICIIONTb30BAJIaCh PaHTO-
Basa Koppeamya Crmpmena (p). KoadduiuenT nmuneitnon
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koppenanyy IlupcoHa (r) IpUMEHANCA UCKIIOYUTENILHO
B paMKaxX [ONO/JHUTENbHOIO aHaIM3a YyBCTBUTENbHOCTIH.
J1s OLleHKM CHCTeMaTMYeCKOIo CABUTA MEX[Y HapHBIMU
M3MEpEeHUAMY NPUMEHAIN HapHbII TeCT YMIKOKCOHa (oc-
HOBHOJT) U IAPHBII £-TeCT ([OMIOTHUTE/IbHbII, YyBCTBUTE/Ib-
HBIIT aHA/IN3), a TakKKe aHanu3 brang — Anrmana. [Ing ka-
TeropMajbHbIX IIePeMEHHBIX paccunTbiBaiu k Kosna ¢ 95%
I (6yrcrpam, 5000 pemmmkanmii), KOTOPBI MHTEpIpe-
TupoBaca mo mkane JIangmca u Koxa. Tect MakHemapa
(c mompaBKoOJI Ha HEIPePBIBHOCTD) OLICHUBAJI ACMMETPIIO
B HECOIVIACOBAHHBIX IapaX. B 1mccrnemoBaHMM MCIO/Nb30Ba-
JIMCh IBYCTOPOHHUE TECTbI; CTATUCTUYECKM 3HAYMMbIM CUN-
Taj0ch 3HaveHne p < 0,05.

3. PesynbTarsl

Cpenn 130 mpoTokonos mepBuyHbIX OBMII  Tonbko
B 14 cmyuaax (10,8%) papgyonory rpynmbsl 1 MCHONTb30BaINA
knaccndukaryio BAMIC, nerne B 20 crry4asix (15,4 %) — Stoller.
B ocrampubx 96 (73,8%) cTy4asx HauMeHOBaHME VICIIO/b-
3yeMoil KIacCU(UKALVM He YKa3blBaIoch. IIpu cpaBHeHUM
AQHATOMIMYECKON JIOK/IM3aLMM IIOBPEXMAEHWUI, OIpefeneH-
HOJI paioyioraMmy 06enx TPy, GbUIO IIOKa3aHO, YTO TOTIBKO
B 80 cryuasx us 130 (61,5%) oHa 6blIa MAEHTUIHON, a KO-
¢urment cormacust coctaBu K = 0,58 (95 % 1M1 0,49-0,66).

HpI/I CpaBHEHUN 061)eMa OT€Ka MBbIIINbI, OLIECHCHHOTO
ABYM:1 I‘pyHHaMI/I PamMonoroB, CTaTUCTUYIECKN 3HAYMMDbIX
pasIuuuil B IapHOM CPaBHEHMN He BBIABJIEHO (TecT YWI-
KokcoHa: W = 1843; p = 0,076; Tabnuua 2). MexoueHoIHast
accormanus 6b1a yMepenHoit mo Crypmeny (p = 0,505 p <
0,001), a koppensuus [Inpcona 6p1a HU3KOM M CTATUCTIYE-
ck1 He3HauMMol1 (1 = 0,08; p = 0,423). ITo ananm3y brang —
AjnTMaHa cpefiHee cMellleHre cocTaBuno 13,49 oM’ TIpeJesbl
cormacus — oT 157,19 go 130,21 cm® (Tabm. 2).

ITpoBeneHHbIT aHa/IN3 TI0KA3aJl, YTO IPY JMAarHOCTUKE CO-
ITy TCTBYIOUIVIX TIOBPEXIEHMI CYXOXKI/INIA OLIEHKA, BBITIO/THEH-
Hasi paj1io/IoraMit 06eyx rpyIIL, GbUIa MIEHTIYHOI B 67 HAO/IO-
meHnsix (59,8 %), a pacxoXxaeHMs1 HAOMORA/INCh B 45 CIydasx
(40,2%). IIpn atom koadpuument k Kosna cocrasun 0,132,
YTO CBUIETENILCTBOBATIO O CTTAGOM COIVIALIEHIH CBEPX CITydali-
HOro ypOBHH. Taxoke BpIsIB/IeHA 3HAYMMAs ACIMMETPUA B HECO-
rracoBaHHbIX napax (x> MaxHemapa = 22,756; p < 0,001).
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4. O6¢cyxpeHne

VccnenoBaHne mMOKas3ano, 4TO B ab6COMIOTHOM 6O0JIb-
IIVMHCTBe KIVMHUYECKNMX CUTYalMil PafMONOrN, COCTAaBIIAA
3aKm04eHne 1o pesynbraraMm MPT Mbllil HIDKHUX KO-
HEYHOCTell y IpodecCuoHaNbHbIX (yTOOMUCTOB, He IPU-
MEHAIOT CIIeNMaIN3MPOBAHHDIE CHCTEMBl KIaCCUPUKALIN
MBIIIEYHBIX HOBPEXAeHMIL. /IMIIb B OTAE/NIbHBIX 3MM300aX
IIpUMEHACTCSA KIACCU(PUKALV IOBPEXAEHMI, Jallle BCero
mkana Stoller, OfHAKO OTCYTCTBYIOT HaydHbIE MCCIEHOBA-
HIIf, B PaMKaX KOTOPBIX OLICHVBAJIACh € IIPOTHOCTIUYeCKas
3HAYMMOCTh B OTHOILIEHNHN 0e30IaCHOr0 BO30OHOBIIEHMS
PTI n npogomxutenbHoctn Kypca nedennss OBMII cpenn
IpoQeCcCHOHATBHBIX CIIOPTCMEHOB.

ITpu sTom Hambosee YacTO NCIOIb3yeMas Kaaccudu-
Kallysd BpuTaHCKON aT/IeTM4YeCKOM accoLMaLy MUCIIONIb30-
Bajsach TonbKo B 10,8 % crmydaesB. A MMEHHO B OTHOLIEHUN
9TOI KIaccuduKanum ecTb ybequTenbHble TaHHbIE, CBUJiE-
TE/IbCTBYIOIINE O e IIPOTHOCTUYECKO LIEHHOCTY B OTHO-
nreHuy 6e30macHoro Bo3o6nosnenusa PTI u minrebHOCTI
negenust OBMII cpenu mpodeccronanbHbIx GyTOOINCTOB
u sierkoatetos [19, 20, 26, 27]. [Ipyrue >xe MNPOKO UCIIONb-
3yeMble 3apyOEXHBIMU CIELMAINCTAMU  KIAcCHUKALUN
MBIIIEYHBIX HNOBPEXIEHW, B OCHOBE KOTOPBIX HAaXOJAT-
ca mannble MPT (MoonxeHckoro koHceHcyca u MLG-R),
He YKasbIBAIMCh BooOwIe [24].

Taxxe obpalaeT BHUMAaHNUE, YTO B XOfje IIPOBEIEHIIS UC-
CTIeffoBaHYsI OBIIO OOHAPY)KEHO 3HAYNTENPHOE PACXOXKIEHIE
B OIVICAaHNY BOBJICYCHHOCTH B 30HY NOBPEKIEHUA CYXOXKU-
7t — MAEHTUYHAs OLleHKa Habmonamack B 59,8 % ciydaes,
a B HECOITIACOBAHHBIX [Tapax Obl/Ia IPOJEMOHCTPUPOBAHA 3HA-
qumasn acummetpus (X = 22,756; p < 0,001). Takoe sHAIMMOE
pacxoXjieHNe B OLieHKe BOB/IEYEHHOCTM B 00/IacTb TpaBMa-
TU3ALUN CYXO>KIIUA Jie/laeT 3aTPyIHUTE/IbHbIM COCTaBJIeHNe
KOPPEKTHOTO TI0 CPOKaM 11 6€30IIaCHOTrO IIPOTOKO/IA JIEIEHNL.
ITO CBA3aHO C TeM, YTO B LIEJIOM psfie UCCIeOBAaHMI ObIIO
IIPOIEMOHCTPUPOBAHO, YTO BOBJICYEHNE BHYTPYMBIILIEYHOTO
CYXOXXIINsI B O0/IaCTh MOBPEXIEHNUS CYLIECTBEHHO BJIMSET
Ha pOCT YaCTOTHI BOSHMKHOBEHNA PeLM/INBOB U Ha YBe/Ide-
Hue cpokoB BosBpata k PT]] [20, 28, 29].

Bmecre ¢ TeM BBINONHEHHBIN aHaIN3 IPOJNEMOHCTPU-
poOBajl OTCYTCTBME CTaTMCTMYECKN 3HAYMMON Pa3HUIIDI

Tabnuma 2

JecKpUNTHBHASA ¥ CTATUCTUYeCKask MHGOPMALUS 10 06'beMy MBIIIEYHOTO OTeKa (1 = 96)

Table 2

Descriptive and statistical information of muscle edema volume (n = 96)

IToxasarenn

Ipynma 2

Ipynma 1

O6mpeM oTeka mefuana [IQR], cm?

11,50 [2,89-33,31]

10,75 [4,49-36,53]

Pasuuua mexay rpynnamu meguasa [IQR], cm®

-1,48 [-17,22-4,92]

Tect Yunkokcona, W; p

W =1843,0; p = 0,076

CnmpmMeH p; p (OCHOBHOIT)

p = 0,495; p < 0,001

ITupcoH r; p (4yBCTBUT.)

r=0,083; p=0,423

Branp- AnTmaH: cpefiHee cMeljeHne, cM®

-13,49

Branp- Al'TMaH: IIpefIenbl Coracusi, cm”

-157,19 ... 130,21
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(p = 0,076) mexnmy oueHkamu OObeMa MBIIIEYHOIO OT-
eKa, IIPOM3BEJIeHHBIMY Pa/INO/IOraMyl CPABHMBAEMbIX TPYIIIL.
KoppekTHas olleHKa JaHHOTO IapaMeTpa MMeeT IPMHLIMIN-
a/IbHOe 3HavYeHMe, TIOCKOIbKY MMEHHO IVMHAMMKA €TO CHIDKe-
HUSA CIY>KUT KTIOUeBbIM KpUTepyeM IIpY IPUHATUHN pellie-
Hys1 0 BosoOHoBTeHnn PT]I. CormacHo xoHceHcycy Bisciotti
U COaBT., yMeHbllleHne 00'beMa MbIIIeYHOro oTeKa bosee 70 %
OT IIepBOHAYA/IbHBIX 3HAYEHWI ABJIAETCS ONHUM U3 KPUTEPH-
€B, MO3BO/IAIOIIVX OCYIeCTBUTb BO30OHOBIeHue PT]I [22].

[Touck B KPYIIHBIX OTEYECTBEHHBIX U 3apYOeXHBbIX Oa-
3ax maHHbIX (elibrary, Scopus n Web of Science) He mosBo-
T OOHAPYXXUTh MCCIEHOBAHNUIT C IMOZOOHBIM AM3ATHOM,
4TO He JaeT BO3MOXKHOCTb OLIEHUTDb 3HAYMMOCTD IIPOO/IEMBI,
OIMCAHHOJ B MCCIENOBAaHUM, B APYIUX CTpaHaX. ABTOPBI
paboTBl  CcMOIIM  OOHAPYXXUTh TOMBKO MUCCIEfOBAHNUE
JIorBMHOBA ¥ COABT., KOTOPOE ITOKa3a/I0 BHICOKYIO CTelleHb
COITIACOBAaHHOCTM OILIEHOK MEXHY TpaBMaToJIOTaMM U pa-
IMOJIOTaMM MCKIIIOUNTENIbHO TIPY IMAaTHOCTHKE IaTOIOTUI
CYXOXWINA HAaJOCTHOM MBIIIIbI, Ka/JbLIMHUPYIOIETO TeH-
OVHNTA ¥ TIOJTHBIX PAa3pbIBOB MBIIII] POTATOPHOI MaH>KeTbI
nnevya. HampoTus, MHATEpIpeTalisa HEITOTHOCTIOMHBIX pas-
PBIBOB CYILIIeCTBEHHO Bapb/POBajIa MEXY 3TUMU KaTeropu-
AMMU crienyaauctos [30].

Takum 06pa3oM, HAlIM [aHHBIE BBIAB/IAIOT IPOTUBO-
peune: C OHOI CTOPOHBI, CYIIECTBYeT XOPOLIO Bayu-
poBaHHbIT MHCTpyMeHT (Kmaccudukarus Pollock et al.),
MIO3BOJIAIONINI ITPOTHO3MPOBATb CPOKM BOCCTAHOBJIEHU.
C npyroit CTOPOHBI, B PyTMHHON NPaKTUKe OH CHUCTeMaTH-
4eCK! He UCIOJIb3YeTCs, a 6a30Bble KOMIIOHEHTBI BU3Ya/Ib-
HOI1 OLIeHKY (KaK BOBJICUEHNE CYXOXWINA) ZeMOHCTPUPYIOT
HeIpyeM/IeMO HU3KYI0 MEXIKCIEPTHYIO COITTACOBAHHOCTD.
ITO co3[jaeT CUTYALMIO, TP KOTOPOI COBPEMEHHbIE MMa-
THOCTUYECKME BO3MOXKHOCTU HE peann3yloTcsA B IIOTHON
Mepe [i/Is ONTUMM3ALVM JIeYeH)s CIIOpTCMeHOB. IIpu aToM
MOXXHO IIPe[IOJIOKNITD, YTO HeCMOTPsS Ha JeUINUT Omy-
O/IMKOBAHHBIX MCC/IEOBAHMIL [0 3TOI TeMe, IpobIeMy Kop-
peKkTHOI MHTepuperanuyu gaHHbIX MPT kpymHbBIX cycTa-
BOB JI MBIIII] CIeAyeT CYMTATb aKTYaJIbHON U TpeOylomel
Ja/bHENIIETo u3ydeHns. B 1o ke BpeMs IOTy4eHHbIe JaH-
Hble JUKTYIOT HEOOXOAUMOCTb PaspaboTKML IPOPUIbHBIMU

Bknapg aBTOopoB
Besyrnos dpyapy HukomaeBnmy — paspaboTka KOHIIEIIIINN 11 [JV-
3aliHa UCCTIeNOBAHMA, PeNAaKTUPOBaHIe TeKCTa PYKOIUCIL.

Ipunyenxo Anecs IlerpoBHa — yHTepIpeTalMsA 1 aHA/INS JAHHDIX.

Masixkus Teoprumit Vinpua — c60p 11 06paboTKa JaHHBIX, aHATIN3
JIUTEPATYPHbBIX UCTOYHUKOB.

Xaritun Bragumup IOpbeBuy — aHanmms nUTepaTypHBIX MCTOY-
HUKOB, PeJAKTUPOBAHNE TEKCTA.

Byrosckmit Muxann Cepreemd — c6op n 06paboTKa JaHHBIX,
MOZIFOTOBKA MaTepyajIoB VICCTIEOBaHMA.

Bunorpagos Muxaun AHaTonbeBUY — CTaTUCTUYECKUIT aHAINU3
TAHHBIX, PElaKTUPOBAHM TEKCTA.

TonuapoB Esrenmit HukomaeBud — pas3paboTka KOHLENIUNI
¥ U3aiiHa MCCIeOBAHNA, YTBEpXK/IeHle OKOHYATe/TbHOTO BapMaHTa
PYKOIMCH.
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npodecCMoHaTbHBIMU  CO00IIeCTBaMI  06Pa30BaTeIbHBIX
IpOrpaMM, peaM3alyisi KOTOPbIX MO3BOMMIA ObI 0becrie-
YUTb KOPPEKTHOCTD onucanusa MPT pagmonoramn HesaBu-
CMMO OT MX CTa)Ka U CIel[ann3alum.

Y uccneposanus uMeeTcs pAJ OrpaHnYeHnit. Bo-nepBrIx,
acMMMeTpusA Ipoueypsl aHanmsa MP-tomorpamm. B rpym-
ne 2 OLEeHKa BBINONHANACL B (opMaTe KOHCEHCYCa JIBYX
9KCIIEPTOB C BO3MOXKHOI apOUTPAKHOIL OL[EHKOI! TPeThero,
TOIZIAa KaK B IpyIIe 1 MCIO/Ib30Ba/INCh OIMHOYHbIE 3aK/TIO-
weHns 48 paguosnoros us 13 neHTpos 6e3 KoHceHcyca. Takas
METOZO/IOTMYECKasA HEOJHOPOJHOCTD MOXKET 3aBbIIIATh I10-
KasaTeny COIVIacusA B IPyIIe 2 U OfHOBPEMEHHO yBeINdM-
BaTb MEXHAOTIONATeIbHYI0 BaprabebHOCTh B rpymme 1,
YTO MOYKET OTPAaHMYMBATH COIOCTABMMOCTD I'PYIII U Iepe-
HOCUMOCTb P€3ynbTaTOB. BO-BTOPBIX, NpUCYTCTBOBaIa
MEXIIEHTPOBasA HEOJHOPOJHOCTD: MICCIEOBAHNE BKIIOYATIO
MeIVIMHCKIE YIPEKTEHNA, B KOTOPBIX MOIJIM Pa3NnNdaThCs
MOJIe/IVI MarHUTHO-PE30HAHCHBIX TOMOrpadoB, IapaMeTpbl
MIOCTIEIOBATENbHOCTEN M IPOTOKO/IbI ONMCAHMA, YTO IIO-
TEHIVIAJIbHO CIIOCOOHO BIMATH HA IIapaMeTPhl M3MepeHNs
OLIEHMBAEMbIX KIMHNYECKMX NOKasaTenet. Hegocratounas
CTeMeHb CTaHIAPTU3ALUN TIOXON0B MOITIA HOIIOTHUTENTbHO
YBEIMINTD BapMabeNbHOCTD PE3Y/IbTATOB I UCKA3UTD [TOKA-
3aTe/N UX COITTaCOBAaHHOCTIL.

5. 3aknoueHue

TonbKO B HE3HAYNMTENTBHOM KOMTUYECTBE C/IYYaeB Pafyio-
JIOTHM, He MMeroLIe GOJBIIOTO OIBITA PAOOTHI CO CIIOPTCMe-
HaMU, VICIIO/Ib30BA/IM KaKue-T160 KIaccudUKALUM MbIIed-
HbIX HOBPe)KHeHMiI. BoisgBneHHasa 3HauYmMTe/lIbHAsI 4YacTOTa
PacXOX/IeHMI B OIpele/IeHN) JIOKIM3aluM MbIIIEYHON
TpaBMbI I/IHeHTI/I(bI/IKaI_U/H/I HOpa)KeHMﬁ BHyTpI/IMbIHIe‘-IHI)IX
CYXOXXWINIT MEXY PAfUOIOraMl, MMEIOIIMH OIbIT pabo-
ThI ¢ TPO(ECCHOHATIBHBIMU CIIOPTCMeHaMU U 6e3 JAHHOTO
OIIbITA, IIO3BOJIAET yTBep}K}IaTb, YTO /1A IIOBBIINICHUA TOY-
Hoct MP-pmuarnoctuxkun OBMII y copTcMeHOB Lieseco-
006pa3HO IPUBJIEKATh PAMO/IOrOB, 00IATAIOMINX CIIELIaTIN-
3MPOBAHHBIM IIPOQECCHOHAIBHBIM OIIBITOM, HEOOXOLMMBIM
1A MUHMMM3AUUM PUCKAa HEKOPPEKTHONM MHTEpIpeTanun
HOHY‘ICHHI)IX OAaHHBIX.
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Mopdo-aHTponomeTpuyeckme 0CO6eHHOCTH cTon y 6eryHoB Ha ANIMHHbIE
AUCTaHLUMUK

NU.B. Yyna“*’, E.E. Aukacosé’, B.H. Huxonenxo™, J/1.A. Ipuoun*, B.B. Kypwes*>, A.JI. Meoseoesa’

"®OrAQY BO «[lepsbili Mockoackuli 2ocydapcmaeHHbill MeduyuHcKull yHusepcumem um. U.M. CeveHosa»
MuH30pasa Poccuu (CeveHosckull YHusepcumem), Mocksa, Poccus

2 AHO «KnuHuka cnopmusHol meduyuHbi “JlyxxHuUKku”», Mockea, Poccus
3 @rb0Y BO «MockosecKuli eocydapcmseHHbill yHusepcumem um. M.B. JlomoHocosa», Mocksa, Poccusa
4A0 «Mockosckuli yeHmp npobsiem 30oposba npu lNpasumenscmse MocKkabi», Mocksa, Poccus

5 @rAOY BO «Pocculickuli yHusepcumem 0Opy»6bl Hapodos uM. lNampuca Jlymymb6sl» (PY/H um. Mampuca
Jlymymbnbi), Mocksa, Poccus

PE3IOME

Ienp MccnenoBaHsa — OnpeeNnuTh MOpHO-aHTPOIOMETPIYECKIie 0COOEHHOCTI CTOI U HYDKHMX KOHEYHOCTel y 6eTYHOB Ha JIMHHbIE IVCTaHIINN
U OLIEHUTD B3aMMOCBA3b MEX/Y GOPMOIE CTOIIBI, COCTOAHMEM IIPOJONBHOIO CBOJIA U OCBIO HOT.

Marepuainbl 1 MeTofbI. IIpoBeieHO OIHOIIEHTPOBOE IIOIIEpPeYHOe UCCTIefoBaHMe C yyacTueM 308 6eryHoB (232 MY>KUMHBI 1 76 SKeHIINH, CPefHMI
Bo3pacr 38,2 + 10,3 roa). BelmonHeHa aHTpONOMeTpIYecKas OIleHKa, OIpefie/leHIe THIIA IIePeIHero OT/ieNa CTOIIb, CTele M) ITIOCKOCTONNSA U pOPMBI
HVDKHIX KOHEYHOCTeIA.

Pesynbrarsl. Erunerckas ¢popma cTombl BeisABIeHa y 42,5 % CIIOpTCMeHOB, Tpedeckas — y 30,2 %, npsaMoyronbHas — y 27,3 %. ITnockocromme I-11
CTeIeHN 3aperncTpupoBano y 60,7 % 06cieJoBaHHbIX, IIPU 3TOM BBIAB/IEHBI JOCTOBEPHbIE PA3/IMUNA 110 TOTy B pacIpesieNieHny CTereHeit nedopmarym
cBopia. CBAsy MeXy GpOPMOII CTOIBI, MHAEKCOM MACChI TeIla M COCTOAHMEM IIPOJJOZIbHOTO CBOJIA He YCTaHOB/IeHO. BapycHas gedopmanysa HIDKHUX
KOHEYHOCTeil oTMedeHa y 13,0% OeryHOB 1 He IPOAEMOHCTPMPOBAIA CTATUCTUYECKM 3HAYMMBIX aCCOLMALNIT C TUIIOM CTOIbI MV CTENeHbIO
TIOCKOCTOTIVIA.

3akmouenne. Y 6eryHOB Ha [UIMHHbIC AMCTAHIMM HPe0OIafialoT yMepeHHble (OPMbI YIUIOIIEHNA CBOJA IIPY OTHOCUTEILHON HEe3aBUCUMOCTI
MOP}OIOrNYecKNX IPU3HAKOB CTOMbL. I10/TydeHHbIe JaHHbIE HOAYEPKUBAIOT HEOOXOAMMOCTD KOMIUIEKCHOIT OLIeHKI MOP(OTHIIA CTOIBI B CIIOPTUBHOI
MeJIMIVHE.

Kntouesvie cnosa: Ger Ha [/IMHHbIE NUCTaHIMN, MOPOJIOTHA CTOIIBL, IIPOJOILHBII CBOJ, CTOIbI, INIOCKOCTOINE, (OpMa IIepeHEro OT/e/a CTOIIBI,
0Cb HIDKHUX KOHEYHOCTeIl, BapycHas fAedopMariyis, 61oMexaHnka 6era

KoHnuKT nHTEpeCcoB: aBTOPHI 3asB/IAI0T 06 OTCYTCTBUY KOH(INKTA MHTEPECOB.
Vicrounnkn pyHAHCHPOBaHNM:A: pabOTa BHIIOTHEHA (€3 IIpUB/IeYeHN) A BHEIIHETO (GUHAHCUPOBAHMIA.

Ina muruposannsa: Yyna VI.B., Aukacos E.E., Hukonenko B.H., Ipusun JI.A., Kypmes B.B., Mensenesa A.JI. Mopdo-aHTporoMmeTpudeckie
0COOEHHOCTH CTOI Y GeryHOB Ha JINHHbIE [UCTaHLN. Cnopmusnas meduyuna: Hayka u npakmuxa. 2026;16(1):59-66. https://doi.org/10.47529/2223-
2524.2026.1.9
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Morpho-anthropometric characteristics of the feet in long-distance runners

Ilya V. Chupa®*", Evgeniy E. Achkasov', Vladimir N. Nikolenko"?, Leonid A. Gridin’,
Vladislav V. Kurshev'?, Anna I. Medvedeva®

T Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia
2«Luzhniki» Sports Medicine Clinic, Moscow, Russia
3 Lomonosov Moscow State University, Moscow, Russia
4Moscow centre of healthcares, Moscow, Russia

5 Peoples’ Friendship University of Russia named after Patrice Lumumba (RUDN University), Moscow, Russia

ABSTRACT

The aim of this study was to determine the morpho-anthropometric characteristics of the feet and lower limbs in long-distance runners and to as-
sess the associations between foot type, medial longitudinal arch condition, and lower limb alignment.

Materials and methods: A single-center cross-sectional study was conducted including 308 runners (232 men and 76 women; mean age 38.2 + 10.3
years). Anthropometric assessment was performed, along with determination of forefoot type, degree of flatfoot deformity, and lower limb alignment.

Results: The Egyptian foot type was identified in 42.5% of athletes, the Greek type in 30.2 %, and the square type in 27.3 %. Grade I-II flatfoot was
observed in 60.7 % of participants, with significant sex-related differences in the distribution of arch deformity severity. No significant associations were
found between foot type, body mass index, and medial longitudinal arch condition. Varus lower limb alignment was detected in 13.0% of runners and
showed no statistically significant association with foot type or flatfoot severity.

Conclusion: Moderate degrees of arch flattening predominate among long-distance runners, while morphological foot characteristics appear rela-
tively independent. These findings highlight the importance of comprehensive morphotype assessment of the foot in sports medicine.

Keywords: long-distance running, foot morphology, medial longitudinal arch, flatfoot, forefoot type, lower limb alignment, varus deformity, run-
ning biomechanics
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1. Beenennue CTOPOHBI, C/IVIIKOM BBICOKMII CBOJ XapaKTepU3YeTCs CHI-

ber Ha [UIMHHbBIe OMCTAHIVM OTHOCUTCA K BUEAM LV- JKEHHOI CIIOCOOHOCTHIO K aMOPTU3ALNY, YTO TAK)XKE MOXKET
K/IMYEeCKOI HATPY3KYU € OOMBIINM YIC/IOM [TOBTOPSIOLINXCS yBeINYNBATh HATPy3Ky Ha CKEIETHO-MBIIIEYHYIO CUCTEMY
VAAQPHO-OIOPHBIX I[MKJIOB, YTO OOYC/IOBIMBAET BBICOKYIO mpu Oere 1 BeCTH K TpaBMam [7].
PacIpOCTPaHEHHOCTD Ileperpy30YHbIX IIOBPEXKICHMIT OLIOP- [ToMMMO BBICOTHI CBOfia CTOIIBI CYILIECTBEHHOE 3Hade-
HO-JBUTATENbHOTO alapaTa U 3HAUYMMYIO JOJII0 TPaBM 06- HIfe UMEIOT ¥ [pyrue MOPQOIOrniecKye XapaKTepUCTUKI,
JIACTY CTOIIBI MY TOJIEHOCTOITHOTO CycTaBa [1, 2]. B YacTHOCTU (popMa IepefHero OTAeNa M OTHOCUTEIbHAA

Crorma 4yemoBeka 06/1afaeT CIOKHBIM CBOJYATBIM CTPO- IIMHAa MajablieB. B aHTpomOMeTpMM BBIEIAIOT eTUIICT-
eHIUeM, BBHINONTHAOIIYM aMOPTU3VMPYIOIIYI0 U 3SHEpPro- CKMIf, TPeYecKuUil ¥ MPAMOYTO/IbHBI TUIIBI CTOIIBI, PA3JIN-
cbeperaromiyo ¢yHKuuio mpu Oere n xoabde, BO MHOIOM Jalolecss AOMUHMPYIOIINM IajablieM U KOHQuUrypamyeit
3a CYeT 9MACTUYECKMX CBOVICTB IOfIOLIBeHHOI (acuym [3, nepenuero orgena [9]. ITo faHHBIM MnTEpATyphl, HanboIee
4]. TTokasaHo, YTO [IUTEIbHBII Oer MOXKeT BBI3bIBATD TPAH- paclpoCTpaHeH €erMIIeTCKMI THII, TOIZla KaK IpedecKui
3UTOPHOE CHIDKEHME >XeCTKOCTU IOf{OIIBeHHOI aciym Y IPAMOYTOJIBHBIN BCTPEYAIOTCA peXKe U HeMOHCTPUPYIOT
U BpeMeHHOe YIUIOLIeHIe MeYIaIbHOIO IIPOJOIbHOIO CBOA BBIp@KEHHBIE TreorpaudecKne 1 ITHUYECKUE PasINdus
CTOIIBI, IIpMYeM BBIPOKEHHOCTb TUX M3MEHEHMII CBSA3aHa [10-12]. IToxasaHo, uTO popMa MaIblleB BIMsAET Ha OG1OMe-
C ypOBHeM 6eroBolt TpEHNPOBAHHOCTH |5, 6]. XaHMUKY CTONBL Ipedeckmii T accouumpyercsa ¢ mnepepac-

VI3BecTHO, 4TO 4Ype3MepHOe VIUIOLleHUe cBoma (Iro- Ipefie/leHyieM HarpysKu Ha IepefHWIT OTHeN M IIOBBILICH-
CKOCTOIINE) CONPSsDKEHO C IIOBBINIEHHBIM PUCKOM TPaBM HBIM PMICKOM MeTaTap3airny, feopMaruii epBoro maablia
HIDKHIX KOHEYHOCTell n cron y beryHos [7, 8]. C mpyroit u wia"TapHoro ¢acuuuta [13, 14]. B ycnoBuax namrenbHbIX
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0eroBbIX HArpPy30K Takue MOPQOIOrniecKre 0CO6eHHOCTH
MOTYT YCU/IBATD [EPETPY3Ky OTAEIbHBIX CTPYKTYP CTOIIBI,
OfIHAKO MX pO/Ib B (OPMMPOBAHUM TPpaBMATU3Ma U 9 ek-
TUBHOCTHU 6€ra 0CTaeTcsl HEOCTATOYHO M3YYEHHOI U IIpe-
UMYIIECTBEHHO PACCMATPUBACTCS B KOHTEKCTE II060pa 06-
YBI I OPTE30B.

Ipyrum ¢akTopoM, BAMAOWNM Ha 61OMeXaHUKY Oera,
SIBJISIETCST OCh HIDKHEN KOHEYHOCTY BO (PPOHTAIBHOI IIJIO-
CKOCTH, BKII04Yast BapycHyo (O-06pasHy0) U BalIbryCHYIO
(X-o6pasuyw) pedopmarMio KOITEHHBIX CyCTaBoB [15].
OTKJIOHEHNSI OCM HOTM aCCOLUVMPOBAHBI C M3MEHEHUEeM
pacIpeneNieHnsa Harpyskiu, IIpM 3TOM BajIbIycHas fedop-
Malysi HEpelKo co4yeTaeTcss C M30OBITOYHON IpOHAIen
CTOIBI M BHYTpPeHHell porauueil 60/1bie6epioBoil KOCTH,
dbopMupyst Kackaj 6MOMeXaHIIeCKIX U3MEHEHMNIL, 3aTparu-
BAIOIIVX KOJICHHBIN M Ta300e[peHHbI CycTaBbl. BapycHas
¢dbopMa HIDKHIX KOHEYHOCTEl!, HAIIPOTUB, COPOBOXK/AAETCSI
yBe/IMYeHNeM HaTrPy3KM Ha Me[Ja/IbHble OT/e/Ibl KOJICHHOTO
cycrasa 1 cTombl [16].

Hecmotpst Ha moTeHUMaabHYIO poib MOPPOPYHKIHU-
OHAJIBHBIX OCOOEHHOCTENl B PasBUTUN IE€PErPY30UHBIX
MOBPEX/IEHNUIT, UX PACIHPOCTPAHEHHOCTb Cpefu OeryHoB
Ha BBIHOCIVMBOCTD OCTaeTCA HEJOCTATOYHO M3YYEHHOIL.
B nmureparype orpaHNMYEHO OCBeIleHA B3aMIMOCBA3b MEX[Y
(b OpMOIt CTOIBI, COCTOSHIEM IIPOJOIBHOTO CBOJAA U KOHU-
rypanyest HYDKHell KOHEYHOCT) Y GeryHOB, TOIfia KakK COBO-
KYIIHOCTb 9TUX (PAaKTOPOB OIIpefe/isieT MHAUBUAYATIbHbIE
0cobeHHOCTN 61OMexaHMKY 6era M MOXKET BIMATb Ha BbI-
6op 00yBU, OpTE30B M CTpaTernu MpOPIIAKTUKUA TPABM
OIIOPHO-IBUTATe/IbHOTO almapara. V3ydeHye XapaKTepHBIX
Mopdoornueckux 0cobeHHOCTel CTOM Y 6EIyHOB 1 UX pas-
JIMYMIT B 3aBUCHMOCTM OT IIOJIA, BO3pacTa M aHTPOIIOMe-
TPUYECKUX ITOKa3aTeslell IMpefiCTaB/IAeT 3HAYMMbIl MHTEpeC
ISt CHOPTUBHOI MeNIVHBL

Llenp mccmenoBanys — OIpPefeNIuTb MOpQO-aHTPOIO-
MeTpuuecKie 0COOEHHOCTH CTOI ¥ HIDKHUX KOHEYHOCTeil
y 6€ryHOB Ha JIIMHHBIE JUCTAHIINIL.

2. Matepuanbl 1 METOJbI

Ha 6ase xadenpbl cIIOpTMBHOI MEIMIMHBI U MEIMLVMH-
ckoit peabymnraiyu PTAOY BO «Ilepseiit MITMY umenn
.M. Cevenosa» Munsppasa Poccrn 1 AHO «Knmnnka criop-
TUBHOU MefUIMHBI “JIy>KHUKI » IIPOBEIEHO OFHOLIEHTPOBOE
TIoTIepevHOe, KPOCC-CEeKIIMOHHOE MCCTIeioBaHNe, BKII0YaroIee
AHTPOIMOMETPIIECKOE U KIIMHITIeCKoe 00CIejoBaHme GeryHoB
Ha [UIMHHBIE AVMCTaHIMN. VIccmemoBaHme OZOOpPEHO JIOKaIb-
HbIM aTndecknM KomureroM ®IAQY BO «Ilepsrrit MIMY
nmeru V.M. CeyenoBa» MunszpaBa Poccun (CedeHOBCKui
YHUBEPCUTET), IPOTOKOM Ne 19-25 ot 22.09.2025.

B wmccnenoBanme BxmoueHo 308 6eryHOB Ha JIJIMHHbIE
IVICTQaHLMM B Bo3pacTe oT 18 fo 65 ner (B cpepHeM 38,2 +
10,3 ropa). Cpenu Hux 232 My>x4usbl (75,3%) 1 76 KeHIINH
(24,7 %). B nccnenoBanmy y9acTBOBaIV OEIyHBI, PETy/LAPHO 3a-
HMMAIOLIecs: 6eTOM Ha BBIHOCTIMBOCTD (MapagOHIIbL, ITOTyMa-
padoHIIBL, GeryHBI Ha IOCCEITHbIE M KPOCCOBBIE AVICTAHIIVIN).

61

Kputepun BKIIOUEHNA: CTaXK CUCTEMATIYECKNX 3aHATHN
OeroM He MeHee 1 rofa, y4acTiie B COPEBHOBAHISX Ha AVC-
TaHOUAX 5 KM 1 60j1ee OO0 Pery/LsIpHbIL TPEeHNPOBOYHbII
Ger He MeHee 3 pa3 o 21,1 KM B HeJe/io; BO3PACT CTapIile
18 mer; OTCYTCTBME TPAaBM OIOPHO-ABUIaTEIbHOTO aIllla-
pata Ha MOMeHT o6cimenoBaHms. Kpurepnn MCKIIOUeHUs:
Ha/ln4ye B aHAMHe3e OIlepaluil Ha HIDKHUX KOHEYHOCTX,
BBIp@XeHHbIe AeopManny win 3a60/IeBaHNsI CTOIL, He CBsI-
3aHHBIE C 6EroBoIil Harpyskoil (TpaBMBbI, BPOX/ICHHbBIE Je-
¢dbopmannn), 0TKa3 OT y4acTus.

Poct m Bec usmepsAnuM CTaHAApPTHBIM POCTOMEPOM
¢ anexTpoHHbIMU Becamu SECA-285 (Tepmanma) B moimo-
>KeHnu cTosi 6e3 00yBM B JIeTKolt ofexzie. Ha ocHOBe nsMe-
PEHHBIX POCTa ¥ MACChl PACCYNTBIBAIN MHIEKC MACChHI Tela
(MMT xr/m?). Cornaco sHavermsam VIMT, mcnbityembix
YCIIOBHO pACIIpefe/sUI 10 KaTeropysiM: AeUIUT MacChl
(< 18,5 kr/m?), HOpManbHas macca (18,5-24,9 kr/m?), u36b1-
TouHas mMacca (25,0-29,9 kr/m*) u oxxupenne (> 30 kr/m>).

T/ Ka>Koro y4acTHYKA OIIPefiesIsIN TUII IIepeHero oT-
Iiejla CTOIIBI 110 OTHOCUTe/NbHOM AnuHe I u I manbues npu no-
MOIIM M3MEPEHMNS [IVHBI a/IbLeB IMHEeNKoM. [TanbLbl cTo-
bl OCMATPUBAIN B MOIOXKeHUN CTosi. Erumerckyio ¢popmy
CTOmBI ycTaHaBnmBamy, ecau mepsbit maren (hallux) sa-
METHO JUIIHHee BTOPOT0, @ OCTa/IbHbIe YOBIBAIOT IO [INHE.
Ipedeckyio Gopmy CTOIBI — eCI BTOPOII IajIel] [InHHee
nepsoro. IIpsaMoyronpuyio (kBagpaTHyI0) GOpMy CTOIIBI —
€C/y TIEPBBbIi ¥ BTOPOJI IMajbIbl MPUMEPHO OJVHAKOBBI
o jyimHe (puc. 1).

JMarTHOCTUKA CTeleHell IIOCKOCTONMS OCHOBBIBAIach
Ha pe3ynbTaTax 11QpoBoit GOoTOMETPIIECKOl IIAHTOrPa-
¢un no C.B. KysHeLoBy ¢ JCIIO/Nb30BaHMeM allllapaTHO-
nporpaMMHOro kKommiekca «IImantoBusop 2025» u mpo-
rpammHoro obecneuenust «Kacruur Cosesgue».

DopMy HMKHUX KOHEYHOCTEN OLIEHMBANN IO OCH HOT
IIpM COMKHYTBIX KOJIEHAX U JIOAbDKKaX. [I/1A KommyecTBeH-
HOJl OIIEHKM MOI/IM MCIIONb30BATHCA M3MEPEHNA MEXMbI-
111€/IKOBOTO VIV MEXX/IOJIbDKEYHOTO PacCTOSIHNUA (B CM) B I10-
JIO>KE€HMM CTOSL.

It craTuctmdeckoit 06pabOTKM MCIIONB30BAIN IIPO-
rpammy Jamovi Bepcuu 2.7. (Sydney, Australia), xomm-
JeCTBEHHbIe II0Ka3aTe/lu IIPOBEPs/IM HAa HOPMAJbHOCTb
pacmpesieneHua ¢ momomblo Kputepua Ilammpo
Yunka. [lnA mapaMeTpuMyecKMX [aHHBIX PacCYMTHIBAIN
cpenHee 3HavyeHue (M) m craHpapTHOe OTKIOHeHue (0).
KareropuanbHble IpU3HAKYM OMNCHIBAINCH B Bupe abco-
JIOTHBIX YaCTOT M MPOLEHTOB OT OOIeil YMCIeHHOCTH.
I cpaBHeHMs TPYNII IO He3aBYCUMBIM KOJIMYECTBEH-
HBIM II€PEMEHHBIM JICIONb30BamM t-Kputepuit CTblofieHTa.
Jlist cpaBHeHMst Tpex 1 6ojiee IPYII TIPOBOJUIN AVCIIEP-
cuonHbll aHamm3 ANOVA. CsAsu MeXHy KaTeropuab-
HBIMU TIepEeMEHHbIMM MCCTIE[OBAN C IIOMOIIbIO KPUTepus
x? [upcona. Iy KOHTPOJIS pUCKA OMIMOKY HEPBOrO pofa
P MHOXKECTBEHHBIX CPAaBHEHMAX IIPUMMEHSIN IIONPaBKy
boudepponn. CTaTncTIIecKyt S HAYMMBIMI CIUTAII PA3TIN-
yust npu p < 0,05.
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ErMNETCKASA

I naney ANMHHeEe OCTanbHBbIX,
nanblbl NocTeNeHHO yKopayuBsaroTcs

Cnep y3kunid

B 0BNACTH NATKMN,
BbIPaXXeH BHYTPEHHWIt
CBOA

KBAOPATHAA

I, II, III nanbubl NpYMepHO
OAHOM ANUHBI

Cnep, WMPOKWA,
onopa paBHOMepHas
o BCer cTone
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FPEYECKASA

II naney, gnuHHee I,
oCTasnbHble NOCTENEHHO YKOPa4yMBawTCa

Cnep, ymepeHHo#
LUMPUHBI,

Harpy3ka 6onblue
Ha nepeaHuin oTaen

lMpumeyaHue. CxeMa ompaxaeT TUrbl ¢ODMbl nepeaHeeo omaoena cmonbl o COOMHOLLEH UK ANUHBI NanbUeB.
Puc. 1. Tunbl hopMbl nepegHero otaena CTomnbl N0 COOTHOLWEHUO AnuHbl | 1 [l nanbues
Fig. 1. Forefoot types according to the relative length of the first and second toes

3. PesynbTarsl

B BeI6OpKe U3 308 GeryHOB CpefHMIl BO3PACT COCTABUII
38,2 + 10,3 roga (ot 18 10 65 j1€T), CTATUCTUYECKY 3HAYMMOI
PasHMIBI 110 BO3PACTy MEXAY IOTaMM He BBLABJICHO (p =
0,22). CpemHuii pocT y9acTHMKOB — 176,0 £ 9,1 cM (My>kunm-
HbI: 179,3 £ 7,4 cM, >KeHIuHbL: 166,7 + 6,1 cM), Macca Teta —
73,7 £ 11,3 xr (My>x4nHbL: 78,4 + 10,4 KT, )KeHIIUHBL 60,5
7,5 kr). Cpenunmit nHgekc maccol tena (VMIMT) cocraBun
23,68 + 2,58 kr/M>. Y >KeHIIMH Habmopancs 6omee HU3KUIT
VIMT B cpemuem (21,7 + 2,0 kr/M>), 9em y MyxuuH (24,3 +
2,5 kr/m?) (p < 0,001). Pacipenenenme o kareropusam VIMT
[10Ka3aso, 4TO IOJjaB/soliee OONbUIHCTBO CIIOPTCMEHOB
UMeNy HOpMa/lbHYI0 Maccy Tena: 85,4% (263 n3 308) Ha-
xomuauch B guarasone VIMT 18,5-24,9. JIumb 2 yemoBeka
(0,6 %) nmemu geduunt Maccsl, 40 (13,0 %) — U36BITOUHYIO
maccy, 1 3 (1,0 %) — oxupenne.

Cpenn o6cnenoBaHHbIX OETYHOB Ha IIMHHBIE JUCTAH-
{1V BBISIB/IEHO TIpe0b/IaiaHme ernieTCKo pOpMBI CTOIIBI —
131 6eryn (42,5%). B ocTanbHbIX CIydasx paclpefeneHne
OBI/IO OTHOCUTENIBHO PABHOMEPHBIM: IPeYeCKMUIL THUIT CTOIIBI,
XapaKTepUSYIOLNIICs MpeoOrafjaHieM BTOPOTO IIA/IBIIA,
BbLABIIEH ¥ 93 OeryHos (30,2 %), Torma Kak IpAMOYTO/IbHbII
THUII C IPAKTUIECK) PAaBHOJ IJIMHON IIEPBBIX MaJIbLEB 3ape-
ructTpupoBaH y 84 obcnenoBaHHbIx (27,3 %).

AHanu3 pacnpepeneHna GOpPMBL CTOIBI B 3aBUCUMOCTH
OT II0JIa He BBIABWI CTAaTUCTUYECKM 3HAYMMBIX PasImduil
(p = 0,23). Taxoke He OTMEYEHO JOCTOBEPHBIX CBA3eN Hop-
MBI cTombl ¢ mokasatenamu VIMT (p = 0,51), 4o mosBo-
JISIeT TIPERNONIOKNUTDb, YTO TUIl MajIbLIEBOTO MHJEKCA CTO-
Bl — BPOX/IEHHAs KOHCTUTYLMOHATIbHAs OCOOEHHOCTB,
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He CBf3aHHasA HANPAMYK C TPEHUPOBAHHOCTHIO, IIOTIOM
WK BecoM OeryHa.

IIpu ob6cmenoBannu ompegeneHo 111 6Geryuos (36 %)
C HOPMaJIbHBIM CBOZOM CTOIBL. Cpeny oCcTanbHbIX 64 % Oe-
IyHOB IDIOCKocTomye I cremeHu ormedeno y 105 (34,1 %)
u mwiockocromue II cremernn — y 82 (26,7 %) yenosex. I1I cre-
[IeHV IIOCKOCTOMNsI y 6eTyHOB He BbIsAB/IeHO. I1o/mblil cBOX
crombl BbisiBieH y 10 6eryHos (3,2 % Bbibopkn) (Tabi. 1).

Pacnipepienenne creneneit feopmannm CBoia CTOIIBI J10-
CTOBEPHO Pas3/Myanoch y My>XUMH 1 >xeHIH (p = 0,0001).
Y >KeHIIMH B GOIbUINHCTBE C/Ty4aeB OTMEYA/INCh HOPMajIb-
HBIII cBOJ WM IUIockocromue I cremenn — y 27 (35,5%)
n 39 (51,3%) cOOTBETCTBEHHO. Y MY)XYUH HOPMAJIbHBIN
cBop BcTpevanca y 84 (36,2 %), mrockocromie I crenenn —
y 66 (28,4%), a mnockocromye II crenenn — y 75 GeryHos
(32,3%), 4TO 3HAUUTEIPHO IPEBBIIIAIO COOTBETCTBYIOMINI
II0Ka3aTellb Y KeHIUH (puc. 2).

JJoToHNTeIbHO TPOBEPSIIN BIMsIHME BO3pacTa M Mac-
Cbl Tela Ha Hajmuue Inockoctonus. CpegHUil BO3pacT
CIIOPTCMEHOB C Pas3lMYHbIM COCTOSIHMEM CBOJa He MMeT
3HAUMMBIX pasnuauil (p = 0,86). IIpn aToM cpepgHme 3Hade-
HusA VIMT Taxoke COOCTaBUMBI IIPY PAa3HBIX CTENEHAX Jie-
dopmanun cromsr (23,8 Kr/M* IPY OTCYTCTBUM TIIOCKOCTO-
s, 23,4 xkr/m” mipu [ cr., 23,8 kr/m” mipm 11 ct. n 24,4 kr/m”
IIPY BBICOKMX CBOJIAX, p = 0,48).

He 6bI710 BBIABIEHO CTATUCTUYECKM S3HAYMMOI CBS-
311 MeX[y TUIOM (POPMBI CTOIBI (IIa/IbLIEBBIM MHIEKCOM)
U Hamm4meM Itockocronus. [IponeHT mnockocromms (J1o-
6011 cTemeHu) cpemy obOmajatenell ernIeTCKol, TPevecKoit
U IPAMOYTOJIBHOM CTOII 3HAYMMO He pasmdanca (p = 0,20).
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Table 1
H
Morpho-anthropometric characteristics of the feet in long-distance runners A
Iloxasarenn Bce 6erynsi (n = 308) 1\2[3)1_«121/?1’;;,1 JKenmuunpi (n = 76) A
Bospacr, ropet (M * o) 38,2+ 10,3 38,6 + 10,1 37,0+ 11,0
Poct, cm (M + 0) 176,0 £ 9,1 179,3+7,4 166,7 £ 6,1 T
Macca rena, kr (M + 0) 73,7 £11,3 78,4+ 10,4 60,5 + 7,5
UIMT, xr/m*> (M + o) 23,68 + 2,58 24,33 +£ 2,53 21,70 £ 1,97 P
Hopwmanpnas macca Tena, n/% 263/85,4 189/81,7 74/97,4 A
Heduunt maccot Tena, 1/% 2/0,6 2/0,9 0/0 B
V36pITOUHAA Macca Tena, n/% 40/13,0 38/16,4 2/2,6
Osxnpenune, n/% 3/1,0 3/1,0 0/0 %
Dopma crormbl A
Erunerckas, n/% 131/42,5 95/40,9 36/47,4
Ipeueckas, n/% 93/30,2 76/32,8 17/22,4 T
ITpamoyronbHasd, n/% 84/27,3 61/26,3 23/30,2 o)
IIpoponbHbIi CBOJ, CTOIIBI
Bes matonoruu, n/% 111/36,0 84/36,2 27/35,5 A
IInockocronue I ct., % (n) 105/34,1 66/28,4 39/51,3 0)
ITnockocronue II cT., n/% 82/26,7 75/32,4 7/9,3
ITonas crona, n/% 10/3,2 7/3,0 3/3,9 r
nu
Pacripenenenue fedopmanyi CTOIbI B 3aBUCUMOCTH OT ITOJIA q
90
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30 39
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i - ey

be3 maronorun

[ -}

ITnockocronme TTonas croma

II crenenn

ITnrockocTonme
I crenenn

m Kenmyupr MW My>X4MHBI

Puc. 2. PacnpegeneHue cteneHen gecdopmauimm ctonsl y 6eryHoB B 3aBucmMocTu ot nona (p = 0,0001)
Fig. 2. Distribution of foot deformity grades in runners by sex (p = 0.0001)

Hamnpumep, cpenn «erumneTcknx» cron mrockocronue (I-1I)
nmern 86 u3 131 (65,6 %), cpenn «rpedeckux» — 50 us 93
(53,8%), cpenu «IIpAMOYTONMbHBIX» — 51 13 84 (60,7 %).
[Mopasssitomee  GOMBUIMHCTBO OeryHOB, 266 delmoBeK
(86,4%), umenn ¢opmy HOr 6e3 BBIPOXEHHOTO Bajbryca
WM Bapyca KormeHeil. BapycHast medopmariyst HIDKHUX KO-
HEYHOCTeN oTMedeHa y 40 CIOPTCMEHOB, YTO COCTABIIAET
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13,0 % Bb160pKu. [Tpu aTOM CTeneHb Bapyca B GO/IBIUINHCTBE
cnydaeB OblTa YMEPeHHOI! (PacCTOSIHUE MEXAY KOJIEHIMU
[IPY CBEIEHHBIX JIOABDKKAX He IIPEBBIIIATIO 5 CAHTUMETPOB).
X-06pasHast (BanbrycHas) yCTAHOBKA HOT OKa3aIach KpaifHe
PEMKOIL: BBIABIEHO UMb y 2 MyX4uuH-6eryHoB (0,6 %).
BapsupoBanue ocu HOT IO IOy He BBIABUIO 3HAYN-
MbIX pasmnauii (p = 0,52). Takkxe cTaTHCTHYECKU 3HAYMMOI
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Tabnuia 2

Pacnpepenenie ¢popM HIDKHIMX KOHEYHOCTeI B UCCTIETyeMOil BbIOOPKe GeryHOB

Table 2

Distribution of lower limb alignment patterns in the study sample of runners

Ilokasarens |

IIpaBunpHas ¢popma Hor, 1/% |

BapycHas gedopmarns, n/%

DopMbI CTOIIBI

Erunerckas 114/42,9 15/37,5
Ipeueckas 78/29,1 15/37,5
ITpamoyronbHas 74/27,6 10/25,0
Hedopmaryst cromsr (CBOK)

Het gedopmariyn 100/37,3 11/27,5
I crenenn 92/34,3 13/32,5
II creneHp 66/24,8 14/35,0
TTonas croma 8/3,0 2/5,0

CBA3M MEXZIY BapycHoll fedopmanmeir u TUIOM (POPMBI
CTOMBI He BhIABIEHO (p = 0,58), KaK ¥ MeXIy BapyCHOII fie-
¢dbopmanueit u crerneHso fedopManuy CBOgAa CTONBL (p =
0,42). Tem He MeHee, MOKHO OTMETUTb, UTO cpenu 6eryH0B
¢ O-06pasHoit HopMOIT HOT HECKOIBKO Yallle BCTPEYanoch
wrockocrome II cremenn (14 u3 40, 35%) 10 CpaBHEHUIO
¢ berynamu 6e3 maTonornu Hor (66 us 266, 24,8 %), Ho pas-
HII[A TaKXKe He 3HaunMa (p = 0,17) (1abm. 2).

4. O6¢cyxneHne

[Tony4eHHbIe fAHHbIE TO3BOJISIOT OIIPENEUTD IIPODIIb
MOP(}O-aHTPOIIOMETPUUECKIX OCOOEHHOCTeIT CTOII ¥ Oery-
HOB Ha [ITHHBIE AUCTAHIINY U OI[€HUTD, HACKOTBKO OTIENb-
Hble MOP(OIOrudecKie MPU3HAKN CBI3aHBI MEXAY CO60It
B P€aJIbHOV TPEHNPOBOYHO IIOMYIALN.

B HameMm ucCIemoBaHUM y MCCIELYeMBIX Y4YacTHIU-
KOB paclpefiefieH/ie TUIIOB CTONBI CcOCTaBuno 42,5%
misa erunerckoro, 30,2% pna rpedeckoro u 27,3%
IJIA IPAMOYTO/ILHOTO TUIA. B oT/Im4me oT mccnefoBanns
A.B. OBcssHHMKOBA, The mpeobnagana erumnerckas ¢opma
(58,8 %), monA MPAMOYTOIBHOTO THIIA ObLIA CYLECTBEHHO
Hiwke (11,76 %), a gactota rpedeckoro tuma (29,4 %) 6pina
comocraBuMoit [8]. 3apybexxHble [aHHBIE IOATBEPX/a-
10T BBIP@KEHHYI0 MEXIIOY/IIINOHHYI0 BaprabeIbHOCTb.
Hamm pesynbrarsl Obumy 61M3KM K MHAMIICKO BBIOOpKE
Sharma et al., rae oTMeYanoCh MPaKTUIECKN PABHOMEPHOE
pacripefiefieHyie TUII CTOI Cpefy HaceleHMs (ermmeTckas
39,08 %, rpeueckas 37,05 %, npaMoyronbHas 23,85 %) [11],
TOrJja KaK B IPe4eCKOM SIMEMUOIOTNYECKOM UCCTIefoBa-
Huy Vounotrypidis u Noutsou monsa rpedeckoro Tuia jo-
crurana 46 % npu 51,7 % €TrUIeTcKoro M MUHMMAIbHON
ToJie IpAMOYToIbHOro tnna (2,5 %) [12].

Takoxe B HalleM MCCIeROBaHUM Y 64 % 00C/Ie[OBaHHBIX
BBIABJICHBl IIpU3HaKkM yiviomweHusa csoga (I-II cremenm),
IIPY 9TOM BBIP@>KEHBI II0JIOBbIE PaslINyMsl 110 paclpeferne-
HIIO CTeTeHelt fedopmaru coga (p=0,0001), Torga Kak T
KOHOQUIypalyy MalblieBOr0 MHAEKCa He JeMOHCTPUPOBA
3HAYMMBIX accoluaiuii Hu ¢ monom, Hu ¢ IMT, Hu ¢ co-
cTossHMeM cBoga. KpoMe Toro, B IOAIPYIIIOBOM aHaJIM3e
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TOC/Te UCKITIOUeHMsT KpaitHe pefkoit X-nedopmarun (n = 2)
He BBIABJIEHO CTAaTUCTUYECKN 3HAYMMBbIX CBA3€M MEX[y Ha-
JM4ueM BapycHOI fedOopMaliuy ¥ TUIIOM CTOIIBL, a TaKXKe
MeXJy BapyCHOII fedopMaliuert 1 CTeleHbo fedopMarun
copa (p > 0,05), 4To IMOgYEepKUBaeT OTHOCUTE/IbHYIO He3a-
BUCHMOCTD VICCIEyeMBbIX MOP()OTHUIIOB B paMKaX HaHHOI
BBIOOPKIL.

OTMevaeTcs, 4TO Joisd nuL ¢ mnockocronnem I-II cre-
neHn (B cymme 60,7 %) focTaTodHO BenuKa. CoBpeMeHHbIe
UCC/IElOBAaHNA CBUETEIbCTBYIOT O TOM, YTO JINTENbHBIN
6€r COIPOBOXKIAETCS TPAH3UTOPHBIM CHIDKEHMEM JKECTKO-
CTU THOJOIIBEHHOI (acliuy ¥ BpeMeHHbIM yMeHbIIEHUEM
BBICOTBI MeAVAIbHOTO MPONOILHOTO CBOAA CTOMIBI IOCTIE
Harpysku. ITokasaHo, 4TO CHVDKeHME MeXaHUYECKOI XKeCT-
KOCTM TIOJJOIIBEHHON (hacumi, BBISAB/IsIEMOE C MUCIIOTIb30-
BaHNEM Y/IbTPa3sBYKOBBIX M 3TacTOrpadpuyecKx MeTOJOB,
B 3HAUUTEJIbHOI CTeleHN OOBSICHSIET OCTpOe VIUIOLIeHUe
CBOfIA CTOIIBI TIOCTIE TPORO/DKMTENnpHOro Gera [6]. Kpome
TOro, HOCTe MapaOHCKUX AUCTAHIUIT OTMEYAeTCs yBe-
JIMYeHNe aCMMEeTPUM CBOJIOB CTOII, YTO MOAYepKMBAeT UX
OVHAMMYECKMIT XapaKTep U BBICOKYIO UYBCTBUTEIBHOCTDb
K JA/IMTeNIbHOIL 6eroBoit Harpyske [17].

B Hateit paboTte BBIAB/IEHBI [TOTIOBbIE PA3TUYNUSI B Pac-
mpefieNieHnn CTerereit gedopmannm MpoOFONIbHOTO CBOAA
cromnsl (p = 0,0001). Y KeHIIVH IpeyMYIIeCTBEHHO OTMeYa-
JIMCb HOPMaJIbHBIN CBOJ U IJIOCKocTonue I crenenu, rorma
KaK y MY>K4MH Yallle BbIAB/ANIOCH InockocTonue II crenenn.
JlaHHbIe pasau4Msi MOIYT OBITH OOYC/IOB/IEHBI COYETAHIEM
AHTPONOMETPUIECKNX (PAKTOPOB, OCOOEHHOCTEN TPEHMPO-
BOYHBIX HarPy30K U Pas3aN4Uil B MBIIIEYHO-CYXOKMIBHOM
KOHTPOJIE U CBOMCTBAX COENVHUTENbHONM TKaHu. [Ipu sToM
CBA3b COCTOSHUSA CBOJja CTOIBI C BO3PACTOM U MHJEKCOM
MACCBI TeJIa B MICC/IEyeMOll BBIOOPKe He BbISBJIEHA, YTO CO-
I7IaCyeTCs € YacThIO MOINY/IANVOHHBIX MCCIeNOBaHNI, YKa-
3BIBAIOIINX Ha BapnabeIbHOCTh U HEOTHO3HAYHOCTD BIIVISI-
HISA 9TUX PAaKTOPOB.

[Mopassitomee 6OMBIUINHCTBO GEIYHOB MMEIO HOPMAsIb-
HYI0 0Cb HOT (86,4 %), BapycHas fedopMannsa BCTpedanach
mumb y 13,0%, a BambrycHas — kpariHe penko (0,6 %),
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IIPY 9TOM CBSI3Y MEXY BapyCHOI fedopmariueit u ocobeH-
HOCTAMM CTPOEHUA CTOI He OTMEYEHO.

B HacTosmIeit paboTe He OILeHNBAICS BPEMEHHOI MH-
TepBa/l MeXNy IOC/IefHell 6eroBOil TPEHUPOBKOIL 11 IIPO-
BefleHMeM OOCIefOBAHMNs, [TO9TOMY HENb3sl UCKIIOYUTD
BINAHUE HeflaBHell (PM3MYeCKOil HAarpy3KU Ha COCTOA-
HIe MeAUATbHOTO IPOAOJIBHOTO CBOAA CTOMBL. Kpome
TOTO, AW3aMH MCCIelOBaHNA He IPeJyCMaTpUBas JUHa-
MIYeCKOro HaOMIofeHNs MOoC/Ie HaTPY3KY, B CBA3MU C 4eM
He M3y4anach JAIUTEIbHOCTb COXpaHEHMSA BO3MOXXHOTO
TpaHSI/ITOpHOI‘O yMeHbIHeHI/IH BBICOTBI CBOMA. B naaneﬁ-
nreM Hanbojee MepCIEeKTUBHBIM IIPeACTABISETCS UCCIIe-
TOBaHUe MHAMBUYaTbHBIX OCOOEHHOCTEN (OPMBI CTOII
y CIIOPTCMEHOB C y4eTOM COMAaTOTMIIA, a TaK)Ke OIleHKa
CBA3N Mexmy Haan4YmeM mIn OTCyTCTBI/IeM He(l)OpMaI_U/H/[
CTOIIBI ¥ CHOPTUBHBIMU pe3yabTaTaMm. [Ij1sg aTOro Iene-
C00Opas3HbI MPOCIEKTUBHBIE MCCIEOBAHNS C KOHTPOIEM

Bknap aBTOpOB:
Yyna Vines BagumoBud — mpoBefeHIe UCCIeNoBaHNs, cOop 1
06paboTKa TaHHBIX, aHA/II3 IUTEPATYPBbl, HAIIMCAHUE TEKCTa CTaThIL.

AukacoB EBrennit EBreHbeBUY — KOHI[EIIIMS U AU3ANH MCCTe-
IOBaHMA, HAYYHOE PYKOBOACTBO, yTBepK[eHMe (MHAIbHOI BepCcuim
CTaTbIL.

Huxonenko Bnapumup HuxomaeBmd — HayyHOe KOHCY/IBTU-
pOBaHIe, pefaKTUPOBaHMe TeKCTa CTATbU, YTBepXKAeHMe BUHATbHOIM
BEpPCUN CTATbN.

Ipupun JleoHups AneKcaHAPOBUY — VHTEPIpeTalys IOTydYeH-
HBIX P€3y/IbTaTOB, PEJAKTUPOBAHNME TEKCTA CTAThI.

Kypmes Brnapucnap BukropoBud — yHTepIpeTalyus IOTyYeH-
HBIX Pe3y/IbTaTOB; PelaKTpOBaHIe TeKCTa CTaThI.

Cnucoxk nurteparypbi/References

1. Kakouris N., Yener N., Fong D.T.P. A systematic review of
running-related musculoskeletal injuries in runners. J. Sport
Health Sci. 2021;10(5):513-522. https://doi.org/10.1016/j.
jshs.2021.04.001

2. 3axapos C.H., Kypsies B.B., ITnronkus }0.J1. Paspaborka
OPTOIIEAMYECKONl ~ CTeIbKM  HOBOM  KOHCTPYKLMU LA
KOPpeKUMy HapylleHnii Xonb0bl. CIOPTMBHAsA MeNMIIVHA:
HayKa U mpaktuka. 2025;15(4):37-44. [Zakharov S.N., Kury-
shev B.B., Pigolkin Yu.I. Development of a new orthopedic
insole design for the correction of walking disorders. Sports
medicine: research and practice. 2025;15(4):37-44. (In Russ.)].
https://doi.org/10.47529/2223-2524.2025.4.1

3. Burgess S.C., Beeston A., Carr J., Siempou K., Simmonds M.,
Zanker Y. A bio-inspired arched foot with individual toe joints
and plantar fascia. Blomimetics (Basel). 2023;8(6):455. https://
doi.org/10.3390/biomimetics8060455

4. Davis D.J., Challis J. Characterizing the mechanical func-
tion of the foot's arch across steady-state gait modes. J.
Biomech.  2023;151:111529.  https://doi.org/10.1016/j.jbio-
mech.2023.111529

5. Shiotani H., Mizokuchi T., Yamashita R., Naito M., Kawaka-
mi Y. Acute effects of long-distance running on mechanical
and morphological properties of the human plantar fascia.
Scand. J. Med. Sci. Sports. 2020;30(8):1360-1368. https://doi.
org/10.1111/sms.13690

65

BPEMEHU MOC/IEeNHEN TPEHUPOBKM M TIOBTOPHO OLI€HKON
IapaMeTPOB CTOIBI B pagHble CPOKM BOCCTAHOB/IEHNUA I10-
cie 6eroBoit HarpysKu.

5. 3akmroueHne

Y 6eryHoOB Ha [IMHHbIE AMCTAHLUY BbIABIEHA BBICO-
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Posterior thigh muscles flexibility profiling: a comparative study of trail
and road runners
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ABSTRACT

Purpose of the study: To identify and analyse differences in posterior thigh muscles flexibility profiles between recreational runners on trail and
road surfaces.

Methods: This study employed an observational cross-sectional design. The sampling technique used was purposive sampling, in which respondents
were selected based on predefined inclusion and exclusion criteria. Posterior thigh muscles flexibility was assessed using an inclinometer through the
Passive Straight Leg Raise (PSLR) test. Data were analysed using an independent ¢-test based on normality of distribution and homogeneity of variances.

Results: The p-value was 0.321 for the right posterior thigh muscles and 0.927 for the left, indicating no statistically significant differences in flex-
ibility between groups.

Conclusions: The type of running surface did not demonstrate a measurable effect on posterior thigh muscle flexibility in the study population. The
findings of this study underscore the importance of implementing targeted training programs aimed at both preventing injury and strengthening the
posterior thigh muscles.

Keywords: trail surface, road surface, runner, posterior thigh muscles injury, exercise

Conflict of interests: the authors declare no conflicts of interest.

For citation: Rahman E, Muwaffaq M.S., Febriansyah R., Ishad M.R., Azizan A. Posterior thigh muscles flexibility profiling: a comparative study of
trail and road runners. Sportivnaya meditsina: nauka i praktika (Sports medicine: research and practice). 2026;16(1):67-78. https://doi.org/10.47529/2223-
2524.2026.1.6

Received: 22 July 2025
Accepted: 21 February 2026
Online first: 01 June 2026
Published: 20 June 2026

*Corresponding author

67/

P
E
A
B
U
A
U
T
A
il
U
P




R
E
H
A
B
I
L
I
T
A
T
I
()
N

Sports

Medicine:
| research and practice [ /]l

OueHKa rMéKoCcTH MbiLL 3aaHeNn rpynnbl 6eapa:
CpaBHUTENbHOE uccnegoBaHue 6eryHoB No nepece4eHHON MeCTHOCTU
W wocce

Dapuo Paxman',*, Myxammao lllamunv Myeadgax', Pusku @ebpuarnmax’,
Myxammao Paiixan wad', Asnuana Asusan’

'YHusepcumem Myxammadusa Cypakapma, Cypakapma, MHOoHe3us
2TexHonoz2uyeckuli yHusepcumem MARA, Lllax-Anam, CenaHzop, Manatizua

PE3IOME

Ilenp MccneqoBaHMsA: BbIABUTD U IPOAHATN3NPOBATh PAs/INYysi B MPOGWIAX TMOKOCTU MBIIIL 3a/Hell IPyIIbl Gefpa y GeryHoB-mobuTeeit,
6eramyx o mepecedeHHON MECTHOCTH I HIOCCe.

MeTopgs!: B 3TOM HaO/IIOATEIBHOM IIONIEPEYHOM UCCIETOBAHNN YIaCTBOBAIN 78 6eTyHOB-TI00MTeNel, 0TOOPaHHbIX C IOMOIIBIO Ile/IeHAIPaB/IeH-
HOIT BBIOOPKI. [MOKOCTD MBILILL 3ajIHElT IPYIIIBI Oefjpa OLleHNBA/IACh C IIOMOIbI0 MHK/INHOMETPA C MOMOIIBIO [TACCUBHOTO MOJbeMa IIPsIMOIl HOTIL.
JlaHHbIe aHAIM3MPOBAICH C IIOMOLIBI0 HE3aBUCUMOTO f-KPUTEPYS [OC/Ie IIPOBEPKI Ha HOPMAIbHOCTD U OFHOPOJHOCTb.

PesynbpraTsl: 0OHAPY>KEHO OTCYTCTBUE CTATUCTUYECKI 3HAYNMMbIX Pas/IN4IMil B THOKOCTI MEX/Y IIPAaBbIMU U JIEBHIMY MbIIII[AMI 3a/fHelt TPYIIIIbI
6enpa (p = 0,321 u p = 0,927 COOTBETCTBEHHO).

BrIBOJbI: B XOJie MICCIEOBAHS He ObIIO BBISB/IEHO 3HAYMMOTO BIVIAHMS THIIA IOBEPXHOCTI A/isA 6era Ha IMOKOCTD MBIIILL 3aHel TPyl 6epa
y y4aCTHMKOB uccregoBanys. OTMedeHa BaXKHOCTb BHELPEHS TPEHNPOBOYHOI IPOrpaMMBbl /IS YKPeIUIeHNs ¥ TPOGIUIAKTUKY TPaBMaTU3Ma MbIIIII]
3ajHeil rpyIbl Geppa.

KrroueBbie c1oBa: II0BEPXHOCTD TPOIIBI, TIOBEPXHOCTD JOPOTH, OryH, TpaBMa IMOAKONIEHHOTO CYXOXKI/INSA, YIPaKHEHe

KoH}IMKT MHTepecoB: aBTOPbI 3aABJIAIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

JIna uuruposanna: Paxvan @., Mysaddax M.II., ®ebpuanmax P, Vmrag M.P, Asusan A. OueHka ru6KoCTM MBIIIIL 3ajiHelt TPybl 6eapa:
CpaBHUTEIbHOE MCCTIejOBaHNMe GEIyHOB 110 IIepecedeHHOl MECTHOCTH 1 1occe. CnopmusHas Meoununa: Hayka u npaxkmuxa. 2026;16(1):67-78. https://
doi.org/10.47529/2223-2524.2026.1.6

Ilocrynuna B pegakumio: 22.06.2025
IpunaTa K myémmkanumn: 22.02.2026
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Omny6mnkosaHa: 20.06.2026

*ABTOP, OTBETCTBEHHBIN 3a nepenmncKy

1. Introduction running injuries [12-14], with incidence rates of 0.2 to 0.7

Running is an activity that has grown rapidly globally and per 1000 training hours. This injury is more prevalent among
in Indonesia over the past decade. Running activity increased high-mileage runners (more than 60 kilometers per week),
by 39 % in 2023 compared to 2022, with 53 % of runners be- athletes engaged in interval or trail running, and runners
ing amateurs [1]. Community growth is also evident, with over the age of 35 [15].
the global running community projected to increase by 59 % Both trail and road runners are susceptible to posterior
in 2024 [2, 3]. The same trend is also occurring in Indonesia, thigh muscles injuries. In road running, repetitive motion
with more than 80000 active runners recorded in 2024 [4, 5]. and acceleration contribute to strain risk, while in trail run-
However, despite this growth, the average daily step count of ning, the risk is elevated during downhill movement, on slip-
Indonesians remains at 5375, well below the recommended pery terrain, or in sudden directional changes, which involve
11000 to 12000 steps per day as recommended by National high eccentric posterior thigh muscles loading [16-18]. Key
Institutes of Health (2020) [6-8]. Road running is the most factors in posterior thigh muscles injuries include muscle
popular due to its accessibility and safety, while trail running strength, the posterior thigh muscles-to-quadriceps (H/Q)
is growing rapidly thanks to the significant motivation of ratio, previous injury history, and particularly posterior thigh
emotional well-being and closeness to nature [9-11]. muscles flexibility [19, 20].

Running, however, is a high-risk activity for musculo- Furthermore, some studies show that flexibility can re-
skeletal injuries due to repetitive mechanical loading and duce posterior thigh muscles injuries during running activi-
training errors. The most common injuries include patello- ties. Additionally, a review by Afonso et al. (2021) [21] states
femoral pain, iliotibial band syndrome, shin splints, plantar that posterior thigh muscles flexibility is still not a significant
fasciitis, posterior thigh muscles strains, and Achilles tendi- risk factor for injury. However, biomechanical studies show
nopathy. Posterior thigh muscles injuries are not most preva- that muscles with poorer flexibility have lower force absorp-
lent injury. However, this type of injury received significant tion capacity, thereby increasing the incidence of injury, es-
attention, accounting for 5 to 15 percent of long-distance pecially during stretching.
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Research comparing posterior thigh muscles flexibility in
trail and road running remains limited. Existing studies have
mostly addressed movement mechanics, load distribution,
muscle activation, neuromuscular responses, and injury risk.
However, the distinct biomechanical demands of each sur-
face, including ground impact, posterior thigh muscles activ-
ity, and gait patterns, may influence posterior thigh muscles
strain differently. This makes it a relevant area for further in-
vestigation [22-24].

Analysing posterior thigh muscles flexibility in trail and
road runners is essential for guiding physiotherapists in de-
veloping targeted injury prevention and rehabilitation strat-
egies. The findings may also support decisions during the
return-to-sport phase by identifying suitable terrains based
on post-injury functional outcomes and recurrence risk.
Moreover, these insights can inform coaches in designing
training periodisation that combines both surfaces [25-28].

The aim of the study was to identify and analyse the differ-
ences in posterior thigh muscles flexibility profiles between
trail and road runners. The hypothesis of this study is that
different running surfaces, namely road surfaces and cross-
country terrain, may result in differences in mechanical load
and in the regulation of the musculoskeletal and neuromus-
cular systems. However, there is no significant difference in
the elasticity (flexibility) of the posterior thigh muscles be-
tween runners who train regularly on one type of surface and
those who train regularly on another surface.

2. Literature Review

2.1. Road Running

Road running involves running on asphalt or concrete
and is classified as a high-impact aerobic exercise that en-
gages large muscle groups to enhance cardiovascular fitness.
Bearbero reported that endurance and strength training im-
prove running economy, VO, max, and gait efficiency [29,
30]. Furthermore, research by Singh in 2022 found that out-
door running is more effective than treadmill running for
improving fitness and muscle mass [31].

The flat contour of road surfaces makes running more sta-
ble and predictable, with shorter stride length and ground con-
tact time. Muscle activation is primarily driven by large muscle
groups such as the gluteus, posterior thigh muscles, and quad-
riceps, requiring relatively simple coordination [32, 33].

2.2. Trail Running

Trail running is an activity that involves running in natu-
ral environments, typically not on roads, but rather on trails
characterised by forests, mountains, hills, or mixed terrain.
This activity emphasises the body’s adaptation to uneven and
unstable routes and surfaces with elevation differences, ob-
stacles, and challenges [34]

Similar to road running, trail running also offers signifi-
cant health benefits. Trail running trains the cardiovascular
system’s ability to optimise aerobic capacity and endurance
through uneven terrain and track inclines. Furthermore,
this activity can also enhance mental well-being, as scientific
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studies show that exposure to nature can reduce cortisol lev-
els (stress hormones), anxiety, and depression symptoms.
During the activity, the mind tends to focus and concentrate,
reducing negative thoughts and positively affecting mood.
Due to its uneven terrain and inclines, trail running increas-
es metabolic energy expenditure or energy use compared to
regular running on flat surfaces or using a treadmill, making
it an excellent programme for individuals pursuing an ideal
body weight [35-38].

The terrain in trail running consists of irregular surfaces
like rocks, soil, and roots, which demand greater balance
and dynamic stability. This results in shorter, more variable
strides and longer ground contact time for stabilisation. The
activity engages stabiliser muscles such as the tibialis poste-
rior, peroneus, and core muscles, requiring more complex
movement coordination and environmental responsiveness
[39, 40, 41].

2.3. Biomechanical load of road running and trail

running

Trail and road running have different surface characteris-
tics, which result in different demands and physical exertion.
Therefore, it is crucial for the body to adapt to running on
these surfaces (Table 1).

3. Methodology

3.1. Study design

This study used a cross-sectional approach to analyse
posterior thigh muscles flexibility differences between trail
and road runners. Data collection was conducted at a single
time point with a sample of runners from the road runner
and trail runner groups, who were members of running com-
munities in the Special Region of Yogyakarta, Indonesia. This
study was approved by the Health Research Ethics Committee
(KEPK) of the Faculty of Health Sciences, UMS, with ethical
approval number 4723/B.2/KEPK-FKUMS/1/2023.

3.2. Subjects

This study included 78 runners who underwent posterior
thigh muscles flexibility assessments. The sample size was de-
termined using G*Power for an independent-samples ¢-test,
with a significance level of 0.05, power of 80 %, and an ex-
pected effect size of 0.5, yielding 78 participants were selected
using purposive sampling in accordance with predefined in-
clusion and exclusion criteria. Participants were grouped into
trail and road runners based on their community registration
data. Recruitment took place in September-October 2023,
with data collection conducted from mid-November 2023 to
mid-January 2024. Inclusion criteria for this study were:

1. All participants who ran more than 32.19 km per
week over the past six months.

2. All participants who have run explicitly on hard sur-
faces (asphalt or concrete) and trail runners (hills)
over the past 3 months.

3. Participants who were runners or joggers aged be-
tween 18 and 35 years at the time of recruitment.
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Table 1

Biomechanical load of trail and road running [38]

Tab6bnumna 1

BuomexaHnyeckas Harpyska npu 6ere 1o nepece4eHHoit MeCTHOCTH 11 mocce [38]

Variable Road Running

Trail Running

Stride

Long and consistent strides due to flat surfaces

Short and quick strides, characterised by increased cadence
and adjustments to varying terrain conditions

Contact Time .
more efficient

Generally shorter due to flat terrain, making running

Tends to be longer as runners are more cautious when
stepping and landing

Impact Forces
complex surfaces

Relatively high due to faster speeds and more

Relatively low due to slower speeds and more careful landing
techniques

Joint Movements .
variation

Stable and predictable movements with minimal

More dominant characteristics include knee flexion and ankle
dorsiflexion to adapt to the terrain

R ing E ..
unning teonomy and minimal obstacles

More effective and efficient due to consistent paths

Running economy tends to be lower than treadmill or road
running due to the variability of the terrain

Biomechanical
Variability

Relatively stable surfaces result in lower variability.
However, longer stride patterns increase the risk of
overuse injuries if not balanced with proper training

Constantly changing surfaces lead to high biomechanical
variability. This increases the adaptive load and demands on
neuromuscular performance

4. Chronic and acute musculoskeletal conditions expe-
rienced by participants in the past 6 months were ex-
clusion criteria for this study.

3.3. Outcomes

The primary outcome was posterior thigh muscles flex-
ibility, measured via passive straight leg raise (PSLR) test us-
ing and inclinometer, with good instrument reliability (ICC
0.81-0.88). A PSLR score > 800 indicated normal flexibility.
Key exposure variables included previous injury history and
weekly running distance over the past 3-6 months, assessed
through self-reported questionnaires and fitness tracker data.
To reduce bias, researchers used random sampling, validated
instruments, and standardised measurement procedures.

3.4. Procedure for measuring posterior thigh muscles
flexibility with an inclinometer
a. Patient position:
1. Patient position: supine lying on a mat or examina-
tion table.
2. Both legs should be straight, with the knees and hips
in full extension.
3. Both arms should be relaxed at the sides of the body.
b. Inclinometer preparation

The research team can ensure that the inclinometer is cal-
ibrated and the instrument is at 0 degrees when positioned
on the tibia or femur.
¢. Movement manoeuvre

1. The assessor passively lifts one leg (right or left) while
ensuring knee extension and mobility occur at the hip
joint.

2. The assessor ensures the contralateral limb remains
straight to prevent lifting or compensation, which can
be manually held in place with a belt or by another
assessor.
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3. Ensure the inclinometer is aligned with the longitudi-
nal line.

4. Pelvic stability was maintained throughout the pro-
cedure, and all measurements were conducted by the
same assessor to ensure standardised testing condi-
tions.

d. Results

1. The assessor records the angle the inclinometer dis-
plays (in degrees). Repeat the procedure once more to
ensure reliability.

2. Repeat the procedure for the contralateral limb (if
necessary) [42, 43]. Data on posterior thigh muscles
flexibility were collected by the research team using
the Passive Straight Leg Raise test with an inclinom-
eter, as described above. Other primary exposure data
were collected via an online questionnaire completed
by the runners. All participants, divided into two
groups, had equal opportunities to undergo measure-
ments for both outcome data and characteristics or
exposure.

3.5. Data analysis

Data in this study were analysed using SPSS version 26.
Posterior thigh muscles flexibility was set as a continuous
variable, and data distribution was assessed prior to inferen-
tial analysis. Variables with normal distribution were anal-
ysed using an independent samples ¢-test with a two-tailed
significance level of p < 0.05, while the Mann-Whitney
U test was applied when normality assumptions were not
met. In addition to p-values, effect sizes were calculated us-
ing Cohen’s d to determine the magnitude of differences
between groups, with values interpreted as small (= 0.2),
moderate (= 0.5), or large (= 0.8). Negligible effect sizes in-
dicate limited practical or clinical differences despite statisti-
cal findings. Demographic characteristics, including runner
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type and history of iliotibial band syndrome, were analysed
descriptively using frequencies and percentages to support
the interpretation and discussion of the results.

4. Results

In October 2023, 177 runners from Yogyakarta-based
communities were identified. Eighty-three met the inclusion
criteria: aged 18-35 and running an average of 32.19 km per
week over the past six months, with consistent engagement

in road or trail running. Ninety-four were excluded due to
age (n = 68), recent lower limb injuries (n = 12), or refusal to
participate (n = 14). During follow-up, five participants were
excluded due to incomplete data, yielding a final sample of 78
runners included in the analysis.

Descriptiveanalysis showed the meanage was27.67 + 4.76
for road runners and 23.36 + 4.72 for trail runners (range:
18-34 years). Mean right posterior thigh muscles flexibility
was 95.89 + 14.04 in road runners and 92.69 + 13.66 in trail

Assessed for gllighility by October 1st, 2023 (n=177)

. .

Excluded (n=54)

< 18 or >35 years (n=68)
* |njury last 6 months (n=12)
* Refusetoparticipate (n=14)

Included (n=83)

(n=83)

Included in the study and according to study criteria

e  Average running activity 32,19 km weekly
Age between 18-35
*  Runspecifically on concrete and hill (trail) track

Data entry is incomplete or answers
are not compatible (n=5)

Analysed (n=78)

Follow-up (n=78)

Fig. 1. Flow Chart Diagram for Research Sampling
Puc. 1. Bnok-cxema BbIGOPKM nccnegoBaHus
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Table 2
Descriptive Characteristics of Trail and Road Runners
Tabnuma 2

OmnucarenbHbIe XapaKTEPUCTNKN GCFYHOB mo nepece'lem{oﬁ MECTHOCTHU 1 IIOCCE

Group A (Hard Surface Runners) Group B (Trail Runners)

Variable
N | % | Mean+SD | Min |Max|Sig*| N | % | Mean*SD |Min | Max | Sig*
Demographics
Age 39 |100 |27.67 £4.76 |18 |34 39 100 |2336+4.72 |18 (34
Weekly Running Distance (km/week) 39 100 [37.05+3.28 [33 |45 39 100 [36.49+3.14 |33 |43

Posterior thigh muscles Flexibility
Right Posterior thigh muscles Flexibility (°) 39 100 |95.89+14.04 (65 |[130 [0.64 (39 |[100 [92.69+13.66 |70 |130 |0.64
Left Posterior thigh muscles Flexibility (°) 39 100 |93.97+14.33 |70 |120 39 100 [93.85+14.35 |65 |120
Injury History (> 6 months)

Posterior thigh muscles Strain (+)

Right 9 23.1 [NA NA |NA 15 |38.5 |[NA NA |NA
Left 13 33,3 [NA NA |NA 13 |33.3 |[NA NA |NA
Tliotibial band syndrome (+)

Right 17 |43.6 [NA NA |NA 13 |33.3 |[NA NA |NA
Left 22 |56.4 [NA NA [NA 26 |66.7 | NA NA [NA

Note: * Homogeneity Test between Group A and B. ** The injury occurred more than six months ago and is no longer present.

Mean * SD = Average + Standard Deviation; Min / Max = Minimum and Maximum values; Sig* = Statistical significance value p > 0,05; NA =
Not Available (data not provided)

ITpumevanue: * IIpoBepka OHOPOZHOCTI MEXAY rpymiaMu A u B. ** TpaBma mpousolia 6ojee 1ecTy MecsIleB Ha3all 11 B HAacTOsIIee BpeMs
OTCYTCTBYeT.

Mean + SD = Cpennee * cTaHAapTHOe OTKIOHeHMe; Min / MaX = MMHMManbHOE ¥ MAaKCUMMalbHOE 3HAYeHMs; Sig¥ = cTaTMCTUYecKas
3HAYMMOCTD IIpM p > 0.05; NA = HeT JaHHBIX (JaHHbIE He IIOTyYeHbI)

Table 3
Comparison of Posterior thigh muscles Flexibility Between Trail and Road Runners
Tab6bnuma 3

CpaBHeH1e I'IGKOCTY MBI 3a/{Heli IPYNIbI 6eipa y 6eIyHOB 110 IepeceYeHHOI MeCTHOCTH I IO LIocce

Variable
Right Posterior thigh muscles Flexibility

Road Runners (n = 39) Effect Size (Cohen’s d)
95.89 + 14.04 0.310 0.230
93.97 £14.33 0.920 0.008

Trail Runners (n = 39) p-value
92.69 + 13.66

93.85 + 14.35

Left Posterior thigh muscles Flexibility

runners. Left posterior thigh muscles flexibility was similar
between groups (road: 93.97 + 14.33; trail: 93.85 + 14.35), all
within the normal range. Less than 40 % of participants in
both groups had a prior posterior thigh muscles injury (> 6
months ago). Notably, iliotibial band syndrome (+) on the
left side was reported by over 50 % of participants in both
groups.

Analysis showed no significant differences in posterior
thigh muscles flexibility between trail and road runners for
either side (right: p = 0.310; left: p = 0.920). The mean right
and left posterior thigh muscles flexibility in trail runners
were 92.69 + 13.66 and 93.85 * 14.35, while in road runners
were 95.89 + 14.04 and 93.97 £ 14.33. An independent ¢-test
was used for the right side (normal distribution), and the
Mann-Whitney test for the left (non-normal distribution).
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Effect sizes (Cohen’s d = 0.230 and 0.008) suggest negligible
differences between groups.

5. Discussion

Most running injuries occur in the lower extremi-
ties, with posterior thigh muscles injuries accounting for
5-15 % of all running injuries. Although relatively low
compared to other injuries, this condition can reduce run-
ning performance. Long-distance runners on any track
face the same risk of increased posterior thigh muscles
strain injuries, primarily due to the characteristics of
long-distance running, which involves prolonged and re-
petitive activity, leading to muscle overload, particularly
in the posterior thigh muscles, resulting in increased stiff-
ness. This study found no difference in flexibility profiles



CriopTviBHas
MeauunHa:

[ ayra u nparmuna | |

between runners on hard surfaces (concrete or asphalt)
and trail runners. The workload characteristics of the run-
ning surface can explain this.

The posterior thigh muscles workload between trail and
road runners appears relatively comparable due to shared
fundamental characteristics such as load type, duration, in-
tensity, muscle activation patterns, terrain influences, and
injury risk; however, biomechanical analyses reveal distinct
differences. Trail runners experience greater eccentric con-
traction loads, particularly when navigating downbhill ter-
rain, while road runners are exposed to consistent and repet-
itive workloads, including higher loading during sprints and
constant speeds, in contrast to the slower pace, prolonged
contraction durations, and increased stabilisation demands
in trail running [24, 44].

Regarding posterior thigh muscles flexibility, the re-
petitive and rhythmic nature of road running may lead
to muscle stiffness and shortening over time without ad-
equate mobility exercises, whereas trail running encourages
more varied posterior thigh muscles activation due to ter-
rain gradients, elevation changes, and stride adaptations.
Nonetheless, the high eccentric contraction demands in
trail running can also increase the risk of tightness if recov-
ery is inadequate [24, 44, 45].

Running on hard surfaces such as asphalt and concrete
causes greater impact forces than other surfaces, which leads
to greater demands on muscles and joints, including the pos-
terior thigh muscles. The ability to absorb impact, especially
on the knee joints on these surfaces, can increase posterior
thigh muscles stiffness when done repeatedly and for long
periods of time [46].

Conversely, trail running surfaces with uphill and down-
hill inclines demand varied posterior thigh muscles activity,
involving concentric contractions during ascent and eccen-
tric contractions during descent, the latter contributing to
increased muscle strain. This variation results in a compa-
rable risk of repetitive microtrauma and reduced posterior
thigh muscles flexibility over time, similar to that observed in
hard-surface runners. These biomechanical differences un-
derscore the importance of incorporating flexibility training
for the lower extremities in running programmes to mitigate
injury risk [47, 48].

According to Sanchez’s 2023 study, among three types
of running surfaces, concrete, synthetic track, and grass, the
highest average and peak acceleration occurred on concrete,
leading to greater biomechanical load on the lower limbs.
Peak acceleration on concrete was approximately 36 per-
cent higher than on synthetic track and grass. Runners on
the concrete tend to exhibit fewer steps with longer strides,
which often results in overstriding or excessive heel strike,
increasing running acceleration and contributing to poste-
rior thigh muscles overload [49, 50].

However, posterior thigh muscles injuries are not sole-
ly attributed to the running surface, as other contributing
factors include footwear, running technique, foot strike,
and landing patterns. Repeated ground contact during

/3

landing may cause cumulative overload, potentially resulting
in chronic posterior thigh muscles injuries.

Factors determining posterior thigh muscles flexibil-
ity quality include muscle imbalance between the posterior
thigh muscles, glutes, quadriceps, and muscle strength.
Research has found that runners with weak gluteus mus-
cles tend to have posterior thigh muscles flexibility issues.
Additionally, running form also affects posterior thigh mus-
cles function. For example, poor running technique, such as
overstriding or suboptimal pelvic performance, can increase
posterior thigh muscles performance, as pelvic performance
is related to overall lower limb efliciency. Running form is as-
sociated with foot strike pattern, cadence, body posture, and
arm swing. Another factor is stretching habits. For instance,
regular stretching can improve or maintain posterior thigh
muscles function and flexibility. Dynamic stretching is rec-
ommended before running activities as it enhances posterior
thigh muscles efficiency [51-53].

The study revealed a negative correlation between low
posterior thigh muscles flexibility and peak strain during
running, indicating that reduced flexibility leads to increased
muscle strain and a higher risk of injury. Conversely, good
flexibility enhances anterior pelvic tilt during both stance
and swing phases, promoting optimal coordination between
the gluteus and posterior thigh muscles to generate forward
propulsion for improved running performance [54-56].

Additionally, a study by Skroce found no significant dif-
ferences in static balance outcomes (BESS), VO, Max pre-
diction, or adaptations in functional characteristics such as
speed and stride length. Trail running demands greater pos-
tural control and muscle activity due to its unstable terrain,
while road running offers a stable, rhythmic activity that
effectively stimulates cardiovascular responses, making it a
safer option for beginners. Its predictable nature is particu-
larly suitable for individuals initiating a running programme
[16, 57].

The running surface influences how runners adjust their
stride to maintain balance, with leg muscle stiffness varying
depending on surface type. On hard surfaces like asphalt or
concrete, leg stiffness tends to decrease, while on elastic sur-
faces such as grass or soil, stiffness increases. Both low and
high levels of limb stiftness pose risks of injury to bones, liga-
ments, and muscles, including the posterior thigh muscles.
Low stiffness can impair elastic movement control, reduc-
ing the muscles’ and tendons’ ability to absorb and regulate
forces efficiently. Conversely, high stiffness often correlates
with reduced muscle flexibility, which hinders movement
efficiency and leads to unnatural running techniques, ulti-
mately limiting the body’s ability to adapt to changes in force
and heel strike impact [58-61].

Reduced leg stiftness during running on harder or more
complex surfaces, such as concrete, is associated with in-
creased muscle activity to absorb impact and maintain sta-
bility, including greater activation of the posterior thigh mus-
cles. In contrast, when leg stiffness increases during the late
swing (eccentric) phase, the activity of the posterior thigh
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muscles, particularly the semimembranosus, tends to be el-
evated [62, 63].

During running, the knee performs repetitive extension,
especially at the end of the swing phase, when the posterior
thigh muscles is maximally lengthened and contracts eccen-
trically to assist hip flexion and lower leg rotation. Running
on sloped surfaces increases knee joint load and the risk of
posterior thigh muscles injury. According to Park et al., a
19 % increase in knee extension moment over time contrib-
utes to injury by accumulating joint stress and fatigue [62].
Eccentric posterior thigh muscles activity intensifies during
downbhill or trail running, increasing workload and inflam-
mation risk. This demands more negative work from the hip
and knee. As downbhill gradients grow, ankle force declines,
shifting greater load to the knee. Trail runners should focus
on knee flexion ROM training to boost negative work and
stability on slopes.

Research indicates that running on moderately sloped
surfaces, with inclination or declination angles of approxi-
mately 4 degrees or a grade of + 6.98 %, does not significantly
impact lower limb joint performance or ground reaction
force (GRF), making such terrain safe for use in training or
post-injury rehabilitation programmes [64].

However, posterior thigh muscles flexibility is not the
sole factor contributing to posterior thigh muscles injuries.
Studies have shown that while flexibility is indeed a risk fac-
tor, other elements such as gender, muscle imbalances, core
stability, environmental conditions, fatigue, genetics, and a
history of previous posterior thigh muscles injuries also play
significant roles. Posterior thigh muscles injuries typically
result from a combination of intrinsic and extrinsic factors;
therefore, a comprehensive understanding of these variables
is essential to develop effective and well-targeted prevention
and intervention strategies [65].

Based on the results of this study, there are clinical
practice implications regarding the role of physiotherapy
for the characteristics of these two surfaces due to differ-
ent biomechanical challenges. For runners who are used
to hard surfaces (asphalt or concrete), physiotherapy can
optimise running biomechanics analysis to identify inef-
ficient movements and strategic training programmes for
muscle strengthening to achieve balanced muscle function,
especially in the gluteus, posterior thigh muscles, quadri-
ceps, and calf muscles. This is an effort in the preventive
programme for runners.

Preventive programmes serve not only to reduce injury
risk but also to improve running performance. These pro-
grammes should be structured according to specific goals
and focus on three essential components: strength, agility,
and flexibility, all of which influence the risk of posterior
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thigh muscles injury and support the correction of running
form to ensure runner safety [66].

Additionally, physiotherapists should consider individual
risk factors such as knee extension deficits, posterior thigh
muscles-to-quadriceps strength ratio, and eccentric poste-
rior thigh muscles strength. Evidence suggests that eccentric
training programmes can reduce posterior thigh muscles in-
jury risk by 56 to 70 percent, improving H/Q ratio balance,
reducing asymmetry, and enhancing flexibility [67]. Thus,
physiotherapy interventions should focus on individual risk
profiles and prevention rather than symptoms and post-in-
jury therapy.

The clinical practice implications for trail runners in-
clude training strategies that enhance physical capacity, par-
ticularly proprioception, balance, core strength, and efficient
running form adapted to trail environments. These strategies
are especially relevant for preventive programs to reduce the
risk of posterior thigh muscles and other running-related
injuries. In physiotherapy, the findings support the develop-
ment of intervention and rehabilitation programs during the
sport-specific, functional, and return-to-sport phases, as well
as reinjury prevention. Additionally, the baseline data from
this study can inform educational initiatives regarding the
selection of running shoes that align with individual foot
anatomy and running style [68, 69].

This study has several limitations. The sample size was
relatively small, and several potential confounding factors
were not considered, including training programs, footwear,
stretching routines, running speed and form, prior injury
history, muscle strength, anatomical variations, and gender.
These variables may influence posterior thigh muscles flex-
ibility both directly and indirectly. Although flexibility is im-
portant, it is only one component in a complex system related
to injury risk. Focusing solely on flexibility, without consid-
ering elements such as muscle strength and neuromuscular
coordination, is unlikely to significantly reduce posterior
thigh muscles injury incidence. This study considers data on
differences in exercise intensity or the type of shoes worn by
respondents. The cross-sectional study design cannot show
a causal relationship, only a correlation between variables.
Future research should examine these factors in greater
depth.

6. Conclusion

This study found that the type of running surface did not
demonstrate a measurable effect on posterior thigh muscle
flexibility in the study population. The findings of this study
underscore the importance of implementing targeted train-
ing programs aimed at both preventing injury and strength-
ening the posterior thigh muscles.
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