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Abstract
THE MAIN FEATURES OF CHILDREN’S GAIT WITH FLAT FOOT DEFORMITIES
Udochkina L.A., Vorontsova 0.I., Goncharova L.A.

The problem of flat foot is one of the main directions in the practice of modern orthopedics. The progression
of local lesions of the feet leads to the development of pathological processes in all large joints of the lower extre-
mities and in the spine.

Purpose. To determine the features of the gait of children with flat foot deformity. Twelve healthy children and
eleven children with a diagnosis of valgus flat foot deformity at the age of 11-14 years were examined. The instru-
mental base of the study was the motion capture system from Vicon (Great Britain). The main parameters of the
gait cycle, as well as the kinematic parameters, such as the angular movement of the foot in the ankle joint, have
been investigated.

In the group of healthy children higher cadence values (124 + 7.07 steps / min) were noted compared with
the second group (110 * 10.04 steps / min), the duration of the double support period (0.22 + 0.17 secand 0, 37
* 0.41 sec, respectively). The dynamics of the supination and pronation angles of the foot in children with flat foot
deformity coincide with the same dynamics in healthy children, however, throughout the entire gait cycle, they
have a decrease in the average values of all the dynamic parameters under study.

Conclusions. Gait analysis in healthy children and with flat foot deformity revealed significant differences in
the duration of periods of single and double support, length, width and half-step time, as well as cadence. The ki-
nematic and kinetic parameters in the gait cycle change parallel in both groups, however, the angular movements
of the foot in the frontal plane in children with flat foot deformity showed a significant increase(decrease) in pro-
nation in all events of the gait cycle compared to the group of healthy childrento

Key words: gait analysis, biomechanical parameters, planovalgus deformity, Vicon motion capture system,
angular movement of the foot in the ankle joint.

[Ipo6JsieMa MJIOCKOCTONMS SIBJSIETCS OJAHOW U3 OCHOBHBIX B IPAKTHKE COBPEMEHHOM OpTOIIE-
UK. ITO 00YC/JIOBJIEHO B MEPBYIO0 o4Yepe/b 3HAUMTENbHOU 4aCTOTOM 3TOro 3aboJieBaHUs Cpefu
HaceJsieHUd. [l1ockocTonMe MopaXkaeT B OCHOBHOM JIMI] MOJIOJIOTO BO3pacTa, 3aHUMaeT 70 26,4%
BCell opToneauyeckoil natosoruu 1 Ao 81,5% cpeau fedpopmanuii cron [1].

[IporpeccupoBaHue JIOKaJbHOT'O MOPAXKEHHUS CTOMN BeAET K PAa3BUTHIO MATOJOTUYECKUX MPO-
[JeCCOB BO BCEX KPYIMHBIX CyCTaBaX HUKHUX KOHEUYHOCTEN U B MO3BOHOYHHUKe. Mcxoas U3 sToro
dbopmupyeTcs B3I HA MJIOCKOCTONHE KaK HA MEPBUYHOE NMPOsSIBJIEHHE CUCTEMHOTO MOpaKeHU s
BCET0 OMOPHO-/IBUTATEJIbHOTO anmnapara [3].

TeM He MeHee ucCeJOBAaHUIO HAPYLIEHUS MOXOJAKU y JIETEN C JJUarHO30M IJIOCKOCTOIHE M0-
CBSAIIEHO HE3HAYUTEIbHOE KOJINUYeCTBO paboT. MOXKHO BblieIMTh HccaeaoBaHue Yi-Fen Shih et all.
(2012) [7], B KOTOPOM aBTOP ONMUCHIBAET U CPAaBHUBAET KUHEMATUKY HIXKHUX KOHEUHOCTEH JleTel
C IIJIOCKOBAJIbTYCHOU AilepopMaliveid pa3IMYHbIX CTENIeHEeH C 1[eJIbI0 OJIyYeHUsI TPAaKTUYeCKON UH-
dbopmauuu JJisl NPUHATHUS PelleHUH PU UX JIEUEHUH.

HekoTophbie paboThI MOCBSILIEHbI UCCAEJ0BAHUIO NTOXOAKH JAeTel MPH MOMOIIM CUCTEeM 3aXBa-
Ta ABWXeHus [4,5,6].

[Ipu 3TOM B Halllel CTpaHe TaKKe UCCAel0BaHUSA Ha UHCTPYMEHTAJIbHOM KOMIIJIEKCe aHaIr3a
ABWXKeHHA Vicon He IpOBOAUJIUCS.

Lesb. OnpenesnuTb 0COGEHHOCTH MOXOAKH JeTel C JIOCKOBAaJIbIyCHOU JlepopMaLen CTOIl.
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MaTepuaJl N MeToAbl HCC/IeA0BAHUA

O6cnenoBaHo 23 pe6éHka B Bo3pacTe 11-14 sieT. CopMUpOBaHO /iBE TPYIIIbI.

B nepByto Bouwio 12 yesioBek 6€3 NaTOJ0TMU ONOPHO-ABUTaTE/IbHOTO annaparTa, Bo BTopyto - 11
JleTel ¢ JIOCKOBaJIbIyCHOM ledbopMariyeit ctor 1-2 cteneHu (OCHOBaHUE — 3aKJII0YEHHE OPTOTe/a).

WHcTpyMeHTalbHOM 62301 McCIej0BaHUSA CTajla CUCTeMa 3aXBaTa U aHa/Iu3a JBUKeHUus Gup-
Mbl Vicon (Benukobputanus), cocrosuias u3 10 nundpakpacHbix kamep T40, JBYyXCEKIMOHHOMN
AuHamoMeTpuiyeckord maatdpopmbl AMTI u nporpammHoro ob6ecnedenusi Vicon Nexus u Vicon
Polygon.

BblM onpe/iesieHbl OCHOBHbIE TapaMeTPhl LIUKJIA L1ara: KaJleHIys, Iepuo/ibl ABOMHOU U 0JiU-
HOYHOU NOAJEePKKH, IJINHA [0JIylllara v 11ara, LIMpyHa [oJiylara  1ara, BpeMs U CKOpOCTb 111ara,
a TaK»Xe UH/EKC XPOMOTHI.

B ocHOBY Hcc/ie/loBaHUS JIETVIM TaKXKe U KUHETUYeCKHe TapaMeTphl: yIJIOBbIE lepeMelleHUs B
roJIeHOCTONHOM CyCTaBe U MOLHOCTb ero pa6oTsl. [Ipy npoBeJieHUH HcCel0BaHUs UCI0JIb30Ba-
Jlach ckesietHasa mozesb Full Body Plug in Gate (URM-FRM), cocTosiias u3 39 cBeTooTpaKaroIux
MapKepoB.

[Ipu aHa/IM3e JJIMTENBHOCTD IIAaroBOro UK/ 6blyia npuHAaTa 32 100%. KunemaTtruyeckue na-
paMeTpbl paccMaTpUBaJIU C UHTepBaioM B 10% BpeMeHU OT Hayasia lIAroBoro nukJa [2].

CTaTucTr4yeckass 06paboTKa NMOJy4YeHHbIX JAHHbIX IPOBe/leHa MeTOoAaMU BapUallMOHHOM CTa-
TUCTHUKU J1JIsl IPU3HAKOB C HOPMaJIbHBIM pacnpeziejieHUeM C onpeieJieHueM CpeJJHEro apupmMeTu-
Yyeckoro 3HayeHus (M), ctaHapTHOU omUOKHU cpesHero (m). CTeneHb TOYHOCTH MCCIeI0BAHUSA
onpejesieHa BepOATHOCTbIO 6€30I1IMO0YHOr0 NPOrHo3a MeHbUIUMM UK paBHbIM 0,95%; ypoBHEM
3HauuMocTH P<0,05; ucnosib3oBaH kputepuid CthiofeHTa t=2 [3].

Bce pacueTsl BbinosiHeHbI Ha IBM PC B cucteMe asiekTpoHHBIX Tabny Microsoft Office Excel.

Pe3ysibTaThl HCC/IEJ0BAaHUSA U UX 06CYKAeHue. OCHOBHbIE NapaMeTphl LIaroBOro LUKJIA IPeJ-
cTaBJ/IeHbl B TabJivLe. B rpyine 30poBbIxX JleTel Hab/I0Aal0TCa 60Jiee BbICOKUE 3HAaYeHUs KaJleH-
uuu (124+7,07 war/MuH) no cpaBHeHHUIO co BTopol rpynmnoi (110+10,04 war/mun). Takke 3Ha-
YHMBble pa3JIMuusl OTMeYEeHbI B IPOJO/LKUTENbHOCTH eproja ABoHOM noaaepxkku: 0,22+0,17 cek
1 0,37+0,41 cek COOTBETCTBEHHO B rpyIiie 3J0POBbIX IeTEN U C MJIOCKOBAJIbI'YCHOU JedopMariyeit
CTOII.

Mo>XKHO TpeJNoJIOKUTh, YTO YBeJHUUYeHUe MePHUoJa JBOMHON MOAAEPKKH CBSI3aHO CO CHUKe-
HHUEM pecCOpHOM QyHKIMHU cTonbl. COKpallleHre BpeMeHU OJMHOYHOW MO IePKKH, U YBeJUYeHUe
IIUPHHBI NoJylIara CBUJETeNbCTBYET O NMpobJieMax, CBSI3aHHBIX C COXpaHEHHEM YCTOUYUBOCTH B
npolecce AroBoro nukia [1].

Ta6mna
OcHOBHbIE nmapamMmeTpbl IIATroBOro NUKJIa
I
7 | KageH- Ilepuop, ogep?::!f- JiuHa | Bpems IMupuna |/auua |Bpema Cko- | HUHpekc
E| mus ABOWHOU . noJsiyma- [[loayma- p p poctb | Xpomo-
g HOM NOA- Ilonymara | mara | mara
2| (war/ | moazepKu el ra ra (M) M) © mara Thl
=| mum) () o M| © (/) | (ea)
1 124 0,22 0,31 0,57 0,47 0,11 1,03 0,98 1,06 0,90
+7,07 +0,17 0,17 +0,04 +0,03 0,02 +0,11 | £0,06 | 0,15 0,1
2| 110 0,37 0,27 0,61 0,55 0,15 1,22 1,11 1,11 0,90
+10,04* +0,41* +0,35*% | £0,05* | +0,05* +0,05* +0,11 | #0,11 | #0,18 | %0,19

[IprMedanue: * oTMedeHbI TapaMeTphl, UMELMe 3HaYMMble Pa3INdMs ¢ Tpynnoi cpaBHeHus (p<0,05).
BmMmecTe ¢ TeM HaMU He BbIsSIBJI€Hbl 3HaYUMbIe pa3indud Mexay TaKMMHU lIapaMeTpaMU KaK NH-

JleKC XpOMOTbI, CKOPOCTb IlIara, BpeMs 1iara, JJIMHa 1mara (CM. TabJIMIly), 4To C pe3yJbTaTaMH UC-
CJlIeIOBaHUM psiia yUEeHBIX.

176



[Ipy uccien0BaHMY KMHEMAaTUYeCKUX TapaMeTPOB IIMKJIa TOXOJKH OOJIbHBIX MIJIOCKOBAJIbIYC-
HOU flepopMaliueit cTon 0cob0e MeCTO 3aHUMAET PerMCTPaLUs U aHAJIM3 YIJIOBBIX lepeMelleHn
cTonbl BO pPOHTAIBHOM MJIOCKOCTH — CyNMHALUU U IPOHALHHU.

B HaleM ucciejoBaHUM B rpyIIe 3/J0POBbIX JeTel 6b1710 3apUKCUPOBaHO BOJTHOOOpa3Hoe U3-
MeHEeHHe yIJIOB CYIIMHAL MU U IPOHALMH, BK/IOYAKLIMX 10 /Ba NKKa. [lepBbIi MUK CyIMHAL KU CO-
OTBETCTBOBAJI OKOHYAHUIO OMOPHOW ¢$asbl — OTPLIBY OOJIBILIOrO Najbla JUAUPYIOLUIEH HOTU OT
onopsl (50% BpeMeHHU LIATOBOrO IMKJa), oH cocTaBua 8,01+0,7°. Bropoi nuk 3adpUKCUPOBAH B
KOHe4YHOM oTpe3ke da3bl noseta (92% BpeMeHHU LIAaroBOro IukKJa), ero BeJruduuHa - 5,03+0,4°.
YBesinueHue yria npoHanuu a0 3,34%0,4°, 3aperucTpupoBaHO B HAavyaJlbHOM OTpe3Ke ONOPHOU
¢aspl (10% BpeMeHHM 1aroBoro LUKJa), YTO COOTBETCTBYET 3arpy3Ke 3aJHET0 OT/es1a CTOIbI -
JUpYIOIel KOHeYHOCTU. BTopoi nuk npoHaiuu, cocraBuBiini 13,24+0,8°, 3adprukcupoBaH B cepe-
JuHe ¢asbl noseta (80% BpeMeHU LIAaroBOro LMKJa), HabJiAaeTcs Npy aAayKLUKM KOHEYHOCTEH.

WccnenoBaHus yriioB CyMHALMY U IPOHALUU CTOIBI Y JileTel € MJIOCKOBaJIbI'yCHOU AedopMa-
Lyew cTo (rpymnmna 2) BbIIBUJIO HAEHTUYHOCTb IMHAMUKH YIVIOBBIX [lepeMel|eHHUH CO 3JJ0pOBbIMU
JleTbMU (rpynna 1), ofHaKo Ha NPOTS>KEHUU BCETO LIaroBOro LUKJa Y HUX HAGJI0JjaeTCsl CHUXKe-
HUe CpeJJHUX 3HaYeHU ! [TI0KasaTeJiel Bcex UCClelyeMblX JMHAMUYeCKHX IapaMeTpOB.

Tak, yrsibl cynuHaL Uy, COBNa/iasi 1o BpeMeHHbIM UHTepBaJiaM C IPYIINON CpaBHEHHUS, COCTAaBU-
s -14,7+0,8° 1 -18,06+0,7° coorBeTcTBeHHO Ha 50% 1 92% BpeMeHHU 1IAroBOro LMKJIa, a IpoHa-
uuu -2,01+0,4°u -3,03£0,6° Ha 10% 1 80% BpeMeHU aroBoro yukaa. OTpuyaTesbHble 3HAYEHUA
yrJjla IpOHALUK CBUZETEIbCTBYIOT 00 yBeJIMYeHUH BHYTPEHHETO BpallleHUs CTOIbI BO BCEX COOBI-
THUSAX IIar0BOTO LUKJIA ¥ JileTel C IJIOCKOBaJIbTYCHOU UX AedopMaluei.

BrisiBJIeHHbIe pa3/IM4Ms MOTYT CTaTh IPOTHOCTUYECKUMU KPUTEPUSAMHU NIPU IMarHOCTHUKE PaH-
HUX GOpM IJIOCKOBaAJIbI'YCHOH AledpopMaluu y leTell MeToZ,0M aHa/Ik3a LIMKJIa 11ara.

BbIBOABI

AHa/vM3 MOX0JKU Y 3/I0POBBIX JleTeN U C MJI0CKOBaJIbIyCHOU JlehopMaliyeit CTOMN BbIIBUJI 3HA-
YUMble pa3iuiUs NPOAO/KUTENbHOCTU NMEPUOJOB OJUHOYHON U JIBOMHOUN MOAJEPKKH, JJIUHBI,
HIMPHHBbI U BpEMEHHU NOJIyllara, a Tak»Ke KaJleHIUHU.

KrvHeMaTHyeckue U KMHETHYECKHE MapaMeTpbl B LIUKJIE 1ara U3MeHS0TCS NapasijielbHO B
06eux rpynmnax.

Bo dpoHTa/IbHOM MJIOCKOCTH y JIETEH C MJIOCKOBaIbIyCcHOM AiedpopMaliydeid CTOM BbIsiBJIEHO 3HA-
YUTeJbHOE YBeJMYEeHHE MTPOHAIUHU BO BCEX COOBITUSX IIAaroBOrO I[MKJIa IO CPaBHEHUIO C IPYIION
3/10pPOBBIX JleTEN.
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