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PoGept Pomper Crpy4HHU 4saHaK

®akynrer criopTa U pU3NYKOT BacCMTama, YHUBEp3UTET y beorpany

IHPUMEHA POJIEPA Y TPEHUHI'Y AJIIICKUX CKUJALITA

Caxkerak

CKHjambe Kao CE30HCKH CIOPT MMa OrpaHuueHe MOTYhHOCTH crenu(UYHOT TPEHHHTa. 3aTO je MOKEJbHO Ja ,,CyBH® TPEHWH3U UMajy
ofpeheH CTeneH CIMYHOCTU MOoApakaBama MOKpPeTa TaKMUYapCKe TeXHUKe. BexxOe Mopajy OMTH y cariacHOCTH ca mapaMeTpuMa Koju
onpelhyjy cTpykTypy mokpera Ha ckujama. [Ipeamer pana je yrBphuBame MOryhHOCTH 1a ce TPEHHHT Ha pojiepuMa YBPCTH KaO CacCTaBHHU
JIe0 ,,CyBOT™ TpEHHHTa. AHAJIM30M pe3yNTaTa I0CaALIBIX UCTPAKIBAKA HACTO]jaIo0 ¢€ YTBPAUTH Y KOjOj MEpH C€ MOKJIANajy OCHOBHU
nmapamMeTpH eJeMeHaTa TeXHuKe cianoma Ha ckrujama (CJI) u cnanmoma Ha ponepuma (MCJI): monoxkaju u MeljycoOHM OfHOCH cerMeHaTa
TeNa, aKTUBHOCT aKTyeJTHUX MHUIIMNHUX rpyna (peXuM paja, CTENEeH aKTUBAlLlMje) U KWHeMaTHKa MOKpeTa (Tpajame MojenuHux ¢asza
3a0KpeTa) U Jp. Pe3ynTaTu npeTxomHnX UCTPAXKUBAbA YKa3yjy Ha KOOPAWHATHBHY OJIMCKOCT TEXHHUKE MPOMEHE TpaBlia Ha CKHjaMa U Ha
ponepuma. EBuIeHTHE Cy MOjeinHe pasiiike y Op3UHM KpeTarma, MHTEH3UTETY HCII0JbaBarba Cuile, TaukaMa ontepehemna, kao v CIIMYHOCTH
y HOJIOKajUMa CerMeHara Tena, aHTa)KOBAaHOCTH aKTyeIHMX MUIIMOHHUX TpyIia, MHTCH3UTETYy MULIMOHOr Hampe3amwa u ap. CazHambe o
CIMYHOCTUMA U Pa3IMKaMa MOJKe YHAIPEIUTH IPUMEHY pojiepa y TPEHHHTY cKujaiia. [IpomMeHe nojeinHnx napemarapa (Harub tepeHa,

Op3uHa KpeTama) MOTY 3Ha4ajHO TOTPUHETH TTO3UTHBHOM TpaHc(hepy Kajaa je y MUTamy CTPYKTYpa MOKPETa Y CKHjamby.

Kibyune peun: TEXHUKA CKUJABA / TPEHUHT / POJIEPU / CJIAJIOM

YBOJ,

3HauajaH MpoOJeM aNNCKUX CKHjama  je
CMameHa MOTryRHOCT pa3Boja W OIpKaBarba TEXHH-
K€ U MOTOPHMYKHX CHOCOOHOCTH y PEXKHUMY CIIell-
UGUYHOT TPEHMHra BaH (KpaTke) CHEKHE CEe30HE.
Kopumrhewe nMuTanuje winm peTkux crneurGuaHux
BEXOH, y U3BECHOj MEPH HYIH MOI'YRHOCT HCTTY-CHE
OBHX 3axTeBa. [IpuMeHa MMUTALUjCKUX BEXOH, Kao
aNTEepPHATUBHU METOJ] TPEHHUHIA, Y BEJINKOj MEPHU 3a-
BUCH O]l CTEIICHA MOBE3aHOCTH MMMTALMjCKE BEKOE
ca TaKMHUYapCKOM TEXHHKOM. Y TOM CIly4ajy CTPYK-
Typa BeXOM Mopa OMTH MoAyJapHa ca OHUM Hapa-
METPUMa KOjH KapaKTEpUIly CTPYKTYpYy IOKpeTa y
takmuuapcekoj rexuuim (Kroll, 2005). Ionoxaj Tena,
MmehycoOHM ofHOCH cerMeHara, rudama 1 Melycodna
KOOp/AMHAIMja MoKpeTa OuM Mopana aa Oymge IUTO

CIIMYHHUja OCHOBHO] BeOH. TpeHakHH MomanuTe-
TH OM MOpalii J]a ce 3aCHMBAjy Ha MCTOM T'eHepall-
HOM MOTOPHOM MpOTpaMy, KOju O TOApa3yMeBao
pan akyenHHX MHUIIMhHUX Tpyra y UCTOM PEKUMY,
CTCIICHY aKTI/IBaHI/Ije, JUHAMHWYKUM, KHHECMAaTUYKHM
napamerpuma u ap. Takole, ycarnamaBame J1ejcTBa
CIIOJBHUX U YHYTPALIBLUX CUJIA Y CMUCILY OApIKaBamba
JIMHAMUYKE PABHOTEKE, Y KPETamy ca CTaTHOM Ipo-
MEHOM PUTMA Cy YMHHOIM KOjU C€ MOpajy y3eTH y
003Up TpU TPOICHUBAKY CIUYHOCTH TPEHAKHUX
Cpe/cTaBa.

Wmajyhu y BuAy OCHOBHE KapaKTEPUCTHKE
yCcIlOBa M TEXHUKE CKHjama, Moryhe anTepHaTHBHE
BexkOE Cy KIIM3ambe Ha JIe/ly, CKHjambe Ha TpaBH (grass
rollers) vnu ponepu (in-line skates). Kako nojenune
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aKTHBHOCTH TIOApa3yMeBajy crenuduaHe ycioBe,
Kao jerHa 3aMeHa CKHjamy, Y CMHCITY ,,CYBOT* Tpe-
HUHTA je BOKba posepa. [lojaBoM ckuja ca Harmare-
HAM OOYHUM JTyKOM, a TUME W ajamnTalje y Mexa-
HU3MY 3a0KpeTama, 0TBopmia ce MoryhHoct ma ce
poJiepu IpUMeHe Y TPEHAKHOM TPOIIECY.

[Ipumena ponepa y ,,CyBOM™ TPEHUHTY
CKHjallla 3aCHWBA C€ Ha MPETIIOCTaBKama, N1a po-
Jeph Kao PEKBU3UTH MOTY YCIIENTHO WMHUTHpa-
TH KpeTama 1o CHery, uMajyhu y Bumy aa ce paam
0 KpeTamuMa ca CIMYHHAM MpeNa3HuM TO03HIIHjaMa,
moTpeOOM 3a 3HAUajHUM HCIIOJhaBakbeM JUHAMUY-
K& paBHOTEXKE W CIMYHUM MEXaHH3MHMa IPOMEHe
mpaBia. OBU MEXaHW3MH Cy 3aCHOBAaHU Ha JCjCTBY
poraropa HaTKOJICHHIIEC (ITOCICINIIA j€ TTOCTABIbaAhE
MTOTKOJICHHIIA ¥ CKHja/TOYKOBA IO YIJIOM Ha ITOJIO-
Ty) U HCTIOJbaBalkhy ePEeKTa TeOMETPHje CKH]je/TOUKO-
Ba. Ha cHery, ckuje ycnocTaBibajy MpOMEHY IpaBIlia
MIPUCHITHAM JIY9HUM KpeTameM 300T HCIoJhaBarba
eexra reomerpuje u emactuaHoCcTH ckuje (Mmumh,
Pomper, WMuh, 2009), a ponepu 300T Mamer mpo-
Mepa OOYHHX CTpaHa TOYKOBa. PoTarmje moTkose-
HUIIA Cy HY)XHE 3a peryjiucame IMPOMEeHE IpaBIla
OTKJTM3aBamb-eM 3abUX JIeJIoBa CKHja/porepa. Y oba
ClTyJaja ce MCIIoJhaBa O/IpyKaBarbe TMHAMHYKE PaBHO-
TEXE Y CaruTaTHO] PaBHU (MIOKpEeTHMa TPyTia y 3TJI0-
0y Kyka W HOTY Yy KOJICHOM M CKOYHOM 3TJIOOY) Kao
1y GpoHTAIHO] paBHU (ITOKPETUMA WHKIMHALIH]C H
aHTynanuje paan yckiahuBama aejcTBa MeHTpUEY-
TaJHe ¥ [eHTPHUIIETAITHE CUIIe).

OcuM eMIUpHjCKOT ca3Hama O OBHUM, OCHOB-
HUM, €JIeMEHTHMa MEXaHHW3Ma TPOMEHEe TpaBla Ha
CKHMjamMa U poJiepuMa, HCTPaKUBama M KOMITapaliija
TUHAMHYKAX KapaKTepUCTHKa KOJ cllajomMa Ha
ckmjama (CJI) u cnanoma (in-line skates) Ha ponepu-
Ma (MCJI) cy Bprmiena y majioM 6pojy pamoBa (Roman
et al., 2007; Zeglinski et al., 1998; Kroll i sar., 2005;
Bandalo, 2009) xoje mpeacTaB/baMo y OBOM TIpETIIe/I-
HOM pay.

AHAJIM3A TEXHUKE

Poman u cap. (2007) cy y CBOM HCTpaKUBamby
NPOILICHUBAIIM yTUIA] TIO3HABamka BOXKEHA PpOJIC-
pa ca ycrmemHomhy y oOyiu ckujama. Ekcriepu-
MEHT je BpIICH Ha y4eHWIMMa y3pacta 7-13 romm-
Ha (H-51) 0e3 mpeTXomHOT 3HaWka CKUjama, KOju Cy

OWIN TTONICJbCHH Y eKcIiepuMeHTanHy rpymy-ElN (8-
26) u xoutponHy rpymy-KI' (8-25). Excriepumen-
TajiHa Tpyma je nMajna 16 gana oOyke BOKILE poJie-
pa, a KOHTPOJTHA CaMO PEIOBHE CIIOPTCKE aKTHBHO-
cTH (Kormapka, omnoojka u ci). O6e Tpyrie ¢y mporie

TIETOMHEBHY OOYKY CKHjama ca OICHhHBAabEeM CTe-

II€Ha CaBIaJaHOCTU TexHHKe. HakoH 7 naHa mayse

00aBipeH je perect. OUECHUBAKHEM €IEMEHATA TEX-

HHUKE CKHMjarka: cTaBa (TOJIoXKaja Tenla, OJHOca Cer-

MEHaTa Teja), KOHTpoje Op3uHe, KOHTPOJE Bohema

CKHMje W KOOpAWHANWje Tokpera (yckimaheHocT To-

KpeTa cerMeHara Tejla, PaBHOTEXa) yOuHa je BHCO-

Ka Kopenarmpja yCIENIHOCTH o0yke ckujama y EI.

VY cBuM onemuBaHuM eneMeHTEMa EI' je ocTBapm-

na 3Ha4ajHO Oosbe pesynrare (Behe omene) om KI.

AyTopu cMmarpajy Ia HaBeIeHU PEe3yITaTH TOKa3yjy

MIPETIIOCTAaBKY Ja TI03HABaE BOXKIGE poJiepa MMa I1o-

3UTHBAH TpaHC(ep HA yUCHE CKHjarba, OMHOCHO Ja

ce BOXIOM pojiepa pa3BHjajy crernuduyHe MOTO-
pHYKE CITOCOOHOCTH KapaKTePUCTHUCHE 32 TEXHHUKY

CKHjarba Ha CHETY.

Y pany Kpoma m cap. (2005) amammsmpa-

Ha je TEXHHWKAa BOXIHE ClIaJloMa Ha CHETY (TOCTaB-

ka 14 xammja cramoma npema ®UC cranmapamma,

Ha HaruOy 17°) u ciamoma Ha in-line ponepuma (14

karmja, acantHa crasza, HaruO 5.2°). Ilpahenu cy

cnenehu mapamerpu: EMI™ aktuBHOCT 8 MummhHIX
rpyna Hory (y pamy Cy HeTajbHHje aHAIM3HUpPaHU

m. tibialis anterior-TA, biceps femoris-BF i vastus

lateralis-VL), BpeoHOCTH FHUXOBUX MaKCHMaTHHUX

BoJbHUX KoHTpakmuja (MVC), ka0 W BpeaHOCTH

CHJIa UCTIOJFEHUX Ha TPENHeM U 3a/lieM JIeTy CTO-

mana. ExcrepuMenT je mpaheH W BHIEO CHUMKOM.

AHamM30M BHICO CHUMKa 1 mopehemem onpeleHux

MOMeHaTa TOKoM ciamoma Ha ckujama (CJI), cmao-

ma Ha posepuma (MCJI), u cmobomHe BOXIE poepa

0e3 xammja (cnlJl), Ha MOYeTKy 3a0KpeTa Yy MOMEH-

Ty TpeHoca ontepehema ca ckuje Ha CKHUjy - ,,IIPO-

MeHa pyOHHKa“, MOMEHTA TpoJlacka Topea Kamuje u

Ha Kpajy 3a0KpeTa, youeHe Cy IMOjeANHE CITMIHOCTH U

pasnuke (cnmka 1.):

1. Y MoMmeHTy mpeHoca TexknHe muprHa ctaBa 'y CJI
je ounrnenno Beha om MCJI, mok mpu KOHTAKTY ca
KaITijoM pa3JifKa ce ryou.

2. Harub tena je 3mavajHo Behwm y CJI y MomeHTY
KOHTaKTa ca KamdjoM. Harm® moTKoieHnma je
Takohe Beher crereHa Ha ckujama. Hema 3HagajHe
pasfuKe y MUPUHN CTaBa
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Cauxka 1. Ilomoxaj tena y CJI, UCJI u cnllJI Ha moueTKy, Kpajy 3a0KpeTa 1 MOMEHTY IpOJIacKa Karuje

(Kroll et al., 2005)

ITouerak 3a0kpera

Jommp xammje

3aBpIeTak 3a0KpeTa

Cnanom-CJI In-line cnanom- CJI In-line cnobonuo- cinlJI

Anaimza EMI aktuBHOCTH niecHe Hore y CJl
NCJI (Cnuka 2.) ykasyje 1a IOCTOje CAIMYHOCTH Y pe-
KUMY MULIMNHOT pajga y CMUCIY MOKJIanama Mo4eT-
Ka, MOMEHTA MCI0JbaBakha MAKCHUMAJIHUX BPEAHOCTH
Y Tpajarka akTHUBAIlje HaBeJICHNX MUIIIMNHUX TpyTIa.
VY o0a cirydaja MaKCUMaJIHE BPEIHOCTH Cy 3a0erneske-

74

HE HeTOoCPeTHO HAKOH TpoJlacKa Karwdje, a HajMambe
y (asu mpomeHe pyOHUKA, Tj. Ha Kpajy 3a0KpeTa u
IIpeacKy y HapeaHHu. 3HauajHe pa3jIiKe ce youaBajy
y creneny mumwuhae aktuaunuje. Y CJI ce kpehe
~250% maxcumanHe BosbHE KoHTpakuuje (MVC), a
xox UCJI ~80% MVC.
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Canka 2. EMI aktuBHOCT m.VL, TA, BF necue Hore y cBe Tpu (haze 3aokpera y CJI m UCJI (kparka nmuHuja
Ha BpXy AHjarpamMa — MOMEHAT TIpoTacka Karuje, HCTIPEKHIaHa JIMHH]a - 3aBpIIeTak 3a0KpeTa U

npemazak y HoBH) (Kroll et al., 2005)
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AHain3a AMHAMMYKUX KapaKTEPUCTHKA Ta=
kolje ykasyje Ha 3Ha4yajHy CIMYHOCT MHIIUNHE aK-
tuBHOCTH y CJI m UCJI. Pacmnopen onrepehema Ha
CrHoJhallllby M yHyTpammy Hory (Cnuka 3.) ykasyje
ma ce MomeHTH ontepehema u pacrepehema y oda
ciydaja (CJI u UCJI) BpeMeHCKHM TIOAyaapajy am aa
j€ MHTEH3HUTEeT UCIOJheHNX criia paznuanT. Hajsehe
CHJIE C€ MCII0JbaBajy HEMOCPEIHO HAaKOH AOIupa
karije u n3aoce ko CJI ~1350 N (1,5 1) a, kog UCJI
cy 3HadajHO cy Hmke ~830N (1,081).

Paznuke y BpeIHOCTH MAaKCUMAJIHHUX CHJa C€
Mory o0jacHUTH MakOoM MoryhHomrhy cripedaBama u
nmo3upama otknuzaBama ko MCJII. Pasmor je mama
KOHTpoia cwie Tpema m3Mmel)y mommore-achanta
U TOYKOBA 3a PA3jMKy Ol CHEXHE IOIUIOTe IIe 10
n3pakaja 1oJ1a3u MOTYRHOCT KOHTPOJIE OTKIIM3aBarkha
JI03MPamkEeM ype3uBama ckuja y nomiory. CaMum TUM
Op3uHa KpeTama, pajiijyc 3a0KpeTa U BEeTMINHA [IeH-
TpudyramHe cuie je Mama xox MCJIL

r

T o T L I
60 80 100

time [%]

MuHHMaIHE CHJIE CE€ UCII0JbaBajy TOKOM IIpe-
Jacka M3 jeJHOr y JPYTH 3a0KpeT M H3HOCE KO
HCI ~170 N a ~50 N xon CJI. Pa3znor je nmorpeba
na ce Ha ckrjama (CJI) n3Bpiy 3HaUajHUjEe CMambEHE
ornerepehema panu npomene pyOHHKa, HETO HITO je€
TO MOTpeOHO Yy onHOCY Ha mpeHoc ontepehema Ha
TOYKOBE Ha acairy.

VY 1oy CJI 3a0kpera eBHIEHTHA je pa3iu-
Ka y BPEIHOCTH CHJIa CIOJHEHHUX KOJ CIIOJbALIbE U
YHYTpAllllb€ HOTe, OJHOCHO CIOJballliba HCIIOJbaBa
3HauajHo Behy cuiny ox yHyrpamme. Kom MCJI
HE TOCTOjU 3HayajHa pasiuka, Beh je xmenoBame
YHYTPAILHE U CIIOJbALIBE HOTE yjeqHaueHo. Y caBs-
PEMEHOM aJIICKOM CKHjamby €€ yNpaBO TEKHU Ja ce
onrtepeheme paBHOMEPHO pacropenu Ha o0e Hore,
TaKO J1a C€ OBaj CJIEMEHT MOXKE€ KOPUCTHTH Y LUIBY
yuerma U ycaBplllaBamba OBOI €JIeMEHTa TEXHUKE Ha
CKHjaMma.
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Canka 3. JlunamMudke KapakTepuCTHKe — pacropen cuia 3a jeBy (left) m necny (right) mory Tokom CJI u UCJI
(kpaTka TUHW]a HA BPXY IHjarpaMa — MOMEHAT TIpoJiacka Karwuje, NCIIpeKruaHa JINHA]ja - 3aBpIIeTaK
3aokpera u mipenaszak y HoBu) (Kroll et al., 2005)
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Y momneny nmuctpyOynmje omnrtepehema Ha
npeamH (IPCTH) ¥ 3811 (TIeTa) Ie0 CTOoIaja, T0CToje
n3BecHe paznuke kox CJI u UCJI (cmuka 4.). Kox CJI
noMmuHEpa Behe omTepeheme mpemmer aena croma-
na, ok je xox MCJI TokoMm 3a0kpera 3Ha4ajHO BHIIE
ontepehena mmera. O kapakrepucTrukama onrtepehema
npenmer nena cronana y CJI roBope u UCTpakuBama
Xwunrtepmeucrepa (1995) xoju oBakaB pacropen
ontepehema oOjammaBa 3HAYajHUM JIEjCTBOM /771

Tibialis anterior-TA y CJI. Y CJI moctoju mope-
0a 1a ce omnTepeTH IMpeImkH Ie0 CKUje KOjU ce TIPBH
ypesyje y MOJIOry U THME yCIIOCTaBJba MPUHYIHO
kpetame-3aokpet (Mmuh, Ponpet, Mmuh, 2010). Ipe-
HOC onrTepehema ce ocTBapyje OMEpameM TEXKHUII-
Ta Hampe, JejCTBOM OIpy)Kada KyKa, OoIpy»xada Ko-
JIeHa, y 4eMy 3HavajHy ynory uma TA kao cTaOuim-
3aToOp y CKOYHOM 317100y, unMe ce omoryhasa 1ejcTBO
HaBEJIHOT KMHETUYKOT JIAHIIA.

Cauka 4. JluHaMHUUKe KapaKTEPUCTHKE — pacropes cuia 3a npeamu (forefoot) u 3aamu neo (heel) cronana
CJI m UCJI (xpaTka IMHUja HA BpXy AMjarpamMa — MOMEHAT MpoJIacka Karuje, HCIIpeKuaHa JINHUja -
3aBpIIeTaK 3a0kpeTa u npenasak y HoBH) (Kroll et al., 2005)
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3enmucku u cap. (1998) ucnutuBanm cy, Ha
Y30pKyY 011 5 TakMHu4apa, MAMHhHY aktTuBHOCT (EMI)
7 mummha HOTY W ompykada Tpyma (m. peroneus
—PE; anterior tibbialis-AT: vastus medialis-VM;
biceps femoris-BF,; adductor-AD; gluteus maximus-
GM i erector spinae-ES), ka0 1 KHHEMaTHIKe Iapa-
MeTpe (Tpajame TojeauHuX (a3a 3a0KpeTa TOKOM
BOJKEIbE clTaJloMcke TocTtaBke Ha ckujama (CJI) u Ha
ponepuma (MCJI). MaTeH3UTeT MUIIMhHUX peakinja
je MpOoICHUBaH NpeMa CTENIeHY MaKCHMAJTHE BOJbHE
mutuhae kouTpaknuje (MVC) MepeHe Ha TOYETKY ’
Kpajy eKCIIepUMECHTA.

Pesynratu cy ykazanu na je Tpajame ¢ase mpo-
MeHe MpaBIia Ha poiepumMa Onia 3a 55% myxa Hero
y CJI, mox je Tpajame mpunpeMue (aze OUio ucro.
bp3una kperama Ha ckujama je 3HadajHo Beha (10,2
M/c) om Op3mHEe Ha ponepuma (8,5 m/c). Paszmuke y

Op3mHama, a THME U Tpajamy (paza 3a0Kpera, MOXKe-
MO 00jaCHHUTH Pa3IMUNTHM YCJIOBHMA, HATHOY Tepe-
Ha, BPCTH M KBaJUTETy mnoziiore. Mamu Haru0 cra-
3e, Behe cmie Tpema m3Mely momiore W TOYKOBA
YCJIOBJbaBajy Mamy Op3WHY KpeTama W IyXKy ¢asy
MPOMEHE TMpaBIla Ha poliepruMa.

Anamuza EMIT curnana (Crnmka 5.) mokasyje
CIIMYHOCT Yy TMPOCEYHHUM M MaKCUMAalHUM BPEIHO-
cTUMa aMIuiTyaa, y npumnpemuoj dhazu CJI u UCJI,
OCHUM m. erector spinae KOju TIOKa3yje 3HadajHo Behy
poceuHy 1 MakcuMaiHy BpeaHocT y CJI y ogHocy
Ha MCJI. CympoTHO 3eITMHCKOM, ayTOp OBOT pajaa
cMaTpa Ja je moBehaHo 7ejcTBO 0Be MHUITMhHE TpyIIe
MOCIIeTUIIA Op KaBarba Haruoda Tpymna rnpeMa Harpen
y CJI, xao motpebe onrepehema npeamer aena cKuja,
a He ToKpeTa pactepehema.

Cauxa 5. EMI aktuBaOoCcT Mummhaunx rpyna tokom CJI u UCJI (ucnpexknaana BepTUKaIHA JIMHUja O3HAUYaBa
noveTak NpUIpeMHe, a yHa JIMHKja oYeTak U Kpaj ¢asze nmpomene npasna) (Zeglinski et al., 1998)

Indine Suacieg

[_,.
§

]

[lpukazanu pesynraTH ykasyjy nAa IOCTOje
pasyiuke y WHTEH3UTETY aKTHMBHOCTH MWCIHUTHBA-
HuX mumuhaux rpyna Tokom Boxkme CJI u UCJI,
and Ja npemMa meMu (YHKUMOHHCAma, CIUYHO-
cti Opoja u BpcTe MUIMMhHUX TIpyTa, MPUMEHa Po-
Jiepa MpeacTaB/ba aKTUBHOCT BUCOKE CIMYHOCTH Ca
BOXIOM CKHja Ha cHery. HuBo mumumhze akTuBHO-
CTH y HaBEACHUM DPaJOBHMa je y CKJIaly ca CJIN4-
HUM HCTP@XUBAbUMa y CIAJIOMY U BEJECIIATIOMY

IJ€ je MHTEH3UTET MUIIMhHE aKTUBHOCTH HU3MOCHO
n3mehy 80 u 180% MVC. AkruHoct muinha VM,
GM i ES noxka3yjy 3HauajHy «]a3Hy» aKTUBHOCT Y
CJI. OBa akTHBHOCT ce omieaa y HarioM noBehamy
EMI' ammutyne ca mame on 50% MVC no npe-
ko 100% MVC 3a nepuon ox 100 mc, a motom Har-
JI0 cMamewe 10 HuBoa 50% MVC y jeqHoM mukiy-
cy. OBH pe3ynTaru cy y CarlacHOCTH ca pe3yiITaTH-
Ma apyrux aytopa (Hintermeister, 1995) y xojuma
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j€ yKa3aHo Ha 3HaYajHy YJIOTY H30METPH]CKUX U KBa-
30 HM30METPHjCKUX KOHTpPAKIHja Kao W Haraiie-
HY aKTHBHOCT MuIHha y PEeKUMY EKIECHTPUYIHUX
KOHTpAaKIIHja.

3AK/bYYAK

Pesynratn wucTpaxuBama HaBEACHHUX ayTo-
pa ykasyjy Ha KOOPIMHATHBHY OJMCKOCT TEXHH-
K€ IPOMEHE IpaBla Ha CKUjaMa M Ha pojepuma u
MoryhHocT mpuMeHe poriepa y ,,CyBOM® TPEHHH-
ry annckux ckwjama. Pasmmke, m3melhy CJI u UCJI
y MHTEH3UTETY HUCIIOJbABama CHUJIE, U3BECHUM pas-
TMKaMa y Tadkama ontepehema, Mory ce nenumuy-
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Abstract

Skiing as a seasonal sport has limited abilities of specific training. Therefore it is desirable for “dry” trainings to have a certain degree
of similarity of competitive technique movements’ simulation. Exercises must be in accordance with the parameters that determine the
structure of movement on skis. The subject of this paper is to determine the possibility of including the training on rollerblades as an
integral part of ,,dry” training. By analyzing the previous studies it has been tried to establish the extent to which the basic parameters
concur with the elements of ski slalom technique (SL) and rollerblade slalom (ISL): positions and relationships between body segments,
activities of current muscle groups (mode, degree of activation) and kinematics of movement (duration of certain phase shifts) and
others. The results of previous research indicate coordinative propinquity of reverse-route technique on skis and on rollerblades. Certain
differences in speed, intensity of force, load points, as well as similarities in the positions of body segments, the involvement of actual
muscle groups, the intensity of muscle tension and others are evident. The knowledge of the similarities and differences can improve the
application of rollerblades in training of skiers. Changes in some parameters (slope, speed) can contribute significantly to the positive
transfer when the structure of movements in skiing is in question.

Keywords: SKI TECHNIQUE / TRAINING / ROLLERBLADES / SLALOM

INTRODUCTION

An important problem of alpine skiers is a
reduced possibility of development and maintain-
ing the technique and motor abilities in the regime
of specific training outside of (short) snow season.
Usage of imitation or rare specific exercises offer the
possibility of fulfilling these demands to a certain
extent. The application of imitation exercises, as an
alternative method of training, depends largely on the
degree of connection of the imitation exercise with
the competitive technique. In that case the structure
of exercises has to be congruent with the parameters
that characterize the structure of movements in com-
petitive technique (Kroll, 2005). Body posture, rela-
tion among segments, the motion, and mutual coor-
dination of movement would have to be as similar to

the basic exercises as much as possible. Training mo-
dalities would have to be based on the same general
motor program, which would imply the operation of
actual muscle groups in the same regime, the degree
of activation, the dynamic, kinematic parameters and
others. Also, tuning effects of external and internal
forces in terms of maintaining a dynamic balance
during moving with constant changes of rhythm are
the factors that have to be taken into account when
assessing the similarity of the training resources.

Bearing in mind the basic conditions’ features
and techniques of skiing, the possible alternative ex-
ercises are ice skating, skiing on grass (grass roll-
ers) or rollerblades (in-line skates). Since individual
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activities include specific conditions, the only sub-
stitute to skiing, in terms of ,,dry” training is using
rollerblades. With the appearance of skis with a pro-
nounced side-port, and thus the mechanism of adap-
tation to the rotation, the possibility of using rollers
in the training process is opened up.

The application of rollerblades in the ,,dry”
training of skiers is based on the assumption that roll-
ers as props can successfully mimic the movement in
the snow, bearing in mind that these are movements
with similar transitional positions, together with the
need for significant manifestation of dynamic equi-
librium and similar mechanisms of reverse direction.
These mechanisms are based on the effect of rotator
of the thigh (a consequence of setting bruised shins
and skis / wheels at an angle to the surface) and ex-
pressing the effect of the geometry of skis / wheels.
On snow surface, skis establish the reverse of direc-
tion of the forced change due to motion expressing
the effect of geometry and elasticity of the skis (Ilic,
Ropret, & Ilic, 2009), and the rollerblades because
of the smaller diameter of the side-wheels. Rotations
of bruised shins are necessary for the regulation of
reverse slippage of back parts of skis / rollerblades.
In both cases maintenance of a dynamic balance in
the sagittal plane (movements of muscles in the leg
and hip joint in the knee and ankle) is manifested as
well as in the frontal plane (by movements of inclina-
tion and angulations in order to coordinate action of
centrifugal and centripetal forces).

In addition to empirical knowledge about these
basic elements of the mechanism of changing direc-
tion on the skis and rollerblades, research and com-
parison of the dynamic characteristics of the slalom
on skis (SL) and slalom (in-line skates) on roller-
blades (ISL) were performed in a small number of
papers (Roman et al., 2007; Zeglinski et al., 1998,
Kroll et al., 2005; Bandalo, 2009) and are presented
in this paper.

TECHNIQUE ANALYSIS

Roman et al. (2007) evaluated the impact of
knowledge using rollerblades with success in ski
training in their study. The experiment was carried
out on pupils aged 7-13 years (n-51) without previ-

ous knowledge of skiing, which were divided into an

experimental group-EG (n-26) and a control group-

CG (n-25). The experimental group had 16 days of

rollerblading training, and the control group had

only regular sports activities (basketball, volleyball,
etc.). Both groups had undergone a five-day ski train-
ing with evaluation of the degree of mastering tech-
niques. After 7-day break a retest was performed. By
evaluating the elements of skiing techniques: posture

(body posture, body segment ratio), speed control,

keeping control of skis and movements coordina-

tion (movement segments of the body alignment,
balance) the high correlation of success in skiing in
the EG was noticed. In all evaluated elements, the

EG achieved significantly better results (higher rates)

than CG. The authors believe that these results prove

the assumption that knowledge of rollerblading has

a positive transfer of learning to ski, i.e. rollerblades

usage develop specific motor skills that are character-

istic for the technique of skiing on snow.

In the work of Kroll et al. (2005) the techniques
of slalom runs in the snow (14 gate slalom setting
according to the FIS standards on the slope of 17°)
and the slalom on the in-line rollerblades (14 gates,
asphalt trails, slope of 5.2°) were analyzed. The fol-
lowing parameters were monitored: EMG activity of
eight leg muscle groups (the paper provided detailed
analysis of m. tibialis anterior-TA, biceps femoris-BF
and vastus lateralis-VL), the value of their maximum
voluntary contraction (MVC), as well as the forces
manifested in forefoot and rear foot. The experiment
was monitored and video taped. By analyzing video
tapes and comparing the certain moments during the
ski slalom (SL), rollerblades slalom (ISL), and free
rides rollerblades without gates (slIL), at the begin-
ning of a shift in the time of the transfer of loads from
one ski to another - the ,,change of edge,” the moment
of passing by the gate and at the end of turn, some
similarities and differences are found (Figure 1):

1. At the moment of weight transmission, the width
of posture in SL is obviously higher than the
ISL, while in contact with a gate that difference
disappears.

2. Body inclination is significantly higher in the
SL at the moment of contact with the gate. The
inclination of bruised shins is also greater on skis.
There is no significant difference in the posture
width.
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Figure 1 Body position in the SL, ISL and slIL at the beginning and the end of the turning, and at the moment
of passing a gate (Kroll et al., 2005)

Touching the gate Beginning of a turn

The end of a turn

Slalom-SL

The analysis of EMQG activity of the right leg in
SL and ISL (Figure 2) indicates that there are similari-
ties in the mode of muscle work in terms of matching
the beginning, the moment of maximum expression
of value and duration of activation of these muscle
groups. In both cases the maximum values were re-
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In-line slalom- ISL

In-line free- slIL

corded immediately after passing the gate, at least in
the changing of edge phase, i.e. at the end of turn
and at moving to the next. Significant differences are
noticed in the degree of muscle activation. In the SL
it moves ~ 250% of maximal voluntary contraction
(MVC), and in ISL at ~ 80% MVC.
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Figure 2 EMG activity of m.VL, TA, BF of the right leg in all three phases of the turn of the SL and ISL
(short line at the top of the chart - the moment of crossing gates, dashed line - the ending of turn and

passing to a new one) (Kroll et al., 2005)
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The analysis of dynamic characteristics also
shows a significant similarity of muscle activity in SL
and ISL. Load distribution on the outer and the inner
leg (Figure 3) indicates that the moments of loading
and unloading in both cases (SL and ISL) coincides
in time, but the intensity of expressed powers is dif-
ferent. The greatest forces are manifested immediate-
ly after touching the gate, and they are at SL ~ 1350
N (1.5 G), while at ISL they are significantly lower ~
830N (1.08 G).

Differences in maximal force values can be
explained by lower ability of preventing and dosing
skids for ISL. The reason for that is less control of
the friction between the surface - asphalt and wheels
as opposed to the snow surface where the ability to
control dosing skids by carving skis into the surface.
Therefore the speed, turning radius and the size of the
centrifugal force is smaller for ISL.

60 80 100

time [%]

Minimum force is manifested during the tran-
sition from one to another turn and they are ISL ~ 170
N and ~50 N in SL. The reason is the need to make
significant reduce of the load at the change of edge
while on skis (SL) than it is necessary in respect with
the load transfer to the wheels on the asphalt.

During SL shift it is evident the difference in
force values manifested in the outer and the inner leg,
i.e. the outer one exhibits significantly greater force
than the inner. At ISL there is no significant differ-
ence, but the performance of inner and the outer leg
is steady. In the modern alpine skiing there is the ten-
dency to load evenly on both feet, so this element can
be used for the purpose of learning and developing
this element of technique on skis.
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Figure 3 Dynamic characteristics - power distribution for the left and right leg during the SL and ISL (short
lines at the top of the diagram - the moment of passing the gate, dashed line - the ending of turn and

passing to a new one) (Kroll et al., 2005)
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In terms of load distribution on the front (toes)
and the back (heel) part of the foot, there are certain
differences for SL and ISL (Fig. 4). At SL a larger
load of the forefoot is dominant, while at ISL the
heel is significantly more loaded during turns. The
researches of Hintermeister (1995) also indicate the
characteristics of forefoot load, who explains such
load distribution by the significant effect of m. Tibi-
alis anterior-TA in SL. In SL there is a need to load

tma [3a]

the front of the ski which carves the surface the first
and therefore establish a compulsory movement-turn
(Ilic, Ropret, & Ilic, 2010). Load transfer is achieved
by moving the center of gravity forward, by the influ-
ence of the hip extensors, knee extensors, in which
TA has an important role as a stabilizer of the ankle
joint, thus allowing the effect of the aforementioned
kinetic chain.

Figure 4 Dynamic characteristics - power distribution for front (forefoot) and back (heel) foot SL and ISL
(short lines at the top of the diagram - the moment of passing the gate, dashed line - the ending of turn

and passing to a new one) (Kroll et al., 2005)
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Zieglinski et al. (1998) investigated, on a sam-
ple of five competitors, the muscle activity (EMG) of
7 leg muscles and trunk extensors (M. peroneus-PE;
anterior tibbialis-AT; vastus medialis-VM, biceps
femoris-BF; adductor-AD; gluteus maximus and
erector spinae GM-ES), and kinematic parameters
(duration of individual phases of turning during ski
slalom (SL) and the rollerblades slalom (ISL). The
intensity of the muscle response was evaluated ac-
cording to the degree of maximal voluntary muscle
contraction (MVC) measured at the beginning and
the end of the experiment.

The results showed that the duration of the
change of direction phase on the rollerblades was
55% longer than the SL, while the duration of the
preparatory phase was the same. The speed on skis
was significantly higher (10.2 m/s) than the speed

on rollerblades (8.5 m/s). Differences in speeds, and
thus the duration of turn phase, can be explained by
different conditions, slope, type and quality of the
surface. Small slope of the path, greater friction forc-
es between the surface and the wheels cause lower
speed and a longer phase change of direction on roll-
erblades.

The analysis of EMG signals (Figure 5) shows
the similarity in average and maximum values of
amplitude, in the preparatory phase of SL and ISL,
except for m. erector spinae, which shows a signifi-
cantly higher average and maximum value in the SL
compared to ISL. Contrary to Zieglinski, the author
of this paper believes that the increased activity of the
muscle groups is the result of trunk inclination for-
ward maintenance in SL, as a need of front loading of
skis, and not the movements of unloading.

Figure 5 EMG activity of muscle groups in SL and ISL (dashed vertical line marks the beginning of
preparation, a full line - the beginning and end phase of changing direction) (Zeglinski et al., 1998)

Slaiom Saling

Iding Shasiy

The shown results indicate that there are dif-
ferences in the intensity of activity of tested muscle
groups during skiing SL and ISL, but according to
the scheme of functioning, similarity in number and
type of muscle groups, the application of rollerblades
represents an activity of high similarity with skiing
on snow skis. The level of muscle activity in men-
tioned works is in accordance with similar surveys
in the slalom and giant slalom, where the intensity
of muscle activity was between 80 and 180% MVC.

Muscle activity VM, GM and ES show a significant
»phase” activity in SL. This activity is reflected in a
sharp increase of EMG amplitude from less than 50%
MVC to over 100% MVC for a period of 100 ms and
then it rapidly decreases to a level 50% MVC in one
cycle. These results are in accordance with other au-
thors (Hintermeister, 1995), in which the important
role of isometric and quasi-isometric contractions is
indicated, as well as the emphasized activity of the
muscles in the eccentric contraction mode.
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CONCLUSION

The results of researches of the mentioned
authors point to the coordinative closeness of the
change of direction technique on skis and on roll-
erblades and the possibility of application of roller-
blades on the “dry” alpine skiers training. The differ-
ences in the intensity of force expression between SL
and ISL, certain differences in the points of loading
can be partially disregarded, bearing in mind that the
use of rollerblades has a positive contribution to the
adoption of the sense of dynamic balance, a sense of
space, time, speed, a similar muscle work mode, as
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