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Caxkerak

MpTBO iM3akbe IpefICTaB/ba Mepy OIIIITE jadiHe IIeJIOT TeJIa Vi jefiHa je Off Tpu BesxOe y powerlifting Takmudersy. Pas/ikyjy ce KOHBEHI[IOHATHA
U CyMO BapMjaHTa MPTBOT fusama. [[mp oBor ucTpaxkmBama je 610 yrBphuame pasmika nsmely e TexHuke nopysama ontepehema
U3 acreKTa KMHeMaTUKe, KMHeTHKe 1 efleKTpoMuorpaduje. Y30pak MCIMTAHMKA YMHIIIO je 9 GUSMIKM aKTUBHUX MYIIKapalia, IIPOCeyHe
crapoctu 29.1 + 3.3 roguua, Bucute 181.0 £ 1.0 1M, TenecHe mace 82.3 + 13.3 kr u mHpjekca TenecHe mace 25.0 £ 3.8 xr/m% CBaku
VCIUTAHMK je TIOAM3a0 TeT Mace MPMOMIDKHE CONCTBEHO], KPO3 TPY IIOHAB/bala, Y TPM Cepuje, 3a CBAKy Off TeXHMKa. bpsauHa jegHor
HoAM3aka je 6ua 1o 3 ceKyHze 3a cBaky off dhasa (KOHIIeHTPUYHA U eKCIleHTprYHa). Off KMHeMaTHYKMX Bapyjabmy npaheHe cy yrnosu u
aMIMTYyge 3a cnefieche duryparuBHe Tauke: TPYI Y OFHOCY Ha XOPU30HTATy (CaMo yrao), IleHTap 3171006a KyKa ¥ IleHTap 3171062 KoJleHa y
LHliftoff “ (JIO - mosu1yja y Kojoj ce Ter ofiBaja of moajore) u ,knee passing“ (KIT - mosuiuja y K0joj Ter mposasu UCIpes KolIeHa) HO3UIjH,
opHOCHO y liftoff-knee passing (JIO-KIT), knee passing-lift completion (KII-JILT; JILT — 3aBpIHa, OGTHOCHO MOTIIYHO yCIIPaBHA IIO3MIIMja Te/a)
u liftoff-lift completion (JIO-JI1I) dasu. Ox kuHeTMUKUX Bapujabm npaheH je usBpiueH MexaHNuKy pafi. EnekrpoMuorpadcka akTHBHOCT
je mpabena 3a cnenehe muiunhe: m. vastus medialis, m. vastus lateralis, m. rectus femoris, m. gluteus maximus, m. erector spinae (L3-
L4), m. semimembranosus i m. biceps femoris caput longum. ITpahena enexrpommorpadcka Bapujabna je 611a IpoceyHa HOpMaIN30BaHa
KOJMMYMHA MUIIVMHE aKTHBAIlMje Y OHOCY Ha MaKCUMa/IHy BObHY KOHTPAKILN]y, 32 CBUX 18 I0je[IHAYHIX IIOHAaB/balbhba MPTBOT AM3ambha
(3 cepmje x 3 moHaB/pama X 2 TeXHMKe). 3a CTATUCTUYKY oOpapy moparaka kopuirheHa je jenHOdaKTOpCKa aHanIM3a BapujaHce ca
HIOHOB/BEHUM MepemMMa (3a KOMMUMHY MymnhHe akTMBaluje M M3BPIIEH MeXaHMYKM paj) U ABOo(aKTOpPCKa aHAMM3a BapujaHCe ca
HIOHOB/BEHUM MeperuMa (3a yIIoBe 1 aMIuInTyze). [lobujeHe ¢y 3HauajHe pasivke usMeDy TeXHUKa y ITOYETHNM YITIOBHMM HO3UIjaMa
y cBuM npahennm 3rmo6osuma (p<0.05), ocuM Kop yria y 31100y KojeHa rje ce yodasa TpeHf (p=0.0996), kao 1 y IpeiasHoj MO3ULju
KaJIa je y IMTakby yrao TPyIa y OHOCY Ha XOPU3O0HTAIy U yTao y 3ro0y Kyka (p<0.05). YodeHa je CTaTUCTIYKY 3HAYajHA pasinKa n3Mehy
TeXHMKA y aMmnTyfama y sro0y kyka y KIT-JIIT ¢asu (p<0.05) n ykynHoj ammmutysu (p<0.05) u y 3rmo6y xonena y JIO-KIT ¢asu
(p<0.05) u ykynHoj aMmmmmTyan y Buay tperfa (p=0.0996). VI3Bplien MexaHUYKM paj je 3HauajHO Behy MpuinKkoM mopysama ontepeherna
KOHBEHIIMOHA/THOM BapMjaHTOM TeXHMKOM MpTBOT fmsama(M]l ) (p<0.05). AKTuBaIMja MeaMjaTHIX U JTATePajTHNX I7IaBa m. quadriceps
femoris-a je cratuctiyku sHavajHo Beha (p<0.05) npumkom nogmsarma ontepehera cymo BapujanToM Texuuke MprBor ausama(MJI ), a
aKTMBalMja MOCTypanHyx MulmhHux rpyna (m. erector spinae, m. gluteus maximum, m. semitendinosus v m. biceps femoris caput longum)
je Beha mpunkom noausama onrepehewa M1, anu He M CTaTUCTUYKY 3Ha4ajHO (p>0.05).
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YBO/[I

JenHa of HajIIPUMEBUBIjUX BeXOM 3a TOOO/bIIIAbE
alCoyTHe CHare, Op3MHCKe CHare, CTeIleHa IpMUpacTa
muinnhHe cune (eHr. rate of force development) u cra-
OVTHOCTM TpyIIa jecTe BeXXOa ,MpTBO Ausame . MpTBO
[iU3arbe MOXKe f1a IPeICTaB/ba MepYy OIILITe jauliHe, MaK-
CUMaJIHe WIN pelleTeTVBHE CHare IIeJIoT Tejla 1 jefjHa
je om Tpn Bexx6e y powerlifting Takmmdery (McGuigan
& Wilson, 1996). Liwp oBe AMCHMIUINHE je TIOAN3Abe
mto Behe TeXXnHe Tera, a yK/bydyje jolI U BeXOy ,,uy-
Jam“ 11 ,,I0THCAK ca Kyne®. Heke of morogHocTH yo-
Tpebe oBe Bexxbe Cy mobospliraHa CTabUIHOCT 3171060-
Ba, KBA/IMTETHUje 1M3BODeme CIOPTCKUX BELITMHA U
PasBoj yKyIHe cHare 1 jaunse (Mannie, 1997).

JIBe HajmomynapHuje BapujaHTe MPTBOT AU3arba
cy cymo (MJ_ ) u KonBeHUMoHanmHa (M] ). MII
OIINCYjy Kao BapI/I]aHTY ca MNMPOKUM cTaBoM, m/[Bep—
TeHTHOM ITO3MIIMjOM CTOIIa/Ia Ca VCIPYXXeH!M pyKa-
Ma Koje ap>ke mmnky usmehy konena (Piper & Waller,
2001). Y M1 cTaB je y LIMPUHU PaMeHa, TOK UCTIPY-
JKeHe pyKe JApKe MIUIIKY Ca CII0/bHE CTPaHe KOJIeHa.

Ilo capa je ypabeH Bemku 6poj ucTpakuBamwa Ha
TeMy pasiuka usMely pasiMuMTHX BapujaHTH MpT-
BOT fusama. Hamme, uctmruBate cy pasinke nsmeby
MO u »PYMYHCKe“ BapujaHTe MPTBOT am3ama (Lee
et al., 2018), usmeby MJI  u BapujaHTe MPTBOT M-
3ama ca IOTIYHO OIpY)XeHMM KormeHuma (Bazerra et
al,, 2013), sarum usmeby M]I,  ca OnmMMIONjCKOM 1 X€K-
caronanaoM mmnkoM (Andersen et al., 2018; Camara
et al., 2015; Lake et al., 2017; Swinton et al., 2011), kao
u usMeby MpTBOr fusama ca pasIMUNTIM XBAaTOBMU-
Ma (Krings et al.,, 2019), MmpTBOr IM3ama ca IpeNHIM
u sagmuM gyumseM (Korak et al., 2018; Hamlyn et al.,
2007) u u3Meby K1acM4HOr MPTBOT [13amkba Y MPTBOT
Au3ama ca gogaryM maHnyMa (Nijem et al,, 2016).

Y jemHOM MCTpaKUBamby UCINUTHBAHE CYy KIMHEMa-
TUYKe pasiyke usMeby Ipelser u 3ajiber 4ydma U
MA  w M (Kasov1c etal., 2019). Y3opak ncnmranu-
Ka ce CaCTO]aO ofi 24 myuikapana u >xeHa. Kopuirhene
Bapujabye cy Omre mpoceyHa Op3uHa KOHL|EHTPUYHE
koHTpakiyje (ITBK), mux 6psuHe KOHI[eHTpUYHE KOH-
tpaxuuje (ITKK) n mueapuu npehenn myt rera (JIITII).
Tlo6ujeHn cy pe3yaTaTy Koju FOBOpe Ja je Ha CBUM HM-
BonMma onrepehemwa (on 30% po 100% ox 1PM ca no-
sehamem o 10% no cepuju) JIIIIT sehm y M]T . TIBK
ce 3HayajHO pasnmkoBana Ha 80-89% 1PM, 70-79%
1PM u Ha 40-49% 1PM. Y cknmapy ca oBMM Ha/lasyMa,
cyrepucaHo je oppehuBame MHAVBNUAYATHUX Hpodua
opHOca usMeby TexxuHe u Op3MHe MOAM3amba, KAKo 3a
IPENbY U 3a/ibV Yydath, TaKo 1 3a MI J MIIKOH

IIpema jour jemHOM I/ICTp&)KI/IBaHay Koje ce Oa-
BIJIO KMHEMATUYKMM pasinKaMa usmeby MIIKOH
MJI_ (McGuigan & Wilson, 1996), tpbeno je pa je

,,lzftoﬁ‘ nosunuju (JIO - mosmiyja y xojoj ce Ter
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ofiBaja Of MopJIOTe) yrao y 3rmoby komeHa Behu y
MJ, . C mpyre crpane, Tpyn 3akmama Behn yrao ca
xopusontanom y MIl u yraoy 31106y KykKa je Behn.
Op J10O po ,.knee passzng nosunyje (KIT - mosuumja
Y KOjoj Ter Tponasyu ucnpep Konexa) y M nsme-
peHa je Beha aMIUIMTy/la OTIpy>Kamwa TPYIa Y OFHOCY
na MJl_. Taxobe, muoru ayropu (Cholewickiet al.,

1991; McGulgan&Wﬂson 1996; Escamilla et al., 2000)
mo6WIM Cy pesynTare KOju MY y IPUIOT TOME A y
JIO nmosuuumju Tpyn 3akjana 3HavyajHO Mamby yTao ca
xopusonranom y MIl, 'y ogrocy na M1 .

HIupwm craB y M,[[ , YTUIIAO je Ha TO ;[a npehenn
myT Tera Oype 3Ha‘~Ia]HO Maml, a CAaMVM TUM U U3BP-
meH MexaHnukyu pap. IIpema jocajammsyuM mcrpa-
xuBamwyMa (Escamilla et al, 2001), npoyuaBajyhn
OrMoMexaHMYKe KapaKTepUCTUKE MI[ u MI_,
mo6MjeHo je [a je BepTUKATHU npebeHM IyT Tera,
HOPMa/IM30BaH y OJHOCY Ha BUCHHY MCIMTaHMKA,
3a 20-25% sehu M]] v omgnocy Ha MJI , OF JIO mo
Hlift completion HOSI/I]_U/IJC (1L - 3aBpLUHa OTHOCHO
IOTITYHO yCIIpaBHa ro3niyja tena). Ha ocHoBy Tora,
M3BPIIEH MEXaHMIKM pafi 6uo je 25-30% sehu M]J

Y pocajammyuM MCTPaXMBamkMMa IIOCTOjU  jOII
jemHO ca IM/beM VICIUTHBAmba pasnuka usmebhy tex-
HJMKA IO aCIeKTy eNeKTpoMMorpadcke aKTUBHOCTU
(Escamilla et al., 2002). ITpoy4aBamm cy akTuBanmjy
vuiha MOTKO/IEHNIe, HATKOJIEHNIIEe 1 ONpYy>Kade y
3r100y Kyka 1 KnaMeHor cTy6a. [lJobujeHuM pesynra-
TUMa YCTAHOBJ/BEHO je Jja caMo m. vastus lateralis u m.
vastus medialis ocTBapyjy CTaTMCTUYKY 3Ha4ajHO Behy
akrtmsayjy y MIT , mok ¢y y MI | muumhy onpy-
XKauM y 317100y KyKa U KMYMEHOT CTy6a aKTUBHYjH,
ami 6e3 CTAaTMCTUMYKYM 3HAYajHUX pasmmka. Cymmpa-
HO, M][ ~ uMa jauy MOTOpHY perpyraiumujy Iocre-
puopHor naHua (m. biceps femoris caput longum, m.
semitendinosus, m. gluteus maximus, m. erector spinae),
IOK ce MI[ ontepehemwe mpebaiyje ca gomer aena
neba Ha m. quadrzceps femoris (Ecamilla et al., 2002).

Y omHOCy Ha cBe rope HaBelleHe CTyfuje U KO-
puitheHe Bapujabie y ®UMa, LB OBOT MCTPaXKU-
Bama je UCIUTUBAbE KMTHEMATIYKNX, KMHETHYKIX U
€IeKTPOMMOTpadCKUX pasnKa usMehy KOHBEHIMO-
HaJIHe M CyMO BapMjaHTe TeXHMKE MPTBOT AU3amba,
a [0/l IPETIOCTaBKOM /Ia II0CTOje 3Ha4YajHe pas/nKe
y mojenMHuM Bapujabnmama. [Ipyrum pedmma, cBpxa
OBOT HCTPaXKMBaMba je 1a Ha CBeoOyXBaTaH HA4NMH OIl-
WIIe JIBe TeXHVKe Iofiu3ama onTepehema u y ckmagy
ca TMM Je(MHNIIe KaKO CBaKa Off TEXHMKA yTide Ha
aHTaKoBame Muimha TIOKOMOTOPHOT cucTeMa. Teo-
PYjCcKM 3Ha4aj IpefcTaB/ba SONPUHOC AOCAJALIBUM
VICTPaKMBAbIIMa KOja Cy ce 6aBIIa 0BOM Ipobiema-
TVKOM, JIOK Ce IIPAaKTVYHN 3Ha4Yaj OBOT pajia OI/Iefia y
moryhHoCTU 1360pa jeHe Of TeXHMKA 3a crenydu-
YHe 3ajJaTKe Y CIIOPTCKOM TPEHa)XHOM IIPOIIeCy MIn
PEeKpeaTNBHOM BeXXOambY.
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METO]I PATIA

Tok 1 mocTynuu Mepema

Mepema cy crpoBefieHa y TpeHa>KHO-IUjarHOC-
TiykoM 1eHTpy ,IIPOPEKC - Akagemuja sgpasor
xmBorta“y beorpanmy. IIpoTokon Mepema cacTojao ce
Of] yIO3HaBama MCIUTAHMKA Ca LVJ/beBMMa 1 3a/aliy-

Ma MCTPa>KMBamba, HAKOH Yera je yCIefuIo OCHOBHO
AQHTPOIIOMETPUjCKO ¥ MOP(QOIIOIIKO Meperbe, 3arpe-
Bame I IpPUIIpeMa TOKOMOTOPHOT arapara, yrIo3Ha-
Bakbe Ca IPOTOKOIOM TECTUPAha U CAMO TeCTHUPaAlbeE,
OJIHOCHO Y30pKOBathe KNHEMATUIKIX, KUHETUYKUX U
eIeKTpOMUOrpaCcKux BapujabIyM TOKOM IOAM3arba
onrtepehewa MJ| (cnuka 1) u M)lcy (cnuka 2). Cse
npolenype cy 06aB/beHe y jeTHOM HaHy.

Cnuka 1 KonBeHnyoHanHa BapMjaHTa TeXHUKe MpTBoOr nusama y JIO, KII u JILI nosunmjn

Cnuxka 2 CyMmo BapujaHTa TeXHUKe MpTBoT Ausama y JIO, KII u JIII nosunujn

Vicnuraunimma je cyrepucaHo fa foby He KOH3Y-
Mupajyhm XxpaHy U TeYHOCT HajMambe jeflaH caT Ipe
TeCTUpamba, Kao U fia TOT JaHa HeMajy MHTe3UBHY (u-
3MYKY aKTUBHOCT.

OCHOBHO aHTPOIIOMETPUJCKO ¥ MOPQOJIOLIKO Me-
pembe je ImoapasyMeBao Meperbe TeleCHe BUCHHE, Te-
JlecHe Mace U VHJIeKca TellecHe Mace. TermecHa BuUCH-
Ha [M] ce Mepwia momohy AUIMTaTHOT BUCHMHOMEpA
BSM170 xommnauuje Arab Engineers, TenecHa Maca [Kr]
nomohy InBody770 purutanHe Bare jy>XKHOKOpejcKe
koMnanuje InBody, uHpieKc TenecHe Mace [Kr/m?] mo-
OujeH je me/pereM Mace [Kr| ca KBagpaToM BUCHHE [M?].

YBOHO 3arpeBame JIOKOMOTOPHOI amapaTa Ofi-
pabeHo je Ha TpenMumTy y Tpajamy off 6 MuHyTa. [IpBu
¥ TIOCTIEN[bY MVMHYT Cy 6y nmocsehenn yxopaBamy,
OJHOCHO NCXOfiaBamy Ha Op3uuy msmeby 5.5 u 6.0
KM/, JIOK je y mepuony usmeby Tora 6mmo nmpumeme-
HO Tpuatbe Ha 6pu3Hu n3meby 11 u 13 km/u.

Omnmta mpumnpeMa JIOKOMOTOPHOT aIapara, IIo-
IITYjyhu OCHOBHM HPMHIVII pefociefa BeXOU ,,0f
I7IaBe JI0 IeTe", cacTojala ce Off BeXXOM CTATMYKOT U
AMHAMMYKOT JICTe3ama ¥ TOHU3MpPama MYCKy/lIaType
Y Tpajamy of 8 MUHYTa.
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Y okBupy ammnujapusanuje ca IpoOTOKOTIOM Te-
CTUpalba MCIUTAaHUIY CYy JIeTa/bHO YIIO3HATH Ca 3aX-
TeBMMa IIPaBUIHE TeXHMKEe MPTBOL IN3aba — CUMYII-
TAHO OIIpY>Kambe Yy 317100y Ko/leHa I Kyka, GpopcupaHo
cTe3ame abJoMeHa U M3/¥ICcaj TOKOM IOfi3ama Tera,
KOHCTaHTHO Ofp)KaBabe HEYTPaTHOT IO/I0XKaja KId-
MEHOT CcTy6a, KOHTPOJIVICAaHO Tpajame MOKpeTa y jei-
HOM CMepy of] 3 CeKyH/[le, 3a[ip)KaBambe yCIIpaBHe I10-
3MIMje M KOHTPO/IMCAHO U MOTIIYHO CIYLITame Tera
Ha IOJIOTYy HAaKOH CBaKOT IOHaB/bama. Kopunrhena
Maca Tera je 6vra 20 Kr (0IMMIMjcKa MNIIKA).

Crenm¢udHa mpumpema JTOKOMOTOPHOT amapara
je mofipasyMeBaa IpMMeHy TeXHVKE MPTBOT [iM3aba,
IIPBEHCTBEHO Ca MacOM Tera ymameHoM 3a 20 Kr, a
oHfla 1 3a 10 Kr off OHe KOja ce KOPUCTIIA IPUINKOM
TecTUpama. bpoj noHasmama je 6uo omaxgajyhn, ox-
HOCHO 8 1 6, pefloM 3a cBaKy of cepuja. IIpumpema je
oppahena npso MJI, , a motom u MJI_.

KpaTka penakcanmona nporefypa nogpasyMenasna
je pacTpecame I I'hbederbe HaTKOJIEHNUIIA, Kao 1 UCTe-
3arbe TIpeftbe I 3a/libe JIOKe HATKOJIEHUIIE Of CTPaHe
ucTpaxupada. Tpajame mmpouegype je 6110 3 MuHyTa.

IIpoToKON TecTMpamwa I Mepemba je ofpasyMeBao
Y30pKOBalbe KMHEMATUIKUX, KWHETUYKUX U €/IEKTPO-
Muorpadckux Bapujabmu npema yrpheHom mocryn-
Ky. IIpoTokon je moppasymeBao Hajlpe IOCTaBKY
e/IeKTPOJia I Meperbe MaKCHMaJlHe BO/bHEe aKTUBallMje
mummha umja ce enmekTpoMmorpadcka aKTUBHOCT
IpaTuaa TOKOM HapeJHOT TeCTUpama JiBe BapyujaHTe
TeXHMKe MPTBOT IM3aba, a IOTOM ¥ ITIOCTaBKY MapKe-
pa 3a npaheme Kperama.

Mepeme MakcMMajHe BO/bHE aKTMBALMje je U3-
BpIIEHO TIpeMa JOCaJalllbiM IIpernopykaMa Jo-
crynse mutepatype (Criswell, 2010; Barbero et al.,
2012). Enextpope cy mocraB/beHe Ha Teno muminha,
OJIHOCHO Ha MeCTO IZie je MuIyh majmaTopHoO ycTa-
HOBJbEHO HajuBpinhyu m Hajrymhn, u y mpasiuy npy-
Kama MUIMhHMX BrakaHa. Enexrpone cy ¢ukcupa-
He NPMMEHOM Jlel/buBe Tpake. Hajmnpe je saxTeBaHO
HIOCTeTIeHO NoBehame yI0)KeHOT BO/BHOT HAopa off

CTpaHe VCIUTAHUKA Y Tpajamby of 2-3 CeKyHje 10
MaKCUMAa/HOT, 3aTMM IpUMeHa MaKCUMaaHOT Ma-
HYEJIHOT CIIO/BAllllbel OTIIOPA Off CTPaHe MCTPaKM-
Baya y Tpajamy Off 5 CEKYHAM U Ha Kpajy MOCTEIeHO
CHIDKaBambe YI0KEHOT BO/BHOT HAIlOpa U MaHYeTHOT
CIIO/bALLLET OTIIOPA Y TPajakby Off 2-3 CEKYHJE.

AHanusupana je enekTpommorpagcka akTMBHOCT
cnepehux mumuha ca fecHe ctpane Tenma: m.erector
spinae (/13-714), m. gluteus maximus, m. vastus
medialis, m. vastus lateralis, m. rectus femoris, m.biceps
femoris caput longum u m. semitendunosus. 3a aHa-
M3y KMHEMAaTUYKUX U KMHEeTUYKUX Bapyjabmym Map-
KepM ca O3HAKOM ,, X“ IOCTaB/beHM Cy Ha crefehnm
MeCTVMa: IIeHTap Tera, CKOYHOT 3171064, 317106a Kose-
Ha, KyKa 1 paMeHa. Mapkepl Cy IIOCTaB/beHU ca JieBe
60uHe cTpaHe.

Maca rera 3a norpe6e Tectupama pasnuka usmehy
TeXHVKAa MPTBOT AM3alba 3a CBAKOT MCIUTAHUKA je
Omma MpMOMMKHO MCTA TeIeCHOj Macy CaMoT MCIIN-
TaHMKa. bpoj cepumja u 1monas/pbama y OKBUPY cepuje
je 6uo 3. Tlpumena MJ] u M]I_ ce HaM3MeHMYHO
CMEbVBAIO HAKOH CBaKe cepuje. Texmuka je moppa-
3yMmeBasa nogusame onrepehema ox JIO, nmpexo KII,
no JIII mosunuje. Tpajarme KOHIEHTPUYHE U €KCIIeH-
TpuuHe ase je 6110 MO 3 CeKyHle ca may3oM of 3
cexkyHpe usmeby mux. [Taysa nsmebhy cepuja je 6mna
2 munyTa. Kao kpurepujymu 3a npaBuiaHo usBobheme
TeXHMKe MPTBOT AM3aiba OWIN Cy CBU K/bYYHM [e-
Tas/b}l HaBEJEHV Y YIO3HaBalby VICIMTAHMKA ca IIPO-
TOKOJIOM TeCTVPamba.

Jlyra pemakcanmoHa Tponefypa IoOfpasyMeBa-
JIa je JeTa/bHO JICTe3arbe 1 JIeauparme Myimha JOom1x
excTpemureta. Tpajame npornenype je 6mio 10 MuHyTA.

Y3opak ucnuranmka

Y30pak MCIMTaHMKA YMHUIO je 9 PU3NYKM ak-
TMBHUX 0co6a Mymkor moma. OCHOBHe y3pacHe, aH-
TponoMeTpujcKe 1 MOPO/IOIIKe KapaKTePUCTUKeE ce
Mory BusieTn y Tabenmn 1.

Ta6ena 1 Y3pacHe, aHTponIOMeTpUjcKe 1 MOPQOJIOIIKe KapaKTepUCTIKe UCIUTaHKa (H=9)

Topune TB [M] TM [kr] BMMU [xr/m?]
Cpenma BpegHOCT 29.1 181 82.3 25.0
CrangappHa JeBujanuja 3.3 1 13.3 3.8
Koeduiujent Bapujanuje
[%] 11.2 2.9 13.3 15.2

Hanomena: TB - tenecna Bucuna; TM - temecHa Mmaca; BMV — nnpekc TenecHe mace

13 Tabene 1 ce yBuba na je ysopak mcrmraHuka
M3pa3nTO XOMOI€H II0 CBOjI/IM OCHOBHUM Y3paCHIUM,
AHTPOIIOMETPUjCKUM U MOP(OIOIIKIM KapaKTepuc-
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THMKaMa, IITO je 3HAYajHO 300T MICTPaXKMBaba IIpobire-

Ma KOjJM Ce MCTpakKuBambe OaBIL.
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Y3opak Bapuja6mm 1 HAYMH BUXOBOT Meperba

Kunnematuka

Y KapakTepuUCTHMYHMM IO3MUIMjaMa 1 IperasuMa
6enexxenn cy yrnosu [°] u ammmutype [°] 3a cnenehe
¢burypaTuBHe Tauke: TPYI Y OBHOCY Ha XOPU3OHTATY
(camo yrao), LeHTap 3rmoba Kyka M LieHTap 3rmoba
KoreHa. LleHTap ckouHOr 3r1o6a M IeHTap 3raoba
pameHa cy kopuithenn pajgu feduHmcama y3gyKHUX
oca Koje seduHuUIy yI7I0Be y 3I71000BUMA Off MHTe-
peca. Yrnosu cy 6enexxenn un ynopebusanu y JIO n
KII mosunuju, a ammuryge y JIO-KII, KII-JIIT n JIO-
JILT npenasy. Takobe, pagy n3padyHaBama KMHETUY-
Ke Bapujabiie (M3BpLIEHOT MeXaHWYKOT paja) nmpahen
je BeprukanHu npebern myt [M] myrem mpahema
KpeTama IieHTpa Tera. Ce Bapujabme cy ob6pabene
y Kinovea codrBepckoM mporpamy 3a aHamm3sy Kpe-
Tama, Bepsnja 0.8.15.

Kunerunka

VsBpirenn MexaHuuky pan [Nm] y jesHom mopu-
3amy ontepeherba je U3padyHaT MaTeMaTIYKV MHOXe-
M BepTIKAIHOT ITpeheHor myTa ca TeXKMHOM Tera.

Enextrpomuorpaduja

3a cBaky o HaBefeHNxX Muiuha npahena je mpo-
CedHa KO/IM4MHa MUIIMhHe aKTHBalje HOpMa/Ii30Ba-
Ha y OJHOCY Ha MaKCUMAJIHY BO/bHY KOHTPAKLWjy TO-
KOM KOHIIEHTPUYHe U eKClieHTpuyHe ¢ase, 3a cBux 18
HOje[HAYHIIX IIOHaB/balkba MPTBOL fu3ama (3 cepuje
X 3 IOHaB/bama X 2 TEXHUKe). Y aHaIm3y Cy y3uMa-
Ha y 003Mp OHa IIOHaB/baba KOja 3a/J0BO/baBajy KpM-
TepUjyMe TeXHMKE U Tpajarba IMOKPETa, Kao U OHa I10-
Hap/pama ca ,uncTuM“ EMI' curnanmma. PasnBajame
KOHIIEHTPUYHE ¥ eKCLeHTpu4yHe ¢ase 3a moTpebe
obpaze EMI' curnana je 6m10 jaCHO yOWwbMBO CaMUM
npaB/bembeM Iayse M3Mehy mopysama ¥ CIyIITamba
Tera. MakcuManaHa Bo/bHa aKTHBaLja ¥ KOIMYMHA MU -
mhHe akTMBaNMje Cy M3paXkeHe Kao IIpOoCceyHa MOBp-
myHa pekTudukoBaHor u nopasHaror EMI' curnama
nomohy ,,root mean square® ajgropuT™Ma 3a paBHame
cuposor unrepdepentor EMI curnana. Kopuirhena

Iy>XuHa rposopa je 0.1c, a npexnamname nposopa 0.08c.
Kopuwthenn cy Delsys Trigno TeneMeTpujcku ceH30pu
3a npahewe EMI' akruBHOCTM Muimha. ITogamm cy
nobujenn obpagom y EMGworks coptsepy. CBa ompe-
Ma je of aMepuukKe KoMmmanuje Delsys.

Crarucrmyka o6paja nmogaraka

PesynraTu cy npukasaHy NpuMeHOM JJeCKPUIITUB-
He ¥ KoMIapaTuBHe cTaTucThKe. Of feCKpUITUBHIX
CTaTUCTUMYKMX IapaMerapa KopuinheHa je cpepma
BPENHOCT U CTaHMApAHA JieBMjalyja, a Of KOMIIapa-
TUBHIX aHa/IN3a BapyjaHCe ca IOHOB/bEHVM Mepeml-
ma (AHOBA).

3a oppebuBame yTnuaja ¢akropa mosurnuje Tera
U IpUMebeHe TeXHNKe Ha KMHeMaTHdKe Bapujabre
(yrmoBu m aMIInTyfe) pesynaTaTy Cy aHa/IM3UpPaAHN
IOBOCTPYKOM aHa/lIM30M BapyjaHCe ca MOHOB/bEHUM
MepemnMa (2 mosmnuje X 2 TeXHnke). 3a ICOUTHBAbE
pasnuka usmely nBe TexHuke y npehenom myry tera
U M3BPIIEHOM MeXaHWYKOM pajy KopuiaheHa je jen-
HOCTPYKa aHa/lM3a BapyjaHCe ca IOHOB/bEHMM Me-
pem1Ma. 3a ICIUTUBAame pasnuKa n3Meby nBe TexHm-
Ke y e/IeKTpoMMorpad)ckoj akTMBHOCTM KopuirheHa
je jemHOCTPYKa aHanu3a BapMjaHCe ca IOHOB/bEHUM
MepemMMa. YKONIMKO je aHaji3a BapyjaHce IOKasana
3HayajaH yTUIAj MHTepaKIyje aBa (paKTopa Ha HEKY
o mpaheHux Bapmjabmi, IPUCTYNNUIO Ce aHANIU3U
jeqHOCTaBHMX YTUIIAja Y OKBUPY KOjeT je aHanm3upaH
yTUIjaj IpoMeHe TeXHUKe M3BoDema, amm 3a CBaKy
nosuuujy tera (un JIO n KII).

Craructuuka obpaja moparaka je oppabeHa y
SPSS mporpamy 3a o6pany mopataka, Bepauja 6p. 17.
P-BpenHOCT 3a yTBphUBame CTaTMCTIYKY 3HAYAjHUX
pasnuka je nogereHa Ha <0.05.

PE3YIITATU

Kunnemaruka

Y rabemum 2 m 3 mpMKasaHM Cy OCHOBHM [e-
CKPUNTUBHM CTaTUCTUYKM IIapaMeTpPHU 3a yTao Tpyma
Y OIHOCY Ha XOPM3OHTAIy, yTrao y 31106y KyKa 1 yrao
y 31106y KoneHa y JIO, ogHocro KIT mosymnjn.

Ta6ema 2 OCHOBHU JeCKPUIITUBHY CTATMCTIYKY IIOKA3aTe/b) 32 YTa0 TPYyIa Y OFHOCY Ha XOPM3OHTAILY,
yrao y 3rno6y Kyka u konena y JIO nosuumju, M | n MI[CY o 3arma Tera

Yrao Tpyma y ogHOCY Ha XOpu3oHTamy|[°]

Yrao y 3106y Kykal°] Yrao y 3rno6y konena|°]

10 23.6+3.5

KOHB

52.1+3.4 106.5+7.5

10 40.5+4.8%

cymo

56.8+3.6* 98.7+£11.2°

Hanomena: P-speznocr je nogemena Ha <0.05. * - CraTMCTUYKM 3HAYajHA PasiuKa y ofHocy Ha MJT 5 # - TeH/ieHIMja Ka CTAaTUCTUIKY

3HAYajHO] pasaMLU
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Tabemra 3 OCHOBHM [JeCKPUIITMBHI CTATMCTIYKY IOKa3aTe/b) 3a YTao TPyINa y OZHOCY Ha XOPM3OHTAIY,

yrao y 31106y Kyka u koneHa y KIT mosunuju, M]I

KOH

174 M,HCy MofIM3ama Tera.

o o Vrao y 3rno6y
Yrao Tpyna y ogHOCy Ha Xopu3oHTamy|°] Vrao y 3rno6y xyka|°] xonexa[°]
KIL 41.0+3.0 94.0+5.8 142.246.0
KII 50.6+3.2* 100.0+5.0* 141.8+7.2

Hanomena: P-spennocr je nopemena xa <0.05. * - craTucTuukm sHayajHa pasinka y ogocy va MJT

3HAYajHOj pasaMLu

Pesynraty moxasyjy fja je pasnuka yIja TpyIa y of-
HOCY Ha XOpM3OHTay usMely TeXHMKa CTaTMCTUYKN
3HavajHa, kako y JIO, tako u y KII nosunmju (p<0.05).
Y 06e mosuiuje M]I_ , TPYTI 3aK/ana Behn yrao ca xo-
PM30HTATHOM. TaKol')e npumehyje ce craTMcTUYKn
3HayajHA pas/MKa yI/a y sroby Kyka nsMeby TexHuka

; # - TEH/IeH1IMja Ka CTaTUCTUYKI

y JIO u KII nosunuju (p<0.05). ¥ JIO nosuiuju yrao
y 317100y KyKa je Behu mpu nopgmsamy Tera M. Yrao
y 317100y KO/IeHa TI0Ka3yje TpeH[ Ka CTATUCTIIKY 3Ha-
4ajHoj pasmuy usMeby rexunka y JIO (p=0.0996), anmn
He 1 y KII nmosunuju. ¥ JIO nosurnuju yrao y srio6y
KosieHa je Behu npy nopysamy Tera MJ1

KOH'

Tabena 4 PeSYTITaTI/I I[BO(i)aKTOpCKe aHa/In3e BapMjche Ca IIOHOB/BEHVIM MEPEIbJIMA 3a yrao TpyIla y OMHOCY Ha

XOPU3OHTAIY, yrao y 3rno6y konena u kyka usmehy M

o U M)ICy y 710 u KII nosunmjn

ITosunmja rera (JIO/KII) Texuuka nsBohema (M,T_[KOH/MI[ ) Nurepakiuja
p<0.01 p<0.01 p<0.01
Yrao rpyna F=321.99 F=258.71 F=54.09
¥ oftHocy Ha df=1 df=1 df=1
XOPHM3OHTATY
PES=0.98 PES=0.97 PES=0.87
p<0.01 p<0.01 p=0.289
Yrao y 3rmo6y F=1180.45 F=82.54 F=54.09
KyKa df=1 df=1 df=1
PES=0.99 PES=0.97 PES=0.14
p<0.01 p=0.01 p<0.01
Yrao y 3srmo6y F=537.86 F=10.79 F=24.75
KOJTeHa df=1 df=1 df=1
PES=0.98 PES=0.57 PES=0.76

Hamomena: HPI/IKaSaHI/I cy cnenehn CTaTUCTUYIKM IapaMeTpu 3a e(i.)eKaT MOMEHTA, TEXHUKE ! (bIIXOBE Mel’)yco6ﬂe I/IHTepaKLU/IjCZ P*BPC}Z[HOCT,

F-BpenHocr, Df - crenenu cno6ope u Partial eta square (PES) — yTumajHoct Bapujabiie; 3a CTaTUCTUYKY 3HAYajHY P-BpefHOCT y3eTa je cBaka

BPEJHOCT KOja je Mama of, 0.05.

13 Tabene 4 Moxe ce BUJIETU Jla HA yrao Tpyma y
OJHOCY Ha XOPM3OHTATY, CTATUCTIYKM 3HAYAjHO YTU-
4y ¥ [O3MILMja Tera U TeXHMKa Koja ce ussoau. JIpy-
MM pedyuMa, CTaTUCTUYKY je 3HayajHa HbUXOBA MH-
tepaknuja (p<0.01). C o63upom Ha TO, post-hoc aHa-
mm3sa ca Greenhouse-Geisser KOpuropanum T-TecTom
YTBpAM/IA je CTaTMCTMYKM 3HAYajHy Pas/MKy IIO3U-
1yje TpyTa y offHOCy Ha XopusoHTany usmehy M1 un
M,y /1O mosunmju (p<0.01, Df=8, t=15.5), MsMeI')y
JIO u KII nosuiuje sa M]T o (p<0.01, Df=8, 1=-8.37)
usaM]I  (p<0.01, Df=8, 1=-40.07 ). Vsmeby MI[ "
MO vy KII no3uuuju Takobe je mponabhena CTaTI/IC—
KN 3HavajHa pasnuka (p<0.01, Df=8, 1=11.98).
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Yrao y 317100y KyKa He IIOKa3yje CTaTYCTUYKN 3Ha-
YajHy MHTEPAKL)Y YTULAja IO3ULIMjE TeTa U TEXHUKE
MpTBOr Ausama (p=0.29), u3 pasymora IITO je TPEHJ
IpOMEHa CIu4YaH. [[Be pasnm4mure TEXHUKE y UCTO]
Mepu yTHYy Ha IpoMeHy Bapujabne, n 'y JIO u y KIT
nosuIyjaMa ropusama onrtepehema. Ocum Tora, mo-
CTOjU CTAaTUCTUYKM 3HA4YajHA PA3/MKa U Y MOSULU)I
tera (p<0.01, Df=1) u meby Texnmkama nsBobema
(p<0.01, Df=1).

Yrao y 3rmoby xomeHa Takobe mokasyje craTuc-
TUYKM 3Ha4Yajy MHTEPAKLNjy yTUIIaja TO3ULIMje Tera
¥l TEXHUKe KOjoM ce Bexx6a nzsoau (p<0.01). Pasnnka
y texHuny y JIO nosuuuju CTaTUCTUYKY je 3Ha4ajHa
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(p<0.01, 1=4.05, Df=8). Pasnmuunre Texuuke y KII
HO3MILIUjH, C APyTe CTpaHe, CTATMCTUYKM 3HAYajHO
ce He pasnmukyjy (p=0.65, 7=0.52, Df=8). IIpenasak
u3 JIO y KII mosunujy nokasyje CTaTUCTUYKM 3Ha-
YajHe pas/uKe yI7a y 317100y KojieHa U MIICy (p<0.01,

1=-20.01, Df=8) u MJI__(p<0.01, T=-32.09, Df=8).

Tabena 5 un 6 mpukasyje yKynHa aMIUIMTY/HA I10-
Mepama I 110 pasama y 31100y KykKa, OJHOCHO Y 3I7IO-
0y Ko/leHa.

TaGema 5 Ammmryze nokperta y 3r1o6y kyka y JIO-KIT dasu, KIT-JIIT
¢dasm n ykynsa ammntyna og JIO mo JILT [°]

Kyx JO-KII[°] KII-JTI1[°] JIO-JIII[°]
M 41.9+4.9 86.0+5.8 127.9+3.4
M 43.3+3.4 80.045.0* 123.243.6*

Hanomena: P-BpegHocT je mopemena Ha <0.05. * -

CTQTUCTUYKN 3HAYajHA pasIuKa y

opHocy Ha ML 5 # - TeH/ieHMja Ka CTAaTUCTIYKY 3HAYAJHO] Pas/IUIiM.

Tabena 6 Ammnryne mokpera y 3r1o6y xonena y JIO-KIgasu, KIT-JI1]
¢asnu n yxynza ammwmryga of JIO mo JIL nosunuje [°]

Koneno JIO-KII[°] KII-LII[°] JIO-JIII[°]
M 36.144.9 37.4+5.4 73.5+7.5
M 43.2+6.5* 38.217.2 81.3+11.2%

Hanomena: P-pegnoct je mopemena Ha <0.05. * -

CTAaTUCTUYKN 3Haqajna pas3nuka y

opgHocy Ha M]I ; # - TeHJieHI[Mja Ka CTaTUCTUYKY 3HAYAjHOj Pas/InINL.

Kon®

Y Tabenu 5 you/bMBO je Ia ce MOKPeT OIpy>Kama y
31100y KyKa nsMmel)y TexHmKa 3Ha4ajHO He pas/nKyje
y npBoj (JIO-KII) daswu, anu fa ce y gpyroj (KII-JILI)
¢dasu 3HavajHO pasnmkyje. Takobe, ykymHa amIm-
typa (JIO-JIII) ce usmely TexHmka 3HayajHO pasin-
Kyje. VI3 Tabene 6 ce MoXe IPUMETUTHU Ja ce KOJe-
HO OIpy>ka 3Ha4ajHo BumIe y npBoj (JIO-KII) dasn

KoH"

IpUIMKOM Iofm3ama Tera M1y onrocy Ha M/

Y nmpyroj (KII-JIII) a3y Hema 3Ha4yajHe pasjnke n3-
Meby nBe TexHuke, amu ykymnHa ammmryga (J10-J111)
[IOKasyje TPeHJ Ka CTAaTUCTUYKYM 3HAYAjHOj pasaniu
(p=0.0996).

Kunernka

Taberna 7 npukasyje M3BpIICHN MEXaHIYKY Pafi 3a
MI wu MIICY texHukoM ofi JIO po JILI mosunuje.

KOH

Tabena 7 Cpentwe BpegHoctu 1 KV msBprienor Mexannykor paja [Nm-
byrta Metap] 3a MIcy u M]IkoH, ka0 mpousBof mpeheHor myra Tera

[M-MeTap] u TexuHe Tera [N-IbyTH].

E;E;Z:;J:;WT‘ Texuna H3BpuIeH MexaHUYKH
reralml Tera[N] paa[Nm]
MI_. 0.72+0.05 708.5+107.2 512.4+98.2
MA, 0.62+0.05 708.5+107.2 441.5+86.2*

Hamomena: P-spepHocT je mopmemena Ha <0.05. * -

CTAaTUCTNYKN 3Ha‘{ajHa pasnnka y

opHocy Ha ML 5 # - TeH/|eHLMja Ka CTAaTUCTIYKY 3HAYAJHO] pasiuiu
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JenHOpAKTOPCKOM aHaIM30M BapujaHce ca IO-
HOB/BEHUM MepereM yTBpheHa je CTaTMCTUIKM 3Ha-
JajHa pas/iKa y U3BPIICHOM MEXaHIYKOM pany y Ko-
puct M]I  (p<0.01), ¢ 0631poM Jia Cy UCTIUTAHUIA
obema TeXHMKaMa IMOAM3a/N UCTY TEXXMUHY Tera.

Enexrpommnorpadunja

Y rpa¢uKoHy 1 je mpeacTaB/beH yIIOpeSHN IpUKa3
penaTuBM30BaHe KONMM4YMHe MulMhHe akTmBalyje,
Kao U CTaHJapfiHe IeBMjallMje 3a CBE TeCTUPAHE IPy-
e muinha.

YnopeOHu NpuKas penamueu3osaHe KosuyuHe
akmueayuje muwuha

80
*
70 T

#

60

17

50
40

30
20
10

0

RF

VL VM ES

ENnaTUBU30BaHa KONMUMHA aKkTuBaUmje [%

m Conventional

B Sumo

GM ST BF

Ipaduxk 1 Ynopenuu rpadudxy IprKa3 HOpManTu30OBaHe KOMMYNHE aKTUBanyje Muiha
Y OfIHOCY Ha MaKCHMAJIHY BOJbHY KOHTpakiyjy; RF — m. rectus femoris, VL — m. vastus
lateralis, VM - m. vastus medialis, ES — mym6anuu geo m. erector spinae, GM - m. gluteus
maximus, ST - m. semitendinosus, BF — m. biceps femoris caput longum

Hanomena: *Tlojauu cy mpukasaHu Kpo3 BIXOBY Cpefiiby BPeJHOCT U CTaHZIapAHY AeBujaLujy. P-BpegHocT je
nopenteHa Ha <0.05. * - CTaTMCTUYKM 3HaYajHAa pasnmka y ogHocy Ha MJ] ; # - TeHfieHIIMja Ka CTaTUCTUYKI

3HAYajHO] PasINLU

Kon”

Ta6ena 8 Pesynraru jenHodaKTOpCcKe aHanIM3e BapujaHce Ca TIOHOB/BEHVM MepeliMa 3a KOMMYMHY MulhHe akTrBalyje

pasmranryx mumha usmehy MIL  u MIT

m.biceps
m.erector . .
m.rectus m.vastus m.vastus . m.gluteus | m.semitend femoris
Mumh . . . spinae . .
femoris lateralis* medialis* (L3-L4) maximus | inosus (caput
longum)
p=22 p=.02 p=.03 p=-18 p=.56 —) p=49
Cratmerica F=1.84 F=9.83 F=7.89 F=2.19 F=0.38 g:'l % F=0.52
df=1 df=1 df=1 df=1 df=1 d;—i df=1
auazmsa P Eta P. Eta P Eta P Eta P. Eta D BiaSac0o] | RE@
Sq=021 | Sq=0.58 | Sq=0.53 | $q=0.24 | Sq=0.05 R $q=0.07

Hamnowmena: [pukasanu cy cnefehn cratuctirakn mapamerpn: P-spegroct, F-Bpennoct, Df - crenenn cno6oge u Partial eta square — yruiajaoct Bapujabiie;
3a cTaTHCTUYKM 3HaUajHy P-BpeHOCT y3eTa je cBaka BpefHOCT Koja je Mama of 0.05

Mosxe ce npumeTnTH fia MuinnhHe r1aBe KBagpu-
nernca (m. rectus femoris, m. vastus medialis u m. vastus
lateralis) mokasyjy Behy yKynHY KOMMYMHY aKTUBa-
LJje TOKOM IIOfIi3arba Tera MI[Cy. CTaTUCTUYKI 3HA-
JajHa pas/uKa je MpUCYTHA Kof m. vastus lateralis-a
(p<0.05) u m. vastus medialis-a (p<0.05), [ok Kop, .
rectus femoris-a Huje mpucyTHa. Pe3ynratu mokasyjy
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Behy akTuBauMjy mymbanHor fenma m. erector spinae y
MJ, , (46.6+19.2%) y ogrocy Ha MJT_ (41.9£13.7%),
a/Iy HeMa CTAaTMCTUYKM 3HavajHe pasnuke. M. gluteus
maximus Takobe je aktusHujm y MJ[  (33.3+16.3%)
y OffHOCYy Ha M)ICy (30.9£15%), anu Takobhe He 1O-
CTOjM CTATUCTUYKM 3HayajHa pasnmka. Pesynrarnm
jemHO(aKTOpCKe aHamM3e BapujaHCe ca IIOHOBJbE-
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HUM MepemMMa I0Kasyjy fa y YKYIIHOj KOIMYMHU
aKTMBaIVje MAMMNHIX I71aBa 3ajbe JI0Ke HaTKoJIe-
HIIIe He IIOCTOjU CTaTUCTUYKY 3HayajHa pasimka. Y
MJ,  m. semitendinosus nokasyje Behy akTumsanujy
(27. 3+12. 7%) y OZHOCY Ha MII (22.9£8.3). M. biceps
femoris caput longum npema ,T.IO6I/I]€HI/IM pesynraru-
Ma je Buie akTuBupan y MJ[  (48.5+11.3%) nero y
MJI, (44.9%15.5%).

OUCKYCUJA

LIn/b oBOT MCTpaXKMBama je 610 Ja ce JOJaTHO YT-
BpZe pasynke u3Meby iBe BapyujaHTe TeXHMKA MPTBOT
[iM3arba — KOHBEHIIVIOHAJTHE Y CYMO — U TO M3 yI/Ia KIi-
HeMaTyKe, KMHeTHKe U elleKTpoMuorpaduje. Yopak
UCIIUTAaHMKA YMHWIO je 9 GU3NYKY aKTUBHMX 0C0b6a
MYIIKOT Tona. VICnuTaHMLIM Cy MOAM3ANMU TEXMHY
Tera NpUOMDKHY BIUXOBOj TeecHoj Macu. Hamsme-
HUYHO ce onTepeheme nM3ano jeqHOM, Ia Jpyrom
TEXHUKOM, HAKOH CBaKe cepuje. YKYIHO je paheHo 3
cepuje fusama onrtepeherma ca 3 KOHTpO/CaHA TOAM-
3amba ¥ CIYILITamba y OKBUPY jegHe cepuje (3 cexyHpe
KOHI[EHTPIMYHA U 3 CeKYH/e eKCIeHTpu4Ha ¢asa). Ox
KIMHEeMaTWYKNUX Bapyjabmyu kopuirheH je yrao Tpyma y
OJIHOCY Ha XOPM3OHTAITY, yTao y 3T7100y KyKa ¥ yTao y
3rno6y konena y JIO u KII nmosumuju, 3aTum aMIm-
Tyze y JIO-KII u KO-JIII npenasy, Kao 1 BepTUKaTHA
npebenn nyt tera. Op KMHETUYKMX Bapujabmm Ko-
puithen je m3BpiieHn Mexanmdku paj. [Ipahena je
KO/IM4YMHA MUIINHe aKTuBanyje 3a m. erector spinae
(L3-L4), m. gluteus maximus, m. vastus medialis, m.
vastus lateralis, m. rectus femoris, m. biceps femoris
caput longum i m. semitendinosus.Teopujcku 3Hauaj
OBOT MCTPaXXMBama Ce OI7Nefja Y BeroBOM JJOIPIHO-
Cy U Ipoay6/pMBamy oBe MpobIeMaTuke, ¢ 0631poM
7ia je pabeHo ApyraumjoM MeTORONOTHjOM MUCTPAXKM-
Bama. C Jpyre cTpaHe, MPaKTWYHM 3HAYAj OBOT NC-
TpaXkyBama OIlefa ce y MOryhHOCTM IIaHupamwa 1
IpOrpaMupama CIOPTCKOT MM PEeKPeaTHBHOT Tpe-
HaXHOT TIpolieca 13 yIya 6upama ofroapajyhe rex-
HIUKe Jiu3ama onTepeherma.

Y cxmafy ca J[OCafallibUM  MCTPAXMBABMMa
(Cholewicki et al., 1991; McGuigan & Wilson, 1996;
Escamilla et al., 2000) u y oBoM mcTpakuBamy fo-
OujeHn cy pe3ynTaTy Koju 1mokasyjy aa je y JIO mosu-
I[Yj}1 yTao TPyIa y OHOCY Ha XOPM30HTA/Ty 3HA4ajHO
Behu mpunukom fusamwa ontepeherma MI[ Ta-
kobe, yrao y 3rno6y Kyka je sHa4ajHO sehu, 3a pas-
JIMKY Off Jocajalmux ucrpakmpama (McGuigan &
Wilson, 1996), ok yrao y 3rmo0y KojleHa IIOKasyje
TeHJeHLNjy fa 6yne 3HadajHO Mamy. Y KII moswumujn
3HauajHa pasnuka je npumehena y yrry Tpyma y on-
HOCY Ha XOPU3OHTAJIy M YINIy y 3I700y KyKa, Ije je

OpeTKIOH TpymoM y M][ ¥ mabe 3HAYajHO Mambi.
CBu 0BM pesynTaTy TOBOpE y IPUJIOT TOME Jia Y OK-
BUPY MCTUX MCIUTAHMKA 3ay3MMaibe fiBe II0YeTHe
nosnuuje 3a ausame onrepehema 1Majy Be 3HaUaj-
HO pasnuuaute Gopme, alu Ja ce pasiamKe MPaKTUd-
HO ITOHMINTABAjy KPO3 aMIUIUTYMY IIOKPETa Kaja je y
NUTaby 317100 KOJIeHa, amy He U 317100 KyKa. Y mpu-
JIOT TOMe TOBOpe U pPe3yNATaTy OBOT MUCTPaKMBambha 110
KOjuMa 3Ha4ajHa pasjMKa y aMIUIMTy[amMa IOCTOju y
3rno6y xyka ox KII o JII] mosuiuje n TeHeHIja Ka
3HAYajHOj pasnuum y yKynHoj ammntynu of JIO mo
JIIT nosunyje. IIpakTM4HO, IOYETHE pa3/MKe KOoje I10-
CTOj€e OCTajy U Y IPEIasHO]j IO3ULjI YCIIeNl HESHATHO
Manux pasnukay ammmntyau ofi J1IO go KII nosunuje.
C mpyre cTpaHe, TeH/IeHIIMja Ka 3HA4ajHOj pasiuuy y
317100y KOJIeHa y I0YeTHOj IMO3ULVjU Ce IPAKTUIHO
MOHMIITABA KPO3 aMIUIUTY/Y y HPeIasHoj O3] M.
Cae OBe pas/Ke y aMIUINTYAaMa 110 oAroapajyhum
¢dasama cy yTunaze Ha II0jaBy 3Ha4ajHe pasymKe y
YKYIIHOj aMIUIUTYAM y 317100y KyKa ¥ TeHIEHIN)Y Ka
3HA4YajHOj pasjmIy y 31100y KOJIeHa.

Y ckmapy ca ncrpaxuBawuma (Escamilla et al.,
2001) pobmjeH je cnMIaH pe3ynTaT IO KOME je BEepTH-
xanuu npehenn myr Tera Behu y MJ  y omHOCy Ha
M,[[ 3a 16%, 1mITO ce U MOXe HpeTHOCTaBI/ITI/I aHa-
JIM30M CAMOT TIOYeTHOT NOTIOXKaja — IMPU CTaB, YXKe
IIOCTaB/beHEe PYKe, HIDKe TEeXUILNTEe Tela MPUINKOM
nofiusama onrtepehewa MJI ,» @ CAMIM THM I MaKCH-
MaJIHa BUCHHA IO Koje ce Ter mogoKe. CaMuM TUM,
c 0031poM fia je obeMa TeXHMKaMa IIOfM3aHA MCTA
TEeXXVHA, U3BPIIEH MEXaHUYKM paji je Takohe 3Ha4aj-
Ho Behm mpunmkom mopmsama omrepehema MI .
Jlobujen je mopmaTak fja je M3BpIIEH MeXaHMYKM Paf
3a 25-30% Behm mpunmkom mopusama onrepeherma
M]], vy omHOCY Ha M,[[ (Escamilla et al., 2001). C
Ipyre CTpaHe, OIIITE je 103HaTO Jia ce reHepaHo y
HajBehem 6pojy crmydajeBa Beha TexkmHa MoXKe caB-
nmapati npumerom MJI , ma 6u Moxya Kopumrheme
PasIMUUTHUX TeXMHA Tera JOBeIO U JO CIMYHUX pe-
3ynTara.

Kapa je peu o enekrpommorpadckum pasimkama
usMmely TexHuKa nM3ama, jefyHa 3HAYajHA pa3yMKa
je mpumehena usmehy mMepujanHe 1 maTepanHe ImaBe
m. quadriceps femoris-a, IITO je y car/TaCHOCTY Ca VIC-
tpaxusamyuMa (Escamilla et al., 2001). C gpyre cTpa-
He, U3 rpadukoHa 1 ce jacHO BUAM Ja ce MOCTypa-
HU naHay (m. erector spinae, m. gluteus maximus, m.
semitendinosusu m. biceps femoris caput longum) y uie-
JIMHY BUIE UCIIO/baBa pymukom MI , ann j1a pas-
nMKa Huje 3HadajHa. Haume, pasnmka op 4.7 crenena
y 3m106y kyka y JIO nmosunuju, a caMuM TUM U IIO-
JeTHa JIy>KIMHA JIMjarOHATHO MOCTaB/beHor m. gluteus
maximus-a MOXJja ¥ HMje JOBOJbHA Jla Ce MCIIOJbU
pasnmKa y 1beroBoj akTuBauuju. Pesynrartu rosope y
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IPUJIOT TOME fIa CaM IOYeTHM II0JI0Kaj I MEeXaHUYKI
YC/IOBU Y BUJIy KpaKoBa Ci/Ia CIIObHMX onTepehema
3aIIpaBO yCIIOB/baBajy caMe elleKTpoMuorpadcke pas-
nuke n3Mely TexHmKa, Tako fa Behy npeTKIOH Tpyma
VLU Mamby YTao y 317100y KoJleHa ycnosjbaBa Behe nc-
[0/baBalbe arOHMCTUYKNUX U CMHEPIUCTUYKUX U3BP-
IIOLIA OIPY>Kama Y JATUM 3I71000BMMa.

Pesynratu oBOr MCTpakuBama uMajy u oppebe-
He NpaKTMYHe VIMIUIMKAILMje Y OKBMPY IUIAHMparba
TPEHMHTA, TAaKO HIIP. KOJ OYeTHMKA, IIPYMEeHa 6110
KOje TexHVKe he CBakako MMaTU BeMKU TPEHaXHU
edekar, anu 61 reHepaHa IIperopyka 6ma npuMeHa
M]I  Ha 0YeTKy TPEHAXKHOT Mpolleca yCye]| moTpe-
6e 3a BehuM pasBojeM moCcTypamHUX MUMIMDHIX TPY-
Ia, a CaMMM TUM ¥ CTaOVIHOCTU TPyIa y KaCHUjUM
(hazama TpeHaXKHOT mpolieca ca Behum onrepehemem.
C ppyre cTpaHe, y pexabMINTalMOHOj IMPaKCU, KOJ
IPUCYCTBa MOBpefe win omrtehemwa MojefHNX 3I710-
60Ba (HIp. 3r1006a KOMeHAa) TPeHAKHM Tpoliec O6u
Tpebano ycmeputn Ka mpumenu MJT _, jep je ammm-
TyAa y 31100y KoJleHa HelITo Mama 1 onrtepeheme ce
caBjajaBa 13 HEIITO IOBO/bHUje mosunyuje (0OpHY-
TO OM BaXWIO YKOIMKO je MPUCYTHA MOBpefia HIIP.
nomer fiena neha, Tako ja 6u mpenopyka 6mna npu-
mennTy M]I )

Kako 61 ce oBa npo6eMaTyKa jou 06jeKTUBHIje
carjiefiajia M Ha METOJO/IOIIKY HajYCIIPaBHM)jY HA4NH,
y HekoM off 6ynyhux ucTpakuBama, 3Ha4ajHO Ou Tpe-
6ano mpuMeHuTH Ha BeheM Opojy ncnuTaHuKa pena-
TBU3anujy onTepehema y ofHOCY Ha 1 peneTUTUBHI
makcuMyMm (1PM), ymecTo Mace Tera koja je mpm-
O/1VDKHA Macy UCIIUTAHVKA, 3Hajyhu fa /byam momase
ca Pas3IMYNUTIM CaCTaBOM y OKBMPY MCTUX Maca Teja
U Jia ce reHepanHo y HajseheMm 6pojy cinydajeBa Beha
TeXXIMHA MOXKe CaBIafaTy MI[ Moxga 61 ce oBak-
BUM METOJOJIOIIKIM HpI/ICTYI'IOM mobuie 3HaYajHMje
pasimuke usMehy HIp. HuBoa HeypoMmminnhHe akTH-
Balllfje IOCTypanHux Muiunha.
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3AK/bYYAK

Pesynratu oBor mcTpakmpama IOKasyjy fa cy
mobujeHe 3Ha4YajHe pas/MKe y MOYETHUM YIIOBHUM
nosunyjamMa y cBuM npaheHum 3ri1060BuUMa, Kao u
Yy IpelasHoj NO3ULUjU Kafia je y IUTaky yrao Tpy-
IIa y OIHOCY Ha XOPU3OHTA/y U yTao y 3I7100y KyKa.
Yrao Tpymna y ofHOCY Ha XOPM3OHTaly U YIao y 3I710-
6y kyxa cy Behux Bpegroct kog M1, oK je yrao y
3rno0y konena ehu xog MJI TaKOI')e, nobujene cy
3HavajHe pasnuke usMmeby TeXHIKa y aMIUIUTyJaMa y
3rno6y kyka y KII-JII] dasu u yKynmHOj aMInmTysu u
y 3100y Konnena y JIO-KII ¢asu u yKynHoj aMmnTy-
mu. AMmyntype y stno6y kyka cy sehe kog M1, ok
CYy aMIUIUTYfe y 31706y KoneHa Behe kop MI[ Ns-
BpIIEH) MEXaHWYKY pajl je 3Ha4ajHO Behn HpI/UII/IKOM
nofiusama onrtepehewa MJI . AxTuBauuja menujan-
HUX M JIaTepajIHUX I7IaBa m. quadriceps femoris-a je
CTaTUCTUMYKM 3HA4ajHO Beha mpmimkom mopmsama
ontepehema MJ_, a akTuBaipja nocTypamHmux MuLi-
nhHux rpymna (m. erector spinae, m. gluteus maximum,
m. semitendinosus u m. biceps femoris caput longum)
je Beha mpmamkom mnopmsama omrepehema MJI
any He M CTaTMCTUYKMU 3HadajHo. CyrepucaHo je 1o-
Hap/bakbe UCTPAXIBaba Ha BeheM 6pojy ncnmranmka
¥ IPMMEHOM pelaTUBMU3aNyje CBaKe Off TEXHUKE Y OfI-
HoCy Ha 1 penetutuBHM MakcumyMm (1PM).
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Abstract

Deadlift is a measure of the overall strength of the whole body
and it is one of the three exercises in the powerlifting competition.
There are conventional and sumo variant of deadlift. The aim
of this study was to determine the differences between the two
lifting techniques from the aspect of kinematics, kinetics and
electromyography. Nine physically active men, average age 29.1 +
3.3 years, body height 181.0 £ 1.0 cm, body weight 82.3 + 13.3 kg
and body mass index 25.0 + 3.8 kg/m?* were recruited for this study.
Each subject lifted weight close to his own body weight with three
repetitions, in three series, for each of the techniques. The speed
of one lift was 3 seconds for each of the phases (concentric and
eccentric). The angles and amplitudes for the following figurative
points were monitored: trunk in relation to the horizontal plane
(angle), center of the hip joint and center of the knee joint in the
“liftoft” (LO - position in which the weight separates from the
ground) and “knee passing” (KP - position in which the weight
passes in front of the knee position), i.e. in the liftoff-knee passing
(LO-KP), knee passing-lift completion (KP-LC; LC - final, i.e.
completely upright body position) and liftoff-lift completion (LO-
LC) phase. The mechanical work was monitored as a one of the
kinetic variables. Electromyographic activity was monitored for
the following muscles: m. vastus medialis, m. vastus lateralis, m.
rectus femoris, m. gluteus maximus, m. erector spinae (L3-L4),
m. semimembranosus and m. biceps femoris caput longum. The
monitored electromyographic variable was the average normalized
amount of muscle activation in relation to maximal voluntary

contraction, for all 18 individual deadlift repetitions (3 series x
3 repetitions x 2 techniques). One-way analysis of variance with
repeated measurements (for the amount of muscle activation and
performed mechanical work) and two-way analysis of variance
with repeated measurements (for angles and amplitudes) were
used for statistical data processing. Significant differences were
found between techniques in the initial angular positions in all
monitored joints (p<0.05), except for the angle in the knee joint
where the trend was observed (p=0.0996), as well as in the transit
position for the trunk angle relative to the horizontal plane and
angle at the hip joint (p<0.05). There was a statistically significant
difference between techniques in amplitudes in the hip joint
during KP-LC phase (p<0.05) and total amplitude (p<0.05), as
well as in the knee joint during LO-KP phase (p<0.05) and total
amplitude in the form of a trend (p=0.0996). The performed
mechanical work is significantly higher when lifting the load with
the conventional deadlift technique (DL ) (p<0.05). Activation of
medial and lateral heads of m. quadriceps femoris is significantly
higher (p<0.05) when lifting with sumo deadlift technique (DL_).
It was noticed that activation of postural muscle groups (m.
erector spinae, m. gluteus maximum, m. semitendinosus and m.
biceps femoris caput longum) is higher when lifting the load with
DL _ , but not significantly (p>0.05).

Keywords: MUSCLE ACTIVATION / MECHANICAL WORK /
JOINT ANGLES / STRENGTH TRAINING
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Resumen

El peso muerto es una medida de la fuerza general de todo el cuerpo
y es uno de los tres ejercicios en la competencia de levantamiento
de pesas. Hay variante convencional y de peso muerto sumo. El
objetivo de este estudio fue determinar las diferencias entre las dos
técnicas de levantamiento de pesas desde el aspecto cinematico,
cinético y electromiografico. La muestra estuvo conformada
por 9 hombres fisicamente activos, de edad promedio 29,1 + 3,3
afos, de talla 181,0 + 1,0 cm, de peso corporal 82,3 + 13,3 kg y
de indice de masa corporal 25,0 + 3,8 kg/m2. Cada encuestado
levanté un peso cercano al suyo, a través de tres repeticiones,
en tres series, para cada una de las técnicas. La velocidad de un
ascensor fue de 3 segundos para cada una de las fases (concéntrica
y excéntrica). De las variables cinematicas, fueron monitoreados
los 4ngulos y amplitudes para los siguientes puntos figurativos:
torso con relacion a la horizontal (4ngulo solamente), centro
de la articulacién de la cadera y centro de la articulacién de la
rodilla en “lift-oft” (LO - posicién en la cual el peso se separa
del suelo) y posicion de knee passing (KP - posicion en la que
el peso pasa por delante de la rodilla), es decir, en la posicién
lift-off-knee passing (LO-KP), knee passing-lift completion (KP-
LC; LC - posicién del cuerpo final o completamente erguida) y

INTRODUCTION

One of the most applicable exercises for improving
absolute power, power in speed, rate of force devel-
opment and trunk stability is the “deadlift” exercise.
Deadlift can be a measure of general strength, max-
imum or repetitive strength of the whole body and it
is one of the three exercises in powerlifting compe-
tition (McGuigan & Wilson, 1996). The goal of this
discipline is to lift as much weight as possible, and
it also includes the exercises like “squat” and “bench
press”. Some of the benefits of using this exercise are
improved joint stability, better performance of sports
skills and the development of overall strength and
power (Mannie, 1997).

The two most popular variants of the deadlift are
sumo (DL ) and conventional (DL_ ). DL_ is de-
scribed as a variant with a wide stance, a divergent foot
position with extended arms holding the bar between
the knees (Piper & Waller, 2001). In DL_, the stance
position is shoulder-width apart, while the extended
arms hold the bar on the outside of the knees.

So far, a large amount of research has been con-
ducted on the subject of differences between different
variants of deadlifting. Namely, the differences be-
tween DL_ _and the “romanian” variant of the deadlift
(Lee et al., 2018) and the differences between the DL-
., and the deadlift variant with fully extended knees
(Bezerra et al., 2013) were examined. Also, the group
of authors studied the differences between the DL_
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fase lift-off-lift completion (LO-LC). De las variables cinéticas se
monitore6 el trabajo mecanico realizado. Se controld la actividad
electromiogréfica de los siguientes musculos: m. vastus medialis,
m. vastus lateralis, m. rectus femoris, m. gluteus maximus, m.
erector spinae (L3-L4), m. semimembranosus y m. biceps femoris
caput longum. La variable electromiogrifica monitoreada fue
la cantidad promedio normalizada de activacion muscular en
relacion con la contraccién voluntaria maxima, para todas las 18
repeticiones individuales de peso muerto (3 series x 3 repeticiones
x 2 técnicas). Para el procesamiento de datos estadisticos se
utilizaron analisis de varianza de un factor con mediciones
repetidas (para la cantidad de activacion muscular y trabajo
mecanico realizado) y andlisis de varianza de dos factores con
mediciones repetidas (para dangulos y amplitudes). Se obtuvieron
diferencias significativas entre técnicas en las posiciones angulares
iniciales en todas las articulaciones monitoreadas (p0,05).

Palabras clave: ACTIVACION MUSCULAR / TRABAJO
MECANICO / ANGULOS EN ARTICULACIONES /
ENTRENAMIENTO DE FUERZA

with the Olympic and hexagonal bar (Andersen et al.,
2018, Camara et al.,, 2015, Lake et al., 2017, Swinton
et al., 2011). The differences between deadlifts with
different grips (Krings et al,, 2019), comparations
between deadlifts with front and back squats (Korak
et al., 2018, Hamlyn et al.,, 2007), and differences be-
tween classic deadlift and deadlift with added chains
(Nijem et al., 2016) were also examined.

One study examined the kinematic differences be-
tween front and back squats and DL__and DL_ (Kas-
ovic et al.,, 2019) on 24 men and women. The variables
were average speed of concentric contraction (SCC),
peak speed of concentric contraction (PCC), and line-
ar weight path (LWP). The results obtained show that
at all load levels (from 30% to 100% of 1RM with an
increase of 10% per series) LWP was higher in DL _.
SCC differed significantly at 80-89% 1RM, 70— 79%
IRM, and 40-49% 1RM. In accordance with these
findings, it was suggested to determine the individual
profiles of the relationship between weight and lifting
speed, both for the front and back squats, and for the
conventional and sumo variants of deadlift.

According to another study that examined the kin-
ematic differences between DL _and DL_ (McGuigan
& Wilson, 1996), it was claimed that in the “liftoff”
position (LO - the position in which the weight sep-
arates from the ground), the angle at the knee joint is
larger in DL_ . On the other hand, the trunk makes a
larger angle with the horizontal in the DL, as well as
the angle at the hip joint. From the LO to the “knee
passing” position (KP - the position in which the
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weight passes in front of the knee) in DL_ , a higher
amplitude of trunk extension was measured in com-
parison to DL_. Also, many authors (Cholewicki et
al,, 1991, McGulgan & Wilson, 1996, Escamilla et al.,
2000) obtained results in which the trunk forms a sig-
nificantly smaller angle with the horizontal in the DL-
., in comparison to the DL_ at the LO position.

The wider stance posmon in the DL made the
weight distance traveled to be significantly smaller,
and thus also the mechanical work. According to re-
lated researches (Escamilla et al., 2001) on the study
of the biomechanical characteristics of DL and DL_ ,
it was found that the vertical weight distance trave-
led, normalized to height of the subjects, was 20-25%
h1gher in MD__ in comparison to DL_, from LO to

“lift completlon position (LC - final, completely up-
right body position). Based on that, the mechanical
work done was 25-30% higher using DL__

In the literature exists another research with the
aim of examining the differences between techniques
in terms of electromyographic activity (Escamilla et
al., 2002). They studied the activation of the lower leg
and upper leg muscles, extensors in the hip joint and
spine extensors. According to results, only m. vastus
lateralis and m. vastus medialis achieved statistically
significant higher activation during DL_, while during
DL_ extensor muscles in the hip joint and spine ex-
tensors were more active but without statisticaly sig-
nificant dfferences. In summary, DL__has a stronger
motor recruitment of the posterior chain (m. biceps
femoris caput longum, m. semitendinosus, m. gluteus
maximus, m. erector spinae), while the load in DL_ is
mainly transferred from the lower back to m. quadri-
ceps femoris (Escamilla et al., 2002).

In relation to all the above studies and the variables
used in them, the aim of this research is to examine the
kinematic, kinetic and electromyographic differences
between the conventional and sumo variants of dead-
lifting technique, assuming that there are significant
differences in individual variables. In other words,
the purpose of this research is to comprehensively de-
scribe two lifting techniques and to define how each
of the techniques affects the muscles engagement of
the locomotor system. Theoretical significance of this
paper is a contribution to previous researches that has
dealt with this issue, while the practical significance
of this paper is the possibility of choosing one of the
techniques for specific tasks in the sports training pro-
cess or recreational exercise.

METHOD

Research protocol

The research was conducted in the training and
diagnostic center “PROFEX - Academy of Healthy
Living” in Belgrade. The research protocol consisted
of introducing the research goals and tasks to the
subjects, followed by the basic anthropometric
and morphological measurement, warm-up and
preparation of the locomotor system, familiarization
with the testing protocol and testing, i.e. sampling of
kinematic, kinetic and electromyographic variables
during lifting with DL__(Figure 1) and DL_ technique
(Figure 2). All procedures were performed on the
same day.

Figure 1. Deadlift — Conventional technique at LO, KP and LC position.
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Fgure 2. Deadlift - Sumo technique at LO, KP and LC position.

Subjects were instructed to arrive without food and
water consumption for at least one hour prior to test-
ing, and not to have intense physical activity that day.

Basic anthropometric and morphological meas-
urement included the measurement of body height,
body mass and body mass index. Body height [m] was
measured using a digital altimeter BSM170 from the
Arab Engineers company and body weight [kg] using
an InBody770 digital scale from South Korean InBody
company. Body mass index [kg/m?] was obtained by
dividing mass [kg] by the square of height [m?].

The warm-up procedure of the locomotor system
was performed on the treadmill for 6 minutes. Sub-
jects walked at the first and last minute at the speeds
between 5.5 and 6.0 km/h, while in the meantime,
they ran at the speeds between 11 and 13 km/h.

The general preparation of the locomotor system,
following the basic principle of the exercise sequenc-
ing - “from head to toe”, was consisted of static and
dynamic stretching and muscle toning for 8 minutes.

Within the familiarization with the testing proto-
col, the subjects were informed in detail with the re-
quirements of the proper deadlift technique - simul-
taneous extension in the knee and hip joint, forced
abdominal contraction, exhalation during weight lift-
ing, constant maintenance of neutral spine position,
controlled movement duration in one direction for
3 seconds, maintenance of upright posture and con-
trolled lowering of the weight on the ground after each
repetition. The weight used was 20 kg (Olympic bar).

The specific preparation of the locomotor system
involved deadlifting, primarily with the weight re-
duced by 20 kg, and then by 10 kg from the one that
was used during main testing. The number of repeti-
tions was decreasing — first 8 and then 6, respectively
for each of the serial. The preparation was done first
with DL_ , and then with DL_ technique.
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The short relaxation procedure involved thight re-
laxation, as well as passive stretching of the m. quadri-
ceps femoris and hamstrings. The duration of this pro-
cedure was 3 minutes.

The testing protocol involved sampling of kine-
matic, kinetic and electromyographic variables ac-
cording to the established procedure. The protocol
included the placement of electrodes, measurement
of the maximal voluntary activation of muscles whose
electromyographic activity was monitored during the
main testing, and placement of markers for movement
tracking.

The measurement of maximal voluntary activation
was performed according to previous recommenda-
tions of the available literature (Criswell, 2010; Bar-
bero et al., 2012). The electrodes were placed on the
muscle belly and in the direction of muscle fibers path.
The electrodes are fixed using adhesive tape. Firstly,
a gradual increase in the voluntary effort for 2-3 sec-
onds was required from subjects. Then, the applica-
tion of the maximal manual external resistance was
required for 5 seconds and finally a gradual decrease
in the voluntary effort and manual external resistance
for 2-3 seconds.

The electromyographic activity of the following
muscles on the right side of the body was analyzed:
m. erector spinae (L3-L4), m. gluteus maximus, m. vas-
tus medialis, m. vastus lateralis, m. rectus femoris, m.
biceps femoris caput longum and m. semitendunosus.
For the analysis of kinematic and kinetic variables,
“X” markers shape were placed on the following sites:
center of bar, ankle joint, knee joint, hip joint and
shoulder joint. Markers are placed on the left side of
the body.

The weight for each subject was approximately the
same as the body weight of the subject itself. The num-
ber of series and repetitions within the series was 3.
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The application of DL and DL _ technique alternat-
ed after each serial. The technique involved lifting the
load from the LO, through the KP, to the LC position.
The duration of the concentric and eccentric phases
was 3 seconds each with the 3-second pause between.
The pause between series was 2 minutes. Criteria for
the proper deadlifting technique were all the key de-
tails listed in the familiarization of the subjects with
the testing protocol.

The long relaxation procedure involved detailed
stretching and ice frictional massage of the leg mus-
cles. The duration of this procedure was 10 minutes.

Subjects

The sample of subjects consisted of 9 physically
active males. The basic age, anthropometric and mor-
phological characteristics can be seen in Table 1.

Table 1. Age, anthropometric and morphological characteristics of the subjects (n = 9) presented with
the mean value, standard deviation and coefficient of variation.

Age BH [cm] BW [kg] BMI [kg/m?]
Mean 29.1 181 82.3 25.0
Standard deviation 33 1 13.3 3.8
Coeflicient of variation [%] 11.2 2.9 13.3 15.2
Note: BH - body height; BW - body weight; BMI - body mass index.
Table 1 shows that the sample of subjects is ex- Electromyography

tremely homogeneous in its basic age, anthropomet-
ric and morphological characteristics, which justifies
their usage for the purpose of this research.

Sample of variables and method of their
measurement

Kinematics

In the characteristic positions and phases, the
angles [°] and amplitudes [°] were recorded for the
following figurative points: trunk in relation to the
horizontal plane (angle), center of the hip joint and
center of the knee joint. The center of the ankle and
the center of the shoulder joint were used to define the
longitudinal axes that define the angles in the joints of
research interest. Angles were recorded and compared
in the LO and KP positions. Amplitudes were record-
ed in the LO-KP, KP-LC and LO-LC phases. Also, to
calculate the kinetic variable (performed mechanical
work), vertical distance traveled [m] was monitored
by tracking the movement of the center of the bar. All
variables were processed in Kinovea motion analysis
software, version 0.8.15.

Kinetics

The performed mechanical work [Nm] in one lift-
ing was calculated by multiplying the vertical distance
traveled [m] by the weight of the bar.

The average amount of muscle activation normal-
ized to the maximal voluntary contraction during the
concentric and eccentric phases was monitored, for
all 18 individual lifting repetitions (3 series x 3 rep-
etitions x 2 techniques), separately for all muscles.
The analysis took into account only repetitions that
meet the criteria of proper technique and duration of
movement, as well as repetitions with “clean” EMG
signals. The separation of the concentric and eccentric
phases was clearly noticeable by the pause between
lifting and lowering of the weight. The maximal vol-
untary activation and the amount of muscle activation
were expressed as the average area of the rectified and
smoothed EMG signal using the “root mean square”
algorithm for raw EMG signal processing. The win-
dow length used was 0.1s and the window overlap
was 0.08s. Delsys Trigno telemetry sensors were used
to monitor EMG muscle activity. The data were pro-
cessed in EMGworks software. All used e quipment
was from the American company Delsys.

Statistical data analysis

The results are presented using descriptive and
comparative statistics. Of the descriptive statistical pa-
rameters, the mean value and standard deviation was
used, and of the comparative analysis of variance with
repeated measurements (ANOVA).

To determine the influence of two factors - the
weight position and the applied technique - on the
kinematic variables (angles and amplitudes), the re-
sults were analyzed by two-way analysis of variance
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with repeated measurements (2 positions x 2 tech-
niques). The differences between the two techniques
in vertical weight distance traveled and performed
mechanical work were calculated using one-way anal-
ysis of variance with repeated measurements. The dif-
ferences between the two techniques in electromyo-
graphic activity were calculated using one-way analy-
sis of the variance with repeated measurements. If the
analysis of variance showed a significant influence on
the interaction of two factors on one of the monitored
variables, the analysis of simple influences was done,
within which the influence of technique change was
analyzed, for each weight position (both LO and KP).

Statistical data processing was performed in the
SPSS data processing program, version no. 17. The
P-value for determining statistically significant differ-
ences was set to <0.05.

RESULTS

Kinematics

Tables 2 and 3 show the basic descriptive statistical
parameters for the trunk angle in relation to the
horizontal plane, the angle in the hip joint and the
angle in the knee joint in the LO and KP position.

Table 2. Basic descriptive statistical parameters for the trunk angle in relation
to the horizontal plane, angle in the hip and knee joint in the LO position, for

DL and DL_ technique.

Trunk angle in
relation to the Hip joint Knee joint
horizontal plane angle [°] angle [°]
[°]
Lo, 23.643.5 52.1+3.4 106.5+7.5
LO_ 40.5+4.8* 56.843.6* 98.7+11.2°

Note: The P-value was set to <0.05. * - statistically significant difference in
comparison to DL_ ; # - tendency towards statistically significant difference.

Table 3. Basic descriptive statistical parameters for the trunk angle in relation
to the horizontal plane, angle in the hip and knee joint in the KP position, for

DL__and DL_ technique.

Trun'k angle in Hip joint Knee joint

relation to the e [°] e []

horizontal [°] ang'¢ ang'¢
KP“m 41.0+£3.0 94.0+5.8 142.2+6.0
KPsu 50.6+3.2* 100.0+5.0% 141.8+7.2

Note: The P-value was set to <0.05. * - statistically significant difference in
comparison to DL_ ; # - tendency towards statistically significant difference.

The results show that the difference in the trunk
angle in relation to the horizontal plane between
techniques is statistically significant, both in the LO
and KP position (p<0.05). In both positions, the DL |
trunk makes a larger angle with the horizontal plane.
Also, a statistically significant difference in the hip
joint angle was observed between the techniques in
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the LO and KP position (p<0.05). In the LO position,
the angle at the hip joint was larger when lifting the
weight using DL  technique. The angle in the knee
joint showed a trend towards statistically significant
difference between techniques in LO (p=0.0996), but
not in the KP position. In the LO position, the angle
at the knee joint was higher when lifting with DL_
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Table 4. Results of two-way analysis of variance with repeated measurements for the trunk angle in
relation to the horizontal plane, angle at the hip and knee joint between DL_ and DL technique

in LO and KP position.
Positliglr)l)(LO/ Techni]()]]l:ell )(DLm/ Interaction
P<0.01 P<0.01 P<0.01
Trunk angle in relation to the horizontal F=32199 F=258.71 F=54.09
Df=1 Df=1 Df=1
PES=0.98 PES=0.97 PES=0.87
P<0.01 P<0.01 P=0.289
F=1180.45 F=82.54 F=54.09
Hip angle
Df=1 Df=1 Df=1
PES=0.99 PES=0.97 PES=0.14
P<0.01 P=0.01 P<0.01
Knee angle F=537.86 F=10.79 F=24.75
Df=1 Df=1 Df=1
PES=0.98 PES=0.57 PES=0.76

Note: The following statistical parameters for the effect of position, techniques and their mutual
interactions are presented: P-value, F-value, Df — degrees of freedom and Partial eta square (PES) -
influence of the variable; Any P-value less than 0.05 was taken as statistically significant.

From Table 4 it can be seen that the angle of the
trunk in relation to the horizontal plane was signifi-
cantly affected by the position of the weight and the
performed technique. In other words, their interac-
tion is statistically significant (p<0.01). Post-hoc anal-
ysis with Greenhouse-Geisser corrected T-test found
a statistically significant difference in the position of
the trunk in relation to the horizontal plane between
DL and DL_ technique in the LO position (p<0.01,
Df=8, t=15.5), between LO and KP positions for DL,
technique (p<0.01, Df=8, t=-8.37) and for DL tech-
nique (p<0.01, Df=8, t=-40.07). Statistically 51gn1ﬁ—
cant difference was also found between DL _ and DL,
technique in the KP position (p<0.01, Df=8, t=11.98).

The hip joint angle did not show statistically signif-
icant interaction between the influence of the weight
position and the deadlift technique (p=0.29), because
trend in its change was similar. Two different tech-

niques affect the change of the variable equally, both
in LO and KP positions. In addition, there was sta-
tistically significant difference both in the position of
the weight (p<0.01, Df=1) and between performance
techniques (p<0.01, Df=1).

The angle at the knee joint also showed statisti-
cally significant interaction of the weight position
and the deadlift technique (p<0.01). The difference in
technique at LO position was statistically significant
(p<0.01, t=4.05, Df=8). Different techniques in KP
position, on the other hand, do not differ significantly
(p=0.65, t=0.52, Df=8). The transition from LO to KP
position showed statistically significant differences in
the knee joint angle and DL_ (p<0.01, t=-20.01, Df=8)
and DL_ techniques (p<0.01, t=-32.09, Df=8).

Tables 5 and 6 show the total amplitudes during
lifting phases in the hip joint, i.e. in the knee joint.

Table 5. Amplitudes in the hip joint in LO-KP phase, KP-LC phase and

total amplitude from LO to LC [°].

Hip LO-KP [°] KP-LC [°] LO-LC []
DL__ 41.9+4.9 86.0+5.8 127.943.4
DL_ 43.3+3.4 80.0+5.0* 123.243.6*

Note: The P-value was set to <0.05. * - statistically significant difference

difference.

in comparison to DL_; # - tendency towards statistically significant
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Table 6. Amplitudes in the knee joint in LO-KP phase, KP-LC
phase and total amplitude from LO to LC position [°].

Knee LO-KP[°] | KP-LC[’ | LO-LC I
DL_, 36.1+4.9 37.445.4 73.5+7.5
DL 43.2:6.5* 38.247.2 81.3:11.2¢

Note: The P-value was set to <0.05. * - statistically significant
difference in comparison to DL_ ; # - tendency towards statistically

significant difference.

In Table 5, it can be seen that the extension in the
hip joint did not differ significantly between techniques
in the first (LO-KP) phase, but that it did differ sig-
nificantly in the second (KP-LC) phase. Also, the to-
tal amplitude (LO-LC) differed significantly between
techniques. In Table 6 it can be noticed that the knee
extended significantly more in the first (LO-KP) phase
when lifting the weight using DL_ technique compared

to DL_ technique. In the second (KP-LC) phase, there
was no significant difference between the two tech-
niques, but the total amplitude (LO-LC) showed a trend
towards statistically significant difference (p=0.0996).

Kinetics

Table 7 showed the performed mechanical work
for DL _and DL _ technique from LO to LC position.

Table 7. Performed mechanical work [Nm- Newton meter] for DL_ and
DL_technique, as the product of the vertical weight distance traveled

con

[m-meter] and the weight of the bar [N-Newton].

Vertical ]
distance Weight [N] MeCth:Il;f]l work
traveled [m]
DL_. 0.72%0.05 708.5+107.2 512.4+98.2
DL“l 0.62+0.05 708.5+107.2 441.5+86.2*

Note: Values are presented through their mean and standard deviation. The
P-value was set to <0.05. * - statistically significant difference in comparison
to DL_ ; # - tendency towards statistically significant difference.

One-way analysis of variance with repeated meas-
urements revealed statistically significant difference
in the performed mechanical work in favor of DL_
technique (p<0.01), since the subjects lifted the same
weight with both techniques.

Electromyography

Graph 1 presents a comparative presentation of the
normalized amount of muscle activation, as well as
standard deviations for all tested muscle groups.

20 amount of activation
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Normalized amount of activation [%]

0

RF VL. vM ES GM ST BF

Comparative presentation of normalized
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Graph 1. Comparative
graphical representation
of the normalized amount
of muscle activation in
relation to the maximal
voluntary contraction;

M Sumo

Note: RF - m. rectus femoris, VL — m. vastus lateralis, VM — m. vastus medialis, ES — lumbar part m. erector spinae, GM — m.
gluteus maximus, ST - m. semitendinosus, BF — m. biceps femoris caput longum. Data are presented through their mean and
standard deviation. The P-value was set to <0.05. * - statistically significant difference in comparison to DL_ ; # - tendency

towards statistically significant difference.
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Table 8. Results of one-way analysis of variance with repeated measurements for the amount of muscle activation of different

muscles between DL__and DL _ technique.
m. biceps
m. erector .
m. rectus | m.vastus | m. vastus ] m. gluteus | m. femoris
Muscle . - ..« | spinae . . .
femoris lateralis medialis maximus | semitendinosus | (caput
(L3-L4) ]
ongum)
P=.22 P=.02 P=.03 P=.18 P=.56 P=22 P=.49
F=1.84 F=9.83 F=7.89 F=2.19 F=0.38 F:l 33 F=0.52
Statistical analysis | Df=1 Df=1 Df=1 Df=1 Df=1 D_f—.l Df=1
P. Eta P. Eta P. Eta P. Eta P. Eta P I;ta Sq=0.21 P. Eta
Sq=0.21 | Sq=0.58 | Sq=0.53 | Sq=0.24 | Sq=0.05 - EA G $q=0.07

Note: The following statistical parameters are presented: P-value, F-value, Df — degrees of freedom and Partial eta square —
influence of the variable; Any P-value less than 0.05 was taken as statistically significant.

It can be noticed that the m. quadriceps femoris (m.
rectus femoris, m. vastus medialis and m. vastus later-
alis) showed a higher total amount of activation during
lifting with the DL_ technique. Statistically significant
difference was present in m. vastus lateralis (p<0.05)
and m. vastus medialis (p<0.05), while in m. rectus
femoris was not. The results showed greater activation
of the lumbar region m. erector spinae with DL__(46.6
+19.2%) compared to DL (41.9 + 13.7%) technlque
but with no statistically 51gn1ﬁcant difference. M. glu-
teus maximus was also more active with DL__(33.3 +
16.3%) compared to DL_ (30.9 + 15%) technique, but
there was also no statistically significant difference.
The results of a one-way analysis of variance with re-
peated measurements showed that there was no sta-
tistically significant difference in the total amount of
hamstrings activation. With DL_  technique, m. sem-
itendinosus showed higher activation (27.3 + 12.7%)
compared to DL_ (22.9 + 8.3) technique. According
to the obtained results, m. biceps femoris caput long-
um was more activated with DL__(48.5 + 11.3%) than
with DL_ (44.9 + 15.5%) technique.

DISCUSION

The aim of this study was to determine the differ-
ences between the two variants of deadlift technique
— conventional and sumo - from kinematic, kinetic
and electromyographic perspective. Nine physically
active males were recruited for this study. Subjects lift-
ed the weight that was similar to their body weight.
The load was alternately lifted with the two techniques
after every serial. A total of 3 deadlifting series were
performed with 3 controlled liftings and lowerings
within one serial (3 seconds concentric and 3 seconds
eccentric phase). Used kinematic variables were the
trunk angle in relation to the horizontal plane, the hip
joint angle and the knee joint angle in the LO and KP
position, then the amplitudes in the mentioned joints
during LO-KP, KO-LC and LO-LC phases, as well as

the vertical weight distance traveled. Of the kinetic
variables, the performed mechanical work was exam-
ined. The amount of muscle activation was monitored
for m. erector spinae (L3-L4), m. gluteus maximus, m.
vastus medialis, m. vastus lateralis, m. rectus femoris,
m. biceps femoris caput longum and m. semitendinosus.
The theoretical significance of this research is reflected
in its contribution and deepening of this issue, given
that it was done with a different research methodolo-
gy. On the other hand, the practical significance of this
research is reflected in the possibility of planning and
programming sports or recreational training process
by choosing the appropriate lifting technique.

In accordance with the previous research (Chole-
wicki et al., 1991; McGuigan & Wilson, 1996; Escamil-
la et al., 2000), in this study the results showed that in
the LO position the trunk angle relative to the hori-
zontal plane is significantly higher when lifting the
loads with DL technique. Also, the angle at the hip
joint is significantly larger, unlike in the previous re-
searches (McGuigan & Wilson, 1996), while the angle
at the knee joint showed tendency to be significantly
smaller. In the KP position, significant difference was
observed in the trunk angle in relation to the horizon-
tal plane and in the angle at the hip joint, where the
trunk tilt with DL_ technique was still significantly
smaller. All these results suggest that within the same
subjects, two initial positions for load lifting have two
significantly different forms, but that the differenc-
es are practically canceled through the amplitude of
movement when it comes to the knee joint, but not
to the hip joint. This is supported by the results of
this study, according to which there was significant
difference in amplitudes in the hip joint from KP to
LC position and tendency towards significant differ-
ence in the total amplitude from LO to LC position.
Practically, the initial differences that exist still remain
in the transit position due to slightly small differences
in amplitude from LO to KP position. On the other
hand, the tendency towards significant difference in
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the knee joint in the initial position was practically
canceled in the transit position through the ampli-
tude. All these differences in amplitudes at the appro-
priate phases influenced the appearance of significant
difference in the total amplitude in the hip joint and
the appearance of tendency towards significant differ-
ence in the knee joint.

In accordance with the previous research (Escamil-
la et al., 2001) it was obtained a similar result accord-
ing to which the vertical distance traveled was 16%
higher with DL compared to DL_ technique, which
can be assumed by the analysis of the initial position
— wider posture, narrowly placed arms, lowered center
of gravity when lifting with DL_ technique, and thus
the maximal height to which the weight was lifted.
Therefore, since subjects lifted the same weight with
both techniques, the performed mechanical work was
also significantly higher when lifting the load with
DL_, technique. The result was obtained in which
the mechanical work performed was 25-30% higher
when lifting the load using DL_ in relation to DL,
technique (Escamilla et al., 2001) On the other hand
it is generally known that in most cases, more weight
can be overcome by lifting with DL_ technique. Per-
haps using different weights of the bar would lead to
similar results.

When it comes to electromyographic differences
between lifting techniques, the only significant dif-
ference was observed between the medial and lateral
head of m. quadriceps femoris, in accordance with the
previous researches (Escamilla et al, 2001). On the
other hand, it is clear from Graph 1 that the postural
muscle chain (m. erector spinae, m. gluteus maximus,
m. semitendinosus and m. biceps femoris caput longum)
was more pronounced with DL_ technique, but that
the difference was not significant. Namely, the differ-
ence of 4.7 degrees in the hip joint in the LO position,
and thus the initial length of the diagonally placed m.
gluteus maximus may not be sufficient to manifest a
difference in its activation. The results support the fact
that the initial position and external load moment
arms actually determine the electromyographic differ-
ences between techniques, so that a greater inclination
of the trunk or a smaller angle in the knee joint causes
greater manifestation of agonistic and synergistic ex-
tensors in the given joints.

The results of this research also have certain practi-
cal implications within training periodisation. For ex-
ample, the application of any technique for begginers
will certainly have a large training effect, but the gen-
eral reccommendation would be the use of DL__ tech-
nique at the beginning of the training process due to
necessity for greater development of postural muscle
groups, and thus the stability of the trunk in later stag-
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es of the training process. On the other hand, in reha-
bilitation practice, the presence of injury or damage
to individual joints (for example, knee joint) should
direct the training process towards the application of
DL_ technique, because the amplitude in the knee
joint was slightly smaller and the load is overcome
from a slightly more favorable position (for example,
the reverse would be applied if an injury to the lower
back is present, so it would be recommended to apply
DL technique).

In order to look at this issue even more objective-
ly and in the most methodologically correct way, in
some future research it would be important to apply
load relativization in relation to 1 repetitive maximum
(1 RM), instead of the weight that is close to the weight
of the individual subjects. Also, it would be important
to repeat the research on a larger number of subjects,
knowing that people have different body composi-
tions within the same body mass and that in most cas-
es more weight can be overcome by DL_ technique.
Perhaps this methodological approach would provide
more significant differences between, for example, lev-
els of neuromuscular activation of postural muscles.

CONCLUSION

The results of this study showed that significant dif-
ferences were obtained in the initial angular positions
in all monitored joints, as well as in the transition po-
sition when it comes to the trunk angle in relation to
the horizontal plane and the angle in the hip joint. The
trunk angle in relation to the horizontal plane and the
angle in the hip joint were larger with DL_ technique,
while the angle in the knee joint was larger with DL__
technique. Also, significant differences were obtained
between techniques in amplitudes in the hip joint in
the KP-LC phase and in total amplitude, as well as in
the knee joint in the LO-KP phase and in total ampli-
tude. Amplitudes in the hip joint were larger with DL-

<, technique, while amplitudes in the knee joint were
larger with DL  technique. The performed mechan-
ical work was 31gn1ﬁcantly larger when lifting with
the DL_technique. Activation of medial and lateral
heads of m. quadriceps femoris was significantly larg-
er when lifting with DL technique, and activation of
postural muscle groups (m. erector spinae, m. gluteus
maximum, m. semitendinosus and m. biceps femoris
caput longum) was larger when lifting with DL tech-
nique, but not statistically significant. It was suggested
to repeat the research on a larger number of subjects
and to apply the technique relativization in relation to
1 repetitive maximum (1 RM).
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