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HEYPOMEXAHUNYKE ®YHKIIMOHAJ/IHE KOHTPAKTW/IHE
KAPAKTEPUCTUKE MNIIINKA BYTVHE MEPEHE METOJJOM
TEH3VNOMUOTPA®UJE KO CITOPTUCTA 1 HECITOPTUCTA

MYHIKOTI ITOJIA

!JTazap Tockmh, '"Munusoj Homncaj, *Henap Koponanoscky, *Benumup Jexunh,

'Vuusepsuter y Beorpany, @akynrer ciopTa 1 pusMIKOr BacIUTAbA
*KpuMMHaIMCTUYKO-IONIMIMjCKA aKafeMuja, 3eMyH

Caxxerak

HeBos/bHe HeypoMeXaHNMYKe KOHTPAKTIIHE KapakTepucTuke mumnha, Hapounto muumha ompyxada u mperndada
3r10da Ko/eHa Kao Hajehyx MumnhHMX rpyma KayganHoOr fiefa Tena, MMajy BasKHY Y/IOTY KaKo Y CBaKOFHEBHOM Kpe-
Tamwy Tako 1 y cropry. Ha 0CHOBY THX mofaTaka MOTy ce JoduTi BakHe MHpOpManyuje o QYHKIMOHATHIM KapaKTe-
puctukama mumnha. OCHOBHM HauyMH 3a IPOLeHY GYHKLIMOHATHUX HEBO/BHUX HEYPOMEXaHMYKIX KOHTPAKTUIHUX
KapakTepucTuka mumnha jecte HemHBasuBHa Mertofa TeHauomuorpaduje (TMI'). Iub oBor ncTpakuBama je fa ce
YTBPAM pas/inKa HeBObHMUX HEYyPOMEXaHNYKMX KOHTPAKTU/IHNUX KapakTepucTuka muiha Sytutne mepennx TMI-om
usMeby cropTicra 1 HeCIOPTHCTa MYLIKOT IIO/IA. Y30paK MCIMTAHMKA YMHWIO je 17 cropticta 1 10 HecmopTucTa.
[TpuMeHom MynTuBapujaHTHe aHanuse BapujaHce (MANOVA) 1 T-TecTa OIIIO Ce {0 pe3y/iTara Koju YKasyjy Ha To Jja
je om ykymHo 30 Bapujadmu yrBphena pasnuka kog 13. Hajsumre pasinka yrepheno je xon muinnha onpyxada 3rmoda
KOJIeHa [leCHe Hore, a HapounTo kog muiinha pexryc pemopuca. Takobe mokasaro ce ga nopen Muiiha Koju je ImaBHI
ompyxau (pexryc dpemopnuc) u muunh rmaBHy nperndad 3rnoda koneHa (duternc pemopic), yuectsyje y nedunuca-
by pasiuke usMehy croprucra u HecoprucTa. Pesyararu cy mokasanmm ga cy Bapujadie: Bpeme KoHTpakuuje (Tc)
u omoxeHo Bpeme koHTpakipuje (Td), pyHKimoHamHy mapamMerpy Kop Kojux je yrephena Hajseha pasnuka msmeby
crioptucra u Hecnopructa (o t = -2.284, p < 0.05 3a BacTyc /aTepanic secHe Hore fio t = -4.018, p < 0.01 3a pexryc
(demopuc nese Hore). OBU pe3y/ITaTH Cy IIOKa3am jja je Moryhe yTBpauTH pasinke GyHKIVIOHATHNX HEBO/bHIX HEYPO-
MeXaHIYKMX KOHTPAKTIIHNX KapaKTepucTuKa Mutnha SyTuHe KOf TPeHMPAaHNUX U HETPEHIPAHNUX 0c0da IPIMEHOM
MeTofle TeHsyoMuorpaduje, almu Cy MCTO TaKO IIOKa3ajM Jja Cy Te pasjuKe BPJIO CIeluduyIHe jep ce OFHOCe CaMo Ha
TIOjeilvHe KapaKTePUCTHKE.

Kmyune peun: KOJIEHO / OITPYJKAUM / ITPETIBAYN / PASJIIKE / MANOVA / T-TECT

Minamitani, Onishi, Yamazaki, & Lee, 1997; Bubanj
et al., 2012; McBride, & Snyder, 2012; Radinovi¢, &
Pavlovi¢, 2013) anu 1 Bo/bHe KOHTPAaKTIUTHE Kapak-

YBOJ

PeoBHO ympaxmaBamwe (U3NYIKUX aKTUBHOCTU
MMa HO3UTHBAH YTUIAj Ha 11e0 aHTPOIIOJIOIIKY CTa-
Tyc 4oBeKa (Merom, Bauman, & Ford, 2004; Garber
et al,, 2011). ITokasaso ce fa mocroje pasiuke y aH-
TPOIIO/IOMIKMM CITOCOOHOCTMMA U KapaKTepUCTUKaA-
Ma usMeby cnoprucra u HecnopTucTa. Te pasmuke
Cy HapOUYUTO U3pAKeHe Kajja Cy y MUTamby Mop¢orio-
ke Kapakrepuctrke (Radu, Popovici, & Puni 2015),
¢dyHkmoHanHe u Motopuuke criocodnoctu (Shin,

tepuctuke muimmha (Medina, McLeod, Howell, &
Kingma, 2007; Ahtiainen, & Hakinen, 2009).

JenHa o HOBUMX TEXHOJIOTMja Tj. HauMHaA 32 IPO-
IleHy HEeBO/bHUX (DYHKIIVOHA/JHUX HEypOMeXaHUY-
KX KOHTPAaKTIWIHMX KapakTepucTumka mmimmha je-
cTe Metoa TeHsuommorpaguje. Tensnommorpaduja
(TMTI') je HemHBaH3MBHA METOJQ, jeJHOCTAaBHA 3a
IIPUMEHY, KOja ce KOPUCTM 3a NPOLeHy HEeBO/BHUX
(GYHKIMOHATHUX HEYPOMEXaHUYKNMX KOHTPAaKTUI-
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HUX KapakTepuctuka mummha. OHa ce dasupa Ha
IPOIIeHN KOHTPAKTW/IHUX KapaKTepPUCTVKA MUILIN-
ha y usomeTpujckuM ycrmoBuMa Ha OCHOBY IIpOMeHa
y nonoxajy Tpdyxa muinha M3asBaHUX eIeKTpUY-
HuM nmiryncoM (Valencic¢, & Knez, 1997). [lo capa cy
SpojHe cTyzuje MOTBpAVIe BaIMHOCT 1 TOY3/JaHOCT
teHsnomumorpaduje kao meroge (Tous-Fajardo et al.,
2010; Simuni¢, 2012; Ditroilo, Smith, Fairweather, &
Hunter, 2013). MeTonom TeH3uomMmorpaduje je Mory-
he nsmepuru cnenehe KOHTpaKTMUIHE KAPAKTEPUCTH-
Ke Muimnha: MakcuManHO BEPTUKATHO IOMepare
mumha (Dm), Bpeme koutpaxkuuje (Tc), opnoxkeno
Bpeme koHTpaknuje (Td), Bpeme Tpajama KOHTpax-
nyje (Ts) u Bpeme penaxcanyje (Tr).

Tensnomuorpaduja je mo cama mIpuMemNBaHA
y npouenu 3amopa mumnha (Garcia-Manso et al.,
2011; 2012), MIPOLeHM THUIIa MUMMhHUX BlakaHa
(Dahmane, Djordjevic, Simuni¢, & Valen¢i¢, 2005;
Simuni¢ et al., 2011), nporenu omrrehewa MuIm-
ha Hacranux nop yrunajeM GU3NYKUX aKTUBHOCTU
(Hunter et al.,, 2012), npesenunju nospena (Dias,
Fort, Marinho, Santos, & Marques, 2010; Alentorn-
-Geli et al.,, 2014), mpouemnBamwy MummnhHe aTpo-
¢duje (PiSot et al., 2008), Kop HATONOLIKMX CTama
(Grabljevec, Burger, Kersevan, Valencic, & Marincek,
2005; Rusu, Calina, Avramescu, Paun, & Vasilescu,
2009), xao M 3a Mepeme MATUX KapaKTepPUCTVUKA
kop mene (PiSot et al., 2004). Tensuomuorpaduja je
ydecTaso IpUMemBaHa U Y CIOPTY U TO Kofj Qyx-
danepa (Rey, Lago-Penas, & Lago-Ballesteros, 2012;
Rusu et al., 2013; Alvarez-Diaz et al., 2014), ondoj-
kama (Rodriguez-Ruiz et al., 2014; Dopsaj, Ivanovic,
& Copic’, 2014), Tpuarnonana (Garcia-Manso et al.,
2011), dunumxnucra (Garcia-Garcia, Cancela-Carral,
Martinez-Trigo, & Serrano-Gdémez, 2013), kxajaka-
muna (Garcia-Garcia, Cancela-Carral, & Huelin-
-Trillo, 2015) xao u kox mpodecroHaNTHUX IIecaya
(Zagorc, Simuni, PiSot, & Oreb, 2010).

HeBo/bHe HeypoMeXaHMYKe KOHTPAKTUIHE Ka-
pakrepuctuke Muinha, Hapounto mummtha ompy-
ada u Tpermdada 3rmoda KomeHa Kao HajBehmx
mumhHKMX Tpyma KayJanaHOT Hea Tena, MMajy Ba-
JKHY Y/IOTy KaKO Y CBAaKOJTHEBHOM KpPeTamy TaKo U Y
criopty. Ha ocHOBY Tux mogaTaka MOXXeMO JOOUTH
BaXHe MHpopManyje 0 QyHKIVOHATHUM KapakKTe-
puctukama muumrha. Mehyrtum, go caga Hucy cripo-
BeJleHa MCTPaXkMBaba Koja Cy ce daBmIa pasimkama
y HEBO/BHUM HEYPOMEXaHMYKUM KOHTPAKTUTHUM
KapakTepucTrkama Muumtha MepeHnx MeToOM TeH-
3uommorpaduje nsMehy cropTrcTa 1 HeCIOPTUCTA.

Y cxmamy ca TMM, OWb OBOT MCTPaKUBama je Jja ce
YTBPAY pas/yKa HeBO/bHIUX HEYPOMEXaHNYKIX KOH-
TPAaKTWIHMX KapakTepucTuka mmimha dytune Me-
peHMX MeTOfOM TeHsmoMuorpaduje nsmeby crop-
TICTA ¥ HECHOPTHUCTA MYIIKOT Tosa. [Ipernocrasipa
ce ma he mocrojaTu pasinke y HeBO/BHUM HEYpO-
MeXaHWYKVM KOHTPaKTW/IHUM KapaKTepUCTUKaMa
mymnha dyTnHe nsMehy cioptucta u HeCHOpTHCTa
MYIIKOT IIO7Ia.

METO/]

Ysopak ucnuranmuka

YKyIaH y30pak je duo cacTaB/beH off 27 MCINTA-
HUKa, ¥ TO 17 cnoprucra u 10 ncnuraHuka U3 KOH-
TPOJIHe Tpylle. Y30pak CIOpTHCTa je uMmao cnefehe
TNECKPUIITYBHE KapaKTEPUCTUKe: Y3pacT = 25.7+4.1
roguHa; TB = 182.1+8.8 ym; TM = 82.4+7.9 kr; BMIU
= 24.8+1.8 xr/M’, a y30paK HeCIOPTUCTA: Y3pacT =
28.7+4.1 roguna; TB =185.07+4.9 im; TM = 85.6+5.4
kr; BMIU = 25.06+1.8 xr/m*. Ipymy croprucra cy
YMHWIN Komapkamm (2), opdojkamm (2), QyaucTu
(2) n xapaructu (11), oK je rpyma HeCIOpPTHUCTa
duma cacTaB/beHa Off PAa3MMUYNTUX CTyfeHaTa beo-
TPajZiCKOT YHMBEP3UTETAa KOjU C€ HUCY CUCTEMATCKA
daBWIM CHOPTCKO TAaKMUYAPCKMM aKTUBHOCTYMA.
CBM CIIOPTUCTH CY Ce HaJIasWIN y IPoliecy pefjOBHOT
CIIOPTCKOT TPEHMHIA, Ca TaKMUYAPCKUM CTaXKOM Y
CBOM CIIOPTY Off HajMarbe 5 rofiyiHa 1 aKTUBHO CY ce
TaKMWYM/IN Y BUIIVM JIMTAIIKMM PaHTOBMMa CIIOpPTa
Koju TpeHMpajy. Vicnuranuny cy duam 3gpaBu, Ha-
Masumm ¢y ce y ¢asyu npefTrakMmudapcKke IpuUIpeme,
dumm cy ymosHaTu ca Iy/beM MCTPaXKMBama U JI0-
dpoBOJBHO Cy mpucTany Ha ydemhe y UCTpaKMBamby.
Tectupame je peann3oBaHO y CKIAJy ca IIpaBUINMA
Ernukor xomurera @akynTera 3a CiopT U PU3NYKO
BacnuTame YHuBepsurera y beorpany, a nsspieno
je y MeTopm4ko-ucTpaKuBadkoj 1adopaTopuju mc-
Tor (haKynTeTa.

IIpouemypa TecTupama

Mepemwe (yHKIMOHATHUX HEBO/BHUX HEypOMe-
XaHMYKNX KOHTPAKTM/IHUX KapaKTepUCTUKa MIHU-
muha je W3BpIIEHO METOLOM TeH3uoMmuorpaduje
(TMG-BMC Ltd, Ljubljana). Tectupame je usspiue-
HO Ha met mumuha: pexryc dpemopuc (P®), Bacryc
natepamic (BJI), Bacryc memmamuc (BM), durernc
demopuc (BP) u cemurengunosyc (CM). Ca Mepe-
ha Cy peaj30BaHa y CKIaly ca IPernopyueHoM Ipo-
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LIeflypOoM ITpousBobhaya 1 TO TaKo Aa Cy UCIUTAHULIN
JIeKa/IN Y pelakCUpaHOM II0JI0XKajy Ha nehuma xaja
cy mepern myuumhu P®, BJI u BM nok cy y nosu-
LVjU JIe)Kamha Ha CTOMaKy OM/IM Kafja Cy MepeH! MI-
mhu B® u CT (Tous-Fajardo et al., 2010; Ditroilo
et al., 2013; Garcia-Garcia et al,, 2013). Yrao usmeby
HOTKOJIEHNIIe V1 HaTKomeHnue je duo 135° (Cnmka 1).
Opn ncnuTaHuKa je, mpe IMOCTaB/bamba eEeKTPO/A, 3a-
TPa>keHO Jla U3BpIIe BO/bHY KOHTPAKIIMjy KaKo O ce
METO[IOM IaJINalyje OfipeAnIa Mo3uunja 3a MocTa-
Bbame TMI' mepHor censopa. HakoH pmedunucama
flaTa TauKa je MapKUpaHa, a 3aTUM Cy Ha CPeAMIIbI
neo mummha mocraB/beHe JIBe CaMOJEIUbUBE €/eK-
tpope (Pals Platinum, model 895220 with multistick
gel, Axelgaard Manufacturing Co. Ltd) koje emutyjy
€IeKTPUYHY VIMITYJIC, ¥ TO Y IO3UIUj/ ITPOKCUMATHO
¥ AMCTAJTHO, Ha Pa3MaKy Off OKO 3 IIM Off MapKMpaHe
tauke (Cnmka 1).

Cnuka 1. Hauns mocrap/mbama eeKTPoja i CEH30pa Ha
mymmhy BacTyc Meayanic

Vsmeby enextpopa je mocrasman censop (GK40,
Panoptik, Ljubljana, Slovenia) xoju geTexTyje mpome-
He y TpOyxXy Muumha n3asBaHMX eleKTPUYHNM CTH-
MYZIaHCOM U Ha OCHOBY KOjUX CY ce ;oOuja mofamy
0 (QYHKIMOHA/THNM HEBO/BHUM HEypOMEXaHUYKUM
KOHTPaKTWIHNM KapakTepuctukama Mumuha. Enex-
TPUYHY MIMIIYJIC je OCTBapMBaH IOMONY eleKTpoCTH-
mynaropa TMG-100 (TMG-BMC d.o.o., Ljubljana,
Slovenia), mox je moueTHM umIyIc duo feduHMCAH
Ha MHTEeH3UTeTy of 25 MA. OH ce MPONOPIMOHATHO
nosehasao 3a 10 MA 1a cBe 10 MAaKCMMYMa, OfHOCHO
JI0 TPEHYTKa KaJja je HecTala d1yIo KakBa peakanuja
vumnha Ha oehamwe enekrpoctumynanyje. ITaysa
usmeby nmmyca je duma oko 5 ¢, kako Oy Mumuh
duo y cramy fa ce permakcupa. [IBa Hajdorma pesy-
Tara Cy cadyBaHa, ¥ Ha OCHOBY BuX je TMI codrep
U3pauyyHaBao IpoceK. VIcIUTaHULM Cy TeCTUPaHU Y
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jyTapmyM 4acoBMMa, SN CY OIMOPHH, HIUCY yIIpa-
XKibaBam QU3NYKe aKTMBHOCTY IIpe TeCTUpPamba, a
TecTUpalbe je U3BPIIEHO Off CTpaHe UCKYCHUX MepH-
nana.

Y3opak Bapujadnu

Y3opax Bapujadin je YMHWIO 6 MapaMeTpa Kojuma
je ommcaHa QyHKI[MOHATHA HEBO/bHA KOHTPAKTV/IHA
crocodHOCT cBakor tectupanor muuimha (Cnuka 2):

- Tc - Bpeme KoHTpak1uje (ms) — BpeMe HOTpedHO
na ce gocturte of 10 % go 90 % makcuManHOr Bep-
TUKATHOT TIOMeparba Mutinha;

- Td - ognoxxeHo Bpeme KoHTpakuuje (ms) — Bpe-
Me TIOTPedHO Jla ce HAKOH ITOYeTKa eleKTPUYIHE CTH-
Mynanuje gocturie 10 % of MaKCMMajnHOT BEpTH-
KaJIHOT IToMepatba Muinha;

- Tr - Bpeme penakcanyje (ms) — Bpeme NoTpedHO
Ia ce KOHTpakuuja Bpatu ca 90 % Ha 50 % op Makcu-
MaJTHOT BEPTUKATHOT MOMepatba Muiiha;

- Dm - MakcUMaaIHO BEPTUKAIHO TIOMeparbe Mu-
myha (mm) — MaKCMMaTHO BePTUKATHO ITOMepame
Muiha TOKOM e/IeKTpUYHEe HeBOJ/bHE CTUMYJIALIVje;

- Ts - Bpeme Tpajama KOHTpakiuje (ms) — Bpeme
Koje poTekHe of 50 % npu ¢asu KoHTpakuje fo 50
% mpu asm penakcarje;

- RMTD - dp3una koHTpakiuje (mm/ms).

Bapujadna dpsuna kourpakunje (RMTD) ce Huje
modujama IUpeKTHO MepemeM, Beh ce n3payynaBaa
kao opgHoc usMmehy Dm n Tc, n nspaxxasa ce y mm/
ms (Dopsaj et al.,, 2014). Mepemwa cy u3BpieHa Ha
Muihuma P®, BJT, BM, B® u CT. 3a cBaku of mmet
muniha je u3padyHaTo IPeaX0oJHO IIOMEHY TUX 6 Ba-
pujadmn.

nomack / ym

Td — ognoxeHo Bpeme

Tc — Bpeme KoHTpakLMje

2+ Ts — Bpeme Tpajawa

Td Tr — Bpeme penakcaumje

Dm - makcumanHo noMepatse

0 50 100 150 200
Bpeme / mc

Cnuka 2. HeBo/bHY HeypOMeXaHUYIKI
KOHTPAKTVU/IHU TTapaMeTpu
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Odpapa mogaraka

On cTaTMCTHYKUX MpOLeAypa y pajgy cy Ipume-
IbeHe [JeCKpUIITMBHA aHa/Iu3a, My/ITVBapMjaHTHA
aHaymsa Bapujance (MANOVA), xao u 1-Tect. [e-
ckpunTuBHa aHam3a (Mean, Sd) je mpuMemeHa Kako
du ce ommcare KBaHTUTATUBHE Mepe 3a MCIUTUBAHE
Bapujadie, nok cy MANOVA n T-TecT npuMemeHn
Kako OM ce yTBpAWIA pas/InKa MEepPeHuX Bapujadim
usMeby ncnmtrBaHux rpyna. Ca CTaTMCTIYKA IPO-
nenypa je odas/peHa y nporpamy SPSS20 (IBM).

PE3VYIITATU

Tadena 1 mpukasyje pesynraTe MyATMBapujaHTHe
anammse Bapujance (MANOVA). Ha ocHoBy moduje-
HJIX pe3y/ITaTa MOXKe Ce 3aK/bYUNTH Jja Ha TeHEePaTHOM
HIBOY IIOCTOje pasyuKe u3Mehy coptucra u Hecrop-
TICTA y OFHOCY Ha CBe MCIUTMBaHe Bapujadie camo
KO iecHe Hore (reHepasiHa pas/nmka, fecHa Hora Wilk’s
Lambda Value = 0.000, F = 1299.2, p < 0.05) ok Kox
NeBe Hore fHara pasimmka Huje yrBpbhena (Tadema 1).

Tadena 1. Pesynratu MANOVA-e

Wilk’s Lambda Value F P €  Obser. Power
Tenepanna IlecHa HoTa 0.000 1299.193*  0.022  1.00 0.98
pasiixa JleBa HOTa 0.013  3.009 0431  0.99 0.10
Jecna Hora onpy>kaum  0.086 4.709° 0.016 091 0.90
QYHKUMOHAMHA 1o pa ora mpermGaum 0.303  2.685" 0.041  0.70 0.80
pasiuxa JIeBa HoOra onpy>Kaun 0.255 1.300° 0.366 0.75 0.33
JleBa Horao mpernGaun  0.527 1.048° 0.461 0.47 0.35
Pexryc ¢pemopuc [ 0.556 2.660* 0.046 0.44 0.73
Pexryc pemopuc J1 0.425 4515 0.005  0.58 0.94
Bacryc meguamic [I, 0.700 1.427* 0.253 0.30 0.43
Bacryc meguamuc J1 0.741 1.167° 0.362  0.26 0.35
Iapnujanna Bacryc matepamucJT  0.520  3.074° 0.027  0.48 0.80
pasimika Bacryc matepamucJT ~ 0.669  1.650° 0.186  0.33 0.49
Bunenc pemopuc [1 0.408 4.837* 0.003 0.59 0.95
Bunenc pemopuc J1 0.575 2.464° 0.060 0.43 0.69
Cemurengunosyc [| 0.591 2.306° 0.074 041 0.66
Cemurenaunosyc JI 0.756 1.076* 0.409 0.24 0.33

Y opHOCy Ha pesynTaTe HOOMjeHMX ca acIleKTa
(YHKIMOHATHYX pas3/iuKa (pas/inKa y OfHOCY Ha MU-
mrhHy rpyny nperndava u onpysada nsmebhy rpyma
MCINUTaHNMKA) yTBpheHo je ma mocroje pasnmke n3-
Meby cropTucra n HecrmopTncTa, Takohe, caMmo Kof
fiecHe Hore (pyHKIMOHalTaHa pas/iMKa JecHa HOra
omnpyxaunu, Wilk’s Lambda Value = 0.086, F = 4.709,
p < 0.05; pyHKIMOHA/IAHA pa3/MKa JileCHa HOTa Ipe-
rndaun, Wilk’s Lambda Value = 0.303, F = 2.685, p
< 0.05) moK y cry4ajy yleBe HOTe JaTe pasjyKe HUCY
yrephene. Ha HuBoy maprmjanHe pasmmke, OffHOCHO

pasiyKe IIOjeAVHAYHE KOHTPAKTUIHE KapaKTepu-
CTUKe y OJHOCY Ha IOjefuHauHy muimhuy rpymy,
CTAaTUCTUYKA 3HA4YajHOCT je yTBpheHna kxop creme-
hux mmmmha: pexryc pemopu gecue Hore (Wilk's
Lambda Value = 0.556, F = 2.660, p < 0.05), pekryc
¢demopuc nese Hore (Wilk's Lambda Value = 0.425,
F = 4.515, p < 0.01), BacTyc /maTepaanc fecHe HOre
(WilKs Lambda Value = 0.520, F = 3.074, p < 0.05) n
dunenc pemopuc gecue Hore (Wilk’s Lambda Value =
0.408, F =4.837, p < 0.01).
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Tadema 2. [leckpuntusay nokasatebu (Mean+Sd) ncnntusannx Bapujadmm Munmrha ornpyskada 3r7100a KojmeHa
KO, CIIOPTVICTA U HECIIOPTIICTA MYIIKOT II0/Ia U1 Pe3y/ITaTh T-TecTa

HecHna Hora

JleBa HOTa

Cnopructu Hecnoprucru

Crnopructu Hecnopructu

Mean+Sd Mean+Sd t

P Mean+Sd Mean+Sd t p

Tc 28.8+5.5
Td 23.01+3.1

39.2+10.7 -3.362
26.08+1.8 -2.778

0.002 26.6+6.1
0.010 22.6+3.07

40.4+11.8 -4.018 0.000
26.4+1.2 -3.749 0.001

PO Tr 50.9+50.7 66.4+31.4 -0.868 0.394 50.3+46.3 74.4+32.2 -1.445 0.161
Dm 6.4+2.4 8.8+3.01 -2.235 0.035 6.8+3.08 7.9+2.1 -0.985 0.334

Ts  110.07+754  121.1£304  -0.440 0.664 106.7+64.8 148.2+26.5  -2.326 0.029
RMTD 0.231+0.093  0.245+0.103  -0.421 0.678 0.256+£0.104 0.205+0.058  1.527 0.139

Tc 22.5+3.02 25.7+4.4 -2.284 0.031 22.6+2.7 24.08+2.9 -1.236 0.228

Td 21.2+1.1 23.94+2.3 -3.381 0.006 20.5%1.9 21.7+1.08 -1.816 0.081

BJI Tr 17.9+31.2 49.5+46.8 -2.105 0.046 25.6+43.2 28.3+40.1 -0.161 0.873
Dm 4.9+1.7 5.8+1.7 -1.207 0.239  5.1+£2.6 4.8+1.3 0.318 0.753

Ts 43.7+£33.7 87.9+60.4 -2.128 0.054 51.5+43.8 55.7+43.8 -0.243 0.810
RMTD 0.222+0.071  0.226£0.055  0.042 0.966 0.225+0.102 0.2+0.04 0.834 0.413

Tc 24.2+3.01 24.2+3.3 0.006 0.995 23.8+2.5 25.9+2.8 -1.971 0.060

Td 21.07+1.2 21.6£1.6 -1.041 0.308 21.05+1.3 21.4+1.02 -0.733 0.471

BM Tr 116.8+58.1 111.5+67.4 0.215 0.831 106.3+62.3 114.9£50.3  -0.368 0.716

Dm 7.84+2.1
Ts 185.4+20.6
RMTD 0.327+0.086

6.9+1.5 1.184
176+45.5 0.747
0.289+0.062  1.094

0.247  7.5+24
0.462 177.9+£50.2
0.284 0.318+0.104

6.7£1.9 0.798 0.433
191.03+37.2  -0.715 0.481
0.265+0.081  1.272 0.215

Y tadenm 2 cy npukasaHM JeCKpPUITUBHY IOKa-
sate/py (Mean+Sd) mepeHux Bapmjadimm Kop crop-
THCTa U HECIOPTUCTa KAa0 U pPe3ylITaTu T-TecTa,
OIHOCHO pasnuke usMehy rpyma y mojenMHa4HUM
UCIVBAaHUM Bapujadnama. Y OJHOCY Ha JieCHy HOTY
pasmuke cy yrehene kox Tpu mummnhhe rpyme u To:
pexryc ¢pemopuc xox Bapujadmu Tc, Td u Dm (t =
-3.362, p < 0.01; t = -2.778, p < 0.01; t = -2.235, p <
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0.05, peKCIeKTUBHO) ¥ BaCTYC JIaATePaIIC KOJ, Bapu-
jadmu Tc, Td n Tr (t = -2.284, p < 0.05; t = -3.381, p
<0.01;t=-2.105, p < 0.05, pexcriektuBHO). Koz eBe
HOTe pasnuka je yrBpheHa camo 3a jeguy muiunhny
rpyny pexryc ¢pemopuc ko Bapujadmu Tc, Td u T's (t
=-4.018,p < 0.01;t = -3.749, p < 0.01; t = -2.326, p <
0.05, peKCIIeKTUBHO).
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Tadema 3. [leckpuntusHy nokasarebu (Mean+Sd) ncnmruBannx Bapujadmy mummha nperndada 3roda

KOJI€HA KOJ CIIOPTUCTA M HECIIOPTUCTA MYIIKOT I10/1a 1 pE€3YyITaTU T-TeCTa

HecHa Hora JIeBa HoTa
Crnoptuctu Hecnoptucru Cnoptuctn  Hecmoprucrn
Mean+Sd Mean+Sd t p Mean+Sd Mean+Sd t P
Tc 31.04£10.04 40.07+15.03 -1.875 0.073 38.8+12.9 40.1£10.8 -0.253  0.802
Td 22.3+1.8 24.242.5 -2.247 0.034 23.04+2.1 25.3£3.3 -2.230 0.035
ED Tr 49.31£22.3 65.3+11.7 -2.088 0.047 64.6+27.6 66.9+24.9 -0.214 0.832
Dm 5.8+1.6 5.7+2.2 0.17  0.867 6.9+2.6 6.1£1.2 0.830 0.414
Ts 209.24+32.3 216.1+27.3 -0.559 0.581 194.8+51 209.3+24.9 -0.833 0.413
RMTD 0.19840.061 0.146+0.035  2.099 0.046 0.185+0.068 0.158+0.024 0.638 0.529
Tc 43.1£12.6 37.31£14.3 1.093 0.285 41.4+12.09 44.9+13.7 -0.687  0.499
Td 24.05+2.3 24.242.8 -0.206 0.839  23.5+2.1 24.142.7 -0.632  0.533
CT Tr 75.7134.3 70.1+£16.3 0.486 0.631 71.3+30.07 68.9+27.5 0.208 0.837
Dm 7.9+2.4 6.7£2.6 1.208 0.238 8.2+2.8 7.242.4 0.904 0.375
Ts 173.9426.4  202.4%+49.09 -1.973 0.060 167.3+36.4 177.8426.7 -0.790 0.437
RMTD 0.189+0.048 0.186%0.041 -0.11 0913 0.197£0.046  0.164%0.041 1.621 0.118

Y Tadem 3 cy npuKasaHM AeCKPUITUBHM MOKa3a-
te/pyt (Mean+Sd) MepeHNX HeBO/bHIX HEYyPOMeXaH!Y-
KUX KOHTPAaKTWIHMX KapakKTepucTyuka mymnmha Ipe-
rudava KOJ CHOPTHCTA ¥ HECIIOPTUCTA MYILIKOT HOJIa
Kao ¥ Pe3yITaTy T-TecTa. Y OZHOCY Ha JIeCHY HOTY
pasmuke cy yrBphene xop mummha dunenc ¢emopuc
y Bapujadnama Td, Tr u RMTD (t = -2.247, p < 0.05; t
=-2.088, p < 0.05; t = 2.099, p < 0.05, peKCIIEKTUBHO).
Koz neBe Hore pasike cy yrBphete camo y Bapujadmm
Td mymmha durenc pemopuc (t = -2.230, p < 0.05).

IUCKYCUJA

Y oBOM pajly MCIUTMBAHA je Pas/inKa y OJHOCY
Ha HeBO/bHe (YHKIVIOHA/THE HEYPOMEXaHIYKe KOH-
TpaKTU/IHe KapakTepuctuke munimha dyrtuHe Me-
pernx TMI-om usmeby cnoptncra u Hecoprucra
MYULIKOT IO,

Ha ocHOBY npukasaHux gecKpUITHBHMX ITOKa3a-
Te/ba MOXe ce yBupeTy ga muunth BJI fecHe Hore Koz
CIIOPTUCTA, OJHOCHO JIeBeé HOTe KOJ HeCIOPTUCTA,
nma Hajkpahe Tc, Tr, Ts u Hajmawe Dm (Tc = 22.5
ms vs 22.6 ms; Tr = 19.9 ms vs 25.6 ms; Ts = 43.7 ms
vs 51.5 ms; Dm = 4.9 mm vs 5.1 mm, peclieKTUBHO,
Tadena 2). [TomenyTu pesynraru noxasyjy fa BJI uma
¢dynxumjy mynmrha koju 3a Hajkpahe Bpeme mocTu-

)K€ CBOj MaKCUMAajHU KOHTPAKTM/IHM IOTEHLMjasl
Tj. Ma Hajkpahe Bpeme modyhusama amu mpuTom
uMa 1 HajBehy HuMBO KpyTocTu. Bemvku narepaman
munmth nma QyHKuujy ¢uxcaropa sroda KojeHa,
Kao IIOKPETHOT 3I7100a, U BeoMa je BaKaH y CKJIOIy
MHMIIMjaHe KOAKTUBalyje ca ocTamuM Muumrhuma
maTor 3rmoda Koj peanusanije KapaKTePUCTUYHUX
MOTOPMYKNX 3a/laTaKa IIPOMeHe HaI/IMX IIPaBIia Kpe-
Tama, Kao Y CYHOXXHMX VTN jeTHOHOXKHMX BePTUKAI-
HUX OJICKOKa rie uma QyHKuujy ¢ukcanmje srmoda
y HOKpeTHMa CaruTajaHe (JaTepajHO WIN Mefyjal-
HO) 1 TpaHcBep3anHe (poranuje) paBuu (Kasovic,
Potocanac, Cifrek, Tudor, & Mejovsek, 2009).
Hajmyxe Tc uma mumuh CT pecHe Hore kop
CIIOPTNCTA, OJHOCHO jIeBe HOTe KOJ HEeCHOPTUCTA
(43.1 ms vs 41.4 ms, pecnektuBHO, Tadena 3). Mu-
urh BM frecHe HoOre KOJ CIIOPTHCTA, OJTHOCHO JI€Be
HOTe KOJI HeCIIOPTUCTA, uMa Hajayxe Tr (116.8 ms vs
114.9 ms, pecriexktnBHO, Tadena 2), mox Hajmyxe Ts
Kox ode rpymne ucnurtannka uma myuumh b® meche
Hore (209.2 ms vs 216.1 ms, pecuekTuBHO, Tadena 3).

Pesynratu nperxomHMX CTyAuja cy IIOKas3aan
ma cy Heku napamerpu TMI-a oceT/buBM Ha yTH-
I1aj aKyTHOI' 3aMOpa HAaCTaJIor HakoH onrtepehema
aepodHe usgpxxpuBoctyu (Garcia-Manso et al., 2011),
IITO je Ha CTATUCTWYKY 3HAYajHOM HUBOY YTBphHeHo
HoroplIame KOojj O[JI0OKEHOI BpeMeHa KOHTpaKIiuje
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(Td), Bpemena xontpaxkuuje (Tc) n BpemeHa pemak-
caunje (Tr). Ca gpyre cTpaHe, pesynratu fpyre CTy-
IMje cy MoKasaju Jja mapamerap Tc MMa cTaTucTuy-
KJ 3HA4YajHY KOpenalyjy ca CTpyKTypoM MuInhHux
BJIAKAaHA, OJHOCHO II03UTVBHO KOpe/IMpa Ca IPOLleH-
toM denux Tj. dpsux mummmhuyx Brakana (Dahmane
etal., 2005). Takobe, yrBpheno je ga cy mapamerpnu Tr
u T's y craTucTiuky 3Ha4ajHOj KOpeanyji ca pajoM
KaJII[VjYMOBUX ITyMIIM Y CApKOIIJIa3MaTUIHOM PETHU-
kynymy (Simuni¢ et al., 2011), ma ce Moxke peTIO-
CTaBUTH Ja Kop ode rpyme ucnyuranuka mumuh BJI
uMa dojbe JIOKATHO pa3BUjeHe MOJIEKy/IapHe MeXa-
HU3Me OATOBOpPHE 3a MUIIMNHY KOHTPaKIWjy JOK je
ycny4ajy mumrha BM u B® rakBa BpcTa MexaHmnsMa
Mambe pa3BUjeHa.

Hajpehe Dm kop crmoprucra mma mummh CT
nese Hore (8.2 mm), nok Hajsehe Dm kox HecnopTu-
cra uma munmth PO nese Hore (6.9 mm). Pesyntatn
BUIIIE VICTPaKVBama Cy IOKasamy mapaMerap Dm,
OJIHOCHO Jia je MAaKCMMaJTHO BEPTMKA/HO [OMepabe
mumyha y cTaTMCTUYKYM 3HA4YajHOj KOpenanuju ca
MumhHUM TOHYCOM, OofHOCHO KpyTouthy muimha
Kao0 CHUCTeMa, a/Ii Jja je IOBe3aH 1 ca MuImhHOM Ma-
com 1 samopom (Krizaj, Simuni¢, & Zagar, 2008; Pisot
et al., 2008; Garcia-Manso et al., 2011). Ha ocHoBy
U3MepeHMX pe3yaTaTa MOXKe ce TBPAUTH Ja KOf ode
rpyne ucnutanuka muumrh BJI uma Hajsehm Tomyc
nok munmth CT oprocHO P® nmajy HajMamy HUBO
MUIINHOT TOHYCA.

Mumuh BJI neBe Hore mma Hajkpahe Td xop
cnoptucta (20.5 ms), gox muuinh BM neBe Hore nma
Hajkpahe Td xox Hecmoprucra (21.4 ms). Hajmyxe
Td xop cioprucra uma mummnh CT fecHe Hore (24.05
ms), KoK kop Hecroprtucra muimuh PO nee Hore
uMa Hajuyxe Td (25.3 ms) (Tadena 2). ITokasano ce
na mapamerap Td, kao n mapamerap Tc, nma nosesa-
HOCT Ca TUIIOM MMIIMNHUX BIaKaHa anu ¥ 3aMOPOM
(Dahmane et al., 2005). Mo>xeMO TIPeTHOCTABUTH Ja
mumhu BJI u BM umajy Hajsehu mporenar dpsux
MymhHKMX BIaKaHa Kao U Jla Cy Mame MOJIOXKHU
HeypomuurhaoMm 3amopy. Kapa ce pesynratu osor
UCTPaXXMBatba YIOPeJie Ca pe3y/ITaTuMa IPeTXOHNIX
CIMYHUX CTYAUja MOXe Ce 3aK/bYYUTHU [ja Ce BpeMe
naTeHTHe peakumje MepeHmx Mmuiimha (Td) nama-
311 y pacIioHy IofjaTaka y OGHOCY Ha yTpeHUpaHe 1
HeyTpeHMpaHe nojeanHie (Zagorc et al., 2010; Pisot
et al., 2010; Tous-Fajardo et al., 2010; Garcia-Manso
et al., 2011; Simuni¢, 2012; Alvarez-Diaz et al., 2014;
Loturco et al., 2015).
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Hajsehy RMTD kop ode rpyne ncnutaHmnka mma
muih BM gecue more (0.327 mm/ms, 0.289 mm/
ms, peciektuBHO). Hajmawy RMTD kop cioprucTa
nma mumnh B® nese nore (0.185 mm/ms) KoK Kof
HecriopTrcTa HajMawy RMTD mma mummh bO pe-
cae Hore (0.146 mm/ms). ITapamerap RMTD nma
CTaTUCTUYKM 3HAYajHy MOSUTUBHY IIOBE3aHOCT Ca
dpsuHom mpupacra cune (RFD) mo 200 ms kox my-
HIKapana Kaja cy y nurawy muumrhu BJI, BM n PO,
IIa ce IPEeTIIOCTaB/ba Ja KOJ 0de IpyIle MCIUTaHNUKA
vumh BM nMa Hajoosbe eKCIIo3MBHE KOHTPAKTIII-
He KapakTepucTyke ok mymmth B® nma Hajmommnje
(Dopsaj et al., 2014).

Ha ocHoBy fodmjeHnx pesynrara MoXe ce YBU-
meru ma muuh BJI nma Hajkpahe Bpeme KOHTpak-
nyje (Tc), Bpeme penakcanuje (Tr), Bpeme Tpajama
koHTpakuyje (Ts) u HajMame BepTUKaTHO IOMepambe
mumrha (Dm) xop criopTucTa M HECHOPTUCTA, TOK
UMa HajMambe OJIOKEHO Tj. JIATEHTHO BpeMe KOH-
tpakuyje (Td) xop cnopTucTa, mro ykasyje Ha 4n-
mweHuIy fia je mumnhy BJI notpedHo kpahe Bpeme fa
ce aKTVBMPA, KOHTpPaxyje, pellakcupa Kao U fa uMma
nosehaH TOHyC y OfHOCY Ha Apyre MepeHe Muinhe.
[IpernocTaBpa ce ga cy do/be KOHTPAKTUIHE KapaK-
tepuctuke mummha BJI mocnemnua uyumeHnie ga
mumhny onpysxaun 3171002 KoJieHa, KOjuMa Ipumnaja
muinh BJ, urpajy 3HauajHy ynory Kajja cy y IuUTamy
Mymhy JOBUX eKCTPEMUTETA U Y BEIMKOj MepH 110-
Ip>KaBajy KpeTame KaKo y CIOPTY TaKo U y CBaKOJ-
HEBHIUM aKTMBHOCTMMA. OBaj pesynTar je y CKaapy
ca IPeTXONHUM MCTPKUBAbUMa U3 OBe 0d/IacTu
KOja Cy CIIpOBeJleHa Ha C/IMYHOM Y30PKY U CIMYHUM
MumhHMM Tpynama, a 4mju pesyaTaTu roBope y
npuor unmennin ga mumnh BJI uma kpahe Tc, Ts,
Tr, Td u mame Dm op gpyrux mummha nperndava
u onpy>kaua koneHa (Pisot et al., 2008; Zagorc et al.,
2010; Alentorn-Geli et al., 2014; Alvarez-Diaz et al.,
2014; Rodriguez-Ruiz et al., 2014).

Kapa ce ymopene pe3ynraTy oBOT UCTpaKVBaba ca
pesy/ITaTuMa ApyruxX UCTPaKMBatba U3 OBe 0d1acTH,
KOja Cy CIIpOBeJieHa Ha CIMYHOM Y30PKY U CIMYHUM
mynhHMM rpynaMa, Mo>Ke ce yBUIeTH fIa OBa TPyIa
coprucra nma kpahe Tc, Td, Tr u T's og mpodecno-
HA/THUX IUIecada Kajja ¢y y murawy mymmhu PO, b,
BJI u BM (Zagorc et al., 2010), ogHOCHO nMajy Kpahe
Tc, Td Ts, Tr u mate Dm kajja cy y nuTamy MUILIN-
hu P® u B® op duruknucra (Garcia-Manso et al,,
2011). Taxobe, moxe ce TBpaUTHU fia UMajy gyxe Tc,
Td n Behe Dm kapa cy y murawy mumuhu PO u O
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Off CIIOPTHCTA U3 CIIOPTOBa jaunHe u cHare (Loturco
et al,, 2015) gok MMajy IpuOMIHKHO UCTe BPEFHOCTH
napamerapa Tc, Td, Tr, Ts u Dm kox mummtha PO,
BJI, BM, B® n CT kao u rpyna ¢yzndanepa (Alvarez-
-Diaz et al., 2014).

Kaga cy y nuramy HeCOpTHUCTH, pe3ynTaTu Cy
[OKasamy fJa TeCTHpaHa IPyla JaTUX MCIUTaHMKa
uMa BeoMa cimdHe rpoceyne TMI kapakTepucTuke
mumnha ompyskada u mperudava 3r7100a KojeHa ca
pesyaTaTuMa MCTpaKMBamba Koja Cy CIpOBeieHa Ha
Y30pPKy MCHUTAaHMKA KOju He yIpaXKibaBajy pemoB-
HO ¢usnuke aktuBHOCTK (PiSot et al., 2010; Tous-
-Fajardo et al., 2010; Simunic¢, 2012).

Ha ocHoBy pesynrara mpukasanux y Tademn 1
MOXKe Ce 3aK/byYUTU [a, TeHepajHO ITIeTaHO KOJ
MepeHux MmuinnhHux rpyma, usmehy mcnmruBaHmx
rpyma CIOPTHUCTA ¥ HECIIOPTIUCTA Y OFHOCY Ha Bapy-
jadme TMTI-a moctoje pasnuke kox gecHe Hore (Wilk’s
Lambda Value = 0.000, F = 1299.193, p < 0.05), u T0
u xog ompyxkada (Wilk’'s Lambda Value = 0.086, F =
4.709, p < 0.05) n xop mperndava (Wilk’s Lambda
Value = 0.303, F = 2.685, p < 0.05) 3r710da KoneHa,
IOK KOJ| JIeBe HOre TaKBe pasMKe HUCY yTBpheHe.
Kapa cy y nuramy nojenuuaynn mumuhu, pasnnke
cy yrBpbene xop mumnha pexryc dpemopuc gecte (p
< 0.05) u nese Hore (p < 0.01), dunenc pemopuc (p <
0.01) u Bactyc narepamuc (p < 0.01) necue Hore. OBK
pasy/aTaTH Cy O4eKMBAHM AKO Y3MeMO Y 003up fia rpy-
Ia CHOPTHCTA IPUIIAZIa Y30PKy 0COda CeleKTUpaHmX
y OBHOCY Ha QU3MYKe CIIOCOOHOCTM, Kao 1 ocodama
aKTMBHO YK/bYYEHUM Yy TPeHaXKHU Ipouec. [Ipyrum
peunmMa, mpumajajy ocodama Koje YIpaXmbaBajy
CBAaKOJHEBHO (pM3NUKe aKTMBHOCTM, 1A CAMMM TUM
U uMajy dobe QYHKIMOHATHEe HEBO/bHE HeypoMe-
XaHN4YKe KOHTPAKTM/IHEe KapaKTepyucTyuke munirha
ompy»ada 1 mpernudada 3r7100a KojleHa y OfTHOCY Ha
TOjefiMHIIe KOjU TaKBY BPCTY GUSMYKUX aKTUBHOCTH
U He yIIpaXKibaBajy. Pesy/iTaTyt 0BOT MCTPaXMBarba Cy
y CKIaJly ca IPEeTXORHUM UCTPAXKMBabIIMa Koja Cy ce
daBma pasnukama usMeby cnopTucTa u HecopTu-
CTa, a KOja TOBOpE Y MPU/IOT YMEbEHUIM ITOCTOjarba
HOMEHYTHX pas/mKa y kopuct ciopructa (Medina et
al., 2007; Ahtiainen & Hakinen, 2009).

Kapa ce carnenajy pesyaraTu T-Tecra, IprKa3aHu
y Tadenama 2 u 3, MOXe ce 3aK/bY4UTH Jja Off YKYITHO
30 Bapujadnu Koje onucyjy HeBo/bHe QYHKIIMOHATHE
HeypOMeXaHN4Ke KOHTPAKTW/IHE KapaKTepUCTUKe
mumnha onpyskada u nperudada 3r1oda KoneHa Koj
yak 13 Bapujadmu je yrBpheHo mocrojame pasmmka

usMehy crnoprtucra m Hecnoprucra. VicnutuBaHu
CIOPTHUCTN y TIpoceKy nmajy kpahe Tc (3a 10.4 ms,
Tj. 36.1 %), xpahe Td (3a 3.07 ms, 1j. 13.3 %) 1 Mame
BpenHocTy Dm (3a 15.5 mm, 1j. 37.5 %) ox Hecnop-
THCTA Kajia je y muTawy muumh PO fecHe Hore, ok
uMajy kpahe Tc (3a 13.8 ms, Tj. 51.8 %), kpahe Td (3a
3.8 ms, 1j. 16.8 %) u kpahe Ts (3a 41.5 ms, Tj. 38.8
%) Kaga je y muramwy Mymmth PO nese Hore. Kog mu-
mha BJI gecne Hore cioptucty nmajy kpahe Tc (3a
3.2 ms, 1j. 14.2 %), kpahe Td (3a 2.7 ms, 1j. 12.7 %) n
kpahe Tr (3a 31.6 ms, 1j. 176.5 %). Takobe, pesynratn
Cy TOKasamm fja ciopTuctu nmajy kpahe Td (sa 1.9
ms, Tj. 8.5 %), Tr (3a 16 ms, 1j. 32.4 %) n Behy RMTD
(32 0.052 mm/ms, Tj. 35.6 %) O HeCIIOpTHUCTA Kafia je
y murawy mumnh b® necHe Hore, 1ok nMmajy kpahe
Td (3a 2.1 ms, Tj. 9.8 %) of HecmopTyCTa Kaja je y
nurawy Mumh B nese Hore.

Axo ce y 0d3up y3Me ummeHMIA Ja Cy IapamMe-
tpu Tc u Td y Be3u ca Tunom mummhHMX BakaHa
(Dahmane et al., 2005) MoXe ce IPeTHOCTABUTH [a
je M MOMMHAHTHM pas/or yTBpHeHMX pasimmka Kof
OBUX Bapyjaday ympaBo M Pas3aMdMTa XMUCTOJIOLIKA
CTPYKTYpa Kajia ¢y y murawy myuumthu PO peche n
neBe Hore, BJI necue Hore u b® mecHe u nmeBe Hore.
Takobe, Kop MCIMTMBaHMX CIOPTHUCTA je yTBpheHo
fla Cy MMa/u Mame BpeflHocTi Dm Kafa je y nuramy
mumuh PO pecHe Hore, ITO HajBepoBaTHMje YKasyje
ma cy cnopructy umamy nosehan myummham ToHyC
Y OJHOCY Ha HeCIIOPTUCTE, OFHOCHO ToBehaH HMBO
KPYTOCTH KaJla je y mUTamy oBaj mymmh. Pesynratn
Cy TOKa3au Ja CHOPTUCTY UMajy Behy dp3uny KoH-
tpakiuje (RMTD) op HeciopTicTa Kajia je y muTamy
mumnh B® pecHe Hore, WITO je M OYeKMBAH pes3yl-
TaT aKo Cy y3Me y 003Mp UMHEHUIA fla CIOPTUCTU
PEIOBHO yIpaXKmbaBajy puandke akTMBHOCTH, I1a Ca-
MUM TUM I KaO IOC/EeAMIA aflaliTalije Ha TPEHVHT
1ICII0/baBajy Behy dpsuHy KOHTpaKIije of Hecrop-
trcra (Ahtiainen et al., 2009).

Ha ocHoBy podumjeHux pesynrara, Ipe CBeTa,
MOYKe ce YBUJIETH Jla HajBMIIE pas/yKa Yy HEBObHUM
(YHKIVMOHATHYM HEYPOMEXaHWYKMM KOHTPaKTWUII-
HMM KapaKTepucTMKama usMeby cmoprucra u He-
criopTucta nocroju kox muiinha PO (mecHe n nese
HOTe), a KajJja y3MeMO y 003up pasiuke KOJ MUIIN-
ha BJI moxemo 3axk/pyunTy fja Mumhu onpyskaun
317100a KOJIeHa IIpaBe 3HauajHy pasiuky usMmehy ose
IBe IpyIe UCIMUTaHMKa. Mo)keMo IIpeTIoCTaBUTH fia
je TTaBHM pasyior MOodMjeHMX pasnMKa Koji OBe MH-
muhHe rpyne 4yMmeHNIA aa ¢y Mummhy ompysxadyn
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317100a KOJIeHa M3Y3eTHO 3HaYajHa MUIIMhHA rpyma
3a ycrex y crnopry (Tous-Fajardo et al., 2010), ca-
MMM TUM CHOPTHCTH HocBehyjy myHO BpeMeHa Ha
n0do/bllIathe KOHTPAKTVIHIX KapaKTePUCTUKA OBUX
muinha a pauyHajyhn u yrunaj cenexiuje y copty,
U UCIIO/baBajy do/be HEeBO/bHE HEyPOMEXHIYKe KOH-
TPaKTVU/IHE KapaKTepPUCTHKE y OJHOCY Ha HEyTPEeHN-
paHe nojefuHIE.

Taxobe, moxe ce 3axpyuntu ga TMI kapakrepu-
CTMKe Be/IMKIX MUIINNHNX Irpyma, OgHOCHO Mummha
Koju ¢y rmaBHu onpyxaun (P®) ogrocHo nperndaun
(b®) 3rmoda KoneHa JOMIMHAHTHO YTUYY Ha Bapuja-
SdunmuTteT pasiuke, TOK AaTe KapaKTEePUCTUKE MAmbUX
muha Koju HUCY ITTaBHY OIPY)Kadu OJHOCHO IIpe-
rndaun 3rnoda xormena (BM, BJI, CT) ne yruuy Ha
3HAYajHOCT pasymka nsMeby copTicTa n HecopTi-
cra. Ty TBpABY NOTKpeIUbYyje YMIbeHNIIA [Ja KO MI-
muha BM gecue n nese nore, CT mecHe u neBe Hore
kao 1 Myumrha BJI eBe Hore He mocToje pasnuke u3-
meby crioptucra u Hecrioptucta (Tadena 1).

Kapa cy y nuramy napamerpu TMI-a, omnoxe-
HO BpeMe KOHTpakKiyje, Kao Mepa T3B. JIATEHTHOT
BpeMena muunhHe koutpakuuje (Td) u Bpeme KoH-
tpakuuje (Tc) cy mapameTpu y Kojuma ce HajBuile
pasmukyjy cnopructu n Hecioptuctu (Tadema 1). ¥
OBOM pafly je Ha UCIUTUBAHOM Y30pKy yTBpheHo fa
CITOPTUCTY MIMajy 3Ha4ajHO Kpahe Bpeme KOHTpaKI-
je ¥ OITIOXKeHO BpeMe KOHTpaKIjyje O HeCIIOPTUCTa
Kajia Cy y nuTamy Mummhy onpyskadn u nperndadn
317100a KOJIeHa U TO Y IPOCeKy 3a: 2.71 ms, OGHOCHO
3a 12.22 % xop Td, n 9.13 ms, ogrOocHO 34.03 % Kof
Tc y ogrocy Ha MummhHe rpyne Koj KOjux je yTBp-
hena mapunmjanna pasnuka (Tadena 1). ITopen oBa ;Ba
napameTpa, Kojuma ce fepuHmire Sp3nHa YKbyderna
muinha, yrBpbheno je ga cnoptuctu umajy u epu-
KacHNje MeXaHM3Me peJaKcaluje, OfHOCHO MHOTO
dprka mckbydema muumtha u To y mpoceky 3a: 23.8
ms, ogHocHo 104.45 % xon Tr, m 41.5 ms, OMHOCHO
38.8 % xox T's y ogHOCy Ha MummhHe rpyre Ko Ko-
jux je yrBphena maprujanna pasmmka (Tadena 1).

[IpeTxogHa MCTpaXuBama 13 OBe OONACTU CY
YTBpAWIA fia je MeTofla TeH31oMuorpaduje BaauaHa
3a yrBphuBame pasiuka y HEBOJBHUM HeypoMeXa-
HUYKUM KOHTPAKTWIHMM KapaKTepUCTMKaMa MMU-
mnha y ogHocy Ha non (Garcia-Garcia et al., 2014),
CITOPTHCTE U3 PasININTHX rpyma cnoprosa (Loturco
et al., 2015) xao u 3a yrBphuBame pasnmka y ogHOCY
Ha urpadky nosunujy y ¢yndamy (Rey et al., 2012).
Pesyntatu oBOr mcTpakmpama Cy IOKasalu ja je
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IpUMEHOM MeTojie TeH3roMuorpaguje moryhe yBp-
AUTHU pasinKe GyHKIVIOHATHAX HeBO/BHUX HEeypOMe-
XaHMYKUX KOHTPaKTWIHUX KapaKTepPUCTUKA MUIIN-
ha dyTuHe Kop TpeHMpaHNX U HETpeHMPAHNX 0coda.
Takobe je yrBpheHo fa cy Te pasmuke BpIo crenu-
¢udHe jep ce OfHOCE caMO Ha IOjefiiHe KapaKTepy-
cTuke y GyHKUMju camo oppehennx mummhuux rpy-
na. Ha oBaj HauuH je Moryhe 1 moTBpAUTY U3y3€THO
BE/IMKY OCET/BMBOCT U CIIEIVIQUIHOCT flaTe MeTOfie y
OfJHOCY Ha CHeIM(PUYHOCT YTPEHUPAHOCTIL.

Kao mro je Beh HammomenyTo, yrBpheHe pasnuke
usMehy ncnmtuBanux Bapujadmm y GyHKIUjM MCIN-
TMBAHMX I'PyIIa Cy HajBepOBAaTHYjE TIOCTIENNIIA YN He-
HIILIE I3, TIOpeJ] pas/nKa y XMCTOMIOMIKOj CTPYKTYpH
muimha, CIIOPTUCTY MMajy M BUCOK HUBO aJaIlTH-
PAHOCTM Ha PEJOBHO YIpaKibaBambe TPeHaKHE aK-
TUBHOCT, I1a CAMVM TVM U ICIIO/baBajy kpahe Bpeme
KOHTpaKIMje, OTIOKEHO BpeMe KOHTpaKIuje, Kao 1
Kkpahe BpeMe peakcanyje ofj HeyTPEHUPAHNUX II0je-
AVHALA.

3AK/bYYAK

Ha ocnoBy pmodmjennx pesynratra Moxe ce 3a-
K/BYYUTH Ja je, off yKynHo 30 Bapujadiay Kojuma cy
Yy OBOM MCTpaXMBamy NM3MepeHe HeBO/bHe (yHK-
I[MIOHa/IHE HeypOMeXaHM4YKe KOHTPAKTU/IHE Kapak-
tepuctuke munmtha dyrtuHe, yrBpheHo mocrojame
pasnuke Koy yak 13 Bapujadnu nsmeby cioprcta n
HECITOPTUCTA MyHKOr noma. OBu pesynraTu Cy IIo-
Kasa/u Jja je IPYMEHOM TeH31oMuorpagdcke MeTofie
Moryhe yTBpanTHy pasinke GyHKIVIOHATHIX HEBOJb-
HUX HEYPOMEeXaHMYKIX KOHTPAKTUTHUX KapaKTepu-
cTuka Mumnha dyTuHe Koj TpEeHUpPAHUX U HETPEHN-
PaHuX 0c0da MYIIKOT 1014, /TN CY UCTO TAKO Pe3y-
TaTy TI0KA3a/M Ja Cy Te PasimkKe Bp/o crenyduyne
jep ce ogHOCe caMO Ha II0jefiHE KapaKTEePUCTUKE U
nojepyHe MynmnhHe rpyre.

Hajume pasnmmka je yrBpheno kop mmmmha
oIIpy’kada 3I17100a KOJIeHa JeCHe HOre, a HapO4NTO
kopi mumuha P®. Takohe mokasano ce ja TeHsmo-
Muorpadcke KapaKTepUCTUKe BeMMKMUX MUIMhHUX
TpyIa, OfHOCHO Mynha Koju Cy I7TaBHM OIpy>Kadn
(P®) ognocHo nperndaun (bP) srmoda xonena, npa-
Be 3HaYajHy pasnuky usMeby croprucra n Hecrop-
THUCTA.
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Kapa cy y nutamy napamerpu TMI-a, opnoxxeno
BpeMe KOHTpaKliije, Kao Mepa T3B. IATEHTHOT BpeMe-
Ha mumnhHe konTpaknyje (Td) n Bpeme koHTpakmje
(Tc), cy mapameTpn y KojuMa ce HajBHUILE PA3TMKY]y
CIIOPTUCTY ¥ HECTIOPTUCTH, KaJja CY Y MUTakby MUIIN-
hu ompy»xaun 1 nperndaun 3r1oda KosieHa 1 TO y Ipo-
cexy 3a: 2.71 ms, ogHOCHO 3a 12.22 % xox Td, n 9.13
ms, ofHOCHO 34.03 % xop Tc y ogHOCy Ha Mumuhhe
TpyIe KOfi KOjuX je yTBpheHa mapumjaaHa pasimka.
ITopen oBa fiBa mapameTpa, Kojuma ce geduHmIre Op-
3UHa yK/bydera Munha, yrepheHo je fa copructu
MMajy ¥ epUKacHUje MeXaHN3Me peaKcaliyje, OfHO-
CHO MHOTO dp>ka MCK/by4erba Mummha 1 To y IpoceKy
3a: 23.8 ms, ogHocHo 104.45 % xop Tr, n 41.5 ms, of-
HOCHO 38.8 % xox T's y ogHoCy Ha MunhHe rpyrie Koz
KOjuX je yrBpheHa mapiyjanHa pasimka.
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NEUROMECHANISCHE FUNKTIONELLE KONTRAKTILE
CHARAKTERISTIKEN VON SCHENKELMUSLEN GEMESSEN MIT
DER METHODE DER TENSIOMIOGRAPHIE BEI SPORTLERN UND
NICHT-SPORTLERN MANNLICHEN GESCHLECHTS

Zusammenfassung

Unwillkiirliche neuromechanische kontraktile Muskelcharakteristiken, besonders der Streck- und Beugmuskeln
des Kniegelenks als der grofiten Muskelgruppe des kaudalen Teils des Korpers, spielen eine wichtige Rolle sowie in
unserer alltiglichen Bewegung als auch im Sport. Auf Grund dieser Daten konnen wichtige Informationen iiber die
funktionellen Charakteristiken der Muskeln gewonnen werden. Basis fiir die Einschitzung funktioneller unwillkiirlicher
neuromechanischer kontraktiler Muskelcharakteristiken ist die nicht-invasive Methode der Tensiomiographie (TMG).
Ziel dieser Untersuchung ist es, den Unterschied unwillkiirlicher neuromechanischer kontraktiler Charakteristiken der
Schenkelmuskeln mit Hilfe der TMG-Methode bei Sportlern und Nicht-Sportlern méannlichen Geschlechts festzustellen.
Das Muster der Priiflinge umfasste 17 Sportler und 10 Nicht-Sportler. Durch die Anwendung der multivariaten
Varianzanalyse (MANOVA) und des t-Tests wurden Ergebnisse gewonnen, die darauf hinweisen, dass bei den insgesamt
30 Variablen ein Unterschied bei 13 Variablen festgestellt wurde. Die grofite Anzahl der Unterschiede wurde bei den
Streckmuskeln des Kniegelenks des rechten Beins und in besonderem Mafle bei dem Muskel rectus femoris festgestellt.
Es zeigte sich ebenfalls, dass neben dem Streckmuskel (rectus femoris), auch der Beugmuskel des Gelenks (biceps femoris)
Einfluss auf die Unterschiedsdefinierung zwischen Sportlern und Nicht-Sportlern ausiibt. Die Ergebnisse haben gezeigt,
dass die Variablen - Kontraktionszeit (Tc) und verzogerte Kontraktionszeit (Td) funktionelle Parameter darstellen, bei
denen der grofite Unterschied zwischen Sportlern und Nicht-Sportlern festgestellt wurde (von t = -2.284, p < 0.05 fiir den
vastus lateralis des rechten Beins bis t = -4.018, p < 0.01 fiir den rectus femoris des linken Beins). Diese Ergebnisse haben
aufgezeigt, dass durch Anwendung der Methode der Tensiomiographie Unterschiede der funktionellen unwillkiirlichen
neuromechanischen kontraktilen Charakteristiken der Schenkelmuskeln bei durchtrainierten und nicht-trainierten
Personen festgestellt werden kénnen. Die Ergebnisse haben aber gleichzeitig darauf hingewiesen, dass die Unterschiede
sehr spezifisch sind, da sie sich lediglich auf einzelne Charakteristiken beziehen.

Schliisselworter: KNIE / STRECKER / BEUGER / UNTERSCHIEDE / MANOVA / T-TEST

OBo ncTpaxuBame je ypaheHo kao meo npojekra Munucrapcrsa Hayke Perrydnuke Cpduje, dp.
11147015: Edextn npuMereHe pus3nyKe aKTUBHOCTY Ha IOKOMOTOPHY, METadO/INMYKIA, IICUXO-CO-
IVja/THY ¥ BAaCOUTHY CTaTyc nomynanuje Perrydmuke Cpduje.

ITpumipen: 08.12.2015.
[Tpuxsahen: 18.04.2016.
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Abstract

Involuntary neuromechanical muscle contractile properties, especially of the extensor muscles and knee joint flexors
as the largest muscle groups of the caudal part of the body, play an important role in both everyday movement and
sport. Based on these data we can obtain important information on the functional properties of muscles. The basic
means of evaluation of the functional involuntary neuromechanical muscles contractile properties is the non-invasive
tensiomyographic method (TMG). The aim of this study was to determine the differences between the involuntary
neuromechanical contractile properties of the thigh muscles measured using the TMG method on a sample of male
athletes and non-athletes. The sample of participants was made up of 17 athletes and 10 non-athletes. By applying the
multivariate analysis of variance (MANOVA) and the t-test, we achieved results which indicate that of the overall 30
variables, a difference was determined among 13 of them. Most of the differences were determined for the extensor
muscles of the right knee, especially of the rectus femoris muscle. It was also shown that in addition to the main knee
joint extensor muscle (rectus femoris) the main knee joint flexor muscle (biceps femoris) also takes part in the definition
of the difference between athletes and non-athletes. The results have shown that the following variables: contraction
time (Tc) and delay contraction time (Td) are the functional parameters for which the highest difference between
athletes and non-athletes were determined (from t = -2.284, p < 0.05 for the vastus lateralis of the right leg to t = -4.018,
p < 0.01 for the rectus femoris of the left leg). These results have shown that it is possible to determine the differences in
the functional involuntary neuromechanical contractile properties of the thigh muscles among trained and untrained
individuals using the tensiomyographic method, but at the same time indicated that these differences were very specific
since they refer only to certain properties.

Key words: THE KNEE / EXTENSORS / FLEXORS / DIFFERENCES / MANOVA / T-TEST

INTRODUCTION

Regular physical exercise has a positive influence
on the entire anthropological status of men (Merom,
Bauman, & Ford, 2004; Garber et al., 2011). It has
been shown that there are differences in anthropo-
logical abilities and properties between athletes and
non-athletes. These differences are especially pro-
nounced in the case of morphological characteristics
(Radu, Popovici, & Puni 2015), functional and motor
skills (Shin, Minamitani, Onishi, Yamazaki, & Lee,
1997; Bubanj et al., 2012; McBride, & Snyder, 2012;
Radinovi¢, & Pavlovi¢, 2013) but also voluntary con-
tractile muscle properties (Medina, McLeod, Howell,
& Kingma, 2007; Ahtiainen, & Hakinen, 2009).

One of the new technologies, that is, means of
evaluating involuntary functional neuromechanical
muscle contractile properties is the tensiomyograph-
ic method. Tensiomyography (TMG) is a non-inva-
sive method which is easy to use, which can evalu-
ate involuntary functional neuromechanical muscle
contractile properties. It is based on the evaluation of
muscle contractile properties in isometric conditions,
based on changes in the position of the muscle belly
caused by electric impulses (Valenci¢, & Knez, 1997).
Up to now, numerous studies have confirmed the va-
lidity and reliability of tensiomyography as a method
(Tous-Fajardo et al., 2010; Simuni&, 2012; Ditroilo,
Smith, Fairweather, & Hunter, 2013). The tensiom-
yographic method can be used to measure the fol-
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lowing muscle contractile properties: maximal radial
displacement (Dm), contraction time (Tc), delay time
(Td), sustain time (Ts) and relaxation time (Tr).

Tensiomyography has so far been applied in the
evaluation of muscle fatigue (Garcia-Manso et al.,
2011;2012), the evaluation of the type of muscle fibers
(Dahmane, Djordjevic, Simuni¢, & Valen¢i¢, 2005;
Simuni¢ et al., 2011), evaluation of muscle damage
caused by the influence of physical activity (Hunt-
er et al., 2012), the prevention of injury (Dias, Fort,
Marinho, Santos, & Marques, 2010; Alentorn-Geli et
al., 2014), the evaluation of muscle atrophy (Pisot et
al., 2008), in pathological states (Grabljevec, Burger,
Kersevan, Valencic, & Marincek, 2005; Rusu, Cali-
na, Avramescu, Paun, & Vasilescu, 2009), as well as
for measuring the aforementioned properties among
children (PiSot et al., 2004). Tensiomyography is often
used in sport, especially in the case of soccer players
(Rey, Lago-Pefias, & Lago-Ballesteros, 2012; Rusu et
al., 2013; Alvarez-Diaz et al., 2014), volleyball play-
ers (Rodriguez-Ruiz et al., 2014; Dopsaj, Ivanovic,
& Copic’, 2014), triathlon athletes (Garcia-Manso
et al., 2011), cyclists (Garcia-Garcia, Cancela-Car-
ral, Martinez-Trigo, & Serrano-Gémez, 2013), fe-
male kayakers (Garcia-Garcia, Cancela-Carral, &
Huelin-Trillo, 2015) as well as professional dancers
(Zagorc, Simuni¢, PiSot, & Oreb, 2010).

Involuntary neuromechanical muscle contractile
properties, especially of the extensor muscles and
knee joint flexors as the largest muscle groups of
the caudal part of the body, play an important role
in both everyday movement and sport. Based on
these data we can obtain important information on
the functional properties of muscles. However, so far
there have not been conducted studies that have dealt
with the differences between the involuntary neuro-
mechanical contractile properties of muscles mea-
sured using the TMG method on a sample of male
athletes and non-athletes. Accordingly, the aim of this
research was to determine the differences in involun-
tary neuromechanical contractile properties of the
thigh muscles using the tensiomyographic method
among male athletes and non-athletes. It is hypothe-
sized that there will be differences in involuntary neu-
romechanical contractile properties of thigh muscles
using the tensiomyographic method among male ath-
letes and non-athletes.

METHOD

Participants

The sample consisted of 27 participants, 17 ath-
letes and 10 control group participants. The sample
of athletes had the following descriptive character-
istics: age = 25.7+4.1; TV = 182.1£8.8 cm; TM =
82.4+7.9 kg; BMI = 24.8+1.8 kg/m?, and the sample
of non-athletes: age = 28.7+4.1; TV = 185.07%4.9
cm; TM = 85.6+5.4 kg; BMI = 25.06+1.8 kg/m>. The
group of athletes was made up of basketball players
(2), volleyball players (2), judokas (2) and karatekas
(11), while the group of non-athletes consisted of var-
ious students of the University of Belgrade who did
not systematically take part in competitive activities.
All of the athletes took part in regular sports training,
had competitive experience in their sport of choice
of at least 5 years, and actively took part in higher
competitive ranks in their sport of choice. The partic-
ipants were healthy, took part in preliminary period
activities, were familiar with the aim of the research,
and voluntarily agreed to participate in the study. The
testing was realized in accordance with the rules of
the Ethical Committee of the Faculty of Sport and
Physical Education of the University of Belgrade, and
it was performed in the Methodology-research labo-
ratory of that facility.

Testing procedure

The measuring of functional involuntary neuro-
mechanical muscle contractile properties was carried
out using the tensiomyographic method (TMG-BMC
Ltd, Ljubljana). The testing was carried out on five
muscles: rectus femoris (RF), vastus lateralis (VL),
vastus medialis (VM), biceps femoris (BF) and sem-
itendinosus (SM). All of the measuring was realized
in accordance with the recommended procedure of
the manufacturer, with the participants lying in a re-
laxed prone position, when the muscles RE, VL and
VM were measured. While the participants were ly-
ing in a supine position, the muscles BF and ST were
measured (Tous-Fajardo et al., 2010; Ditroilo et al.,
2013; Garcia-Garcia et al., 2013). The angle between
the lower leg and upper leg was 135° (Figure 1). The
participants, prior to positioning the electrodes, were
asked to perform a volitional contraction in order for
the palpitation method to be used to determine the
position of the TMG measuring sensor. After defin-
ing the location, the point was marked, and then two
adhesive electrodes were positioned on the middle

35



Toski¢ L., et al., The Neuromechanical Functional Contractile..., PHYSICAL CULTURE 2016; 70 (1): 34-45

part of the muscle (Pals Platinum, model 895220
with a multi-stick gel, Axelgaard Manufacturing Co.
Ltd), both of which emitted an electric impulse, in
the proximal and distal position, at a distance of 3 cm
from the marked point (Photo 1).

Photo 1. The positioning of the electrodes and
sensor on Vastus Medialis muscle

Between the electrodes we positioned a sensor
(GK40, Panoptik, Ljubljana, Slovenia) which detected
changes in the abdominal muscles caused by electri-
cal stimulations, and based on which we could obtain
data on the functional involuntary neuromechanical
muscle contractile properties. The electrical impulse
was realized with the help of an electrostimulator
TMG-100 (TMG-BMC d.o.0., Ljubljana, Slovenia),
while the initial impulse was set at an intensity of 25
mA. It was proportionally increased by 10 mA until
the maximal value was achieved, that is, until the mo-
ment when any muscle reaction to the increase in the
electrostimulation ceased. The interval between im-
pulses was approximately 5 s, so as to allow the mus-
cle to relax. Two of the best results were noted, and
based on them the TMG software calculated the av-
erage. The participants were tested in the early morn-
ing hours, were rested, and had not taken part in any
physical activity prior to the testing. The testing was
carried out by experienced individuals.

Variables

The sample of variables consisted of 6 parameters
used to describe the functional involuntary contrac-
tile ability of each tested muscle (Figure 1):

- Tc - contraction time (ms) — the time needed to
achieve values from 10 % to 90 % of the maximal dis-
placement of the muscle;
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- Td - delay time (ms) - the time needed to, fol-
lowing the onset of the electric stimulation, achieve
10 % of the maximal muscle displacement;

- Tr - relaxation time (ms) — the time needed for
the contraction to revert back from 90 % to 50 % of
the maximal muscle displacement;

- Dm - maximal radial displacement (mm) — the
maximal muscle displacement during an electrical in-
voluntary stimulation;

- Ts — sustain contraction time (ms) — the time
interval which elapses from 50 % of the contraction
phase to 50 % of the relaxation phase;

- RMTD - the speed of contraction (mm/ms).

The variable of contraction speed (RMTD) was
not obtained through direct measuring, and instead
was calculated as the relation between Dm and Tc,
and expressed in mm/ms (Dopsaj et al., 2014). The
measuring was carried out on the muscles RE, VL,
VM, BF and ST. For each of the five muscles we cal-
culated the 6 aforementioned variables.
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Figure 1. Involuntary neuromechanical contractile

parameters

Data analysis

Of the statistical procedures in the study we used
the descriptive analysis, multivariate analysis of
variance (MANOVA), as well as the t-test. The de-
scriptive analysis (Mean, Sd) was applied to describe
the quantitative measures for the studied variables,
while the MANOVA and t-test were applied so as
to determine the difference between the measured
variables of the studied groups. All of the statistical
procedures were processed in the SPSS20 program
(IBM).
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RESULTS

Table 1 shows the results of the multivariate anal-
ysis of variance (MANOVA). Based on the obtained
results we can conclude that at the general level there

are differences between athletes and non-athletes in
terms of all the studied variables of the right leg (gen-
eral difference, right leg Wilk’s Lambda Value = 0.000,
F =1299.2, p < 0.05), while in the case of the left leg
no difference was determined (Table 1).

Table 1. MANOVA results

Wilk’s Lambda Value F p €  Obser. Power
d?é;‘::cle Right leg 0.000 1299.193* 0.022 1.00 0.98
Left leg 0.013 3.009* 0.431 0.99 0.10
Right leg extensors 0.086 4.709*  0.016 0.91 0.90
Fd‘:;g‘e‘:zl Right leg flexors 0303  2.685°  0.041 0.70 0.80
Left leg extensors 0.255 1.300° 0.366 0.75 0.33
Left leg flexors 0.527 1.048>  0.461 0.47 0.35
Rectus femoris R 0.556 2.660° 0.046 0.44 0.73
Rectus femoris L 0.425 4.515° 0.005 0.58 0.94
Vastus medialis R 0.700 1.427° 0.253  0.30 0.43
Vastus medialis L 0.741 1.167° 0.362 0.26 0.35
dilzcle rrtei;lce Vastus lateralis R 0.520 3.074*  0.027 0.48 0.80
Vastus lateralis L 0.669 1.650° 0.186 0.33 0.49
Biceps femoris R 0.408 4.837° 0.003 0.59 0.95
Biceps femoris L 0.575 2.464° 0.060 0.43 0.69
Semitendinosus R 0.591 2.306° 0.074 0.41 0.66
Semitendinosus L 0.756 1.076* 0.409 0.24 0.33

In relation to the results obtained regarding the
functional differences (the difference in relation to the
muscle group of flexors and extensors, between the
groups of participants), it was determined that there
were differences between the athletes and non-ath-
letes, once again only for the right leg (the functional
difference of the right leg extensors, Wilk's Lambda
Value = 0.086, F = 4.709, p < 0.05; the functional dif-
ference of the right leg flexors, Wilk’s Lambda Value
=0.303, F = 2.685, p < 0.05), while in the case of the
left leg differences were not determined. At the level

of the partial difference, that is, the difference of in-
dividual contractile properties in relation to a partic-
ular muscle group, a difference was determined for
the following muscles: rectus femoris of the right leg
(Wilk’s Lambda Value = 0.556, F = 2.660, p < 0.05),
rectus femoris of the left leg (Wilk’s Lambda Value =
0.425, F = 4.515, p < 0.01), vastus lateralis of the right
leg (Wilk’s Lambda Value = 0.520, F = 3.074, p < 0.05)
and biceps femoris of the right leg (Wilk’'s Lambda
Value = 0.408, F = 4.837, p < 0.01).
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Table 2. Descriptive indicators (Mean+Sd) of the studied variables of the extensor muscles of the right knee
joint among male athletes and non-athletes and the results of the t-test

Right leg Left leg
Athletes  Non-athletes Athletes Non-athletes
Mean+Sd  Mean+Sd t p Mean+Sd  Mean+Sd t p

Tc 28.8+£5.5 39.2+10.7 -3.362 0.002  26.6+6.1 40.4+11.8 -4.018 0.000

Td 23.01+3.1 26.08+1.8 -2.778 0.010 22.6%3.07 26.4+1.2 -3.749 0.001

RE Tr 50.9+50.7 66.4+31.4 -0.868 0.394 50.3+46.3 74.4+32.2 -1.445 0.161
Dm 6.4+2.4 8.8+3.01 -2.235 0.035 6.8+3.08 7.9%2.1 -0.985 0.334

Ts 110.07£75.4 121.1+30.4 -0.440 0.664 106.7+64.8 148.2+26.5 -2.326 0.029

RMTD 0.231+0.093 0.245+0.103 -0.421 0.678 0.256+0.104 0.205+0.058 1.527 0.139

Tc 22.5+£3.02 25.7+44  -2.284 0.031 22.6x2.7 24.08+2.9 -1.236 0.228

Td 21.2+1.1 239+2.3 -3.381 0.006 20.5x1.9 21.7+£1.08 -1.816 0.081

VL Tr 17.9+£31.2 49.5+46.8 -2.105 0.046 25.6+43.2 28.3+40.1 -0.161 0.873
Dm 4.9+1.7 5.8+1.7 -1.207 0.239 5.1+£2.6 4.8+1.3 0.318 0.753

Ts 43.7+£33.7 87.9+60.4 -2.128 0.054 51.5+43.8 55.7+43.8 -0.243 0.810

RMTD 0.222+0.071 0.226+0.055 0.042 0.966 0.225+0.102  0.2+0.04 0.834 0.413

Tc 24.2+3.01 24.2+3.3 0.006 0.995 23.8%£25 25.9+2.8 -1.971 0.060

Td 21.07£1.2 21.6+1.6 -1.041 0.308 21.05%x1.3 21.4+1.02 -0.733 0471

VM Tr 116.8£58.1 111.5£67.4 0.215 0.831 106.3£62.3 114.9+50.3 -0.368 0.716
Dm 7.8%2.1 6.9£1.5 1.184 0.247 7.5%2.4 6.7%1.9 0.798 0.433

Ts 185.4+20.6 176£45.5 0.747 0.462 177.9+£50.2 191.03+37.2 -0.715 0.481

RMTD 0.327+0.086 0.289+0.062 1.094 0.284 0.318+0.104 0.265+0.081 1.272 0.215

Table 2 shows the descriptive indicators =-2.778,p < 0.01; t = -2.235, p < 0.05, respectively)

(MeantSd) of the measured variables of athletes
and non-athletes, as well as the result of the t-test,
that is, the difference between the groups in terms
of the individually studied variables. In the case of
the right leg, differences were determined among
three muscle groups, including: rectus femoris for
the variables Tc, Td and Dm (t = -3.362, p < 0.01; t
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and vastus lateralis for the variables Tc, Td and Tr (t
=-2.284,p <0.05; t = -3.381, p < 0.01; t = -2.105, p <
0.05, respectively). In the case of the left leg, differ-
ences were determined only for one muscle group of
the rectus femoris for the variables Tc, Td and Ts (t
= -4.018, p < 0.01; t = -3.749, p < 0.01; t = -2.326, p
< 0.05, respectively).
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Table 3. Descriptive indicators (Mean+Sd) of the studied variables of the muscle flexors of the knee joint among
male athletes and non-athletes and the results of the t-test

Right leg Left leg
Athletes  Non-athletes Athletes Non-
athletes
Mean+Sd Mean+Sd t p Mean+Sd  Mean+Sd t p
Tc  31.04t£10.04 40.07£15.03 -1.875 0.073 38.8+12.9  40.1£10.8 -0.253 0.802
Td 22.3+1.8 24.2+2.5 -2.247 0.034 23.04+2.1 25.3+£3.3 -2.230 0.035
BE Tr 49.3+22.3 65.3x11.7  -2.088 0.047 64.6£27.6  66.9£249 -0.214 0.832
Dm 5.8+1.6 5.7+£2.2 0.17 0.867 6.912.6 6.1£1.2 0.830 0.414
Ts 209.2+32.3  216.1+27.3  -0.559 0.581 194.8451  209.3+24.9 -0.833 0413
RMTD 0.198+0.061 0.146+0.035 2.099 0.046 0.185+0.068 0.158+0.024 0.638 0.529
Tc 43.1+12.6 37.3£14.3 1.093 0.285 41.4+£12.09 44.9+13.7 -0.687 0.499
Td 24.05%2.3 24.2+2.8 -0.206 0.839  23.5%2.1 24.1+2.7 -0.632  0.533
ST Tr 75.7£34.3 70.1£16.3 0.486 0.631 71.3£30.07 68.9+27.5  0.208 0.837
Dm 7.9+2.4 6.7£2.6 1.208 0.238 8.2+2.8 7.2+2.4 0.904 0.375
Ts 173.9£26.4  202.4+49.09 -1.973 0.060 167.3+36.4 177.8+26.7 -0.790 0.437
RMTD 0.189£0.048 0.186+0.041 -0.11 0.913 0.197£0.046 0.164+0.041 1.621 0.118

Table 3 shows the descriptive indicators (Mean+Sd)
of the measured involuntary neuromechanical con-
tractile properties of the flexor muscles among male
athletes and non-athletes, as well as the results of the
t-test. In the case of the right leg, differences were
determined for the muscle biceps femoris for the
variables Td, Tr and RMTD (t = -2.247, p < 0.05; t =
-2.088, p < 0.05; t = 2.099, p < 0.05, respectively). In
the case of the left leg, differences were determined
only for the variable Td for the muscle biceps femoris
(t=-2.230, p < 0.05).

DISCUSSION

This paper studied the differences between the
involuntary functional neuromechanical contractile
properties of the extensor and flexor muscles of the
knee joint, measured using the TMG method on a
sample of male athletes and non-athletes.

Based on the presented descriptive indicators, we
can note that the VL muscle of the right leg among
the athletes, that is, left leg among the non-athletes,
has the shortest Tc, Tr, Ts and the smallest Dm (Tc =
22.5msvs 22.6 ms; Tr = 19.9 ms vs 25.6 ms; Ts = 43.7
ms vs 51.5 ms; Dm = 4.9 mm vs 5.1 mm, respective-
ly, Table 2). The aforementioned results indicate that

the VL has the function of a muscle which over the
shortest period of time achieves maximal contractile
potential, that is, has the shortest excitation time, but
at the same time also has the highest level of rigidity.
The large lateral muscle has the function of a fixator
of the knee joint, as a mobile joint, and is very im-
portant within the initial coactivation of the other
muscles of the given joint during the realization of
characteristic motor tasks of the change in the direc-
tion of movement, both single and double-leg vertical
takeoff, where it has the function of joint fixation in
movements on the sagittal (lateral and medial) and
transversal (rotation) plane (Kasovi¢ , Potocanac, Ci-
frek, Tudor, & Mejovsek, 2009).

The longest Tc was determined for the ST of the
right leg among the male athletes, that is, the left leg
among the non-athletes (43.1 ms vs 41.4 ms, respec-
tively, Table 3). The VM muscle of the right leg among
the athletes, that is, the left leg among the non-ath-
letes, has the longest Tr (116.8 ms vs 114.9 ms, respec-
tively, Table 2), while the longest Ts for both groups of
participants was determined for the BF muscle of the
right leg (209.2 ms vs 216.1 ms, respectively, Table 3).

The results of previous studies have indicated that
some of the parameters of the TMG are sensitive to
the influence of acute fatigue, which occurs following
aerobic endurance load (Garcia-Manso et al., 2011),
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where, at the statistically significant level a deterio-
ration was determined for the delay contraction time
(Td), contraction time (Tc) and relaxation time (Tr).
On the other hand, the results of other studies have
indicated that the parameter Tc is in a statistically sig-
nificant correlation with the structure of muscle fibers,
that is, has a positive correlation with the percentage
of white, i.e. fast-twitch muscle fibers (Dahmane et
al., 2005). In addition, it was determined that the
parameters Tr and Ts are in a statistically significant
correlation with the work of the calcium pumps in the
sarcoplasmic reticulum (Simuni¢ et al., 2011) thus, it
can be assumed that in both groups of participants
the VL muscle has better locally developed molecu-
lar mechanisms responsible for muscle contraction,
while in the case of the VM and BF muscle, this kind
of mechanism is not as developed.

The largest Dm in the case of the athletes was de-
termined for the ST muscle of the left leg (8.2 mm),
while the largest Dm among the non-athletes was de-
termined for the RF muscle of the left leg (6.9 mm).
The results of several studies have indicated the pa-
rameter Dm, that is, that the maximal displacement,
is in a statistically significant correlation with mus-
cle tonus, i.e. muscle rigidity as a system, but that it
is also connected to both muscle mass and fatigue
(Krizaj, Simuni¢, & Zagar, 2008; Pisot et al., 2008;
Garcia-Manso et al., 2011). Based on the measured
results we can conclude that in the case of both groups
of participants, the muscle VL has the greatest tonus,
while the muscle ST, that is, RF has the smallest level
of muscle tonus.

The VL muscle of the left leg has the shortest Td
in the case of the athletes (20.5 ms), while the VM
muscle of the left leg has the shortest Td in the case
of the non-athletes (21.4 ms). The longest Td in the
case of the athletes was determined for the ST mus-
cle of the right leg (24.05 ms), while in the case of
the non-athletes the RF muscle of the left leg has the
longest Td (25.3 ms) (Table 2). It has been proven
that the parameter Td, as well as the parameter Tc, is
connected to the type of muscle fiber, but also to fa-
tigue (Dahmane et al., 2005). We can assume that the
VL and VM muscles have the greatest percentage of
fast-twitch muscle fibers, and that they are suscepti-
ble to neuromuscular fatigue. When the results of this
study are compared to the results of previous similar
studies, it can be concluded that the delay time of the
reaction of the measured muscles (Td) is in the range
of data gathered on trained and untrained individuals
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(Zagorc et al., 2010; Pisot et al., 2010; Tous-Fajardo et
al., 2010; Garcia-Manso et al., 2011; Simuni¢, 2012;
Alvarez-Diaz et al., 2014; Loturco et al., 2015).

The highest RMTD for both groups of participants
was determined for the VM muscle of the right leg
(0.327 mm/ms, 0.289 mm/ms, respectively). The low-
est RMTD among the athletes was found for the BF
muscle of the left leg (0.185 mm/ms), while among
the non-athletes, lowest RMTD was determined for
the BF muscle of the right leg (0.146 mm/ms). The
RMTD parameter has a statistically significant pos-
itive correlation with the rate of force development
(RFD) up to 200 ms in the case of men for the VL,
VM and RF muscles, so it is assumed that in both
groups of participants the VM muscle has the most
developed explosive contractile properties, while the
BF muscle has the lowest developed (Dopsaj et al.,
2014).

Based on the obtained results we can note that the
VL muscle has the shortest contraction time (Tc), re-
laxation time (Tr), sustain contraction time (Ts) and
the smallest maximal displacement (Dm) among the
athletes and non-athletes, while the delay contraction
time (Td) is the smallest in non-athletes, which indi-
cates the fact that the VL muscle needs a shorter time
to activate, contract, relax, and that it has increased
tonus in relation to the other measured muscles. It is
assumed that better muscle contractile properties of
the VL are a consequence of the fact that the extensor
muscles of the knee joint, to which the VL muscle be-
longs, play an important role in the movement of the
muscles of the lower extremities, and to a great extent
support movement both in sport and in everyday ac-
tivities. This result is in accordance with the previous
studies in this field, carried out on similar samples
and similar muscle groups, whose results speak in
favor of the fact that the VL muscle has shorter Tc,
Ts, Tr, Td and a smaller Dm compared to other knee
flexor and extensor muscles (Pisot et al., 2008; Zagorc
et al., 2010; Alentorn-Geli et al., 2014; Alvarez-Diaz
et al., 2014; Rodriguez-Ruiz et al., 2014).

When we compare the results of this study with
the results of other studies from this area, which were
carried out on similar samples and similar muscle
groups, we can note that this group of athletes has a
shorter Tc, Td, Tr and Ts than professional dancers in
the case of the RE, BE, VL and VM muscles (Zagorc
et al,, 2010). That is, they have shorter Tc, Td Ts, Tr
and a smaller Dm in the case of RF and BF muscles
than cyclists (Garcia-Manso et al., 2011). In addition,
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we can claim that they have longer Tc, Td and greater
Dm in the case of RF and BF muscles when compared
to athletes involved in sports based on strength and
force (Loturco et al., 2015), while they have approxi-
mately the same values for the parameters Tc, Td, Tr,
Ts and Dm of the RE, VL, VM, BF and ST muscles as
a group of soccer players (Alvarez-Diaz et al., 2014).

In the case of non-athletes, the results have indi-
cated that the tested group of participants had very
similar average TMG properties of the muscle exten-
sors and knee joint flexors to those found in studies
carried out on a sample of participants who did not
take part in regular physical exercise (Pisot et al.,
2010; Tous-Fajardo et al., 2010; Simuni¢, 2012).

Based on the results shown in Table 1 we can con-
clude that, generally speaking, in the measured mus-
cle groups between the studied groups of athletes and
non-athletes in relation to the variables of the TMG
there are differences in the right leg (Wilk’s Lambda
Value = 0.000, F = 1299.193, p < 0.05), in the case
of the extensors (Wilk’s Lambda Value = 0.086, F =
4.709, p < 0.05) and the flexors (Wilk’s Lambda Value
= 0.303, F = 2.685, p < 0.05) of the knee joint, while
in the case of the left leg these differences were not
determined. In the case of individual muscles, differ-
ences were determined for the muscle rectus femoris
of the right (p < 0.05) and left leg (p < 0.01), biceps
femoris (p < 0.01) and vastus lateralis (p < 0.01) of the
right leg. These results were expected if we take into
consideration that the group of athletes belongs to the
sample of individuals selected based on their physical
abilities, as well as individuals who actively take part
in the training process. In other words, they belong
to individuals who take part in everyday physical ac-
tivities, and thus have smaller functional involuntary
neuromechanical contractile properties of the exten-
sor muscles and flexor muscles of the knee joint in
relation to individuals who do not take part in such
physical activities. The results of this study are in ac-
cordance with the studies which dealt with the differ-
ences between athletes and non-athletes, which speak
in favor of the existence of the aforementioned dif-
ferences, in favor of the athletes (Medina et al., 2007;
Ahtiainen, & Hakinen, 2009).

If we were to take a better look at the results of
the t-test shown in tables 2 and 3, we can conclude
that of the 30 variables which describe the involun-
tary functional neuromechanical muscle contractile
properties of the extensor and flexor muscles of the
knee joint, differences between athletes and non-ath-

letes was determined in as many as 13 of the variables.
The studied athletes on average have a shorter Tc (by
10.4 ms, that is 36.1 %), shorter Td (by 3.07 ms, i.e.
13.3 %) and smaller values of Dm (by 15.5 mm, i.e.
37.5 %) than non-athletes in the case of the RF mus-
cle of the right leg, while they have a shorter Tc (by
13.8 ms, i.e. 51.8 %), shorter Td (by 3.8 ms, ie 16.8 %)
and shorter Ts (by 41.5 ms, i.e. 38.8 %) in the case of
the RF muscle of the left leg. In the VL muscle of the
right leg, athletes have a shorter Tc (by 3.2 ms, i.e. 14.2
%), shorter Td (by 2.7 ms, i.e. 12.7 %) and shorter Tr
(by 31.6 ms, i.e. 176.5 %). In addition, the results have
shown that athletes have a shorter Td (by 1.9 ms, i.e.
8.5 %), Tr (by 16 ms, i.e. 32.4 %) and greater RMTD
(by 0.052 mm/ms, i.e. 35.6 %) than non-athletes in
the case of the BF muscle of the right leg, while they
have a shorter Td (by 2.1 ms, i.e. 9.8 %) than non-ath-
letes in the case of the BF muscle of the left leg.

If we take into consideration the fact that the pa-
rameters Tc and Td, which are related to the type of
muscle fibers (Dahmane et al., 2005), it can be as-
sumed that the dominant reason of the determined
differences in these variables is precisely the different
histological structure in the case of the RF muscle
of the right and left leg, the VL of the right leg and
the BF of the right and left leg. In addition, among
the studied athletes it was determined that they had
smaller values of Dm in the case of the RF muscle
of the right leg, which most likely indicates that the
athletes had increased muscle tone when compared
to non-athletes, that is, an increased level of rigidity
in the case of this muscle. The results have shown that
athletes have a greater contraction speed (RMTD)
than non-athletes in the case of the BF muscle of the
right leg, which is an expected result if we take into
consideration the fact that athletes who regularly take
part in physical activities, as a consequence benefit
from the adaptation to the training which is manifest-
ed in a greater speed of contraction, than is the case
among non-athletes (Ahtiainen, & Hakinen, 2009).

Based on the obtained results we can primarily
note that most of the differences in the involuntary
functional neuromechanical contractile properties
between athletes and non-athletes can be found in the
case of the RF muscle (right and left leg). If we take
into consideration the differences in the VL muscle we
can conclude that the muscles of the knee joint exten-
sors contribute to the significant difference between
these two groups of participants. We can assume that
the main reason for the obtained differences in this
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muscle group is the fact that the muscles of the knee
joint extensors are a muscle group which is excep-
tionally significant for success in sport (Tous-Fajar-
do et al., 2010). Consequently, athletes dedicate more
time to the improvement of the contractile properties
of these muscles, and taking into consideration the
influence of selection in sport, they manifest better
involuntary neuromechanical contractile properties
in comparison to untrained individuals.

Also, we can conclude that the TMG characteris-
tics of large muscle groups, that is muscles which are
the main extensors (RF) i.e. flexors (BF) of the knee
joint, have a dominant influence on the variability
of the differences, while the given properties of the
smaller muscles which are not the main extensors i.e.
flexors of the knee joint (VM, VL, ST) do not lead to
significant differences between athletes and non-ath-
letes. This claim is supported by the fact that the VM
muscle of the right and left leg, ST of the right and
left leg as well as the VL muscle of the left leg, there
are no differences between athletes and non-athletes
(Table 1).

In the case of the parameters of the TMG, delay
time, as the measure of the so-called delay muscle
contraction time (Td) and contraction time (Tc) are
the parameters in which athletes and non-athletes dif-
fer the most (Table 1). On this studied sample, it was
determined that athletes have a significantly shorter
contraction sustain time and delay contraction time
than non-athletes in the case of the extensor and flex-
or muscles of the knee joint, on average by: 2.71 ms,
that is by 12.22 % in the case of the Td, and 9.13 ms,
that is 34.03 % in the case of the Tc when compared to
the muscle groups for which partial differences were
determined (Table 1). In addition to these two pa-
rameters, which are used to define the speed of mus-
cle involvement, it was determined that athletes have
a more effective mechanism of relaxation, that is, a
much faster exclusion of muscles, on average by: 23.8
ms, that is 104.45 % in the case Tr, and 41.5 ms, that is
38.8 % in the case of Ts when compared to the muscle
groups in which a partial difference was determined
(Table 1).

The previous studies in this field determined that
the tensiomyography method is valid for determining
the differences in involuntary neuromechanical con-
tractile properties of the muscles in relation to gen-
der (Garcia-Garcia et al., 2014), athletes involved in
different types of sport (Loturco et al., 2015) as well
as the determination of differences in relation to the
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playing position in soccer (Rey et al., 2012). The re-
sults of this study showed that the application of the
method of tensiomyography it is possible to deter-
mine the differences in the functional involuntary
neuromechanical contractile properties of the thigh
muscles among trained and untrained individuals. In
addition, it was determined that these differences are
very specific since they refer only to the function of
certain muscle groups. Thus it is possible to confirm
the especially large sensitivity and specific nature of
the given method in relation to the specific level of
training.

As was already mentioned, differences deter-
mined between the studied variables in the function
of the studied groups are most likely the consequence
of the fact that, in addition to the difference in the
histological structures of the muscles, athletes have
a high level of adaptability to regular participation
in training activity, and thus the manifestation of a
shorter contraction time, as well as shorter relaxation
time than untrained individuals.

CONCLUSION

Based on the obtained results we can conclude that
of the 30 variables which were studied in the course
of this research, a difference was determined for as
many as 13 variables of the involuntary functional
neuromechanical contractile properties of the thigh
muscle among male athletes and non-athletes. These
results have indicated that with the application of the
tensiomyographic method it was possible to deter-
mine the differences in the neuromechanical contrac-
tile properties of the thigh muscle among trained and
untrained males, but at the same time the results have
shown that these differences are very specific since
they refer to only certain characteristics and certain
muscle groups.

Most of the differences were determined for the
extensor muscles of the knee joint of the right leg,
and especially the RF muscle. In addition, it was de-
termined that the tensiomyographic characteristics
of large muscle groups, that is, muscles which are
the main extensors (RF) that is flexors (BF) of the
knee joint, make a difference between athletes and
non-athletes.

In the case of the TMG parameters, delay time, as
a measure of the so-called delay muscle contraction
time (Td) and contraction time (Tc) are parameters
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in which the athletes and non-athletes differ the most
in the case of the extensor and flexor muscles of the
knee joint, at an average of: 2.71 ms, that is for 12.22
% in the case of Td, and 9.13 ms, that is 34.03 % in the
case of Tc in comparison to the muscle groups where
a partial difference was determined. In addition to
these two parameters, which are used to define the
speed of muscle activation, it was determined that
athletes have more effective relaxation mechanisms,
that is, much quicker muscle exclusion speed. It was
also determined that athletes have a much greater
muscle inclusion at an average of: 23.8 ms, that is
104.45 % for Tr, and 41.5 ms, that is 38.8 % for the Ts
in relation to the muscle groups for which a partially
difference was determined.
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NEUROMECHANISCHE FUNKTIONELLE KONTRAKTILE
CHARAKTERISTIKEN VON SCHENKELMUSLEN GEMESSEN MIT
DER METHODE DER TENSIOMIOGRAPHIE BEI SPORTLERN UND
NICHT-SPORTLERN MANNLICHEN GESCHLECHTS

Zusammenfassung

Unwillkiirliche neuromechanische kontraktile Muskelcharakteristiken, besonders der Streck- und Beugmuskeln
des Kniegelenks als der grofiten Muskelgruppe des kaudalen Teils des Korpers, spielen eine wichtige Rolle sowie in
unserer alltiglichen Bewegung als auch im Sport. Auf Grund dieser Daten konnen wichtige Informationen {iiber die
funktionellen Charakteristiken der Muskeln gewonnen werden. Basis fiir die Einschitzung funktioneller unwillkiirlicher
neuromechanischer kontraktiler Muskelcharakteristiken ist die nicht-invasive Methode der Tensiomiographie (TMG).
Ziel dieser Untersuchung ist es, den Unterschied unwillkiirlicher neuromechanischer kontraktiler Charakteristiken der
Schenkelmuskeln mit Hilfe der TMG-Methode bei Sportlern und Nicht-Sportlern méannlichen Geschlechts festzustellen.
Das Muster der Priiflinge umfasste 17 Sportler und 10 Nicht-Sportler. Durch die Anwendung der multivariaten
Varianzanalyse (MANOVA) und des t-Tests wurden Ergebnisse gewonnen, die darauf hinweisen, dass bei den insgesamt
30 Variablen ein Unterschied bei 13 Variablen festgestellt wurde. Die grofite Anzahl der Unterschiede wurde bei den
Streckmuskeln des Kniegelenks des rechten Beins und in besonderem Maf3e bei dem Muskel rectus femoris festgestellt.
Es zeigte sich ebenfalls, dass neben dem Streckmuskel (rectus femoris), auch der Beugmuskel des Gelenks (biceps femoris)
Einfluss auf die Unterschiedsdefinierung zwischen Sportlern und Nicht-Sportlern ausiibt. Die Ergebnisse haben gezeigt,
dass die Variablen - Kontraktionszeit (Tc) und verzogerte Kontraktionszeit (Td) funktionelle Parameter darstellen, bei
denen der grofite Unterschied zwischen Sportlern und Nicht-Sportlern festgestellt wurde (von t = -2.284, p < 0.05 fiir den
vastus lateralis des rechten Beins bis t = -4.018, p < 0.01 fiir den rectus femoris des linken Beins). Diese Ergebnisse haben
aufgezeigt, dass durch Anwendung der Methode der Tensiomiographie Unterschiede der funktionellen unwillkiirlichen
neuromechanischen kontraktilen Charakteristiken der Schenkelmuskeln bei durchtrainierten und nicht-trainierten
Personen festgestellt werden kénnen. Die Ergebnisse haben aber gleichzeitig darauf hingewiesen, dass die Unterschiede
sehr spezifisch sind, da sie sich lediglich auf einzelne Charakteristiken beziehen.

Schliisselworter: KNIE / STRECKER / BEUGER / UNTERSCHIEDE / MANOVA / T-TEST
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