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Tou NikoAdou Zapa

H emrapeing egetaomkry emrpotr, Tou opiotnke amo m FXE.% tou TuRuaroc
Emotiung Puoikig Aywyng kai AGAnmopou tou Mavemornuiou ABnviv oTn cuvedpia TG
17/6/2015 yia v kpion kal agloAdynon g didakTopikng SIaTpIBrG Tou k. NikoAdou Zdpa e
TitAo: «[Ipormévnorn 10x00g pe UWnAES Kal XapnAéc aviiordoerg: aAdayéc aro pubud epappoync
me¢ ouvapng Kai arn PITTTIKA Emidoony amoTEAOUPEVN OO TOUG K.K. I Tepdn AvarrAnpwr
KaBnyntn mg ZxoAng Emotiung ®uoikrig Aywyng kai ABAnTIouoU Tou Mavemaortnuiou ABnviv
(emBAETTWY), . Mewpyradn Kabnynr ng Ixohng Emotiung Quoikic Aywyrg kal ABANTIGHOU
Tou Mavemotuiou ABnvay, I Bayeva KaBnyni ng Zxohrg Emaomung Puoikhig Aywyrg Kal
ABAnTigpoU Tou Navemarnuiou ABnvwv, I Mrdayio KaBnynTt tng £xoArc EmoTAung Puaikig
Aywyng kal ABAnTIopoU Tou Navemotnuiou ABnvv, K. Zméyyo AvamAnpwir Kabnynr me A'
Neupohoyikiig KAhivikiig Alyivnreiou Nogokopeiou Tou Mavemornuiou ABnviv, I Kapaumdaroo
Emikoupo KaBnynmi g IxoAng Emotiung Puoikig Aywyis kol ABANTIoHOU  Tou
MavemoTtnuiou ABnvwv, I. Mmoydavn Emikoupo KaBnynti tng ZxoAig EmoTtiung PUoIKig
Aywyric kai ABAnmiopoU Tou Mavemotnuiou ABrviv, ekAnBnoav orpepa 16/7/2015 nuépa
MéptTn Ko wpa 11:00 UoTepa amé emionun £yypagn TpookAnan oto ApgiBéarpo E.Maukivn
Tou Tunuatog Emotiung Puoikhg Aywyns kai ABAnTiopol Tou [Mavemarnuiou ABNVGv,
TTPOKEINEVOU VO Kpivouv kal afloAoyrioouv Tnv Tapatmdvw diarpiBr.

Merd amd Siegodikly oudAton Kkai aviahAayr] amowewv Ta PEAN TNG £EETAOTIKIC
EMTPOTAG KaTEANEav 6T N KPIVOUEVN DIaTPIB TTANPOI GAOUG Toug GPoUC EKTTEVNGNS TNG, &ival
TTPWTOTUTIN KAl TTPOAYE! TNV ETOTAHOVIKY YVWON Kal w¢ EK TOUTOU KPIVETQl OTTOBEKTH Kal
eykpiveral kal Baduoloyeital we ... # PIzTA.

Ta WEAN NS eEETAOTIKAG ETITPOTING:
P

<
. Tepdng, AvarrAnpwrrg KaBnyntrg tou Navemotnuiou ASnviv ,,égr gx_
. Mewpyiadng, Kabnyntig rou MNavemoTnuiou ABnviy =)

. Baysvag, KaBnyntig Tou MavemaoTnuiou ABnviv

I. Mrayrog, KaBnyntrig Tou Mavemornuiou ABnvisv
K. Zméyyog, AvamAnpuwirg KaBnyntrc Tou Navemornuiou ABnviv

I, Kapaurmraroog, Enikoupog KaBnyntAg tou MNavemornuiou AGnviuv

. Mmoydavng, Emikoupog KaBnynrig Tou Mavemarnuiou ABnviv




Evyoprotieg
Me v 0AOKANP®ON T®V JOAKTOPIKMV LOV GTOVODV BEAM VO EKPPAC® TIG EVYUPLOTIES
Hov og avOpdTovg oL e PonONcaV GTNV TEPATWOOT TOV TEPUUOTIKOY EPYUCLOV, LLE
oTPLENY KOl LOV CUUTOPACTAONKAY OTO TEGGEPO SVOKOAN YPOVIO TV O1OUKTOPIKDV
LLOV GTOVOMV.
Evyopiotd toug 00ANTéG TV piyemv yio TNV GUUUETOYN TOVG oTN HeAéTn kot TN Bucia
TOV TPOCMOTIKOD TOVG YPOVOL TPOg OPeL0g TV Vo gpyacidv. H avidiotédewn, m
ouvepyacio. OAAG KoL T QWOYN EQOPUOYT] TOV TPOTOVNTIKOV Kol TEPAUATIKOV
mapepPacev amd PEPOVS Tovg, £de1Eav T coPapodTnTa AVTOV TOV VEOV adAnT®dV 0ALd
Kol T Slya Tovg Yo pabnon. Zog evyapiot®, Toudid Hov.
Tov emPAémovta Avarminpot) Kadnynm tov AOAntikdv Piyeov k. Iepdoipo Tepln, o
omoiog pe didae, pe kKabodnynoe kol pov cvumapactddnike ce OAn TN SdpKEWD TNG
npoonabeldg pov. Tov gvyaplotd yuo TG atedeimteg dpeg OMNOVPYIKNG GuNTNONG Kot
ekmaidevong mov pov mpocsépepe. Tov Kabnynti tov ABintikdv Plysov k. T'edpylo
T'ewpytdon, o omoiog pe TIG MOAVTIHES CLUPOVAEG TOL pe Pondnoe va PeAtidom TNV
TOPOVCH, EPYACIO KOl Vo EVOS® TV TTpdén e  Bewpio. Tov Ermikovpo Kabnynt twv
Aftikov Plyeov k. T'edpyo Kopoapmdtco, o omoiog pe v eumelpio Tov Kot v
EMGTNLUOVIKY TOV YVOOT otV aAnTiKn Tpomovnon pe otpiée e OAN TN mpooTadeld
LOV Y10 TNV OAOKANP®GT T®V 600 EPYUCIOV.
Olovg tovg koONYNTéG TOLv Metamtuylaxkoy Ilpoypauuatog «dvokny Aymynq kot
AN TIOUOCY, Yo TV avarTLEN KPLTIKNG OKEYNG, OAAG KOl TOL WEAN TNG EXTAUEAOVS LOV
EMTPOTNG Y. TNV Peltiomon g ovyypaeng TG €pYaciog Kol TIC EMCTNUOVIKEG
TOPATIPTCELS TOVG.
Evyopiotd v epgvvntikn opdda tov gpyactnpiov tov Kiaocwkov ABAnticpov, v
Ayyehkr| Ztaowvdkr, tov Zrupidwv Mebevitn, v Apyvpd Kpacé, tov Ooud Kvpraly,
mv Mopia Kpekovkio, tov I[Movayiowmn Kopeudtn, v Povioe Toutkdvov kot tnv
Ayyeluc Kappovpa, mov pe Pordnoav otn cuiloyr tov dedopévov.
Tnv vevporoyikr] kKAvikr] tov Atywntelov Nocokopeiov kot wdaitepa tov Avaminpom
Kabnynm latpikng Zxohng k. Kovotavtivo Zméyyo yia v (pnomn Tov puikod VIeEpyov.
[Move and 6lo tov Bed kot v owoyéveld Hov, Tovg yovelg pov I[pmtompesfitepo
Anpnrpo kan pesPotépa Mopia, ta adéhoia pov INopyo, Keovotavtivo kot Potevn
oAAG Kot To vedtepa PEAN TG owkoyévelog Anuntpn kot Mapio—Eprivn. Ta Adyo o€ éva

YOPTL OEV UTOPOVV VO EKOPAGOLV TNV EVYVOUOGVVI LLOV GE OLTOVG.



«[IPOIIONHXH IXXYOX ME YWYHAEX KAI XAMHAEX ANTIXTAZXEIX:
AAAATEX XTON PYOMO E®APMOTHX THX AYNAMHYX KAI XTH PIIITIKH
EIIIAOXH»

Hepiinun

H enidpaon g mpomdvnong 1oy0og te LYNAL Kot YaUnAd eopTio Ko 1 oXE0T TOL
PLOUOY €PAPUOYNG TG SVVOUNG HE TN PITTIKN EMO00N dev €Yovv dlepevvnOet.
[Mpaypatomombnkav dbo epyacie: okomdg TG TPMOTNG NTOV Vo peAetnBel 1
enidpacn G TPOmOVNONG 16YX00G HE LYNAEG KOl YOUNAES OVTIOTAGELS OTNV
EPi0d0 KOPLPMONG NG emidoong o€ abANTEG plyewV, VO GKOTOG NG 0evTEPNS
gpyaciag Mrav va oepeuvnBel 1 oyéon petaL Tov pLOUOD EPUPUOYNG TNG
dvvauNg, ™G PUITIKNAG KOVOTNTOG KOl TNG OPYLITEKTOVIKNAG OOUNG TOV HVAOV TPV
Kot HETA amd TPoTOVNON SVVAUNG-1GY00G, € afANTES plyemy.

X mpoOT peEAETN ovppetelyav 13 abintéc/tpieg Tov piyemnv (mMAkio: 18+3 &,
puala: 81+£22 kg, avaotua: 172+10cm, wpomovntiky eunepia 4,6+1,5 £tn). Ot
afAnTéc/Tpieg axorovOncav afAntikn TpoeTolacio OA0 TO TPOTOVNTIKO £TOC, M
omoilo. KatéAnNye o©TN YEWWEPWV KOl otnv gopwn mepiodo @opuapicpatog. H
TPOTOVN O ELXE OLOLN YOPOKTNPLOTIKAE EVTOONC KOl OYKOV G€ OAO TO TPOTOVNTIKO
€10¢ Yo 6A0VG TOLG AOANTEG, €KTOC amO TIC TEPLOOOVS POPUAPIGUATOS, OOV
TPOYUOTOTOWONKE  TPOTOVNON  1oYVOC e  OlPOPETIKEG  avTiotdoelg. Ot
abntéc/tpleg yowpiomkav oe 000 OMAdES KOl TPOyHATOTOINGaV TO. OVO
npoypappota eopuopicpatog, pe 30% 1 85% g 1-MAE, pe dwustavpovpevo
Slympiopd amd ™ yewwepwv] oty gopivi mepiodo. Tlpv kot petd amd kabe
Qopudplopa HETPNONKE 1 Oy®OVICTIKY plym, 1N PUTTIKN KAvOTNTA, 1 KEYLOTN
dvvaun, To KaTakOpLPO GAp, 0 pLOUOG EPAPLOYNG TNG SVVAUNG, 1 OPYLTEKTOVIKT
oV €€ TAOTH Unploiov Poog, N COUOTIKN 6VGTAOT] Kol 1] KOTWOGOT TV 0OANTOV.
H ayoviotkn piyn avéndnke katd 4,64+3,5% petd omd 10 @opprapiopa e Younid
eoptio. kKo kotd 5,6+3,1% petd amd 10 Qopudpiopa pe vymid @optia. To
eopudapiopa pe vYnAd eoptia Pertiooe mePLGGOTEPO TN dSVVAUT, TNV 1GYD KOt TOV
pLOUS g@approync TG dvvaung, dAla Tpokaiece vyNAOTEPN KOTTwon (P<0.05). H

APYLTEKTOVIKT dopT| TOL €Em TAOTO pnplaiov pog 0ev peTafANONKE oNUOVTIKA.
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Ta oamoteAéopata deiyvouv OTL Kot To dVO TPOYPAUUATO avEAVOVY Opote TN
purtikn enidoon. To eopudpiopa pe 1o 85% g 1-MAE odnyel oe peyodvtepn
avénon ™¢ dvvaung Kot TG 1oyvog, LETAPANTEG TOL GLUPAALOVLY CMUOVTIKA GTN
puttikn emidoon, eved 1o eopudpiopo pe to 30% e 1-MAE icwg umopel vo
ypnowonombel oe €101kég cvvONKkeg (Tpavpatiopoi-kénwon), pe e&icov KaAd
AmOTELECLLATOL.

H oebtepn perémn ompknoe 10 efoopdoeg kot cvoppeteiyav 12 abintéc/tpieg tov
piyeov (mhwia: 19+5 étn, pala: 80+21 kg, avaotua: 172+8 cm, TpomovnTikn
eunepia 4,8+1,6 £t). H npomdévnon otoyeve ot Bepv ayoviotikny mepiodo. Ot
UETPNOELS €yvay GTNV apyn Kol 6TO TEAOG TNG TPOTOVNTIKNG TopEuPacng Kot
TePAApPavay: TNV oyovioTiK) piyn, Tn pUTTIKY KovotTa, T UEYIoTN dvvoun,
Tov pLOUO EQOPUOYN TNG OVVAUNG, TNV OPYLITEKTOVIKN doun tov €Em mAaTy
unpaeiov podc, Ko TNV EKTIUNON TG SOUATIKNG cvotaons. Ta anotedéspota tng
HEAETNG €0€1E0V ONUAVTIKEG GLGYETICELS avdpeso otov puBuold ePapPUOYNS TG
dovaung kor oty putikny  wavomra  (r=0,59-0,92) ka1 avaueca otnv
OPYLTEKTOVIKT OO TOL €€ MAOTL UNPLoiov HVOG KOl GTN PUTTIKY] 1KovOTHTO
(r=0,62-0,81). O ypappkds GLVELACUOS TOV TOGOCTOV avENCNG TOv PLOUOV
EPOPLOYNG TNG SVVAUNG KOl TOL TOGOGTOV AHENGNS TOL TAYOVS TOV £E® TAATD
punpwiov pooc mpoéPiemav 1o 53% g doTopdg oTNV TOocooTIAiN AVENCT TG
piyng oopaipag. Ta amoteAéopata vmoomnpilovv 6tt M pérpnomn tov pLOUD
EPOPUOYNG NG OVVOUNG MUTOPeEl VO OMOTEAECEL 0L AELTOVPYIKY OOKIUAGTOL
TPOPAEYNG TNG PITTIKNG KAVOTNTOAG, EVED TO OPYLTEKTOVIKA YOPOKTNPIOTIKG TOV
€€ ATV pnpraiov PLdg LITOPOLV VO TPOGPEPOVY YPTCILES TANPOPOPIES Y10 TIG

TPOTOVNTIKEG TPOCOPHOYES TV AOANTAOV/TPLOV TOV PIYEWV.

AéEerg Kiewwd: Putikn wovotnto, mTpomdvnon 1oyvog, PLvOUOS £QAPUOYNG

dvvaung, HTKOG VIEPN YOG, cPapoBoiia.
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“POWER TRAINING WITH LIGHT AND HEAVY LOADS: CHANGES IN THE
RATE OF FORCE DEVELOPMENT AND IN THROWING PERFORMANCE”

Abstract

The effect of power training with light and heavy loads on track and field
throwing performance and the possible link with the rate of force development
remains unclear. Two major studies were conducted. The purpose of the first
study was to investigate the effects of tapering with light vs. heavy loads on track
and field throwing performance, while the purpose of the second study was to
investigate the relationship between the rate of force development, muscle
architecture and performance in young track and field throwers.

Thirteen young thrower athletes (age: 18.2+3.5 years, mass: 80.4+21.7 kg, height:
172+10 cm, training experience: 4.6x1.5 years) participated in the first study.
Athletes followed 9 months of periodized training aiming at two tapering phases
during the winter and the spring competition periods. Training had the same
characteristics for all athletes except during the tapering phases where different
resistance training loads were applied. Throwers performed tapering with light
and heavy loads following a counterbalanced design. Measurements included:
track and field throws, shot put tests, vertical jumps, 1-RM strength, rate of force
development, muscle architecture and body composition. Immediately after the
end of the second tapering period, athletes provided a 0-10 exertion rated scale
about each tapering program. The main finding of the study was that track and
field throw was increased significantly after both light tapering by 4.6+£3.5% and
after heavy tapering by 5.6+£3.1%. Heavy tapering increases more strength-power
and the rate of force development (p<0.05), but light tapering was much easier to
perform. Muscle architecture remained unaltered after both tapering programs.
These results suggest that track and field throwing performance increases
similarly after tapering with light and/or heavy loads. Tapering with heavy loads
induces superior increases in muscular strength, jumping performance, and rate of
force development, but tapering with lower loads is easier to perform.

Twelve thrower athletes (aged: 19+5 years, mass: 8021 kg, height: 172+8 cm,
training experience: 4.8+1.6 years) participated in the second study. Athletes
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followed 10 weeks periodized training aiming at the summer competition period.
The relationship between rate of force development, muscle architecture and
throwing performance was evaluated at two different time-points before (T1) and
after (T2) the 10-wk periodized training. During these time points track and field
throws, shot put tests, 1-RM strength, rate of force development, muscle
architecture and body composition were evaluated. The main finding of the study
was the strong correlations between the rate of force development and shot put
tests (r = 0,59-0,92), and between muscle architecture and shot put tests (r = 0,62-
0,81). Standard multiple regression analysis revealed that the linear combination
of the % increase in VL muscle thickness and the % increase in RFDsgms could
approximately predict 53% of the variation in the % increase in shot put test from
the power position. These results suggests that leg press rate of force development
may be used as a simple laboratory test to monitor performance in track and field
throws as well as to evaluate the athlete’s swiftness before a competition and/or
after every training mesocycle. Regular examination of muscle architecture
characteristics might provide insights into training adaptation induced by

strength/power training programs.

Key words: Throwing performance, power training, rate of force development,

muscle ultrasonography, shot put.
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KAvOTNTOG

5.2.3 Zyéom puBuod €paplroyng TG OLVAUNG KOl OPYLTEKTOVIKDOV YOPUKTNPIOTIKMOV
LLE TNV AYOVIGTIKT plyn Kot T pUTTIKY] IKOvOTN T

5.2.4 ZoumepdopoTo Kot TPOKTIKEG EPOPLOYES
BIBAIOT'PA®IA
ITAPAPTHMA
ENHMEPQXH XYMMETEXONTA
ENHMEPQXH I'ONEA
ITPOTOKOAAO ZOMATOMETPHXEQN
I[TPOTOKOAAO ATTONIXTIKOQN PIYEQN
I[MTPOQTOKOAAO PIYEQN XDAIPAX
IMPOTOKOAAO AZIOAOI'HEHE KAGETON AAMATQON
IMTPOTOKOAAO AZEIOAOI'HXHX RFD
[MTPQTOKOAAO AZEIOAOTHEHE MET'IETHX AYNAMHE (1-MAE)
In Anpocievpévn epyaocios:
Zaras ND, Stasinaki ANE, Krase AA, Methenitis SK, Karampatsos GP, Georgiadis
GV, Spengos KM, Terzis GD. Effects of tapering with light vs. heavy loads on track
and field throwing performance. Journal of Strength and Conditioning Research.
2014; 28(12): 3484-3495
2" Anpocievpévn epyacia
Zaras ND, Stasinaki ANE, Methenitis SK, Krase AA, Karampatsos GP, Georgiadis
GV, Spengos KM, Terzis GD. Rate of force development, muscle architecture and
performance in young competitive track and field throwers. Journal of Strength and
Conditioning Research. 2015, Ahead of print.
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Xympa 3.1.1 Iepopotikodg oxedlacpnoc tpmtng perAétng. O deTapodEVOg

dtywpiopds 0dnyel og dVO opadeg Tpomdvnong toyvog omd 13 abintéc piyewv. Ot

petpnoetg T1 ko T3 avtimpoownehovy Tig apyIkég LETPTOELS TOV GYESOCHOD EVD O

petpnoetg T2 ko T4 avtimpoownebhovy Tig TEMKEG LETPNOELC.

Xympa 3.2.1 [epopotikog oxedacpog devutepns perémg. Ot apytkéc HeTPNOELg

E&ywav v mepiodo T1 kot ot tehkég v mepiodo T2.

Yympa 4.1.2.1 TTocootioieg 0vENGELG GTNV OY®OVICTIKY PUTTIKY] IKOVOTNTA LETH AtO

2 gfdopadeg poppapicpatog pe yaunAd kot vynida eoptia, *P < 0.01.
Yypa 4.1.2.2 Atopukég aArayég oty €nid0o 6T dlokoPoAio HETA amd

eopuapiopa pe 30% (A) ko pe 85% (B) g 1-MAE. To gopudpiopo pe yopunid

eopTio avEnoe TEPIGoOTEPO TNV AY®VIOTIKN piyn ot diokoforia (P = 0,005).
Yympa 4.1.5.1 TTocootiaieg oAAayég otov puOud epapproyng g dvvoung, *P <
0,05.

Katahioyog IIvakmv
IMivaxag 2.2.1.1. Aldpkeia Kot xidpact POPUAPICUOTOS GE
TAPoUETPOVG dVVauNG Kot 16y00o6. [Ipocappoouévog tivakag amd Mujika
etal., (2004)
IMivakag 2.3.1 Zyéon dmng palog Kot exidoong 6To putTiKa
ay®OVIoUATO TOV KAAGIKOD 0OANTIGLOD.
Mivaxag 3.1.1 AvoAvTiKO TPOTOVNTIKO TPOYPOULLO TPOTOVNONG 1G5YVOG,
PLYEMV Kol TAEWOUETPIKAOV GTNV TEPI000 POPULOPICUOTOC G AOANTES
plyewv
Mivaxag 3.2.1. AvoAvTikd TpOYPOLLLLO TTOV YPNCYLOTOONKE Yio TV
npomdvnon 10 efoopddmv oe abBAnTéc/Tpieg piyemv yio avamTuén g
SOVOUNC, TNG 1oYVOG KoL TNG OYWVIGTIKNG PITTIKNG EMLO00TG.
Iivaxag 3.2.2 Acikteg aomotiog petpnoswv, 1ICC.
Mivakog 4.1.1.1 ZOUOTOUETPIKE YOPOKTNPICTIKA TPV KOL LETA OO
eopudpiopa pe yopumAd kot vynid eoprtic. Kopio aAloyn petd ta 600
QopuopicpaTo.
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IMivakag 4.1.4.1 AvoAuTiKG AmOTEAECUATO GTO KATAKOPLQO, dALATO
petd and poppdpiopa pe yopnAd kot vynida eoprtio. Kopio aAloyn petd
T OVO POPUAPIGHATO.

IMivaxag 4.1.5.1 Avalvtikd amoteléopota otov puOpd Qaproyng g
dvvaung Kot 6to epPfaddv Kapmding dovaung / xpovov petd omd
eopudpiopa pe yopmAd kot vynid eoprtic. Kopio aAloyn petd ta 500
QopuapicpaTo.

IMivakag 4.1.6.1 AvoluTiKd omoteAéopoTa TG HVTKNG dSOVOUNG LETE amd
T 600 popuapicpota pe VYNAA Kot xopunAd eoptio. Kapio adiayn petd
Ta 600 popuapicpoTa.

Iivaxag 4.1.7.1 Apyitektovikd Yo poKnPIoTiKa Tov £E® TAaTH pnplaiov
Poo¢ petd amod 2 BOOUAOES POPLAPIOUO LE VYNAG Kol YOUUNAL pOPTIaL.
Kopio aAloyn petd ta 0o gopuapicpoto.

IMivaxag 4.1.8.1 Xopatikn cvotaon petd ta 600 popuapicpaTo.
IMivaxag 4.2.1.2 AAoyég 6€ pUTTIKN IKOVOTNTA, HVTKT OOV Kol puOpd
EQUPUOYNG TNG OVVAUNG GE XPOVIKEG TEPLOSOVS atd S0MS £wg 250ms,
petd and 10 efdopddeg Tpomdvnomn dSvvauns-16yvoG.

IMivaxkag 4.2.3.1 AALayég oy apyrtektovikn dourn tov € mAath
Unploiov pudg kot otny amm pada.

IMivaxag 4.2.5.1 Xuvteleotéc GLoYETIONG LETAED TOV AOKNGEMVY TNG
PUTTIKNG TKOVOTNTOG KOl TNG HLEYIOTNG SOVOUNG LE TOV pLOUO EQapLOYNS
™G OVLVOUNG.

Iivaxag 4.2.6.1 XuvteleoTéC GLGYETIONG OVAUESO OTIG OOKILOGIES TNG
PUTTIKNG IKOVOTNTOG KO TNG LLIKNG OOVOUNG LE TO. OPYLTEKTOVIKA
YOPOKTNPIOTIKAE TOV EE® TAOTH unpraiov podc.

MMivakag 4.2.6.2 ZuvteleoTég GLGYETIONG AVALESH OTIG SOKILAGIES TNG
PUTTIKNG IKOVOTNTO KOt TNG HUVTKNAG SOVOUNG LE TIG TOPOUETPOVS TNG
damng padog.

IMivakag 4.2.7.1 ZuvteleoTég CLGYETIONG AVALESO GTO OPYLTEKTOVIKE
YOPOKTNPIOTIKAE TOV EE® TATH unpraiov podg Kot g dAmng nalag pe

oV pLOUO EPAPUOYNG TS OVHVOUNG.
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IMivaxag 4.2.7.2 ZuvteleoTég GLGYETIONG OVALESH GTIG TOGOCTIONES 68
petaforéc g AAmNG nalag, TG HEYIGTNG ICOUETPIKNG SUVOUNG, TOV

PLOUOY EPaPIOYNG TS OVVOUNG KO TOV EUPOOOV KOUTOANG

dvvounc/xpovoo.

Katdrioyog Zopupfoimv kot Xovtopoypo@iov

RFD PvOpog epappoyng e dvvaung
Impulse Xmpog eppadod kaumHAng dvvounc/xpovou
IPF Mé£y16T1 IGOUETPIKT SVVAUN
1-MAE Méyiotog ApBpdc Enavoryewmv
SQJ Koatakdpveo drpo amd nukddiopo
CcMJ Koataxdpveo aipa pe oumpnon Koppuon
Borg Scale KAipoxa avtikappovopevng kémmong ond 1-10
RPE Agiktng avtiinyng kémwong tov Borg, 1982
ns Mn ototioTikd onuoavTikd
N MéyeBog detypartog
r Agikmnc ovoyétiong petafintov r-Pearson
p Eninedo 6tatioTikng onpavtikdtnTog
ICC Agiktng a&lomotiog pétpnong
ms Xpovikn mepiodog o€ YIMOGTE TOV SEVTEPOAETTOV
(R Aglyvouv: avénon, peimwon, Kopio oAloymn
= [Iepinov
ApyITEKTOVIKA Ava@EpovTal 6TO YOS TOL HLAG, T YOVia
X0opoKTNPIoTIKA TPOGPLOTNG TOV PVTKAOV SEUATIOV UE TNV

OTOVEVPMOT] TOL HVOG KOl TO UIKOG TOV LVTKAOV

depatiov péoa og va P

XVI



THporovnon 1oy00¢ e VYNAES Kot younlég aviloTaoels:
AAayég atov poluo epopuoyns e SOVoUIS Kol aTh PITTIKY ETLO00H

KED®AAAIO 1
EIZXATQI'H

Ot abAntiKég piyelc Tov KAookoy afinticpov eivar 1 ceotpofoiria,
dtokofoAia, o axovtiopdg kat 1 cpupoforia. H emidoon ota ptikd ayovicpoto
ompiletal, oe peydro Pabud, omv mapaywmyn poikng woyvog (Kyriazis et al.,
2009). H pvikn 1oy0g e€aptdror Kupimg amd T Hoikn pnala, Ty KoTovoun Tmv
Wik@dV  wvdvV oAAG Kot TO €mimedo TNG  VELPIKNG EvEPYOTOINONG TV
npotayoviet®v poov (Moritani, 2002, Cormie et al., 2011). H mpomdvnon
dvvoung, pe vynia ogoptio, @aivetonr va  emmpedler avtd ta Proloyikd
YOPOKTNPIOTIKA Kol Vo, OVEAVEL TN PITTIKN KAVOTNTO GE VEOLG 0OANTES plyemv,
BeltidvovTog Tn poikn duvaun Kupiog pécm e puikng vreptpogiag (Terzis et
al., 2008). Avrtiotoya, m mpomdvnon 16YV0OC, HE YOUNAG @optio, av&avel T
PUTTIKN IKOVOTNTO GE apYAPlovg pinteg, PEATIOVOVTAG KUPIMES TNV TOOTNTA TNG
HUVIKNG GLGTOANG, EVM GLVINPEITOL TO TOCOGTO TMV ULIK®V vV tomov IIX og
vyNAG enineda (Zaras et al., 2013). daiverat, 6Tt T060 M TPOTOHVNGN SVVAUNG OGO
Kot M mpomdvnon oyvog (PoAMoTikn) ovEdvouv TN PUTTIKN KAVOTNTO GE
apybplovg pimteg, aAld pe OPOPETIKEG MLIKEG Tpocapproyés. Tlapdiinia, n
amonpondévnon 4 gROOUAdMV OEV HEIDVEL TN PUTTIKY EMIO0CT, OAAL avidvel To
TOGOGTO TOV HIKAOV vedVv TOmov [IX, pe amoTtéAespao T GLVTHPNON TNG PUTTIKNG
emidoon oe vynia emimeda (Terzis et al., 2008). Qot1660, TO0 EpOTNUA TOV
onuovpyeitan etvar g ennpedlel N Tpomdvnon 16Y00G He SOPOPETIKAE popTia
TNV OYOVIOTIKN PITTIKN €Mid00T o€ aBANTEC plyemv Kol UOAMGTO 0T Kpioiun
@domn Tov PopurapicUATOC.

To @opudpiopa elvar m mepiodog mpv amd TOV ay®vVE GTOYO 7OV
SlokpiveTor omd TNV amoOTOUN EAGTIMGYN TOV TPOTOVITIKOD OYKOL, UEIWON NG
KOT®MONG oo TNV TPOTOVNOT Kot aOENoT TG EMIO00NG GE GLYKEKPILEVT] YPOVIKT
otyun (Mujika et al., 2004, Bosquet et al., 2007, Turner, 2011, Le Meyer et al.,
2012). Katd tn mepiodo Tov popuapiocpatog mpoteivetal 1 Tpondvnon 1oybog ite

pe vynAd eoptia (> 80% g 1-MAE) eite pe yapnid eoptia (< 40% g 1-MAE).



Ewooaywyn

Meléteg delyvouv OTL | TPOTOVNGT 1GYVOG LE LYNAL Qoptio av&dvel T péylot
dvvaun, tov puiud €PAPUOYNG TG SVVOUNG KOl KOTO TPOEKTOON TN HULIKN o)L
(Hakkinen et al., 1987, McBride et al., 2002). Avtictotya, | Tpondvnon 1oxdog ue
YounAd @optio mpooeyyilel meplocdTEPO OTNV 0OANTIKY] TPOKTIKY, EVVOEL TNV
avAmTLEN TOV PLOKOY EPOPUOYNG TNG SVVOUNG KoL UE TN OEPA TG avEAVEL T
poikn oy (McBride et al., 2002, Young kot Bilby, 1993, Kyroldinen et al., 2005).
Qot000, 0V VIAPYOLV EPELVNTIKA OEOOUEVA OYETIKA HE TNV EMIOPOACT] TNG
TPOTOVNONG 1oYVOG LUE YOUNAQ KoL VYNAL QOPTioL GTN PITTIKY E€MIOO0N KOl OE
TAPOUETPOVG dVVOUNG, 1OYVLOG Kol puOUOD €QapUOYNS TG dvvaung oe abAnTég
plyemv.

‘Evoc onuaviikog moapdyovtog mov emmpedlel v UEYIOTN TAPOy®YY|
600G glval 0 pLOUAS ePapproync ¢ ovvaung. O pvOUOS EPapLOoYNG TG OVVOUNG
aglohoyel 10 péyebog g dvvaung mov pmopel vo pappdcel £vag abAnNe o
povéda tov ypodvov, otV apyn TG Huikng cvotoAng (Aagaard et al., 2002).
Meléteg ota ayoviopato Tov plyeov Jdglyvouv OTL 1 YPOVIKH OldpKeld
TopOy®YNG OOVOUNG Katd T QAo ™G TEMKNG TPoomibelog KupoiveTon omod
140ms éwg 240ms (Zatsiorsky et al., 1981, Bartlett and Best, 1988, Bartlett, 1992,
Gutierrez et al., 2002). TTapd to yeyovog 0Tl 0 pLOUOG EQOPUOYAS TG dVVOUNG
glvol TOAD ONUOVTIKOC Yo Tr CUVTIOUN EQOPUOYT TNG OVVOUNG, OEV VTAPYOLV
epeuVNTIKG Ogdopéva alloAdynong tov puBuod epappoyns g SOvVoung o€
afntéc plyewv. Ze peAém pe abAntég cpoapoPoriag, agoroynonke o pvOuUdg
EPOPLOYNG TNG SVVOUNG GTNV ICOUETPIKY ACKNON EAEEIS UTAPOG Amd TOVG UNPovg
Kol Ppébnke OtL petd amd 8 efodopdoeg mpomdvnong dSVVOUNG-16x0og 0 pLOUdS
EQOPLOYNG TNG dvvaung avédvetat Katd 19,6% aidd dev oyetileton pe Tn pUITiK|
emidoon (Stone et al., 2003). Qot660, TOPUUEVEL AOIEVKPIVIGTO TO EPAOTNUA EAV
VILAPYEL GVOYETION HETAED TOL PLOUOD EPOPLOYAG TNG SVVAUNG KOL TNG PUTTIKNG
emidooMg o€ aOANTEG plyemV Kat Qv 1 aLTH GLGYETION AAAACEL LE TNV TPOTTOVNON
16Y00C.

‘Evag amd toug Pacikods oTd)ovs TG TPOmOVNoNG G OAN T PITTIKA
ayoviopato givor n avénon g dmng palog. H dhmn pala oyetiletor pe

putikny enidoon (Morrow et al., 1982, Terzis et al., 2008) aArd Oyl Kot 0
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OlgpKELDL TN SLIPKELD TNG OYMVIGTIKNG TEPLOOOV, TOVAGYIGTOV Y10 TOVG OOANTES
™¢ opatpoPoiriag pe tov mepiotpoikd mapd (Kyriazis et al., 2010). Mdahota, 1
A palo tov kdto dkpov oyetiCeton ue t purtikn emidoon (Terzis et al.,
2010), kdatt to omoio evioyvel v avtidnyn OtL ot afANTéG TV piyenv
yperalovtal vymAn damn pdlo oTo KATM AKPo Yo TNV EMITEVEN VYNANG PITTIKNG
enidoong. Qot16c0, N oxéon LeTaEL TOv PLOULOD EPAPUOYNG TG dVVAUNG KOL TNG
aamng palag dev €xetl axoun olepevvnOet.

Me ™ ypnon g HOTKNG LIEPNXOYPAPIOG, LTAPYEL TAEOV 1] dvVOTHTNTA VO
a&lohoynBov ta PaciKd apyITEKTOVIKG YOPOKTNPIOTIKA TOV HOAOV: TO TAY0G, N
yovio Kot To Ko Tov poikov oepotiov (Blazevich, 2006). Ta apyitextovikd
YOPOKTNPIOTIKO  TopoLGldlovy  1010iTEPT)  TPOCOPUOCTIKOTNTO  UETE  amod
npomdvnon dvvaung kot woyvog (Aagaard et al., 2001, Cormie et al., 2010,
Blazevich et al., 2003, Nimphius et al., 2012) evéd peléteg deiyvovv OTL TO UNKOG
TOV HOIKOV depatiov oyetileton pe v emnidoon otovg dpopovg tayvtntog (Abe
et al., 2000, Kumagai et al., 2000, Nimpius et al., 2012) ka1 oto. KOTOKOPLEO.
dipoata (Earp et al.,, 2010). Qotdco, dev vmbpyovv €PELVNTIKG Sedopéva
AVOQOPIKA UE TN OYECT TAOV OPYLTEKTOVIKAOV YOPUKTNPIOTIKOV HE TN PUTTIKN
wavotnto. Opoing, n oxéon petald tov pLOUOL EPAPULOYNS TNG dVVOUNG KoL TOV
OPYLTEKTOVIKOV  YOPOKINPIOTIKOV TOV HOOV TOPAUEVEL OOEVKPIVIOTN. Z€
TPOSPATN EPELVNTIKN EpYacia Ppédnke cvoyétion LeTaED TOV PLOUOV EPUPUOYNS
g 6Ovaung ota 10-30ms pe to UKog dEUATIOV GTOV YUGTPOKVILO GTO, GALLOTOL
Babovc kot oto dApata pe awmwpnon (Earp et al., 2011). Ouwg, n oxéon vty
ypedleTon TEPLGGHTEPT SIEPEVVIOT, OIOUTEPA GE UEYOAVTEPO YPOVIKA TEPLODPLNL
(>100ms) mov mpooeyyilovy mEPIGGOTEPO OTNV  OOANTIKY TPOKTIKY TOV
afAnTIKOV plyenv.

[Ipog amdvtnon avtdv TV epOTNUATOV Eytvay 000 HEAETES Le OKOTTO: o)
vo peremnBel m emidpacn G TPOmOVNONG OYVOG HE YOUNAEG KOl VYNAEG
QVTIOTAGELS OTNV TEPI0S0 KOPVP®ONG TG enidoong o abAntég piyemv kot B) va
Otepeuvnbel m oyxéon peta&d TOL PLOUOL ePApPUOYNS TG dSVvAUNG, TGV
OPYLITEKTOVIKMV YOPOKTNPIOTIKAOV TOL €m0 TANTH punplaiov pHudg Kol TG PUTTIKNG

KAvOTNTOG TPV Kol LETA amd Tpomdvnon OOVaUNG-1oxv0c, o€ abANnTéG plyewv.
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1.1 Opropdg kKon SroTVTOON TOL TPOPARATOS

Onwg TpokHNTEL Kot amd TV EIGAYOYN TOPUUEVOVY OdELKPIVIOTA: o) M)
EMOPOAON TNG TMPOTOVINONG 1OYVOG HE VYNAEC Kol YOUNAEG OVTIOTACELS TNV
nepiodo Tov Qopuapicpatog oe abintég pliyewv kar B) n oyxéon petald oL
pLOLOD €QapUOYNS TG dVVAUNG, TNG OPYLTEKTOVIKAG OOUNG TOV HVAOV Kol TNG

PUTTIKNG EMIO0ONG LETA atO TPOTHVNONG SVVAUNG-10YX00G 0€ AOANTEG plyemv.

1.2 Znqpoocio s épevvag

H onpaocio tov peretdv yxettal:

A) X1 oOyKkpion 300 SPOPETIKMDY QOPTI®V TPormdvnong 16(00G TOG0 O
TPOG TNV AYOVIOTIKY piyn 0G0 Kol 6€ TOPAUETPOLS SVVAUNG, 10YVOG KOl pLOLLOV
EQOUPUOYNG TNG dVvvaung, Katd TN mepiodo eopuapiopatoc. Ta oamoteléopota
£YOUV QLECT) TPOKTIKY EQAPLOYT] GTO GYEOAGUO TPOYPOUUUATOV POPUAPIGHOTOS
og afAnTég plyemv, EVO 1 GVYKPLOT TOV dV0 SLOPOPETIKMY QOPTIMV TPOTOVIONG
eEnyel T mpooappoyEC TV aBANTOV 6€ TOPOUETPOLS OVVOUNG, 1oYXVOG Kot
pLOLOY EPapUOYAG TNG dOVAUNG.

B) Zm Owepedvnon ¢ oxéong petald tov puvlpod eeapuoyng g
dvvaung, TG OPYITEKTOVIKNG OOUNG TOL €@ TAATL pnploiov pvuog Kot NG
PUTTIKNG €mdOoNC, OAAG KOl OTIG OAAOYEG OV TPOKLITOVV OE OVTEC TNG
OGLOYETIOEIS UETA OO TNV TPOTOVNTIKN TOPEUPACT SVVAUNG-1oYVOG, GE AOANTEC
piyewv. Ta amoteAéopato £(0VV GUECN TPOKTIKY EPOUPUOYH oTNV aE0AdYNoN
TOV TPOGOUPUOYDY OV TPOKVITOVV OO TNV TPOTOVNGT SVVOUNG-1GYVOS, OAAL

KOl OTNV EKTIUNON TNG AYWVIGTIKNG ETOOTNTAG 6€ AOANTEG plyewV.

1.3 Epgvovntika epotipato.

[Ipoto epevvmrikd epomua: To @oppdpGHO TPV TOV OYDOVO-GTOYO Eival
KOAVTEPO Vo yiveTan pe VYNAEC N YOUNAES avTIoTAoELS 6€ afANTEG plyemV;
Agvtepo gpevvnTikd epdtnua: H mpomdvnon 1oyvog e younid Kot pe vymid
Qoptio BEATIOVOVV TIC TAPAUETPOVG SVVOUNG, 1oYVOS Kot pLOLOD EPOUPLOYNAG TNG

dvvaung, og aONTéC plyemv;
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Tpito gpevvnTikd epdTNUO: YTApYEL GLGYETION HeTAD ToL PLOUOD ePAPUOYNG
NG OVUVOUNG KOl TNG PUTTIKT ETIO00NG;

Tétapto epeuvnTiKs epOTNUA: YTTAPYEL cLOYETION HETASD TOL PLOUOD EPAPLOYNG
™G OUHVOUNG KOl TOV OPYLTEKTOVIKOV YOPAUKTNPIOTIK®OV TOV £E® TAATL Unploiov

HVOG;

1.4 Epevvnrikég vwoBéoeig

[Ipdtn epevvnTikny vedOeon: TOco N TPOTOVN O™ 16YVOG HE YAUNAGL PopTia. OGO
Kot 1) TPOTOVNON 16YVOG LE VYNAA eoptia Bo PEATIOCOVY TN PITTIKN ENIOOON OTN
@don Tov popuopicuaToc.

Agvtepm epevvnTikny vmobeon: H mpomdvmon 1oydog pe vynid eoptic Ha
BeAtidoel mEPIGCOTEPO TIG TAPAUETPOVS OVVOUNG, 16YVO0G Kot puOUOD EQAPUOYNG
™G OUVOUNG G€ GUYKPLON LE TNV TPOTOVIOT| 1oYVOG LE YOUNAL QopTiaL.

Tpitn gpguvmrikny vedBeon: O pvOUOS epaproyng TS dvvaung Ba amotedel KaAd
deiktn TPOPAEYNC TS PIITIKNG EMLOOOTG.

Térapn gpevvnriky vodBeon: O pLOUSS epappoyng TG dvvauns Bo cuoyetileTon

LE TNV OPYLTEKTOVIKT SOUN TOL £E® TAATY punplaiov pHudg.

1.5 OprofBetiiocis kar Iepropopoi
1. Znig peléteg ovppeteiyov abBAntéc piyemv amd OAa To PITTIKE ayVicHoTa.
2. ZT1g HeAETeg GLUUETET OV OOANTEG Kot TV 000 QUAWMV.
3. To eninedo tv abANT®V 7OV GLUPETEYOV OTIC UEAETEG MTAV UEGOV
emmédov pimteg pe 4,5 ypdvia eumelpiog o€ aydveG Kol TPOTOHVNON

OVTIOTACEMV.



Avaorornon Biflioypagpiog

KE®AAAIO 2
ANAXKOITHXH BIBAIOT'PA®IAX

2.1 Ov a0inTIKéG piyerg

Ta purtikd ayoviopoto Tov KAacwkoh afAnticpov gival n cpoaipofoiia, 1
oc@upoPora, N dtokoPforia Kot 0 axovtionds. H emidoon otig abintikég piyelg
ompiletar otnv vyMAn mapayyn woyvog (Zatsiorsky et al., 1981, Kyriazis et al.,
2009). H pixn 1oydg e&aptdtor omd ToAAoVG VELPOUVTKOVG TAPAYOVTEG, OTMS TO
puéyebog g poikng paloc, m Katoavoun v puikov wov tomov II, to eninedo
VEVPIKNG EVEPYOTOINONG TOV TPOTOAYOVICTOV HLUOV OAAL Kot amd TNV
apyltektovikny dopn tov pvog (Moritany, 2002, Cormie et al., 2010). Ipayuart,
TAPOTNPAOVTOG TOVS AOANTEG TV plyewv eivar EekdBapo OTL dtakpivovTat Yo Ta
COUATIKA TOVG TPOGOVTO OAAA KOl Y10 TNV IKOVOTNTA VO EKTEAOVV LLE TOAD LYMAN
TayHTNTO KOl e aKpiPELa TNV TEYVIKT TOL TOALOD G KAOE PUTTIKO AyDVIGUA. XTI
PlYelS 0 10avVIKOG GLVOVAGHOS Plopnyavik®v Kot Ploloyik®v mopaydviov
UTOPOVY VL dMGOLV TANPOPOPIEG TOGO YO TNV CMOGCTN EKTEAECT) TOL TOALOV,
OALG KO YLOL TIG OVTIOTOLYES TPOGOAPLOYES TOL aOANT (Y. HVIKES, VEVPIKEG) amd
T0 €KAGTOTE TPOTOVNTIKO epEdiaLaL.

Amo Vv avaockénnon ¢ PiPproypagiog @aivetoar 6Tt o1 Propnyovikoi
TapAyovTeg oV EMNPEALoVV TEPIOCOTEPO TNV 0mdGTOoN POANG GE OAOL TOL PUTTIKA
ayoviopoto gival 1 todTa, N yovio kot to Yyog anelevbépmong (Hubbard et
al., 2001, Bature, 2010, Shaa, 2010). Md o, 1 tayxdTnTo aneAevBipwong sival
0 oTOLOAOTEPOC TTAPAYOVTAS KOODS HKPEG ALENGELS GTNV TOYVTNTA UITOPOVV V.
odnynoovv o€ oA peyolvtepn puttikn emidoon (Lichtenberg and Wills, 1997,
Gutiérrez et al., 2002). Avtictoya, n Yovio arelevdépwong umopei vo Pektiomdet
péow e€edkevpévng mpomdvnong eved 10 Vyog amerevBépwonc eaptdTon
TEPLOGOTEPO GO TO COUATIKO ovdotnuo tov abint) (Shaa, 2010). O purtikoi
TAALOL e TN oelpd ToLg emnpealovtal amd BepeAdONG VOLOLG TG PVOIKNG OGS

N ELYOKEVTPOG KOl 1] KEVIPOUOAOG dOvaun (my. Ot SUVAELS TOL OCKOVVTIOL GTO
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opyavo g oQOpag Katd v mEPLeTPon)), Ta Tpio. afidpata tov Newton
(adpbvera, emtdyvvon, dpdon avtidpaot)), aArd Kot amd v EAEN ™G Papdntag
(g = 9,81m/sec?). daivetar howmdv 6Tt M emidoon oTO. PWTIKG oy@VIGHOTO
eCaptdton amd mAnbdpo mopaydviwv mov Kabiotodv Tic abAnTikég plyelg ota
SVOKOAOTEPQ OYOVIGHLOTOL.

Ot puttikoi moApol yopilovior e mEPIGTPOPIKOVS Kot VOVYPAUIOVG.
Yuykekpéva to ayovicpato g dtokoforag, ™ ceupoforag, aAAL Kot NG
cQA1POPOAING TPOYUOTOTOIOVVIOL LE TEPIGTPOPT] EVM TO OYOVICUATO TOL
aKOVTIGHOD Kot NG o@atpoPoiiag (vBOYpappog TAANOS) TPOYUOTOTOOVVTOL LE
evBVvYpappovg ToApovs. Ot piyelg yivovtal evtog T KOVioTpag Tov oTifov evd
TOL PITTIKA Opyova EXouV Yo Avipeg Kot yovaikeg to €ng Papn: ceaipa-ceipa
7,26kg won 4kg, diokog 2kg won 1Kg, axovrio 800gr ko 600gr, avtiotouya.
MdéMota, dv kotatdéovpe kdbe ay®VIGHO GTNV TAXOOLVALIKY GYECT] GOUPMOVA
pe to Bapog Tov opydvov QaiveTol OTL Ol ATOITNOELS Yot Svvaun ivor vynAdTEPESG
OTO AYOVIGLOTO TG GPOIpAG — GPUPOG Kl LKPITEPES OTA Oy®VIGHOTH dioKOL —
axovtiov (Zatsiorsky and Kraemer, 2005, oyfjua 2.1.1). Avtd mpaktikd onpaivel
0Tt ot abAntéc mov ypewdloviar TEPIGGATEPT SVVAUN (DOTE VA TETLYOLV
UEYOADTEPY] PUITIKY] EMIOOCOMN TPEMEL VO APIEPOVOVY TEPIGGHTEPO YPOVO OTNV
avamtuén g poikng palog aAld Ko otn Pertioon g poikng ovvaung. Avtd
BéPara 0ev avarpel To POLO TG HLIKNAG dVVOUNG GTOVS O16KOPBOAOVE KOl GTOVG
OKOVTIOTEG OALD EVIGYVEL TO SOYWPIGUO TNG TPOTOVNONG LE OVTIIGTAGELS KOl TO

@optio mpomdvnong o€ Kabe pimn.
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Avvaypn - loyoc

Taybmmua

Zyfua 2.1.1. Kotdraln tov pimtik@dv ayovioudtov ue faon to Papog opyavov oty To000VouIKh

ayéon.

[Tépa amd T1c OS10pOopég OTOLG TOAUOLG Kot TNV  €&eldikevon g
TPOTOVNONG KAOBE PUITIKOD OYOVIGUOTOS, VIAPYOLV GUYKEKPIUEVES PIUTTIKEG
OOKNGELS TOV TPAYUATOTOOVVTOL OO OAOVS TOLG afANTEG TV plyewv Ol LOVO
Y TNV €EACKNON NG PUTTIKNG KAVOTNTOAS, OAAG Kot Yoo TNV aloAdynomn g
LUIKNG 10Y0V0C OAOKANPOL TOV GOUOTOS. ZVYKEKPIUEVO, Ol TPOUCKNGELS UE TIG
opaipeg Omwg M piyn eumpdg pe dvo xépa ko M plyn wow pe dvo yEpla
AmOTEAOVV OVATOOTACTO KOUUATL TNG TPOomoOvNnong tov odintov. Mdaiorta,
peAETEG Exouv OEIEEL TNV LYNAN GLGYETION TTOV £XOVV OVTEC Ol OLOKNGOELS LE TNV
ayovioTikn purtiky emidoon (Terzis et al.,, 2010), aAAd kot pe TopOUETPOLE
dvuvaung kot wyvog (Whittington et al., 2009, Zaras et al., 2013, Stasinaki et al.,
2015). Xe TMOMEC MEPWMTMOOELS YPNOLUOTOOVVTIO, OKOUN Kol OOKNGES TNG
ocpaipoforiag, Omwg N plyn He HETOTO GTO TEdi0 plyng M akoOUN Ko 1 piym
opaipag amd teMKN OwmAn ot)pign, OOTE Vo ekmoudevtel 0 VEOg pimtng oe
OepeMmdOn TEYVIKE YOPAKTNPIOTIKO TOV TOAU®OV, o0AAG Kot vo aloloynBel o

EUTELPOG PITTNG G€ SOKIUAGIEG 10YVOG LUE YOUUNAOTEPES TEXVIKES ATOLTIOELS.
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And 1 obvtoun ovAALGN TOV OTOITNCE®V TNG TPOTOVNONG OTa
ayoviopato tov plyemv, @oiveTor OTL N TPOTOVION LE OVTICTACELS OMOTEAEL
aVATOOTOOTO KOUUATL TOV TPOTOVNTIKOD OYESOGHOD TV afintdv. Mdloto
dedopéva amd peAETeg Oelyvouv 0Tl 660 0 0BT TANGLALEL TOV ay®dva 6TOYO
1060 UEWDVETOL O TPOMOVNTIKOG OYKOG Tpog O@edog g avénong g
TPOTOVNTIKNG £VTOOTG, LE 6TOYX0 TN Peitioon ¢ purtikig enidoong (Kyriazis et
al., 2009, Judje et al., 2007). Ouwg, T0 gpdTNUA TOL dNuOVPYEiTaL gival O
@optio avtiotaong Ba ypnoyonombel otnv Tpomdynon 1oyxHoc, Wilaitepa oTNV

Kkpioyn tepiodo KopOE®ONG TS EXLO0GNS TPV 0d TOV AyDVA GTOYO.

2.2 Tlpomtévnon oOvaung Kot 16300g 6TIS 00N TIKES plyerg

Ot afAnticég plyelg etvar ayovicpoto mov amortovv amd tov afinmm
VYNAN poikn dvvaun kot woyd (Zatsiorsky, 1981). TTapdro mov ot abAntég TV
PYEOV OQLEPOVOVY UEYOAO UEPOC TNG TPOETOOGIOG TOVG OTN TPOTOHVNON
dvvoung, Mysg HeALTEC £x0VV €PELVICEL TNV aKPIPN EMOPOOT TNG TPOTOVIONG
dvvaung ot purtikny wavotto. Eivor mpoaktikd dVOKOAO Vo, €QOPHOCTOLV
eEEOIKEVEVOL, TTPOTTOVNTIKA TPOYPAUUATO o€ VYNAOD emmédov abintég TtV
PlYe®V, 0TO TAOIGLO EPEVVNTIKMV EPYACIOV. 26TOGO, EPELVNTIKEG LEAETEC EXOVV
yivet og younAdtepov  emmédov  aOANTEC KOl HETPLOL  YOUVAOUEVOLG
doxpalopevouc.

Ye épevvo tov Stone et al., (2003), pekembnke m emidpoon TG
TpomdVNOoNG dvvaung Kot dHVaUNG-1oxvoc oty emidoon ot cearpoforia. Ot
dokipalopevol nTav 5 dvipec Ko 6 yovaikeg, nlkiog 18 - 21 etdv, copatikod
Bapovg 101,3 + 253kg kot pe mocootd Amddovg totov 21,9 £ 8,9%. Ot
doxpalopevor iyav gumepia amd 1 - 6 ypdvia mpondvnong ot ceapoforio Ko
0,5 - 4 ypovia otV mpomdvnon pe oavtiotdoels. H mepoapatiky) dadikacio
ompknoe 8 gfdoundodeg Kol yopiomke oe 2 mePLOdovg dtapkelng 4 BOOUAO®V.
[Ipwv v évapén g mpomodvnong ot abintég akorovOncav &va TPOYPOLLLLOL
avVTIoTAcE®V LYMAOL OYKov (3 oepég x 10emavarnyelg) yoo 6 gfdounddeg. H

évtaon Kot 0 OYKOG TOL TPOTOVITIKOD TPOYPAUUOTOS 7OV  OKOAOVOM GOV
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TEPIAAUPAVE AOKNGELS dVVAUNG LE AVTIGTAGELS Yiol OAES TIC HVIKEG OPAdES, EVD
TapdAANAa ot aBAntég ektEAOVOOV TPOTOVION OTN Piyn GEAIPOC, EKPNKTIKES
00KNOELS (TAEOUETPIKEG) KOl OCKNOELS TNG dpong Papdv.

Ta amotedéopata g peAétng €oeiav OTL M emidoon otn piyn ceaipog
avéndnke otig mpwteg 4 gPfdopddeg amod 11,99 + 1.9m oe 12,25 + 1,8m,
avtiototyo. AmO TV OPYIK) KETPNON OTNV TEAKN HETPNOT, 1 PUTTIKY €midoom
avénbnke xoatd 5,5% oe 12,63 = 1,7m. H ovoyétion g HEYIOTNG IGOUETPIKNG
dvvoung (IPF) pe v enidoon ot opaipa rav: r = 0,67 oty apyn, r = 0,74 petd
Tig 4 efoopddec ko r = 0,75 oto téhog G mpomdvnomng. Qotdco, dev
TOPOVCLACTNKAY GUOYETICES OVAUESO OTIG MOCOoOoTINNES UETAPOAEG  TOV
UETOPANTAOV LETA OO TNV TPOTOVNTIKN TAPEUPAOT), EVO CNUOVTIKEG LETUPANTES
OT®G 0 PLOUOG EPAPLOYNG TNG OVVOUNG KOl TO OPACE, OEV TOPOLGINGOV KATOL0L
ONUOVTIKY] GUGYETION LE TN piym N 1e Kamoto GAAY PHETAPANTY.

Ye mpooeotn perétn tov Kyriazis et al., (2009), epguviOnke 1 enidpaon
12 efdopdadmv mpomdvnong pe aviiotdoelg o 11 kopveaiovg cpapoforovg pe
TEPLOTPOPIKO TOAUO (emidoon amd 14,19m éwc 19,98m). TTapd 1o yeyovog otL 0
0TOY0G TNG MEAETNG NTAV VO OLEPELVNOOVY 01 OAAAYEC GTN VEVPIKT EVEPYOTOINGT)
TOV KATO OGKpwv, n peAétn €5eiée Ot petd tnv mpomovntikn mapéufacn ot
afAntéc Pertiooay ™ purtik) tovg enidoon Katd 4,7%. H perémn €deiée emiong
OTL M HVIKN 1oYVG amd TO QAN PE aldpnomn, pwe cuvnOng a&loAdynorn HLikng
000G, TOPOVGiocE VYNAY GuoyETIon pe ™ piyn oeaipog (r = 0,7, p < 0,05).
Opwg, o0te €0 TOPOVCIAGTNKOV GCULGYETICES HETOED TOV TOCOGTIOIMV
petafor®dv TV petaPAntodv. Zvykevipmtikd, ot uedétec tov Kyriazis et al.,
(2009), ka1 tov Stone et al., (2003), deiyvovv OTL TPAypOTL 1| HAKPOYPOVIQ
npomdvnon (> 8 efdopnddmv) pe otdyo TV avamTuén ™G PLIKNG SVVOUNG-LGYVOG
Bedtidver T puttikn emidoon oe PETPLAL KOl KoAG yupvoaouévoug pinteg. Ta
dedopéva avTd evioybovTon Kol amd HEAETEC GE apYAPLovg pimteg OmOov PETA Omd
npomdvnon dvvaung kot wyvog avéavetar n purtikn exidoon (Terzis et al., 2008,
Zaras et al., 2013, Stasinaki et al., 2015). Qo1600, T0 EpMTLO TOL dNUIOVPYEiTOL

elvar mo glvor n emidpaocn g mpomdvnong 1ox00g OTN PUTTIKY €MOOOT OF
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BpoyvmpdBeopeg mepLdOdovg mPomdvnong, OnNMG otV  Kpioiun 7mepiodo TOL

eopuopicpaToc.

2.2.1 ®oppapropa oIS 00N TIKEG plyers

[pwv amoavinbei to mapondve epodTpa gival arapaitnTo va avoeephodv
Baocwéc apyés tov oyxedopov ™ mpomovnons. Il avolvtikd, o €tolog
TPOTOVNTIKOG OYESOUOS TV afANTOV TV plyev yuo TV avamtoén g
PUTTIKNG WKovOTNTOG, o)eddletonr pe Paon tn Oswpio tov meprodiopov. O
epodiopdg etvar po Bewpio mov avamtOyOnke ot apyég NG OEKAETIOG TOV
1970 and tov Xofietikd L.P.Matveyev. Onwg kdbe opyovmuévo cuotnua, £Tot
KOl M opyn TOL TEPLOOIGHOV, EMOUDKEL TNV EMOTNUOVIKN o)edioon ToV
aOANTIKOV TPOTOVNTIKOV TPOYPOUUAT®V, £T61 MOTE Vo Tpocapuolovtor GAot
ekeivol o1 mapdyovteg, mov Bo 00MNYNGOLY aPYIKE GTN UEIDON TOV APVNTIKOV
QUIVOUEV®V, OMG 1 LTEPKOTM®OT KOL OTI GLVEYXELW GTI| UEYIGTOMOINGCT TNG
afAntikng amoddoonc-enidoong (Fleck, 1999).

H 0Oewpia tov mepodiopod opiler v vmodwipeon Tov €GOV
TPOTOVNTIKOD KOUKAOL G WIKPOTEPES YPOVIKEG TEPLOOOVG WE OCLYKEKPIUEVOLG
otoyovs. Mo avoivtikd, 0 €No10¢ OYEdICUOS TNG TPOoTdvNnoNg opileTon ¢
UOKPOKVKAOG Kot YopileTor 6g EMUEPOVS YPOVIKES TEPLOOOVS TOV GTOYEVOLY GTO
Aemtopepn OYEOWOOUO NG TPOTOVNONG. XUYKEKPIUEVO, O HOKPOKVKAOG
vrodlopeitan og emMPEPOVS LEGOKVKAOVG O1 OO0l OTOTEAOVVTOL TEPITOV Omd 2 -
6 TPOTOVNTIKES €ROOUAOES, OVOAOYO TNV TPOTOVNTIKY @AcT (TposTolpaciog N
AYOVIOTIKY]) KOl TO TPOTovnTIKO vtoPabpo tov abintr. Téhog, o1 pesdkvkiol
VTOSLOPOVVTOL GE  HKPOKVKAOVS, TOV UTOPOLV Vo, dtopkoOv amd 3 - 12 nuépeg
(Plisk and Stone, 2003, Prestes et al., 2009). H kpiowdtepn mepiodog TOL
TEPLOOIGHOV  €lval TO QOPUAPIGHO, OMANON 1 KOPOHE®ON TNG EMOOONG OE
OUYKEKPIUEVT] YPOVIKT OTIYUN KOl GE CLYKEKPIEVO oymva otdyo. H Paocikn
Bewpia Tov Qoppopicpatog avaeépel 0Tl N TEPiodog avtn yopaktnpiletar and

amoOTOpUY] EAATTMOON TOL TPOTOVNTIKOL OYyKOov, Helwon TG KOmwong amd v

11
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TpombdvNon Kot avEnon tng enidoong og cvykekpluévn ypovikny otryun (Mujika et
al., 2003, 2004, Bosquet et al., 2007).

Meléteg oe aBAntéc avtoyng, koAvUPnong, tprdbiov kol modniaciog,
delyvouv 0Tt 1 SLIPKELLL TOV POPLOPICUATOS Yol AVENCELS OTY UEYLOTN TPOCSANYT)
o&vyovov (VO2max) xopaiveton mepimov otig 15 nuépeg. Avrtiotorya, ota 1ot
ayoviopoto oAAd pe otOYo TNV avénomn g UEYIoTNG OLVOUNG Kol 1oYVOG, M
nepiodoc popuapiopatog Kopaiveton o mepimov 16,6 nuépeg (mivaxag 2.2.1.1).
MdéMota, To 0QEAN TOV QOPUOPICUATOG OTNV €MidO0T QaiveTol va divovv €va
onuovtikd mieovéktnuo omd 3 - 6% oty emidoon (Mujika et al., 2003, 2004).
[Topd t0 Yyeyovog OTL TO QOPUAPIOUHO €lvOl CNUAVTIIKO G TOAAL aymviouoTto
1GYV0G KOl AVIOYNG, OEV LIAPYOVV EPEVVNTIKA OEOOUEVA TOL VO OELOAOYOVV TNV
eMIOPALOT) TOV POPLOPIGLOTOG GTI PUTTIKT ETLOOCN.

21 HovadiKn HEAETN TTOL JlEPELVNGE TNV EMOPACN TNG ATOTPOTOVIONG
OTY PUTTIKN IKOVOTNTO, GUUUETELYOV 17 pétpra youvoaouévol dokipalopevol ympic
wwitepn eumepion otig abintikég piyels. Ot doxpalopevor olokAnpocav 14
epdopddeg mpomodVNoNg OLVOUNG Kot £merta okolovOnoe pio mepiodog 4
eROOUAd®V TAPOVS amoyNg amd TV Tpomdvnon pe aviiotdoels. H pedlém €deike
avénon g puttikng entdoong kotd 6 - 12% petd 11g 14 efdopddeg mpondvnonc.
MdéMoto, 1 ypovikn dwdpkeln Tov 4 gfdopadmv mTpomovnons oev UETEPAAAE TN
pumtikn emidoon. H otabepomoinon tng emidoong eényndnke xvpiong omd Tig
LUIKEG TPOGOPUOYEG TNG KOTAVOUNG TV HOIK®OV wwov tomov I, dndadnq
HETOTPOTY] TV UVIKOV v@v tOomov Ilo oe tdmov IIX xatd T mepiodo g
armonporovnong (Terzis et al., 2008). To povopevo owtd gvioyvoe TV KOVOTITA
TAPOYOYNG 1O0YVOG GTOVS SOKIHALOUEVOVG 0oL ot Uuikég tveg thmov IIX elvan
vrevBuveg Yoo HEYIOTN TOPOY®YN 16Y00G o€ cOyKplon pe Tig tomov I ko Ila

(Harridge, 1996, Andersen and Aagaard, 2000).
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Ilivaxag 2.2.1.1. Aidpkeia ko1 EXIOPAcH POPUOPIGUATOS GE TOPOUETPOVS dVVOUNS Kal 1) 0og. TIpocopuoouévog
mivaxog aro Mujika et al., (2004).

Alrayég o€
Hpépeg Advopun & A&oroynon Alhayég otV
Merém ABAntég Doppuapicporog Ioy¥ Enidoong Enidoon (%)
Costill et al.,
(1985) Koivppnréc 14 ) 46-1509m Aydvag 2,2-46
Cavanaugh &
Musch,(1989) KoAvppnréc 28 1 46-1509m Aydvag 2,0-3,8
Prinsetal., Agv
(1991) Kolopupntéc 28 > Aev Kataypdonke Kataypdonke
Johns et al.,
(1992) KoAvppnréc 10--14 1 46-366m Aymvog 2,0-3,7
Shepley et al., Avddpopog Méypt
(1992) Apopeig 7 ) E&Gvtinong 6-22
Gibala et al., Ackobpevot Avvapn ‘Extaong
(1994) Abvopmg 10 ) Aykdva ~17
5 km
Houmard et al., Xpovopétpnon o€
(1994) Apopeic 7 > Aédpopo 2,8
Martin et al.,
(1994) odnAdreg 14 ) Wingate test 8
Raglin et al.,
(1996) KoAvppnréc 28--35 1 Aydvog 2
Hooper et al., 100 m, 400 m
(1998) Kohivppnréc 14 1 Xpovopétpnon >
Hooper et al., 100 m
(1999) KoAvppnréc 14 > Xpovouétpnon >
Trappe et al.,
(2000) Koivppnréc 21 1 Aydvag 3,0-4,7
LOYKEVTPOTIKA = 16,6 nuépeg =4,7% 1

Avctoy®dg dev LVITApPYovV €PELVNTIKG OedOUEVA TTOV Vo OlEPELVOVYV TNV

EMIOPAOT] TOL POPLOPICUATOG OTY| PUTTIKY EMLOO0ON G€ aOANTES piyewv. MdMota,

Ba NTav TOAD EVOLPEPOV V. GVYKPIOOHV SLUPOPETIKA TPOYPALULOTO, TPOTOVIONG

1GYV0G, LE VYNAEG KOl YOUNAES AVTIOTACELS, MG TPOG TN PUTTIKT EMLO00T) GAAL Ko

0€ ONUOVTIKEG TOPAPETPOLG TTOL GYETICOVTAL HE TN PUTTIKN €mid0oM, OT®G 1|

dvvaun, To Kotakopueo dALaTo Kot o puBuds epaproyns g dVvaunG.
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2.2.2. IIpomévnomn 163V0S HE VYNAA Kot Younia popTio

H pikn oyd¢ pmopel va PeAtiodel pe mpordvnon 1oyvog ite pe yapunAég
elte pe vynAég avtiotdoelc. [paypart, peréteg delyvoovv Ot | TPOTOHVNON 10YLOG
eite pe yauna eite pe vynid eoptio Pertidvouy ) poikn oyd (Potteiger et al.,
1999, Andersen and Aagaard, 2000, Kyro6léinen et al., 2005, Winchester et al.,
2008, Lamas et al.,, 2010, Zaras et al., 2013). Qotdco, Alyo yvopilovue
aVOQOPIKA UE TN GVYKPLIOT YOUNADV Kol DYNA®V @opTiov Tpomdvnong 1oyvoc,
TG0 OTI PUITIKY] EXIO0GN OGO KOl GE TUPAUETPOVS IGYVOG Kol SOUVONG.

Ye pehétm tov McBride et al., (2002), peretibnke m emidpacn g
TPOTOVNONG 1GYVOG LE VYNAES Kol YOUNAES OVTIOTAGELS GE TOPAUETPOVS OVVAUNG,
1GYV0G KOl TOYVLTNTOG. XT1 UEAETN GLUUETELYaV 26 aOANTIKA evepyol Appeveg, ot
omoiol ywpioTKay G€ TPES OUADEG TPOTAVIONG: GTNV OUdda Le VYNAL eopTtia,
oTNV ouddo pHE YOUNAL @opTiot Kot otnv opdda eréyyov. Ot V0 opadeg
yopvaotnkoy yia 8 efdoUddec otV AGKNOT TOL GALOTOC [LE UTAPO GTOVS MUOVE
pe LVYNAQ Kot younAd @optic. XvyKEKPUYEVO, 1 OO0 UE VYNAL QOpTin
ypnowonoinoce 10 80% g 1-MAE 7y 4 oepég tov 6 enavolyemv, evo 1
ouada pe to younid eoptio ypnoiponoince 1o 30% g I-MAE ywo 5 oepéc tov
6 emovolyenv. AveEapnra omd 10 PopTio TPOTOHVNONG, Ol OCKOVUEVOL ElyovV
™V odnyio vo EKTEAOVV TNV GoKNom e péytotn ovvary toyvtnta. Ommg ftav
avapevopevo ot dokipalopevol g oudoag 30% avéncav mePlocOTEPO TNV
tayvTa 6to dApa pe to 30% tng 1-MAE og ouykpion pe tov dokipalopevoug
mg opdadog tov 80% (= 8,5% évavtt = -0,3%, avrtictorya). Avtictoyya, m
tayvtnta ota 20 pétpo avénbnke teptocdtepo PETE amd To yoaunAd eoptio (= -
2,2% évavti = 4,2%). H ddvaun avéndnke mapopoto kot otic 600 opdades (= 8,2%
vy v opdoa 30% kot = 10,5% vy v opdda 80%). To amoteAéopota g
perAéng vmootnpifovv O0TL M TOLTNTO UE TNV Omoin ekteAeiTon M Kiviom o
TPOTOVNON UE OVTIIOTACELS TPOKOAEL OVTIOTOLYEC TPOCAPUOYES OTIC OOKILOGIES
OV amoITOLV  péYleTn Toyvtnta. H mpomdvnom pe younid @optio  eiye
LEYOADTEPT] TOVTNTO EKTEAEOTG TNG ACKNONG amd OTL pe to. vynAd eoprtia. Ta

ATOTEAEGUATO TNG UEAETNG OETYVOLV TI CNUOVTIKOTNTO TNG TAXVTNTOG EKTEAECTG
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TOV 0OOKNCEMV LE OVTIOTACELS OAAY KOl TN UETOPOPA TNG OTN JOKLUAGIES TOV

amottovV TaOTNTO.

AmO TV TOpamAvVE UEAETN QOIVETOL 1) CNUOVTIKOTNTO NG TaXOTNTOG
EKTEAEONG TOV OOKNGEMV OTIS OVTICTACELS Kol TO HEYEDOS TNG UETAPOPAS TNG
KovOTNTAG 68 dOKILAGies TayvTnTag. Avtictowya, o€ pehét tov Young kot Bilby,
(1993), ueretibnke M enidpacn T HEYIOTNG TaYVTNTOG EKTEAEONC OTNV Goknon
oL NUIKABIGHATOG e VYNAG POPTIO GE TOPAUETPOVS SVVAUNG 1GYVOG Kol pLOLOV
eQoproyYnNg g dvvaung. H mpomdvnon smpknce 7 72 efOOUASES, EVED OTN HEAETN
ocoppeteiyov 18 pétpla yopuvaopévol aoKovUEVOL 0L 0Toiol ympiotnkay cg 600
OMAOEG: LYNANG TOYVLTNTOG Kol YOUNANG TayvTNTaS. To amoteléopota £0e1Eay OTL
0 puOudS epaproyng ™G dvvaung awENdnke mePIOCCOTEPO GTNV OUAA0 LYNANG
tayvmta (68,7% opdda vyming toyvmntoag, Evavtt 23,5% opddo yopuning
TOYOTNTOG) EVO 1 UEYLOTH SUVOUN TTEPICCOTEPO GTNV OUAON YOUNANG TOYXVTNTOG
(31% évavtt 12,4% oty vynAn toydmta opdoa). Qotdco, dev Ppédnkav
OLOUPOPES OVALESO OTIG OUAOES OC TPOG TN HVTKT 10Y0 GTO KOTAKOPLPO AALO 1) O
npog Vv dhmn pdlo. Ta amotedéopata g HEAETNG delyvOUV OTL TOVA(IGTOV GE
HETPLOL  YOUVAGUEVOLG OOKOVUEVOLS, 1 ToOTNTe. €KTEAEONG NG GOKNONG
emmpedlel pudévo 1o puOUd eQaproyNS TG OVHVOUNG Kol Oyl TOPAUETPOVS dVVOUNG,
woyvog kot dAmng palag. Qotdco, péyxpt onuepa dev eivan Eekdbapo av m
TPOTOVNOT 16YX00G HE YOUNAEC M VYNAEG aVTIOTACES PBEATIOVEL TN PUTTIKN

emidoon.

Ye perétn tov Zaras et al., (2013), a&oloynbnke n emidpaocn 600
SLOPOPETIKMY TPOTOVNTIKMOV TPOYPUUUATOV, TNG TPOTOVNONG OVUVOUNG KoL TNG
TPOTOVNONG 16YV0G, OTN PUITIKN KOVOTNTO. XTN HeEAETN ovppetelyav 17 pérpia
YOUVOOUEVOL SOKIUACOUEVOL Ol OTTO101 YMPIGTNKAY OTIG OVO OUAOES: GTNV OUAda
dvvapng (85% g 1-MAE) kot otv oupdoa woyvog (30% g 1-MAE). H
wpomdvnon ompknoe 6 gPfdoudoeg 660 mepimov Slapkel €vag TPOTOVNTIKOG
pecokvkrog. H pedém €oei&e 0tL n purtikn ikavotnto av&avetot to 1010 HETE amd

wpordvnon duvaung (7 - 13%) kar 16x00g (6 - 12%) aAld pe SLOPOPETIKES UVTKES
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TPOCAPUOYES. ZVYKEKPIUEVA, 1| TPOTOVNON SUVOUNG avENoe TV péEYoTn dHvaun,
™V 1YL 0AAG Kol TNV VIEPTPOPia TOV ££® TAOTY pnplaiov pvog, eved pelmwoe
ONUOVTIKA TO TOCO0TO TWV HLUIk®OV vdv tomov [IX. Avtifeta, m mpomdvnon
160G dev aénoce TOGO TN ULIKN dvvaun, adénoce TePIGGOTEPO OUMS TNV HVTKY
oYY, VO cLVINPNONKE TO TOCOOTO TV PLIKOV oV Tomov IIX oe mapdpota
enineda pe v apykn pétpnon. IoapdAinia, mopoatnpnOnke emAEKTIKY
vePTPOPia LOVo oTig Pikég tveg Tomov 1IX. To Pacwkd cvunépacpo TG peAEng
ntav 01t 1660 1 TPOTWOVNOTN OOVOUNG HE LYNAEG OVTIOTACELS, OGO Kol M
TPomOVNOoN 1oYV0OG UE YOUNAEG OaVTIOTACELS avEAVOUV TOPOUOLD TN PUTTIKY
wKovoTnTo. peTd amd 6 eRdopddeg mpomdvnong oAAG HE JSOPOPETIKES UVIKEG
TPOCAPLOYEG.

Avtiotorya, og tpoceatn uerétn tov Stasinaki et al., (2015), epguvidnke
N enidpacn TNG GLVOVAGTIKNG TPOTAVIONG OVVOUUNG-IGYVOS LE dVO JLAPOPETIKA
HOVTEAD TPOTOVNIONG: TNV 101 MUépa TPOTOVNOY SUVOUNG-IGYVOS KOl GE
Eexmp1oTéG NUEPES TPOTTOVNON OVLVOUNG KOl 1oYVOG. XTN HEAETN cvuupeteiyav 18
pétpa. yopvacpévor doxkipalopevor. H pelétn dmpknoe 6 €Bdopdodeg evd ot
doxpalopevol yopiomray cg 600 opddeg: otV opdda mov ékove chvletn (Tnv
Ot uéEpa dSHvauN-1oYY), Kot TNV ORAd0 TOL £KOVE GLUVOVACTIKY (SLOPOPETIKES
nuépeg dvvaun kail woyd). Ta amoteléopota TG HEAETNG €0€1&av OTL M| PUTTIKY|
KAvOTNTO KOl TO KOTAKOPLPO GAp avénnkav pHovo oty cuvoLAcTIKY OLAdN
katd 9%, evd M péyom oOvaun avéndnke kot otig 6vo opddec. TlapdAinia
wapotnpnOnKe vreptpoia. LOvo otnv ovvOetn opddo evd kopio oAlayr dev
Bpébnke 6T0 TOGOGTO TOV PVTKAOV VOV UETE OO TIG TPOTOVNTIKEG TAPEUPACELC.
Ta dedopéva g peAETng vrootnpilovy 6Tl N PVTKN 16Y0¢ avEaveTal TEPIGGOTEPO
UETE amd GUVOLOCTIKN TPOTOVNOT| EVOD 1 cHVOETN Tpondvnon odnyel meplocdTEPO

OTNV VIEPTPOPIN KOl GTNV OVATTLEN TNG UEYIETNG SOHVOUNG.

ATO TI§ TOpOmAV® UEAETES POIVETAL OTL 1| TPOTOVION 1GYVOG LE YOUUNAL
eoptio. avEdvel T PUTTIKN KAVOTNTO TOVAGYIOTOV G UETPLO. YUUVAGUEVOLG
doxpalopevovc. Mahota, n Tpomdvnon dvHvaung odnyel oe idto amoteAéopata

oAMG pe SLOPOPETIKES HVIKEG TTPOcOPUOYEC. Oa elye 1010{TEPO EVOLOPEPOV VO
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OtepeuvnBel 1 emidpaocn ™G mPOmMOVNONG 1GYXV0G HE VYNAEG Kol YOUNAES
aVTIOTACES 0€ 0OANTEC TV plyewv Kol HAAIGTO oTn Kpiown @don g
KopVOewong ¢ enidoonc. Emmnpocheta, Ba elye 1dwaitepn aio yio Tov TpomovnTy
vo gpevvnbel M  emidpaocn OVTOV TOV TPOTOVNTIKOV TPOYPOUUATOV GCE
TAPOUETPOVG dVVaUNG, 16YX00G, GTOV PLOUG EPUPUOYNG TNG dVVAUNG, OAAG Kot

GTNV OPYLTEKTOVIKY] SOUN TOV HODV.

2.3. O pvOpog epappoyng g Svvaung TS aOANTIKEG plyers

Ta purtikd ayoviopato Tov KAockoD adAnTicpov yapaktnpifovrot yio
GUVTOUN YPOVIKT TTEP1000 TOV SloPKEL 1) TEAIKY| TPOOTAOELL DGTE VO EPAPUOGOVLY
ol afAnTég 660 TO SLVATO TEPICCOTEPY] OVVOUN. ZVYKEKPUUEVO, BLOpMyoVIKEG
avoADGELS Ogiyvouv OTL 1] TEMKT TpooTdOELn 6To PUTTIKG aymvicpata dtapkel amd
150ms £m¢ xou 240ms (Bartlett, 1991, Gutiérrez et al., 2002, Bartlett and Best,
1988, Zatsiorsky et al., 1981). X& 1060 pKkpd YPOVIKA SLOGTAHLOTA EIVOL AdVVATO
évag abANTC va epapuOcEL TNV HEYLOTN OLVOUY TOV. XE€ OUTEG TIC GUVTOMEG
YPOVIKEG TEPLOdOVG aEloAoyeitor o puOudg epapproyng g dvvauns. O pvBudg
EPOPLOYNG TNG dLVOUNG tvar pa Tapdpetpog 1 oroia KaBopilel v dvvaun mov
umopel va mapayBel otV apylkn eAacn g HLTKNG CLGTOANG, OTO TPMOTU MS TNG
uoikne mpoonddewog (Aagaard et al.,, 2002). Oco taydtepo ovamtdooETOL 1|
dvvapn 1060 TaHTEPA EKTEAOVVTIOL EKPNKTIKEG KIVIIGELS TOV OTOLTOVV GUVTIOUN
TOPAy®YN WLIKNAG oyvog 6mwg ot abintkég piyelg (Wilson et al., 1995). O
pLOUGS EQapLoYNG TG OVVaUNG opileTon amd TV KOUTOAN duvaung / ypovov Kot
aloAoyel TIC EKPNKTIKEG OLVOLIKES TKOVOTNTEG TOL VEVPOUVIKOD GULGTILOTOG

(Gruber et al., 2004).

[Tapd T0 yeyovog Ot 0 pLOUOG EPAPLOYNS TNG OVVOUNG €lval GNUOVTIKY
TOPAUETPOC YLOL TNV EMLO0CT] OTIC OANTIKEG plYELS, O pOAOG TOV KOt 1) GYEGT TOV
pe  putiky| enidoomn dev €xel epevvnbel. Luykekpyéva, oe perétn tov Stone et
al.,, (2003), peiembnke M oyéon TOL PLOUOL EPAPUOYAG TNG OVVOUNG HE
TOPOUETPOVG plymg, SVvaung kot 1oy00G. XN HEAET] OLUUETEIYOV pimteg
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KOAEYLOKOU emmédov TG oeoapoPoriog. Metd and 8 gfdouddeg mpomdHvNnong
dvvapung kot dvvauns-ioxbog Ppédnke avénorn tov pvOUOL EEAPUOYNG TNG
dvvapng xotd 19,6% aAhd m perétn dev mopovoince KAmOW GLGYETION TNG
doKipaciog Tov pLOUOL EPAPIOYNG TNG SVVOUNG LE TN PITTIKY €NidooT. MdMoTa,
ot UEAETN ava@EpeTol OTL 0 PLOUOS €PaPUOYNS TNG OVVOUNG dEV TTOPOVGINcE
KOOl ONUOVTIKY GLoYETION pe kapio petafinti mov petpndnke. Qotdco, 1
UEYIOTN 1OOMETPIKN dVvvaun omd 1N dokipacio EAEElG umdpoc omd unpovg
IOOUETPIKA, EUPAVICE VYNAEG ovoyetioel pe 1t plyn, oAld Eavd dev
TOPOVCLICTNKE Koo GLGYETION UETOEDL TMOV TOGOCTIO®MV UETAPOADV TMOV
petafAntedv. H ovykexkpiuévn pedétn eivor n pudévn mov €xer depeuvnoet
petaforés tov pvbuod ePoppoyng TG SVVOUNG UETA OO TPOTOVITIKN
nopéupoon oe abAntéc plyewv. Ondte, 10 €pOTNUO TOL TOPOUEVEL ivon €dv
VILAPYEL GVOYETION HETAED TOL PLOUOD EPOPLOYAG TNG SVVAUNG KOl TNG PUTTIKNG
enidoong oe abntéc piyewv. MdAiota, Bo NTov TOAD €VOAPEPOV €GV QTN T

oyéon e€etdlovtay mTpv Kot PHETE amd TPOTOVNTIKY| TapEUfoo.

Meléteg oe aBintég delyvouv OTL M mpomdvnon dHvoung Pertidvel tov
PLOUO EQPAPLOYNG TNG OVUVOUNG, EVO EMICTNUOVIKG d€d0UEVO VITOSTNPILoVY OTL
oyetileTon pe ™ HEYIOTN OVVOUT Kol TNV Tapaymyn woyvoc. [Ipdypatt, o puOudg
EQUPUOYNG TNG dVVAuUNG Hmopel va PeAtiobel petd and poakpdypovn Tpomdvnon
HE OVTIOTACES e OTOYO TNV OvAmTuén TS ULIKNG dOvaung oAl Kot Tnv
avantuén g poikng toyvog (Aagaard et al., 2002, Holtermann et al., 2007,
Andersen et al. 2005, Andersen et al., 2007, Mikkola et al., 2007). Qotdoo,
ueiétn tov Hakkinen et al., (1987), og kold yopvoouévove abAntég e apong
Bapdv deiyvel OTL 01 TPOCUPUOYES GTOV PLOUO EQAPLOYNG TNG SOVVOUNG UETE 0md
HOKPOYPOVIO TPOTTOVN O] IGMG VAL NV EIVOIL OPOTEG GE KPTOUGUEVOVG» TPOTOVITIKA
afintéc. BéPara, 1o epdTNUO TOL OMpuovpyeital ivon edv oyetileton o pLOUOG
EQUPUOYNG TNG OVVAUNG UE TOPAUETPOVS OVVOUNG KOt 16YV0G 0 aOANTEG plyemv.

2 puévn peAETN Tov €xEL SEPEVVNOEL LEYPL CNLEPQ LTI TN GYECT EXEL
Bpebel 6TL M mpomdvnon dvvaung — 1oxbog odnyel oe avénon g UEYIOTNG
dvvoUNG Kot Tov puOUoL EPAPUOYNS TS dVVAUNG o€ OANTES plye®V KOAEYLOKOD
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emumédov (Stone et al., 2003). Opwc, ot perétn dev Ppébnke Kapio GTOTIGTIKG.
ONUAVTIKY] CLGYETION UETAED TV PETAPANTOV dVvaUNg Kot 16Y00G He Tov puBud
EQUPUOYNG TG OVVauNG. Avtiotoryo dedopéva £xovv Ppebel kol oe abBANTEC TG
nodnlooiog kot tng maing (Stone et al., 2004; McGuigan et al., 2006). Qot600,
o€ aBAnTéG TG Apomng Papdv, 0 pLOUOS EPAPLOYNS TNG dVVaUNG QaiveTal va, £XEL
TPOTOYOVIGTIKO pOLO oTnV €midoot). Xe 6 kopvaieg abAntpieg g dpong Popdv
tov HITA Bpébnkov otatiotikd onuaviikéS GLOYETIOES Le TNV EMOO0N GTO
apacé (r =0,79), oto emoré (eté (r = 0,69) xar oto ovvoro (r = 0,80) (Haff et al.,
2005). Qot660 T0 pPIKPo deiypa (N = 5) ahdd kot n doknon (AEN pmdpag amod

TOVG UNPOVG) Tov eMAEYONKE TTeplopilovV T YEVIKEVOT TOV ATOTEAECUATMV.

2.3.1 Xyéon pvOpod g@appoyng g ovvauns pe v dman pale ko v

OPYLTEKTOVIKI] OOUT] TMV POV

O pvOudS epappoyne g dvvoung emmpedletar amd TOAAOVS Broloytkovg
TOPAyovVTEG OTMG M ULiKN UAlo, TO TOGOOGTO KOTAVOUNG TMV HLIK®OV VAV Kol TO
EMIMEd0 VELPIKN evepyomoinon Tov tpotaymvicTtov puav (Aagaard et al., 2002,
Schilling et al., 2005). Qotdc0, TOAD Aiyo yvopilovue yio ) oyéon Tov puOuov
EQUPUOYNG TNG OVVOUNG HE TNV G pala Kot TNV OPYLTEKTOVIKT SO TOV HUGMV.

H @ péla €xet mpotayoviotikd poAo otnv emidoon ot afANTIKES
piyelc. Meléteg deiyvouv 0Tt  dhmn pélo oyetileton pe v nidOcN GTU PITTIKA
ayovicpoto. Qotd60, GTO OyOVICUO NG oQAlpoPoAiac HE TOV TEPIGTPOPIKO
TOALO, eaivetar 6Tt M dAmn palo 0ev cvoyeTileTon PE TNV PUTTIKY EMIOOOM
wWwitepa otV ayoviotikn mepiodo (Kyriazis et al., 2010, Terzis et al., 2012).
Avto  elnyeltor amd  GAAOLG  VELPOUVTKOLG Topdyovies Omov AOY® NG
TEPLOTPOPIKNG KIvomg Tov MoAROV ennpedletal meplocdtepo N avamtuén g
tayvtnrog. Xtov mivaka 2.3.1, mapovctdlovtor ot HEAETEC TOV EXOVV OEPEVVIOEL

™ oyéon g dAmng palog [e T PUTIKY| ETLd00N.
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Iivaxag 2.3.1. Xyéon alinnc néog kar EXIO0ONS 0TO PITTIKG, Oy VIGHOTO TOD KAOOIKOD a.OANTIONHOD.

Mé6odoc¢ Yyéon ue
Melét ABInTég Enidoon (M) a&loAoynong Almn emidooon
ddmme pélag  Malo (Kg) (Pearson’s r)
De rose and 5 Zpaipoforot 16,72 - 19,28 Aeppotomtoyég 48,6 £8,7 0,94
Briazus, 1976 Ko dtdpeTpot
Morrow etal., 13 Zeopopdrot 17,57 +0,71 Y8pootatikyy 956 +5,9 0,72”
1982 9 Xpvpoforot 55,09 £ 4,77 Loyom ko 88,355 ns
15 Awokoporot 53,56 + 6,02 xPNOMN TG 93,9+6,9 0,55"
12 Axovtiotég 64,85 + 4,97 e&iowong Siri 829+6/4 ns
Terzis et al., 11 Apydprot 10,15+ 1 DXA 62,7 2,0 0,85~
2008 pimtec
Whittington et 7 KOAEYLOKOD AA DXA 80,4+5,9 0,81"
al., 2009 eMmESOL pimteg
Iepiodog 85,4+ 1,7 0,70
Kyriazis et al., 8 Zpaipoforot TPOETOLUAGTOG
2010 15,26 + 1,67 DXA
AyoVIoTIK) 855+ 1,7 0,55, ns
nePiodog
15,98 + 2,11
Terziset al., 6 Zpvpoforot 72,17+6,4 DXA 859+39 0,81"
2010
Terziset al., 1 Zpapoporog 20,36 DXA 84,0-92,0 ns
2012

“p<0,05 " p<0,01, AA = Aev AvogpépOnke, DXA = Dual X Ray Absorptiometry

[Tapd t0 yeyovog 0Tt N avamnTvén ™S GAMING HAlag amoTeAel oNUOVTIKO

TOPAYOVTA Y10, TV EMITELEN VYNANG PITTIKNG EMIOOCNC, OEV VITAPYOLV EPEVLVITIKA

ogdopéva avoQopIKd pe T oyxéon ™ Ue Tov puBud eQapUoyhg TG OVVOUNG.

Bewpnrikd, 000 peyovtepn A pdlo €xel évag abAnTG 1000 peyoAdTepm

eEmtepkn duvaun kot 1oyd pmopel va mapayet (Ikai & Fukunaga, 1968). Ouwmg, ot
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afntéc tv plyemv dev embBupovy VIEPUETPN ULIKY LREPTPOPia, YloTl KATL
tétoto Ba 0dnyovoe og VIEPPOAIKY] aENON TG YOVIOG TOV HUVIKOV JEUATIOV UE
ATOTEAEGHO TN OLGKOAOTEPT HETOPOPE OVVOUNG GTOVG TEVOVTEC. AvtioToryo, O
pLOUdS epapproyng g OHvaung otnpileTon 6TV TAXLTNTO TOPAYMOYNG OVVAUNG
Kot Oyt ot péytotn dvvaun. H oxéon peta&d g dhmng palog kot tov pubpov
€QOPLOYNG TG dVvaung Ba tpémet va diepeuvnOet.

H apyrtextovikny doun tov puoc avaeEpeTol 6To o0 TOL ML, OTN
yovia mov oynuatiCovy to puikd SeRATIO [LE TNV OTOVEDP®GT TOL HVOG KOl GTO
UAKOG TV HUIKOV  Ogpotiov. MeAiéteg Ogiyvouv OTL To  0pPYITEKTOVIKA
YOPOAKTNPIOTIKA TOV HLOG TAPOVGIALOVV 1010{TEPT) TPOCAPUOCTIKOTNTA UETE OO
npomdvnon dvvoung ko woyvog (Aagaard et al., 2001, Blazevich et al., 2003,
Cormie et al., 2010, Zaras et al., 2013, Stasinaki et al., 2015). To mdyog Tov pVOG
delyvel kupimg oAAayEC OV TPOKVTTOLV ONO TNV TPOTOVNGN VIEPTPOPIOG.
Avrtiotoya, 660 10 WAY0oG avédvetal, avEdvetor Kot 1 yovie TpdSELONG TV
poik®v depatiov. MdAota, pehéteg dsiyvouv 6Tt | aAlayn 6T YOVIO TOV HOTKOV
depatiov pmopel va evioyboel v amddoon o€ pio PEYIOTN HLikN Tpoomdei
omwg n plym, dueco petd amd pe évtovn mopépPoacn  (LETAdIEYEPTIKY
devkolvvon, Sale, 2004). Téhoc, T0 UNKOC TV PVIKOV depatiov oyetileTor e
NV TOPAY®YN 0Y00G. ZuyKekpiuéva, &xel Ppebel Ot1 TO UNKOg TV HLIK®OV
depatiov oyetileton t000 e Tig dokpacisg Tayvntag (Abe et al., 2001, Kumagai
et al., 2000, Nimphius et al., 2012) 6éc0 ko pe to katakopvea dipoto (Earp et al.,
2010, 2011, Stasinaki et al., 2015). Qotdc0, dyvwotn Tapapével 1| oYEoT TOV
OPYLTEKTOVIKAOV YOPOKTNPIOTIKAOV TOV HLMOV TOCO LE TN PUTTIKY ENL000T 0G0 Kol
LE TOV pLOUO EQaPLOYNG TG dVVAUNG.

Ye mpooceotn perétn  depeuvinke 1 emidpacn 6 eRdopddwv
OLVOVOOTIKNG Kot oOVOETNG TPomOVNONG OVUVAUNG KOl 1oY00G OTI PITTIKY
KOVOTNTO KOl GTNV aPYLTEKTOVIKT doun Tov £E® mAath unplaiov pvdc Kot g
€0m KeQOANG TOL yaotpokvnuiov pvog (Stasinaki et al., 2015). Xt pelém
ocvppeteiyov 18 pétpla yopvoouévor ackovpevol. Ta amotedéopata £6e1&av OTL

TO TOCOGTO OAAMYNG OTNn piyn mom pe VO YEPLL TOPOLGINCE CTATICTIKA
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ONUOVTIKY] GUGYETION LUE TO TOGOOTO OAAAYNG GTO TTAYOG TOV £E® AT pnplaiov
poog (r = 0,52, p < 0,05). Avtd ta dedopéva deiyvouv OTL VITAPYEL cVVIEST UeTAED
TOV OPYLITEKTOVIK®V YOPOKTPIOTIKOV KOl TNG PUTTIKNG IKOVOTNTO TOVAAYLIGTOV GE
péTplo.  youvaouEvoug  dokipalopevous.  Avotuydg, Ogv vmdpyovv  GAAESG
EMOTNUOVIKEG EPYACIES TTOL VO SLEPEVVOVV TN GYECT UETAED TNG OPYLTEKTOVIKNG

JOUNG TOL HLAG KOl TNG PUTTIKNG EMIOOCTC.

Onoc avagépnke kot oe TponyodUevn Tapdypoeo, 1 oxéon HeETa&d g
PUTTIKNG €Midoong Kot Tov pvOUod €QOPUOYNG NG OVLVOUNG TOPOUEVEL
adlevkpiviotn. Opoiwg, adievkpiviotn mapapévet Kot 1 oyéon petasd tov pubpod
EQOUPUOYNG TNG OVLVOUNG KOL TNG APYLITEKTOVIKNG OOUNG TOV VDV, ZVYKEKPIUEVA,
o€ peAéteg pe dstyparta amd (oa, &xel Ppebet 6TL N TapAy®YN HOIKNAG SVVAUNG CE
UEYOADTEPO UNKT] UVTKOV dePaTIOV €lval YpOVIKA UEYOADTEPT) GE GUYKPIOT| UE
HKPOTEPOL PNKOVG depatiov kot oe ypovikd ddotuo < 30ms (Edman &
Josephson, 2007). Avto e€nyeitol and Tovg GLYYPAPELS MG KOBVGTEPTON TOL LVOG
VO EVEPYOTOMGEL KOl VO GUOTIEIPMGEL TOL EVOOUVTKA EANGTIKA GTOLYEID TOV HVOG.
[Mopd to yeyovog 0Tt avth 1 oxéon xetl diepevvnBel oe PaTpayovs, dev VILAPYOLVY
emopkel epeuvnTikd dedopéva oe avOpOTOLG.

Yuykekpipéva, og pedétn tov Earp et al., (2011), ueretibnke n oxéon tov
PLOUOY EQUPUOYNG TNG OVVOUNG HE TNV OPYITEKTOVIKT OOUN TOV YOGTPOKVIUIOL
HLO¢ KoTd To dApo BABoug Kot To AU LE aldpNoN. TN HEAETN CLUUETELAY 25
yopvacpévotl dokipalopevol and aymvicpata 1oyvog (dpon Poapdv, apeptkovikon
nodocPaipov, otifov). H perétn £de1ée ovoyétion peta&d tov pubpol e@apuoyng
™m¢ dOvaung (10 - 30ms) pe To URKOG TOV ULIKOV depotiov pe ta aipoto Pdbovg
(r = 0,46) ka1 apynTikn cvoyétion e To puOud epappoyng g dvvaung (0 - 10ms)
pe to dApata pe acwdpnon (r = 0,48). Qotdc0, dev LLAPYOLY EPEVVNTIKA SESOUEVA
OV VO, OTOVTOVV GTO EPMTNUO TNG GYEONS HETAED NG OPYITEKTOVIKNG SOUNG TOV
podg ko Tov puhuod epaproyng g dvvaung. Mdaiota, Ba fTov e€icov TOAD
EVOLAPEPOV €QV O PLOUOG €PAPLOYNG TG dVvaUNG pmopovoe vo petpnbei oe
HEYOADTEPO YPOVIKA oNUEln TOV Vo TPooeyyilovv TePIocOTEPO OGNV AOANTIKN

TPOKTIKN TOV 0OANTIKOV piyemv, onwg S0 — 250ms.
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Iporovnon 1oy00¢ ue DYHAES KO YOUNAES OVTIOTAOELS:
AAayég atov poluo epopuoyns e SOVoUIS Kol ot PITTIKY ETLO00H

Ao Vv avackomnon g PProypaeiog TpokuTTOVY TOAAL avamdvInTo
EPELVNTIKA EPOTILOTA OVOPOPIKE LE TNV EMOPACN NG TPOTAVNONG 1oYVOS UE
OLLPOPETIKA PopTio. OTN PWITIKY €mid0ON OAAGL Ko TN oyxéon Tov puhuod
EQOUPUOYNG TNG OVVOUNG HE TN PITTIKY IKOVATNTO. ME GKOTO TNV QmvVINGT QLTOV
TV BociKOV epOTUATOV TTpayuatoromdnkay Vo peiétes. H mpdn pehétn
dlepevvnoe TV EMOpOon NG MPOTMOVNONG 10XV0G HE LYNMAES Kot YOUNAES
OVTIOTOCELS OTY) PUTTIKY €MIO00N OAAG KOl GE TOPAUETPOVS OVVOUNG, 16YVOC,
pLOUOY EQOPLOYNG TNG SVVOUNG KoL OPYLITEKTOVIKNG OOUNG TV LAV, GE aOANTEG
piyewv. MdAota, to V0 TPOTOVNTIKA TPOYPAULOTO GUYKPIONKAV ¢ TPOg TV
QTOTELECUATIKOTNTO TOVS GE OVTEG TIC TOPAUETPOVS, EVA 1) EPOUPLOYN TOVS EYIVE
otV Kpiown mepiodo tov Qopupapicpatos. H devtepn perémn oepedhivnoe
oyéomn avapeca otov puOUd EPOPIOYNG TNG SVVAUNG, TV OPYLTEKTOVIKT OOUN TWV
LL®V Kl TN pttikn emidoorn oe adntéc piyewv. H cvoyeticelg avapeosa otig
HeTAPANTEG dlepeuviOnkay TPV KO PETE TNV €QPAPUOYT TPOTOVNONG SVVOUNG-

16006 UE 6TOYO TNV BEPv| aymVIoTIKN TEPindo.
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KE®AAAIO 3
ME®OAOX

3.1 M£000o0g Tp®OTNG peréTG

3.1.1 EpgovnTikog 60106 10G TPOTNG HEAETNG

H mepopotikny dwdikacio dmpknoe mepimov 9 unveg. H mpomdvnon
oxedldotnKe pHe Ao TIS apyEG TOL TEPLOJICUOV KOl GTOYEVLGE GE VO KOPLPDGELG
™G ayovioTikng emidoonc. Ot 000 mepiodor KopOhwoNg TG EmidooNng
(popuapicpata), wpaypatorombnkoy tov PePpovdplo 610 TEAOG TG YEWEPIVIG
wpoetolaciog Kot tov Mdaw oto téhog tng Oepivig mpoetowasiog. Mo v
AGPOUAECTEPT GLALOYY TOV OMOTEAEGUATMOV OALY KOl TOV EAEYY0 TNG EMidpaoNg
TOV  TapeUPAoE®V  OTIG  UETPNOELS,  YPNOLOTOMONKE  SLOUGTAVPOVUEVOS
dyoplopds TV mpoypoupdtov  oxvog Tov  abintov  (Zynua  3.1.1).
ZUYKEKPIUEVO, TPOYUOTOTOWONKE TUYXOLOGC JLoYWPIoUOG TV aOANTOV o€ KaOE
AYOVICUO OTN YEWWEPIVI] OY®VICTIKY TEPiodo eite pe younAd &ite pe vymid
eoptio.  mpomdvnong oyxbos. Avrtibeta, omn OBepwvn  ayoviotik mepiodo

TPOYLOTOTOMONKE 1) avTIGTPOPT avAOEST] TPOTOVIONG 1oYVOG GTOVS AOANTEG.

30% ¢ 1-MAE, n=7 >< 30% g 1-MAE, n=6
85% ¢ 1-MAE, n =6 85% ¢ 1-MAE, n=7

) - 2 EBB. Goppapioua - , 2 ERS. Qopuapioua
15 EpBopadec Mpomévnon (Xepcovag) 12 EBSopadeg Mpomovnon (Avoign)

L 4 L -
T T2 T3

Zyipua 3.1.1 [eipopoticog oyediaouos mpadtne ueAétng. O d106TavpovUeVos 010 wPLoIOS 0ONYEL O
000 ouddeg Tpomovnong 1oyvog omo 13 abintés piwewv. Or uetpnoeis Tl kou T3 avumpocwmedovy
TG OPYIKES UETPHOEIS TOV OYEOIOOUOD v 0 uetpnoeis T2 kor T4 avumpoowmedovy Tig tedikés

UETPNOELG.
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IIpordvnon 16x00¢ pe VYNAES Kot YOUNAEG AVTIGTAGELG:
Alhayég otov puOUO EQUPHOYNG TNG SUVOUNG KOL GTN PUTTIKT] KOVOTI T

Ot apyikéc petproelg mpaypatoromdnkav pio foopdda mpv v Evapén
TOV QOPUAPIGUAT®V, EVD 01 TEMKEG UETPNOELS EYIVOV OUECHG LETA TO TEAOG TMV
2 gfodoudomv popuopiopatos. H emroyn twv 2 efoopddwv popuopicpatog yve
owTL eivar 1 ovvnbeg Odpkeln opuopicpatog oe  abANTéEG KoAvuPnong,
nodnrooiog aAld kol aokovpevov dvvaung (Mujika et al., 2004). Xto télog g
TEPOUOTIKNG  dldkaoiog KaBe abintig eixe oAokAnpwoer Kot To 600
TPOTOVNTIKA Tpoypappota popuapicpatos. [pwv kot petd and to opuopicpota
HeETPNONKOAV: M AY®OVICTIKY plyr, 1 PITTIKY KOVOTNTO, TO KOTAKOPL(GO QAU O
PLOUOG EPAPLOYNG TG dVVOUNG, M KEYLOTN dVVAUN, T OPYLTEKTOVIKY OOUN TOL
¢ mhatd unpuaiov pvodg, KaBOG Ko M avtinyn koémwong omnd To dVo
eopuopiocpata. v Evopén g tpomovnTikng meplddov (Oxtdfplog) kabmg Kot
otig mep1doovg T2 ko T4 mpaypatomomOnke EAeyy0g COUATIKIG CUGTOONG UE TN
pébodo amoppdenong aktvedv X dming evépyelag (DEXA).

3.1.2 Tleprypagn doxipalopevov

2m mpdtn peAétn ovppeteiyov 13 abAntéc/tpieg tov plyewv and To
duvapkod tov abAntov tov ZEFAZ. Zuykekpipéva, ot abAnTég/tpieg dtakpivovtay
o€ 5 afintég g drokoPoriag (3 appevec, 2 BOANG), 4 aBintég g cpupoforia (2
appeveg, 2 BOANG), 2 abAntég ™ opaipoPoriag (1 appev, 1 BOAN) Kou 2 abintég
tov axoviiopov (1 dppev, 1 BUAN). O Tpodmobécelg mov siyav ol abAnTéC/Tpieg
Y10 VO GUULUETAGYOLY 1TOV:
e Noa ftav vyieig, yopic TpofANUOTH TPAVUATICU®VY Kot e aBANTIKO deATio
TPOCEUTO Be®PNUEVO ATTO COUATELNKO 10TPO.
e Noa yopvalovtav cuoTNUOTIKG TOVAGYIGTOV Ta TeEAevTaia 3 ¥poOvia Kol Vo
glYO0V GLUUETOYT OE AYDOVEG PLYEDV.
e Noa yvopilov TV TEYVIKN TOV 0OKNCEMV HE ovTIoTAoElS (Apon Popidv)
aAAG KO TNV TEXVIKY] TAELOUETPIKDOV OIGKICEWMV.
Ot abAnTéc/Tpleg evnuep®ONKOV Yo TO GKOTO TNG WEAETNG KOl LIEYPOYOLV

évtumo ovykatafeonc. I tovg aBANTEC/TPLeg TOV NTAV OVIALKOL, EVIUEPDON KOV
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KATOMV TPOCSHOTIKNG GUVAVTIOTNG 01 KNOEUOVEG KOl VIEYPOYOV EVTVUTTO GLVAIVESNG
Kol OLYKATAOESNG GULUUETOYNG TOV TAudloV TOVG oTn UEAETN. Xe OheC TIg
TEPUTTDOGELS, Ol GUUUETEXOVTEG EVIUEPOONKOV OTL UTOPOVGOV VO ATOYMPNCOVV

amd T peEAETN dmote avtol BeAncouy.

3.1.3 lIpomovnon w6yvog pue yopuniéc Kol VYNAES OVTIGTACELS

H mpomdvnomn 1oydoc mpoypotomomdnke pe 000 SPOPETIKA QOPTia
avtiotdoewv. Me youniés avtiotdoelg (= 30% g 1-MAE) kot pe vyniég
avtiotaoels (= 85% g 1-MAE). Meléteg mpomdvnong e TN ¥PNoT VTGOV TOV
eoptiov &ovv deifel avénoelg otn purTikn KavotnTo PETd amd 6 (Zaras et al.,
2013) w1 8 gPfdopadeg (Stone et al., 2003) npomdvnong, avtictorya. O pintec,
TPOyHOTOTOiNoaY Kot to. dV0 Tpoypdupata 16x00og KaTd TN OdpKel TV 60O
(QOPUOPIOUATOV EVD TO TEMKO HOVTEAO OTATICTIKNG OVAALGONG GUYKPIVE SVO
opdoeg: N = 13 abintov/ipuov pe younid eoptio kot N = 13 adAntov/tpiov pe
vyMAd opria.

Mo avolvtikd m 7TpomdVNON QOPUOPICUATOS OMPKNCE aKpIOg 2
epdopddes. H mpomdvnon pe yoapnAés oviiotdoelg mopouctdleTol GToV TIvoKa
3.1.1. Ot aOAnTéc/Tplec MoV EKTOOEVUEVOL TNV TEYVIKT EKTEAECT] TOV OIOKNCEWDV
KaBmG T1G ¥pNoomolovcay Kab’ GAN TN SUPKEN TOV TPOTOVNTIKAOV TOVUG ETMOV.
H emhoyn tov aockioewv pe Younid eoptio £ytve AOY® G GUECNS GYECNG TTOV
€Youv U TN purtikn emidoon [w.y. opildvTiog maykog kot piym diokov r = 0,75
(Morrrow et al., 1982), dApata pe pmapa pe to 30% g 1-MAE kot piyn
opaipoc r = 0,70 (Kyriazis et al., 2009)]. Ot afAntéc xoTd TN SLAPKELD TOV
TPOTOVNTIKOD TPOYPAUUATOS €YoV TNV 00Nyiol VO EKTEAOVV TIG OOKNGELS LE TO
YOUNAG @opTiot OGO 7O YPNYOpa UTOPOVV VM Ol PIYELS UE TIG OVTICTAGELS VO
yivovtal 660 o YnAd Hmwopovv.

H doxmon piyn mhykog oev €ytve amd tovg aBANTEC TIG opupoforiog.
Avoiutikotepa, o afntg Eamlwve otov oplloviio TAyKo Kol KPoTtoOsE TnV
urapa méve oand tov Bdpaxo. Amd ekeivn ) BEom Kot pe 10 moPayyEALO TOV

wpomovn T «mdpe» katéPale | umdpa oto Odpoka (010 VYo TV ONAdV) Ko
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IIpordvnon 16x00¢ pe VYNAES Kot YOUNAEG AVTIGTAGELG:
Alhayég otov puOUO EQUPHOYNG TNG SUVOUNG KOL GTN PUTTIKT] KOVOTI T

amd ekel 0G0 MO YPNYOPO UTOPOVGE EGTPOYVE - EPLYVE TNV UTAPO GTNV OPYIKN
0éon apnvovtog Tic AaPég dote va TagL 0G0 Mo YNAQ. L& OAEG TIC PIYELS TAYKOL
vIpyav TovAdyotov 2 Bonboi mTov cuykpatovcay 10 optio otov afpa. H pmapa
EMOTPEPOVIOV OUOAGL OTO YEPLO. TOV OOKOLUEVOV, O OTOl0G €KTEAOVOE TIC
emopeves emavaAnyels. Ot abAnTég/Tpieg g oLPOPOAING EKTEAOVCAV QVTIGTOYN
NV Goknon apacé pe kKieiom Aapn. H kivnon etvar id10 pe owth 100 0pacé aAid
aALGCel To Gvorypa TG AaPhc. Zvykekpiuéva, pe TN xpnomn wwhvtov (straps)
£€0evay Ta YEPLOL TOLG OTNV UTAPO, TTO KAEIOTA OO TO AVOLYUO TOV OU®V. AT
v 0pba Béom katéPalov ™V pumdpa PEXPL TO VYOG TV YOVAT®V Kot omd EKEL e
péytotn toyvTNTo TPAfodoaV TNV Umipo YNAG kKot Tve omd 1o KEPOAL
Toawtdypova, EKTEAOVCAV KOTOKOPLPO AL AOY® TOL UEYdAOL €OpoLG Kivong
mg GoKNoNg.

H doxnon dipota amd dpon Bovatov mpoayratonomdnke amd 6Aovg Tovg
afntéc/tpieg. Kot €dd ypnopomomOnkav évies yo v KoAvtepn Aafn tov
PV ot umdpo. H doknon Eekivovoe and v apyikn B€on tov enouicpod pe
™ LoV S1apopd 0Tt 01 ABANTEC YPNOIUOTOL0VGAV TPDOTN AaP1) Kot Oyl T GLVIONG
tpitn Aafn mov ypnoomoteiton ywoo TIg Apoelg Bavatov. Amd ovt) ™ B€om
Eexwvovoav v EAEN TG UTAPAG TPOG TO EMAVED EVA 0TO TEAElOUO TNG Kivnong,
OeVTEPO TPAPNYLA, TPAYUATOTOOVGAY TOVTOYPOVA UEYIGTO KATOKOPL(PO (AL,
Me v oAoKAp®OT TOV GAUOTOC, 1| UTapa KoTERatve otnv apykn e 0éom Ko
apEcmG EEKVOVGE 1 ETOUEVT ETOVOANYT).

H doxnorn dipoto pe pmdpo €ywve pHe TNV UTAPA GTOVG MDUOVG TOV
afintov/ipiov Kol Eekivovoe and O0pbia Béon. Amd avt ™ 0éom o abintmg
ektelovoe nukadiopa péxpt tig 90° kol omd ekel TPOYUOTOTOIOVGE UEYIGTO
KAToKOPLEO Ao, MOAMG Tpooyeudvovtay oTo €00¢po¢ EekvoOoe 1 emOUEV
emovaANYM pe aueco kdBopa Kot péyioto dApa. To mpdypappa Pe TG YOUUNAES
OVTIOTACELS OAOKANPOVOVTAY UE PIYELS BEpamEVTIKNG UTAANG TPOG To emdve. H
umdAa yio toug appeveg (Oyle 4 KiAd evo yia Tig B0ANGg 3 Kild. Ao 6pbia Béon
KoL L TNV UTAAQ VO KPOTIETOL LE TOL OVO XEPLOL TAVD OO TO KEPAAL, 0 abANTAG
TPOYUOTOTOOV0E  YOUMAMUO TNG UTOAOS HEXPL KAT® Omd To YOVATO KoL

TavtoOxpova AOYICe T YOvVOTOL Kot TOV KOPUO Ommg oty apykn 0éon g dpong
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Bavatov. Amod avt) ™ 0€om tpafodoe T umdAa 6Go moO YpNyopo UmopovcE
EMOVD Kol TNV €pryve KAToKOpLea Yynid. Me v mpocyeimwon g UTIAAG GTO
£00pog apyle n devTEPN EMOVAANYN.

Y& Oheg TNG AOKNOELS AVTIGTACEWV LE YOUNAL @opTia ypnoipomodnke to
30% g 1-MAE. H péyiom dvvaun a&oroyndnke v gfdopdda mpv tnv évapén
tov Qopuopicpatos. To @optic dev dAdatav katd TN Odpkew TV 60O
gfoopdowv poppapicpatog. To SdAEUpIO TOV ¥PNOLOTOIOVCAV Ol PITTEC NTOV

172 Aemtd o€ OAEC TIG AOKNOELG.

Hivakag 3.1.1 Avolvtiko TPoTOVHTIKG TPOYPOUUG TEPOTOVHONS 1GXDOG, PIYEWY KOl TAEIOUETPIKWOV TV TEPIOOO

popuopiouotog oe abAntés piyewv.

Xounid goptia (30% tng 1-MAE) Yynid poptia (85% g 1-MAE)
Apacé kheoth hopn 4x6 1 Apacé 4x21
Mponévnon Ioydog Piyeic néykov 4x8 Miéoeig opiovtiov mhykov” 4 X 2
(3ERS. ™! Ahpora pe prdpa’ 4x8 HuwdOopa " 4x4
Apoeic Bavartov e d?»uaT 4x8 "EAEeig undpag amd ;mpof)c_fr 4x4
Piyeic pméhag endve ' 3x6 Ahporta o€ Téyko' 3x8

® 15-20 piyelg pe 10 ayovioTikd 0pyovo Kot PHEYIOT £VIOOoT

Piyeic * 12-15 piyeig pe ehagpitepo 6pyavo Kat péylotn £viacn
(3ESY)! Piyeic micm pe dHo yépia X8
Piyeic epumpdc pe 600 yépio X8
o 10-15 piyeig e T0 ay@vioTikd 0pyavo, UEYIOTN Voo OAAG Kot LE
EUOOOT OTNV TEYVIKN
Alpota Gvev popog X8
I.clopeTpikd Alpota TpmAodv X 6
(2EpS. ™) Hepaopata epmodiov  5X 5

Taydmreg 3x30m

Addeypa ota oet: 1-2 min, Avdeppo otig ooknoelc: 2-3 min
" =Acknon 1o pupoPdrove, ¥ = Acknon Yo GeopoPOLOVE, S1oKOPOAOVE KL KOVTIOTEG

= Aocknon o 6Aovg Tovg pinTeg
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IIpordvnon 16x00¢ pe VYNAES Kot YOUNAEG AVTIGTAGELG:
Alhayég otov puOUO EQUPHOYNG TNG SUVOUNG KOL GTN PUTTIKT] KOVOTI T

H npordvnon 1ox00g e VYNAES AVTIGTACELS TPOY LATOTOONKE LE PopTia
010 85% ¢ 1-MAE. H gniloyf Tov aoknoemv He DYNAG @optio £yve Kot €00
LOY® NG Gueong oyéong mov £xovv ue T puttikh enidoon (Karampatsos et al.,
2011, Kyriazis et al.,, 2009). Ot 0OAntéc xoTd TN OIAPKEW TPOTOVITIKOD
TPOYPAUUOTOS LYoV TV 00Myiol VO EKTEAOVV TIG OOKNGELS LE TOL VYNAL QopTia
0G0 0 YPNYOpO LTOPOVV.

Ytov mivaka 3.1.1 mopovctdlovtol Ol OCKNOE TOV EKTEAOVGOV Ol
afAnTéG/Tpeg Le Ta LVYNAG QOpTio. ZVYKEKPIEVA, N Aoknon mECES optlovtiov
hykov pe pmapo dev £yve amd toug cpupoforovs. Katd tv doknon avtn, o
afntg Eamlwve otov optldvTlo TAYKO KOl KPOTOVGE TNV UIAPO TOVED oo TO
Oopakd TOv. ZKOTOG VO TPOYLOTOTOWCEL TNV AoKNoN He 660 10 dvvatd TO
YPNYOPN TOYVTNTA, WOOUTEPO GTO UEIOUETPIKO KOUUATL TG Kivnong. O abAntmg
katéBale v pumapa eheyyopeva £0¢ to HYog TV ONA®V Tov Bdpoaka Kol HE
LIKPT EMOQN TG Umdpag wBovoe v pmdpo oty apykn Béom. Avtibeta, ot
GPLPOPOAOL TPOYUOTOTOLOVGOV TV AOKNGN TOL 0pacE. AVOALTIKA, LE TN (PNoM
WAvTOV Yo o otafepn Aafn, n kivnon exkvovoe pe Tov abANT va Kpatdel Tnv
umapa 6p6log pe avoryt Aapr. And m B€on avtn Ayle Alyo Ta yovata Kot pe
Lo JKPY] KA TOL KOPUOV TTPOG T EUTPOG EPEPVE TNV UTAPO AlYO TTO TAV®D
amd Ta yovato. Awd avtr ) 0€on (0evtepo Tpdfnyna), Tpafodce v pmdpo pe
UEYIOTN TaOTNTO YNAQ KOl TAVE Ao TO KEPAAL TOV.

H doxmon €A&eic pmapag amd toug unpovg £ywve amd 6Aovg tovg pintec. H
doknon Eekivovoe e Tov abANT va KpoTdsl v Umapa pe pdvteg, o Opbla
0éom umpooTd TOov, OTMG TPV GTO APUGE, AAAL LE KAEIGTH AoP1 OTO AVOlyLd TWV
opov. Atd ™ 0éon avut kol pe &va TOAD mo €ha@ph AVYICHO KOPUOD Ko
yovatov, g 6Tov M UTapa PTAGEL 6T HEST TOV UNp®v, Tpafodce v pmndpo
TPOG T AV PE EUPOOT TNV avOY®oT TG OUKNG (OVNG Kol TNV 0KPOGTAGia
0TOVG YooTpokvnuiovs. Avtictorya, 1 doknomn tov Kobiopotog €ywve pe 1
Bonbewa evdg eumodiov mov pvOuiloviav avdrloyo MOTE Vo EMLTLYYAVETAL 1] YOVio
tov 90° ota yoévota. O abAnTig pHe TNV UTAPO GTOVG MOUOVS EKTEAOVCE
NUIKAOIGHO PEXPL VO AKOVUTTNGEL 1] AEKAVT] TOL GTO EUTOS0. ATd TN Béom avth|

TPOoTOOVCE e PEYIOTT TAYDTITO VO CNKOVETOL GTNV apyLKn 0o
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To mwpoOypoppo pe TG LYNAEG  OVTIOTOACELS OAOKANPOVOVTAV e
emovoroppavopeva dipoto oe miyko vyovg S0cm. O afintg otékovtay epumpodg
and tov mayko. [Ipaypotomolovoe GApa kot pe To 000 OO MOTE Vo, aveRaivel
EMAVM oTOV TAyKo. MOAG avéPatve, aervovtav va TECEL TAA TPOS T ToW
(onueio o6mov Eekivnoe 10 TPAOTO GAUM) KOl PE EAIYIOTN €MOQPN OTO £00.POG
npoorabovce va EavaviPel. e OAEG TNG AOKNGELS OVTICTACE®DV LLE VYNAL QopTia
ypnowonombnke to 85% g 1-MAE. H péyiom dovvaun a&oroynbnke v
gfoopdoa mpv v Evapén tov eopuapicpatos. Ta eoptia dev aGALa&av KaTd TN
dwpkelr  tov  0vo  gfdopddwv  gopuopicpotoc. To  dbAeiupa oL

YPNOLOTOL0VG OV Ot pimteg fTav 2 AenTd 6€ OAEG TIG AOKNGELS.

3.1.4 Tleprypagin TV 0pyavev pETPNONS

Mo mv ofloynon TOV  COUOTOUETPIKOV  YOPUKTNPICTIKOV
ypnowonomdnke Coyapid tomov Seca 700 Ergogenic Advanced Medical
Technology. H  alomotic 1oL opydvov  mpoyuatomomdnke  pe
emovolopPavopeveg petpnoelg eoptiov. Il  avaAivtikd ypnoyomowOnkov
Olvpumokot diokot dapopwv KIAaV kat {uyiotrav. O deiktng aglomiotiog Tov
opyéavov fyrav ICC =1 (N = 22).

Mo v ayoviotikn piyn ypnoonomdnkoy purtika 6pyavoe Polanik, Berg
kot Nordic. Ta puttiké owtd opyavo giyav £ykpion amd TOLS SOPYUVOTEG TOV
ayovev. Qotdc0, to Opyovo oty mpomovnon Luylotnkoav mpwv TS OpPYIKEG
UETPNOELS Y10 EEAGPAAON TOL XAUNAOTEPOV Opiov Bépovg Tov PUTTIKOD OpPYEVOV.
Mo v a&loAdynon g PITTIKNG IKavOTnToS Ypnopomomdnkay ocpaipec Berg. H
amdotacn PoAng peTpridnke pe petaAlkn petpotawvio tomov Polanik toéco ya
™V ayOVIGTIKY| piyn OGO Kol Y1 TIC AGKNGELS TNG PITTIKTG IKAVOTNTOGS.

H péyiot dvvaun aloroynnke oTic 0GKNGEIS MEGES KATO AKP®OV Omd
edpaia Béon oe pnydvnua, opacé, enOUGUOS, MECES opllovtiov ThyKov pe
urapa kot Pabdd kdOBwopa. o v alohdynon g péyromg Odvoung
ypnowonomdnkoav Olvumiakég pmdpeg g Gpong Poapov tomov Eleiko xon

Uesaka, evd ta KIAd mov ypnoipomodnkay ftav tov idlov etoupldv, kaddg
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eniong kot g Super Sport. To pnyévnuo TOV TECEOV KATO GKPOV NTOV TNG
etopiog Super Sport kot oynudtile yovia 45° pe 1o €dagog. Emiong, &iye
EVOOUOTOUEVO Kivoduevo @optio 30Kg. Ot aokNoELg apaos, ETOUGHOS Kat Babv
KdOopo mpaypatoromOnKay TAVE® GE TPOTOVNTIKO TAAT® NG dpong Papmdv
(daotdoelg 2,5m X 2,5m). H doknon tov mécemv mdykov pe pumdpo £ywve mivem
oe mayKo G etarpiag Pankos. Xe 0leg Tig HETPGELG NTAV TAPOVTES TOVAGYIGTOV
o600 Ponboi evd N eykupdHTNTA TNG TPOOTAOELNG OTIG ACKNTELS TNG Gpomng Papdv,
a&loroynOnke omd E101KELUEVO TPOTOVNTY).

H oAtikn wavotnta a&lodoyndnke pe 600 dapopeTikd dApATO: TO QAL
and nuikadiopo (SQJ), kot to dApa pe aiowpnon koppov (CMJ). Ot dokpooieg
TpOyHOTOTOMONKOY ETAV® G€ dLVOLOOATEdD dlaotdoewv 80cm X 80cm, tomov
WP800 Applied Measurements Ltd Co., Aldermaston, United Kingdom, kot pe
ovyvotta kataypagng 1 kHz. Ta dedopévo mov cuAAEYOVTAV OO TIG KOUTOAEG
aAUATOV amofnkevovtay € MAEKTPOVIKO VLTOAOYIOTH| KOU OVOADOVTOV E TO
npoypappo Kyowa sensor interface, PCD-320A. To ofjuo mov kataypdeoviay M
dokuaocio mepvovoe and  @iktpo (Secondary low-pass Butterworth filter) oe
ocvyvotnta 20Hz. MdéMota, avt @aivetal va gival WaviK) GUYVOTNTO Y10 QVTES
T1g dokuaocieg (McMaster et al., 2014). Opoimg, Yo v dokipacio. Tov pLOLOD
EQUPUOYNG NG OOVauNng ypnowomombnke 1o 1010 Svvapoddnedo TO Omoio
oTEPEDONKE e EOIKN KOTAGKELT] GTOV TO1Y0 TOL gpyactnpiov. Xpnoipomomdnke
éva akapmnto kdbopa pe puduion kivnong eunpoOs-micm Kot KApYNS KopproH MeTe
va kabopiletor M yovie TOV YOVATOV KOl TOV 1ox0®V KOTA TN @Aom g
16oUETPIKNG doKipaciag. H dtadkacio kataypagns, amodnkevong Kot 1o GOGTNLLO
avdAlvong kot GIATPov TG KOUTOANG TOV pLOUOY epapUoYNg TG dvvVaUNG, NTav
1010 0TS OVOAVTIKE TOPOVGLAGTIKE TOPATAV®.

Mo v avdAvon 1oV apyITEKTOVIKOV YOPOKTNPICTIKOV TOL ££® mAATY
unplaiov pvog ypnolpomombnke o pvikdg vaépnyoc MicroMaxx Ultrasound
System and Sonosite Inc., Bothell, WA, USA. H kataypagf Tov £KOVOV TOV
poog €yve pe 6,5 MHz kepaln. XpnoomomOnike erniong pio pefovpa 1,5m dote

VO VTOAOYIGTEL M OOGTOOT EPOPLUOYNG TOV VIEPYOL KOOMG Kol £va 10TPIKO
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kpePdri. Ot ewcdveg amobnkedovioy 6e NAEKTPOVIKO VTOAOYIGTH KOl ovoAHOT KOV
ue to Aoyopkd Motic Images Plus, 2.0.

H a&lohdynon copotikng ocVoTaong TPUyLaTomomOnke Le T GLGKELY|
pétpnong omoppdenong axtvov X dmAng evépyelag (DEXA). H avaivon g
COUATIKNG ovotaong &ywve péow tov mpoypdaupatog Lunar Radiation Body
Composition Program.

TéNog, petd v OAOKANPMOON Kot TOV TEMK®V petpioemv T4 ot pinteg
aSloAdyncav to dV0 TPOYPAUUOTE OC TPOG TNV oavtiAnym komwong. [Ma v
a&loroynon ypnowomombnke o deiktng komwong (RPE) onmg éxel datvnmbel
and tovg Borg, (1982), and 0: molv evkoro epéboua, €wc 10: mhpo mOAD
dvokoAo epébiopa. AvtioTtoryo, LTOAOYIOTNKOV O TPOTOVNTIKOG OYKOG TMV

TPOYPOUUATOV, 1] TPOTOVNTIKT] LOVOTOVIOL KO TO TTPOTOVNTIKO GTPEG.

3.1.5 Ieprypagn) TOV S0KILAGLAOV

Ot dokpacies plyemv, pUTTIKNAG KAVOTNTOS, LEYIOTNG OVVOUNG OTO 0PACE,
OTOV EMOUGNO, 610 Pabd KAOiopa, 6TOV MAYKO OAAL Kot 1) TPOTOHVNoN TOV
afnTOv/Iprov TV piyenv £yvav oTlg 0OANTIKEG €yKATOOTAGES ToL EBvikod
[Mpvaotikod XvAAOyov. Ot GCOUATOUETPNOELS KOl Ol SOKIHAGIEG TOV OANATOV,
oV PLOUOY €PAPUOYNG TS OVLVOUNG, TNG MEYIOTNG OVVOUNG OTIS TEGELS KAT®
GKPOV KoLl TOL VIEPTYOL EYIVOV GTO EPYUCTIPLO KAAGIKOD 0OANTIOHOD TG XY0AN
Emotung ®voikng Aywyng kot AOANTIcpod tov Efvikov ko Kamodiotpiarkod
[Tavemomuiov ABnvov. Télog, n a&loAdynon g COUOTIKNG cVGTACNG £YIVE GTO
Xapoxonelo Ilovemomuo tov EfBvikod ko Komodiotprakol Iloavemotnuiov
ABnvov. Oleg ov petpnoelg mopovctdlovtal ovOALTIKE oTo  TOPOKAT®

VITOKEPAAOLOL.

3.1.5.1 A&oAoynon TOV CONATORETPIKDV YOPUKTIPLOTIKOV

H o&oAdynon tov GOUATOUETPIKOV YUPOKTNPIOTIKOV (copatiky pala,

ocONATIKO avdotnua, 0eiktng Haloc ocopatog) £YVe GTO €PYACTPLO KAUGIKOD
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afAnticpov g ZyoAng Emotiung ®voikng Ayoyng kot AOANTIGHOD TOL
EBvikov kot Komodwotplokov Ilavemomuiov A6nvov. Zvykekpipéva, ot
aOANTEG/TPIEG, OPOIPESOV TOL TOMOVTGLO TOVG KOt HUOVO pHE afANTIKY EUQAvVIoN
ayoveov mpav Béon mpocoyng emdve otn {uyapid yio Ty oSloAdynon g
copatikng palas. ‘Ererta, akoduanoav tig OTEPVES TOVG EVOUEVEG GTO oNUEI0 TOV
LETPNTY OVOCSTHLOTOG Kot otékovtay o€ Béon mpocoyns. [paypatomombnkay 2
UETPNOELS COUOTIKNG Mdlog kol avactiuatog. O HEGOC OPOC TOV UETPNOEWMV
ypnoportomdnke yoo T avaivoelg. O deiktng allomotiag TG CLYKEKPUEVNG

pétpnong ntav ICC =1, N = 22.

3.1.5.2 A&oroynon TS ay®OVIGTIKIG piyng

H ayoviotkn putiky  emidoon  a&oroynnke otig  aBAntikég
gykotaotdoelg  tov EBvikov X, Xvykekppuéva, ot abAntéc/tpieg
npaypoatonoincov to ovvnbeg (éotopa pe tpéEo Yoo mepimov S5 - 8 Aemtd,
€VTOVEC Ol0TACELS KOl TPOUCKNCES HE TA Opyavo TV plyemv. XN GuvEXELL
dotnkav 2 - 4 dokipaoTtikég plyelg og KaBe abAnTh/Tpro Ko €netta 6 Tpoonadeieg
v emitevén  péylotng emidoong. H  xoAvtepn mpoomdbeir amd T 6
ypnoorombnke yoo TV oTtoToTik  avdAvorn. To puwtikd  ayoviopoto
TEPLYPAPOVTAL OVOALTIKG GTO KEPAANIO TNG OVACKOTNONG. X& OAeG TG POAEC
{oyvav o1 Kovovicopol 1e&aymyns TV ETIONUOV yOVOV EVA Y10 TOPAKIVIOT TV
afAnTOV ypnoonomdnkay onuddie oto yopo pivewv. Emione, otic petpnoeig
TV plyemv dtopyavodnke vag kpdg aydvag pe abANTEC KL amd dAAa copoteio

MOOTE VO VITAPYEL CLVAYOVIGUOG LETOED TV 0OANTOV/TPLOV.

3.1.5.3 A&woAdynon g PLATIKIS IKAVOTNTOG

H pwtuy woavomnta aforoyndnke otic abAnTikég €yKOTAOTAGEL TOV
EBvikov I'.X. Avaivtikdtepa, ypnoomomonkov 4 PBacwés piyelg coaipoc: 1
piym oeaipag eumpog pe dVo yépta, M piyn ceaipog wiow pe dvo yxépla, N plyn

ocpaipag pe PETOMO ©TO Tedio piyng Kol M piyn oeaipag omd TeEMKN OuTAN
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ompi&n. Ot aokNoelg aVTEG NTaV O1KiEG Yol TOVG PImTEG KOOMG TIG YPNOLULOTOLOVV
TOKTIKO OTNV TPOTOVNOT|. L& OAEG TIC TPOOTADEIEG dOONKOY 2 AEMTA OBAELLLLL
EVOD OVALESO OTIG PUTTIKEG AOKNGELS VITNPYE OLAAEULUO 5 AETTOV.

Ot dokipaoieg PIMTIKNAG KOVOTNTOG Eyvov TNV EMOUEVY] MUEPD TOV
AyOVICTIKOV plyemv. Metd amd 5 - 8 Aemtd tpé€ipo kot €vioveg Sl0TACELS,
dtvovtav 2 doklooTikéG mpoomdbeleg oe kdOe dokipacio Kot opécmG UETd
mpaypoatortombnkay 4 péyoteg piyers. H peyadvtepn piyn ypnoyoromonke yio
TNV OTOTIOTIK)  ovaAvorn. Onwg oty ayoviotiky piyn €161 Kol €0®
y¥pNooTOmOnNKay onudde 6to YyOpo piyng vy moapakivion twv abintdv. To
SuoAeippo NToV 2 AETTE OVAUESH OTIC PIYELS Kot 5 AENTO OVALEGO OTIS OCKNOELS
puttikng wovotntag. H piym pe dvo yépra eumpog nrav n npot dokipacio. O
afAntic oTéKoviay EMAV® OTOV UETOAMKO avaotoréa g PoAPidag g
oc@apoforiag pe HETmmo TPog 1o TEdio piyng Kot T GPaipa va KpaTETol 6To S0
yéplo TAve amd 1o KedAl. To modwa ftav Alyo o ovorytd amd To Gvolypo TV
oOpov. Ot poTeg TV oMV NTav Alyo mo £E® omd TOV aVAGTOAEN MOTE VO, UTOPEL
0 pImTNG Vo EPaPUOCEL SVVOUT XOPIG Va LITAPYEL KIVOUVOG Vo YAVGTPIsEL KOTd TN
piym. Amo T B€om o, 0 AOANTNG YUUMAOVE TN GEOIPA OVALEGO GTO TOJOL LE
T yovata vo Avyilovv kot Tov koppd va yépvel Alyo eumpog. Amd avtn ™ B€om
Kol (e VIEYVN ATMOAELD TNG 160PPOTiaG, 0 aBANTNG Tpafovce T Geaipa TPOS Ta
EUTPOC KOl [LE ATOTOUN EKTACT) TOV TOOIMV KOl TOV HUOV TOV KOPLOV, EPLYVE TN
opaipa 0660 Mo pakpld pmopovoe oto medio piyme. O deiktng a&lomotiog ™G
piymg eumpog pe 6vo yépra nrav ICC = 0,95, N = 13.

Apéomg petd ™ plyn eunpoc akoAovbovoe N piyn micw pe dvo xépra. O
afAntic otékovtav pe TAATN TPOG TO TESi0 plymg EMAVEO OTOV AVAGTOAEO
TATOVTOG UOVO HE TIG UOTEC TOV TOJMV (MOTE VO UITOPEl v €QOPUOCEL
peyolvteprn obnon katd ™ piyn. Kpatoboe m coaipa pe o dvo yépta ynid Kot
EMAVO amd TO KEPAAL TOov. AT T B€om avty), 0 aBANTNC YoUnAove T cPaipa
avipeco oto moOW Pe To. yovaTo va. Avyilovv Kot Tov Kopud vo yépvel AMyo
eunpds. Amd avtn T 0éom Kot pe Evieyvn anOAEL TG IGOPPOTILG TPOG TO. oW
tpofovoe T cpaipa endvo kol Tow Oote va T piEet 660 Mo poakpd propet. O

deikng aglomotiag g piyng micw ntav ICC = 0,98, N = 13.
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H endpevn dokpacio purtikng wavotntag frav 1 piyn pe pétomo. X
piym pe péTOmo 0 aOANTNG OTEKOVTIOV UE HETOTO Kot OO TOPAAANAQ TPOS TO
neoto piyne. H ooaipa Ppiockovrav pe Aapn piyng médve amd tov dPo Tov Vo To
aplotePd ToL YEPL Ppiokovtay amlmpévo eumpds. Ao ™ B€on avty o abAntrg
Myile ta mOdIOL TOV, EVD EKTEAOVOE KOl [0 LKPT GTPOPT TOL KOPHOD TPOS TO.
0g€1d. Ao 1t B€om avTH KOl He EKPNKTIKY OPACT TOV TOJMV KOl TOV MOV O
afintc wbovoe T opaipa Thve amd To VYOS TOV OUMOV TOL TPOG TO TEdI0
piyng. O deiktng a&lomotiog yia tnv piyn pe pétoro ntav ICC = 0,93, N = 13.

H tedevtaio purtikn dokipacio Htov 1 plyn ceaipog omd TeMKn OUTAN
ompi&n. Zuykekpuéva, o abAntg Pplokdpevog péca oty ParPidoa tomobetovoe
TO APLOTEPD OO UTPOGTA KOAANTA GTOV avVACTOAEN VD TO deET OO BpioKovTay
nepimov 1 pétpo micw and to aprotepd. H ptépva tov de€100 mOd100 fTOV GTNV
Ot gvbeia pe ™ podT TOL ApPLoTEPOV TOd10V. H coaipa otnpilovtav pe ) Ao
070 ¥£PL KOAMNTA 610 Aopd. O abAntig Epryve 10 PApog Tov 6To de&i TOOL MOTE 1
TPoPoAN TNG PAipag OTO £60POG VO TEPVAEL TAV® OO TO de&l YOVOTO Kol TEALLO.
To apiotepd yépt €deyve mpog v wiow mAevpd ™ PaArPidoc OTmG Kol O
Oopokag. Amd avt) T B€on ko pe évrovn dpaon kvpimg tov de&100 TOod10V 0
afAntg mBovoe T ceaipa TPog To endve evd 1o 0e&l THSL TV TOYPOVA 0TPIPE
npog to medio piyng. To yxépt pe m oeaipa wBovoE TV VOTATN GTIYUN HE TNV
0AOKANP®ON TOL avoilypatog Tov Odpaka oto medio piyng. H plyn and tedikn

outAn opién elye deiktn agomotiog ICC = 0,94, N = 13.

3.1.5.4 A&oAoynon TOV KOTAKOPVPOL GARATOS

Tnv endpevn nuépa ot pinteg NPOav 610 pYAcTHPLO KAAGIKOD 0OANTICHOD
mg XyoMg Emomiung ®voikng Ayoyng kot ABAntiopod tov Efvikod ko
Komodiotprokov IMovemommuiov Adnvov, yio v aloAdynon tov KataKopvueov
dipotog. TlpaypatomomOnkav dvo dokipacieg aElOAOYNONG TOV KATAKOPLPOL
dApartog. Ipota €yve n dokipacio Tov dApatog amd nuikabicpa (SQJ) kot petd

1 d0KILoGio TOV GALOTOG pe aldpnor koppovd (CMJ).
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Olo To GApato mpoypatomomnOnkay endveo o€ SVVOHOOATESD OTMG
TEPLYPOPIKE 0€ Tapomdve mapdypapo. Ipwv v évapén tov mpootabeidv ot
afAntég/Tpieg mpaypatonoinoayv tpobépuavon S - 8 AENTOV 6€ GTATIKO TOONAOTO
Kol £VTOVEG O10TACELS. XTN OoKIHacion dApe amd nukadicpa o abANTG avéfatve
EMOVO GTO JVVOHOOATEDO e T ¥EPLO OTN HEGOAOPT] KOl TaL TOSLL OVOLYTO GTO
dvorypa Tov opmv. Amd avt) ) 0éon ektelovoe nukddiopa mg T yovato vo
etacovv otig 90° ko mopépeve otn BEéom ovty UEYPL TO TAPAYYEAUN TOL
egpevvnm. H Béom tov abint) kabopiloviav amd tor SOKIHOOSTIKA GALOTO LE TN
xpNon yovidpetpov. MOAG o epeuvntig éleye otov abAnt «mdue» exeivog
exteAoVoEe  péyloto GApa yoplg kaploe mpoomdBel POOong TOL  KOPHOD
EPLoGOTEPO Omd OTL £xel oprotel. AdONKAV 3 SOKIHACTIKG GALOTO LLE VTOUEYIOTN
évtaon Kot 3 péytota dApata. To dtdAepo avapeso ot Tpoomdelec nTav 2
Aemtd. H kaAdtepn mpoomdbeia ¢ mpog 10 HYOG GALOTOS XPNOHOTOMONKE Yia
NV oTatioTikn avaivon. O deiktng adlomotiog yio ™ dokpacio SQJ ntav ICC =
0,90, N =13.

H avéAivon g xoumdAng tov dApatog amd nukddiopa &ywve amevdeiog
and 1o mpoypaupe Kyowa sensor interface PCD-320 A. Xvykexpipéva,
vroloyionke TpMTO 1 coUATIK pdla Tov dokipalopevov. ‘Enetta, vmoloyiotnke
0 YpoOvog mIMong omd To onueio amOAEG TOL OOKIMALOUEVOL O  TO
duvapoddanedo, £mg t0 Tp®d@To onpelo enoPNS (Trrione = Trpooysivone = Taroyeiwonc)-
Mo v avdAvon Tov KataKOpLEOL GALNTOC ¥pNolLonomOnke 1 e&icwon: "Yyog
aiporog = (0,5 - Tresonc - 9,81)% / 2 - 9,81. Ttn cuvéyeo vohoyioTnke 1 PéyoTn
SOVOUN TTOV EOIVOVTAY O TO KOPLEAIO ONUEID TNG KOUTUANG KoTd TN Ao TG
®nong (Fmax). Katémv, vroloyiotnke n LYot Topaywyn 16y0og ond Tov TOTO:
Ioxg = (copatich palo + Frax) - 9,81 - Trmonc (Bosco et al., 1983, Linthorne,
2001). Télog vmoloyiomke m 10x0OC avld KIAO ooOUOTIKAG palag Tov
abAntov/iprov: Ioyg/kg = loybdc / copatikn ualo.

Metd to téhog Tov aAudToV omd Nukddicpa akolovdnoe n afloAdynon
TOV OAUATOV PE a1dpNon KOPHOD. ZVYKEKPIUEVA, UETA A 5 AETTA OLGAELLLLLOL
dotnkav 3 péyloteg mpoomdbeleg ota dApato pe oawmpnon koppov. Kot €dd o

aBAnTNc oTéKovTay pE Ta XEPLo o€ LEGOANPN Kol T TOOIM GTO GVOLYLLOL TV DUMV.
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Amd ooty T Béom Ko pe TO TOPAYYEAUO TOV EPELVNTH «TAUE» EKTEAOVGE
NUIKAOIGHO Kot OUECHS HEYIOTO KOTOKOPLPO GAUO. & OAEC TIG MEPITTAOGCELG 1)
TEYVIKN TOL 0OANT a&lOAOYOVVTIOV EVM GUVIOUN OVOALGN TOV KOUTOA®V TMOV
OALATOV E0EL(VE TNV €YKLPOTNTO TOL GApTOS. AdONKav 3 péyioteg mpoomddeleg
o odoxwoocio. H kaAddtepn mpoomdbelin ®g mpog TO VYOS  GANOTOC
YPNOWOTOMONKE Yoo TNV oTATIOTIKY aviAvorn. O dgikng aélomotiog yio
dokipacio aApdtov pe ardpnon koppov nrav ICC =0,91, N = 13.

H avdivon g kapmdAng tov GALOTOG UE o1dPMoT KOPHOoU yivoviov
anevbeiog and to mpoypappo Kyowa sensor interface PCD-320 A. Xvykekpiuéva,
vroloyionke TpMTO 1 cOUATIK pdla Tov dokipalopevov. ‘Eneita, vmoloyiotnke
0 YpOvog mIMong omd To onueio omOAEG TOL OOKIMALOUEVOL O  TO
duvapoddanedo, £mg t0 Tp®d@To onpelo enoPNS (Trrione = Trpooysivone = Taroyeiwonc)-
Mo v avdAvon Tov KataKOpLEOL GALTOC ¥pNnolLonomOnke 1 e&icwon: "Yyog
aiporog = (0,5 - Trrsionc - 9,81)% / 2 - 9,81. Ttn cuvéyeo vohoyioTnke 1 PéyoTn
SOVOUN TOV EOIVOVTAY O TO KOPLPAIO ONUEID TNG KOUTUANG KoTd TN @AoT NG
®Onong (Fmax). Koatémyv, vroroyiotnke 1o yoaunAdtepo onueio T KOUTOANG KOTA
™V évapén e eAacng TS dBNoNS Kot apotpodviay amd T coUaTiKy Ldlo ®oTe
va vroAoylotel M évapén g mpoomdbelag. ‘Etol, n péylotn mopaymyn 1oy00g
KOTA TO GAp pe oumpnomn Kopuov divovtay amd tov tomo: loyhg = (Eopatikn
Malo + Fmax — Evap&n Ilpoondfeiac) - 9,81 - Trmonc (Bosco et al., 1983,
Linthorne, 2001). TéAoc vmoAoyioTnKe M 10YVG ave KIAO cOUATIKNG nalog Tov

abntov/iprov: Ioyog/kg = loybdc / copotikny palo.
3.1.5.5. A&lorhoynomn tov pudpov epappoyis s dvvaung (RFD)

Metd ond 15 Aemtd SGAspo TPOYUOTOTOWONKE 1 OOKIUAGIO TOV
pLOUOY eQaproyNg ™ Svvoung otov o yopo. ITo avaivtikd o abintmg
kdBoviayv otV aKopmtn kKopékAa kot pe T Ponbelo €vog YOVIOUETPOL
kabopilovtav n yovia ota yovata otig 120° kot oto 1oyia otig 100° (Marcora and
Miller, 1999). Ta yépwa Tov Kkpotovoav TIC AaPéG Tov KaBioUATOC EVD EOIKA

aVTOKOAMANTO onuddolo KaBoplav v axkpifn 0éon 1OV TOdOV TOL GTO
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duvapodanedo. Amd avty ) 0éon d0ONKe M EVIOAM] VO EQAPUOCEL TN UEYLOTN
dvvap tov 660 To YpNyopa UmopovoE KOl vo, T ocuvvinpnoel yw 3 - 4
devtepolenta (Sahaly et al.,, 2001, Holtermann et al.,, 2007). AdéOnkov 2
J0oKIPaOTIKEG TpooTabeleg ko 2 péyioteg mpoondOeleg pe doheyupa 3 Aentov. H
KaAOTEPN TpoomdPela pe Paon Tov cLuVoAkd pLOUG ePAPLOYG TG dVVAUNG
¥pNoonTomdnke yoo v ortatotikn avdivon. O deiktmg alomotiog ™G
dokipaciog Tov pulpov epappoyns g ovvaung rav ICC =0,92, N = 13.

H avdivon g koumding dovaung / ypdvov yivovtav amevbeiag amd 10
npoypappo Kyowa sensor interface PCD-320 A. H péytot woopetpikn dvvaun
vroloyiomnke ®¢ TO KOpvLEAio onueio ™ KOUmOHANg ypoévov / dOvaung mwov
eaivovtayv. O pvOudc epapuoyfg TG OVUVAUNG VTOAOYIGTNKE GE GUYKEKPLUEVA
ypovikd Topabvpo twv 50 ms (0 - 50 ms, 0 - 100 ms, 0 - 150 ms, 0 - 200 ms ka1 0
- 250 ms) pe tov tomo RFD = Apgrce / Atime (Aagaard et al., 2002). Avtéc ot
YPOVIKEG OTIYUES EMAeYONKAY AOY® TNG TOOVIG GYECNG TTOL EYOLV LE TN YPOVIKY|
dapkelo TG Paong omelevfépmong oto aymvicpato Tov piyemv (Zatsiorsky et
al.,, 1981, Bartlett, 1992) o6nwg £xer oavagepbBel kot omnv avackdémTnon g
Broypapiag. Avtictora, o y®dpog euPfadov e kapmving dvvoung / xpdvov
(Impulse) vroloyiotnke omd tov TOmO: IMPUlSey.kms = XFo-kms © ATiMeyms (KMs =
50, 100, 150, 200, 250).

3.1.5.6 A&widynon g péyetng ovvaung (1-MAE)

Metd v  a&ordynon tov puBuod epoapuoyng TG dvvaung ot
afAntég/Tpieg mpaypaTomoincav T doKipacion Héylotng OOVOUNG 6TO Hnydvnio
wnoeov kate drxpov arnd edpaia Béorm. A&ilel va onuewmbel 6t 1 aloldynon
g péytotng dvvaung oto pnydvnua ®Bncemv KAtom AKpov £YEl EQAPLOCTEL GE
TOAMEC TEPAPOTIKEG epYyaoies Kot amotelel £ykvpn dokipacio (Terzis et al., 2008,
Zaras et al., 2013, Stasinaki et al., 2015). H a&oloynon éywve 610 yopvootiplo
mg XyoMg Emomung ®voiwkng Ayoyng kot ABAntiopod tov Efvikod kot
Komodiotprakov [avemommuiov Adnvov. O abintg kdbovtav 6Tov KAOIGH TOV

UNYOVAILATOG KOl TOTOOETOVGE T TOSLOL TOV EMAVE® GTNV KIVOOUEVT TAUTPOPLLOL LLE
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T0 Qoptio. Amd ) Béon awt EEKOAAOVGE TO POPTIO A TNV ACPAAELN LEXPL VL
TEVTIAOGOLV Ta YOVaTd ToV. Ao vt T B€om katéPale To popTio yaunAdtepa amd
T 90° ka1 wBovoe Eavd 10 Qoptio otnv apylkn tov Oéom. Xe OAeg TIg
npoondfeiec vanpyav TovAdyotov 2 Ponboi yio acedielnr oe mEPITTOON
amotvyiog ¢ mpoondbeiag. AdOnkav 2 oet Tpobépuavong pe to 60% kot To 85%
g mpoPrenduevng 1-MAE kot énerta 5 mpoomdbeieg Yo Tov TPosdlopicud g
péyomg ovvaung. O odeiktng aglomotiog TG doKaciog TV wOocenyV KATO
dxpov anod edpaio O¢on ntav ICC = 0,98, N = 13.

Tnv emdpevn nuépa ot abANTEG/TPLEC TOPOVCIACTNKAV GTO YMPO TNG
puikng evovvdpmong tov EBvikdv I'.X. yio v a&oddynon g HEYIoT§ OOVOUNG
OTIG OO0KNOES apace, Pabv kabiopa, enopuopds kol ot méselg Bopoka oe
oplovtio mayko pe umapo. OAeg 01 AGKNOELS TPAYULATOTOONKOY TAV®D GE TAUTD
™mg Gpong Popdv. ZvyKekpyléva, 6To apacé ot 0OANTEG/TPIEG YPMOLLOTTOINCAV
€101KOVG UAVTEG OTN Aaf1] He TNV Urdpo OoTe va givol eDKOAGTEPN 1 EAEN TV
KILOV. Ao Vv 0pOa B€om Kou pe avoryt Aafn n umapa yoUnAove péEYpl v
KOpLEN NG emtyovatidag, He to yovata vo Avyilovv ehagpd Kol ToV KOPUO va
&xel o pkpn KAion eumpog. And avtn T 0€om yivoviav andTopo Tpapnypro e
UTAPOG KOVIO OTOLG HUNPOVG Kot WnAd otn Aekdvi. Mol to Tpafmyuo
OAOKANPOVOVTOV 0 aOANTNG EKTEAOVGE KATUKOPLOO GALO Yio TEMKN avamTuén
TOYVTINTOG OTNV UTAPO. AUECH EPEPVE TOV EAVLTO TOV KAT® Omd TNV UTAPO GE
0éon nukabiopatog Kot 10 Goptio mMAVE® Kol Tow amd to KePAAL Tov. H
mpoonddelo a&loloyovviav ylo TNV €yKupdTNTA NG €VO NTOV AKLPN €4V O
afintic ektehovoe Pabd kdbopo kdto omd v umapa. AdOnkav 3 oet
mpobépuavonc tov 8, 4 kot 2 emavoiyewv pe to 50%, 75% xor 90% 1ng
wpoPremopevng péyiomg dvvaunc. Téhog, d6Onkav 3 mpoomdbeieg yio TOV
vIoOAOYIoUO TG HEYIOTNG dOvaung pe dtdepupa 2 Aemtd. O deiktng a&lomotiog
tov apacé NTav ICC = 0,95, N = 13.

Metd and 15 Aentd mpaypatoromOnke n doxpacio tov fabv kabiopotog.
Ot abAntéc/tpreg extedovoay 10 Pabl kdbiopa pe TNV Umdpo 6TOVS GHOLE Kot
otovg Tpoameoedng. Aoy €moupvayv TNV UmApo  amd  TOvG  UETOAAKOVG

otvAofdteg otékovtav oe Opbia Béom. Amd exel Aylav ta yovota péypt va
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@tdoovv ot Béon tov Pabv kabicparog. Xwpig dtakomn avéPavay oTnv apyikn
ToVG Béom. AdOnkav 3 oet Tpobéppovong tov 8, 4 kat 2 eravolnyewv pe to 50%,
75% wxov 90% g mpoPremopevng péyomg Ovvaung. Télog d6Onkav 3
TPOOTADEIEC Y1OL TOV LVITOAOYICUO TNG HEYLOTNG OVVOUNG pe OdAsiupo 3 AemTd.
Opoilwg, oe mepinTOON AMOAENG TNG TEYVIKNG TNG EKTEAEONC TNG GOKNONG M
mpoonddeio BOempodvtay divpn. Xe Oleg Tig mpoomdbeteg 2 Ponboi vanpyav Yo
™mv ac@diewn g dokipaciag. O deiktng a&lomotiog yio T dokipocioo 6to Babdv
kédOopa rav ICC = 0,96, N = 13.

H dokipacio tov enopiopod €yve petd amd 15 Aemntd. Or abAntég/Tpieg
ypnoonoinocay Eova Tovg avteg yio ™ Aafn ot undpa. H kivnon Eexivodoe
pe tov abAnt va kpatdel v umdpa o 0pdia 6¢on pe Aafn Alyo mo avorytd amd
TOVG ®POVE. ATd T Béom avt) YOUNA®VE TV Umdpo pEYPL TNV KOPLON NG
enryovatidog, pe to yovato vo Avyilovv eha@pd Kot ToV KOPUO Vo EYEL Lol JIKPT
KAion eumpog. Amo avtn T 0€om yivoviav amdTopo TPAPNyHe TG WITdpoS KOVTd
OTOVG UNPOVS Kot YnAd otn Aekdvr. MOMS o Tpdafnyno oAokAnpmvoviov o
aBANTNC EKTEAOVOE KATOKOPLEO GAUR Yoo TEMKN avdmtuén taydtntoag otnv
umapo. ApEca YOUNA®VE TO KOPUL TOV Kot £pepve TNV Umdpo vo, TomofetnOel
EMAVO GTOVG OUOVLS Kot oTig KAeidec. Ot aykmveg evepyntikd £otpipav TPog ta
¢Em mote vo umAokaplotel To eoptio o evkoAa. H mpoondBeia agioloyovviav
YL TNV €YKVPOTNTA TG VA NTaV dvupn €6v 0 aOAnTg ektehovoe Pabl kabiopa
padi pe v umapa. AdOnkav 3 et mpobéppavong tov 8, 4 Kot 2 ETAvIANYE®VY e
10 50%, 75% ko 90% g mpoPrenduevng puéytotg dvvaung. Téhog d6OnKkav 3
TPOCGTADEIEC Y10 TOV VITOAOYIGUO TNG UEYLOTNG dvvauNnG He StdAelppa 2 Aertd. O
deikng adlomotiag ywo tov enouiopd rov ICC = 0,97, N = 13.

Téhog ot abAntég/tpiec g Owokofoiiog, TOL OAKOVIIGHOD KOl TNG
oc@apoforiag mpaypatomoinoay v dokipacio Tov mécewv Odpoka oe
oplovto mayko. O abintig Eamimve otov oplovtio mayko. H amdotoon twv
YEPLOV oTN AaPn NTav o avorytd amd To dvorypo Tov Opmv. Aol ekoAhovoe
TNV Umapa amd Tovg otvAoBdrteg v Katéfale HEYPL QLT VO AKOVUTCEL GTOV
Bopoka, 610 VYog TV INAdv. And ekel mbBovoe ™V Umdpa oTNV apyIKn NG

0éom. AdOnkav 3 oet mpobéppavong tov 8, 4 kar 2 emavarnyewv pe to 50%, 75%
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kot 90% 1ng mpoPrenduevng 1-MAE. Téhog 660nkav 3 mpoomdbeieg yio Tov
VROAOYIOUO TG HEYIOTNG OUVOUNG e dtdheypo 3 Aemtd. Xe OAeg TIC Tpoomdbeieg
tovAdyotov 1 PonB6g vpye ywoo v acedAie. g dokipacioc. O deikng

a&lomotiog Yo T dokipacio méselg oplovtiov mdykov rav ICC = 0,92, N = 10.

3.1.5.7 Apyrtektovikn dopr] Tov £E® TAATY pUNpLaiov puog pe vrepnyoypopic

H ik vrepnyoypagio mpaypoatomomnke petd omd 2 muépec.
Juykekpléva, 1 a&loAdynon €ywve oto €PyacTNPlo KANGIKOD aOANTIGHOL NG
2yolic Emomung @uowng Ayoyng kot A6Antiopod tov EBvikov ko
Komodiotprokov IMoavemommuiov Abnvov. Ot abintéc mpoonAbav Tic mpwivég
wpec petd and 24 dpeg mAnpovg omokatdotoons. Mo avaivtikd or abintég
Eamiwoav o éva wWwTpikd kpePdrtt oe VmTIL KOTAKAIOT pHe TO TOOL TOL
epapproloviav o VIEPNYOG GE TANPN YOAAP®ON KOl GTN (PLGLOAOYIKY TOL B€om
Kot TV éktact). MetpriOnke 1 andotaon peta&d tov peilova TpoyavTipo o¢ TV
EMYOVOTION KOl TO KEVIPO TNG OMOGTOONG CNUELDVOVIOV UE HOPKAOOPO. XTO
onuelo ovtd oamiobnke €0kd gel to omoio Ponbodoe oMV AKOVOTIKY
dmepatodHTNTO TOL VIEEPTYOL. To 1d10 gel ummke KoL 6TV KEPOAN TOL VIEPYOL
omov tomofetOnke oto onuadepuévo onueio. Mo gwova yuo vor amodnkevtel
énpene va @aivovtor kabopd apkeTd poikd depdtio. ANednkav 4 swoveg omd
KkéOe abAnt)/Tpra. Ot €1kdveg avaAdONKoV ©C TPOS TO TAYOS, TN YOvio Kol TO
unIKog Tov puikev depotiov. O deikg adlomotiog Tov puikoh vIePNYoL NTOV:
yw t0 hyog ICC = 0,97, yuo ™ yovia 1CC = 0,86 kot yia to unxog ICC = 0,83, N
= 36.

H avélvon tov eovov tov vraepiyov &ywve pe 1o mpdypappoe Motic
Images Plus, 2.0. And tig 4 ewbdveg mov eARPONCAV Ol UHEYOADTEPES KoL
UIKPOTEPEG TYLES TTOV TPOEKLY AV Y10 KAOE TOPAUETPO OTOPPITTOVTIAV KO Y10 TNV
OTATIOTIKY OVOAVGT Ypnolpomodnke o p€cog 6pog Tmv 000 AAL®Y eikoOvwv. To
whyoc tov pvdc aforoynnke wg M amodctaon petald TG dveo Kol KAT®
amovevpmong Tov s, H yovia a&lodoyndnke pe 1o mo Eexdbopa poikod oepdtio

™G €Kovag 10 onmoio mapovsiale EexdBapn mTPOGPLON GTNY KATM OTOVELPM®OT)
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oV Hog. Téhog, N aEOAOGYNON TOL UNKOVG TOV SEUATIOV £YIVE LE TPOEKTOACT TOV

poikov depatiov péypt Ty ave amovevpwon (Blazevich et al., 2009).

3.1.5.8 Avdivon 6V6TOONS CONATOS

Tnv emduevn Muépa ToL vEEPNXOL Ol aBANTEC/Tpleg mpoonABav oTO
Xapoxonelo IMovemomuo tov EfBvikod ko Komodiotprakod Iloavemotnuiov
Avav. Ot aBntég Eamimvay 6To PNYOvNUIOL OVOALONG COUOTIKNG GVOTUONG
Kot mopépevay akivnrot yio 30 Aentd. To punydvnpo capove To O Tov afANTY
®¢ TPog TV A poikn pala, 1o copatikd Aimog kot Ty 0oTiky Tukvotnta. H
avdAvuon TG €KOVOG TOL UNYOVAMOTOS OovoADONKE HEGH TOL TPOYPALUATOS
Lunar Radiation Body Composition Program w¢ mpog Ti¢ Topamive mopouéTpoug.
MdéMota, 660 apopd v dhun palo exktyunbnke emmpocsBétwg n G palo
OAOV TOV GMOUOTOG, TOV VO AKPOV, TOV KAT® AKpOV Kol Tov Koppov. O deiktng

a&lomotiog g a&loAdynong copatikng cvotaong nrov ICC = 0,98, N = 13.

3.1.5.9 Ymoroyiopog avriinyng korweng (RPE)

O vroloyiopdg g avtidnyng kénwong (RPE = Rate of Perceive Exertion)
VTOAOYIOTNKE HETA amd kOO TPOTOVNTIKN HOVAdD. XvykeKpluévo, Ot
afAntéc/tpieg Pabporoyodoav 10 kaOBe mpomovnTiKd TPOYpappe amd To 1 (moAd
€0KkoA0, EekoVpacto) péxpt to 10 (mdpa moAd dvokoAo, eEavTANTIKO) He Pdon Tov
delktn avtiAnyng komwong (Borg, 1982). Auéonc puetd vroloyilovtav to @oprtio
nponovnong oc: Poptio Ilpomdévnong = RPE - Zgrgvayec. XTN  GLVEXEW
vrohoyiomnke to efdopadiaio poptio mpomdovnong: ERSopadiaio ®optio = @optio
ITpomdvmong * X miporovicerc EBsopdsac: H TPOTOVNTIKY HOVOTOVIOL DTOAOYIGTNKE:
Movotovia = ®optio IIpondvnong © SD Egsopasiaion dopriov- TEAOG, TO TPOTOVNTUIKO
otpec voroyiomke: Ilpomovntikd otpeg = Poprtio IIpondvnong - Movotovia

(McGuigan kou Foster, 2004, Malisoux et al., 2013)
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3.1.6 ZratioTki) avaivon

O\ec o1 petafintég mapovotdlovton pe HEGES TIUEG KOl TUTIKEG OTOKAMOELG
(Mean £ SD). Xpnowomombnke avaivon diacnopds dimAng katevbvvong (Two
Way Anova Repeated Measures) ywo v €0peon Slopopdv ovapesa oto dVo
TPOYPAUUOTO IGYVOG AL KOl OVAUESO OTIS APYIKES Kot TEAKES petpnoels. Omov
VINPYE OTATIOTIKG onuavtiky dtagopd ypnowomombnke o éleyyog Bonferroni
v tov kafopiopd g dapopdc. T Tig dopopéc avapesa GTIG TOCOOTIONES
petaPAntég ypnoponomOnke T-Test yuo e&optnuéva deiyparta (Paired samples).
Yrooyiotnke To péyebog g enidpaong e mapéupaong Héom tov deiktn n? and
tov tomo: 1> = t? / 2 + (N - 1) (Cohen, 1988). ', tv aE10MGTIO TOV HETPHOEDY
ypnoworombnke o oeiktng ICC. e Olec TiIc avaAdoelg ypnoipomomdnke to
vroloylotikd cvomua SPSS 17 (SPSS Inc., Chicago, IL, USA). To erinedo

OTOTIOTIKNG ONUavTIKOTN TG Kabopiotnke oe p < 0.05.
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3.2 M£0000¢ devTeEPNC perETIG

3.2.1 EpguovnTikog 6YE010610G OEVTEPNS HEAETNG

H nepopatikn dwadikacio dSipknoe nepinov 12 gfdopddec. H mpomdvnon
oyxeoldotnke pe Pdon Tig apyég TOL TEPLOSIGUOL KOl GTOYEVE GTNV TPOETOLLACTOL
Tov  adntov/tpiov yuo ) Bgpivp mepiodo aydvev. Xto oynua 3.2.1
TOPOVCIALETAL O TTEWPOUUATIKOC OYESOGUOSC TNG devuTepNg HeAétne. H mpomdvnon
dywplotnKe 6€ VO PHECOKLKAOVG TTOV GTOYXEVOAV GTNV AVATTVEN TG SVVOUNG Kot

™G 1GYVOG AVTIGTOLY .

5 Epooudosc Méywotn Avvaun | 5 Efdouddsc Avvaun-Ioyig

| |

T1 T2

Zyfua 3.2.1. [leipouaticog oyedioouog oevtepns uelétng. O opyikés UETPHOEIS EYIVOY THYV TEPIOOO

T1 kou o1 tehikég v mepiodo T2.

H mpomovnon owmpknoe 10 gBdopddes. Olol ot abAntéc/tpleg eiyav
OAOKANPAOGEL T YEWUEPIVY] TPOETOLUACIO LE KOPVPMOT TNG OLYOVIGTIKNG piyng o€
ayova. [pwv mv évapén g devtepnc pedétg 060nke mepiodog 2 efdouddwv
EVEPYNTIKNG OMOKATAGTOONG, MGTE VO EEKOVPACTOLV Ol 0OANTEG/TPLEG Omd TNV
YEWEPWVN ayovioTiky] mepiodo. Ilpwv wor petd tv mpomovntikn mopéupoon
HETPNONKAV: M Oy®OVICTIKY plym, N PITTIKY KavOTTo, 0 pLOUOS EQOPUOYNS TNG
dvvaung, N HEYoTn dHvaT, 1 OPYLTEKTOVIKT doun Tov 5 mAath punpraiov podg

KOl 1] COUOTIKT GUGTOON.
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3.2.2 Ilgprypogn doxipalopevev

X oevtepn pehétn ovppeteiyov 12 abintéc/tpieg twv piyemv amd to
dvvopkd Tov afAntdv tov XETAX. Zuykekpipéva, ot abANTEC/Tpleg dlaxpivovioy
og 5 abAntég g dtokoPoriag (3 appeveg, 2 OOANG), 4 aBAnTég TS cpupoPforia (2
dppevec, 2 B0ANG), 2 aBintég g oparpoPoriag (1 dppev, 1 BUAN) kot 1 abinqTpro
tov oakovtiopov. Ot mpobmobécelg mov elyov ot abANTEC/TplEC Yoo va
ovppeTacyovy &xovv avagepBel oty pebodoroyia ™ mpotng peAétne. Ot
afAnTéc/Tpleg evnuep®ONKOV Yot TO KOO TNG WEAETNG KOl LIEYPOYAV EVTLTTO
ovykatdfeong. I'ia Toug afAnTéC/Tpieg oL NTAV AVAAIKOL, EVIUEPOONKAV KATOTLY
TPOCMTIKNG GLVAVINONG Ol KNOEUOVEC Kol VIEYPAYAYV EVTILTO GLVOIVECONC Ko
oLYKOTAOESTC GLUUETOYNG TOV TTALOIOD TOVG OTY LEAETN. X& OAEG TIG MEPUTTAGELS,
Ol GUUUETEXOVTES EVNUEPOONKAY OTL UTOPOVV VO OTOYMPNOOVY amO TN UEAETN

omote avtoi BeAcovy.

3.2.3 lIpomovnon

H mponévnon smpxnoe 10 gfdopadec. Or abintéc/tpieg akorovOncav Eva
TPOTOVNTIKO TTPOYPAUUO OYEOACUEVO UE PAON TIS apyES TOV TEPLOOICUOD, TOV
oT1OYEVE OTNV BEPIV AYOVIGTIKY TTEPI0S0. ZVYKEKPIUEVA, 1] TPOTOVNON YWPICTNKE
og 000 Packos pecodkvkhovg. O TPOTOG HECOKVKAOG GTOYEVE GTNV AVATTUEY
™G HOTKNG VIEPTPOPIOG KO TNG HVLIKNAG OOVOUNG, EVAD O 0€0TEPOC LUEGOKLKAOG
otdyeve oty avamtuén g Kopveaiag Svvaung kot oyvoc. H atopikn
TpomdvNon TOV aANTOV/TPIOV oXESACTNKE CUUP®VO LE TIG OMOLTNOELS KAOE
ayoviopatog (m.y. ot dtokoPforot epdppolov TEPIGGOTEPO ACKNTELS EVOVLVAUWOGONG
TV 0OPoKIKOV pudV, VO 01 GPUPOPOAOL EKTEAOVGAV TEPIGCOTEPES ACKNOELG
EVOLVAU®ONG TOV OU®MV HE EAKTIKN HOPOTN, OO O en®UICHOS). To akpiPéc
TPOYPOUIO. TPOTOVNONG TOL €POPUOcTNKE oTn Oldpkewn Twv 10 gfdopddmv

napovotaletar otov mivoka 3.2.1. H emdoyn tov ackioewv &ywve AOY® NG
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evpeiag ypnomng Tovg omd Tovg abAntég Tav piyewv (Stone et al., 2003, Judje et
al., 2007, Kyriazis et al., 2009)

Iivaxag 3.2.1 Avalvtiké mpoypouue mov ypnoiuonoiiOnke yia tyv mporovyon 10 efdoucdwv oe abintéc/tpieg pivewy yio.
ovarToén e OVvouns, e 1ox00¢ KOl THE YW VIGTIKNG PITTIKNG EXIO00NG.

IIporndévnon Avvaung (3-4 Tlpomn. / EBJ.)

Ayowiotikéc Piyeig (2-3 Tlpom. / EBJ.)

Aopuxég Bondnrtucég
Aocxnoeig Apon Bapav Aocknoeig Bapotepo Elagppitepo
Méoeig op. Opyavo. Opyavo.
Iayxov, 1-2 kg 1-2 kg
Ipomovntikr,  Babv, ITiéoerg Altipeg, Bapbtepo Ayoviotikd Elagpotepo IMieopetpixn
EBdopada Quov, Apoceig Apocé, Mnyovipota, oo To Puwtikd amod 10 IIpordvnon
Oavdrtov Enoié-Ceté Kettlebells Ayoviotikd Opyavo Ayoviotiké (2 IIpom. / EB3.)
Pre
EB5. 0 (T1)
4x4-5 (r.y. GApato,
EpS. 1 4 x 6 MAE (75% MAE) 4 x10-12 MAE - 40-50 - Gvev eopac,
4x4-5 TpUmAOvV,
EpS. 2 4Xx5MAE  (80% MAE)  4x10-12 MAE 20-30 40-50 - TEpGoaTa
4x4 eumodimv,
EpS. 3 4x5MAE  (80% MAE)  4x10-12 MAE 20-30 50-60 - ToyOTNTEG,
4 x3-4 AGKNGELG
EBo. 4 4x4MAE (85% MAE) 3x 10 MAE 20-30 50-60 - gVKIVNGl0G)
3x3-4
EBS. 5 4 x4 MAE  (85% MAE) 3x8-10 MAE 30-40 50-60 -
EB3. 6 EBdopdda amoxatdctaong (Ilpordvnon Opowa pe v Efdopdda 2)
3x2-3 (. Gt
EBS. 7 4 x3MAE (85% MAE)  3x8-10 MAE 20-30 40-50 10-20 Bé&bovg amd
3x2-3 45cm,
EpS. 8 2-3x3-4MAE  (90% MAE)  3x8-10 MAE 10-20 50-60 20-30 TEPAoHATA
2x2-3 eumodicv
EpS. 9 3x2-3MAE (90% MAE) 3x6-8 MAE 8-10 30-40 20-30 ToyhTTEG,
2x2-3 QGKNOELG
EBs. 10 2x2-3 MAE (95% MAE) 3x6-8 MAE 8-10 20-30 15-25 gukvnoiog)
2x1-2
Eps. 11 2x2-3 MAE (95% MAE) 2 X 6-8 MAE - 15-20 15-20
Post
EBd. 12 (T2)
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3.2.4 Tlgprypagn} TOV 0pYAvVOV PETPNONS

Ta Opyava pétpnong mov ypnoyomomonkoay ot 0e0Tepn UEAETN NTOV
akplpdg To O pe avTd mOL YpnoomomdnKav oty mpdTn pHeAET. [
OVOALTIKY] TEPLYPOON, TOV OpYavev pétpnong, oeite to kepdiowo 3.1.4 g

pebddov.

3.2.5 Ileprypagi T®V d0KIPNOGLOV

Ot doxkpoocieg plyewv, PUITIKNG KOVOTNTOG, WEYIOTNG dvVAUNG GTOV
ENOUICUO Kot 610 Pabd kdbiopa aArd kol n Tpowdvnon TV adANTOV/IpLOV TOV
piyeov &ywvav otig abfintikég eykotactacels tov  EBvikov Tvuvaotikol
2uAAOYoL. Ol COUATOUETPNOEL Kl Ol OOKIHOGIES TOV OAUATOV, TOV PLOLOY
EPOPLOYNG TNG dVvVaUNG, TNG LEYIETNG OVVOUNG OTIC TEGEIS KAT® GKPOV KOl TOL
VIEPNYOVL £YVAV GTO EPYUCTNPLO KAAGIKOV 0OANTIoHOD ¢ XyxoAr, Emomung
dvowkng Ayoyng kot AOAnTicpod tov  EBvikod kor  Komodiotprokoh
[Movemotpiov AOnvav. Téhog, 1 a&loAdynon ¢ COUATIKNG 6VGTAONG £YIVE GTO
Xoapokodnelo ITlavemommuo tov EOvikod kot Kamodiotprokov Ilavemotnpiov
Anvov. Oleg ot petpnioelg mopovotdlovtal OVOALTIKEA OTO  TOPOTOVE®

VTOKEPAAL TNG LEBOOOV TN TPADTNG LEAETNG.

3.2.6 ZratioTki) avaivon

Olec o1 petapintég mapovotdlovton pe HEGES TIUEG KOl TUTIKEG OTOKAMOELG
(Mean = SD). Xpnowomombnke avaivorn oOl06mopas EmOVOAQUPAVOUEV®Y
petpnoewv yia vo, fpefovv ot d1apopég oTig HETAPANTES aVAIESH GTIC TEPLOOOVS
T1 xkor T2. Omov vanpye OTOTICTIKO CNUOVTIKY O10popd avtr vroloyiloviov
péow tov eiéyyov Bonferroni. Yzmoloyiotnke 1o péyeboc tng emidpacng g
TapéPUPacnc HEC® TOV GULVTEAESTH nz. o 116 ovoyeticelg avapeoo o©TIg
LETAPANTEG YpNoYLOTOONKE 0 GLVTEAESTNG GLGYETIoNG I-Pearson. H aywviotikn

PUTTIKN EMIOOCN UETATPATNKE GE TIHEC Z OOTE VA TParyLaToTomBoOV GLGYETICELG
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HE TG VTOAOWTES UETAPANTEG OTIC KOTAVOUEG T®V  amOAT®V Tiwov. H
TOALUETOPANT  avdAvon NG TOAAOMANG  YPOUWIKNG — TOAVOPOUNONG
YPNOLOTOMONKE Yo TNV ONUIOVPYio LOVTEAWV TTPOPAEYNG TG PITTIKNG EmidOOT).
A6y T0V pkpod deiypatoc (N = 12), ypnotpomowidnke to Adjusted R? yi tnv
e&nynon tov anoteheoudtov (Tabachnick ko Fidell, 2007, oek: 117-159). T
v oSlomotio Tov petpnoewv ypnoworomdnke o deiktng ICC. Xe Oheg T1g
avoAoelg ypnotlporodnke to vroloylotikd cvotnua SPSS 17 (SPSS Inc.,
Chicago, IL, USA). To eninedo otatiotikng onpoavtikodttag kabopiotnke og p <
0.05. Ztov mivaka 3.2.2. mapovoidloviar ot cvuvtereotés aglomotiog AV TV

LETPNCEWV.
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Ilivaxag 3.2.2 Acixtes oliomotiog uetpnoewy, 1CC.

Aoxipacio ICC IInyn
A&lomiotiag
ZOUOTOUETPNOELS 1 N =22
Purtikn Piym Zoaipog Epmpog 0,95 N=13
Ikavomta Piym Zoaipog [Micw 0,98
Piym Zopaipag pe Métomo 0,93
Piym and Tehkn Aurin otpién 0,94
Koatakdpooa Alpo and Huedbiopa (SQJ) 0,90 N=13
Alporo Alpo pe Atopnon (CMJ) 0,91
RFD Ioopetpucn Avvoun RFD 0,90 N=13
RFD 0,92
Impulse 0,93
1-MAE [Méoerg Odpaxa pe Mrapa 0,92 N=10
Ba6v Kabiopa 0,96 N=13
QOnoeig Kato Axpov 0,98
Enopiopdg 0,97
Apacé 0,95
Yrepnyoypaopio  ITdyyog Mvog 0,97 N=36
'ovio Muikov Agpatiov 0,86
Mnkoc Muikov Aspotiov 0,83
ZOUOTIKN Al Méla 0,98 N=13
200100
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KE®AAAIO 4
AITIOTEAEXMATA

4.1 Anoteréopato TPAOTNG NEAETNG

2KOmOG NG TMPOTNG HeAETNG MTav vo dlepguvnbel M emidpaon NG
TPOTOVNONG 1oYVOG UE LYNAAQ KOl YOUNAL POPTiOL OTY PUTTIKY EMIOOCT KATH TN
nepiodo  kopOEwong g emidoong oe abintéc piyewv. Toavtdypova, va
oLYKPOOVUV T dV0 SLUPOPETIKG TPOTOVNTIKG TPOYPAUUOTO 10YDOC MG TPOS TNV
AYOVICTIKY] piyT), T1 GUVOVAGTIKY PUTTIKN KOVOTNTO, TO KATOKOPLOO GALOTOL, TOV
PLOUO EPAPLOYNG TNG SVVOUNG, TNV ULIKN dVVOUN, TNV OPYLTEKTOVIKTY dOUT TOL

€€ mhath punplaiov poodg, v dAurn pdlo kot Tov deiktn KOT®ong.

4.1.1 ZOpNoTORETPIKA (0P UKTPLOTIKA

AVO €Boopdoeg mPOTOVNONG 1oYVOG HE OLPOPETIKG QOopTio. Yoo TNV

KOPOOMONG TNG EMIO00MNG, 0V UETEPAAOYV TO COUOTOUETPIKA YOPAKTNPIOTIKA TMV

afnToOV 6nwg eaivetar otov mivaxo 4.1.1.1.

Hivakas 4.1.1.1 Zouatouetpixd yopoxTnplotika mTpiv Kol UETC OTO POPUCPICUO. UE YOUNAG KOl

vynAd poptio. Kouio oilayn et ta 0vo popuopiouata.

ZOpoTKd Xopotiky Mala Agikng Mdlog

Avéotuo (m) (kg) Thparoc (kg'm™)
oo TPV L73£008 80392059 26,72+ 516
0,
med0%  \retg 173+008 80,854 20,86 26,93+ 5.19
Dopudpiopa  Tpwv  173+008 80,50 + 21,39 26,83 + 5,31
0,
ue85% - \retg 173+008 80,57 +2113 26,84 + 529
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4.1.2 Ayovietki piyn

Metd and 2 efdouddec TpomdHVNONG 16YVOG LE YOUNAQ Kot VYNAG opTic
1 AYOVICTIKY PUTTIKY €MIO00T Ow¢ poaivetal oto oyedtdypappa 4.1.2.1 avénonke
napopowo kot 4,8 + 3,5% kar 5,6 * 3,1%, avtiotoyo (p = 0,001, n° = 0,855).
Qotoco, Oev Ppédnke oTOTIOTIKE ONUAVTIKY OPOPA  OVOUECOH OTIG OVO

npomovnTikég TapepuPaoets (p = 0,487, nz =0,052).

==
[}
1

Piyng (%)

Moooonoio AUENon NG AyevIOTIKNG

Qoppapiopa pe 30% Qoppapiopa pe 85%

Zynipua 4.1.2.1 IHooootiaies avlioelS oTNY OYWVICTIKY PITTIKY IKOVOTHTO, WeTd a0 2 efO00UGIES

popuopiouatoc ue younid kai vynid poptia, P < 0,01

MoXovott dev PBpébnke dopopd ovapuecso oto 0VO QOPUAPIGUATO GTO
GUVOAO TO 0OANTAOV, 1010HTEPO EVOLAPEPOV TAPOLSIACAY Ol AVOADGELS Y10l TOVG 5
abntéc/tpieg g OlokoPoriag (oxeddypappa 4.1.2.2, A, B). Zvykekpéva,
Bpédnke OTL PETA ATTO TO POPUAPICLAL LLE TO YOUNAL POPTIO 1) AY®VIGTIKY EM{O00N
ot plym olokov awénbnke kata 5,02 + 1,72%, nepiocdtepo 6€ cVYKPLON LE TO
eopudpiopa pe vymAd eoption Tov avénoe TV AyOVIOTIKN piyn poag 3,24 +
1,62% (p = 0,005, n* = 0,891).
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64 A

/;

38 9

Emidoon ot piyn dickov (m)

36 4

34

Tpw Merté
46 -
44+

40

36

Enidoon otn piyn dickov (m)

34

Tpw Meta

Zynpa 4.1.2.2 Arouikés arloyés oty eridoon oty diokofolio ueta omé popudpiouo ue 30% (A)
xor pe 85% (B) g I-MAE. To popudpioua e younid goptio. o0inoe mepiocotepo v oywVIoTIKN
piyn oty dioxoPoiio (P = 0,005).

4.1.3 ZuvovooTIKI] PUTTIKI] IKOVOTTO,

H ovvdvaoctiky purtikn kavotnto opictnke amd TovV GLVOLAGHO dVO
BacikdV PITTIKOV SOKIHOCIOV OV YPNCLOTO0HVTOL amd OAOVG TOVG OOANTEG
TOV plyemv: ™ plyn ceaipog Ticw kot ) piyn ceaipag eUTpoc pe dvo yépa. Xe
TOAEG TAOTIKEG HETPNOELS Ol OVO OVTEC PUTTIKEC OOKIUOGIES ElYov LYMAN
ocvoyétion peta&d toug (r = 0,95, p = 0,001). Ondte, Yoo T TPAOTN HEAETT, Ot 6O
aVTEG JOKIHOoiEG evOONKav Ge piol e TNV OVOUOGIO GUVOLOOTIKY PITTIKN

wavomta. To aroteAéopata €0ei&av OTL N TPOmdVNoN 10YLOC UE VYNAES Kot
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YOUNAEG  OVTIOTAGELS Oev  UETEPOACY ONUAVTIIKG Tr OULVOLOCTIKY PUTTIKY
wavotnta (amd 13,09 £ 1,4m o¢ 13,16 = 1,5m petd and younid eoptio kot omd
12,84 + 1,7m og 13,23 £ 1,5m petd and vynid eoptia). Qotd6G0, N avdAvon TV
TOGOOTIOH®V HETAPOADV £€J€1EE OTL 1] GLVOVOGTIKN PUTTIKN WKOVOTNTO VENONKE
TEPLOCOTEPO UETA OMO TO QOPUAPIGHO LE VYNAL QOPTio. o€ GUYKPIOT HE TO
eopudpopa pe younida eoptia (3,3 £ 3,8% £évavt 0,6 = 2,9%, avtiotorya, p =
0,048, 1% = 0,256).

4.1.4 Katoxépvga dipato

H aAtuc tkavotto 610 AR omd MUKEOIGHO Kot 6TO GALO LE 01dPTON
dgv petafinibnke petd omd To OVO  TPOTOVNTIKA TPOYPAUUOTO  1GYVOG.
Yuykekpéva, otov mivoka 4.1.4.1 Tapovctdlovtol avaALTIKA To OTOTEAEGLLOTOL
TOV LETPNOE®V OO TO KATOKOPLPO GALOATO, TO VYOS KOl TV TOPAYWOYT 1GYVOG.
Qc1000, oNUAVTIKY Olapopd Bpeédnke avapesa oTig mocooTioies LETAPOAEG NG
1oYVOG oVl KIAO copatikig Ldlog oto Ao omd NUIKAOIGHO. XuyKeKPILEVaL, LETE
amd TO QOPUAPICHO e VYNAL @opTia M oyvg avénbnke katd 5,1 = 7,6% o¢
GUYKPION UE TNV GAANYY] TOV TPOKANONKE LETA OO TO POPUAPIGHA LE TO YOUNAA
poptia -0,9 + 4,37%, p = 0,042, n* = 0,388.
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Iivaxag 4.1.4.1 Avolvtikd omoTteléouaTO. OTO. KOTOKOPVOPO, GAUATO, UETA OTO POPUGPIOUO UE YOUNAG Kal vynid poptio. Kouio

oAloyn ueta. to. dvo popuopiouata.

D®oppdpiopa pe 30% Ddopudpiopa pe 85%
Koataxopvea Alpota [Tpwv Meta [Tpwv Meta P n
30,67 31,15 29,87 30,43 0,722 0,006
Alpo ard Huwdabiopa (cm) + 5,47 + 5,32 +4,80 + 4,34
Iox0g omd 10 dApa amd 775,85 784,20 761,57 785,55 0,942 0,000
HuwéOopa (W) + 207,21 +216,44  +202,06 + 198,73
Ioxdg omdé 10 dApa amd 9,93 9,93 9,37 9,73 0,650 0,010
Hpwadopa (P-kg™) + 2,26 +2,29 +1,75 +1,65
AApo pe oudpnomn Koppov 33,40 33,44 31,99 32,57 0,611 0,013
(cm) +5,98 +5,99 +4,15 +4,35
Ioydg amd 10 GApo pe 1049,71 1081,44 1060,36 1064,02 0,895 0,001
atopnon koppov (W) + 275,08 + 312,14 + 268,48 + 260,63
Ioydg amd6 1o GApo pe 13,51 13,68 13,07 13,20 0,630 0,012
adpnon koppod (P-kg™) + 3,28 + 3,28 +2,23 +2,45

4.1.5 PvOpog epappoyng g 6vvoung (RFD)

O pvBudeg epappoyng g dHvoung oev petafAndnke petd amd to VO
TPOYPALLOTO 10YVOG OTT®S Paivetal Kol otov mivaka 4.1.5.1. Qo1060, oNUAVTIKEG
opopéc Ppébnkav otic mocootiaieg HETAPOAEG, ME TIC OWENCELS TOV PLOUOD
EPOPUOYNG NG SOvauNG HETE TO QOPUAPIGHO HE VYNAL @option va glval
ONUOVTIKG HEYOAVTEPES amO AVTES PETE amd TO QOPUAPICHUA PE YOUNAL QopTia.
ZuyKekpipéva, ot dropopis evromiotnkay ota 50ms (p = 0,038, n2 = 0,516), ota
100ms (p = 0,042, n* = 0,418) ko oto 200ms (p = 0,041, n* = 0,389)
(oxedraypappa  4.1.5.1). Opoiwg, 7y TOV  YOpo  euPadod  KopmOANG
dovapnc/xpovov, doev PpEéOnNKav GTATICTIKG CNUAVTIKEG OOPOPES UETE Ta 60O
TPOoYpapUaTH 16Y00G6. 26TOC0, N AVAALGT| TV TOGOCTIOMV LETAPOADY £0€1EE OTL

vIdpyel SPopd avapesa ota 0V0 TPOYPAULOATE LE TO QOPUAPIGHO UE LYNAL
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popria va vreptepei ota 100ms (p = 0,045, n° = 0,411), 150ms (p = 0,038, n? =
0,512), 200ms (p = 0,044, n* = 0,401) kon 250ms (p = 0,048, n° = 0,380) o¢

GUYKPION UE TO POPUAPIGHO LLE YAUNAL POPTIQL.

Ilivaxag 4.1.5.1 Avalvukd amoteléouota otov poluod epapuoyns e OOVOUNS kol oto EUPOOOV
KoumdAng ovvoung | ypovov uetd. amod popuipione pe xounid kot vynid poptio. Kouio alioyn petd to
0v0 popuapiouora.

®opudpopa pe 30% Dopudpiopa pe 85%

IIpwv Meta [Ipwv Mera
Puudg Epappoyng Avvapng (N-sec™) p N

50ms 10490 9336 10622 13827 0,392 0,039
+ 4386 +4195 + 6200 + 10208

100ms 14899 13865 14914 16248 0,825 0,003
+ 5635 + 5827 + 9039 + 7467

150ms 14384 14038 14066 15909 0,275 0,062
+ 5065 + 4808 + 7529 + 6659

200ms 13086 12959 12584 14370 0,181 0,920
+ 4349 + 4274 + 6344 + 5613

250ms 11552 11543 11274 12783 0,164 0,099

+ 3502 + 3409 + 5498 + 4849

Eupaddv Kapmding Avvaung Xpovov (N/sec)

50ms 442 426 481 546 0,341 0,048
+ 185 +178 + 249 +273

100ms 6104 5442 6369 7086 0,906 0,001
+ 2399 + 2325 + 4323 + 4227

150ms 22906 21288 23186 25799 0,600 0,015
+ 8417 +8289 +14114 + 12827

200ms 54572 51985 54121 60829 0,384 0,040

+ 19281 +18822  + 30699 + 27539
250ms 102669 99271 101131 114130 0,287 0,059
+ 34514 +33975  + 54643 + 48717
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@ doppdpiopa pe 30%
140
* W Qoppdpiopa e 85%
120 - *
100 4 *

80 1
60 4
40 +

20 1 T T T
0] | | |

-40 - 50ms 100ms 150ms 200ms 250ms

MooooTiaia AMayn atov RFD (%)

Zyniua 4.1.5.1 Hocootiaisc allayéc atov poOud epapuoyiic e Svvaune (RFD), P < 0,05.

4.1.6 Méywotn ovvapn (1-MAE)

H péylotm 1oopetpikn dvvaun mopépeve OoUeTdPAntn HETA Ta OVO
eopuopicpato O @aivetor otov mivoka 4.1.6.1. Qotdc0, o1 mOcOGTINES
AVENCELG NTOV CNUOVTIKGE LEYOADTEPEG LETA TO POPUAPIOUA LE VYNAG popTio GE
oLYKpPLON e TO Qopuapiopa pe younid eoptia (17,8 +£ 15,9% wot 2,4 + 9,9%,
avtiotoya, p = 0,016, n2 = 0,539). [Mapopota anoteréouata PpéOnkay Kot yio T
doKiocio TV 0BNcEOV KAT® OKPp®V, YOPIG Vo LIAPYEL KATOW GNUOVIIKY
dwpopd petd to 6v0 mpoypdupata. QoTdG0, Ol TOCOCTIONES ALENCELS NTOV
ONUOVTIKA LEYUADTEPEG LETA OO TO POPUAPIGUA [LE VYNAGL QopTiol o€ GVYKPIOoN
ue o popuapiopo pe younia eoprtia (5,9 = 10,2% ko -3,4 £ 7,9%, avtictoya, p
= 0,031, nz = 0,415). Kapio alhayr oev Ppébnke oTIG OGKNOELS TOV OPAGE, TOV
EMMUGUOV, TOV TEGE®V Bhpaka pe Umapa Kot 610 Padd Kabiopo PETE omd To

dvo poppapiopato (wivakog 4.1.6.1).
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ITivarag 4.1.6.1 Avalvtixe arwoteAéouota T HOIKHG SOVOUNG UETE ATO TO, SDO POPLOPIGUOTA LE DYHAG Kol

xounié poptio. Kouio alioyn uetd to 6vo popuapiouora.

Ddopuapiopa pe 30% Dopuapiopa pe 85%
[Ipwv Mera JIAY Metd P n2
55,50 55,78 55,78 55,40
Apacé (Kg) + 16,91 + 15,47 +17,87 +17,12 0,762 0,007
76,09 79,00 77,67 77,50
Enmopwwopog (kg) 23,41 + 2591 + 25,31 + 25,95 0,861 0,002
93,22 94,44 94,44 97,56
[Mayxkog (Kg) + 30,84 + 29,10 + 30,87 +29,11 0,129 0,138
128,46 125,00 128,85 127,73
Babv (kg) + 27,72 + 29,24 + 27,40 + 30,44 0,847 0,002
341,36 331,82 324,09 339,09
[Mpéoa (kg) +73,38 +81,71 + 91,67 + 87,34 0,584 0,015
4092,54 4201,61 4133,32 4734,35
Ioopetpucr (N)  +£1006,01  +1070,20 +1843,32 +2036,12 | 0,063 0,320

4.1.7 ApyprtekToviki dopn) Tov £E® TAATY prpraiov poidg

Metd amd 2 efdopddec popuopicpatog eite pe younAd eoptio gite pe
VYNAG @optic, M OPYITEKTOVIKN OO Tov £E® TANTOL pnplaiov pvodg degv
petafAndnke  onuoviikd. Ta  avoALTIKA OTOTEAECUOTO TOV — UETPNCEDV

napovctdlovtal otov mivaka 4.1.7.1.
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Ilivaxag 4.1.7.1. ApyiteKtoviKd. yopaKTHpIoTIKG TOU EC TAATD UNPLAIOD HDOG UETA ATt 2 Ef00UGIES POPUIPIoUA
e vynAd kot younia poptia. Kouio allayn petd ta 000 popuopiouora.

Gopudpiopa pe 30% Dopudpiopa pe 85%
[Tpwv Metd ITpwv Metd p nz
Méyoc (cm)  2,56+0,38  2,64+032 2524041 253+037 0.626 0012
Tovio (oipec) 1855+2.16 17,74+273 17,34+158 17,05+219 024 0,065
0,653 0,010

Mnkog (cm) 8,28 +1,44 8,58 + 1,47 851+115 8,81+155

4.1.8 Adamn pala

H i pélo a&toroyndnke omnv apyn TOL TPOTOVNTIKOD HOKPOKVKAOL,
UETA TNV TTPAOTN TEPIOO0 POPUAPIGUATOS KOl OAUECMG UETA TN OeVTEPT TMEPI000
eopuapiopatog. Ta anotedéopata £dei&av 6Tt 1 dAn palo avénonke onuovtikd
LETE TIC V0 TpomovITikKéC Teptddovg (p = 0,004, n° = 0,706) kot oyeddv 10 id10

HETA amd Ta 000 poppapicpata dmwg eaivetar kot otov wivoka 4.1.8.1.

Iivaxag 4.1.8.1 Xwuotikn odotacy HETE T0. dDO POPUAPITLOTO.

Apyn GQoppdpiopa pe  Popuapiopo pe
TPOETOLUOGIOG 30% 85%
Aimog (%) 29,58 £ 7,85 27,99 + 8,17 27,64 + 8,34
Al pado (kg) 54,85 + 14,28 57,32 +13,41° 57,05+1521"
Ootikh TokvoTTa (grem™?) 1,31+ 0,10 1,34+ 0,09 1,34+ 0,09

P < 0,01, avéueoa oty évapln Tov TPOTOVHTIKOD UaKpOKVKAOD Kal TwV 000 TEPLOSWY QOPUApPIoUaTOS
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4.1.9 Avtidnyn KOTTOONG

Metd to 1€A0C TV QOopuapcUdT®Y, ot afAnTéS a&loAdynoav Ta VO
QOpPUOPICUATO OG TPOS TNV AVTIIANYN KOTW®ONG. ZVYKEKPIUEVA, UETE amd KAOE
TPOTOVNTIKY povada Pabporoyovoav and 1o 1-10 10 ekdoTOTE POPUAPIGLO TOV
TPOYLOTOTOOV00V GOUPOVE UE TNV KAipake koémwong tov Borg, (1982).
[TapdAinia, vroloyioTnkov o dyKog TPOTGHVNGNG, N TPOTOVITIKY LOVOTOVIO Kot
TO TTPOTOVNTIKO GTPEC UETG 0md KAOE mpomdvnon chuemva ue tovg McGuigan kot
Foster, (2004). Ta anoteAéopata £6€1EAV OTL TO QOPUAPIOUA LE YOUNAL QOpTIia
Ntov onuovikd evkoddtepo (Borg scale 1-10) oe chykpion pe TO QOPUAPIOUO [E
vymid eoprtia: 4,0 = 1,5 évavtt 6,7 £ 0,9 (p = 0,01, nz = 0,757). llpayupatt, Ta
dedopéva avTd ETOANBELTNKAY Kot OO TIG ETOUEVEG AVOADGELS, 6oL Ppénke OTL
0 OYKOG mpomdVNONG Le TA VYNAA QopTia Ty TOAD PEYOADTEPOG GE GVYKPLON UE
o yapunAd eoptia (12662 + 2944 kg évavti, 9360 + 1373kg, p = 0,000, n° =
0,763), evid M TPOTOVNTIKT LOVOTOVIOL KOl TO TPOTOVNTIKO GTPEG NTAV LEYOADTEPQ
UETA TO Qopudpioua pe vynid eoptia (Lovotovia: 2,30 £ 0,33 évavtt 0,70 £ 0,33,
p = 0,000, n2 = 0,945, ko otpeg: 1114 + 310 évavt 424 + 451, p = 0,000, n2 =
0,659).
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4.2 Anotehéopata SeVTEPNG PEAETNG

YKomdg G 0evTEPNC HEAETNG NTaV Vo dlepevvnBel 1 oyxéom petald tov
pLOUOY EPOPUOYNG NG OLVOUNG, TNG OPYLTEKTOVIKNG OouNG Tov &€ mAotd
unpwiov podg Kol TG PUITIKNG emidoons mptv kot petd omd 10 efdopddeg
wpomdvnong dvvauns-oxvog oe abintég piyewv. To amotehéopota TG HEAETNG
Ogv £€0€1E0V OTATIOTIKA ONUAVTIKEG O0POPEC avAIESH GE OOANTEC Ko OOANTPIEG
(. YL TV AyOVIGTIKY] putTikn €nidoon @ p = 0,565, kot yio 10 KOG TV HUTKOV
depatiov: p = 0,498). Omote, ta amoteAéopata TG OgvTeEpng MeAETNG Oa

TOPOLGLOCTOVY MG Lict Opdda AOANTOV/TPLOV.

4.2.1 ZONOTORETPIKE YOPOKTNPLOTIKG

Metd and 10 efoopdoeg mpomdynong SHVAUNG-1oYDOC TO COUATOUETPIKE
YOPOKTNPIOTIKG TV afintdv/tpiwv oev petafAndnkav. ITo cvykekpiuéva to
COUOTIKO OVACTNUO TOPEUEIVE OUETAPANTO VO 1 GOUATIKY pala dev GAAate

onuavtikd (amd 82,04 + 20,29 kg oe 82,79 + 21,03kg, p = 0,088, n° = 0,241).

4.2.2 AMhoyég 6TV OYOVIGTIKN Py, 6T PUTTIKY] IKOVOTNTO, GTN MOIKN

ovvaun Ko otov puopod epapproyns TS oVVOUS

H oayoviotiky pwtikn emidoon ovénonke petd omd 10 efdopddeg
npomdvnong katd 6,76 + 4,31% (p = 0,000, n?= 0,705). Avtictoua, ot oAAayéc
OTN PWITIKY KovOTNTO, OTNn WHLikN dvvaun Kot otov puiud €popuoyng g
dvvoung mapovotdlovtor otov mivako 4.2.2.1. XT1¢ SOKOGieg NG PUTTIKNG
wKavotntag Ppédnke onuavtikn avénon poévo ot piyn and teAikn dSurhn otpién.
Oleg o1 dokipacieg dvvaung avénonkav petd tic 10 efdopddeg mpomdvnong, Vo
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Iivaxag 4.2.2.1 AlAayés oe pimtiks tkavotyta, woixn ovaun kot poOuod epoproyns te OOVoUNS 0€ XPOVIKES TEPLOOOVS OO

50ms éwg 250ms, uetd and 10 efdoudoes mpomdvnon dOVaunc-16yHog.

ITpw (T1) Mertd (T2) % T1-T2 p n

Purtun] ikavotnta
Piyn micw (m) 13,72 +1,58 13,71 +1,73 -0,31+ 2,62 0,872 0,002
Piyn pe péromno (m) 9,38 +1,36 9,39 +1,37 1,54 + 4,97 0,954 0,000
Piyn amd telikn 9,65+1,41 9,95+ 1,34" 3,58 £ 4,97 0,019 0,408
dumAn otpién (m)
Movikn évvapun
[péoa (kg) 340,00 + 80,00 360,00 £72,77" 8,01 +£6,01 0,008 0,492
Enopiopog (kg) 77,00 £ 23,66 78,36 + 27,63" 4,72 £5,28 0,006 0,516
Ba60 (kg) 125,00 + 26,08 130,9 + 25,96" 4,68 2,98 0,000 0,731
Ioopetpikr (N) 39465+ 10659  4612,1+13382° 22,65+ 20,12 0,009 0,475
PvBpog epappoyng
™G dvvapung

RFDsoms (N-sec™) 10176 + 4511 13320 + 4542°  4240+41,82 0,000 0,705
RFD1goms (N"sec™) 14664 + 5555 19041 +6581° 37,72+ 34,81 0,007 0,499
RFD150ms (N"sec™) 14107 + 4162 17935 +4823" 30,66 + 24,31 0,002 0,593
RFD200ms (N-sec™) 12761 + 3434 16075 +4093" 28,66 + 25,77 0,004 0,554
RFDasoms (N-sec™) 11272 + 2826 14313 + 3415" 29,41 + 24,83 0,001 0,616
Eppadov kapmioing

ovvaung ypovov

Impulsesoms (N-sec) 450 + 182 590 + 197" 37,88 + 32,19 0,001 0,652
Impulseigoms (N-sec) 5814 + 2363 7929 +3299° 43,80 + 38,97 0,006 0,514
Impulsessoms (N-sec) 22254 £ 7793 29365 + 10118" 37,27 + 30,73 0,003 0,556
Impulsezooms (N-sec) 53134 + 16644 68746 + 20978 33,11 + 26,52 0,003 0,570
Impulsezsoms (N-sec) 100086 + 28943 128577 +36319° 31,44 £ 25,23 0,002 0,581

* P < 0,05, " P < 0,001, RED = pvludc epapuoyic Sovaune, lmpulse = eufadov kourbine ddvaunc xpovov.
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4.2.3 AMhoyég 6TV OPYLTEKTOVIKI] doun ToV €€ TAATO pnplaiov pvog Kot

0TI GOUUTIKI] GVGTAON)

Ytov mivaka 4.2.3.1 mapovctalovtol ot aAAAYES GTNV OPYLITEKTOVIKT SOUN
tov €€ mAATY unpuaiov pvodg. Metd amd 10 efdopnddeg mpomndvnong Ppébnie
OTOTIOTIKA ONUAVTIKY] avENomn oT0 Téyog Tov Pudg OAAY Kol GTO PAKOG TMV
poikov depotiov. Kopio onpoavtikn aliayn oev Bpébnie ot yovia mpdcspuong
TOV puikov dspotiov. Aviiotoyya, otov 1010 mivoka mapovotdloviol Kot To
AmOTEAECUATO OO TNV EKTIUNGCT TG OOUOTIKNG OGVUGTOONG. ZUYKEKPIUEVA,
waponpnOnke po téon v advénon oty dmn pdlo TV KOTO GKPp®V, VO
Kapion GAAN adAdayn oev PBpébnke otig voAowteg petafAntéc g dammg palog.
[MapdAinlo, 10 T0600TO Aimovg moapéuewve apetapinto (1,14 + 6,07%, p = 0,625,
n? = 0,028) evé 1 ootk TOKVOTITO Sev petaPAnonke (0,98 + 2,59%, p = 0,238,
n? = 0,151).

Hivakxag 4.2.3.1 AAoyés oty apyitektovikn doun tov EEw mAATO unplaiov Hoog kor oty alimhy Uao.

Ipw (T1) Metd (T2) % T1 -T2 p n°

Téyoc (cm) 2,57 +0,32 2,71+0,29 5,95 + 7,13 0,012 0,452
T'ovia (poipeg) 19,05 £ 2,82 18,42 £ 1,85 -1,28 + 18,14 0,531 0,037
Mijkog (cm) 7,85+ 0,89 8,84+ 1,16 1341+16,15 0,016 0,425
Al palo (kg)  57,14+13,15 58,61 + 15,49 2,08 4,61 0,208 0,170
Al pala aveo 7,45+ 2,19 7,31+ 2,30 2,07 +5,74 0,450 0,065
axpov (Kg)

Al pélo 20,78 + 4,43 21,63 +5,29 3,87 + 4,86 0,087 0,290
koppod (kg)

Al péda 25,60 * 6,45 26,73 + 7,69 3,72 +5,75 0,057 0,347

Kato axpov (kg)

P <0,05
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4.2.4 XvoyeTicglg Kol TOAAGTAY YPOUMIKY] TOAVOpOpNon avapeco otny

OYOVICTIKI] PUTTIKI] ETIO0C6T KOl GTNV UPYLTEKTOVIKN dop] Tov £E® mhato

pnpaiov pvog

Mo ™ ovoyétion ™G aY®VICTIKNG PITTIKNG €MO00NG HE TIG VTOAOITES
UETAPANTEG TPAYLLOTOTOMONKE LETATPOTY| TOV AYOVICTIKOV PUTTIKOV EMOOGEDV
oe TG Z dote vo. EAaylotortombel To PEYAAO €0POC OV TPOKLTTEL OO TIC
ayoVIoTIKEG emdooelc. H avaivon cvoyétiong €0e1&e ONUOVTIKEG GLGYETIOELS
OVALESO OTNV OYOVICTIKY PUTTIKY EMIO00T KOl GTNV AGKNGY| TOV ETMUGHOV TOGO
npw Vv pomtdvnon (r = 0,61, p < 0,05) aArd ko petd v apondvnon (r = 0,59,
p <0,05). Avtiotoryo, onuovtikn cuoyétion Ppédnke 6to TEAOG TNG TPOTOVNTIKNG
neplodov (T2) avapeso otnv ayoVioTiK piyn Kol 6T0 UNKOG T®V HLIK®OV
depatiov (r = 0,59, p < 0,05). Kapioo GAAn onuoviiky cvoyétion dev Ppédnke

AVALESO GTNV OYMVIGTIKY] PITTIKN EMIO00T (Z TIHES) UE TIG VITOAOITES LETOPANTEG.

H avéivon moAomAng ypouukng TaAtvopounong £0e1&e 6Tt 0 YPOpUIKOG
GLVOLAGHOG TNG TOCOGTIAH0G AVENONG TOV UNKOVG TV HVIK®V SEUATIOV KOt TOV
whyovg ToL £E® TAOTO unpuiov podc €tewve va mpoPAémer 1o 33% 1ng
TocooToiaG aOENONG OTNV AYWVIGTIKY PUTTIKY €MIOO0N (R2 = 0,338, p = 0,06,
Beta unkovg depatiov = 0,703, p = 0,028, Beta nayovg pvog = 0,511, p = 0,09).
Opoilmwg, 0 YpouUKOS GLUVOLACUOG TNG TOCOCTINHNG AVENCNG TOV UNKOVS TMV
LOIKAV depoTiov Kot TG Yoviog Tov HOikoV dgpatiov Tov £m mhath pnploiov
poog étewve vo mpoPfAémel 1o 33% g mocootiaing oENCNG OTNV OY®VIGTIKN
puUTTIKN €midoon (R2 = 0,335, p = 0,06, Beta unkovg depoatiov = 1,605, p = 0,034,
Beta mayovg pvog = 1,206, p = 0,092).

4.2.5 XTvoyétion PWITIKNG IKOVOTNTOS KOl POIKNG dOvoung pe tov pvopo

£QappoYNS TNG dVvapng

Ot doKkipaoieg pUTTIKAG KOVOTNTOG Kot HLIKNAG O0vVOUNng mopovcioacoy

ONUOVTIKEG VYNAEC GLOYETIOES e TNV aSloAdYN oY TOv PLOUOL EQAPULOYNG TNG
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dvvaung, 1600 mpw Vv Evapén g mpomdvnong OG0 Kol GTO TEAOG TNG
TPOTOVNTIKNG TEPLOd0V. XTtov Tivaka 4.2.5.1 mapovcstdloviol Ol GLVIEAECTEG
ovoyétiong tov petafAntov. Kopio onuoavtiky cvoyétion dev Bpébnke avdpeca
OTIG TOGOGTIOHEG OAAYEC TV SOKIHOGIOV PITTIKNAG IKOVOTNTAG, HWVTKNG SVVOUNG
Kot puORoy ePapUoyNng TS duvauns. Qotdc0o, N oxéon UeTaEd TNG TOGOCTINNNG
avENONG 6T HEYIOTN IGOUETPIKT SVVOUN KoLl GTOV PLOUO EQAPLOYNS TNG OVVOUNG

napovotdletal otov mivaxka 4.2.7.2.

Iivaxag 4.2.5.1 Xvviedeotés ovoyétions uetald twv aoKRGEOY THG PITTIKAGS LKAVOTHTOG KOI THG UEVIOTHG

oOvoung e Tov puluod epapuoyns Te SOVaung.

RFDso RFD100 RFD1s0 RFD20o RFD250

T1| ,769 693" 631" ATT 453
Piyn nico . . -
T2| 440 604 589 598 522
T1| ,660° 884" 917" 846" 814~
Pi\l’n HS Métwno *k *x *x **
T2| 540 732 794 798 772
Piym omd tehky T1| ,651 7327 723" 599 574
S oTHPEN T2| 334 603" 689" 698" ;700
T1| 631 ;700" 705" 592" 580
Bafv kaOiopa T2| 438 649" 695" 687" 690"
T1| ,766 870" 871" 760" 715
Ipéoa T2| 648 856 858" 8437 8007
T1| ,758 767 763" 636" 578
Enopuopog T2| 621 766 728" 7107 617"
T1| 342 592" 7237 7317 735
Méyiom wopetpiey T2 | 384 7217 8307 856 ,903™

“P <0,05 " P <0,01, RFD = Pofudc spappoyic tc Sovaune
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4.2.6 XvoyfTion PWITIKIG KOVOTNTOS KOU POIKNAG OOvaung pe Tty

OPYLTEKTOVIKI] doun Tov £E® ATV punpraiov poog ko v aan palo

Ytov mivaxka 4.2.6.1 mapovctdlovtal 01 GUVIEAEGTEC GUGYETIONG AVALESH
0TS SOKIHOGIEG PUTTIKNG IKAVOTNTOG KO HOTKNG SUVOUNG, LE TNV OPYLTEKTOVIKY
doun tov €€ mAaty pnplaiov podc. O mivakog delyvel ONUAVTIKEG CLUCYETIOELS
wwitepa otig T2 petpioelg avapeso oTn PUTTIKN KOVOTNTO Kol TO KOG
depotiov. MdAiota, vynAn cvoyétion PBpédnke avaupeso 610 mOc0oTO AVENGNG
o plyn oceaipag amd teMK SumAn oTPn Kol G6TO TOGOCTO AVENCNG TOL

Tayovg Tov £Em mAoTy pnpaiov pvog (r =-0,607, p = 0,048).

Iivaxag 4.2.6.1 2vvie)eotés GVOYETIONS AVOUETO. OTIC OOKIUOTIES THG PITTIKNG IKAVOTNTOS KOL THG

LDIKHG OOVOUNG e TO. OPYITEKTOVIKG. YOPOKTHPLOTIKG. TOV EC0 TAOTO UNpPIoiov Uvog.

[Téyog lovia Mnkog
T1 515 -,012 546
Fiyn wloa T2 440 -,278 635"
, , T1 8117 264 565
Fhm pe pévamo T2 753" ,082 594"
, , o T1 556 -,002 616"
Piym amd telkn oumin - ,626* 109 ,683*
T1 544 -,073 666
Badb T2 572 044 /489
T1 7617 256 478
Ipéoa T2 682" ,043 585"
T1 572 ,007 635
Enopopog T2 7137 -,112 7297
T1 848" 638 ,170
Mé£y16T1 1IG0UETPIKN T2 636" ,051 483

"P<0,05 P<0,01
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H avdAivon moAAaminig YPORUIKNG TaAVOpOUNoNG £0€1E€ OTL O YPOLLULKOG
GLVOLAGHOG TNG TOCOOTIOHAG AVENONG 6T TTAY0G TOv €€ TAATY Unplaiov pvodg
Kol 6TOV pLOUOC eQapoYNG TG OVVauNg ota SOMS tpoéPrene onuavtikd o 53%
™G mocooTtwiag avénong ot piyn ceaipag and teMkn oA otpidn (R2 =
0,533, p = 0,019, Beta ITayovg é€ mhatd = -0,637, p = 0,019 kar Beta pvOpod
eQopproynNg g dvvoung ota S0ms = 0,509, p = 0,046).

Téhog, otov mivaka 4.2.6.2 mopovctdlovtal 0l GUVTEAECTEC CLOYETIONG
avapeca oTIG SOKIHAGIEG PUTTIKNG KOVOTNTAG KOl TNG HLIKNG dVVOUNG UE TIG
TAPOUETPOVG TNG AAITNG nalag. Ommg NTov avapeEVOUEVO TAPOLGLAGTNKAY TOAD

VYNA01 GUVTELEGTEG GUOYETIONG AVALEST OTIC LETAPANTECS.

Iivaxag 4.2.6.2 2ovieleotés oVOYETIONS AVOUETO. OTIC OOKIUOGIES THG PITTIKNG LKAVOTHTO.

Kt TS UVIKIG ODVOUNG UE TIS TOPOUETPOVS THS CAITTNG UALOG.

Olwn) Avo  Koppod Kdato

ol aKpo dKpa
pélo

T1 7707 7137 809 722"

Piyn nicw o . - *
T2 713 654 760 666

N , TL 8297 846" 8277 782"

1 E LETWTO ok >k *% *k
ymHes T2 832 817 831 808

T1 8407 8200 898" 790"

Piym amd teiikn durin e o o wox
T2 794 803 ,808 767

T1 879 8727 883 858

Bafv T2 8257 8537 801" 814"

T1 9227 9187 9027 902"

Ipéoa T2 9317 9427 900" 927

T1 9457 9237 9337 929"

Enopuopog T2 905" 866 8827 8997
T1 587 629" 547 564

Méy16T1 1GOHETPIKN T2 7477 7597 7207 7537

“P<0,05 P<0,01
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Anoteléopata

™m¢e

H avélvon ocvoyétiong £€5eie OnNUOVIIKOUG GUVTIEAEGTEG CLOYETIONG

avapesa 6to pLOUO ePAPUOYNG TG dvvAUNG UE TIG PLOAOYIKES TOPAUETPOVS TNG

APYITEKTOVIKNG dopng Tov €@ mAath pnplaiov pode kot g ahmng pdloc.

Yvykekpyéva, otov mivaka 4.2.7.1 mapovotdlovtal avoALTIKE 01 GUVTEAECTEG

GLOYETIONG OVALESH OTIG TAPUTAVED UETAPANTEC.

Ilivaxag 4.2.7.1 Xovieleotéc oVOYETIONS AVOUETO. OTO. OPYITEKTOVIKG, YOPOKTHPLOTIKG TOV EC TAOTO UNpPIOiov

HVOG KOl THG GMTNG 1A log [e Tov puOuUo epapuoyns Tne 0Voung.

RFDs, RFD100 RFD1s0 RFD200 RFDyso
T1 651" 832" 875 839" 835
ITéyoc . - - - -
T2 645 734 816 806 776
T1 1168 348 301 433 442
Tovia
T2 340 243 1320 340 1389
T1 474 475 506 425 421
Mnkog * - *
T2 456 601 613 682 683
T1 602" 694" 7727 710 7137
oMKy dhmn pala T2 633" 8227 8497 858" 8727
T1 538 690 7847 7447 746
Ave Gxpa T2 606" 801" 8347 840" 864"
T1 659" 706 7627 682" 685
Koppov T2 612" 807" 8417 861" 881"
T1 547 641 728" 671 673
Kéto dxpa T2 621" 818" 8397 842" 854"

“P <0,05 " P <0,01, RFD = Poludc epapuoyic e dbvounc

‘Eva onpoavtikd edopnuo g HEAETNG NTOV 01 VYNAEG GUCYETIOELS OVALEGOL

OT1G TOCO0OTIOiEG AAAUYEG TNG GG HACag e TV IGOUETPIKN dvvapur, Tov puouod
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EPOPLOYNG TNG dVVAUNG, 0AAG Kot e To guPaddv kapmoing dSHvaun/ypovov. Xtov
nivoka 4.2.7.2 mopovctdlovial ol CGUGYETIGES OAVANESH OTIS TOPATOVE

petoPAnTé.

Ilivaxag 4.2.7.2 X0vieleotés ovOYETIONS AVOUETO. OTIC TOOOGTIONES UETOPOIES TG dlimng ualag, e uEyLoThng
1OOUETPIKNG OVVOUNG, TOD pOOUOD EQOPUOYHS THS SVVOUNGS KO TOD EUPAIOV KaUTTDANG SOVOUNS/YpOovou.

RFD

IPF RFDsg RFD100 RFD1s0 RFD2go RFD2s0

OMKT 6 péle |,786° 099 667" 7307 763" 769"

Avo GKpol 674" 121 565 7177 756" 814~

Kdto drpa 8217 241 706" 606" 538 530

Koppov 498 002 520 690 775 7577
Impulse

Impulsesy  Impulseigo  Impulseiso  Impulsezo  Impulsezsy

Ok G péla 275 646~ 7337 7977 817"
Avo GKpol 121 572 656 7477 7897
Kdto drpa 336 648" 702" 686" 655"
Koppo® 259 501 609" 718”7 7647

"P < 0,05, P < 0,01, IPF = uéyioty ioouetpixii dbvaunc, RED = Poludc epapuoyic te ddvaung,
Impulse = euBoddv kaumving ddvaunc | ypévoo
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ZuChiton

KE®AAAIO 5
XYZHTHXH

H ocvlnmon tov amotelecudtov yivetal pe Baon ta t€6oepa EPELYNTIKA
EPMTALATO, TTOV TPOKVTTOVV ATtO TIC SVO HEAETEC:
[Ipoto epevvnTikd epdTNUA: To QOPUAPIGHA TPV TOV OyOVA-GTOYO €ivor
KOAVTEPO Vo yiveTal pe VYNAEC N YOUNAES avTioTdoelg o€ afANTEG plyemv;
Agbtepo gpevvnTikd gpauo: H mpondvnon 1oybog pe younid Kot pe vynad
Qoptio BEATIOVOVV TIC TAPAUETPOVG SVVOUNG, 1oYDOG Kot pLOLOD EPOUPLOYNAG TNG
dvvoung, oe aBAntéc piyewv;
Tpito gpevvnTikd epdTNUA: YTAPYEL CLOYKETION UETAED TOL PLOUOD EPUPLOYNG
NG OUVOUNG KOt TNG PUTTIKT ETIO00NG;
Tétapto epeuvntikd epdTNUA: YTTAPYEL GVoYETION HETAED TOV PLOUOD EQUPLOYNG
™G OVVOUNG KOl TOV OPYLTEKTOVIKOV YOPAUKTNPIOTIK®OV TOV £E® TAATL Unploiov

HLOG;

5.1 Zvintnon amoteleopaTOV TPOTNG PEAETIS

5.1.1 H eniopacn Tov QOoppropicpnotog pE VYNAES KOl YOUNAES OVTIGTAGELS

OTNV 0YOVICTIKI] PIATIKN ENI0061] KOl 6T1] GUVOVUGTIKY] PUTTIKY] IKAVOTNTO

To k0plo evpnua TG TPAOTNG HEAETNG NTAV OTL 1| TPOTOVNON 1GYVOG LE
YOUNAG Kol VYMAG eoptia dtapkelag 6V0 efdouddmy, avEdvel oyeddv 10 1010 TNV
AYOVIOTIKY] PUTTIKNY €Mid0oom og abnTég piyewv. TTo avaivtikd, to opudpiopa
pe vynid eoptia (85% g 1-MAE) avénoe v ayoviotikn piyn kotd 5,6%, evd
avtiototya, T0 Qopudapiopa pe younid eoptio (30% g I-MAE) adénoe v
ayoviotiky] piyn xoatd 4,8%. Ta mocootd avéENoNG TG AYOVIGTIKNG PUTTIKNG
emidoong Ppiokoviar o€ ocvueovio e HEAETEG OE Oy®VIOUOTO 10(VOG UE
napdpoteg avénoelg oty emidoon katd =~ 4,6% (Mujika et al., 2004). Kapio

OTOTIOTIKG oNUavTiKn Olapopd dev PBpébnke avapeca oto 600 QOPUOPIGHATOL.
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Qot660, N mocootwaio. dapopd 0,8%, mov dev eivol OTATICTIKG GNUOVTIKY,
umopet vo £xel peydn onpocio otny aOANTIKY TpakTiky. Avtd onuaivel 6Tt 6ToV
Kopueoaio aydve TG xpovidg, Omov  OAot ot abAntég embouodv  va
LEYIOTOTTOMGOLVY TN PITTIKY TOVG TG00, 1) SL0POPE LETAED TOV TPMTOL OO TOV
dgvtepo pmopel va givor pukpdtepn omd 0,8%. Mdlota, to amoteléopata amd
toug OAvumiakobg aymveg Tov 2012 610 Aovdivo delyvouv 6Tl 6TaL aywvicpoto
™G opapoforiag, TG O10KOPOAIOG Kol TOV OKOVTIIGHOV 1) d1(pOopd TOV TPMTOL
viknTn omd tov 0gvTepo NTav kbto amd 0,2% (0,14%, 0,13 kot 0,08% avtictoyo,
N OWPopd TPAOTOL Kol OeDTEPOL VIKNTH oTovg OAvumiokods Aymdves TOV
Aovdivov 2012). Avtd TpakTiKd onuoaivel 6Tt 1 ETA0YT TOL POPUOPIGHATOG {0WG
€XeL ONUOVTIKO POLO OTNV EMTEVEN HEYIOTNG EMIOOONG GTOV OYMVO-GTOYO OAAG
KOl GTNV KATAKTNON TG TPAOTNG Ao TN devTepm O€on.

Evdwapépov bpnua g peAémng Mrav 0Tt ot mEvie aBANTEG/TPLEG TG
dtokoPoriog avénoav TEPIGGOTEPO TNV EMIOOGT| TOVG UETE OO TO POPUAPIGOL LE
younid eoptia katd 5,02% oe cOykpion pe 10 QOPUAPICUA LLE DYNAL QopTio
o6mov 1 emidoon avéndnke polg kotd 3,24% (p = 0,005). Ot abintég ™G
dtokoPoAiag xpnoomolovy ot piyn £va GYeTIKd AaEPD dpyavo (816K0G GTOVG
avopeg 2kg, otig yovaikeg 1kg) kdtt to omoio onpaivel 011 n enidoon ot piyn
otmpileton mEPIGGOHTEPO OTNV TOYOTNTO KIVIONG KOl AYOTEPO OTNV UEYIOTN
dovoun. Ieprypapikd, edv BELovE VO KOTATAEOVLE TOL PITTIKG OLYy®VICUOTO GTNV
Tayodvvapkn oxéon (kediaio avaokomnong, oyfuo 2.1.1) pe Baon 1o Papog
TOV PWITIKOV 0PYAvoL, ¢aiveTor OTL To aywviopato Tng OokoPoAing Kot Tov
AKOVTIGUOD £YOVV DYNAOTEPES AMAITHGELS GE TAXVTNTO EVA AVTIGTOYO 1| CQaipa
Kot 1 opOpa (Gvdpeg 7,26Kg, yovaikeg 4Kg) éxovv vYNAGTEPEC AmMALTAOEIS OF
dvvapun. Avtd onuoivel 0tt ot aBAnTtéc TG SlokoPOAiG Kol TOV OKOVIIGHOV
ompiloviol TEPIGGOTEPO OGNV AVATTVEN TaYVTNTOG Kol {omg Aydtepo otnv
dvvoun. Qotd6co, 0 aplfuog twv adAntdv g dokoforiog (LOMG 5) amoteAel
TEPLOPIOTIKO TOPAYOVTO Y10, TNV YEVIKEVGT TOV ATOTEAECUATOV.

Ta mapondve dedopéva emainfedovior Kol amd To OmOTEAEGUATA TNG
GLVOLUGTIKNG PUTTIKNG KAVOTNTAG 1} oToia avENdnke onpoavtikd katd 3,3% povo

HETA OO TO QOPUAPICHA HE VYNAQ @OPTIOL KOl ONUAVIIKO TEPIGCOTEPO
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CLYKPITIKA UE TO Qopudpiopo pe younid eoptia. Ot purtikég dokpacieg (..
piym ooeaipag micm pe 600 yépla, plyn oceaipag eumpdc pe 00O YEpla, piym
ocQaipag amd teAMKY oAl otpign) Bewpovvion SOKIHAGIES 1oYVOS OAOKANPOL
TOL OCOUOTOS KOl YPNOUOTO0VVTOL KOTE TN OldpKEW OAOKANPOL  TOV
TPOTOVNTIKOD £€TOVG Omd TOLG PINTEG MG OEIKTEG TNG PUTTIKNG KOVOTNTOG.
MdéMota, vdpyel VYNAR GLGYETION UETAED AVTAOV TOV PITTIKOV SOKILOGLOV Kot
™m¢ ayoviotikng piyng (Terzis et al., 2010). Xe mponyodueveg peréteg Ppébnke ot
N PUTTIKY] IKOVOTNTA GE OVTEC TIG OOKIUACIEG PEATIOVETOL LETA OO HOKPOYPOVIOL
npomodvnon dvvaung (6-12%, Terzis et al., 2008, 7-13%, Zaras et al., 2013) evod
TapopéEVEL 68 DYNAA emimeda akoun Kot PeTd and 4 eBSoUAdES amonpondvnong,
tomg e€attiog ™G oNUOVTIKNG aOENGT TOL TOGOGTOD TOV UVLIKMOV V@V Tomov IIX
petd omd TN SKomn TG MPOmMOVNONG, Ol omoiec eivor vmevBuvee yo Vv
avartuén g poikng oyvog (Terzis et al., 2008). Me avtd ToV TPOTO M PUTTIKY
KOVOTNTO TOPEREIVE DYNAG HETA amd TV TEPI0O0 SLOKOTNG TNG GLGTIUOTIKNG
TPOTOVNONG GE HETPLOL YUUVOGUEVOVS OGKOVUEVOLS. Q6TOCO, 6T TOPOVLGO
peAETN, M ddpkela oppopicpatog NTov HOALS 2 eBdOUAdES, LKPT SLAPKELN Yo
VO EVTOTIGTOUV TUYOV GAAOYEC GTNV KOTAVOUTN TOV HVIKOV VAV, L& TPOTYOVLEVN
peAétn og abANTéG spupoforiag Bpédnke OTL akdUN Kot pHeTd TV Paptd xeuepivi
EPL0d0 TPOETOAGING, Ol GOUVPOBOAOL £YOLV TNV KAVOTNTA VO, GUVINPOLV TO
TO0600TO TOV UVIKOV vdv Tomov IIX oe vymid eminedo (Terzis et al., 2010).
Avrtictoya, Tpoceates peéteg deiyvouv OTL petd amd 6 gfdouddeg Tpomodvnong
woyvoc pe 30% g 1-MAE oAAd ko petd omd oOVOETn Kol GLVOLOCTIKY
TPOTOVN G|, TO TOCOGTO TOV PLIKMOV vV TOmov 11X mapapéverl apetdfinto (Zaras
et al.,, 2013, Stasinaki et al., 2015), ev®d @aivetoanr vo VIAPYEL EMAEKTIKY
VIEPTPOPICL TNG EYKAPCIOS EMUPAVELNS OVTMOV TOV HLIKOV VOV HET amd T
BoAlotikn mpomovnon pe 30% g 1-MAE (Zaras et al., 2013). ®aiveton 611 T0
HOVTEAO TNG TPOTOVIONG TOL OKOAOVOOUV o1 0OANTEC TV plyewv dev aAAdlel
1010UTEPA TO TOGOGTO TOV HVIKOV vV TOToV [IX. Q0T1d60, 6TV TAPOVLGH PEAETT
dgv aflohoyndnke m KoTOVOUN HLIKOV WOV 00TE TO EMIMESO TG VELPIKNG
EVEPYOTOINONG TOV KAT® AKPOV, HETPNOELG Ol omoieg B umopovoav vo dMGOVV

TANPOPOPIES Y10 GUYKEKPIUEVEG TPOGOPHOYES LETE 0O TOL VO POPLOPICLOTOL.
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5.1.2. Zoykpion ™S TPOmOVN oINS LoYV0S pE younid kor vynid @optia oe
TOPORETPOVS oYV0S, oOvvaung, pPuvOpod egeappoyng TS Ovvauns Ko
avTiAnYng KOTMONg

H ot woydg eivanr onpoavtikdg mopdyovtag yioo TNV HEYIGTOTOINGN NG
purtikng enidoong. Ta amoterAéopata g Tp®OTNG HEAETNG £de1EAV OTL GE AMOAVTEG
TIUEG, OEV VINPYE KOUIOL ONUAVTIKY OAAQYT OTIS TOPAUETPOVS 1GYVOG METH oo
Qopudpioua. eite pe younAd eite pe vynid eoprtio. QotOGO, TO POPUAPIGUA LE
VYNAd poptio PerTimoe TEPIGGATEPO TNG TOPAUETPOVS 10YVOG GE GVYKPLOT| LE TO
eopudpiopa pe younid eoptia. Ipdypatt, 0TmMG avaeépbnke Kol TOpATAvVED, 1
GLVOVACTIKY PUTTIKN IKOVOTNTO VENONKE TEPIGTOTEPO HETA OO TO POPUAPIGLLOL
He VYNAAQ @optio. 6 GUYKPIOT UE TO POPUAPIGHO LE YOUNAQ QopTio. AvticTOorya,
N HOIKN 1oY0g 610 GApe amd MUIKAOopo avénonke mepiocdtepo petd amnd To
eopudpiopa pe vymid eoptia (5,1%) oe clhykpion e TO POPUAPIGHO LE YOUNAL
eoptia. (0,9%). Ta oedopéva ovtd Ppiokovior 6e cupE@Vio pe UEAETN TV
Kyriazis et al., (2009), 6nov petd omd 12 €Bdopddec mPomdHVNONG UE OTOXO TNV
avénomn NG PWITIKNG €MBOONG, N TOPAY®OYN 0YXV0G GTO KATUKOPLEO avENOnke
Katd 9% v TOPOLGLAGTNKE VYNAT GUGYETION HE TNV ayovioTikn piyn (r = 0,66).
SOUQOVE HE OVTA To OE0OUEVOL QOiveTal OTL 1M TPOTOVNON 10YVOG LE LYMAL
@OpTioL 6TV TTEPT0J0 KOPHPM®ONG TNG EMIOOONC, 0ONYEL GE ONUAVTIKY AOENCT TG
LIKNG 16Y00G OTO KATAKOPLPO (AL, TOLAGYIGTOV o€ afANTEC plyewV, YEYOVOG

TO 07010 SLOTIGTMOVETOL Y10, TPADTN POPA.

Onwc ftav avopuevopevo, n Hoikn dvvaun ovénonke meplocdtepo UETA
Ao TO0 POPUAPICHO e VYNAGL pOPTiol GE GVYKPIOT UE TO POPUAPIGHO LE YOUUNAL
Qoptio. XVyKeKPEV, 1 HEYLOTY LGOUETPIKN OVVOUN OTIG WONGCES TOV KAT®
dxpov avéndnke katd 17,9% petd amd mpondvnon pe LYNAL PopTic Kot KOTA
2,4% petd amd mpomdvNon Ue xapnAd eoptio. Avtictotya,  HEYLOTN dVVAUN GTIG
wbnoelg Kot dkpov avéndnke katd 5,9% petd amd 10 PopUAPIGHO LE VYNAL
eoptio. o€ ovtifeon pe To Qopupapioua LE YoumAd @optio mov Ppédnke aiiayn

kot 3,4%. daivetar, OTL 1 ATOTOUN EAGTTMOGT TOV TPOTOVITIKOD OYKOV WETE TO
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eopudpiopa pe younid eoptia (mpomdvnon pe to 30% g 1-MAE) eilye o¢
GULVETELDL TNV TTTOON NG HEYIOTNG SVVAUNG GE VTG TIC OOKNOES. AvTioTowya, 1
mpomdvnon pe vynAd eoptia (rpondvnon pe to 85% g 1-MAE) eaivetor va
GUVTINPNOE TNV IKOVOTNTO TV 0OANTOV GTN HEYIGTN dVVAuT KaBMG 1| TTOGN TOL
OyKov TpomdVNoNg dev NTav 1060 amdtoun. Evdapépov £xovv ta amoteAéopata
épevvag towv Hortobagyi et al., (1993), ot onoiot £€dei&av 0TL petd and 14 nuépeg
amomPonOVNONG G€ OOANTEC 10YVOC TopaTNPNONKE ATPOPio. TOV HLIKOV VOV
tonov II katd 6%. Eivar yvootd 611 n poikn dovaun e€aptdtor og peyaro Pobuo
amd v poiky palo. [pdypott, to omoteAéopoto TG OVAALGNG GUGTOONG
ocopotog €0e1&av mapodpoleg avénoelg oty ) pala 6to T€Aog TV 600
eopuopiopdTov. Opoimg, 1 pLikn vrepnyoypapio oev £6e1Ee ONUAVTIKEG OALOYEC
N 0PopEc avdpesa ota 0HV0 PopuapioUATe OGOV aPOPE TO TThY0G TOV £E® TANTY
unpaiov poog. @aiverar 6t n oAAayn TOV GYKOL TPOTOHVNONG GTO POPUAPICLOL [LE
T YounAd eoptia va emnpedletl o peydio Pabud v wavoTnTo GVVINPNONG TG

HLTKN G OVVAUNG 0€ VYNAG emtimeda.

O puBuog epapproyng g dVVOUNG TaPEUEVE AUETAPANTOC HETA TO dVO
eopuapiopata. Qotdco, o1 mocootiaieg peToPoréc  avdpeso  ota dVO
eopuopicpato £6e1&av 6Tl To POPUAPIGHA LE VYNAG popTia advéNnce TEPIOCCOTEPO
Tov pLOUO EQOPUOYNG NG OVVOUNG GE GUYKPIOT LE TO QOPUAPICUO LE YOUNAG
eoptia. O puOudS ePapproyNG TG dSVVAUNG AVEAVETOL LETE OO TPOTHVNGN 1oYVOG
1000 pe VYMAG 660 kot pe yaunida eoptio (Stone et al., 2003, Kyroldinen et al.,
2005, Andersen et al., 2005). Q61600, deV VILAPYOVLY BEGOUEVE. TTOV VAL SLEPEVVOVV
aAhayég otov pulpd epapuoyng g dLvauNg oe aOANTEG plyemy, Wiaitepa otV
kpiown mepiodo tov Qoppapicpatos. 'vopilovpe O6tL petd and 8 efdopddeg
TPOTOVNONG dVVAUNG-1GYXV0G O PLOUOS EPUPUOYNG TNG OVLVOUNG OLEAVETOL GE
aOAntég Koleylakov emmédov (Stone et al., 2003). v napovoa perétn Ppébnke
OTL M TPOTTHVNON LE VYNAAL QOPTIO ADENCE TEPIOTOTEPO TOV PLOUO EPAPLOYNG TNG
dvvauNng o€ GLYKPION WE TN TPOTOVNOY UE YOUNAG @optic, Kupimg Ady® NG

GLVTIHPNONG TOV TPOTOVNTIKOD OYKOL G€ VYNAA eminmeda, aAAG Kol TNG EKOVGLOG
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UEYIOTNG TOoOTNTOC OTNV EKTELECT T®V ACGKNCE®V He VYNAAQ poptio (Aagaard et
al., 2002, Behm and Sale, 1993).

INUOVTIKO POAO OTY LEYIGTOTOINGN TNG 10YVOG GAAL KOl TOL PLOUOV
EQOUPUOYNG TNG OVVOUNG LETA OO TO POPLAPICHO LLE VYNAAL PopTio ElYE N EVIOAN
oToVG aOANTEC/TPlEG VA €KTEAODV TIG OIOKNOELS OVTIOTAGE®MV e OGO TO dVVATO
HEYLOTN ToLTNTO. AVTO TPokTKG onuaivel 6tL ot abAntég mpoomabovcov va
KvoOV To. QOpTia, 1010UTEPO GTO HEIOUETPIKO WEPOG TNG Kivnone, He UEYIOTN
€KOVO10 TaYOTNTO. € TPONYOLUEVES LEAETES ExEl Ppebel OTL onuavTikOTEPO POAO
€xel M TaydINTO TG Kivnong mov aokel 0 aOANTNG MOPE M GLYKEKPUUEVT
eEmtepkn avtiotoon mov kaAgitan vo vrepviknoetl (Aagaard et al., 2002, Behm
ko Sale, 1993). MdAiota, o puOUdG epapuoyng TG dvvaung dev GALaEe oyeddV
KkaBoLlov mocooTiaio peTd T0 Popudpiopa pe younia eoptio. [Hapd to yeyovodg
OTL Kot €60 01 AANTEG TPOYUATOTOLOV0AY LUEYIOTEG HVTKES GUGTOAES Y0 YPIYOPT
vepviknon g eEmTePKng  avtiotaong, 1M oamdTOUn TTOGN  TOv  OYKOV
TPOTOVNONG OALL KOt TO YOUUNAOTEPO POPTIO TPOTTHVNONG, I0MG VA ETNPEACAY TN
oVuvVTOUN Topoy®yr] Ovvaung. @aivetor 6T Yoo TOVS aOANTEG TV plyemy, dtav o
0TOY0G GTO QOPUAPICHA EIVOL 1) TOVTOYPOVY] AVATTVEN TNG PITTIKNG EMIOOONG TNG
dvvaung, g 1oxHog Kot Tov pLOROY EPAPLOYNS TNG dLVAUNG, TOTE Do TpEmel va

EMALYETOL POPUAPIGHLA [LE VYNAAL QOPTIQL.

‘Evag amd tovg Pacikods otdéXovg Tov popuapicpatog gival 1 amdtoun
TTOCN TOL TPOTOVNTIKOV OYKOL Kol TonToxpova 1 Eekovpacn tov abint amd
™V KOT®GoN TG TPOTOVNONGE, MOTE VO OTOOMGEL KAADTEPO GTOV Ay®dVa, 6TdY0. Ta
amoTEAECUATO TNG UEAETNG €0e1&av OTL TO QOPUAPICUO e DYNAQ QopTio €iye
UEYOADTEPO OYKO TPOTHVNONG KOl NTOV O KOVPUOTIKO OO TO QOPUAPIGHO LE
younAd eoptio. H k6mmon emaAnBevtnie Kot amd Toug SeIKTEG TNG TPOTOVITIKNG
LOVOTOVIOG KO TOV TPOTOVITIKOD GTPES LE TOVG aBANTEG var Ol VOV ONUAVTIKA
UEYOAVTEPT] KOO LETE TO POPUAPICLO. LE VYNAL @opTia. QoT0G0, Kol T dVO
eopuapiopato odnynoav ce mapopolo avénon g pUTikng enidoonc. Ipaktikd,
T OMOTEAEGHOTA OO TOVG OEIKTEC KOMMONG, LOVOTOVIOG KOl 0TPEG delyvouy OTL

otov 0 aOANTAG @TAVEL GTOV aydvVo OGTOYO HE ONUAdID KOTMONG Oomd TNV
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Tpomdvnon T0TE O TPEMEL VO EMALYETAL TO POPUAPIGHLOL UE YOUNAGL POPTIO QLPOV
avédvel 1o 1010 TN putTiKN €midoom €V cuvinpel TIC LIOAOWTEG KAVOTNTEG

(0Ovaun, 1oy0c) oe otabepd emimeda.

5.1.3 AMhayég oty Gl palo Kol 6TV OPYLTEKTOVIKI] O0UT] TOV pvig pHeETA

070 TPOTOVION LoYVOG NE YOUNAES KOl VYNAES OVTIOTAGELS

H A\ pélo amotelel onuavtikd moapdyovro yio to ayovicpota 16y0oc.
MdéMota 1 oyéon g dAmmg palog pe v enidoon otig abintikéc piyelg sivan
koAb Ogpelopévn ot Piprloypoeio. Zvykekplpuéva, LITAPYEL VYNAN GLOYETION
™G GG palog pe tn puttikn €midoom 1000 6 afANTEG OGO KOl GE aPYAPLOVE
pinteg (Morrow et al., 1982, Terzis et al., 2008, Whittington et al., 2009, Terzis et
al., 2010). Qotdc0, o1 awéoueldoelg TG AMaNg LAlag QaiveETOL VoL UV ATOTEAODV
KaBoploTIKd TaPAyovVTo Yo VYNAOD €mmEdoL 0OANTEG TG GPapofolriog mov
ayovilovtat pe tov teplotpoiko moiud (Kyriazis et al., 2010, Terzis et al., 2012).
Metd and 2 efdouddec gopudpicpa gite pe yoapnAd eite pe vynid eoprtia, 1
damm palo avénbnke katd mepimov 3,5% amd TG opyKEG UETPNOELS TNG
npoetolpacioc. Opoleg mocootiaieg avénoelg £xovv Ppedel kKo e mponyoduevn
pueiétn pe abintéc piyewv (Kyriazis et al., 2010). Ov avénoeic oty damn pala
dglyvouv OTL TO0 TTPOTOVNTIKO TPOYPOUIN TOL OKOAOVONONKE o€ OAOKANPO TO
TPOTOVNTIKO £TOC NTAV OTOTEAEGUOTIKO.

Avtictoyya, To omoteAécpata omd TNV OVOALGT TOV OPYLTEKTOVIKMV
YOPOKTNPIOTIKOV TOV €€ TAATY UNPLoiov HVOG dev €0€1EAV KATOL0 GTLLOVTIKY
aAlayn M Opopd avAUESH oTa OVO POPUAPICHATO OGOV QPOPA TO TThXOG, TN
yovia €AENG kot To PKog TV PoikoVv depatiov. A&ilel va onueiwbei 6Tt 0 ThY0g
TOV £E® TAATL UNpLodov puog dev AAAAEE OTUOVTIKA HETE To VO POpPLOPIGHOTL
Kbt Tov B pmopovoe va oTnpifel TEPIGGOTEPO TO POAO NG aVATTLENG TNG
poikng pdlog otn purtikn emidoorn. Merémn €xet ogilel 0Tt poAMG 5 efdopdioeg
TPOTOVNONG 1oYVOG UTOPEL VO LETAPAAAEL TAL OPYLTEKTOVIKA YOPOUKTNPIOTIKA TOL
€€ mhaty pnplaiov pvog oe abintég (Blazevich et al., 2009). ®aiveror 6t 0

OLAPKELD TOV POPUAPIGUATOG IGMG VO UV NTOV ETOPKNG OOTE Vo Topatnpniovv
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ONUAVTIKEG OAAAYEC OTO YOPAKTNPLOTIKG TOV PLdc. Towg peléteg poppopicpatog
pe peyoluTepT Stdpketla va deiEoVY aAAAYEC OTNV APYITEKTOVIKTY SOUN TWV HLMV.

To cvykekpluévo epeuvnTiKd epOTNUA YpeLdleETON TEPIGTOTEPT depehivnon.

5.1.4 Lopmepdopato KoL TPUKTIKES EQUPROYES

Xvumepacpatikd, 2 efoopnadec mpomdvnong 1oyvog pe younid (= 30% g
1-MAE) kot vynid ooptia (= 85% g I-MAE), av&dvouv v ayovietiki
PUTTIKT KAVOTNTO OTHV TEPI0d0 KOpHPmoNG TS enidoong oe abintég piyewv. H
TPOTOVNOT 1GYVOG GTO POPUAPIGHO Bo TPEMEL VO TPOYLOTOTOLEITOL P PEYIOTN
dvvat tayvntoa. H mpomdvnon 16y0og e vynid eoptio avEAVEL TEPIGGOTEPO TIC
TOPAUETPOVG SVVOUNG, 1oYVOG Kot puOuod epapuoyng g dvvaung. Qotdco, 1
TPOTOVNOT 1GYVOG LE YOUNAL PopTia eivar To gVKOAN KaBMG Tpokalel Aydtepn
KOMwon otovg afANTéG evd {owg va givor KatdAAnAn yuo tovg aBANTEG NG
dtokoPoAiag kot tov akovtiopov. To @opudpiopa dapkelng 2 efdopddwv dev
TPOKAAEGE GAAAYEG OTNV OPYLTEKTOVIKT OO TOL £E® TAaTH punplaiov pHvoG.
MeAoVTIKEG HEAETES POPLOPICUATOG LE HEYOADTEPT] SLAPKELD UTOPOVY dMDGOVV
YPNOWES  TANPOQOPIEG  OVOPOPIKA HE TIG OAROYEC OTO  OPYLTEKTOVIKG
YOPAKTNPIOTIKA TOV HUOV 0AAL KOl GTO. VEVPOUVTKE YOPOUKTNPIOTIKA TOL £XOVLV
ONUOVTIKO pOLO otV ayovioTikn piyn. [Ipoktikd, To aroteAéopata TG TPOTNG

HEeAETNG delyvouv:

o To gpopuapicua gite pe younia (< 30% g 1-MAE) &ite pe vynid poprtia
(> 85% ¢ 1-MAE) av&avouv t purttikn enidoon mapdpote petd ond 2
epooudoes. H mpondvnon pe aviiotdoelg ot mepiodo popuopiopatoc Oa
TPEMEL VAL EKTEAEITON PE PLEYIOTN duvaTh TayHTNTO.

e  Otav 0 KeVTPIKOG GTOYOG TOV POPUOPICUOTOC Elval 1] ENOT TNG PITTIKNG
EMOOONG HE TNV TOLTOYPOVN OvENONG OOVOUNG Kol 1oYvog, TOTE
TPOTEIVETOL TO POPUAPIGHA LE VYNAG POpPTiaL.

e To gopudpiopo pe younAd @optio. TPOTEIVETAL Yo TV KOPLG®OT TNG

enidoong oto aydvioua g dwokoforioc. To Bdpog Tov purtikov opydvov
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iowg amotelel éva mopdyovia EMAOYNG @OPTiOL TN TPOmdvNon 16YV0G
Katd TV Kpioun mepiodo Tov oppopicraTog.

To popuapicpa pe xopnAd eoptia givol ToAd mo £0KoA0 Kot EEKOVPOUGTO
o€ GVYKPION LE TO Qopuaplopo pe vynid eoptia. ‘Etot, étav o abintig
QTAVEL TNV TEPTI000 TOL POPUAPIGLOTOG LLE EVIOVO CUUTTMOUATO KOTMONG
KOl TPOTOVNTIKOL OTPeS, Bo mPEMEL Vo €MALYETAL TO (QOPUAPICUN LE
YOUNAG QopTicL.

H dwpopd 0,8% avdapeca ota 600 @opuapicHOTO OEV MTOV GTOTIOTIKA
onuavtiky. 261660, T€T010 dS1Popd dev Ba TpEmeL va Peivel amapatpnn
KabmdG oToV ay®va oTOY0 OKOUN KOl TO UIKPES OpopES UmTOopovV va

Eeywpioovv v TpdTN amd TN devTEPT BEoM).
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5.2 Xvlntnon amoteleopdtov de0TEPNG pEAETNG

5.2.1 Zyéon pvOpov epappoyng TS 00VOUNG KOl PIATIKNG IKOVOTNTOS

Metd and 10 eBdopddeg mpomdbvmong SVVAUNG-1GYXV0G 1 OY®VICTIKN
puTIKn wovotnTo awénonke kotd 6,8% evd oTig puttikéG doKlpacieg pe
coaipa Bpébnke avdénon povo ot piym amd teMkn oA otipiEn katd 3,6%.
Qo1000, OKOUN KOU OLTEC Ol WIKPES OAAAYEC OTIS PUTTIKEC OOKIUOGIES £YOovV
TPOKTIKY a&io Yo Tov Tpomovn Ty KaBdg 1 ETI000N OTIG PUTTIKEG SOKILAGIEG LLE T
opaipo oyetiCetor vynia pe mv ayoviotikn piyn (Terzis et al., 2010). Exiong, o
pLOUGS epapuoyng ™G OHvaung avénOnKe oNUAVIIKG UETE TNV TPOTOVITIKN
EPiod0  YEYOVOG TOL EVIGYVEL TNV OMOTEAEGUATIKOTNTO TNG TPOTOVNTIKNG
napéuPaonc. Ta amotedéopato avtd Ppiokoviar o€ cvpeovio pe PEAETN o€
pinteg KoAeylokol emmédov Omov Ppébnke avénon g oyOVIeTIKNG piyng Kotd
5,5% ka1 Tov puBLov epapproyng g dvvaung katd 19,6% petd and 8 efdopddeg
npomdvnong (Stone et al., 2003).

To kVpro gvpnua TG devTEPNC HEAETNG Ty OTL O PLOUOG EQAPLOYNG TNG
dvvapng oyetiletol pe T PUTTIKN IKOVOTNTA 68 OANTEG plyemv TOGO GtV apyN
™G mpomdvnong 6o kot petd omd 10 efdopddeg mpomdvnong dLVAUNG-1oYVOG.
AVTEG 01 VYNAEC CLGYETIOELG TOPOVGLUGTIKAV GE OAEG TIC YPOVIKEG OTIYUES TNG
KapmoAng dvvaung/ypovov Eekivaovtog and ta tpdta S0MS éwg ta 250ms. Ot
OOKNOELS PUTTIKNG KOVOTNTOG OMOTEAODV EKPNKTIKEG OOKIHOGIEG HE HEYIOTN
Opdomn 1aiTepa TOV KAT® AKPOV KOl UE CYETIKA YOUNAES TEXVIKES OMOITICEL.
MdéMaoTo, avTég 01 PUTTIKEG SOKIUAGIES YPNOIULOTOI0VVTAL OtO OAOVG TOVG OOANTEC
TOV plyewv e OAEG TNG TPOMOVNTIKEG TEPLOOOLG oav POciKy] SOKIUAGTOL
a&lohdynong g PUTTIKNG KavOTNTaG Kot TG HLIKNG oyvog. H dokipasio Tov
pLOUOY €QapLOYNG TS dvvaung, Tov aStoAoynOnke amd edpaio OEom 1ooUETPIKA,
umopel vo ypnoporombel o¢ deiktng TpoPAeYNG ™S PUTTIKNG KAVOTNTOS OAAN
Kot oav SOKIHasior aEoA0YNoNG TS ETOUOTNTAG TOV OOANTH TPV TOV AYOVO

oTOY0 N LETE amd VAV TPOTOVNTIKO LEGOKVKAO.
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Ta amoteléopato TG HEAETNG Oglyvouv Yoo TPOTH GOPA OTL VIAPYEL
GLGYETION HETOED TOV PLOUOD EQAPLOYNG TNG OVVOUNG LLE TIG PUTTIKES OOKIUAGIES.
Y& TPONYOUUEVT] LEAETN UE PINTEC KOAEYIOKOD EMTESOV deV PPEONKE ONUAVTIKY|
ovoyétion HeTaEy TOLv PLOROV EQOPUOYNG TNG OLVOUNG KOl TNG PUTTIKNG
wovotrtag (Stone et al.,, 2003). Avtd umopel va opeiketon otV €mAOYN ™G
doxpaciog agloddynong Tov pubpov epapproyng e dvvaung (EAEeg undpa and
TOVG UNPovG, wouetpikd). H dokipacio oty evepyomotel og onpovtikd Bodbud to
HUIKO GUOTNHO TOV KAT® OKPp®V OAAG Kol TOV GV AKpoOv, YEYOVOS TOL TNV
kaf1otd Mo OVoKoAn oamd mAevpdg TEYVIKNG. Avtifeta, M dokioacio mov
y¥pNoonomdnke otn mapovoo peEAETn (wONoelg KAt dkpwv amd edpaio Bom,
IGOUETPIKA)  EVEPYOTOLOVCE KLPIMG TIG UVTKES OUAOES TOV KATM GKP®V EVO M
TEYVIKN NG OOKIHOGIOG MTav OpKETA amAn ®ote ol abANTEC va epapuolovv
gbkoAa TN péytotn Svvaun tovg. Ilpomyodueveg peAéteg €xovv odeifer 1
ONUOVTIKOTNTO TNG EVEPYOTOINONG TOV KAT® OKP®V GTNV AYOVIGTIKN piyn
(Terzis et al., 2007, Kyriazis et al., 2009, Karampatsos et al., 2001). Ondte, n
dokipacio agloAdynong tov puvOuod epappoyne e ovvaung omd edpaio BEom
umopel vo amoteAéost €va aSldmoTo Kot AETovpyikod deiktn afloAdynong twv
EKPNKTIKOV IKAVOTHTOV TOV KATO AKPOV 6 0OANTEG plyemy.

A&iler va onueiwbel 0Tl To. amoTEAEGHOTO TNG OELTEPNG MEAETNG OV
£€0€1EaV Kopio onUovTIKY 6uoYETion HETAED Tov pLOUOD EPaPUOYNS TS dSVVOUNG
pHe TV ayovioTiky piyn (tiég Z) kabog kol kapio cLuoy£TIoN OVAUESH OTIG
mocooTwoieg pHeTaPoAég TOL pLOUOD EQOpHOYNG OVVOUNG Kol TNG PUTTIKNG
enidoong. Avtd iowg va ogeiletar oto yeyovdg OTL ol abAnTéC/Tpieg
€EE101KEVOVTOV OE OLOLPOPETIKA PUTTIKA OYOVIGLOTO UE HUIKPEG OAAL OTNUOVTIKEG
dweopég ot piyn oAAG Kot oty mpomdvnomn. Avtég ol JPOopEC OTNV
TPomOVNoT €ivol OVOUEVOUEVO VO TPOKOAOLY OvTiGTOWXES TPOocapproyés. [
Topadetypo €vog adAntig g OlokoPfoAiiag yPNOUYOTOEl TEPIGGOTEPO TOVG
Bopakikolg poeg oe avtiBeon pe Eva abAnT cevpofoiriag o omoiog eotidlel TV
TPOTOVIOT TMEPLGGOTEPO GTNV EVOLVAUMOT TOV KAT® OKP®V Kol TG TAUTNG
(Morrow et al., 1982, Terzis et al., 2010, Karampatsos et al., 2011). Omnorte,

eVOEYOUEVOC M oyxéon HETAED TV TOGOOTOV OAAUYNG o€ plyn kot pvOuod
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EQOPUOYNG TNG OHVOUNG VO EMNPEACTNKE amO TIG O0POPEG OTIG TPOTOVNTIKEG

AMOLTNOELS TOV AOANTOV/TPLOV.

5.2.1.1 yéon NG MVIKNG OVUVOUIG RE TN PUTTIKI] IKAVOTNTO KOl TOV poOuo
£QAppOYNS TNG dVvapng

H poikmq dOvoun ot 00KNOES UE OVTIOTACELS OAAG Ko 1 UEYIOTN
IGOUETPIKY] OVVOUN TOV  KOTaypaenke Katd v oSloldynon tov  puiuod
EQOPUOYNG TG OOvoung, avéndnkav onuovtikd petd amd 10 efdopddeg
npomtdvnon. ITo ovolvtikd, n péyiom Sbvoun ot ®wONoel KATo Akpov
avéndnke katd 8%, otov enopiopd kot oto Pabvd Kabwopa katd 4,7%, eved n
péylotn woopetpikn ovvaun ovéninke xatd 22,7%. Onwmg ftav avopevouevo,
vynAég ovoyetioelg Ppédniov HETOED TOV PITIKOV OOKIHOCIOV Kol TOV
SOKIHOCIOV HEYIGTNG dVVAUNG, dedOUEVA TTOL £XOVV KOTOYPOPEL Kot omd GAAES
ueiétec ot Pproypagio (Morrow et al., 1982, Terzis et al., 2008, Kyriazis et al.,
2009, Karampatsos et al., 2011, Terzis et al., 2010). A&iler vo onuewwbei Ot
ONUAVTIKEG CLOYETIOES Ppédniay avapesa oty ayovioTikn piym (Tiég Z) ko
o™ OOKIHOGIO TOV EMMUIGHOV KOl GTIS Ovo TEPLOOOVS PETPNONG. 26TOG0, dev
Bpébnkav ocvoyeticelg UETOED TOV TOCOOTWH®V HETOPOADV OTIS JOKIUAGIEG
dvvouNg Ko piymg.

Inuovtikés ovoyetiosls Ppédnkav avapeco oTig SoKlacieg HLIKNG
dvvapng kot oty agloddoynon tov  pvBuod  Qoppoyng TG SVVOUNG.
AvoALTIKOTEPQ, CNUOVTIKEG CLOYETICELS PPEONKAV GE OLEC TIC YPOVIKEG TEPLOOOVE
tov pLOUOL ePoppOYNS TG OOVOUNG HE OAeg TIG aoknoelg ovvaung. Ot
ovoyeTioelg avtég deiyvouv OTL 1 PEYLOTN dVVOUN €YEL OLGLOCTIKO POAO GTNV
YPNYOPY| TOPAY®YY] SUVOUNG OTO TPAOTO MS TNG HLIKNG GLOTOANG o€ aBANTEG
piyewv. Ilpaktikd avtd onuaivel 6Tt 0 TPOYPAUUATICUOS TNG TPOTOVNONG CE
afAntég plyewv Bo Tpémel TPOTOPYIKAE VO OTOYEVEL KLPI®MG GTNV avVATTLEN TNG
péytotng ovvaung, evd 0060 mANCLALEL M ay®VICTIKY mepiodog Oa mpémel va
oToYeVEL KUplg otV adENon TG HLIkNG 1oyvog Kot ot PeAtioon tov puOpod

EPAPUOYNG TNG SOVaNG.
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5.2.1.2 Zyéon poOBpod spappoyns g dvvaung ko drmng paog

H &l palo oev petafndnke onuoaviikd petd omd 10 gfdopddeg
pomdvNon. Qotd6c0, N A palo TOV KAT® GKPOV KOl TOL KOPHOV glyav TV
tdon va awénbovv. Ta amoTeAéGHOTA TOV GLCYETICEMV PPIGKOVTOL GE GLUEMVIN
pe mponyovueveg peiéteg g Prproypapiog 6mov 1 ddmn pdlo oyetileton pe ™
puttikn enidoon (Morrow et al., 1982, Whittington et al., 2009, Terzis et al., 2010,
Kyriazis et al., 2010) aAAd kou ™ pwvikny dOvoun (Ikai kot Fukunaga, 1968,
Morrow et al., 1982 Terzis et al., 2008). Emnpocbétmwg, ta amoteAéopoto g
peAétng €0e1&av Ot 10 TOGOoTO CAAAYNG OTIC TOPAUETPOVS TG AMING nalag
napovciole VYNAEC GLGYETIOELS LE TO TOGOOTO AENONG GTOV PLOUO EPAPLOYNS
™G OVVOUNG KOl LE TO TOGOGTO AOENGNS 6TO EUPAOOV KOUTOANG dOOVaUNG/YpOVOL.
@aiveral, 60TL M dokiacio Tov pLOUOY ePaPLOYNG TG dVvauUNG ard edpaia BEom
ompileton og peydro PBabud oty dhrn pala. Ipoktikd ovtd onuoivel 61t 660
av&avetar 1 A palo 160 Bo avEdvetat kot o puOUOS papLoyNS TG OVVOUNG,
TovAdylotov péxpt €vo onueio. MoAovOoTL Tol EVPNUOTO OVTA EATVOVTOL TOAD
deleaotikd, O mpénetl va egtalovtal pe Waitepn TPOcoyN ApoL SEV LIAPYOLV
dAleg peréteg mov va dlepevvolv TN GYECN avAapesa oty dAmn palo Kot Tov
puOud epappoyne g ovvaunc. Ilepiocdtepn perétn ypedletor yoo ac@oAn

GULUTEPACLLOTA GE QVTI T GYEOT).

5.2.2 Zyéon ap)lTEKTOVIKIG dopng Tov £E® TAATY punproiov pvog Kot Tov

pLOpOY pappoyng TG dvvaung

Ta  opyLtekTovViKd YOpOKTNPOTIKA ToL €& mAaTy pnploiov  Hvog
petafAndnkoyv petd omd 10 gfdopddeg mpomdvmong Svvaung - 1oYLOC.
2VUYKEKPIUEVO, TO TThYOC Tov €E® MAOTO pnpraiov pvog avéndnke katd 6%, to
pnKog tov puikov oespotiov kotd 13,4% evo kapio onuoviikn ailoyn oev
Bpétnke yuo ) yovia tov poikov depatiov (-1,3%). O poikdc 1610g mapovstalet
TAooTIKOTNTO Ko Tpocapuoletor petd omnd mpomovntikd epebicpata. Ta

amoteAéopaTo TG HeAETNG Pplokovtol o€ cuupmvio. PE TPONYOVUEVEG UEAETEG
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ov €0e10V  aVTIoTOXEG TPOGOPUOYEG OTOV 1010 pL HETA amd S5 efdopddeg
TpombdvNong dvvaung - woyvog oe abintéc (Blazevich et al., 2009), aAld kot petd
and 14 efdouddec mpondvnong oe abintpieg softball (Nimphius et al., 2012). Ta
TOPATAVE guprjpate vrootnpilovy Eavd OTL TO TPOTOVNTIKO TPOYPOLLLO. TOV
EPOPUOCTNKE OTN HEAETN NTOV EMTVYNLLEVO.

To méyog Tov €€ TAaTy punpraiov HLOC TAPOLGINGE VYNAOVG CUVTEAEGTEG
oLOYETIONG UE TOV PLOUO EPAPLOYNG TNG SVVAUNG GE OAES TIG YPOVIKEC OTUYUEG,
amd 50ms émg 250ms, kat otig dvo mep1doovg a&lordynong (T1 ko T2). aiveron,
ot poikn pala tov £E® mAatd pnplaiov puog €xel kabBoplotikd poAo oto puouod
avATTLENG TNG SVVAUNG OTA TPMTO KIOAOS MS TNG HLIKAG CLGTOANG TOLVAGYIGTOV
oe aONTEG plyewv. ZNUOVTIKEG GLOYETIoES PpéOnKav avapesH 6TO UNKOG T®V
Poik®v depotioov Tov €Em TAaTH pnpraiov pvdc Kot 6tov puiud eQapUoYNg TG
dvvaung oty T2 mepiodo kot otig ypovikég otiypés and 100ms €wg 250ms.
MdéMoTa, 01 GLVTEAESTEG CLGYETIONG elyav TNV TAoN va avEdvovtat and T1 og T2.
e mponyovpevn perétn etye Ppedel cvoyétion petald tov puOPOL EPaPLOYNS TG
duvaung (10-30ms) ota dhpoto PdOovg pe to PAKoOC TV poikedv depatiov (r =
0,46) kot apvnTIK CLGYETION AVAUESH GTOV PLOUO EQOPLOYNAG TG dVVAUNG OTO
dApata pe ardpnon (0-10ms) kan to pnkog depatiov (r = 0,48, Earp et al., 2011).
Qo01060, 1 TPAKTIKY a&io aVTOV TOV ¥POVIKOV oTiypudv (uéyxpt 30ms) icmg va punv
€xel 1010iTEPT EQAPUOYN OTO Oy®VIoUATO TOV PlIYE®V OTA OToio 0 YPOVOC
epapuoyng g ovvaung vmoioyiletoanw amd 120ms éwg 240ms (Bartlett, 1991,
Gutiérrez et al., 2002, Bartlett and Best, 1988, Zatsiorsky et al., 1981). Exiong, ta
EPELVNTIKA dedoUEVAL TNG OYEONG TOV PLOUOD EPOPUOYNG TNG SVVAUNG KOl TOV
UNKOVG TV HOIKOV Ogpatiov sivar eldyiota ot PiAoypapio kot a@opovdv
Kuplwg mepapatdlowo Kot oyt mpaypotikés ocvvinkes. To amoteAéopota g
peAétng delyvouv o TpdTN Gopd, OTL LILAPYEL CLGYETION UETOEL TOL PLOUOD
EQUPUOYNG TNG OVVOUNG KOl TOV OPYLITEKTOVIK®V YOPUKTNPIOTIKOV TOV HUMV CE
aBAntég plyewv.

H avdivon tov cvoyeticemv pe Tig mocootioieg HeTaPorég dev €deite

ONUOVTIKEG GUGYETIGELS OVALEGO GTO OPYLTEKTOVIKE YOPOKTNPIOTIKO KOl GTOV

pLOud gpappoyng g ovvaunc. O pvBUOS epappoyne g dvvaung umopel va
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HETAPANONKE HECH TOAADV GAL®V VELPOUVIKADV TPOGUPLOYDV, OTWOS TO UEYEDOG
™G EMPAVELNG TOV PVIK®OV vV TOmov 11 1] 10 emimedo vevpikng evepyomoinong
TOV HOOV. AVCTUY®G, O TOPOVCO  UEAETN) oLTOlL Ol TOPAYOVTEC O&V
dtepevvnOnkay, KAtL mov Oa £01ve TEPIGGOTEPEG AMAVTNOCEL OTN GYECT TOL

PLOLOD EPOPLOYNG TNG SVVAUNG LLE TO OPYLTEKTOVIKE YOPOKTNPIOTIKA TWV HUADV.

5.2.2.1 Zyéon apylTteKTOVIKIG dopmg Tov £E® TAATO pnpraiov podg Kot TG

PUTTIKIG IKAVOTNTOG

H putikr] ikavomta, 6nwg a&lohoyndnke HEcH TOV PUTTIKOV dOKILOGIDV
HE TN oQaipa, TOPOLCINGE ONUAVIIKEG GCUGYETICES HE TA OPYLTEKTOVIKA
YOPAKTNPIOTIKG TOV £E® TAATL pnploiov pooc. Mo avalvtikd, ot cuVTEAECTEG
ovoyétiong £tevav va avEdvouv amo v T1 pétpnon oy T2. Eivor yvootd and
peréteg g Pproypapiog OTL To OPYLTEKTOVIKE YOPUKTNPIOTIK UTOPOLY VO
eEnynoovv, ®¢ éva Pabuo, v mopaywyn HLIKNG 10x00¢ TOGO G OOKILUGIES
ToOTTOG 060 Ko 6€ aATIKEG dokipacieg (Abe et al., 2001, Kumagai et al., 2000,
Nimphius et al., 2012, Earp et al., 2010, 2011). X tpdopotn epyacio Bpébnke ot
petd amod 6 efoopndades ohHvOetn Kol GLVOLAGTIKY TPOTOVNIGN dVVOUNG - 1oYVOC, TO
TO0GOGTO AAAAYG OTN Pplyn THoW pe 0VO YEPLN TOPOLGINGE GTUTIOTIK( GTLLOVTIKY
GLOYETION UE TO TOCOGTO OAANYNG GTO YOG TOV €€m TAATY pnplaiov poog (r =
0,52, p < 0,05, Stasinaki et al., 2015). Qo1600, OTN CULYKEKPIUEVN HEAETY
CLUUETELYOV HETPLO YOUVOGHEVOL SOKIHaLOHEVOL Kot Oyt 0OANTES e TPOTOVITIKY|
eumepio €TV. Avtiotolya, otn mopovcso HeAETN Ppédnke onuaviiky GLGYETION
UETOED TOVL TOGOGTOV OVENCTG TOL TTAYOVS TOL £E® TAATY pnplaiov PHodg Kot TG
mocooTwoiog avénong g emidoong ot piym ceaipag amd TeAKn dSumAn otpiEn (r
= -0,61). Avtd mpoktikd onuoivel 0Tt 1 avEnon Tov mhyovg Tov €€ TAATY
pnpwaiov poog eényel to 37% g dtacmopds TG mocooToiag avénong ot piym
oQaipog amd TEMKN SA oTtpiin.

H petotpom ¢ ayoviotikng piyng oe tég Z €0eie pia moAw
EVOLAPEPOLGA GLGYETION LE TO UNKOG TOV HVTK®OV dgpotiov wwitepa oty T2

pétpnon (r = 0,59). H oyéon avtn deiyvel ) oNUAVIIKOTNTO TOV UNKOVG TOV
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poikdv depatiov oty mapoywyn 1ox0og Kot wdwitepa T OOVOECT HE TNV
ayovioTikn piyn. Etvat yvooto 6t 1 enidoon otig abAntikés piyelg otpileton o
peydro Babud otnv moapaywyn HOIKNG oyvog. Ta dedopéva amd TG Topomdve
GLOYETIOES €VIGYVOLV TO POAO TNG MLIKNG 10YX00C OTNV PUITIKY €MIOO0N EVD
delyvouv Yo TpAOTN Qopd, OTL 1) APYLTEKTOVIKT dopr| Tov EEm mAatH pnplaiov podg

£xel 0VGLOTIKO POAO GTN PITTIKY EMISOOT).

523 ZXZyéon poOpov epappoyns TS OOVOUNS KOL  OPYLTEKTOVIKAOV

YOPOKTNPLOTIKOV IE TNV OYOVICTIKN Py KoL T1] PITTIKN IKAVOTNTO

H avédivon molomAng ypoupukng TaAtvopounong £0e1&e 6Tt 0 YPapIIKOg
oLVOVAGHOG TOV TOG0GTOV avéNong otov pLOud epaproyng g dvvaung (50ms)
Kol 6TO ThovG ToL £E® TAATY unpraiov podc, pmopovoay va tpofAiéyouy to 53%
MG OGTOPAS 6T TocooTwoia. avénon g piyng oeaipag omd TeEMKN OUTAN
otpi&n. Ta amoteAéoUATO QVTA EVIGYVOLVV TIC TOPATAVE CUOYETIGES LETAED TMV
GUYKEKPIUEVOV LETAPANTOV KO PAIVETOL VO IGYVPOTOOVV TN GYEoN HETAED TOL
pLOLOD €QapLOYNG TG OVUVOUNG, TOV OPYITEKTOVIKMOV YOPUKTNPIGTIKOV KOl TG
PUTTIKNG KOVOTNTOG. AVENCELS GTOV PLOUO EPOPLOYNG TNG OVVOUNG KO GTO TAYOG
oV €E® MAoTH unplaiov PLoO¢ pITopovv va TPoPAEYOVV GLENGELS TN PUTTIKY
dokipacio e piyng oceaipag. OmoTE, Pe TN YPNON TOL KATAAANAOL ££O0TAGHOD,
0 TPOTOVNTNG UTOPEl TPOUKTIKA v EAEYYEL TIG TPOGUPUOYEG TOV OOANTH 0o TN
TPOTOVNOT OAAG KOL TNV OVOUEVOLEVT EMIOOGT) GTOV QLyMVO.

[ToAd peyddo evolapEépov mopovciocoy To OMTOTEAEGUATO Omd TNV
TOALOTTAY] YPOLUIKT TOALVOPOUNOT) LETAED TOV OPYLTEKTOVIKMV YOPAUKTPIOTIKMOV
Kol NG OYOVIOTIKNG piyng. ZuyKekplwéva, 0 YPOUUKOS ouvOLOCUOS TOV
TOGOGTOL OVENONS TOV TAXOVG KOl TOL UNKOLG TV HUTKOV depotioov Tov £Em
TAOTO Unplaiov puog, £Teve va TPOPAEYEL TO TOCOGTO AVENCNC TNG YOVIGTIKNG
piyng. Avrtictorya amoteAécpata £0€1&e Kol O YPOUUKOG GLUVOLAGUOS TOL
TOGOGTOV OAANYNG OTO TTAYOG KOl GTI YOVIK LOUIK®OV depaTimv Tov €60 TAATL [E
NV TocooTtoia avénon e ayovioTikng piymc. Iapd to yeyovog 6tt Ta povtéia

TpOPAeYN g OV TPoEKLY AV dev givar otatiotikd onuavtika (p = 0,09), uropodv
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vo amoteAécovy €va KaAO Oeiktn TG oyéong petabd apyITEKTOVIKNG OOUNG Kot
ayoVIoTIKNG piyng. Emmpdcheta, ot mocootiaieg avénoelg mov TpokAndnkav and
TN TPOTOVION OTNV OPYLTEKTOVIKT] SOUN TOL HVLOG, POIVETAL VO £XOVV GNUAVTIKO
pOLO GTNV TOCOGTIOI0 QVENCT TNG AYOVIOTIKNG piyng. Qotdco, Ba mpémel va
emonuavlel 6t 0 pikpdg aplBpds Tov abANToOV, 0AAG Kot 1 EAAElyM
ONUAVTIKOTNTAG GTNV 0VAALGT OAAG KOl GTNV TOGOGTIOAN OAANYT] TG YOVIOG TV
poikov  dgpatiov, meplopilovv oe onuoviikd Pobud v yevikevon ToV
OTOTEAECUATOV. X{youpa TO GLYKEKPIUEVO EPELVNTIKO EPOTNUO YPELALETON

TEPLOCOTEPT dlEPEHYNON).

5.2.4 Topnepdopato Ko TPUKTIKES EQUPUOYES

ZOUTEPACHUATIKA, O PLOUOG EQPUPLOYNG TNG SVVOUNG KOL 1) PYLTEKTOVIKN
doun Tov HVOG GLOYETICOVTAL [LE TN PUTTIKT IKOVOTNTO (PITTIKES SOKIUOGIEG [E TN
ocpaipa) aAAd kor pe v ayoviotikn piyn. H dokipacio Tov pubupov epappoyng
™G ovvaung amd edpaion B€on amotedel pio Aettovpykn dokipacio yio TV
a&loAdYNOY TOV TOYOSVVOUKAV YOPUKTNPICTIKOV TOV KAT® AKPpOV 6€ 0OANTEG
piyewv, Vv afloAdynon TOV TPOGOPUOYDV UETO Omd £vo. TPOTOVNTIKO
HECOKVKAO, OAAQ Kol TO €mimedo evepyomoinong twv abAntdv mpv and €vo
onuovtikd ayovo. Toavtdypova, n aflordynon tov puvBuod ePapUoYIS NG
dvvapung pmopel vo amoteléoet Kot éva KaAd deiktn mpOPAeEYNg TG PUTTIKNG
wKovotntag  aveEdptnta and TV mpomovnTiky mepiodo.  Avrtictoryo, T
OPYLTEKTOVIKA YOPOKTINPIOTIKA TOL ££® TAOTY pnproiov pvog cvoyetiovion e
PUTTIKN KOVOTNTO KOl TNV OyOVIOTIK) plyn wwitepa mpoceyyiloviag Tovg
ayoves. MaMota, aAAayEG GTO OPYITEKTOVIKA YOPOKTNPLOTIKA EVOEXOUEVMS VOl
pumopovy va e€nynoovv aArayég oy ayovioTikn piymn. H poiknq vrepnyoypaopio
amotedel pon pun mopepPartikr] péBodo mov pmopet va ypnoipomoindel oe ke
YPOVIKN] TEPIOO0 €VOG ETNHOIOV UOKPOKLKAOL, £VM UTOPEL Vo, dMGEL YPNOYLES
TANPOPOPIES Yl TIG TPOGAUPUOYEG TOV GOANTN amd TV TPOTOVNON GAAL Kot TV
eTopdTTA TOL TP amd ayoves. llpaktikd, To OmOTEAEGUOTO TG OEVTEPNG

UeEAETNG OElyvoLV:
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To mpomovnTikd TPOYpappa dSHvaung - woyvog owapkelag 10 efdopddwv
OV YPNCLOTOONKE OTN CLYKEKPIUEVN UEAETN avENCE OYXeOOV OAES TIC
ToPapUETPOVG oL a&loloyndnkav. Omote, umopel vo ypnotporombei amd
TPOTOVNTEG Kot aOANTEG plyewV Alyo TPV TNV Oy®VICTIKY TEPIOdO Yo TV
avéNomn TG PITTIKNG EMIOOONC, OALL KOL TNV EVIGYLON TOPAYOVI®OV TOV
oyetiCovtar pe avty (puBuodg epapuoyng g OHVOUNG, OPYLITEKTOVIKA
YOPAKTNPIOTIKA VDV, KTA).

Ta mpoypdupota mpomdynong pHe ovtiotdoelg Oo  mpémer  va
TPOLYLOTOTOLOVVTAL LE UEYIGTH EKOVGLO TOYVTNTO, KUPIWG GTO UELOUETPIKO
UEPOC, EVA 1 TPOGOHNKT OIOKNCEWV TOV EKTEAOVVTOL UE LEYLOTN TAXVTNTA,
Omwg dApoto BaBovg and ddpopa Dy, o TPETEL Vo XPNCLOTOLOVVTOL
060 TANGLALoVV Ol OYDVEC.

Taxtikn alohdynon tov puORov epapproyng e dvvaung amod edpaio &on
umopel vo dMGEL YPNOUEG TANPOPOPIEG GTOV TPOTOVNTA Yo TO EMIMESO
EVEPYOTOINGM TOV 0OANTN TPV OO CNUOVTIKOVS OyMVEG GAAL KO Yo TIG
TPOGUPUOYES TOL UETA Omd £va TPOTOVNTIKO HEGOKLKAO. AvtioTorya, 1
aflohdynon tov pubuod e@appoyng ™G dvvaung amd edpaio Béom
amotelel oL AELTOVPYIKN SOKIHOGIOL Yoo TNV EKTIUNOM TNG PUITIKNG
eMidooMg TV aOANTH/TPLOC.

Me ) ¥pfion NG LIEPNYOYPOPIG UITOPEL VoL EKTIUNOEL | TPOCAPLOYY TOV
APYLTEKTOVIKAOV YOPOKTNPLOTIKOV TOV LOOV 6€ aBANTEC plyemv Kol Kotd
GUVETELD, GUYKEKPUYLEVEG UVTKEG TPOCAPLOYEG UETE GO TPOTOVNTIKOVG
pecokvkiove. Omdte, n ¥pNoN TG LLIKNAG LITEPXOYPAPING, TOL Elval pia
un mopepPotiky péBodog, pmopel va ddoEL onUOVTIKG GTotyeio Yo TV

pd0d0 TV OANTY| 6T TPOTOVNON.

86



Iporovnon 1oy00¢ ue VYNAES Kot Younlég aviloTooelg:
AAayég atov poluo epopuoyns e SOVoUIS Kol ot PITTIKY ETLO00H

Bipmoypaoio

Aagaard P., Andersen L.J., Dyhre-Poulsen P., Leffers M.A., Wagner, A.,
Magnusson P.S., Kristensen H.J., Simonsen B.E. (2001). A mechanism for
increase contractile strength of human pennate muscle in response to strength

training: changes in muscle architecture. Journal of Physiology, 534: 613-623.

Aagaard P., Simonsen E.B., Andersen J.L., Magnusson P., Duhre-Poulsen P.
(2002). Increase rate of force development and neural drive of human skeletal
muscle following resistance training. Journal of applied physiology, 93: 1318-
1326.

Andersen L.J., Aagaard P. (2000). Myosin heavy chain 11X overshoot in human
skeletal muscle. Muscle and Nerve, 23: 1095-1104.

Andersen L.L., Andersen J.L., Magnusson S.P., Suetta C., Madsen J., Christensen
L.R., Aagaard P. (2005). Changes in the human muscle force-velocity relationship
in response to resistance training and subsequent detraining. Journal of applied
physiology, 99: 87-94.

Andersen L.L., Larsson B., Overgaard H., Aagaard P. (2007). Torque-velocity
characteristics and contractile rates of force development in elite badminton

players. European journal of sports and science, 7(3): 127-134.
Abe T., Fukashiro S., Harada Y., Kawamoto K. (2001). Relationship between
sprint performance and muscle fascicle length in female sprinters. Journal of

physiology and anthropology, 20: 141-147.

Bartlett R.M., Best J.R. (1988). The biomechanics of the javelin throwing: A
review. Journal of sports sciences, 6: 1-38.

87



Biflioypagpia

Bartlett R.M. (1992). The biomechanics of the discus throw: A review. Journal of

sports sciences, 10: 467-510.

Badura M. (2010). Biomechanical analysis of the discus at the 2009 IAAF World
Championship in Athletics. New studies in athletics, 25: 23-35.

Behm, D.G., and Sale G.D. (1993). Intended rather than actual movement velocity
determines velocity-specific training response. Journal of applied physiology, 74:
359-368..

Blazevich J.A., Gill N.D., Bronks R., Newton R.U. (2003). Training specific
muscle architecture adaptation after 5-wk training in athletes. Medicine and

science in sports and exercise, 35: 2013-2022.

Blazevich A.J. (2006). Effects of physical training and detraining, immobilisation,
growth and aging on human fascicle geometry. Sports medicine, 36: 1003-1017.

Blazevich A.J., Coleman D.R., Horne S., Cannavan D. (2009). Anatomical
predictors of maximum isometric and concentric knee extensor moments.

European journal of applied physiology, 105: 869-878.

Bosquet L., Montpetit J., Arvisais D., Mujika 1. (2007). Effects of tapering on
performance: A meta analysis, Medicine and science in sports and exercise, 39(8):
1358-1365.

Borg, GA. (1982). Psychophysical bases of perceived exertion. Medicine and

science in sports and exercise, 5: 377-381.

Cormie P., McGuigan M.R., Newton R.U. (2010). Adaptations in athletic
performance after ballistic power versus strength training. Medicine and science
in sports and exercise, 42(8): 1582-1598.

88



Iporovnon 1oy00¢ ue VYNAES Kot Younlég aviloTooelg:
AAayég atov poluo epopuoyns e SOVoUIS Kol ot PITTIKY ETLO00H

Cormie P., McGuigan M.R., Newton R.U. (2011). Developing maximal

neuromuscular power. Sports medicine, 41: 125-146.

Cohen J.W. (1988). Statistical Power Analysis for the Behavioral Sciences. 2™ ed.

Hillsdale, NJ: Lawrence Erlbaum Associates.

Earp J.E., Kraemer W.J., Newton R.U., Comstock B.A., Fragala M.S., Dunn-
Lewis C., Solomon-Hill G., Penwell Z.R., Powell M.D., Volek J.S., Denegar C.R.,
Hékkinen K., Maresh C.M. (2010). Lower-body muscle structure and it’s role in
jump performance during squat, countermovement, and depth drop jumps.

Journal of strength and conditioning research, 24: 722-729.

Earp J.E., Newton R.U., Cormie P., Kraemer W.J. (2011). The influence of
muscle-tendon unit structure on the rate of force development, during the squat,
countermovement, and the depth squat jumps. Journal of strength and

conditioning research, 25: 340-347.

Edman K.A.P., Josephson R.K. (2007). Determinants of force rise time during

isometric contraction of frog muscle fibres. Journal of physiology, 580: 1007-101.

Fleck J.S. (1999). Periodized strength training: A critical review, Journal of

strength and conditioning research, 13(1): 82- 89.
Gutiérrez M., Soto M.V., Rojas J.F. (2002). A biomechanical analysis of the
individual techniques of hammer throw finalists in the Seville Athletics World

Championship 1999. New studies in athletics, 17: 15-26.

Haff G.G., Carlock J.M., Hartman M.J., Kilgore J.L., Kawamori N., Jackson J.R.,
Morris R.T., Sands W.A., Stone M.H. (2005). Force-time curve characteristics of

89



Biflioypagpia

dynamic and isometric muscle action of elite women Olympic weightlifters.

Journal of strength and conditioning research, 19(4), 741-748.

Hékkinen K., Komi P.V., Alen M., Kauhanen H. (1987). EMG, muscle fibre and
force production characteristics during a 1 year training period in elite weight-
lifters. European journal of applied physiology, 56: 419-427.

Harridge S.D.R. (1996). The muscle contractile system and its adaptation to
training. Human muscular function during dynamic exercise. Medicine in Sport
and Science, 46: 82-94.

Holtermann A., Roeleveld K., Vereijken B., Ettema G. (2007). The effect or rate
of force development on maximal force production: acute and training-related

aspects. European journal of applied physiology, 99: 605-613.

Hubbard M., Mestre N.J., Scott J. (2001). Dependence of variables in the shot put.
Journal of biomechanics, 34: 449-456.

Ikai M., Fukunaga T. (1968). Calculation of muscle strength per unit cross-
sectional area of human muscle by means of ultrasonic measurement.

International journal of physiology, 26: 26-32.

Judge L.W. (2007) Developing speed and strength: In-season training program for

the collegiate thrower. National strength and condition association, 29, 42-54.
Karampatsos G., Terzis G., Georgiadis G. (2011). Muscular strength,
neuromuscular activation and performance in discus throwers, Journal of physical

education and sport, 11(4): 369-375.

Kawamori N., Rossi S.J., Justice B.D., Haff E.E., Pistilli E.E., O’Bryan H.S.,
Stone M.H., Haff G.G. (2006). Peak force and rate of force development during

90



Iporovnon 1oy00¢ ue VYNAES Kot Younlég aviloTooelg:
AAayég atov poluo epopuoyns e SOVoUIS Kol ot PITTIKY ETLO00H

isometric and dynamic mid-thigh clean pulls performed at various intensities.
Journal of strength and conditioning research, 20(3), 483-491.

Kumagai K., Abe T., Brechue W., Ryushi T., Takano S., Mizuno M. (2000).
Sprint performance is related to muscle fascicle length in male 100-m sprinters.

Journal of applied physiology, 88: 811-816.

Kyriazis T., Terzis G., Karampatsos G., Kavvouras S., Georiadis G. (2010). Body
composition and performance in shot put athletes at preseason and at competition
period. International journal of sports physiology performance, 5: 417-421.

Kyriazis T.A., Terzis G., Boudolos K., Georgiadis G. (2009). Muscular power,
neuromuscular activation, and performance in shot put athletes at preseason and at
competition period. Journal of strength and conditioning research, 23: 1773-
1779.

Kyroldinen H., Avela J., McBride J., Koskinen S., Andersen J., Sipil& S., Takala
T., Komi P. (2005). Effects of power training on muscle structure and
neuromuscular performance. Scandinavia journal of medicine and science in
sports, 15: 58-64.

Lamas L., Aoki M.S., Ugrinowitsch C., Campos G.E.R., Regazzini M., Moriscot
A.S., Tricoli V. (2010). Expression of genes to muscle plasticity after strength and
power training. Scandinavia journal of medicine and science in sports, 20: 216-
225.

Le Meur Y., Hausswirth C., Mujika 1. (2012). Tapering for competition: A review.
Science in sports, 27: 77-87.

Lichtenberg D.B., Wills J.G. (1997). Maximizing the range of the shot put.
American journal of physics, 46: 546-549.

91



Biflioypagpia

Marcora S., Miller K.M. (1999). The effect of knee angle on the external validity
of isometric measures of lower body neuromuscular function. Journal of sports
science, 18: 313-319.

McBride J.M., Triplett-McBride T., Davie A., Newton U.R. (2002). The effect of
heavy vs. light jump squats on the development of strength, power and speed.

National strength and conditioning association, 16(1): 75-82.

McGuigan, RM and Foster, C. (2004). A new approach to monitor resistance

training. National strength and conditioning association,26: 42—47.

McGuigan M.R., Winchester J.B., Erickson T. (2006). The importance of
isometrics maximum strength in college wrestlers. Journal of sports science and
medicine, CSSI: 108-113.

Mikkola S.J., Rusko H.K., Nummela A.T., Paavolainen L.M., H&kkinen K. (2007).
Concurrent endurance and explosive type strength training increases activation

and fast force production of leg extensor muscle in endurance athletes. Journal of
strength and conditioning research, 21(2): 613-620.

Moritani T. (2002) Motor unit and motoneurone excitability during explosive
movement. In: Strength and Power in Sport. 2nd edition. Oxford, Blackwell

Scientific Publications.

Morrow R.J., Disch J.G., Ward E.P., Donovan T.J., Katch I.F., Katch L.V.,
Weltman L.A., Tellez T. (1982). Anthropometric, strength and performance
characteristics of American world class throwers. Journal of sports medicine, 22:
73-79.

92



Iporovnon 1oy00¢ ue VYNAES Kot Younlég aviloTooelg:
AAayég atov poluo epopuoyns e SOVoUIS Kol ot PITTIKY ETLO00H

Mujika 1., Padilla S. (2003). Scientific Bases for Precompetition Tapering
Strategies. Medicine and science in sports and exercise; 35, 1182-1187, 2003.

Mujika 1., Padilla S., Pyne D., Busso T. (2004). Physiological changes associated

with the pre-event taper in athletes. Journal of sports medicine, 34: 891-927.

Nimpius S., McGuigan R.M., Newton U.R. (2012). Changes in muscle
architecture and performance during a competitive season in female softball

players. Journal of strength and condition research, 26(10): 2655-2666.

Plisk S., Stone M. (2003). Periodization strategies. National strength and

condition association, 25: 19-37.

Potteiger J.A., Lockwood R.H., Haub M.D., Dolezal B.A., Almuzaini K.S.,
Schroeder J.M., Zebas C.J. (1999). Muscle power and fiber characteristics
following 8 weeks of plyometric training. Journal of strength and conditioning
research, 13(3): 275-279.

Prestes J., Frollini A.B., Lima C., Donatto F.F., Foschini D., Cassia Marqueti R.,
Figueira A., Fleck S. (2009). Comparison between linear and daily undulating
periodized resistance training to increase strength. Journal of strength and
conditioning research, 23(9): 2437-2442.

Sale DG. (2004). Postactivation potentiation: Role in performance. British journal
of sports medicine, 38: 386-387.

Schaa W. (2010). Biomechanical analysis of the shot put at the 2009 IAAF World
Championship in Athletics. New studies in athletics, 25: 9-21.

93



Biflioypagpia

Schilling B.K., Fry A.C., Chiu L.Z.F., Weiss L.W. (2005). Myosin heavy chain
isoform expression and in vivo isometric performance: a regretion model. Journal
of strength and conditioning research, 19(2), 270-275.

Stasinaki A., Gloumi G., Spengos K., Blazevich A., Zaras N., Georgiadis G.,
Karampatsos G., Terzis G. (2015). Muscle strength, power and morphological
adaptations after 6 weeks of compound vs. complex training in healthy men.

Journal of strength and conditioning research, Ahead of Print.

Stone H.M., Sanborn K., O’Bryant H.S., Hartman M., Stone M.E., Proulx C.,
Ward B., Hruby J. (2003). Maximum strength power performance relationships in

collegiate throwers. Journal of strength and conditioning research, 17: 739-745.

Stone M.H., Sands W.A., Carlock J., Callan S., Dickie D., Daigle K., Cotton J.,
Smith S.L., Hartman M. (2004) The importance of isometric maximum strength
and peak rate of force development in sprint- cycling. Journal of strength and
conditioning research, 18(4): 878- 884

Tabachnick, BG, and Fidell, LS. Multivariate regression. In: Using multivariate
statistics (5™ Edition) Boston: Pearson Education, 2007, pp: 117-159.

Terzis, G, Karampatsos, G, and Georgiadis, G. (2007). Neuromuscular control
and performance in shot put athletes. Journal of medicine in physical fitness 47:
284-290.

Terzis G., Stratakos G., Manta P., Georgiadis G. (2008) Throwing performance

after resistance training and detraining. Journal of strength and conditioning
research, 22, 1-7.

94



Iporovnon 1oy00¢ ue VYNAES Kot Younlég aviloTooelg:
AAayég atov poluo epopuoyns e SOVoUIS Kol ot PITTIKY ETLO00H

Terzis G., Spengos K., Kavouras S., Manta P., Georgiadis G. (2010). Muscle fiber
type composition in hammer throwers. Journal of sports science and medicine, 9:
104-1009.

Terzis G., Kyriazis T., Karampatsos G., Georgiadis G. (2012). Muscular strength,
body composition and performance of an elite shot putter. International journal of
sports physiology and performance, 7: 394-396.

Turner A. (2011). The science and practise of periodization: A brief review.
National strength and condition association, 33: 34-46.

Whittington J., Schoen E., Hamdy R., Ramsey M.W., Stone M.E., Sands W.A.,
Haff G.G., Stone M.H. (2009). Bone mineral density and content of collegiate
throwers: influence of maximum strength. Journal of sports medicine and
physical fitness, 49: 464-473.

Wilson G.J., Lyttle A.D., Ostrowski K.J., Murphy A.J. (1995) Assessing dynamic
performance: A comparison of rate of force development tests. Journal of strength
and conditioning research, 9(3): 176-181.

Winchester J.B., McBride J.M., Maher M.A., Mikat R.P., Allen B.K., Kline D.E.,
McGuigan M.R. (2008). Eight weeks of ballistic exercise improves power
independently of changes in strength and muscle fiber type expression. Journal of

strength and conditioning research, 22: 1728-1734.
Young W.B., Bilby G.E. (1993). The effect of voluntary effort to influence speed
of contraction on strength, muscular power, and hypertrophy development.

Journal of strength and conditioning research, 7: 172-178.

Zaras N., Spengos K., Methenitis S., Papadopoulos C., Karampatsos G.,
Georgiadis G., Stasinaki A., Manta P., Terzis G. (2013). Effects of strength vs.

95



Biflioypagpia

ballistic power training on throwing performance. Journal of sport science and
medicine, 12: 130-137.

Zatsiorsky V., Lanka G., Shalmanov A. (1981). Biomechanical analysis of shot
putting technique. Exercise in sports science review, 9: 353-389.

Zatsiorsky V.M., Kraemer W.J. (2005). Science and practice of strength training.

Second edition, Human Kinetics.

96



MebBodoroyia

Hopaptnuo

210 TopdpTnUe TEPLAOUPavovTar:

To évromo ovykatabeong abinty/iplog xabdg kot 1O  €vivmo
ovykatdheong yovea.

Ta mpotoKolia mov Bo ypnoyomonfodv yio TNV KOTOYPOON TOV
OPYIK®OV KOl TEMK®V UETPNOEWV OTIS OWOUATOUETPNGEL,, OTINV
AYOVIGTIKY piyn, oTiS piyelg opaipag, ota dipoata SQJ ko CMJ, otov
RFD «ai o115 doxipacieg duvaung.

Ot 000 Onupooctlevuéveg epyaciec amd TNV mopovo OOUKTOPIKY|

dStTpiPn.
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EONIKO KAI KANOAIZTPIAKO MANENIZTHMIO AOGHNQN TMHMA ENIZTHMHZ ®OYZIKHZ
ATQrHz KAl AGAHTIZMOY Enwotnuovikdg uneuBbuvog tng £peuvag: Mepdoipog Teplng,
AvarmAnpwtng KaBnyntng ABAntkwv Pl ewv

ENHMEPQZH :YMMETEXONTA

Elcaywyn

Ta teAdevtaia xpovia n oBANTIKN EMOTARN £XEL TIPOXWPNOEL PE Yyopyd
BApata. Qotdoo, BepeAlwdn pWTALATA TTOPAUEVOUV OKOUN avarmavinta. Eva
and autd ta epwtRpata avadEpetal og mponovnTikeg peBodoug BeAtiwon tng
PUTTIKNC eTidooNg KOTA TN OSLAPKELX TNC OYWVLOTIKAG TEPLOSOU. IKOTIOG TNG
pHeAETNG elval va ouykplBel n emidpaon SVo SLadOPETIKWY TPOYPAUUATWY
A0KNONC UE QVTLOTAON KATA TNV aywvLoTik meplodo wg mpog tn BeAtiwon tng
PUTTIKI LKaVOTNTA.
Me0Bodoloyia

Neapol pinteg Ba umoPAnBoUV Oe €va TIPOTIOVNTIKO TPOYPOUUA ELOLKA
oxedlaopévo yla abAnTeg pihewv Sapkelag 14 eBdouddwy HEXPL TN XEWEPLVA
QYWVLOTIKN Tiepiodo. To (8lo mpomovntikd mpoypappa Ba enavoAndBel péxpt
TNV KAAOKOLPLVH OYWVLIOTIKN Tteplodo. Itnv apxn TNG aywviloTIKAG meplodou
(xelpepLvig Kal kKadokalplvig) Ba mpayuatonolnbel CUYKEKPLUEVO TIPOTIOVNTIKO
TIPOYPOHUO E OTOXO TNV aUENON TNG PUTTIKAG kavotntag. Katd tn Sidpkela
0AOKANpPoU Tou mpormovnTikol £Toug Ba mpaypatonolnBouv PeTpAoELC pldewy,
HEYLOTNG SUVANG KL LoXUOG KaBwg Kat a§LoAdynon TG CWHATLKAG cUOTACNG ME
N HEBobdo NG amoppodnolopeTpiog SUTARG EVEPYELAG.
Kivéuvou kat evoxAnoeig

OL petpnoelg duvapung Kal Loxuog elval YVwoTEG o OAOUG TOUG pimteg amnod
TNV CUMUETOXN TOUC OTIC TIPOTIOVNOEL, TWV TEAeUTAlWV £TwV. Elvol amAég
dokiuaoieg ol omoieg 6ev mapouctdlouv cofapr emkvduvotnta. H teXVIKA
QVAAUONG TNG CWHATIKAC ocuotaong 8ev €Xel KOpLO OMOAUTWE TIAPEVEPYELD
kKaBwg oL véolL Ba ekteBolv o€ MOo0oTO aktvoPoAiag MOANEG PopEC ULIKPOTEPO
Qo aUTO TNC aktwvoypadiag Owpaka.

Zntnon MAnpodoplwv
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Mn SloTdoeTe va KAVETE €PWTNOELG YUpw oo kaBe Stadkacia. Av €xete
Kamolec audlBolieg 1 epwtnoelg INTNOTE PG vo 0oG SWOOUUE TPOCOEeTEG
e€nynoeig (Zapag Nikog, kwv: 6945 630581). Ta anoteAéopaTa TWV HETPHOEWVY Ba
elvalt otn 61aBeon cag HETA TO TEAOC TWV AVOAUCEWV. AnNUOCLOTIOINCN TWwV
QTOTEAECUATWY (TL.X. O€ ETUOTNOVIKEG HEAETEG) UMOPEL val YIVEL LOVO aVWVU QL.
Na Buudote oOtL elote eAevBepol va anocupBeite and tn HeAETN OMOTE €0EiG
OéAete.

EAEYOEPIA 2YNAINEZHZ

AnAwvw unevBuva otL EAaBa cadelg ypamteg Kol TPodoplkEG TTANPodopLeg
yla T HEAETN KoL TLG SoKLUaoieg oTLg omoieg Oa umofANBw kal cuykataTiOepaL
Va CUMHETAOXW oflaoTta. Alatnpw To SIKalwpa Vo GTOUATHOW 1 VoL amocUpw TN

OUMLETOXN HLOU OTIOTE EYW KPLvw.

Huepounvia : / /2015

(Yroypadn)

O umnevBuvog Epeuvntng,

Zapag NikoAaog, Aldaktoptlkog Doltntng
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EONIKO KAI KANOAIZTPIAKO MANENIZTHMIO AOHNQN TMHMA ENIZTHMHZ ®OYZIKHZ
ATQrHz KAl AGAHTIZMOY Emwotnuovikog uneuBbuvog tng £peuvag: Mepdoipog Teplng,
AvarmAnpwtng KaBnyntng ABAntkwv Pl ewv

ENHMEPQZH TONEA

Elcaywyn

Ta teAevtaia xpovia n oBANTIKN EMOTAPN £XEL TIPOXWPNOEL PE Yyopyd
BApata. Qotdoo, BepeAdlwdn pWTAMATA TTOPAUEVOUV OKOUN avaravinta. Eva
and autd ta epwtRpata avadEpetal o€ mponovnTikeg peBodoug BeAtiwon tng
PUTTIKNC eTidooNg KOTA TN OLAPKELX TNC OYWVLIOTIKAG TEPLOSOU. IKOTIOG TNG
pHeAETNG elval va ouykplBel n emidpaon SUo SLadOPETIKWY TPOYPAUUATWY
A0KNONC LUE QVTLOTAON KATA TNV aywVvLoTIK meplodo wg mpog tn BeAtiwon tng
PUTTIKI LKaVOTNTA.
Me0Bodoloyia

Neapol pinteg Ba umoPAnBoUV Ot €va TIPOTIOVNTIKO TPOYPOUUA ELOLKA
oxedlaopévo yla abAnTeg pihewv Sapkelag 14 eBdouddwy pEXPL TN XEWWEPLVA
OYWVLOTIKN Tiepiodo. To (8lo mpomovntikd mpoypappa Ba emavoaAndBel péxpt
TNV KAAOKOLPLVH OYWVLIOTIKN Tteplodo. Itnv apxn TNG aywviloTIKAG meplodou
(xelepvig Kal Kadokalplvig) Ba mpaypatonolnbel CUYKEKPLUEVO TIPOTIOVNTIKO
TIPOYPOHUO E OTOXO TNV aUENON TNG PUTTIKAG Lkavotntag. Katd tn Sidpkela
0AOKANpPoU Tou mpormovnTikol £Toug Ba mpaypatonolnBouv PeTpAoELC pldewy,
HEYLOTNG SUVONG KoL LoXUOG KaBwg Kat a§LoAOyncon TG CWHATLKAG cUOTAONG ME
N HEBodo NG amoppodnolopeTpiog SUTARG EVEPYELAG.
Kivéuvou kat evoxAnoeig

OL petpnoelg duvaung kot LoxLog eival Yyvwotég o€ OAOUG TOUG VeApPOUG
PUTTEC OO TNV CUPUETOXN TOUC OTLC TIPOTIOVIOELG TV TEAEUTAlwY €Twv. Elval
amAég Sokwuaoieg oL omoieg dev mapoucitdlouv cofapr emkwvduvotnta. H
TEXVIK aVvAAUONG TNG OWHATIKAG ouotaong O&ev €xel Koplo omoAUTwg
napevépyela kKaBwg oL véol Ba ekteBolv o€ TO00OTO akTvoBoAilag MOAAEG POPES
ULKPOTEPO ATO AUTO TNG akTvoypadiag Bwpaka.

Zntnon MAnpodoplwv
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Mn SloTdoeTe va KAVETE €PWTNOELG YUpw oo kaBe Stadkacia. Av €xete
Kamolec audlBolieg 1 epwtnoelg INTNOTE PG vo 0oG SWOOUUE TPOCOEeTEG
e€nynoeig (Zapag Nikog, kwv: 6945 630581). Ta anoteAéopata TwV HETPHOEWY Ba
elvalt otn 81aBeor cag HeETA TO TEAOC TWV AVOAUCEWV. AnNUOCLOTIOINON TWV
QTOTEAEOUATWY (TL.X. O€ ETUOTNLOVIKEG HEAETEG) UMOPEL val YIVEL LOVO QVWVU QL.
Na Bupdote OtTL elote eAelBepol va amocUpeTe and tn HeAétn 1o moudi cag
onote £oeic OéAete 1) Omote ekeivo OeAnoEL.

EAEYOEPIA 2YNAINEZHZ

AnAwvw untevBuva otL EAaBa cadelg ypamTteg Kot TPodoplkEG TTANPodopLeg
yla T HEAETN Kal TG Soklpaoieg otig omoieg Oa umoPAnBel to madi pou Kot
ouyKatatiBepal vo CUPUETAOXEL aBlaota. Alotnpw TO SIKAlWUA VA OTAUOTHOW

f va amocUpw Tn CUKMETOXA TOU OTIOTE €Yw Kpivw f OTtoTE ekelvo BeANOEL.

Huepounvia : / /2015

(Yroypadn)

O umnevBuvog Epeuvntng,

Zapag NikoAaog, Aldaktoplkog Doltntng
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Tporovnon 1oy00¢ e VYNAES Kot younlég aviloTaoels:
Aldayég otov poluo epoproyns e OOvouns kot oty pITTIKY EXO0on

MPOQTOKOAANO 2OMATOMETPHZEQN

Huepounvia:
Xwpog die§aywyng:
Npa afloAoynong:
ONOMATENQNYMO 2OMATOMETPHZEIZ
HAIKIA (ETH) BAPOX (kg) 'YWOs(cm) BMI
Hopatnpioscis:
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MPOQTOKOAAO ATQNIZTIKQN PIWEQN

MeBodoroyia

Huepounvia:
Xwpog die§aywyng:
Npa afloAoynong:
PUTTIKEG MpooTABELEC
OVOUOTENWVULLO 1" 2" 3" 4" 51 6"
Mopatypioscis:
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Tporovnon 1oy00¢ e VYNAES Kot younlég aviloTaoels:
Aldayég otov poluo epoproyns e OOvouns kot oty pITTIKY EXO0on

NMPQTOKOAAO PIWEQN ZDAIPAZ

Huepounvia:
Xwpog die§aywyng:
Npa afloAoynong:
Piyn gurtpog (m) Piyn nicw(m) Piyn pe pétwno (m) Piyn and teAwkn SuAA (m)
OVOLOTENWVUHO 1" 2" 3" 4" 1" 2" 3" 4" 1" 2" 31| 4" 1" 2" 3" 4"
Hopatnpioscis:
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Huepounvia:
Xwpog die§aywyng:
Npa afloAoynong:

NMPOQTOKOAANO AZIOANONTH2ZHZ KAGETQN AAMATQN

MeBodoroyia

ONOMATENQNYMO

KAGETO AAMA ANO KAGETO AAMA ME AIQPHZH
HMIKAGIZMA
Mpoonadeleg Mpoonadeleg
1" 2" 3" 1" 2" 3"

Hopatnpioscis:
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Tporovnon 1oy00¢ e VYNAES Kot younlég aviloTaoels:
Aldayég otov poluo epoproyns e OOvouns kot oty pITTIKY EXO0on

MPOQTOKOAANO AZIOANOIHzZHZ RFD

Huepounvia:
Xwpog die§aywyng:
Npa agloAoynong:
RFD
ONOMATENQNYMO MpoonaBeleg
0Oéon KaBiopartog 1" 2" 3"
Hopatnpioscis:
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MeBodoroyia

NPQTOKOAAO A=ZIOANOlHZHZ MET2ZTHZ AYNAMHZ (1-MAE)

Huepounvia:
Xwpog die§aywyng:
Npa afloAoynong:
AoKlpaoieg
OVOUATENWVUHO Npéoa Ndaykog BaBU EntoAé Apaoé
HMopatypioscis:
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ABSTRACT

Zaras, ND, Stasinaki, A-NE, Krase, AA, Methenitis, SK, Karampat-
sos, GP, Georgiadis, GV, Spengos, KM, and Terzis, GD. Effects of
tapering with light vs. heavy loads on track and field throwing
performance. J Strength Cond Res 28(12): 3484-3495, 2014—
The purpose of the study was to investigate the effects of power
training with light vs. heavy loads during the tapering phases of
a double periodized training year on track and field throwing per-
formance. Thirteen track and field throwers aged 16-26 years
followed 8 months of systematic training for performance enhance-
ment aiming at 2 tapering phases during the winter and the spring
competition periods. Athletes performed tapering with 2 different
resistance training loads (counterbalanced design): 7 athletes
used 30% of 1 repetition maximum (1RM) light-load tapering
(LT), and 6 athletes used the 85% of 1RM heavy-load tapering
(HT), during the winter tapering. The opposite was performed at
the spring tapering. Before and after each tapering, throwing per-
formance, 1RM strength, vertical jumping, rate of force develop-
ment (RFD), vastus lateralis architecture, and rate of perceived
exertion were evaluated. Throwing performance increased signifi-
cantly by 4.8 = 1.0% and 5.6 * 0.9% after LT and HT, respec-
tively. Leg press 1RM and squat jump power increased more after
HT than LT (5.9 *+ 3.2% vs. —3.4 = 2.5%, and 5.1 * 2.4% vs.
0.9 * 1.4%, respectively, p = 0.05). Leg press RFD increased
more in HT (38.1 = 16.5%) compared with LT (—2.9 * 6.7%),
but LT induced less fatigue than HT (4.0 = 1.5vs. 6.7 = 0.9, p =<
0.05). Muscle architecture was not altered after either program.
These results suggest that performance increases similarly after
tapering with LT or HT in track and field throwers, but HT leads to
greater increases in strength, whole body power, and RFD.

Key WORDS strength/power training, shot put, discus,
hammer, javelin, rate of force development
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INTRODUCTION

rack and field throwing events are the shot put, the

discus, the hammer, and the javelin throw. Perfor-

mance in these events depends largely on power

production, which can be developed with the
combination of strength and power exercises (13). Accord-
ingly, throwers regularly perform resistance training pro-
grams that include a combination of strength/power
exercises to induce specific neuromuscular adaptations
(1,10) and increase their muscle power output and throwing
performance (12,19).

Year-round training is planned according to the principles of
periodization aiming to peak performance at the most impor-
tant competition (26). The training phase before an important
athletic event is called tapering. The tapering phase before the
main competition usually includes a significant reduction in
training load, and an increase or stabilization of the training
intensity, which presumably leads to attenuation of fatigue
and an increase in athletic performance (21,27,32,33). The
potential increase in performance after the tapering period in
swimming, running, rowing, triathlon, and cycling sport events
is about 3% (0.5-6% (27)). However, the effects of tapering on
track and field throwing performance remain unclear.

Various combinations of resistance loads may be used in
strength/power training to enhance power performance
(5,10,17). For example, strength and power training with
heavy loads (>80% of 1 repetition maximum [1RM]) may
enhance muscle force and throwing performance (3,15,29).
Nevertheless, it remains uncertain whether training with
heavy resistance loads is effective at enhancing throwing
performance during the tapering period in trained track
and field throwers. However, training with light loads (0-
60% of 1RM) allows athletes to train at higher movement
velocities and may increase the rate of force development
(RFD) and muscle power output (10,28). Anecdotal data
and communications with throwers and throwing coaches
reveal that during the tapering phase, the use of specific
throwing equipment, such as lighter weight implements or
medicine balls, seems to favor throwing performance and
increase fundamental parameters of a throw, such as the angle
and the velocity of release (16). Recently, it was also shown
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that ballistic-power training with 30% of 1RM increases
power production and throwing performance in novice
throwers after a 6 weeks mesocycle (35). However, it re-
mains uncertain whether tapering with light or heavy loads
is more effective in enhancing track and field throwing
performance. Thus, the purpose of this study was to inves-
tigate the effect of 2 different tapering methods with light
vs. heavy loads on throwing performance.

MEeTHODS

Experimental Approach to the Problem

Although tapering is a common strategy to increase
performance in many sports, the effect of different resistance
tapering training programs on performance in track and field
throwing events has not been investigated yet. Thirteen
throwers (7 boys and 6 girls) with 4.6 = 1.5 years experience
in throwing training and competitions completed 2 different
tapering programs with light loads (30% of 1RM, light-load
tapering [L'T]) and heavy loads (85% of 1RM, heavy-load
tapering [HT]) following a counterbalanced design (Figure 1).
The athletes were randomly assigned into the I'T'and HT
training (lottery between athletes competing in the same
event) for the winter tapering. The opposite assignment
was used for the spring tapering. Athletes followed an exer-
cise training program for 15 weeks before the first tapering
period (February), and another training program of 12 weeks
before the second tapering period (May) designed according
to the principles of periodization and the demands of each
throwing event (19,29). Two weeks tapering is the usual train-
ing duration for peaking performance in swimming, cycling,
and strength trained individuals (27). Thus, the same training
duration was used in this study. Measurements were per-
formed 1 week before and the week after each tapering
period. Track and field competitive throwing performance
was measured on a single day for each athlete. Shot throws
(squat underhead and backward overhead throws) were mea-
sured the next day. Alterations in power performance were
evaluated with vertical jumping and leg press RFD, whereas

30% 1RM,n=7
85% 1RM,n=6

2 wks Taper
(Winter)

15 wks training

T e RM

maximum strength (1RM) was evaluated in leg press. Vastus
lateralis architecture was evaluated with ultrasonography
before and after the tapering periods to provide possible ex-
planations of the performance results. Because of the counter-
balanced design, each athlete was compared between the 2
tapering methods as a control of each self. Results of the
measurements before and after the 2 tapering periods were
statistically compared.

Subjects

Thirteen throwers (men: 193 *= 44 years [age range
between 16 and 25 years], body height = 1.77 = 0.06 m,
body mass = 85.7 = 23.6 kg; women: 18.0 = 2.8 years [age
range between 16 and 22 years], body height =1.66 = 0.05 m,
body mass = 74.1 * 19.4 kg) gave their written consent to
participate in the study after being informed about the exper-
imental procedures. Parental consent was also obtained in
participants under 18 years of age. Five of the participants
were discus throwers (3 men and 2 women), 4 hammer
throwers (2 men and 2 women), 2 shot put throwers (1 man
and 1 woman), and 2 javelin throwers (1 man and 1 woman).
The personal best performance of the athletes is presented in
Table 1. The mean performance of the athletes was at 67% of
the national records and 75% of the best performance in state,
achieved in 2013. All throwers were in good health and
received no medication or nutritional supplements during
the training period. All procedures were performed in accor-
dance with the principles outlined in the Declaration of
Helsinki and were approved by the local ethics committee.

Procedures

Training. Athletes followed a 15-week training program
before the winter tapering period and another 12-week
training program before the spring tapering period (Figure 1).
The winter preparation phase was longer in duration to
achieve the appropriate adaptations with resistance training
and skills training, after the long summer transition phase.
The spring training phase was shorter (12 weeks) compared
with the winter preparation phase because the transition

85% IRM,n=7

2 wks Taper
(Spring)

12 wks training

vV v

T1 T2

L 2 -

T3 T4

Figure 1. Study design leading to 2 groups by n = 13, for statistical comparison between the 2 tapering programs. T1 and T3 presents the initial measurements
(pre), whereas T2 and T4 presents the final measurements (post). 1RM = 1 repetition maximum.
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TasLe 1. Personal best performances and individual percent change in performance of the athletes participating in

the study.*

Performance change
LT or HT

Throwing event  Athlete no.  winter taper Personal best (m)  Gender/implement (kg) LT (%) HT (%)
Discus 1 LT 45.87 Male/1.75 3.40 1.44
2 LT 42.81 Male/2 4.73 2.79
3 HT 40.10 Male/2 5.71 3.138
4 HT 40.12 Female/1 3.62 2.94
5 LT 43.61 Female/1 7.62 5.89
Hammer 1 HT 52.68 Male/5 —2.57 8.05
2 LT 46.50 Male/5 9.13 9.06
3 HT 43.03 Female/4 6.64 4.74
4 LT 44,05 Female/4 2.74 9.19
Shot put 1 LT 12.28 Female/4 4.63 2.25
1 HT 13.05 Male/5 0.70 4.68
Javelin 1 LT 32.56 Female/0.6 4.47 10.19
2 HT 41.58 Male/0.6 11.20 8.87

*LT = light-load tapering; HT = heavy-load tapering.

phase between the winter tapering and the spring preparation
phase was shorter than the summer transition phase. Athletes
started the spring training phase at a higher level of perfor-
mance, thus, they needed less time of general preparation.
During the winter preparation and during the spring prepara-
tion, athletes followed an almost identical periodized training
program, designed for each individual needs, and according to
the demands of the throwing event of each athlete. Addition-
ally, the 2 training periods before tapering were counterbal-
anced regarding the training volume, intensity, and frequency
of every training unit. The general characteristics of the train-
ing programs followed by the athletes are presented in Table 2.

About 8% of all the planned training sessions were not com-
pleted because of small injuries. Ballistic training with 30% of
1RM has been shown to increase throwing performance
by 6-12% in novice throwers (35), whereas 8 weeks of
periodized resistance training increases shot put perfor-
mance by 5.4% in collegiate throwers (29). Thus, 2 taper-
ing programs with either light or heavy loads were
implemented in this study. Light-load tapering was per-
formed with 30% of 1RM where the throwers were in-
structed to project the loads as far as possible or jump as
high as possible. Heavy-load tapering was performed with
85% of 1RM, and throwers were instructed to perform

TaBLe 2. General characteristics of the year-round training followed by the athletes.

Training Mesocycle Volume of resistance  Intensity of resistance

Training period mesocycles (wk) emphasis training training (%)
General preparation 3 Muscle endurance 4 X 8-12 75
Specific period 5 Hypertrophy 4-5 X 6-8 80-85

5 Maximum strength 4 X 3-4 90-95
Competitive period 2 Power 3-4 X 1-2 95-100
Tapering 2 Peak performance 30 or 85
Transition Rest between seasons 65
General preparation 2 Muscle endurance 4 X 8-12 75
Specific period 4 Hypertrophy 4-5 X 6-8 80-85

4 Maximum strength 4 X 3-4 90-95
Competitive period 2 Power 3-4 X 1-2 95-100
Tapering 2 Peak performance 30 or 85
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each repetition with maximum intentional speed of move-
ment (34). The acute parameters of the tapering programs
are presented in Table 3. Training was performed with
maximal intensity in every training session during both
LT and HT tapering. Training intensity was set at 30% of
1RM for LT and 85% of 1RM for HT. Throws during train-
ing and plyometric training were also performed with
maximum intensity both for LT and HT. Training fre-
quency was the same for all athletes in each tapering pro-
gram. Immediately after the end of the second tapering
period, athletes provided a rated scale of perceived exer-
tion (RPE) for LT and HT (0: very-very light to 10: very-
very heavy (7)). Training load was calculated as the sum of
the weights lifted in a training session. Furthermore, train-
ing monotony was calculated from the mean training load
(repetitions X RPE) divided by the SD of the training load
over 1-week training period, which represents the variabil-
ity of LT and HT. The product of training load and training
monotony was used to yield training strain, which presents
the overall stress imposed on athletes (23,25).

Throwing Performance. Throwing performance in shot put,
javelin, hammer, and discus throw was measured outdoors
(each athlete performed his/her own specialty), as previously
described (11). Ambient temperature was 13-18° C at the
winter tapering phase and 20-23° C at the spring tapering
phase. Weather was calm and sunny during all throwing
measurements. Briefly, after a short warm-up (jogging,

stretching, and 2—4 near maximum throws) athletes performed
6 maximum throws. The best throwing performance was
used in further analysis. To achieve competition conditions,
we organized 2 regional competitions for all throwing
events inviting also groups of track and field throwers from
other clubs. This created a competitive spirit among the
athletes leading them to achieve personal best or season
best performances.

Shot Throws. “Shot throws” is defined here as the combined
performance of 2 shot put throws, which are regularly per-
formed by all throwers: the backward overhead throw and
the squat underhead throw (11). There is a strong relation-
ship between these shot put throws and competitive throw-
ing performance (30). These basic shot put throws were
performed outdoors at similar conditions as described above.
Athletes performed 4 maximum throws from each throwing
test, and the best performance was used in statistical analysis.
Pilot data showed a close correlation between the overhead
and the underhead shot put throw (» = 0.97, p < 0.001).
Thus, we decided to combine the results of these 2 tests in
1, and define it as shot throws. The intraclass correlation
coefficient (ICC) for these tests was ICC = 0.91 (95% con-
fidence interval [CI], 0.89-0.98), » = 13.

Vertical Jumps. One day after performing the shot throws
(described above), throwers visited the laboratory for the
vertical jump tests: the squat jump (SQJ) and the counter-
movement jump (CMJ). All measurements were performed

TasLE 3. Training variables of the tapering programs with either 30% 1RM (LT) or 85% 1RM (HT).*¥

Training modalities

Resistance training (83X per week)t Close grip snatch§
Bench press throw||
Jump squatz
Clean pull jumpst

Medicine ball upward throws}
15-20 throws with competition implement, max intensity
12-15 throws with lighter implement, max intensity

Throws (common for LT and HT)
(8% per week)t

HT
4 X 6 or Midthigh snatch§ 4 X 2or
4 X8 Bench press|| 4 X2
4 X8 Half squatst 4 X 4
4 X8 Midthigh pullsi 4 X 4
3X6 Box jumps (50 cm)f 3 X 8

Backward overhead throws X 8
Squat underhead throws X 8
10-15 throws with competition implement, max intensity emphasis on technique

Plyometric training (common for
LT and HT)
(2% per week)t

Standing long jumps X 8

Standing triple jumps X 6

Jumping hurdles
Sprints

5X5
3X30m

*LT = light-load tapering; HT = heavy-load tapering.

+Rest between sets = 1-2 minutes; Rest between exercises = 2—3 minutes.

iExercise for all throwers.
8§Exercise for hammer throwers.
|[Exercise for shot put, discus, and javelin throwers.
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Figure 2. Changes in throwing performance after 2 weeks tapering with light and heavy loads. Track and field throwing performance significant increased after
both tapering programs (*p = 0.001). However, no significant difference was found between LT and HT (mean difference 0.8%, p = 0.487). LT = light-load

tapering; HT = heavy-load tapering.

on a force platform (WP800, 80 X 80 cm, sampling frequency
1 kHz; Applied Measurements Ltd Co., Aldermaston, United
Kingdom). Throwers started with 5 minutes warm-up on
a stationary bicycle and 5 minutes stretching of the lower
extremities’ major muscle groups. Then, 3 CM]Js with sub-
maximal but progressively higher intensity were performed.
Subsequently, 3 SQJ with maximal effort were performed
(2 minutes rest between attempts) followed by 5 minutes rest
and 3 CM]J with maximal effort (again, 2 minutes rest between
attempts). In all attempts, hands were placed on hips. Data
from the force platform were recorded and analyzed (Kyowa
sensor interface PCD-320 A) to calculate the maximum ver-
tical jump height and power output during the push off phase

16000 37
3
_ 14000 1 25
>
£ 12000 -
B 2 1
S 10000 - E
1~
& 8000 - 2 151
E 6000 § 14
2
F 4000 | aLT
0,5
» 2000
BHT
A 0 B o

(8,22). The signal was filtered using a secondary low-pass
Butterworth filter with a cutoff frequency of 20 Hz. The best
performance in jump height was used for further analysis. The
ICC for the SQJ and the CM]J were 0.90, (95% CI, 0.89-0.99)
and 0.91, (95% CI, 0.90-0.99), respectively, = 13.

Rate of Force Development. Assessment of RFD was per-
formed 15 minutes after the vertical jump tests. Throwers
were seated on a custom made steel leg press chair and placed
both their feet on the force platform (WP800-1,000 kg
weighting platform, 80 X 80 cm, sampling frequency 1 kHz,
Applied Measurements Ltd Co.), which was positioned
perpendicular, on the laboratory wall. Knee angle was set at

1400 -
1200 4
1000 -
800 -

600

Weekly Strain

C

400 -

200 1

aLT

BHT

Figure 3. Weekly training load was significant higher for HT compared with LT (*p = 0.000) (A). Additionally, monotony (B) and training strain (C) were
significantly higher for HT compared to LT (*p < 0.000). LT = light-load tapering; HT = heavy-load tapering.
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TasLE 4. Performance characteristics after LT and HT training programs.*

LT HT
Performance tests Pre Post Pre Post p n2
Shot throws (m) 13.09 = 0.4 13.63 = 0.4 12.84 = 0.5 13.23 = 0.4 0.881 0.001
Squat jump height (cm) 30.67 = 1.65 31.15 = 1.06 29.87 + 1.45 30.43 £ 1.31 0.722 0.006
Squat jump 9.93 = 0.68 9.92 * 0.69 9.37 = 0.583 9.73 £ 0.50 0.650 0.010
power (P-kg~")
Countermovement jump 33.40 * 1.81 33.44 * 1.81 31.99 = 1.25 32,57 = 1.31 0.611 0.013
height (cm)
Countermovement jump 13.51 = 0.99 13.68 = 0.99 13.07 = 0.67 13.20 £ 0.74 0.630 0.012
power (P-kg~")
Isometric peak force (N) 4,092.62 + 30.33 4,201.60 * 32.27 4,133.27 + 55.58 4,734.36 + 61.39 0.707 0.008

=+
1RM leg press 341.36 = 22.11

strength (kg)

* *
331.82 £ 24.63 324.09 £ 27.64 339.09 * 26.35 0.889 0.001

*LT = light-load tapering; HT = heavy-load tapering; 1RM = 1 repetition maximum.

120° and hip angle was set at 100° (24). Athletes were
instructed to apply their maximum force as fast as possible
for 3 seconds. Two maximum attempts were performed with
3 minutes interval, and throwers were vocally encouraged
to perform their best in each attempt. Data from the force
platform were recorded (Kyowa sensor interface PCD-320 A)
and analyzed. The signal was filtered using a secondary
low-pass Butterworth filter with a cutoff frequency of
20 Hz. Calculations from the force-time curve included: the
maximum isometric peak force, the RFD, and the impulse.
Maximum isometric peak force was calculated as the greater
force generated from the force-time curve. Rate of force
development was calculated as the mean tangential slope of
the force-time curve in specific time windows of 0-50, 0-100,
0-150, 0-200, and 0-250 milliseconds (RFD = AForce/ATime).
Time intervals were chosen because of the potential rela-
tionship to force production during throwing (4,36).
Impulse was calculated as the area under the force-time
curve, and it represents the total force-time integral in
a given time period (Impulsey s = ZFoms X ATimeyys,
[Kums = 50, 100, 150, 200, 250]) (1). The best performance
according to overall RFD was used for further statistical
analysis. The ICC for the isometric peak force the RFD over-
all, and the impulse was ICC = 0.90, (95% CI, 0.86-0.96), 0.92,
(95% CI, 0.87-0.98) and 0.93, (95% CI, 0.88-0.98), respec-
tively, » = 13.

Repetition Maximum Strength Tést. Thirty minutes after the
RFD test, throwers performed the 1RM strength test on
a leg press machine according to previous reports (31).
Briefly, after a short warm-up, throwers performed incre-
mental maximum efforts until they were unable to lift
a heavier weight. Approximately, 3-minute rest was allowed
between the trials. In all cases, 2 of the researchers were

present and vocally encourage all throwers. The ICC for
1RM strength test was 0.98, (95% CI, 0.94-0.99) » = 13.

Ultrasonography. B-mode ultrasound images were recorded
from the right vastus lateralis to determine its architectural
characteristics (6.5 MHz Transducer; MicroMaxx Ultra-
sound System and Sonosite Inc, Bothell, WA, USA).
Throwers were lying at a supine position with both knees
extended at a resting position (18). Images were taken at 50%
of the distance between the greater trochanter, and the lat-
eral condoyle of the femur and analyzed for vastus lateralis
thickness, pennation angles, and fascicle lengths (Motic Im-
ages Plus, 2.0). The ICC for muscle architecture was 0.97,
(95% CI, 0.91-0.99), » = 13.

Body Composition Analysis. A total body scan was performed
(Dual X-ray Absorptiometry model DPX-L; LUNAR Radi-
ation, Madison, WI, USA) to evaluate body composition
(DXA). All measurements were analyzed using the LUNAR
radiation body composition program. Fat mass, lean body
mass, and bone mineral density were determined for the
total body in 3 different periods: at the beginning of the year-
round training, after the first tapering period, and after the
second tapering period. The ICC for body composition
analysis was determined from 2 different researchers ICC =
0.98, (95% CI, 0.95-0.99), » = 13.

Statistical Analyses

All data are represented as mean and SE. A 2-way analysis
of variance for repeated measures was used to test dif-
ferences before and after the tapering periods. Whenever
a significant F-value was obtained, the main effects were
compared with Bonferroni confidence interval adjustment.
Paired samples T-Test was used to detect percent alterna-
tions differences between the LT and HT. Calculation of
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Figure 4. A and B) Alternations in isometric leg press RFD (N-s~') before

Time (ms)

(gray line) and after 2 weeks of tapering (black line). No significant changes were

found after LT (A) or HT (B). However, HT induced greater percentage increases at 50, 100, and 200 milliseconds in contrast to LT (*p = 0.05). RFD = rate of

force development; LT = light-load tapering; HT = heavy-load tapering.

effect sizes (n?) was followed (9). Additionally, a 1-way
repeated measures analysis of variance and Bonferroni post
hoc was performed to test differences between 3-time point
DXA measurements. Pearson’s product moment correlation
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coeflicient was used to explore the relationships between shot
throws as well as between the initial performance and the
percentage increase in performance tests of the throwers.
Within subjects, variation and reliability were determined for
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Figure 5. A and B) Changes in isometric leg press impulse (N-s) before (gray column) and 2 weeks after tapering (black column). No significant differences
were found after both LT (A) and HT (B) tapering. Nevertheless, HT induced greater percentage increases at 100, 150, 200, and 250 milliseconds in
comparison with LT (*p = 0.05). LT = light-load tapering; HT = heavy-load tapering.
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TasLe 5. Changes in muscle architecture of vastus lateralis after LT and HT training programs.*

LT HT
Vastus lateralis ultrasonography Pre Post Pre Post p n?
Muscle thickness (cm) 2.56 = 0.12 2.64 * 0.11 2.52 + 0.14 253 +0.12 0.626 0.012
Pennaton angle (degrees) 1855 + 0.71 17.74 = 091 17.34 =053 17.05 + 0.73 0.254 0.065
Fascicle lengths (cm) 8.28 * 0.48 8.58 = 0.49 8.561 = 0.38 881 £ 1.25 0.653 0.010

*LT = light-load tapering; HT = heavy-load tapering.

all variables by calculating the confidence limits (95% CI) and
ICC as described by Hopkins, (14). Significance was accepted
at p = 0.05. All statistical analysis was performed using SPSS
version 17.0 software (SPSS Inc., Chicago, IL, USA).

REsuLTS

Throwing performance increased significantly after L'T' by
4.8 + 1.0% and after HT by 5.6 = 0.9% (p = 0.001, n? =
0.855) (Figure 2), but the difference between the 2 programs
was not significant (p = 0.487, n? = 0.052). Light-load taper-
ing was significantly easier to perform (RPE =4.0 = 1.5 in
LT, vs. 6.7 = 0.9 in HT, p = 0.01, n? = 0.757), whereas
weekly training load, monotony, and strain were significantly
higher for HT compared with LT (12,662 = 816 vs. 9,360 =
380 kg, p = 0.000, 02 = 0.763; 2.30 = 0.01 vs. 0.71 = 0.01,
£ =10.000, N2 = 0.945; and 1,114.5 = 86.2 vs. 424.3 * 125.2,
# = 0.000, N2 = 0.659, respectively) (Figures 3A-C). The
percentage increase in shot throws was significantly different
between the 2 tapering programs (0.6 = 1.7% vs. 3.3 = 1.9%
for LT and HT, respectively, p = 0.048, n2 = 0.256; Table 4).

Jump height and power output at the SQJs and CM]Js were
not statistically different after tapering. However, HT
induced significantly greater percentage increases in SQJ
power output compared with I'T' (5.1 = 2.4% vs. 0.9 = 1.4%,
7 =0.042, 12 = 0.388). No significant difference was found

TasLe 6. Changes on body composition characteristics after the 2 tapering

training periods.*

for leg press 1RM after L'T or HT. However, the percentage
increase after HT was significantly greater in comparison
with T (5.9 * 3.2% vs. =34 = 2.5%, p = 0.031, n2 =
0.415; Table 4).

No significant change was observed on isometric peak
force, though, HT induced greater percentage increase in
contrast to LT (179 * 5.0% vs. 2.4 = 3.1%, p = 0.016, n? =
0.539, respectively, Table 3). In accordance, RFD and
impulse remained unaltered after both tapering programs.
However, HT induced greater percentage increases on
RFD at 50 milliseconds (p = 0.038, 12 = 0.516), 100 milli-
seconds (p = 0.042, n? = 0.418), and 200 milliseconds (p =
0.041, 0% = 0.389) in comparison with IT (Figures 4A, B),
whereas, analysis of impulse demonstrated greater percent-
age increases after HT at 100 milliseconds (p = 0.045, n? =
0.411), 150 milliseconds (p = 0.038, 2 = 0.512), 200 millisec-
onds (p = 0.044, n? = 0.401), and 250 milliseconds (p = 0.048,
N2 = 0.380, Figures 5A, B).

Muscle architecture was not altered after either tapering
methods (Table 5). Lean body mass was increased signifi-
cantly by 3.3 = 0.9% after LT and 3.9 = 0.9% after HT (p =
0.004, 2 = 0.706), compared with the measurement at the
initiation of the year-round training (Table 6). There was no
difference in the percentage adaptations between male and
female athletes (e.g., track and field throwing performance:
p = 087 for LT and p = 0.81
for HT). In addition, no signifi-
cant correlation was found
between the initial performance
and the percentage increase in

performance.
Preparation
phase LT HT DiscussioN
Fat (%) 20.58 = 2.36 27.99 + 2.46 27.64 * 2.52 The main finding of this study
Fat free mass (kg) 54.85 + 4.31 57.32 + 4.04+ 57.05 + 4.58+ was that track and field throw-
Bone mineral 1.31 £ 0.03 1.34 =0.03 1.34 = 0.08 ing performance increased sim-

content (gr-cm—2)

ilarly after 2 weeks of tapering

*LT = light-load tapering; HT = heavy-load tapering.
ip < 0.01, between preparation phase and tapering periods.
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either with light or heavy resis-
tance loads in track and field
throwers. Tapering with heavy
loads induced, to some extent,
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larger increases in strength, vertical jumping, and the RFD;
however, these alterations were not adequate to induce
greater increases in sport-specific throwing performance
compared with the L'T. Training with heavy resistances also
resulted in greater percentage increases in shot throws
(considered as reliable tests of throwing ability, (31)) com-
pared with LT. The latter throwing tests are simple tests with
limited demands on technical skills (11,30) in contrast to the
elevated technical skills necessary for sport-specific throwing
performance such as the javelin or the hammer throw (11).
The present results suggest that 2 weeks of tapering with HT
induces somewhat better increases in strength/power com-
pared with L'T, which cannot be revealed during the perfor-
mance of a technically demanding test, such as the sport-
specific throwing performance. In concert with this notion, it
has been shown that the increase in muscle mass/strength is
not a prerequisite for an increase in performance in techni-
cally demanding efforts such as the rotational shot put throw
in well-trained athletes (20). In contrast, the linear shot put
throw, which is a slower and less technically demanding
movement compared with the rotational shot put throw,
depends to a larger degree on muscle mass/strength in
well-trained shot putters (19,20).

Tapering with both 30% of 1RM and 85% of 1RM was
performed with maximum intentional speed of movement.
Training with 30% of 1RM increases throwing performance,
muscle strength and power, and the cross-sectional area (CSA)
of type IIx quadriceps muscle fibers, whereas the percentage of
these fibers remains unchanged, at least in novice throwers
(35). In a similar context, it has been described that training
with heavy loads (>80% of 1RM) and maximum intentional
movement velocity increases strength, power, and RFD in
untrained subjects (34). This type of training has been also
linked to an increase in the recruitment of high threshold
motor units, which suggests specific neural adaptations (10),
although the complete neuromuscular adaptations induced by
this type of training remain largely unexplored. It is obvious
that both of these training intensities can induce significant
adaptations leading to muscle power development. Indeed,
the present results reveal that despite small differences in
power development, both L'T' and HT can be effective in
increasing track and field throwing performance after only 2
weeks of tapering. Unfortunately, we were not able to evaluate
specific neuromuscular adaptations such as the muscle fiber
composition or the electromyographic activity after the HT
and LT, which it would provide valuable information for the
interpretation of the current results.

Tapering with 85% of 1RM induced greater percentage
increases in leg press strength compared with LT, although it
should be considered that the leg press may not be the best
test to evaluate muscular strength in throwers, regarding
movement specificity. This might be attributed to the sudden
reduction in training volume and intensity with 2 weeks of
LT compared with the precompetition training, which has
been linked to type II muscle fibers’ atrophy (e.g., after 14

days of detraining in power athletes, 15). In contrast, in HT
the training volume and intensity remained comparable with
the precompetition training period. Similar to the changes in
muscle strength, HT resulted in greater increases in RFD
compared with LT, Rate of force development is thought
to be depended on muscle mass, muscle fiber composition,
and neural drive (1). Andersen et al. (2) suggested that the
principal training stimulus for increasing RFD is high resis-
tance with the highest intended movement velocity, as per-
formed in the HT program of this study. This might explain
the small difference in RFD in favor of the HT program. As
shown before, power production during vertical jumping is
increased between the preseason and the competition phase
in well-trained throwers (19). Actually, a significant correla-
tion has been found between shot put throwing performance
and vertical jump power output in trained shot putters (r=
0.66, p = 0.05 (19)). In this study, the percentage increase of
power output during the SQJ after HT was significantly
greater in contrast to LT, which again reveals a closer link
between HT and throwing performance. Unfortunately,
scarce data exist on the alternations of RFD after short-
term tapering in athletes. Alterations in RFD after tapering
need further investigation.

Muscle mass is a crucial factor, which contributes to
performance in power demanding sports. Lean body mass
correlates well with track and field throwing performance in
novice throwers (31), although it cannot predict perfor-
mance among experienced shot put athletes (20). The
year-round training increased the total body lean mass by
approximately 3.5%, similarly to previous reports in throwers
(20), which states the effectiveness of the total training pro-
gram. However, measurement of the vastus lateralis thick-
ness with ultrasound before and after the tapering periods
did not reveal significant alterations, whereas DXA was not
performed before and after these periods. Although small
changes in muscle mass cannot be excluded, it seems that
2 weeks of tapering is a short period to detect such changes
in trained individuals, thus it cannot be a valid measure of
muscle adaptations in similar cases.

Moreover, muscle architecture did not reveal any differ-
ential effects between the 2 tapering modes. Ultrasonogra-
phy revealed no significant changes in vastus lateralis muscle
architecture after either tapering methods. It is possible that
2 weeks of training was a short time to detect differences in
muscle architecture, if any. In a previous study with 5 weeks
of resistance training, fascicle length and fascicle angle were
slightly increased, whereas the opposite results were found
with high-velocity training in vastus lateralis (6). However, in
this study, the short training duration might have rendered
impossible to detect such changes in muscle architecture.

The magnitude of performance increases after tapering,
which was found in this study (4.8% after LT and 5.6% after
HT [95% CI, —3.48 to 1.76]) was similar to that found in
previous studies in different sport events such as swimming,
running, and rowing (27). Similar increases in shot put
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performance in experienced athletes (4.7% (19)), or college
athletes (5.4% (29)) have been reported before and after
several weeks of training, which included the preparatory
training phase and the tapering phase. As a final point
regarding the performance enhancement found in this study,
the difference in improvements after I'T' and HT was non-
significant (0.8%). However, this difference in the training
response might be of importance for the coach and athlete
because it might make the difference between the first and
the second place in the major competition. Considering this,
as well as the somewhat larger effect of the HT on muscular
strength, jumping, and RFD, more research should be
focused on the effectiveness of I'T vs. HT in power events
such as the track and field throws, perhaps including longer
tapering periods and well-trained athletes competing in the
same event.

In conclusion, 2 weeks of tapering with 30% of 1RM or
85% of 1RM, performed with maximum intentional velocity,
leads to similar increases on throwing performance in young
track and field throwers. Tapering with heavy loads induces
superior increases in muscular strength, jumping perfor-
mance, and RFD, but tapering with lower loads is easier to
perform.

PRrACTICAL APPLICATIONS

The results of this study suggest that 2 weeks of tapering
with 30% of 1RM or 85% of 1RM increases performance in
track and field throwers similarly by 4-6%. Training with
either light or heavy loads should be performed with max-
imal intentional movement velocity. Additionally, when one
of the central training goals of the tapering period is to
increase strength and power (in addition to the increase in
throwing performance) training with 85% of 1RM should be
preferred over 30% of 1RM. Tapering with 30% of 1RM is
easier to perform than tapering with 85% of 1RM, hence this
method can be used effectively to increase the throwing
performance when the athlete is experiencing light injuries
or has the feeling of tiredness after the long preparation
phase. As a final point, it should be noted that the expected
performance changes after tapering are the result of both the
preparatory training period preceding the taper and the
training during tapering itself. Therefore, these 2 training
periods should be considered as a continuum and at an
individualized manner to achieve the best possible perfor-
mance increase at competition.
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ABSTRACT

Zaras, ND, Stasinaki, A-NE, Methenitis, SK, Krase, AA,
Karampatsos, GP, Georgiadis, GV, Spengos, KM, and
Terzis, GD. Rate of force development, muscle architecture,
and performance in young competitive track and field throwers.
J Strength Cond Res XX(X): 000—000, 2015—The rate of force
development (RFD) is an essential component for performance
in explosive activities, although it has been proposed that mus-
cle architectural characteristics might be linked with RFD and
power performance. The purpose of the study was to investi-
gate the relationship between RFD, muscle architecture, and
performance in young track and field throwers. Twelve young
track and field throwers completed 10 weeks of periodized
training. Before (T1) and after (T2) training performance was
evaluated in competitive track and field throws, commonly used
shot put tests, isometric leg press RFD, 1 repetition maximum
(1RM) strength as well as vastus lateralis architecture and
body composition. Performance in competitive track and field
throwing and the shot put test from the power position
increased by 6.76 * 4.31% (p < 0.001) and 3.58 * 4.97%
(p = 0.019), respectively. Rate of force development and 1RM
strength also increased (p = 0.05). Vastus lateralis thickness
and fascicle length increased by 5.95 = 7.13% (p = 0.012)
and 13.41 * 16.15% (p = 0.016), respectively. Significant
correlations were found at T1 and T2, between performance
in the shot put tests and both RFD and fascicle length (p =
0.05). Close correlations were found between RFD, muscle
thickness, and fascicle length (p = 0.05). Significant correla-
tions were found between the % changes in lean body mass
and the % increases in RFD. When calculated together, the
% increase in muscle thickness and RFD could predict the
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% increase in shot put throw test from the power position
(p = 0.019). These results suggest that leg press RFD may
predict performance in shot put tests that are commonly used
by track and field throwers.

KEy WORDS resistance training, shot put, force-time curve,
muscle thickness, fascicle length

INTRODUCTION

rack and field throwing events are explosive activ-

ities with complex technical characteristics requir-

ing rapid force production. The delivery phase and

the final thrust of the throw are powerful move-
ments, with short duration of roughly 150-240 milliseconds
(AB5M8I8E). Therefore, the ability to produce large amounts
of force rapidly, that is, the rate of force development (RFD),
should be essential for throwing performance. Strength and
power are directly related to RFD, at least in strength trained
individuals (19J22§28)). However, data regarding the relation-
ship among these variables in track and field throwers are
rare (28). Stone et al. (28) showed that midthigh pull RFD
increased after 8 weeks of training by 19.6%, whereas no
significant correlation was found with shot put throwing
performance or with any other strength and power variables
in collegiate throwers. To the best of our knowledge, no
other investigation has examined the relationship between
the RFD and the performance in track and field throwing
events.

Muscle strength and power are influenced by a number of
neuromuscular and morphological characteristics, including
muscle thickness, fascicle angle, and fascicle length
(IN7329). Previous studies revealed that heavy resistance
and power training may alter muscle architectural character-
istics. For instance, periodized resistance training induces
increase in muscle thickness, fascicle angle, and length in
well-trained athletes (6)2#). Track and field throwers spend
a large part of their preparation using resistance training
programs to increase strength and power; however, the
effect of these training routines on their muscle architectural
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characteristics and RFD has not been addressed yet. More-
over, it has been suggested that fascicle length may influence
the RFD. Data from the study by Edman and Josephson (15)
suggest that longer fibers tend to produce force slower than
shorter fibers in the early force production (<30 millisec-
onds) in frog muscles, perhaps because longer fascicles need
longer time to stretch the intramuscular series elastic ele-
ments. Blazevich et al. (M) found that after 5 weeks of
strength training, subjects with initially longer fascicles had
the least improvement or even a reduction in force in the
first few milliseconds of force production. Earp et al. (1)
showed a positive relationship between RFD (10-30 milli-
seconds) and gastrocnemius fascicle length in drop jumps
and a negative relationship (0-10 milliseconds) in counter-
movement jumps. Thus, it remains debated whether fascicle
length and RFD are related, especially later in the force-time
curve, at 100-250 milliseconds, which is more relevant in
sports, especially in track and field throwing events.

The purpose of the present study was to investigate the
relationship between RFD, muscle architecture, and throw-
ing performance and to investigate the potential changes in
these relationships after long-term periodized training in
a group of young competitive track and field throwers.

METHODS

Experimental Approach to the Problem

The relationship between the RFD, muscle architecture, and
track and field throwing performance remains largely
unclear. The correlation among these variables was evalu-
ated in 12 young competitive throwers (6 male and 6 female
throwers). Because systematic exercise training induces
significant neuromuscular adaptations, the relationship
between the aforementioned variables was evaluated at 2
different time points during the athletic year round training:
before (T1) and after (T2) 10 week of periodized training
aiming at the summer national track and field competition
period. Training was designed according to the principles
of periodization and was separated into two 5-week meso-
cycles aiming to enhance maximum strength and strength-
power, respectively. Changes in performance were statistically
compared with analysis of variance for repeated measures.
The relationships between variables were determined using
Pearson’s product moment correlation.

Subjects

Six male (21.3 = 75 years, 1.78 = 0.07 m, 90.4 = 20.8 kg)
and 6 female (18.0 = 2.8 years, 1.66 * 0.06 cm, 73.7 =
17.5 kg) young throwers gave their written consent to par-
ticipate in the study after being informed about the experi-
mental procedures. Written parental consent was also
obtained in participants younger than 18 years. Five of the
participants were discus throwers (3 males, 2 females), 4
hammer throwers (2 males, 2 females), 2 shot put throwers
(1 male, 1 female), and 1 javelin thrower (1 female). Ten of
the participants were officially qualified for the national

2 Journal of Strength and Conditioning Research

championship, and their performance was among the top
15 of the nation. All throwers were in good health and
received no medication or nutritional supplements during
the training period. All procedures were performed in accor-
dance with the principles outlined in the Declaration of
Helsinki and were approved by the local ethics committee.

Procedures

Training. Before the initiation of the 10-week summer
training period related to the present study, all athletes
completed 15 weeks of winter preparation aiming to increase
performance for the winter competition. That winter train-
ing program was similar to the 10-week program used in this
study (Table 1), but it was 5 weeks longer because of the
preceded summer transition phase. By the end of the winter
phase, all athletes participated in a winter competition with
throwers from other track and field clubs. Two weeks of
transition phase followed and then athletes were trained as
described in Table 1, aiming for the summer national event.
Training was designed into two 5-week mesocycles accord-
ing to the principles of periodization (I§88). During the
first mesocycle, hypertrophy and maximum strength were
the main targets of resistance training, whereas during the
second mesocycle, maximum strength and power develop-
ment were the main targets. The acute training variables
are presented in Table 1. The training program was de-
signed to each individual needs according to the demands
of the throwing event of each athlete. About 5% of all the
planned training sessions were not completed because of
small injuries. All efforts were performed with maximum
possible movement velocity especially during the second
mesocycle when strength-power was developed. Training
also included plyometrics with various jumping bounds,
agility exercises, and short-distance sprinting with maxi-
mum velocity.

Track and Field Throws. Shot put, javelin, hammer, and discus
throwing performance was measured outdoors (each athlete
performed his/her own specialty) following the official rules
of the International Amateur Athletics Federation. Ambient
temperature was always 20-24° C while weather was calm
and sunny during all throwing measurements. Briefly, after
a short warm-up (jogging, stretching, 2-4 near-maximum
effort throws), athletes performed 6 throws with maximum
effort (18)). After each attempt, technical feedback was pro-
vided by a certified coach. The best throwing performance
was used in further analysis.

Shot Put Tests. The next day, all athletes performed 3 different
shot put tests: (a) the backward overhead shot throw, (b) the
front shot put throw, and (c) the shot put throw from the
power position (I2§6). All athletes were very well familiar
with these shot put tests as they all used them regularly
during training over the years. Athletes performed 4 at-
tempts of each test with maximum effort, with 2 minutes

Copyright © Lippincott Williams & Wilkins. All rights reserved.
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rest between each attempt. The best performance for each
test was used in statistical analysis. The intraclass correla-
tions (ICCs) for the shot put tests were as follows: 0.98 (95%
confidence interval [CI]: lower = 0.92, upper = 0.99, » = 13)
for backward overhead shot throw, 0.93 (95% CI: lower =
0.80, upper = 0.99, = 13) for front shot put throw, and 0.94
(95% CI: lower = 0.83, upper = 0.98, » = 13) for shot put

throw from the power position.

Rate of Force Development. All athletes performed at least 3
familiarization sessions with multiple submaximal and max-
imal isometric leg press efforts in the laboratory set up used
for testing, during the month before the initial measurements
(T1). The day after the shot throw tests, athletes came to
the laboratory for the assessment of maximum isometric
force and RFD during leg press. Throwers were seated on
a custom-made steel leg press chair and placed both their
feet on the force platform (Applied Measurements Ltd Co.,
Reading, United Kingdom; WP800, 1,000 kg weighting
platform, 80 X 80 cm, sampling frequency 1,000 Hz) that
was positioned perpendicular on a concrete laboratory wall.

Knee angle was set at 120°, and hip angle was set at 100°
(25134). Athletes were instructed to apply their maximum
force as fast as possible for 3 seconds. Two maximum trials
were performed with 3 minutes interval. Throwers were
vocally encouraged to perform their best effort during the
measurement. Data from the force platform were recorded
(Kyowa sensor interface PCD-320A) and analyzed. The sig-
nal was filtered using a secondary low pass Butterworth filter
with a cutoff frequency of 20 Hz. Variables calculated from the
force-time curve included the maximum isometric peak force
(IPF), the RFD, and the impulse. Maximum IPF was calcu-
lated as the greater force generated from the force-time curve.
Rate of force development was calculated as the mean tan-
gential slope of the force-time curve in specific time windows
of 0-50, 0-100, 0-150, 0-200, and 0-250 milliseconds (RFD =
AForce/ATime). These time intervals were chosen because of
the potential relationship to force production during throwing
(5188). Impulse was calculated as the area under the force-time
curve, which represents the total force-time integral in a given
period (Impulsey_ = 2Fy_, X ATime, [£= 50, 100, 150, 200,
250 milliseconds]) (2§84). The best performance according to

TasLE 2. Changes in shot put tests, 1 repetition maximum strength, rate of force development, and body composition

before and after 10 weeks of specific track and field throwing training, in 12 young throwers (mean * SD).*
Pre (T1) Post (T2) % T1 — T2 p n%®  Power
Shot put tests
Backward overhead (m) 13.72 + 1.58 13.71 = 1.7 —0.31 + 2,62 0.872 0.002 0.053
Front shot put throw (m) 9.38 = 1.36 9.39 = 1.37 1.54 = 497 0.954 0.000 0.050
Power position (m) 9.65 = 1.41 9.95 *+ 1.347 3.58 =497 0.019 0.408 0.708
Strength tests
Leg press (kg) 340 * 80 360 * 72.77% 8.01 £ 6.01 0.008 0.492 0.844
Hang power clean (kg) 77.00 + 23.66 78.36 = 27.63% 4.72 £ 528 0.006 0516 0.876
Back squat (kg) 125 = 26.08 130.9 = 25.967 468 £ 298 0.000 0.731 0.997
IPF (N) 3,9465 = 1,0656.9 4,612.1 = 1,338.2f 22.65 * 20.12 0.009 0.475 0.819
RFD and impulse
RFDsoms (N-s71) 10,176 = 4,511 13,320 = 4,542% 42.40 = 41.82 0.000 0.705 0.996
RFD100ms (N-s™1) 14,664 = 5555 19,041 = 6,5817 37.72 £ 34.81 0.007 0.499 0.853
RFD150ms (N-s77) 14,107 = 4,162 17,935 * 4,823+ 30.66 + 24.31 0.002 0.593 0.953
RFD2goms (N-s™1) 12,761 *= 3,434 16,075 = 4,093% 28.66 * 25.77 0.004 0.554 0.919
RFD2soms (N-s77) 11,272 = 2,826 14,313 = 3,415% 29.41 * 2483 0.001 0.616 0.968
Impulsesoms (N-s) 450 = 182 590 * 197% 37.88 £ 32.19 0.001 0.652 0.985
Impulseooms (N-8) 5,814 + 2,363 7,929 * 3,299} 43.80 £ 38.97 0.006 0.514 0.873
Impulsesoms (N-s) 22,254 + 7,793 29,365 + 10,118+ 37.27 £ 30.73 0.003 0.556 0.921
Impulsespoms (N-s) 53,134 * 16,644 68,746 * 20,978+ 33.11 £ 26.52 0.003 0.570 0.934
Impulsessoms (N-8) 100,086 = 28,943 128,577 = 36,3191 31.44 = 2523 0.002 0.581 0.944
Body composition
Body fat (%) 27.92 + 8.12 27.67 * 8.41 1.14 = 6.07 0.625 0.028 0.074
BMD (g-cm~2) 1.33 = 0.08 1.35 = 0.11 0.98 £ 259 0.238 0.151 0.205
Total lean (kg) 57.14 £ 13.15 58.61 £ 15.49 2.08 + 461 0.208 0.170 0.229
Lean arms (kg) 7.45 +* 219 7.31 = 2.30 —2.07 £5.74 0.450 0.065 0.109
Lean trunk (kg) 20.78 + 4.43 21.63 £ 5.29 3.87 £ 486 0.087 0.290 0.403
Lean legs (kg) 25.60 * 6.45 26.73 £ 7.69 3.72 £ 575 0.057 0.347 0.497

*IPF = isometric peak force; RFD = rate of force development; BMD = bone mineral density.

ip = 0.05.
ip < 0.001.
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overall RFD was used for statistical analysis. The ICCs for the
IPF, the RFD (overall), and the impulse were as follows: 0.90
(95% CI: lower = 0.86, upper = 0.96), 0.92 (95% CI: lower =
0.80, upper = 0.98), and 0.93 (95% CI: lower = 0.85, upper =
0.98), respectively (7 = 13).

One Repetition Maximum Strength Tést. Thirty minutes after
the isometric RFD leg press test, throwers performed the 1
repetition maximum (1RM) strength test on a 45° incline leg
press machine. After a 5-minute warm-up on a stationary
bicycle and static stretching exercises, athletes performed
incremental efforts until they were unable to lift a heavier
load. Ten repetitions with moderate resistance were per-
formed in the first warm-up set, and 3-5 repetitions in the
next 2 sets with approximately 10% load increment in each
of these sets. Then single-repetition sets were performed
with 2.5-5% load increments until athletes were unable to
lift a heavier load (6-7 multiple repetition and single-
repetition sets in total). Three minutes of rest was allowed
between sets. In all cases, 2 of the researchers were present
and vocally encouraged all throwers. The ICC for 1RM leg

30000 +

:

:

Rate of Force Development (N*sec ')
g £

3
8

press strength test was 0.98 (95% CI: lower = 0.94, upper =
0.99, » = 13).

The following day, athletes reported to the gym to
perform 1RM strength tests for the hang power clean and
the back squat. All measurements were performed on
a weightlifting plateau using an Olympic bar. Athletes were
familiar with Olympic-style weight lifts because they used
them regularly during training over the years. After a short
warm-up (5-minute running and static stretching exercises),
athletes began the testing session with the hang power clean.
Three warm-up sets of 8, 4, and 2 repetitions with 50, 75, and
90% of 1RM, respectively, were given to the athletes. Then 3
trials were given until the athletes were unable to lift the bar.
The hang power clean was initiated from the standing
position, with the athlete holding the bar using hand straps.
The movement begun by lowering the bar to midthigh
above the knees and then lifted the bar explosively upward
with the effort to place the bar on the shoulders with
a quarter squat position (BH). In addition, back squat was
initiated from the standing position with the bar placed on
the trapezoids and the shoulders. Then, the athlete begun to

T
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Figure 1. A) Alternations in isometric leg press RFD (N-s~1) before (gray line) and after 10 weeks of training (black line). B) Changes in isometric leg press
impulse (N-s~') before (gray columns) and after (black columns) 10 weeks of training. Significant increases between T1 and T2 (*p = 0.05).
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bend the knees and squat until the deepest point of the
movement was reached. From this position, the athlete lifted
the bar upward to the starting position. At all times, 2 re-
searchers were present to evaluate the technique of the lifts
and vocally encourage the athletes. The ICCs for 1RM hang
power clean and back squat tests in our laboratory are 0.97
(95% CI: lower = 0.77, upper = 0.94) and 0.96 (95% CI:
lower = 0.81, upper = 0.94), respectively (z = 13).

Ultrasonography. On a separate day, B-mode ultrasound
images (6.5 MHz; MicroMaxx Ultrasound System, Sonosite,
Bothell, WA, USA) were recorded from the right vastus
lateralis (VL) using a 45-mm linear probe to determine its
architectural characteristics. Throwers laid supine with their
knees fully extended and their muscles relaxed. Sonographs
were taken in the middle of the muscle at 50% of the distance
from the central palpable point of the greater trochanter to
the lateral condyle of the femur (§). A water-soluble gel was
applied to the transducer to aid acoustic coupling. The trans-
ducer was placed longitudinal at femur oriented in parallel to
the muscle fascicles and perpendicular to the skin. The trans-
ducer’s alignment was considered appropriate when several
fascicles could be easily outlined without interruption across
the image (8). Images were analyzed for muscle thickness,
fascicle angle, and fascicle length with image analysis software
(Motic Images Plus, 2.0). Muscle thickness was defined as the

mean of the distances between the superficial and deep apo-
neurosis measured at the ends of each 45-mm wide sono-
graph, fascicle angle as the angle of insertion of muscle
fascicles onto the deep aponeurosis, and fascicle length as
the fascicular path between the insertions of the fascicle onto
the upper and deeper aponeurosis. When the fascicle extended
off the image, the length of the missing portion of the fascicle
was estimated by linear extrapolation of both the fascicular
path and the aponeurosis (9). The reliability for the measure-
ment of muscle thickness (ICC = 0.976 [95% CI: lower =
0.954, upper = 0.988], p = 0.000), fascicle angle (ICC =
0.862 [95% CI: lower = 0.746, upper = 0.928], p = 0.000),
and fascicle length (ICC = 0.834 [95% CI: lower = 0.700,
upper = 0.911], p = 0.000) was determined on another occa-
sion, on 2 consecutive days by the same investigator (7 = 36).

Body Composition Analysis. After the ultrasound evaluation,
a total body scan was performed with Dual X-Ray Absorp-
tiometry (model DPX-L; LUNAR Radiation, Madison, WI,
USA) to evaluate lean body mass (LBM). All measurements
were analyzed using the LUNAR radiation body composi-
tion program. Analysis include fat mass, bone mineral
density (BMD) and LBM for total body, arms, trunk, and
legs. The ICC for body composition analysis was determined
from 2 different researchers (0.98 [95% CI: lower = 0.95,
upper = 0.99], » = 13).

TaeLe 3. Correlation coefficients between shot put tests and 1 repetition maximum strength with isometric leg press

rate of force development.*

RFDso RFD; 00 RFD;s0 RFD200 RFDys0

Backward overhead throw

T 0.769% 0.693% 0.631% 0.477 0.453

T2 0.440 0.6041 0.5891 0.5981 0.522
Shot put: front throw

T 0.6601 0.884+ 0.917% 0.846+F 0.8147}

T2 0.540 0.732% 0.794+ 0.798+} 0.772%
Shot put: power position

T 0.651% 0.732% 0.723+ 0.5991 0.574

T2 0.334 0.603% 0.6891 0.6981 0.700%
Back squat

T 0.631% 0.700% 0.705% 0.5921 0.580

T2 0.438 0.649% 0.6957 0.6871 0.690%
Leg press

T 0.766+ 0.870+ 0.871% 0.760%F 0.715%

T2 0.648: 0.856+ 0.858+ 0.8437 0.8007F
Hang power clean

T 0.758+% 0.767+ 0.763+ 0.6361 0.578%

T2 0.6211 0.766+ 0.728+ 0.710% 0.617%
IPF

T 0.342 0.592% 0.723+ 0.731% 0.735}

T2 0.384 0.721+% 0.830+ 0.8567F 0.9037}

*RFD = rate of force development; IPF = isometric peak force.

ip < 0.01.

tp < 0.05.
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Statistical Analyses

All data are represented as mean * SD. Analysis of vari-
ance for repeated measures was used to test differences
between T1 and T2 in all raw data. Bonferroni’s CI adjust-
ment was used to compare the main effects between T1
and T2. Effect sizes were calculated using the 1? statistic
while statistical power was also calculated to obtain the
power of the test. Pearson’s 7 product moment correlation
coefficient was used to explore the relationships between
performance in shot put tests and RFD, 1IRM strength,
muscle architecture, and LBM. Performance in track and
field throws was transformed into Z scores to examine
possible correlations with the rest of the variables at T1
and T2. Standard multiple regression analysis was per-
formed for the % change of variables between T1 and
T2. Because of the small sample size (# = 12), adjusted
R? was used for the interpretation of the multiple regres-
sion analysis results (80). Within-subject variation and reli-
ability were determined for all variables by calculating the
confidence limits (95% CI) and ICC coefficient as
described before (28). Significance was accepted at p =
0.05. All statistical analyses were performed using SPSS
version 17.0 software (SPSS, Inc., Chicago, IL, USA).

REsuLTS

There were no statistically significant differences between
male and female athletes in training-induced performance
and morphological changes (e.g., for track and field throws:
» = 0565, and for muscle fascicle length: p = 0.498). Thus,
data are presented as 1 group.

Training
Performance in track and field throws (hammer, discus,
javelin, and shot put) was increased from T1 to T2 by
6.76 = 4.31% (p = 0.000, 12 = 0.705, power = 0.996). Shot
put test from the power position increased from T1 to T2
by 3.58 * 4.97% (p = 0.019, N2 = 0.408), whereas no sig-
nificant alternations were observed for the backward and
the front shot put tests. In addition, 1RM strength in leg
press, hang power clean, and back squat increased from T1
to T2 by 8.01 = 6.01% (p = 0.008, 02 = 0.492), 4.72 =
5.28% (p = 0.006, n2 = 0.516), and 4.68 * 2.98% (p =
0.000, n? = 0.731), respectively (Table 2). Leg press IPF
was also increased from T1 to T2 by 22.65 = 20.12% (p =
0.009, 12 = 0.475, Table 2).

Rate of force development and impulse were increased
between T1 and T2 in all time frames (Figures 1A, B and

TasLE 4. Correlation coefficients between shot put tests and 1 repetition maximum strength with vastus lateralis
muscle architecture and lean body mass before (T1) and after (T2) the training period.*

Muscle Fascicle Fascicle Total lean ~ Arms lean  Trunk lean  Legs lean
thickness angle length mass mass mass mass
Backward overhead
throw
T 0.515 —0.012 0.546 0.770% 0.713% 0.8097 0.7227
T2 0.440 —0.278 0.635% 0.7137 0.6541 0.7607 0.6661
Shot put: front throw
T 0.811% 0.264 0.565 0.8297 0.8467 0.827+ 0.782%
T2 0.753% 0.082 0.594% 0.832% 0.817% 0.831+ 0.808+
Shot put: power
position
T 0.556 —0.002 0.616% 0.8407 0.8207 0.898% 0.7907
T2 0.626% 0.109 0.683} 0.794% 0.803F 0.808+ 0.767+
Back squat
T 0.544 —0.073 0.6661} 0.879% 0.8727 0.883+ 0.858+
T2 0.572 0.044 0.489 0.8257 0.8537 0.8017 0.8147
Leg press
T 0.7617 0.256 0.478 0.9227 0.9187 0.9027 0.9027
T2 0.682% 0.043 0.585% 0.931% 0.9427 0.900+ 0.927+
Hang power clean
T 0.572 0.007 0.635% 0.945% 0.923% 0.933+ 0.929+
T2 0.7137 —-0.112 0.7297 0.9057 0.8667 0.8827 0.8997
IPF
T1 0.8487 0.638% 0.170 0.587 0.629% 0.547 0.564
T2 0.6361 0.051 0.483 0.747% 0.759% 0.720% 0.753+
*IPF = isometric peak force.
p < 0.01.
ip = 0.05.

VOLUME 00 | NUMBER 00 | MONTH 2015 | 7

Copyright © Lippincott Williams & Wilkins. All rights reserved.



Rate of Force Development in Track and Field Throwers

TasLE 5. Correlation coefficients between vastus lateralis muscle architecture and lean body mass with isometric leg
press rate of force development before (T1) and after (T2) the training period.*

RFDsq RFD ;00 RFD4s0 RFDsgo RFDss50

Muscle thickness

T1 0.6517% 0.832% 0.875% 0.839% 0.835%

T2 0.6457 0.734% 0.816% 0.806% 0.776%
Fascicle angle

T1 0.168 0.348 0.391 0.433 0.442

T2 0.340 0.243 0.320 0.340 0.389
Fascicle length

T1 0.474 0.475 0.506 0.425 0.421

T2 0.456 0.6017 0.6137 0.6827 0.6837
Total lean mass

T1 0.6027 0.6947 0.7721 0.710% 0.713%

T2 0.6337F 0.822% 0.849% 0.858% 0.872%
Arms lean mass

T1 0.538 0.6907F 0.784% 0.744% 0.746%

T2 0.6067 0.801% 0.834% 0.840% 0.8641
Trunk lean mass

T1 0.6597 0.7067 0.7621 0.6827 0.6857

T2 0.6127 0.807% 0.841% 0.861% 0.881%
Legs lean mass

T1 0.547 0.6417% 0.728% 0.671% 0.6737F

T2 0.6217 0.818% 0.8391 0.8421 0.8541

*RFD = rate of force development.

ip = 0.05.

tp < 0.01.

Table 2). Vastus lateralis thickness increased between T1 and
T2 by 5.95 * 7.13% (from 2.57 * 0.32 cm to 2.71 = 0.29 cm,
P = 0.049, n? = 0452, power = 0.783). Fascicle angle

remained unaltered between T1 and T2 (from 19.05
2.82° to 1842 = 1.85° p = 0.531, n? = 0.037, power

I+

0.091), whereas fascicle length was increased from T1 to

TaBLe 6. Correlation coefficients between % changes in isometric leg press rate of force development, isometric

peak force, and lean body mass.*

RFD
Lean body mass IPF RFD50 RFD100 RFD150 RFDQOO RFD250
Total lean mass 0.7867F 0.099 0.667% 0.730% 0.7637 0.7697F
Lean arms 0.674% 0.121 0.565 0.717% 0.7567 0.8147
Lean legs 0.8217 0.241 0.706% 0.606% 0.538 0.530
Lean trunk 0.498 0.002 0.520 0.690% 0.775% 0.757%
Impulse

Impulseso Impulseqoo Impulseso Impulsesgo Impulsesso
Total lean mass 0.275 0.6461% 0.7337% 0.7977 0.817%
Lean arms 0.121 0.572 0.656% 0.7477 0.7897
Lean legs 0.336 0.648% 0.702% 0.6861% 0.655%
Lean trunk 0.259 0.501 0.609% 0.7187 0.7647%

*RFD = rate of force development.
ip < 0.01.
ip = 0.05.
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T2 by 13.41 *= 16.15% (from 7.85 * 0.89 cm to 8.84 =
1.16 cm, p = 0.016, N2 = 0.425, power = 0.738). Total lean
mass remained unaltered after training, whereas legs lean mass
tended to increase from T1 to T2 by 3.72 = 5.75% (p = 0.057,
N2 = 0.347, Table 2). No significant alternations were observed
for arms and trunk lean mass or for fat and BMD.

Correlations

Track and field throws (Z scores) were significantly corre-
lated with fascicle length only at T2 (= 0.59, p =< 0.05) and
with 1RM strength in hang power clean at T1 and T2 (r=
0.61 and 0.59, respectively, p = 0.05). Performance in shot
put tests and 1RM strength were significantly correlated
with RFD at both T1 and T2 in almost all RFD time frames
(Table 3). Shot put tests and 1RM strength were also corre-
lated with muscle thickness and fascicle length (Table 4). In
addition, shot put tests and 1RM strength were correlated
with LBM at both T1 and T2 (Table 4). Significant correla-
tions were found between RFD and muscle thickness and
fascicle length at both T1 and T2 (Table 5). Significant cor-
relation was found between the % increase in VL thickness
and % increase in shot put test from the power position (»=
—0.607, p = 0.048). In accordance, strong correlations were
found between the % change in LBM variables and %
increase in IPF, RFD, and impulse (Table 6).

Multiple Regression Analysis

Standard multiple regression analysis revealed a significant
regression model between the % increase in shot put test
from the power position and the linear combination of the %
increase in VL muscle thickness and the % increase in
RFDs0ps (adjusted R2 = 0.533, p = 0.019; thickness beta =
—0.637, p = 0.019; and RFDj,,s beta = 0.509, p = 0.046).
Interestingly, the linear combination of the % increase in VL.
fascicle length and the % increase in VL muscle thickness
tended to explain 33% of the % increase in track and field
throws (adjusted R? = 0.338, p = 0.06; length beta = 0.703,
= 0.028; thickness beta = 0.511, p = 0.09). Also, the linear
combination of the % increase in VL fascicle length and the
% change in VL fascicle angle had the tendency to explain
33% of the % increase in track and field throws (adjusted
R2 =0.335, p = 0.06; length beta = 1.605, p = 0.034; angle
beta = 1.206, p = 0.092).

DiscussION

The main finding of the study was that shot put tests were
significantly correlated with isometric leg press RFD in
young track and field throwers both at the beginning and at
the end of a 10-week training period aiming to increase
performance for the summer national competition. This
close link was revealed in all RFD time frames starting from
the first 50 milliseconds up to 250 milliseconds of the
isometric leg press test. Shot put tests are explosive activities
with simple technical characteristics requiring rapid force
production especially of the lower limbs. These tests are
commonly used by all track and field throwers regardless of

their competitive event, although performance in these tests
has been shown to correlate well with top-level track and
field throwing performance (). The present data suggest
that the rate of force production of the lower extremities
may predict performance of a shot put test in experienced
throwers, regardless of the training period. Nevertheless, no
significant correlation was observed between the % change
in any of the shot put tests and the % increase in RFD after
the 10-week training period. This might be because of the
fact that the participants were competing in different track
and field throwing events, with small but important differ-
ences in performance demands and training stimuli. These
differences are expected to induce different training adapta-
tions. For example, athletes competing in javelin throw use
lower absolute loads and higher movement velocities in
training compared with athletes competing in hammer
throw. Moreover, there is a different use of the upper body
during training in these different throwing events. These
training differences might have induced different neuromus-
cular adaptations, leading to an uncoupling between changes
in performance and RFD.

Besides muscular power, performance in track and field
throws depends also on technical and psychological
characteristics of each athlete. Thus, it is expected that
the RFD and muscle architecture may only partly predict
performance in track and field throws. Interestingly, only
when track and field throws were calculated as Z scores,
they were significantly correlated with VL fascicle length,
especially at T2. Likewise, the % increase in track and field
throws between T1 and T2 was not correlated with the %
changes either in muscle architecture or 1RM strength and
RFD. Nevertheless, the linear combination of the %
increase in fascicle length with the % increase in muscle
thickness could explain approximately 34% of the variation
of the % increase in track and field throws (p = 0.06). Also,
the linear combination of the % increase in fascicle length
with the % change in fascicle angle could explain approx-
imately 33% of the variation of the % increase in track and
field throws (p = 0.06). These results should be interpreted
with caution because of the small sample size and the lack
of statistical significance in training-induced fascicle angle
increase.

Although RFD is thought to be a major contributor to
power performance, there is only scarce data regarding its
relationship with track and field throwing performance.
Stone et al. (28) showed that after 8 weeks of strength and
power training, no significant correlation was observed
between midthigh pulls RFD and shot put throwing or
1RM strength. In the present study, a close relationship
was found between shot put testing from the power position
and isometric leg press RFD, whereas strong relationships
were also observed with 1RM strength. Close correlations
were also found between leg press RFD and the backward
shot put throw test as well as the front shot put throw test.
We can speculate that the discrepancy between the 2 studies
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might be because of the differences in the exercise used for
the evaluation of RFD: both lower and upper leg muscles are
recruited during isometric midthigh pulls while the upper
body musculature is attempting to pull a mass from a low
position, which is biomechanically more similar to the ham-
mer throw. Instead, the isometric leg press used here re-
cruited only the lower musculature in a manner
biomechanically similar to all 4 track and field throwing
events. Our results are also in agreement with other studies
showing that strength and power are directly related to RFD
at least in strength trained individuals (19J22§28). The present
data suggest that isometric leg press REFDyg9_»99 may be used
to evaluate shot put testing performance in throwers regard-
less of the training period, and it is closely linked with
strength and power capacity in young track and field throw-
ers. Moreover, performance in shot put tests was signifi-
cantly correlated with LBM, as shown before (26ISH),
although the % changes in shot put tests and lean mass were
not correlated. However, significant relationships were
found between the % changes in LBM and RFD for the time
frames 100-250 milliseconds. This suggest that LBM is
important for rapid force development in young track and
field throwers.

Vastus lateralis thickness increased significantly after
training, suggesting gains in muscle mass and strength. In
concert, lower extremities’ lean mass tended to increase
after training (p = 0.057) while strength increased signifi-
cantly in all performance tests. Performance in shot put
tests was closely linked with VL thickness while a strong
relationship was found between the % increase in muscle
thickness and shot put throw test from the power position,
suggesting that gains in muscle mass may explain approx-
imately 37% of the variation in shot put test performance
change after training. Fascicle length was also correlated
with performance in shot put tests both pretraining and
posttraining. Previous studies have also reported signifi-
cant correlations between fascicle length and sprinting
and jumping (SJII2427). In the present study, the corre-
lation coefficients between shot put tests and fascicle
length were larger at T2 compared with T1, implying that
increased fascicle length contribute to increases in muscle
power and thus increases in performance during the shot
put tests. Although attractive, the current results might be
interpreted with caution because no other data exist
regarding the relationship between throwing performance
and muscle architecture.

Earp et al. (1) showed a positive relationship between
RFD (10-30 milliseconds) and gastrocnemius fascicle length
in drop jumps and a negative relationship (0-10 millisec-
onds) in countermovement jumps. However, most of the
sports activities require the force application later in the
force-time curve: 100-250 milliseconds. In particular, in
track and field throws, it has been calculated that the force
application at the power position of all 4 Olympic events
extends between 150 and 250 milliseconds (AJISI321385).
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The present results suggest that longer fascicle may produce
higher power later in the isometric leg press force-time curve
(e.g., 200 milliseconds). Nevertheless, no link was found
between the % increase in isometric leg press RFD and
VL fascicle length because of the training intervention.
The RFD may be altered because of a number of neuromus-
cular adaptations to resistance training, such as the synchro-
nization of neural activation or changes in muscle fiber
types/area (@), thus blurring the connection between
changes in RFD and fascicle length.

Data analysis revealed that the linear combination of %
increase in RFDsy with % increase in VL thickness may
explain 53% of the variation of shot put throw test from
the power position. This relationship shows a connection
between RFD and muscle architecture with performance
in shot put tests, as performed here. Thus, when the appro-
priate instruments are available to coaches, an increase in leg
press RFD and gains in VL thickness might predict increases
in overall throwing performance as tested here with the shot
put tests.

All the performance measures and the RFD were
significantly increased with training, which underpins the
effectiveness of the training program. Unfortunately, we
were not able to evaluate possible neural or intramuscular
training adaptations that would have provided a better
insight of the performance results. Moreover, the number
of athletes, their performance level, and the fact that they
were competing in different track and field throwing
events might limit the generalization of the present data.
Year-round data in elite athletes are needed to make
certain conclusions about the relationship between RFD
and throwing performance. In conclusion, the present data
suggest that performance in commonly used shot put tests
is closely linked with isometric leg press RFD in young
track and field throwers. In addition, leg press RFD seems
to be an appropriate functional performance test for
throwers because it is linked with muscle strength and
power in throwers. Moreover, VL fascicle length and
thickness are related with shot put tests in young
throwers.

PRACTICAL APPLICATIONS

The training stimulus, as described in Table 1, induced sig-
nificant increases in sports performance, strength, and the
RFD in young track and field throwers; thus, it may be a use-
ful training approach for track and field coaches. The present
results also show a significant correlation between leg press
RFD and muscle architecture with commonly used shot put
tests that are used by all throwers in training and are well
correlated with competitive throwing performance. It seems
that positive changes in the RFD, muscle thickness, and
fascicle length would be linked with improvements in shot
put throwing tests. Therefore, increases in performance in
shot put tests may reveal increases in leg RFD, which pro-
vide feedback about the effectiveness of the training stimulus.
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Alternatively, when the appropriate instruments are avail-
able to coaches, an increase in leg press RFD and gains in
VL thickness might predict increases in overall throwing
performance, as tested here with the shot put tests. Addi-
tionally, training programs should focus on the development
of rapid force production, especially when approaching the
competition period. Also, isometric leg press RFD at 100-
250 milliseconds may be used as a simple laboratory test to
monitor performance in track and field throws in young
track and field throwers and to evaluate the athlete’s swift-
ness before a competition and/or after every training meso-
cycle. When ultrasound equipment is available, regular
examination of muscle architecture characteristics might
provide insights into training adaptation induced by
strength/power training programs.
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