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1 WPROWADZENIE

Czas trwania powtOrzenia jest sumg czasu trwania koncentrycznej,
ekscentrycznej oraz izometrycznej fazy ruchu, okre$lajac rzeczywisty czas trwania
wysitku (Schoenfeld i wsp., 2015). Wedlug badan naukowych warto$¢ czasu trwania
powtorzenia opisuje si¢ za pomoca sekwencji trzech lub czterech liczb, w ktérej kazda
liczba odpowiada danej fazie ruchu wyrazonej w sekundach (Schoenfeld i wsp., 2015;
Wilk i wsp., 2018b). na przyktad szereg liczb 3/1/2 lub 3/1/2/0 odpowiada 3-sekundowe;j
fazie ekscentrycznej, 1-sekundowej fazie izometrycznej, 2-sekundowwej fazie
koncentrycznej oraz w drugim przypadku brakiem zatrzymania w fazie przejSciowej,
jednoczes$nie rozpoczynajaca kolejny cykl ruchowy (King, 2002; Wilk 1 wsp., 2018b;
Wilk i wsp., 2020). Zmiana czasu trwania powtorzenia w ¢wiczeniu oporowym moze
wynika¢ z narastajgcego zmeczenia lub wzrostu obcigzenia zewngtrznego, ktdrego
wielko$¢ wywotuje obnizenie predkosci sztangi w koncentrycznej fazie ruchu (Suchomel
1wsp., 2019a; 2019b; Wilk 1 wsp., 2020). Jednak zmiana czasu trwania powtdrzenia
moze by¢ kontrolowana w §wiadomy, zaplanowany sposob, co w konsekwencji prowadzi
do modyfikacji czasu trwania serii oraz calego ¢wiczenia (Sakamoto i Sinclair, 2006;
Wilk i wsp., 2018b). Czas trwania powtdrzenia wyrazony jest przez czas trwania napigcia
migsniowego (Time Under Tension — TUT). Zatem warto$§¢ TUT w jednym powtorzeniu
(repetition — REP) stanowi sume trwania wszystkich faz ruchu (np. 1 REP w tempie
powtorzenia 4/1/2/0 =7 s). Natomiast podczas calej serii jest iloczynem liczby powtorzen
oraz czasu trwania powtdrzenia (np. 4 REP w tempie 4/0/X/0 = 16 s, gdzie ,,X” okresla
maksymalna predkos¢). Sugeruje to, ze TUT moze si¢ r6zni¢ w zaleznosci od liczby
powtdrzen i czasu trwania powtdrzenia, co z kolei moze mie¢ istotny wptyw na objetos¢

wysitku fizycznego (Bird 1 wsp., 2005; Gumcio 1 wsp., 2015; Wilk i wsp., 2018a, 2018b).

Figueiredo 1 wsp. (2018) sugeruja, ze objetos¢ wysitku jest zmienng najbardziej
modyfikowalng, ktora znaczaco wpltywa narozwdj sity 1 hipertrofii migsniowej
(Schoenfeld i wsp., 2015; 2016; 2017), przez reakcje adaptacyjne w uktadzie nerwowo-
miegsniowym (Hikkinen 1 wsp., 1985), reakcje metaboliczne (Ratamess 1 wsp., 2007) oraz
hormonalne (Gotshalk i wsp., 1997; Hékkinen i Pakarinen, 1995; Kraemer i wsp., 1985).
Dotychczasowe badania naukowe okreslaja objetos¢ wysitku fizycznego wyrazong

zwykle na podstawie sumy liczby wykonanych powtorzen. Jednakze jedno powtorzenie
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moze trwa¢ od 2 do nawet kilkunastu sekund, czego dotychczasowy sposob okreslania
objetosci wysitku nie bierze pod uwage (Wilk i wsp., 2018b). Badania potwierdzity,
ze nie tylko zmiana czasu trwania petnego powtorzenia wptywa na zmian¢ maksymalne;j
liczby powtorzen oraz wartos¢ TUT w serii, ale rowniez zmiana czasu trwania tylko
jednej fazy ruchu (ekscentrycznej, izometrycznej, badz koncentrycznej) wplywa
na warto$¢ objetosci wysitku, atym samym moze mie¢ istotny wplyw narozwoj
hipertrofii mi¢$niowej, generowanie mocy mig$niowej oraz poziom bezposrednich
powysitkowych reakcji metabolicznych i1 hormonalnych (Goto i wsp., 2008; Headley
i wsp., 2011; Schoenfeld i wsp., 2015; Tanimito i Ishii, 2006; Watanabe i wsp., 2013;
Westcott 1 wsp., 2001; Wilk iwsp., 2018b, 2020b). na przyktad w serii liczacej 8
powtorzen, gdy czas trwania jednego powtorzenia wynosi 4s (2/0/2/0), wartos¢ TUT
wynosi 32s. Stosujac t¢ sama liczbg powtdrzen, kiedy czas trwania jednego z nich wynosi
6s (4/0/2/0) spowoduje, ze wartos¢ TUT wrasta az do 48s. Wysitek z wykorzystaniem
dhuzszego tempa powtdrzenia, a tym samym wyzszej wartosci TUT moze ograniczy¢
liczbe powtorzen mozliwych do wykonania podczas serii (Sakamoto i Sinclair, 2006;
Wilk 1 wsp., 2018b, 2018b). Sposrod wielu badan naukowych w zakresie ksztaltowania
sity 1 mocy mig$niowej niewiele z nich w procedurze badawczej zastosowato swiadoma
kontrole czasu trwania powtdrzenia (Hatfield i wsp., 2006; Headley iwsp., 2011;
Sakamoto i Sinclair, 2006; Westcott i wsp., 2001; Wilk i wsp., 2018a, 2018b, 2019).

Dhuzszy czas trwania powtoérzenia (np. 6/0/X/0) moze ograniczy¢ takze
aktywno$¢ nerwowo-migsniowa oraz efekt cyklu rozciggnigcie-skurcz, negatywnie
oddzialujgc na poziom generowanej mocy migsniowej w fazie koncentrycznej (Wilk
1 wsp., 2019a), w poréwnaniu do krotszego czasu trwania powtorzenia (2/0/X/0). Nizsze
zapotrzebowanie energetyczne w ekscentrycznym skurczu mig$niowym powoduje,
ze stosunek czasu trwania fazy ekscentrycznej do fazy koncentrycznej moze mie¢ istotny
wpltyw na maksymalng warto$¢ liczby powtdrzen oraz czasu trwania napigcia
mig$niowego w serii (Enoka, 1996; Roig 1 wsp., 2010). Wykazano, ze zmniejszenie
liczby powtorzen podczas stosowania tempa powtorzenia (6/0/4/0) powoduje
jednoczesny wzrost wartosci TUT, w poréwnaniu do tempa powtorzenia (2/0/2/0)
(178.89+33.69 s vs. 124.65 + 33.66 s; kolejno) (Wilk 1 wsp., 2018b). Tym samym nizsza
liczba powtorzen niekoniecznie oznacza krotszy czas trwania wysitku, a wrecz
przeciwnie pozwala na realizacj¢ wysitku przez istotnie dtuzszy czas. Wydtuzenie czasu

trwania napigcia migsniowego moze prowadzi¢ do wyzszych powysitkowych reakcji



fizjologicznych (Burd i wsp., 2012; Koegh i wsp., 1999; Wilk i wsp., 2018a, 2018b,
2019b) oraz wigkszego poziomu obserwowanych uszkodzen migsniowych (Schoenfeld
1wsp., 2015). Wyzszy poziom uszkodzen migsniowych wywotanych wysitkiem
fizycznym zwigksza aktywacje komorek satelitarnych majacych istotny udziat w procesie
regeneracji oraz hipertrofii komorek migsniowych (Fridén i wsp., 1983; Stauber i wsp.,
1988). Ponadto, dluzsza wartos¢ TUT w serii wywotana zastosowaniem dtuzszego czasu
trwania powtorzenia (np. 6/0/6/0) wptywa na wyzszg synteze biatek mitochondrialnych,
sarkoplazmatycznych i miofibryllarnych (Burd iwsp., 2012) oraz zwigcksza poziom
stresu metabolicznego, przyczyniajac si¢ do zwigkszonej odpowiedzi hipertroficznej
(Fridén iwsp., 1983; Stauber iwsp., 1988; Hutchins, 1992; Burd iwsp., 2012),
w porownaniu z krotszag warto§cia TUT w serii 1w jednostce treningowej. Warto$ci
TUT, ktora wptywa na poziom objgtosci treningowej moze by¢ waznym czynnikiem

stymulujacym bezposrednie powysitkowe reakcje metaboliczne i hormonalne.

Do  kluczowych hormonéw  wplywajacych nazmiany adaptacyjne
ukierunkowane na hipertofi¢ i site migsniowa nalezg: testosteron, hormon wzrostu (GH),
kortyzol oraz insulinopodobny czynnik wzrostu (IGF-1) (Wilk i wsp., 2020). Objgtos¢
oraz intensywnos$¢ wysitku powinny by¢ wiasciwie zaplanowane, aby ogranicza¢ poziom
powysitkowego stezenia kortyzolu, jednoczesnie uzyskujac powysitkowy wzrost stezenia
testosteronu, GH 1 IGF-1 (Wilk 1 wsp., 2018a, 2021). Dotychczasowe badania naukowe
wskazuja, ze na wyzszy powysitkowy poziom mleczanu oraz GH wptywa czas trwania
przerwy wypoczynkowej pomiedy seriami (Bottaro 1 wsp., 2009; Buresh i wsp., 2009;
Rahimi 1 wsp., 2010), objetos¢ wysitku (Gotshalk i wsp., 1997; Leite 1 wsp., 2011),
intensywno$¢ wysitku (Goto i1 wsp., 2008; Raastad i wsp., 2000) oraz czas trwania
powtdrzenia (Goto iwsp., 2009). Uchida iwsp. (2009) oceniali poziom reakcji
metabolicznych 1hormonalnych po wykonaniu wyciskania sztangi lezac w czterech
proznych protokotach badawczych (4 serie 50% 1-RM, 5 serii 75% 1-RM, 10 serii 90%
1-RM oraz 8 serii 110% 1-RM), w ktérych kazdy protokot zostal zrownany z objetoscia
wysitku (liczba powtorzen x liczba serii x warto$¢ obcigzenia zewnetrznego). Autorzy
wykazali niewielkie powysitkowe rdéznice zmiany st¢zenia testosteronu i kortyzolu
pomiedzy protokotami (p > 0.005), jednak najwyzszy poziom kortyzolu zauwazono
w protokole, w ktorym zastosowano 5 serii z 75% 1-RM (Uchida 1 wsp., 2009). Headley
1wsp. (2011) analizowali wptyw tempa powtdrzenia 2/0/2/0 oraz 4/0/2/0 na reakcje

metaboliczne 1 hormonalne w wyciskaniu  sztangi lezac  ws$rdd mezczyzn



zaawansowanych w treningu oporowym. Autorzy wykazali wzrost w powysitkowym
poziomie IGF-1 (tempo powtorzenia 2/0/2/0 przed treningiem: 277.4 + 21.8, po treningu:
308.1 + 22.9; tempo powtorzenia 4/0/2/0 przed treningiem: 277.2 + 17.6, po treningu:
284.8 £ 21.2 ng/ml), natomiast nie zauwazono réznic w powysitkowym poziomie
mleczanu, testosteronu, GH oraz kortyzolu migdzy protokotami badawczymi.
w przeciwienstwie dotego Goto iwsp. (2008) wykazali wyzsze zmiany stezenia
testosteronu, hormonu wzrostu oraz kortyzolu po zastosowaniu treningu oporowego
z dtuzszym czasem trwania powtorzenia (3/0/3/0), w przeciwienstwie do krotkiego czasu
trwania powtdrzenia (1/0/1/0). Wilk 1 wsp. (2018a) wykazali wyzszy powysitkowy
poziom mleczanu, kinazy kreatynowej oraz testosteronu po protokole, w ktérym badani
wykonali pie¢ serii z maksymalng liczbg powtorzen wyciskania sztangi lezac
z obcigzeniem 70% 1-RM w tempie 6/0/2/0, w przeciwienstwie do tempa powtdrzenia
2/0/2/0. Badanie to sugeruje, ze celowe wydluzenie czasu trwania fazy ekscentrycznej
w ¢wiczeniu oporowym zmniejsza liczbe powtdrzen mozliwa do wykonania, ale moze
wywota¢ zwigkszong powysitkowa odpowiedz hormonalng. Co wiecej Wilk i wsp.
(2021) udowodnili, ze dluzszy czas trwania powtorzenia (6/0/2/0 vs. 2/0/2/0) podczas
przysiadu ze sztanga powodowat wzrost powysitkowego poziomu mleczanu, kinazy
kreatynowej oraz testosteronu. Autorzy sugeruja, ze wolniejsze tempo powtdrzenia
(6/0/2/0) moze zmniejszy¢ liczbg¢ powtdrzen mozliwa do wykonania, ale poprzez
wydtuzenie catkowitej wartosci TUT zwigksza powysitkowe reakcje hormonalne
w treningu oporowym (Wilk 1 wsp., 2021). Podobnie Goto 1 wsp. (2009) wykazali
wyzszy poziom testosteronu oraz GH, kiedy czas trwania powtorzenia zostat wydtuzony
(1/0/1/0 vs. 3/0/3/0 vs. 1/0/5/0 vs. 5/0/1/0). Co wigcej autorzy dowiedli, Zze ¢wiczenia
o niskiej intensywno$ci z dluzszym czasem trwania ekscentrycznej fazy ruchu (5s)
powodowaly mniejsze zmiany stezenia mleczanu oraz kortyzolu, w poroéwnaniu
z ¢wiczeniami o niskiej intensywnosci z dluzszym czasem trwania fazy koncentrycznej
(5s) (Goto 1 wsp., 2009). Potwierdzit to Calixto 1 wsp. (2014), ktorzy wykazali wyzsze
powysitkowe stezenie mleczanu oraz GH w grupie, ktora wykonywata dluzsza faze
ekscentryczng (3s vs. 0.5s). Natomiast Durand iwsp. (2003) poréwnali poziom
powysitkowych warto$ci hormonalnych migdzy koncentryczng, a ekscentryczng pracg
migsni przy stalym obcigzeniu zewnetrznym (80% 1-RM). Autorzy wykazali,
ze koncentryczne dzialanie mig$ni zwigksza st¢zenie hormonu wzrostu w znacznie
wigkszym stopniu, niz ¢wiczenia w pracy ekscentrycznej, natomiast wyzszy poziom GH

wynikal raczej z intensywnosci wysitku, a nie z pracy mi¢snia (Durand i wsp., 2003).
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Tempo powtorzenia jako zmienna treningowa, stosowane jest najczescie]
w niekontrolowany sposob. Brakuje badan analizujacych objetos¢ wysitku w treningu
oporowym wykorzystujac celowy, §wiadomy czas trwania powtdrzenia w kazdej fazie
ruchu. Ponadto zmiana czasu trwania powtorzenia w treningu oporowym moze wplynac
na warto$¢ generowanej mocy mig$niowej, sile maksymalng czy powysitkowa
odpowiedZ metaboliczng ihormonalng. w przedstawionym cyklu prac glownym
problemem badawczym jest ocena wpltywu i wykorzystania réznych wartosci czasu
trwania powtorzenia w procesie adaptacji treningowej. Dokonano analizy 1 oceny
wplywu zmiennego czasu trwania powtOrzenia na warto$ci objgtosci wysitku,
maksymalnej sity mig$niowej, generowanej mocy mig$niowej oraz powysitkowych
reakcji hormonalnych 1 metabolicznych. Prace te zostaty przedstawione pod wspolnym

tematem:

»Wplyw czasu trwania powtdrzenia w ¢éwiczeniach oporowych
na bezposredni efekt treningowy”. Celem przedstawionego cyklu czterech prac jest

analiza nast¢pujacych zagadnien:
1 — poréwnanie roznej dlugosci kontrolowanego czasu trwania powtdrzenia

w wyciskaniu sztangi lezac na objetos¢ wysitku ocenianej na podstawie wartosci TUT

1 liczby powtorzen migdzy osobami poczatkujacymi, a zaawansowanymi,

2 — analiza iocena wplywu zmiany czasu trwania fazy ekscentrycznej ruchu przy
zastosowaniu roznych szerokosci chwytu sztangi w wyciskaniu lezac na poziom mocy
migsniowej 1 predkosci sztangi w fazie koncentrycznej,

3 —analiza 1 ocena wptywu czasu trwania fazy ekscentrycznej ruchu na wynik testu sity

maksymalnej podczas wyciskania sztangi lezac,

4 —analiza i ocena wplywu czasu trwania powtdrzenia na poziom powysitkowych reakcji

endokrynnych.



2 PRZEDMIOT ROZPRAWY

Przedmiotem rozprawy doktorskiej jest zbior publikacji przedstawiony jako

jednotematyczny cykl czterech prac, opublikowanych w czasopismach, z ktorych trzy

posiadajg wskaznik Impact Factor, zglebiajacych wplyw czasu trwania powtdrzenia

w ¢wiczeniu oporowym na warto$¢ objetosci treningowej. L.aczna warto$¢ punktowa

opublikowanych prac wynosi: IF = 7,196; MNSiW = 260 pkt KBN.

Prace zostaty przedstawione pod wspélnym tematem: ,,Wpltyw czasu trwania

powtorzenia w ¢wiczeniach oporowych na bezposredni efekt treningowy”

Wykaz prac opublikowanych:

1.

Adam Maszczyk, Michat Wilk, Michal Krzysztofik, Mariola Gepfert, Adam
Zajac, Miroslav Petr, Petr Stastny. The effects of resistance training experience
on movement characteristics in the bench press exercise. Biology of Sport Vol.
37,nr 1 (2020), s. 79-83.

[IF = 2.00; MNiSW = 70]

Mariola Gepfert, Aleksandra Filip, Maciej Kostrzewa, Paulina Krolikowska,
Grzegorz Hajduk, Robert Trybulski, Michat Krzysztofik. Analysis of power
output and bar velocity during various techniques of the bench press among
women. Journal of Human Sport and Exercise Vol. 16, nr 1 (2021), s. 1-9.

[MNiSW = 20]

. Michal Wilk, Mariola Gepfert, Michal Krzysztofik, Aleksandra Mostowik,

Aleksandra Filip, Grzegorz Hajduk, Adam Zajac. Impact of duration of eccentric
movement in the one-repetition maximum test result in the bench press among
women. Journal of Sports Science and Medicine Vol. 19 (2020), s. 317-322.

[IF = 1.806; MNiSW = 100]
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4. Mariola Gepfert, Robert Trybulski, Petr Stastny, Michat Wilk. Fast eccentric
movement tempo elicits higher physiological responses than medium eccentric

tempo in ice-hockey players. International Journal of Environmental Research and

Public Health Vol. 18 (2021), s. 1-14.

[IF =3.390; MNiSW = 70]
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PRACANR1

,» The effects of resistance training experience on movement

characteristics in the bench press exercise”

Pierwszym badaniem dotyczacym oceny wplywu tempa powtdrzenia
na objetos¢ wysitku w treningu oporowym byla praca: ,, The effects of resistance training
experience on movement characteristics in the bench press exercise” opublikowana
w czasopi$mie ,, Biology of Sport”. Gtbwnym celem badania byto ustalenie czy poziom
doswiadczenia w treningu oporowym ma istotny wplyw na réznice w objgtosci wysitku
okreslanej na podstawie liczby powtdrzen oraz wartosci TUT stosujac okreslony,
kontrolowany czas trwania powtorzenia. w badaniu uczestniczyto 68 mezczyzn, ktorych
podzielono na grupe¢ poczatkujaca i zaawansowang. Grupa poczatkujaca sktadata si¢ z 32
0soOb (18-32 lat; masa ciala: 69.9 = 5.7 kg; 1-RM: 67.3 £ 6.9 kg), zostala przeszkolona
w zakresie techniki wyciskania sztangi lezac oraz wykonala trzy jednostki treningowe
w ciggu dwoch tygodni, przed jednostka eksperymentalng. do grupy zaawansowanej
zakwalifikowano 36 0sob (20-38 lat; masa ciata: 81.2 £ 6.7 kg; 1-RM: 112.3 £ 12.5 kg),
z co najmniej dwuletnim do$wiadczeniem w treningu oporowym (3.7 £ 0.92). Sesja
eksperymentalna zaktadata wykonanie 5 serii wyciskania sztangi lezac, stosujac 70% 1-
RM wartosci obcigzenia zewnetrznego oraz 3-minutowe przerwy wypoczynkowe miedzy
seriami. Procedura badawcza zaktadala poréwnanie kontrolowanego, zmiennego czasu
trwania powtorzenia w fazie ekscentrycznej 1 koncentrycznej ruchu: 2/0/2/0, 5/0/3/0 oraz
6/0/4/0. Hipoteza badawcza zakladata, Ze zar6wno czas trwania powtoOrzenia, jak
1 do$wiadczenie w treningu oporowym znaczaco wplywa na maksymalng liczbe
powtdrzen oraz wartos¢ TUT. do oceny objetosci wysitku zastosowano sume liczby

powtorzen oraz TUT zaré6wno w serii, jak 1 w catej jednostce eksperymentalne;.

Wyniki badania wykazaly, ze wystepuja roznice istotne statystycznie
w maksymalnej warto$ci TUT w wyciskaniu sztangi lezac pomigdzy grupa poczatkujaca,
a zaawansowang stosujac rézne tempo powtorzenia. Istotne réznice pomie¢dzy grupa
poczatkujaca 1 zaawansowang wykazano podczas dtugiego czasu trwania powtdrzenia
(6/0/4/0) w pierwszej (p = 0.01) 1 w drugiej serii (p = 0.04) oraz podczas krotkiego czasu

trwania powtorzenia (2/0/2/0) w piatej serii (p = 0.01). Ponadto potwierdzono znaczace
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réznice dla sumy TUT miedzy grupa poczatkujaca, a zaawansowang w procedurze
zawierajacej dtugi czas trwania powtorzenia 6/0/4/0 (p = 0.04). Co wigcej badania
wykazaty istotne réznice réwniez w liczbie REP miedzy grupami dla dlugiego czasu
trwania powtorzenia (6/0/4/0) w czwartej (p = 0.04) i piatej serii (p = 0.04) oraz dla

kroétkiego czasu trwania powtorzenia (2/0/2/0) w piatej serii ¢wiczenia (p = 0.01).

Badania dowiodly, ze zardowno poziom do$§wiadczenia w treningu oporowym,
ale przede wszystkim czas trwania powtorzenia, ma znaczacy wplyw na objeto$¢ wysitku
zarowno pod wzgledem wartosci TUT, jak iliczby powtdrzen. Nalezy zauwazyc,
ze istotne réznice migdzy grupami w sumie TUT w 5 seriach, zauwazono jedynie przy
dhugim czasie trwania powtdrzenia (6/0/4/0). w niniejszym badaniu czas trwania wolnego
powtdrzenia (6/0/4/0) wynosit az 10s, natomiast odmowa migsniowa mogla wystapié
w dowolnym momencie ¢wiczenia np. przez brak umiejetnosci wykonania petnego
zakresu ruchu, utrzymania prawidtowego tempa ruchu lub prawidlowej techniki, co
mozna bylo odnotowaé jedynie na podstawie wartosci TUT, a nie liczby powtorzen.
Dodatkowo badania wykazaly istotne réznice w warto$ci sumy TUT migdzy grupa
poczatkujaca, a zaawansowang w treningu oporowym. Co ciekawe, grupa zaawansowana
uzyskata nizszg wartos¢ sumy TUT w 5 seriach (178 s + 33 s), w pordwnaniu z grupg
poczatkujaca (203.8 s £ 33.9 s). w przeciwienstwie do wartosci TUT, nie wykazano
istotne] rdéznicy w wartosci catkowitej liczby powtorzen w pieciu seriach miedzy
grupami. Zatem objetos¢ wysitku moze by¢ uwarunkowana przez czas trwania
powtorzenia w ¢wiczeniu oporowym. Wyniki przeprowadzonych badan sa zgodne
z wytycznymi Wilka 1 wsp. (2018b), potwierdzajac tym samym przydatnos$¢ okreslania
objetosci wysitku za pomocg wartosci TUT, a nie tylko liczby powtorzen. Czas trwania
jednego powtorzenia zalezy od czasu poszczegoélnych faz ruchu. w przeciwienstwie
do warto$ci liczby powtdrzen, TUT precyzyjniej okresla czas wykonanej pracy
szczegOlnie wtedy, gdy stosowany jest dluzszy czas trwania powtorzenia. w przypadku
analizy objetosci wysitku na podstawie sumy powtdrzen, brak wykonania petnego cyklu
ruchowego stosujac dluzsze tempo powtorzenia (6/0/4/0), nawet jesli osoba badana
wykonata 8-9s pracy, skutkowata brakiem odnotowanego powtorzenia, co ogranicza
wiarygodno$¢ takich pomiaréw. Zasadno$¢ oceny objetosci wysitku na podstawie
wartosci TUT wserii 1w catym ¢wiczeniu dotyczy dowolnej dlugosci trwania
powtdrzenia. Co wazniejsze, w badaniu nie stwierdzono istotnych réznic w wartosci TUT

w krotkim (2/0/2/0) oraz w $rednim (5/0/3/0) czasie trwania powtorzenia, co moze

13



sugerowac, ze tylko ¢wiczenie z wykorzystaniem ekstremalnie dlugiego czasu trwania
powtdrzenia roznicuje objetos¢ wysitku, w zaleznosci od poziomu do$wiadczenia
w treningu oporowym. Ponadto warto$¢ liczby powtérzen nie wykazata zadnych
istotnych ro6znic zarowno w pojedynczej serii, jak 1 w catym ¢wiczeniu, niezaleznie od
analizowanego czasu trwania powtdrzenia. Wyniki badan wartosci TUT, sg zgodne
z wezesniejszymi doniesieniami, ktore wskazywaly, ze tempo powtérzenia w ¢wiczeniu
oporowym wplywa na objetos¢ wysitku (Hatfield i wsp., 2006; Hutchins, 1993; Westcott
1 wsp, 2001; Wilk i wsp., 2018a, 2018b; 2019b). Co wiecej, wyniki wykazujg zgodnos¢
z badaniami Wilka iwsp. (2018b, 2019b), ktérzy wskazali, ze wartos¢ TUT jest
doktadniejszym wyznacznikiem objetosci wysitku, w pordwnaniu z wartoscig liczby
powtdrzen. Jednak, aby lepiej zrozumie¢ wplyw czasu trwania powtorzenia w ¢wiczeniu
oporowym nalezy rozszerzy¢ procedure badan o dodatkowe wartosci ze szczegdlnym

uwzglednieniem generowanej mocy migsniowe;.
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INTRODUCTION

Strength training is one of the most popular forms of physical activ-
ity. Physical exercise with external loads can be used at almost any
age, by young people and older adults, people with training experi-
ence and beginners. Regardless of who performs the physical exercise,
programming training loads is connected with determination of the
volume and intensity of exercise. Volume and intensity of training
depend on individual components of strength training, with each
component having both, acute and chronic effects on adaptation [11.
Principal variables of resistance training include the value of external
load, often synonymous with intensity (%1RM), number of repeti-
tions, sets, duration of rests intervals between sets [2-4]. More and
more often, the examinations related to strength training analyse the
impact of movement tempo in resistance training on exercise volume,
increase in muscular strength and power or hypertrophy [5-131. The
term tempo relates to the rate at which each repetition is performed.
Movement tempo and cadence are most often defined by means of
several digits which correspond to individual movement phases. For
example, 6/0/3/0 denotes a 6-second eccentric phase, no break in
the transition phase, a 3-second concentric phase and no rest before
the next repetition [8]. Changes in tempo, and consequently, the
velocities in individual phases of the movement, can results from the
effect of the external resistance, with the increase in the external

load leading to the decline in maximal movement speed in the con-
centric phase [9] or conscious control of individual movement ca-
dences, which has been the topic of recent research [12]. Tempo,
i.e. duration of a single repetition, determines time under ten-
sion (TUT) for a set and, in total, for a training session [12]. The
TUT value for a particular exercise has an effect on exercise volume
and the value of post-exercise metabolic and endocrine adapta-
tions [2,13]. Exercise volume represents one of the most critical
elements of the adaptation process, not only in regards to muscular
strength, but also in the development of other motor abilities. In
strength training, exercise volume has been evaluated based on the
number of repetitions or, as suggested by Wilk et al. [12], based on
the TUT values. A study by Wilk et al. [12] showed that the change
in movement tempo in strength training impacts significantly on the
volume of exercise, both in terms of the number of completed REP
and TUT values. Movement tempo in strength training also determines
the value of generated muscle force [4,11,14] and number of rep-
etitions that can be completed in a set [10,12,13]. Furthermore,
slow movement tempo leads to higher post-exercise fatigue and
a greater decline in muscle power compared to volitional tempo [5].
These findings show that slower movement tempo and, consequent-
ly, potentially lower exercise volume (if it is defined based on REP)

BioLoGy oF SporT, VoL. 37 Nol, 2020 79

15



can place a greater load on the human body compared to training
with conventional movement tempo and greater training volume
(REP). However, if training volume is defined according to the guide-
lines by Wilk et al. [12,13] based on TUT, the use of slow movement
tempo allows the athlete to significantly extend TUT and, conse-
quently, increase training volume. Longer time of sustained muscle
tension in a set can be also useful in evoking muscle hypertro-
phy [15,16] which can be linked to e.g. the fact that slow movement
extends the time under tension without the relaxation phase [17,18].
Some previous studies showed also that maximal power production
depends on training status [19] and motivation state [20].

All previous studies that have analysed the effect of movement
tempo or cadence of individual movement phases on the level of
acute or chronic adaptations focused on the analysis of a specific
homogenous research group. However, training effects depend not
only on the value of particular training variables, including movement
tempo, but also on the experience of the people who perform the
resistance training programs. Since previous studies have confirmed
that movement tempo impacts exercise volume significantly, the
number of completed REP, time under tension (TUT) and levels of
muscle force and power [4,5,10-14] in this study we attempted to
verify whether there are significant differences in exercise volume
evaluated based on TUT and REP for specific movement tempo
between novice and advanced strength trained subjects. To date, it
has not been demonstrated whether the level of response at constant
movement tempo is the same in groups of beginners and advanced
strength trained subjects.

MATERIALS AND METHOD'S 15—
All testing was performed in the Strength and Power Laboratory at
the Jerzy Kukuczka Academy of Physical Education in Katowice. The
experiment was performed following a randomized crossover design,
where each participant performed a familiarization session with
a 1-RM test and three different testing protocols a week apart. Dur-
ing the experimental sessions, subjects performed five sets of the

FIG. 1. TUT for 2/0/2/0, 5/0/3/0 and 6/0/4/0 tempos in sets 1-5
between beginner and advanced groups.

Note: ** p< .01, *p<.05
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bench press exercise to concentric failure using 70% 1RM and three
different tempos: 2/0/2/0 regular tempo (REG), 5/0/3/0 medium
tempo (MED) and 6/0/4/0 slow tempo (SLO). Subjects were required
to refrain from resistance training 72 hours prior to each experimen-
tal session, were familiarized with the exercise protocol and were
informed about the benefits and risks of the examinations before
expressing their written consent for participation in the study.

Study participants

The study examined 68 men divided into groups of beginners and
advanced strength trained athletes. The novice group included 32 men
(18-32 yrs, 69.9 + 5.7 kg, 67.3 = 6.9 kg bench press 1RM).
Before the examinations, the novice group was trained in terms of
bench press technique and performed three strength training sessions
in two weeks prior to the examinations dedicated to the bench press
technique with a specific movement tempo. The advanced group
comprised of 36 men, (20-38yrs, 81.2 + 6.7 kg, 112.3 = 12.5kg
bench press 1RM) with a minimum of two years of strength training
experience (3.7 = 0.92 years). All subjects were over 18 years old.
The participants were allowed to withdraw from the experiment at
any moment and were free of any pathologies or injuries. The proto-
col of examinations and written consent of participants were approved
by the Bioethics Committee at the Academy of Physical Education
in Katowice, Poland, according to the ethical standards of the Dec-
laration of Helsinki, 1983. Subjects were instructed to maintain their
normal dietary habits for the duration of the study period and did
not use any dietary supplements or stimulants for the duration of the
experiment.

Procedures

Familiarization session and one repetition maximum test

The participants arrived at the laboratory at the same time of day as
the upcoming experimental sessions (in the morning between 09:00
and 11:00) and cycled on an ergometer for 5 minutes at an inten-
sity that resulted in a heart rate of around 130 bpm, followed by

FIG. 2. REP for 2/0/2/0, 5/0/3/0 and 6/0/4/0 tempos in sets 1-5
between beginner and advanced groups.

Note: ** p< .01, *p<.05
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a general upper body warm-up of 10 body weight pull ups and
15 body weight push-ups. Next, the participants performed 15, 10,
and 5 BP repetitions using 20kg, 40%, and 60% of their estimated
1RM using a 2/0/2/0 cadence. Hand placement on the barbell was
individually selected, but the forefinger had to be inside of the 81-cm
mark on a standard Olympic bar. The positioning of the hands was
recorded to ensure consistent hand placement during all testing ses-
sions. The participants then executed single repetitions using a vo-
litional cadence with a 5 min rest interval between successful trials.
The load for each subsequent attempt was increased by 2.5 kg, and
the process was repeated until failure.

Experimental sessions

The participants arrived at the laboratory in the moming (09:00 to
11:00). After completing the same warm-up as in the previous ses-
sion, the participants performed 5 sets of BP at 70% 1RM using
either a REG, MED or SLOW metronome guided cadence (Korg
MA-30, Korg, Melville, New York, USA). Each set was performed to
failure and with 3 min of rest between sets. The participants were
verbally encouraged throughout all testing sessions. All repetitions
were performed without bouncing the barbell off the chest, without
intentionally pausing at the transition between the eccentric and
concentric phases, and without raising the lower back off the bench.

Statistical analysis

All the statistical analyses were performed using the STATISTICA
software version 12 (StatSoft, Inc.) at « = .0.05. The data were
tested for normal distribution using the Shapiro-Wilk test. In order
to establish whether the differences occurred for the number of rep-
etitions and TUT between the beginner group and advanced athletes
for the REG 2/0/2/0, MED 5/0/3/0 and SLO 6/0/4/0 tempos and
series 1-5, the analysis of variance (ANOVA) was performed and
post-hoc Tukey's tests were continued. The F statistic and level of
significance were evaluated. Homogeneity of variance was verified
and met using the Levene's test at p > 0.05.

REES U LTS 5
The data had a normal distribution (W range between 0.80 and
0.99). Significant differences in TUT were found between the groups
of beginners and advanced athletes for the SLO 6/0/4/0 tempo in
set 1 (p = 0.01) and set 2 (p = 0.04), and for the REG 2/0/2/0
tempo in set 5 (p = 0.01) (Tabs. 1 and 3, Fig. 1). Furthermore,
significant differences were documented for total TUT between the
beginners and advanced athletes for the SLO 6/0/4/0 tempo
(p = 0.04) (Tab. 3). The ANOVA also revealed significant differ-
ences in the number of repetitions between groups for the SLO 6/0/4/0
tempo in set 4 (p = 0.04) and set 5 (p = 0.04), and for the REG

TABLE 1. TUT in particular sets of the BP for REG 2/0/2/0, MED 5/0/3/0 and SLO 6/0/4/0 tempos in the beginner and advanced

groups.
Set Advanced Beginner
e
2/0/2/0 5/0/3/0 6/0/4/0 2/0/2/0 5/0/3/0 6/0/4/0
1 32.52 (£8.10) 4595 (x15.62) 49.53 (x17.02)**  35.85 (%£9.18) 43.88 (x15.44) 52.53 (x10.19)**
2nd 28.52 (£8.50) 39.80 (x16.21) 42.41 (£17.19)*  28.30 (x7.50) 37.11 (£8.25)  45.39 (+10.53)*

31 24.43 (x£7.02)
4t 21.61 (+7.48)
5t 20.41 (£6.22)**

34.90 (x17.00)
32.15 (x17.61)
31.80 (x£17.75)

39.41 (x£17.77)
35.29 (£18.54)
32.76 (£19.17)

20.90 (+5.78) 32.17 (£7.33) 38.17 (+6.88)
19.25 (+4.70) 26.17 (£6.35) 35.61 (£5.93)
15.90 (£5.04)**  25.78 (+£8.34) 30.72 (£3.41)

Note: ** p< .01, *p<.05

TABLE 2. REP in particular sets for each 2/0/2/0, 5/0/3/0 and 6/0/4/0 tempos in the beginner and advanced groups.

Advanced Beginner
Set 2/0/2/0 5/0/3/0 6/0/4/0 2/0/2/0 5/0/3/0 6/0/4/0
1 8 (+2) 5(x1) 4 (x1) 9 (x2) 5 (x1) 5 (1)
2nd 7 (x£2) 4 (x1) 3 (1) 7 (=1) 4 (x1) 4 (x1)
30 6 (=1) 3 (x1) 3 (x1) 5 (=1) A(+1) 3(x1)
4th 5 (x1) 3(x1) 2 (=1)* 4 (1) 3(x1) 3 (x1)*
5t 5 (£1)** 3(x1) 2 (x1)* 4 (£1)** 3 (x1) 3 (x1)*

Note: ** p< .01, *p<.05
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TABLE 3. Total TUT for particular 2/0/2/0, 5/0/3/0 and 6/0/4/0
tempos in the beginner and advanced groups

Group Anova
Total TUT
Advanced Beginner F p
2/0/2/0 124 (£33) 123 (x£28) 0.02 0.89
5/0/3/0 166 (£29) 166 (£31) 0.01 0.99
6/0/4/0 178 (£33) 203.8(%£33.9) 4.76 0.04

TABLE 4. Total REP for particular 2/0/2/0, 5/0/3/0 and 6/0/4/0
tempos in the beginner and advanced groups

Group Anova
Total REP
Advanced Beginner F P
2/0/2/0 28 (£7) 28 (+6) 0.02 0.89
5/0/3/0 18 (x4) 18 (£3) 0.26 0.61
6/0/4/0 15 (x4) 17 (x4) 2.19 0.15

2/0/2/0 tempo in set 5 (p = 0.01) (Tabs. 2 and 4, Fig. 2). The total
number of repetitions for individual REG 2/0/2/0, MED 5/0/3/0 and
SLO 6/0/4/0 tempos did not differ significantly between groups
(p > 0.05) (Tab. 4).

DISCUS'STO N 155
The main finding of the study is that the level of strength training
experience has a significant effect on training volume both in terms
of TUT and REP at a specific constant movement tempo. How-
ever, significant differences in TUT,nm1_5 between BEG and ADV
were found only for the SLO tempo (Table 3). Contrary to TUTg,m1-5
values, no significant difference was demonstrated for REPg, 15
between the BEG and ADV groups (Table. 4) These findings are
consistent with the guidelines discussed in a study by Wilk et
al. [12], thus confirming the usefulness of determination of exercise
volume by means of TUT rather than REP only. Duration of a sin-
gle repetition i.e. total duration of concentric and eccentric ca-
dences and duration of isometric rest pauses between phases is
determined by the speed at which the repetition is performed [6,8].
TUT determines the volume of work performed more accurately
than REP, which is especially noticeable in case of slower move-
ment tempos. In the present study, the duration of one repetition
with the SLO tempo was 10 seconds, whereas the point of maximal
muscle fatigue (MMF) could occur at any moment of the exercise,
which could be determined only by TUT rather than REP. In case
of the analysis of the volume based on REP values, failure to
perform a repetition, even if 8-9 second work was performed
within the 10-second movement tempo led to the lack of recording
the repetition as a measure of exercise volume, which substan-
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tially limits the reliability of such measurements. In case of TUT,
the number of the seconds of work is recorded for the instant of
actual exhaustion, regardless of the phase and moment of perform-
ing the movement. The legitimacy of the evaluation of exercise
volume based on the duration of the TUT, or TUT,, as a value
of the total muscle contraction for the exercise and entire training
session, respectively, concerns any value of tempo. However, the
slower the movement tempo and cadence, the higher differences
between TUT and REP variables. A significant difference was dem-
onstrated in values of TUT,m1_5 between BEG and ADV groups.
Interestingly, the ADV group obtained a lower value of TUT-
suml—s 178s (+£33) compared to the BEG group, TUTn1-5203.8s
(+33.9) (Tab. 3). Higher TUT values in the BEG group are likely
to be linked to the ratio of FT/ST muscle fibres involved in the
exercise. Adaptations resulting from strength training lead to trans-
formation of muscle fibres [15,16,21-23]. The most intensively
growing fibres are of type Il, with high number of myofibrils, which
are characterized not only by greater contraction force but also
lower susceptibility to fatigue [16]. Type | muscle fibres are char-
acterized by aerobic metabolism, low contraction force and high
resistance to fatigue. These fibres to not react well to resistance
training, and show limited hypertrophy. Advanced strength trained
subjects are characterized by greater percentage of type Ila and
IIb muscle fibres compared to beginners. A higher percentage of
type lla and type llb fibres during resistance training in advanced
athlete, especially in SLO tempo, impacts muscle contraction re-
corded during exercise, which is related to the level of metabolic
stress leading to MMF. Combined with changed concentrations of
hydrogen ions and deficiency of adenosine triphosphate (ATP), the
increased concentration of metabolic products is directly related
to the achieved TUT. This was especially noticeable for SLO tempo
in the ADV group, which is consistent with the findings published
by Hatifield et al. [5], who showed that slow movement tempo
leads to higher muscle fatigue, analysed both, based on the level
of muscle power and self-reported exhaustion of study participants.
In case of the SLO tempo, significant difference in TUTg,1-5 was
caused in particular by the differences in TUTg; and TUTg (Fig-
ure 1). Greater value of TUTge TUTge2 in the BEG group compared
to ADV can be linked, similar to TUTg,;_5 to the ratio of muscle
fibre types, with the dominance of lla and lIb fibres in the ADV
compared to the BEG group. The results, with particular focus on
differences in TUTy, TUTgep and TUTg,m1-5 for SLO tempo, are
consistent with previous reports which have indicated that slower
movement tempo impacts on training volume and intensity [5,11—
14]. TUT35 did not show significant differences between the
BEG and ADV groups, which is likely to be related to the fact that
metabolic exhaustion was observed and post exercise metabolites
were accumulated in both the BEG and in ADV groups in TUT;
and TUT,, thus limiting exercise capacity in the next sets of the
experiment. Exhaustion at this level of exercise can be assumed
to be equivalent in the BEG and ADV groups. In case of REG
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tempo, significant changes in TUT were found only in TUTgs where
BEG group was able to perform the bench press with 2/0/2/0
tempo for a significantly longer duration compared to the ADV
group. The significance of the TUTys difference did not impact on
TUTgym1-s. The study did not find significant differences in TUTgym1-5
for the REG and MED tempos, which can indicate that only the
exercise using extremely slow tempo differentiate the value of ex-
ercise volume depending on the level of experience in resistance
training.

CONCLUSIONS
Significant differences in TUTy,m1-5 in the case of SLO tempo may

suggest that the slower the movement tempo or cadence of particu-
lar movement phases, the less pronounced the differences resulting
from the level of experience in resistance training. In case of RER,

the tests did not show significant differences in REPg,,,1_5 in any of
the analysed movement tempos. This is consistent with the suggestion
by Wilk et al. [12] who indicated that the value of TUT is a more
accurate determinant of exercise volume compared to REPR Significant
differences in TUT,m1-5 and TUT both for the SLO and REG tempos
confirm that both movement tempo [12] and level of experience in
strength training influence exercise volume.
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PRACA NR 2

»Analysis of power output and bar velocity during various

techniques of the bench press among women”

W drugim badaniu analizie poddano wplyw wyciskania sztangi lezac z szerokim
(Wide Grip Bench Press — WGBP) i waskim chwytem sztangi (Close Grip Bench Press
— CGBP) na poziom mocy mig¢sniowej 1 predkosci sztangi w ruchu koncentrycznym przy
zmiennym czasie trwania fazy ekscentrycznej (6/0/X/0 vs. 2/0/X/0). Ocena wpltywu
zmiany czasu trwania fazy ekscentrycznej oraz rodzaj chwytu sztangi stanowity gtowny
problem badawczy pracy ,,Analysis of power output and bar velocity during various
techniques of the bench press among women” opublikowanej w czasopi$mie ,, Journal of
Human Sport and Exercise”. w badaniu wzigto udziat 20 kobiet w wieku 26.6 + 2.6 lat,
masie ciata 54.4 = 7.5 kg, doswiadczeniem w treningu oporowym 2.5 £ 0.94 lat, 1-RM
CGBP: 55.2 £ 7.5 kg, 1-RM WGBP: 52.9 + 6.5 kg. Procedura badawcza obejmowata
cztery protokoty testowe (WGBP 2/0/X/0, WGBP 6/0/X/0, CGBP 2/0/X/0, CGBP
6/0/X/0). WGBP obejmowat dystans miedzy dtonmi 81cm, ktory stanowit ponad 200%
odlegtosci najbardzie; wysunietych na zewnatrz punktow ,,acromion” - wyrostkow
szczytu barkowego (Biacriomial Distance - BAD) dla kazdej uczestniczki badania,
natomiast CGBP charakteryzowat odleglos¢ 95% BAD. Uczestniczki badania
wykonywaty jedng seri¢ (trzy powtorzenia) wyciskania sztangi lezac, stosujac obcigzenie
zewngtrzne o wartosci 70% 1-RM. Czas trwania fazy ekscentrycznej wynosit 2s lub 6s,
natomiast faz¢ koncentryczng wykonywano zmaksymalng predkoscia (,,X”).
Szczegotowa analiza dotyczyla zmian predkos$ci sztangi oraz mocy mig$niowej w ruchu
koncentrycznym, przy zastosowaniu zmiennego czasu trwania fazy ekscentrycznej
1 zmiennej szerokosci chwytu sztangi. do oceny predkosci sztangi oraz generowanej
mocy migsniowej wykorzystano system ,,Tendo Power Analyzer” (Tendo Sport
Machines, Trencin, Slovakia). Hipoteza badawcza zaktadata, ze zarowno zmiana czasu
trwania fazy ekscentrycznej, jak i zmiana szeroko$ci chwytu sztangi znaczaco wptywa

na poziom generowanej mocy migsniowej 1 predkos¢ sztangi.

Wyniki badan wykazaty, Zze zmiana czasu trwania fazy ekscentrycznej ruchu

istotnie wplywa na predkos¢ sztangi 1 moc migsniowa podczas wyciskania sztangi lezac.
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Poziom generowanej mocy mig$niowej i predkos$¢ sztangi byly istotnie wyzsze przy
zastosowaniu krétszego czasu trwania fazy ekscentrycznej (2/0/X/0), w poréwnaniu
z dtuzszym (6/0/X/0) czasem trwania tej fazy. Zaobserwowane istotne réznice mi¢dzy
analizowanymi zmiennymi dotyczyly Srednich wartosci predkosci sztangi pomiedzy
WGBP 6/0/X/0 1 WGBP 2/0/X/0 (p < 0.01) i szczytowej predkosci sztangi (p < 0.01),
pomiedzy WGBP 6/0/X/0 i CGBP 2/0/X/0 dla szczytowej mocy mig$niowej (p < 0.05),
sredniej predkosci sztangi (p < 0.01) iszczytowej predkosci sztangi (p < 0.05) oraz
miedzy CGBP 6/0/X/0 1 CGBP 2/0/X/0 dla sredniej predkosci sztangi (p < 0.05). Ponadto
nie stwierdzono istotnych réznic migdzy szerokim, a waskim chwytem sztangi
w warto$ci mocy migsniowej 1 predkosci sztangi podczas wyciskania sztangi lezac

wykorzystujac staty, kontrolowany czas trwania fazy ekscentrycznej ruchu.

Wyniki niniejszego badania sg zgodne z ustaleniami Wilka i wsp. (2019a),
ktorzy analizowali wptyw czasu trwania fazy ekscentrycznej na poziom generowanej
mocy mig$niowej w fazie koncentrycznej w grupie mezczyzn. Autorzy wykazali, ze 6-
cio sekundowy czas trwania fazy ekscentrycznej mial niekorzystny wplyw na wartosé
mocy mi¢sniowej oraz predkos¢ sztangi w fazie koncentrycznej zarowno w warto$ciach
$rednich, jak 1 maksymalnych, w przeciwienstwie do 2s fazy ekscentrycznej. Wyniki
przeprowadzonych badan oraz Wilka i wsp. (2019a) wskazuja, ze podczas treningu
oporowego, ktorego celem jest ksztaltowanie mocy mig$niowej, nalezy zwrdcié
szczegdlng uwage nie tylko naprace wykonywang podczas fazy koncentrycznej,
ale takze na czas trwania ekscentrycznej fazy ruchu. z przeprowadzonych badan wynika,
zerodzaj chwytu sztangi nie byl czynnikiem istotnie wplywajacym na poziom
generowanej mocy migsniowej 1 predkosci sztangi w grupie kobiet, co jest sprzeczne ze
wczesniejszymi doniesieniami (Lockie 1 wsp., 2017; Saeterbakken i wsp., 2017). Lockie
1wsp. (2017) wykazali, ze wykorzystanie CGBP (95% BAD) skutkowato nizsza
warto$cig maksymalnego obcigzenia zewngtrznego w teScie 1-RM, w porownaniu
do tradycyjnego chwytu sztangi (TBP = 165-200% BAD), a preferowany chwyt sztangi
wsrod osob badanych wynosit ok. 175% BAD. Jednak szczytowy poziom generowanej
mocy mig$niowej oraz predkosci sztangi odnotowano podczas CGBP, w przeciwienstwie
do TBP (Lockie i wsp., 2018). Nalezy zaznaczy¢, ze prezentowany projekt badawczy
dotyczy wylacznie grupy kobiet, w przeciwienstwie do badan Lockiego 1 wsp. (2017),
w ktorych uwzgledniono grupe mieszang (21 me¢zczyzn 16 kobiet), co moglto mieé

znaczacy wptyw na wyniki badan.
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Gléwnym czynnikiem wplywajacym nardznice predkosci sztangi
i generowanej] mocy mig$niowej byt czas trwania fazy ekscentrycznej ruchu.
Weczesniejsze badania wykazaty obnizenie wartosci generowanej mocy migsniowej
1 predkosci sztangi w ruchu koncentrycznym (Wilk 1 wsp., 2019a), gdy wykorzystywano
wolniejszg faze ekscentryczng (6/0/X/0), co jest zgodne z prezentowanymi badaniami.
Podczas wolnego tempa powtdrzenia dtugos¢ fazy ekscentrycznej trwala trzykrotnie
dtuzej, w przeciwienstwie do krotkiego czasu trwania powtdrzenia (6s vs. 2s). Dhuzszy
czas trwania wysitku moze prowadzi¢ do wigkszego zmeczenia migSniowego,
a w konsekwencji do osiggania gorszych wynikéw mocy migsniowej i predkosci sztangi.
Trzykrotnie dtuzszy czas trwania powtorzenia, w porownaniu z krotkim czasem trwania
powtdrzenia wskazuje na wyzszg wartos¢ TUT (Wilk 1 wsp. 2018b, 2019a), a tym samym
na wyzsza objetos¢ wysitku. Pomimo tej samej liczby powtdrzen, czas trwania jednego
powtdrzenia, czyli tempo powtorzenia znaczaco si¢ roznit. Fakt, ze dlugos$¢ trwania fazy
ekscentrycznej wplywa na wartos¢ TUT, REP, moc migéniowa oraz predkos¢ sztangi
sugeruje, ze czas trwania powtorzenia w treningu oporowym jest zmienng, ktora nalezy
bra¢ pod uwage podczas programowania i realizowania ¢wiczen sitowych. Wyniki badan
byly podstawa do realizacji kolejnych projektow badawczych, w ktérych ocenie poddano

wplyw czasu trwania powtorzenia na wartos¢ wyniku uzyskanego w tescie 1-RM.
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ABSTRACT

Background: The aim of the study was to determine the effect of the wide grip bench press (WGBP) and the close grip
bench press (CGBP) on power output and bar velocity changes using a variable tempo of movement (6/0/X/0 vs.
2/0/X/0) in a group of female athletes. Objective: Twenty females were enrolled in the study (age 26.6+2.6, body mass
54.4+7.2 kg, RT experience 2.5+0.94 years; CGBP 1RM 55.2+7.5 kg; WGBP 1RM 52.946.5 kg). Method: Participants
performed two sets of three repetitions of the bench press (BP) at 70%1RM with different grip widths (WGBP or CGBP)
and different tempos of movement (2/0/X/0 or 6/0/X/0). During each test the following variables were registered: mean
power (MP), peak power (PP), mean velocity (MV), and peak velocity (PV). Results: The repeated measures ANOVA
showed significant differences between analysed variables for MV, PV and PP. The post hoc Tukey showed significant
differences between WGBPSLOW and WGBPFAST for MV (p<0.01) and PV (p<0.01), significant differences between
WGBPSLOW and CGBPFAST for PP (p<0.05), MV (p<0.01) and PV (p<0.05). Finally, the study showed significant
differences between CGBPSLOW and CGBPFAST for MV (p<0.05). Conclusion: The present research showed that
the movement tempo significantly influenced the level of power output and bar velocity during the BP. Furthermore, it
was demonstrated that the type of grip width during the BP is not a factor significantly affecting the level of power output
and bar velocity. Keywords: Resistance exercise; Movement tempo; Close-grip; Wide-grip; Strength.
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INTRODUCTION

The bench press (BP) is one of the upper-body exercises most frequently used in resistance training (Baker
etal., 2001; Stock et al., 2010; Krzysztofik et al., 2019; Wilk et al., 2019c). The BP is usually performed with
an individually adjusted grip width, which was defined by Young et al. (2015) as "the strongest position"
termed also a traditional bench press (TBP). However, athletes also often use the wide-grip bench press
(WGBP) and the close-grip bench press (CGBP). The WGBP is described as a bench press with a grip width
of 200% or more of the biacromial distance (BAD), while the CGBP is defined as a grip width of 95% BAD
(Wagner et al. 1992; Barnett et al., 1995; Lockie et al., 2017a; 2017b; Wilk et al., 2019a).

The ability to generate high levels of strength and power output is one of the most significant factors that
determines performance in numerous sport disciplines (Cronin and Hansen, 2005; Argus et al., 2014; Gota$
etal., 2017). Previous studies have shown that differences in the level of maximum strength and power output
may depend on the width grip used during the BP (Saeterbakken et al., 2017; Lockie et al., 2018).
Saeterbakken et al. (2017) showed that the WGBP (165 - 200% BAD) allowed higher maximum external
loads compared to the CGBP. The values of 6-RM were 11.1% greater using the WGBP compared to the
CGBP. Lockie et al. (2018) showed that peak power output during the WGBP occurred at 50% of 1RM, while
for the CGBP at 30% of 1RM. Furthermore, the CGBP resulted in a lower maximal external load one repetition
maximum test (1RM), higher peak power output and velocity as well as lower mean force compared to the
WGBP (Lockie et al., 2018). The level of power output during the BP depends not only on the width grip used,
but also on gender (Bishop et al., 1987; Miller et al., 1993; Amasay et al., 2016) and the level of experience
in resistance training (Miller et al., 2019). Miller et al. (2019) indicated that trained females produced peak
power output at 50%1RM, while untrained women at 60-70%1RM during the TBP.

What is important is that the level of power output and bar velocity in the BP depend also on the duration of
the eccentric (ECC) contraction. A study by Wilk et al. (2019b) showed that a slower ECC cadence (6 s)
during the BP had an adverse effect on power output and velocity during the concentric (CON) phase
compared to the BP performed with a faster ECC cadence (2 s). Significant decreases were observed for
both peak and mean power output as well as for bar velocity Wilk et al., (2019b). However, in that study Wilk
et al. (2019b) the width grip was determined not on the basis % BAD, but on the basis of the width of the
handle which amounted to 81 cm. Although previous studies have demonstrated that significant differences
in power output depend on the grip width used in the BP (Lockie et al., 2017a; 2017b) none of them referred
to different movement tempos during the exercise.

The movement tempo is usually described using a sequence of digits (e.g. 2/0/X/0), where each digit
determines the duration (s) of a particular phase of the movement. Since there is no standardized method of
assigning these digits within the scientific literature, in this paper we adopted a unified description of the
movement tempo as follows: eccentric / isometric / concentric / isometric. Previous research has shown that
changes in the movement tempo during resistance exercise have an impact on the volume and intensity of
effort, and in turn, the resultant adaptive changes in maximum strength, power and hypertrophy (Keeler et
al., 2001; Hunter et al., 2003; Gota$ et al., 2017; Wilk et al., 2018a; 2018b).

Despite the fact that training with a controlled movement tempo has become more popular in sports practice
as well as in scientific research, there are no available data concerning the influence of the grip width and
movement tempos on level of power output and bar velocity changes during the BP. Therefore, the aim of
the study was to determine the effects of different grip widths in the BP (WGBP vs. CGBP) performed with
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different movement tempos (6/0/X/0 vs. 2/0/X/0) on power output and bar velocity in a group of female
athletes.

MATERIAL AND METHODS

Participants

Twenty (20) healthy female experienced in resistance training (2.5 £ 0.94 yrs.) volunteered for the study after
completing an ethical consent form (age = 26.6 + 2.6 years; body mass = 54.4 + 7.2 kg; CGBP 1RM = 55.2
+ 7.5 kg; WGBP 1RM = 52.9 + 6.5 kg; mean + SD). All study participants were over 18 years of age and
were expected to be able to perform a bench press with the load of at least 100% of their body mass.
Participants were allowed to withdraw from the experiment at any moment and were free of any pathologies
or injuries. The study protocol was approved by the Bioethics Committee for Scientific Research at the
Academy of Physical Education in Katowice, Poland, according to the ethical standards of the latest version
of the Declaration of Helsinki, 2013.

Procedures

The experiment was performed following a randomized crossover design, where each participant performed
a familiarization session with a 1RM test and four different testing protocols 3-4 days apart. Participants
performed the WGBP with a 2/0/X/0 (WGBPrast), and a 6/0/X/0 (WGBPsLow) tempo. They also followed the
same exercise procedures with the CGBP using a 2/0/X/0 (CGBPrast) and a 6/0/X/0 (CGBPsLow) tempo.
During each experimental session, participants performed one set of 3 repetitions at 70%1RM. The following
variables were registered: peak power (PP), mean power (MP), peak velocity (PV) and mean velocity (MV).
Participants were required to refrain from resistance training 48 hours prior to each experimental session,
were familiarized with the protocol as well as informed of the benefits and potential risks of the study and
provided their written consent for participation in the study.

1RM WGBP and CGBP Strength Testing

All testing was performed at the Strength and Power Laboratory of the Academy of Physical Education in
Katowice, Poland. Participants arrived at the laboratory between 9:00 and 11:00 a.m. and cycled on an
ergometer for 5 minutes, which was followed by a general upper body warm-up and 15 push-ups. Next,
participants performed 15, 10, and 5 BP repetitions using 20%, 50%, and 70% of their estimated 1RM,
respectively. The 1RM test with the WGBP was performed first. The grip width adopted for the WGBP was
200% BAD (Wagner et al., 1992; Saeterbakken et al., 2017). The grip width was marked on the barbell with
athletic tape, and a pronated grip was used. Participants placed their hands on the bar at the same position
for each set. Participants executed single repetitions using a volitional cadence with a 3-min rest interval
between successive trials. The load for each subsequent attempt was increased by 1.25 - 5 kg, and the
process was repeated until failure. No more than five attempts were allowed before the 1RM was determined
for each participant. After a 10 min recovery period, participants completed the 1RM test in the CGBP (Lockie
etal., 2017a; 2017b). The body position and constraints that determined a successful lift were the same as
those for the WGBP, except for the different grip width. The grip width adopted for the CGBP was 95% BAD
(Cronin, 2001; Cronin & Owen, 2004; Cronin & Hansen, 2005). Following the established procedures, the
warm-up for the second 1RM test began by completing 3-5 repetitions at 85% of the participants’ estimated
1RM, and then one repetition with 90%1RM. Afterwards, participants attempted their first 1RM lift following
a 3-min recovery period, and this process continued until 1RM was reached. For both the WGBP and the
CGBP, absolute strength was taken as the maximum load lifted. An IPF Eleiko bar and weight plates (Eleiko,
Sport AB Sweden) were used for both the WGBP and the CGBP.
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Experimental sessions

The general and specific warm-up before the experimental sessions was identical to that used during the
familiarization session. After the warm up, participants performed one set of the bench press with a particular
grip width (WGBP or CGBP) and a specified tempo (2/0/X/0 or 6/0/X/0) with 70%1RM following a metronome
guided movement cadence in the eccentric phase (Korg MA-30, Korg, Melville, New York, USA). The
concentric phase was performed at the maximal tempo of movement (X). Each experimental set included 3
repetitions. All repetitions were performed without bouncing the barbell off the chest, without intentionally
pausing at the transition between the eccentric and concentric phases, and without raising the lower back off
the bench. The intervals between experimental sessions were 3-4 days. All familiarization and experimental
sessions were recorded by means of a Sony camera (FDR191 AX53). All participants completed the
described testing protocol.

Statistical analysis

The statistical analyses were performed using STATISTICA software (StatSoft, Inc., Tulsa OK Oklahoma,
USA, 2018 - version 12). Values of power output and velocity were expressed as mean + SD. Before using
the parametric test, the assumption of normality was verified using the Kolmogorov-Smirnov test. The
repeated measures ANOVA was used to show differences between collected variables. When significant
main effects occurred, post-hoc comparisons were conducted using the Tukey's test.

RESULTS

The repeated measures ANOVA showed significant differences between analysed variables for MV, PV and
PP (Table 1). The post hoc Turkey showed significant differences between WGBPsLow and WGBPFast for
MV (p<0.01) and PV (p<0.01), significant differences between WGBPsLow and CGBPrast for PP (p<0.05),
MV (p<0.01) and PV (p<0.05) (Table 2). Finally, the study showed significant differences between CGBPsLow
and CGBPast for MV (p<0.05) (Table 2).

Table 1. Power output and bar velocity during the various techniques of the bench press.

WGBPsLow WGBPErasT CGBPsLow CGBPrast P
MP [W] 121+ 35 134 £ 24 131+ 35 141 +£ 46 0.92
PP [W] 186 £ 67 196 £ 40 203 60 21965 0.05*
MV [m/s] 0.39+0.07 0.48 £0.05 0.46 £0.08 0.51£0.05 0.05*
PV [m/s] 0.61+0.11 0.72 £0.08 0.69 £ 0.17 0.70 £ 0.07 0.01*

All data are presented as mean + standard deviation; *statistically significant differences p<0.05

Table 2. Differences in power output and bar velocity during the various techniques of the bench press.

Bench press techniques ’\;P [v] ;P [v] L\)/IV [m's) ;V [mis]
WGBPsLow vs. WGBPFast 0.88 0.97 0.01* 0.01*
CGBPsLow vs. WGBPFast 0.96 0.98 0.86 0.89
WGBPFasT vs. CGBPrast 0.34 0.75 0.60 0.98
WGBPsow vs. CGBPsLow 0.63 0.88 0.28 0.41
WGBPsLow vs. CGBPrast 0.75 0.05* 0.01* 0.05*
CGBPsLow vs. CGBPrast 0.61 0.90 0.05* 0.98

All data are presented as mean + standard deviation; *statistically significant differences p<0.05
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What is important, the present study is the first which in addition to different movement tempos has also
considered different grip widths during the BP. Previous research has confirmed that significant differences
in the level of power output and velocity of movement depend on the grip width (Lockie et al., 2017a; 2017b).
Studies by Lockie et al. (2017a; 2017b) and van den Tillaar (2012) showed that higher values of power output
and bar velocity were achieved in the CGBP compared to the TBP, which was not confirmed in our study.
Importantly, the present study showed that power output did not depend on the grip width which contradicts
the results of Lockie et al. (2017a; 2017b; 2018), who showed that peak power output, peak velocity, and
mean velocity were greater for the CGBP compared to the TBP.

CONCLUSION

The present research showed that the type of grip width during the BP was not a factor significantly affecting
the level of power output and bar velocity generated in a group of female athletes. Furthermore, it was
demonstrated that the movement tempo significantly influenced the efficiency of resistance exercise. In order
to develop a high level of power output during CON contractions, one should strive for maximally dynamic
performance of the ECC phase. Therefore, the tempo of movement represents a component of resistance
training, which should be controlled and taken into consideration during planning and execution of resistance
training programs.
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DISCUSSION

The main finding of the study was that the movement tempo had a significant effect on power output and bar
velocity during the bench press exercise. Significant differences were observed between WGBPsLow and
WGBPeast for MV, PV, between WGBPsi.ow and CGBPeast for PP, MV and MV, as well as between
CGBPsLow and CGBPrast for MV. Results of the aforementioned comparisons showed that the level of power
output and velocity of movement was significantly higher at the fast tempo of movement compared to the
slow tempo of movement. Furthermore, no significant differences were found between wide of grip used
during the BP with a constant movement tempo.

To date, several studies have confirmed the effect of the movement tempo on the number of repetitions
performed, time under tension and exercise volume (Sakamoto & Sinclair, 2006; Wilk et al., 2018a; 2018b;
2018c; 2019a), but the present study is the first one which analysed both the movement tempo and the width
grip. Results of the present study are consistent with previous findings of Wilk et al. (2019), who showed
increase level of power output and bar velocity during the BP with fast movement tempo compared to slower
one. However, compared to the results obtained by Wilk et al. (2019b), presented study do not showed
significant changes in MP for all used techniques. Such differences may result from the fact that in presented
study subjects consisted of female athletes, while in the study of Wilk et al. (2019b) study participants were
males. Gender differences have a significant effect on skeletal muscle morphology and function (Haizlip et
al., 2015), as well as on muscle substrate utilization and neuromuscular activation (Hicks et al., 2001).
Previous research suggests that the greater strength of men compared to woman is primarily due to greater
muscle fibres levels (Miller et al., 1993) and a higher proportion of type | fibres compared to type Il (Staron
et al., 2000; Roepstroff et al., 2006; Welle et al., 2006). Furthermore, men produce significantly greater
strength as well as absolute and relative peak and mean power during the bench press compared to women
(Lovell et al., 2011). In the bench press throw, women achieve peak power output at 30-50%, whereas men
at 30% (Thomas et al., 2007). Moreover, another study indicated that men achieved higher mean velocity for
light loads, whereas women reported higher mean velocity for heavy loads during the BP on a Smith machine
(Torrejon et al., 2018). These data suggest that various training strategies should be used in training for men
and women to develop power output.

The main factor influencing differences in power output and bar velocity between the applied tempos of
movement was the duration of the ECC phase of movement. In the present study, the duration of the ECC
phase in the slow tempo of movement was three times longer than for the fast tempo of movement (ECCsLow
- 6s; ECCrast - 2s). Therefore, longer duration of effort can lead to greater muscle exhaustion and
consequently, premature exercise fatigue. Duration of effort also referred to as time under tension, can be
an indicator of exercise volume regardless of the number of repetitions performed (Wilk et al., 2018a; 2018b).
Three times longer duration of effort during the slow compared to the fast tempo of movement indicates
higher exercise volume which is linked to greater energy expenditure during the longer ECC contraction and
greater fatigue, what significantly decreases the value of power output and bar velocity during the BP with
the slow compared to the fast movement tempo. The higher value of power output and bar velocity during
the faster tempo can be related not only to the duration of effort in the ECC phase of movement, but also to
a more effective use of elastic energy generated during the faster ECC contraction, which is released during
the CON phase of the movement (Newton et al., 1997; Cronin et al., 2001; Cronin & Owen, 2004;). Previous
research has shown decreases in power output and velocity when the slower ECC phase was used, what
was partially linked to less efficient utilization of the stretch-shortening cycle (Wilk et al., 2019b). Similar
relationships were observed when analysing the effects of post-activation potentiation, which was less
effective when slow ECC phases were used (Wilk et al., 2019c).
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PRACA NR3

»Impact of Duration of Eccentric Movement in the One-

Repetition Maximum Test Result in the Bench Press among Women”

Kolejne badanie dotyczylo oceny wplywu czasu trwania ekscentrycznej fazy
ruchu na wynik testu 1-RM podczas wyciskania sztangi lezac zawarte w pracy: ,, Impact
of Duration of Eccentric Movement in the One-Repetition Maximum Test Result in the
Bench Press among Women” opublikowane w czasopi$mie ,,Journal of Sports Science
and Medicine”. Gléwnym celem badania bylo ustalenie czy dlugos¢ trwania
ekscentrycznej fazy ruchu wptywa na wynik testu 1-RM podczas wyciskania sztangi
lezac. w badaniu wzigto udziat 21 kobiet (23.4 + 2.2 lat; masa ciala: 52.3 + 6.7 kg),
z minimalnym rocznym do$wiadczeniem w treningu oporowym (2.3 + 1.47 lat).
Procedura badawcza zostala podzielona natrzy protokoty, w ktorej uczestniczki
wykonywaty test 1-RM podczas wyciskania sztangi lezac z okre§lonym czasem trwania
fazy ekscentrycznej ruchu (2/0/X/0; 4/0/X/0; 6/0/X/0), natomiast faz¢ koncentryczng
wykonywano z maksymalng predkoscia (,,X). Przerwa miedzy seriami wynosita 5
minut, natomiast wszystkie warto$ci 1-RM uzyskano w czterech prébach. Hipoteza
badawcza zaktadata, ze czas trwania ekscentrycznej fazy ruchu wplywa na wynik testu

1-RM w wyciskaniu sztangi lezac wsrdod kobiet.

Gléwnym wnioskiem przeprowadzonych badan byt fakt, Ze dluzszy czas
trwania ekscentrycznej fazy ruchu skutkowal obnizeniem wartosci maksymalnego
obcigzenia zewnetrznego w tescie 1-RM, co potwierdzilo hipoteze¢ badawczg. Wyniki
testu 1-RM, w ktorym zastosowano dtuga faze ekscentryczng (6/0/X/0) byl istotnie
nizszy, w porownaniu ze $rednig (4/0/X/0; p <0.01) 1 krotka (2/0/X/0; p <0.01) dlugoscia
trwania fazy ekscentrycznej ruchu. Ponadto wyniki testu 1-RM w tempie 4/0/X/0 byty

réwniez istotnie nizsze, w porownaniu do tempa 2/0/X/0 (p < 0.01).

Wyniki przeprowadzonych badan sg zgodne z badaniami Headley i wsp. (2011),
w ktorych uczestnicy osiagneli o 3.7% wyzsze wyniki podczas testu 1-RM stosujac czas
trwania powtorzenia 2/0/2/0, w poréwnaniu z tempem powtorzenia 4/0/2/0. Mozna wigc
zatozy¢, ze dodatkowe wydtuzenie fazy ekscentrycznej, np. do 10s, jak w badaniu

Hatfielda 1 wsp. (2006) spowodowatoby dodatkowy spadek wartosci wynikow testu 1-

32



RM. Schoenfeld iwsp. (2015) zasugerowali, ze dluzszy czas trwania wysitku,
szczegblnie w fazie ekscentrycznej ruchu, moze prowadzi¢ do wigkszego zmeczenia
migsniowego, a w konsekwencji do spadku maksymalnego obcigzenia zewngtrznego
w tescie 1-RM. w przeciwienstwie do krotkiego czasu trwania fazy ekscentrycznej ruchu
(2/0/X/0), podczas wykonania powtérzenia trwajacego 6s w fazie ekscentrycznej ruchu
wskazuje na dtuzszy TUT, ktdére znaczaco zmniejsza warto$¢ obcigzenia zewnetrznego
osiggnietego w tescie 1-RM (Suchomel i wsp., 2019a, 2019b). Zatem wyzszy wynik testu
1-RM podczas krotkiej fazy ekscentrycznej ruchu (2/0/X/0), w porownaniu do dtugiej
fazy ekscentrycznej ruchu, jest bezposrednio zwigzany z warto$cia TUT. Pomimo
znaczacych réznic w wynikach testu 1-RM migdzy czasem ruchu fazy ekscentrycznej:
2/0/X/0, 4/0/X/0, 6/0/X/0, rzeczywista roznica (kg) byta raczej niewielka i siggata od 0
do 2.5 kg miedzy 4/0/X/0, a 6/0/X/0 oraz od 2.5 do 5 kg miedzy 2/0/X/0 1 6/0/X/0. O ile
takg roznice w wynikach testu 1-RM mozna uzna¢ za niewielka w warunkach
rzeczywistych, moze mie¢ ona ogromne znaczenie Ww treningu Oporowym oraz
w rywalizacji sportowej dyscyplin, w ktorych sukces zalezy od sity maksymalnej
(Kraemer 1 Ratamess, 2004; Suchomel i wsp., 2016). Nawet jesli dtuzszy czas trwania
fazy ekscentrycznej ruchu powoduje nieznaczny spadek wynikow testu 1-RM, korzysci
wynikajace ze zwigkszonego TUT moga oddziatywac na bezposrednie i dlugofalowe
reakcje adaptacyjne w treningu oporowym. Bird i wsp. (2005) oraz Burd 1 wsp. (2012)
zasugerowali, ze dluzszy TUT moze by¢ korzystny w rozwoju hipertrofii migsniowej,
zwlaszcza przy wolniejszej ekscentrycznej fazie ruchu (Schoenfeld, 2010). Ponadto
wyzsza warto§¢ TUT moze prowadzi¢ do wigkszego uszkodzenia migsniowego

(Schoenfeld, 2010) stymulujac rozwdj hipertrofii migsniowej (Burd i wsp., 2012).

Wyniki uzyskane w badaniu maja istotne znaczenie w ocenie poziomu sily
mig$niowej. Test 1-RM ma szerokie zastosowanie w ocenie sily mig$niowej
w warunkach nielaboratoryjnych (Levinger i wsp., 2009). Metoda wyznaczania 1-RM
polega na zastosowaniu maksymalnego obcigzenia zewnetrznego pojedynczego skurczu
migsnia (ekscentrycznego ikoncentrycznego) (Fry, 2004). Dotychczasowe badania
naukowe nie uwzglednialy w procedurze testowania czasu trwania fazy ekscentrycznej
ruchu, co skutkowato niewiarygodnym pomiarem. Doniesienia naukowe opisujace
wplyw tempa powtdrzenia na bezposrednie 1 dtugofalowe zmiany adaptacyjne
w treningu oporowym wykorzystuja okreslone wartosci % 1-RM (campos 1 wsp., 2002;

Mike iwsp., 2017; Wilk iwsp., 2018b), zatem wyniki niniejszego badania maja
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znaczenie nie tylko ze wzgledu na wynik testu 1-RM, ale takze na procedur¢ badan
naukowych. Jesli wartosci % 1-RM zostang obliczone na podstawie testu 1-RM
z wolicjonalnym czasem ruchu, wartosci te nie bedg wiarygodne podczas treningu ze
zmiennym, a szczegélnie z wolnym czasem trwania powtoérzenia. Dlatego procedura
testu 1-RM powinna zawiera¢ informacje o czasie trwania poszczegoélnej fazy ruchu
wykorzystanej podczas proby. Ponadto, gdy w protokotach testowych wykorzystywane
sg rozne dlugosci faz ruchu, test 1-RM powinien by¢ wykonywany niezaleznie dla

kazdego tempa powtorzenia.

Wyniki badan sktonity do realizacji kolejnego protokotu badawczego, w ktorym
ocenie poddano wplyw czasu trwania powtdrzenia w ¢wiczeniach oporowych

na powysitkowy poziom reakcji endokrynnych.
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Abstract

Scientific studies related to resistance training have considered
many variables; however, the tempo of movement of particular
repetitions is often neglected or not reported in resistance training
practice and research. The aim of the study was to determine the
effect of different duration of the eccentric (ECC) phase of move-
ment on one-repetition maximum test (1RM) results during the
bench press exercise (BP). Twenty-one strength trained females
(age =23.4 + 2.2 years, body mass = 52.3 + 6.7 kg), with a mini-
mum one year of strength training experience took part in the
study. The experiment was conducted following a randomized
crossover design, where each participant completed the 1RM test
in the BP with three different duration times of the ECC move-
ment: 2/0/X, 4/0/X, 6/0/X. Concentric (CON) movement was per-
formed with maximal velocity (X). The ANOVA with repeated
measures were used to compare the differences between the ana-
lyzed variables. The results of the study indicated the maximal
load in the 1RM test was significantly higher during the BP with
the 2/0/X tempo compared to 6/0/X (p < 0.01) and 4/0/X tempos
(p <0.01). Therefore, the results indicated that the longer the du-
ration of the ECC phase of movement, the greater the decrease in
the result of the 1IRM test. The 1RM test procedure should include
information about the movement tempo used during the test pro-
tocol.

Key words: Performance, resistance, strength; duration of repe-
tition.

Introduction

Maximum strength is the maximum capability of a muscle
or a muscle group to generate tension. It is often measured
by the one repetition maximum test (1IRM) (Seo et al.,
2012). The 1RM test is defined as the maximal load that
can be lifted once with a correct technique and over a spe-
cific range of motion. The 1RM test is relatively simple and
requires inexpensive non-laboratory equipment (Kraemer
et al., 2006). The 1RM test is considered the gold standard
for assessing muscle strength under non-laboratory condi-
tions (Levinger et al., 2009). Due to the wide use of IRM
tests, it is important that this test is a reliable measurement,
however, it has not been established what effect different
tempos of movement have on the results of the 1RM test as
yet.

Training at a specific movement tempo is a concept
in resistance training, where the duration of particular
phases of movement is strictly controlled and manipulated
(Wilk et al., 2018a). Since there is no standardized method

within the scientific literature, in this paper we applied a
unified description of the movement tempo using the fol-
lowing terms and three-digit combination: eccentric / iso-
metric / concentric (e.g. 2/0/X), where each digit deter-
mined the duration [s] of a particular phase of the move-
ment. “X” represented the maximum possible movement
tempo during the concentric (CON) phase.

Previous research has shown that changes in move-
ment tempo during resistance exercise have a significant
impact on the number of performed repetitions, time under
tension as well exercise intensity, and as a consequence in-
fluence adaptive changes related to strength, power and
muscular hypertrophy (Hunter et al., 2003; Keeler et al.,
2001; Wilk et al., 2018a; 2019). However, despite the fact
that training with a controlled movement tempo influences
acute responses (endocrine, metabolic, fatigue) and
chronic changes (muscular strength and hypertrophy) fol-
lowing resistance exercise, only one study has examined
the impact of different movement tempos on the maximal
load lifted during 1RM testing (Headley et al., 2011). In
the study of Headley et al. (2011) the participants reached
3.7% greater maximal loads during the 1RM test with the
2/0/2 tempo compared to the 4/0/2 tempo, what indicates
that the tempo of movement affects 1RM test results. In
addition to the tempo of movement used, other factors may
affect the maximum amount of weight an individual can
lift. Age, sex, limb lengths and circumferences, body mass,
muscle mass, training routine and status, the rate of con-
tractions, and the time distribution between eccentric and
concentric phases could all possibly influence the maximal
load able to be lifted in a specific exercise (Reynolds et al.,
2006).

Considering that the extension of the eccentric
(ECC) phase of movement by 2 s (2/0/2 vs. 4/0/2) caused
a 3.7% decrease in results of the IRM test (Headley et al.,
2011), it can be hypothesized that an additional extension
of the duration of the ECC phase would induce further de-
creases in 1RM testing performance compared to a faster
movement tempo. However, there is limited available data
that evaluates such differences, especially with slow tem-
pos of movement.

Therefore, the aim of this study was to determine
the effects of different movement tempos, with changes
only in the duration of the ECC phase of movement during
the bench press exercise (BP) on 1RM test results. Our in-
itial hypothesis was that the movement tempo would have
a significant impact on the maximal load lifted in the IRM
test.
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Key points

e The tempo of movement during resistance exercise
impact on the result of 1RM test. The longer dura-
tion of ECC phases affects the lower value of IRM
test result.

o Significant differences in result of IRM were ob-
served between the 2/0/X, 4/0/X and 6/0/X tempos.

e The IRM test procedure should include information
about the movement tempo used during the trial.

e When different movement tempos are used in test
protocols, the IRM test should be performed inde-
pendently for each tempo.

AUTHOR BIOGRAPHY

Michal WILK

Employment

Institute of Sport Sciences; Department
of Sports Training, The Jerzy Kukuczka
Academy of Physical Education in Ka-
towice. World champion in bench press.
Degree

PhD

Research interests

Strength training, exercise physiology,
endocrine responses

E-mail: m.wilk@awf.katowice.pl

Aleksandra MOSTOWIK
Employment

Department of Sports Training, The
Jerzy Kukuczka Academy of Physical
Education in Katowice

Degree

PhD

Research interests

Sports nutrition, exercise physiology
E-mail: a.motowik@awf.katowice.pl

Grzegorz HAJDUK

Employment

Galen-Orthopaedics, Bierun, Poland
Degree

PhD

Research interests

Exercise physiology

E-mail: ortopedia.hajduk@gmail.com

Adam ZAJAC

Employment

Prof., Department of Sports Training,
The Jerzy Kukuczka Academy of Physi-
cal Education in Katowice

Degree

PhD

Research interests

Strength training, sports nutrition, exer-
cise physiology

E-mail: a.zajac@awf .katowice.pl

Mariola GEPFERT

Employment

Department of Sports Training, The
Jerzy Kukuczka Academy of Physical
Education in Katowice

Degree

PhD

Research interests

Strength training, exercise physiology in
woman, functional training

E-mail: m.gepfert@awf.katowice.pl

Michal KRZYSZTOFIK
Employment

Institute of Sport Sciences; Department
of Sports Training, The Jerzy Kukuczka
Academy of Physical Education in Ka-
towice

Degree

PhD

Research interests

Strength training, sports nutrition, exer-
cise physiology

E-mail:m krzysztofik @awf.katowice.pl

Aleksandra FILIP

Employment

Department of Sports Training, The
Jerzy Kukuczka Academy of Physical
Education in Katowice

Degree

PhD

Research interests

Sports nutrition, caffeine, exercise phys-
iology

E-mail: a.filip@awf.katowice.pl

36

DX Michal Wilk

Institute of Sport Sciences, Jerzy Kukuczka Academy of Physical
Education in Katowice, ul. Mikolowska 72a, 40-065 Katowice,

Poland



Wilk et al.

321

of IRM test. A longer duration of each repetition increased
time under tension, indicating a greater physiological de-
mand during its execution, what may affects 1RM test re-
sults while using the slower tempo of movement. There-
fore, the 1RM test procedure should include information
about the movement tempo used during the trial. Further-
more, when different movement tempos are used in test
protocols, the IRM test should be performed inde-
pendently for each tempo. Future research should also
compare the effects of different duration of CON phase or
changes in duration of both ECC and CON phases on the
level of 1RM test results.
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significantly lower compared to the 4/0/X (ECCwep) and
2/0/X tempo (ECCras). Furthermore, results of the IRM
test in the 4/0/X tempo (ECCwyip) were also significantly
lower compared to the 2/0/X tempo (ECCras).

The results of our study show that the longer dura-
tion of the ECC phase, the greater the decrease in the result
of the 1RM test, that supported our hypothesis. The results
are also consistent with Headley et al. (2011) who observed
that changes in the tempo of movement influenced the
maximal load lifted in the IRM test. In the study of Head-
ley et al. (2011) participants lifted greater maximal loads
during the 1RM test with a 2/0/2 tempo compared to the
4/0/2 tempo. However, additional extending of duration of
the ECC phase of movement resulted in a further decrease
of the maximal load reached in the IRM test. It can be thus
assumed that additional prolongation of the eccentric
phase, for example up to 10 second as in another study of
Hatfield et al. (2006) would cause an additional decrease
in the value of 1RM results.

The main factor influencing 1RM test results con-
sidering different tempos of movement is the duration of
effort during the ECC phase of movement. In our experi-
ment, this phase lasted 2, 4, and 6 second for the ECCras,
ECCwep and ECCsio tempo, respectively. It has been found
that significantly greater duration of effort, especially in
the ECC phase of movement, can lead to greater muscle
exhaustion and consequently premature exercise fatigue
(Schoenfeld et al., 2015). Three times longer duration of
effort during the ECCsLo compared to the ECCras tempo,
indicates a higher time under tension (TUT) in the ECCgro
tempo which is related to greater energy expenditure dur-
ing the longer ECC contraction and greater fatigue, what
significantly decreases the load lifted in the 1RM test (Su-
chomel et al., 2019).

The higher result of the IRM test during a faster
tempo compared to slower, can be related not only to the
duration of effort in the ECC phase of movement, but also
to a more effective use of elastic energy generated during
the faster ECC contraction, which is released during the
CON phase of the movement (Cronin et al., 2001; Cronin
and Henderson, 2004; Newton et al., 1997). Previous re-
search has shown decreases in bar velocity, when the
slower ECC phase was used, what was partially linked to
less efficient utilization of the stretch-shortening cycle
(SSC) (Wilk et al., 2019). Similar relationships were ob-
served when analyzing the effects of post-activation poten-
tiation, which was less effective when slow ECC phases
were used in the activation protocol (Wilk et al., 2020).
Therefore, a slower movement tempo in the ECC phase
presumably increased metabolic fatigue compared to a
faster tempo, which may reduce the efficiency of the SSC,
and can be partly related to a lower 1RM result.

However, it should be noted that despite significant
differences in 1RM test results between ECCras, ECCyep
and ECCs o, the real difference (kg) in the results of IRM
between ECCras, ECCymep and ECCgro was rather small,
reaching between 0 to 2.5kg between ECCyep and ECCsLo
tempos and 2.5 to 5kg between the ECCras and ECCsLo
tempos. While such a difference in results of the 1RM test
may be considered small under real life conditions, it can
be of great significance in training and competition of elite
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athletes, especially in competitions where success depends
on maximal strength (Grgic et al., 2019). Further, it can be
assumed that the use of a similar test procedure in a group
of men with a high level of strength may significantly in-
crease the real differences (kg) in IRM test results between
particular movement tempos, which requires further re-
search.

Furthermore, the relatively small changes in the re-
sults of the IRM test, especially between the ECCras and
ECCuep tempo of movement, with increased TUT at a sim-
ilar exercise load could be beneficial for muscle hypertro-
phy. Bird et al. (2005) and Burd et al. (2012) suggested that
a longer TUT may be beneficial for inducing hypertrophy,
especially with a slower ECC phase of movement (Schoen-
feld, 2010). A longer TUT causes greater muscular tension,
with a higher stress on a small number of active fibers,
leading to greater muscle damage (Schoenfeld, 2010), what
increases acute mitochondrial, sarcoplasmic and myofibril-
lar protein synthesis after resistance exercise, stimulating
hypertrophy (Burd et al., 2012). Furthermore, a longer
TUT promotes compressed blood vessels for a longer pe-
riod of time that leads to vascular occlusion and additional
metabolic stress factor, contributing to increased hypertro-
phy (Wilk et al., 2018b). Thus, even when the slower
tempo of movement causes a slight decrease in 1RM test
results, the benefits from increased TUT may be more sig-
nificant for adaptation following resistance exercise.

The results of this study are of significance not only
with regard to the procedure and the result of the IRM test,
but also to the procedure of scientific research. In the re-
search procedures describing the impact of a movement
tempo on acute and chronic changes in resistance training,
specific values of %1RM are commonly used (Wilk et al.,
2018a; Mike et al., 2017). However, if %1RM values were
calculated based on the IRM test with a volitional move-
ment tempo, these values would not be reliable in training
with a slower movement tempo.

The present study has several limitations, which
should be addressed. Although the results showed signifi-
cant differences in the result of the 1RM test between used
movement tempos, the direct causes of these changes can-
not be directly determined and explained. The research
does not indicate whether the main effect occurred due to
the higher eccentric component velocity or as a result of an
efficient use of kinetic power output associated with the
stretch-shortening cycle movements. There was no analy-
sis of direct physiological changes that would be the basis
for explaining the obtained results. Furthermore, during
testing, the maximal velocity (X) in the CON movement
was not measured, which does not allow for determination
what was the real value of maximal velocity during the
1RM test with different movement tempos. Another limi-
tation of the study was that the 1RM test was performed
using universally standardised grip width, and the use of
self-selected grip or close-grip could have caused influ-
enced the results. This aspect requires further research.

Conclusion

The results of presented study showed that the tempo of
movement during resistance exercise impact on the result
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the Tukey’s test. Percent changes and 95% confidence in-
tervals were also calculated. Effect sizes (Hedges’ g) were
reported where appropriate. Parametric effect sizes were

defined as: large (g > 0.8); moderate (g between 0.8 and
0.5); small (g between 0.49 and 0.20) and trivial (g <0.2).

2 3 4 5 s 7 8 ° 10 1 n» 13 14 15 16 7 13 19 X

m2/0/X ®m4/0/X © 6/0/X

Tempo of movement

Figure 1. The individual results of the 1RM test with different movement tempos. Data are presented as result of 1 RM (kg) (as shown
on the y-axis). Individual participants, numbered 1-20, are shown on the x-axis.

Table 1. Differences between the results of the IRM test with different movement tempos. Data are presented
as mean * standard deviation.

Movement tempo during the IRM test

2/0/X 4/0/X 6/0/X 4
(95% CI) 95% CI) (95% CI)
Maximal load in 44.6 £3.5 41.8+£3.6 40.6 = 4.4 0.01*
the 1RM test [kg] (42.96 to 46.29) (40.18 t0 43.57) (38.73 t0 42.52) )

*statistically significant differences p <0.05.

Table 2. Summary of the study comparisons between the conditions. Data are presented as mean * standard deviation.

Comparisons between tempos

P Effect size Hedges’ g Relative effects

Variable |kg]| (95% CI) [%]
0.77
44.6+£3.5 41.8+3.6 *
@I0%) @0rX) 0.01 (0.15 to 1.40) 6.2+1.7
moderate
Maximal load in 44.6 +3.5 40.6 +4.4 0.01* © 3303)91 63) 91431
the IRM test [kg] (2/0/X) (6/0/X) ’ i large. ’ :
0.29
41.8+3.6 40.6+4.4 «
(01X (6/0/X) 0.01 (-().33;21?.90) 3.1+£32

*statistically significant differences p < 0.05.
Results

The ANOVA with repeated measures revealed a statisti-
cally significant difference in 1RM (p <0.01; Table 1) be-
tween tempos 2/0/X, 4/0/X and 6/0/X. Next, the post-hoc
test showed the maximal load in the IRM test was signifi-
cantly higher during the BP with the 2/0/X tempo com-
pared to 6/0/X (p <0.01) (Table 2). The result of 1RM test
during the BP with the 2/0/X tempo was significantly
higher compared to 4/0/X tempo (p < 0.01) (Table 2).
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Furthermore, the result of IRM test during the BP with the
4/0/X tempo was significantly higher compared to 6/0/X
tempo (p < 0.01) (Table 2; Figure 1).

Discussion

The main finding of the present study is that increased du-
ration of the eccentric phase of movement led to significant
decreases in the maximal load reached in the IRM test. The
results of the IRM test in the 6/0/X tempo (ECCsi0) were
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Methods

The purpose of the study was to determine whether there
was a significant difference in the maximal load obtained
during the 1RM test using different movement tempos. All
testing was performed in the Strength and Power Labora-
tory at the Jerzy Kukuczka Academy of Physical Education
in Katowice. The experiment was conducted following a
randomized crossover design, where each participant per-
formed three familiarization sessions and three different
testing protocols 7 days apart. During each experimental
session, participants completed the 1RM test protocol us-
ing the bench press (BP) exercise with different tempos:
2/0/X eccentric fast tempo (ECCras), 4/0/X eccentric me-
dium tempo (ECCwmep) and 6/0/X eccentric slow tempo
(ECCs10). For example, the 2/0/X tempo denotes a2 s ECC
phase, no pause during the transition phase (0), “X” repre-
sents the maximum possible movement tempo during the
CON phase. Participants were required to refrain from re-
sistance training 72 hours prior to each experimental ses-
sion, were familiarized with the exercise protocol and in-
formed about the benefits and risks of the experiment be-
fore expressing their written consent for participation in the
study.

Study participants

Twenty-one healthy strength trained females (age =23.4 +
2.2 years, body mass = 52.3 + 6.7 kg), with a minimum one
year of strength training experience (2.3 + 1.47 years) took
part in the research. Participants were free of any patholo-
gies and injuries and were instructed to maintain their nor-
mal dietary habits over the entire study period and not to
use any dietary supplements or stimulants for the duration
of the study. In order to exclude the effect of motor learn-
ing, at least 3 weeks before the study, all participants prac-
ticed the bench press exercise with different movement
tempos. Prior to study commencement, participants pro-
vided written informed consent; they were also allowed to
withdraw from the experiment at any moment. This study
was carried out in accordance with the recommendations
of the ethical standards outlined in the Declaration of Hel-
sinki, 2013. The protocol was approved by the Bioethics
Committee for Scientific Research, at the Academy of
Physical Education in Katowice, Poland (10/2018).

Procedures

Familiarization session

Three weeks before the main experiment, the participants
performed familiarization sessions once per week. During
the familiarization sessions the participants performed 4
sets of 1 repetition of the BP against a load of ~ 80% 1RM.
Two sets were performed with tempo 4/0/X and two sets
with tempo 6/0/X One week before the main experiment
1RM testing was performed. Participants arrived at the la-
boratory at the same time of day as the upcoming experi-
mental sessions and cycled on an ergometer for 5 minutes
at an intensity that resulted in a heart rate of approximately
130 bpm, followed by a general upper body warm-up.
Next, participants performed 15, 10, 5 and 3 BP repetitions
using 20, 40, 60, and 70% of their estimated 1RM, respec-
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tively, with a volitional tempo of movement. Hand place-
ment on the barbell was set at 150% individual bi-acromial
distance. Participants then executed single repetitions with
a 5 min rest interval between successful trials. The load for
each subsequent attempt was increased by 1.25 to 5 kg, and
the protocol was repeated until failure.

Experimental sessions

The general and specific warm-up for the experimental ses-
sions was identical to the one used for the familiarization
session. The specific BP part of the warm-up was per-
formed with a volitional tempo. Starting from a load of
80%1RM all sets were performed in one of the randomly
selected tempos of movement. The participants unracked
the bar with assistance of a spotter if required, and began
the lift with the arms extended and elbows locked (Algra,
1982). The ‘touch-and-go’ procedure was adopted, in that
the bar was required to touch the chest before being pressed
to full arm extension (Lockie et al., 2017). In each subse-
quent attempt, the load was increased by 2.5 to 5 kg. A rep-
etition was deemed to be successful when the bar was
moved from the chest to a position of full elbow extension
(Lockie et al., 2017). Failure to do this, or bouncing the bar
on the chest, disqualified a repetition. A spotter was posi-
tioned behind the bar for assistance with lift-off if required
and for safety, but did not touch the bar except in the event
of a failed lift (Clemons and Aaron, 1997).

Participants executed single repetitions in each sub-
sequent set, using a randomly selected tempo of move-
ment:

¢ 2/0/X eccentric fast tempo

® 4/0/X eccentric medium tempo

® 6/0/X eccentric slow tempo

The rest interval between sets was 5 min, and all
IRM values were obtained within four attempts. The
tempo of the eccentric phase was guided by a metronome
(Korg MA-30, Korg, Melville, New York, USA). The con-
centric phase of the BP movement was performed at max-
imal possible velocity (X). All experimental sessions were
recorded by means of a Sony camera (Sony FDRI91]
AXS53). The duration of the eccentric phase of movement
was assessed immediately after the completion of each rep-
etition (from recorded data using slow speed playback) to
check that the duration was compliant with the required
tempo. In order to ensure high reliability of data collection,
four independent, experienced researchers performed data
analysis from the Sony camera. All participants completed
the described testing protocol.

Statistical analysis

All statistical analyses were performed using Statistica 9.1
and Microsoft Office, and results were presented as means
with standard deviations. The Shapiro-Wilk, Levene and
Mauchly’s tests were used in order to verify the normality,
homogeneity and sphericity of the sample data variances,
respectively. The ANOVA with repeated measures were
used to compare the differences between analyzed variable.
Significance was set at p<0.05. In the event of a significant
main effect, post hoc comparisons were conducted using
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»Fast Eccentric Movement Tempo Elicits Higher Physiological

Responses than Medium Eccentric Tempo in Ice-Hockey Players”

W ostatnim badaniu analizie poddano wptyw zmiany czasu trwania powtdrzenia
na powysitkowe reakcje hormonalne wsréd profesjonalnych zawodnikow hokeja
na lodzie. Ocena powysitkowych zmian stezenia wybranych hormonéw w odniesieniu
do zmiennego tempa powtorzenia stanowita gtowny problem badawczy artykutu ,, Fast
Eccentric Movement Tempo Elicits Higher Physiological Responses than Medium
Eccentric Tempo in Ice-Hockey Players” opublikowanego w czasopi$mie ,, International
Journal of Environmental Research and Public Health”. w badaniu wzi¢to udziat 14
zawodnikow hokeja w wieku 26.2 + 4.2 lat, o masie ciala 86.4 + 10.2 kg, do§wiadczeniem
w treningu oporowym 8.2 + 4.2 lat, poziomem sity mig$niowej w przysiadzie ze sztangg
130.5 + 18.5 oraz w wyciskaniu sztangi lezac na ptaskiej tawce 100.6 £ 13 kg. w sesji
eksperymentalnej procedura badawcza obejmowata wykonanie 5 serii przysiadu ze
sztangg oraz wyciskania sztangi lezac o maksymalnej liczbie powtorzen, stosujac
obcigzenie zewngtrzne o wartosci 80% 1-RM oraz 3-minutowg przerwa wypoczynkowa
migdzy seriami. Procedura badawcza zaktadala zastosowanie tempa powtodrzenia
o wartosci 2/0/2/0 lub 6/0/2/0. w trakcie trwania sesji eksperymentalnej rejestrowano
liczbe wykonanych powtdérzen (REP) oraz czas trwania napig¢cia migsniowego (TUT),
poziom generowanej mocy mig¢sniowej konczyn gornych i dolnych oraz spoczynkowe
1 powysitkowe zmiany stezenia hormondw: testosteron, hormon wzrostu, kortyzol oraz
insulinopodobny czynniki wzrostu IGF-1. Analiza stezenia wybranych hormonow
przeprowadzona zostata w spoczynku, w 3 minucie po zakonczeniu ostatniej serii
przysiadow ze sztanga, w 3 minucie po zakonczeniu ostatniej serii wyciskania sztangi
lezac oraz po 30 minutach odpoczynku. Co szczegdlnie wazne zgodnie z wiedzg autora
byly to pierwsze badania, w ktorych udziat brali zawodnicy dotychczas regularnie
stosujacy zmienne tempo powtdrzenia w treningu oporowym. Wczesniejsze badania
oceniajace wpltyw zmiennego czasu trwania powtdrzenia realizowane byly wsrdd grup
badawczych, ktore nie stosowaty wezedniej zmiennego tempa powtodrzenia, co moze mie¢

istotne znaczenie w ocenie wplywu tej zmiennej na bezposrednie i dtugofalowe zmiany
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adaptacyjne. Ponadto ponownie zgodnie z wiedza autora badania te byly pierwsze
na $wiecie, w ramach ktérych procedura testu 1-RM zostala niezaleznie przeprowadzona

dla kazdego badanego tempa powtdrzenia.

Hipoteza badawcza zaktadata, Zze zmiana czasu trwania fazy ekscentrycznej
wysitku (2s vs. 6s) znaczaco wptywa na wartos¢ liczby powtorzen, czas trwania napigcia
migéniowego oraz na powysitkowe zmiany st¢zenia badanych hormonéw (kortyzol,
testosteron, GH oraz IGF-1). do oceny objetosci wysitku zastosowano sume¢ liczby

powtorzen oraz sum¢ TUT zaréwno w serii, jak 1 w calym ¢wiczeniu.

Wyniki badan wykazaty, ze czas trwania ekscentrycznej fazy ruchu wptywa
na warto$¢ wykonanej liczby powtdrzen oraz czas trwania napi¢cia mi¢sniowego w serii
oraz w caltym ¢wiczeniu zarowno w podczas wyciskania sztangi lezac, jak i przysiadzie
ze sztanga, co jest zgodne z wczesniejszymi wynikami badan przedstawionych
w pracach. Zgodnie ze wczesniejszymi wynikami badan, potwierdzono takze zaleznos$¢,
ze wraz z wydtuzeniem czasu trwania fazy ekscentrycznej (6s) zwigksza si¢ wartos¢
TUT, ale jednocze$nie zmniejsza maksymalna liczba wykonanych powtérzen. Odwrotna
sytuacja miata miejsce, gdy skrocono czas trwania fazy ekscentrycznej do 2s, w efekcie
czego zwigkszata si¢ maksymalna warto$¢ liczby powtdrzen w serii, ¢wiczeniu i calej
jednostce treningowej, lecz jednoczes$nie spadta maksymalna wartos¢ TUT. Wykazane
zalezno$ci pomiedzy czasem trwania fazy ekscentrycznej ruchu, a maksymalng liczbg
powtorzen oraz warto$ci TUT dotyczg zardwno przysiadow ze sztangg, jak 1 wyciskania

sztangi lezac, co potwierdza zatozong hipotezg badawcza.

Ponadto badania wykazaty, ze powysitkowe zmiany st¢zenia IGF-1, GH oraz
kortyzolu byly wyzsze podczas protokotu, w ktorym wykorzystano krotki czas trwania
fazy ekscentrycznej (2s), w porownaniu z dlugim czasem trwania fazy ekscentrycznej
(6s), co jest sprzeczne z wezesniejszymi badaniami w tym zakresie (Calixto 1 wsp., 2014;
Goto 1wsp., 2008; Goto iwsp., 2009). Wyniki badan nie wykazaly istotnych
powysitkowych réznic w stezeniu testosteronu po treningu oporowym z wykorzystaniem
zmiennego czasu trwania fazy ekscentrycznej ruchu. Wyniki dotyczace powysitkowych
zmian stezenia hormondw sg sprzeczne z wczesniejszymi badaniami, w ktorych autorzy
nie wykazuja réznic odpowiedzi hormonalnych migdzy réZznym czasem trwania
powtdrzenia (Headley i wsp., 2011; Smilios i wsp., 2014; Wilk i wsp., 2021), a takze
z badaniami, ktére wskazuja, ze zastosowanie dluzszego czasu trwania powtdrzenia

zwigksza odpowiedZz hormonalng (Goto i1wsp., 2008, 2009; Wilk 1wsp., 2018a).
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Weczesniejsze doniesienia naukowe wykazuja, ze wydtuzenie czasu trwania powtdrzenia,
szczegolnie w fazie ekscentrycznej wpltywa na wzrost powysitkowego stezenia
testosteronu oraz hormonu wzrostu (Goto 1 wsp., 2008, 2009; Calixto i wsp., 2014; Wilk
1wsp., 2018a). Roznice migdzy wczesniejszymi doniesieniami, a wynikami
prezentowanego badania moga by¢ zwigzane z doswiadczeniem w treningu oporowym
ze zmiennym tempem powtdrzenia oraz ze specyfikg uprawianej dyscypliny sportowe;.
Nalezy szczegdlnie zwroci¢ uwage na fakt, ze opisywane badania sg pierwszymi
na $wiecie, ktére dokonaty oceny wptywu zmiennego czas trwania fazy ekscentrycznej
na poziom bezposrednich powysitkowych reakcji hormonalny, ale w grupie zawodnikow
regularnie stosujacej trening z kontrolowanym czasem trwania fazy powtorzenia. Wydaje
si¢, ze wlasnie doswiadczenie w treningu oporowym ze zmiennym tempem ruchu moze
by¢ kluczowym aspektem w ocenie wplywu zmiennego czasu trwania powtorzenia
zardwno na poziom bezposrednich, jak i dlugofalowych zmian adaptacyjnych, co jest

istotnym wnioskiem z opisywanego badania.

Protokot badania, w ktorym zastosowano krotszy czas trwania fazy
ekscentrycznej wywolal wigksze zmegczenie mig$niowe analizowane na podstawie
spadku warto$ci generowanej mocy migsniowej, co moze mie¢ zwigzek z wykonang
liczbg powtdrzen. Grupa, w ktérej wykorzystano tempo powtdrzenia 2/0/2/0 wykonata
istotnie wyzszg liczbe powtorzen w serii jak i1 c¢wiczeniu, w poréwnaniu do grupy
stosujacej tempo powtdrzenia 6/0/2/0. Tym samym w tempie powtdrzenia 2/0/2/0
catkowita praca w fazie koncentrycznej ruchu takze byla istotnie wigksza, co moze
czesciowo thumaczy¢ wyzszy spadek mocy migsniowej mierzonej w fazie koncentryczne;j
ruchu. Dodatkowo wyniki badan wskazuja, ze wydtuzenie czasu trwania wysitku (TUT),
jakie zaobserwowano podczas procedury z zastosowaniem tempa powtorzenia 6/0/2/0 nie
zapewnia wyzszego poziomu powysitkowych odpowiedzi hormonalnych w grupie
hokeistow. Wynik ten sugeruje, ze przyzwyczajenie do treningu ze zmiennym tempem
powtdrzenia moze istotnym czynnikiem majagcym wplyw na poziom powysitkowych
metabolicznych i hormonalnych zmian, czego Zadne wcze$niejsze badania naukowe nie
bralty pod uwage. ztego punktu widzenia artykul ten mozna stanowi¢ przetomowe
znaczenie w zrozumieniu roli zmiennego tempa powtdrzenia w procesie adaptacji
migsniowe;.

Chociaz powysitkowe stezenie kortyzolu (hormonu katabolicznego) wzrosto

w obu protokotach, to jednak nalezy zwrdci¢ uwage na fakt, Zze wyzsze zmiany
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zaobserwowano w protokole z wykorzystaniem tempa 2/0/2/0, w poréwnaniu do tempa
6/0/2/0, co jest sprzeczne z dotychczasowymi sugestiami wskazujacymi, ze wolniejsze
tempo powtdrzenia powoduje wyzsze powysitkowe reakcje metaboliczne i hormonalne,
w porownaniu do tempa szybkiego. Co wiecej wyniki badan wskazaty, ze dtuzszy czas
trwania powtdrzenia (6/0/2/0) powoduje nizsze powysitkowe odpowiedzi hormonalne,

w poréwnaniu z krotkim czasem trwania powtorzenia (2/0/2/0).

Wyniki przeprowadzonego badania wskazuja, zeczas trwania fazy
ekscentrycznej ruchu znaczaco wptywa na wartos¢ liczby powtorzen, wartos¢ TUT oraz
odpowiedzi hormonalnych podczas oraz po wysitku z zastosowaniem d¢wiczen
oporowych. Jednakze nalezy zwréci¢ szczegdlng uwage, ze przeprowadzone badania
sg pierwszymi dostepnymi w literaturze Swiatowej w ramach ktérego wykorzystano
profesjonalnych sportowcow oraz fakt, Ze uczestnicy badania byli zaadoptowani
do treningu  oporowego  z wykorzystaniem zmiennego tempa powtdrzenia.
Dotychczasowe badania z zakresu wplywu zmiennego tempa powtdrzenia na poziom
powysitkowych zmian metabolicznych i hormonalnych dotyczyty grup osob rekreacyjnie
trenujacych, lub zawodnikéw nie majacych do$wiadczenia w treningu ze zmiennym
tempem powtorzenia, co moze mie¢ istotny wptyw na uzyskiwane wyniki. Co wigcej,
powysitkowe metaboliczne ihormonalne w wyniki zastosowania wolnego tempa
powtorzenia obserwowane we wczesniejszych badaniach (Calixto 1 wsp., 2014; Goto
1 wsp., 2008, 2009; Wilk 1 wsp., 2018a, 2021) moga wynikaé z faktu, ze wprowadzenie
zmiany tempa powtdrzenia samo w sobie jest nowym bodzcem wysitkowym i stad
nastepuje istotny wzrost w powysitkowych reakcjach ukladu hormonalnego. Wyniki
uzyskane w badaniu mogg potwierdza¢ taka hipotezg, poniewaz zawodnicy biorgcy
udzial w opisywanym badaniu byli zaadoptowani do treningu ze zmiennym tempem
powtorzenia, co moze mie¢ kluczowe znaczenie w dalszej ocenie 1 analizie
bezposrednich 1 dlugofalowych zmian adaptacyjnych. Wyniki badan wuzasadniajg
stosowanie w grupach zawodowych sportowcow krotkiego czasu trwania fazy
ekscentrycznej podczas planowania iprogramowania treningu oporowego Ww celu
wywotania wigkszego powysitkowego wzrostu odpowiedzi hormonalnych, poniewaz
moze by¢ waznym czynnikiem wplywajagcym na zmiany adaptacyjne w ksztattowaniu
sity 1 hipertrofii migsniowe;j. Jednakze protokot ¢wiczen z krotkim czasem trwania fazy

ekscentrycznej wywolywat wigksze zmeczenie migsniowe, co nalezy wzig¢ pod uwage
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przy planowaniu okresow regeneracyjnych podczas poszczegdlnych mikrocykli

treningowych.

Tym samym badanie wykazato, ze liczba powtdérzen oraz wartos¢ TUT
sg zalezne od zastosowanego czasu trwania powtorzenia w ¢wiczeniu oporowym.
Dodatkowo warto$¢ czasu trwania powtorzenia ma bezposredni wpltyw na poziom
powysitkowych reakcji hormonalnych. Jednakze bioragc pod uwage catosciowy stan
dotychczasowej naukowej wiedzy w tym zakresie nie mozna jednoznacznie stwierdzié,
czy wolne badz szybkie tempo powtorzenia sg korzystniejsze w dgzeniu do wywotania
powysitkowych zmian hormonalnych. Wyniki badan sugeruja konieczno$¢ okreslania
czasu trwania fazy ekscentrycznej ruchu w zalezno$ci od oczekiwanej odpowiedzi
hormonalnej, jednocze$nie co jest najwazniejsza implikacja przedstawionych badan,
nalezy bra¢ pod uwage poziom doswiadczenia w treningu ze zmiennym tempem
powtdrzenia. Biorgc pod uwage czesto§¢ wystepowania ¢wiczen przysiadu ze sztangg
oraz wyciskania sztangi lezac w programach treningowych, przedstawione wyniki oraz

implikacje praktyczne mozna odnie$¢ do innych dyscyplin sportowych.
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Abstract: Background: Resistance training is a significant part of ice-hockey players’ conditioning,
where optimal loading should ensure strength development and proper recovery. Therefore, this
study aimed to compare the acute physiological responses to fast and medium movement tempo
resistance exercises in ice-hockey players. Methods: Fourteen ice-hockey players (26.2 & 4.2 years;
86.4 £ 10.2 kg; squat one repetition maximum (1RM) = 130.5 & 18.5) performed five sets of the
barbell squat and barbell bench press at 80% 1RM until failure in a crossover design one week apart
using either 2/0/2/0 or 6/0/2/0 (eccentric/isometric/concentric/isometric) tempo of movement.
The blood samples to evaluate the concentration of cortisol, testosterone, insulin-like growth fac-
tor 1 (IGF-1), and growth hormone (hGH) were taken before exercise, 3 min after the last set of the
squat exercise, 3 min after the last set of the bench press exercise, and after 30 min of recovery. Results:
The 2/0/2/0 tempo resulted in a higher number of repetitions (p < 0.001) and lower time under
tension (p < 0.001) in the squat and bench press exercises compared to the 6/0/2/0 movement tempo.
The endocrine responses to exercise were significantly higher during the 2/0/2/0 compared to the
6/0/2/0 movement tempo protocol for IGF-1, hGH, and cortisol (p < 0.01). There were no differences
in testosterone responses between exercises performed with fast and medium movement tempos.
Conclusion: Fast eccentric tempo induced higher cortisol, IGF-1, and hGH responses compared to
the medium tempo. Therefore, fast eccentric movement tempo seems to be more useful in eliciting
training stimulus than medium eccentric tempo during resistance training in ice-hockey players.
However, future studies are needed to confirm our findings.

Keywords: cortisol; testosterone; insulin-like growth factor 1 (IGF-1); growth hormone (hGH);

resistance training; conditioning

1. Introduction

Resistance exercises are a crucial part of ice-hockey players’ conditioning, where
optimal loading should ensure strength development and recovery by increasing maximal
strength and power output [1-3]. Furthermore, the level of strength and power output is
an important predisposition to succeed at the elite NHL performance level [4]. The current
knowledge on ice-hockey resistance training programs is apparent in regard to exercise
intensity, load, rest intervals, and exercise selection [2,3,5] without detailed description of
the optimal tempo of movement during such exercises [6]. Movement tempo in resistance
exercise is usually described using a sequence of digits (e.g., 2/0/3/0), where each digit
defines the duration of a particular phase of the movement using a four-digit combination:
eccentric, isometric, concentric, and isometric [7-9]. According to the movement tempo
classification, fast tempo is the duration of a single repetition between 2 and 5 s, medium
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movement tempo occurs when the duration of a single repetition is between 5 and 10s,
and slow movement tempo takes place when the duration of a single repetition is above
10s [8].

Ice-hockey players perform 22.3 + 4.9 shifts per game lasting about 45 s, where
23.0 £ 12.6% is covered by gliding, 42 £ 7.1% by slow skating [10], and 17.6 & 6.0% by high-
intensity skating, which requires high levels of anaerobic power 11.6 & 1.3 (W /kg) [11].
The resistance training performed by ice-hockey players should maintain or increase
non-specific conditioning levels, improve specific fitness, and ensure the physiological
responses for proper recovery. Thus resistance training programs for hockey should elicit
loading that stimulates optimal physiological and hormonal responses. The metabolites
and hormonal accumulation during and after resistance training are the primary stimuli
for changes in strength and muscle hypertrophy, where the key hormones in training
adaptations are testosterone (T), growth hormone (GH), cortisol (C), and insulin-like
growth factor 1 (IGF-1) [8]. Taking into account the post-exercise hormonal responses,
optimal training loads should have a limited post-exercise response in cortisol levels, and
at the same time an induced high post-exercise response of hGH, T, and IGF-1 [12]. It seems
that these hormones and growth factors are influenced by resistance exercise movement
tempo [8,12-14]. Previous research has shown that different movement tempos impact
acute physiological responses, including hormone and blood lactate concentration [8]. Tt
has been suggested that a medium movement tempo could increase the metabolic [15,16]
and hormonal response provided by resistance exercise [8,14,17]. Medium movement
tempo increases time under tension (TUT) during a set, which increases the volume
of effort [13]. Higher volume protocols with medium movement tempo and greater
metabolic demands lead to increased hormonal responses compared to faster movement
tempo [18,19]. Furthermore, the physiological effect of medium movement tempo during
resistance exercise can be similar to what occurs during resistance exercise with blood
flow restriction [20]. The effects of exercise regimens with restricted muscular blood flow
are likely mediated by the stimulated secretion of growth hormone and by intramuscular
accumulation of metabolic byproducts, moderate production of reactive oxygen species
promoting tissue growth, and additional recruitment of fast-twitch fibers under hypoxic
conditions [20]. However, most studies about acute impact of different movement tempos
were performed in recreationally trained subjects, while such assessments have not been
performed in elite athletes who would be the most likely candidates for advanced resistance-
training methods, such as varied movement tempo.

Off-ice ice-hockey conditioning requires knowledge about the specificity of the desired
training conditions [2,3,5,21-24], where, e.g., the ice-hockey take-off is performed in a more
extended period (0.33 s) than movements such as sprint ice skating (0.08-0.25 s), or single
leg hops (0.124 s) [23]. Since ice-hockey players spend approximately 39% of the match in
a two-foot glide position [24], their on-ice sprint conditions are related to bilateral squat
and jump performance [4,25], thus resistance training that includes squats can improve
on-ice sprint skating [26]. Upper limb strength in ice-hockey players is typically evaluated
by the bench press performance [4,10,11], while the bench press exercise belongs to the
main complex exercises used in off-ice resistance training [3]. Although there is a general
agreement in selecting squats and bench press for off-ice training, there is a lack of empirical
data on the optimal duration of the eccentric phase of the movement. It has been shown that
changes in the eccentric movement duration can influence acute hormonal and kinematic
responses and may provide significant strength training variability [13]. Therefore, different
movement tempo may be an essential factor in resistance training performed by ice-hockey
players, who are highly adapted to isometric and controlled eccentric contractions during
ice skating [23,27,28].

While the total number of studies related to the impact of different movement tempo
is relatively high, there is a lack of research representing particular populations, especially
people advanced in resistance training and competitive athletes [9]. Only a small number
of studies included highly trained athletes, who would be the most likely candidates for
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and jump performance [4,25], thus resistance training that includes squats can improve
on-ice sprint skating [26]. Upper limb strength in ice-hockey players is typically evaluated
by the bench press performance [4,10,11], while the bench press exercise belongs to the
main complex exercises used in off-ice resistance training [3]. Although there is a general
agreement in selecting squats and bench press for off-ice training, there is a lack of empirical
data on the optimal duration of the eccentric phase of the movement. It has been shown that
changes in the eccentric movement duration can influence acute hormonal and kinematic
responses and may provide significant strength training variability [13]. Therefore, different
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players, who are highly adapted to isometric and controlled eccentric contractions during
ice skating [23,27,28].
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advanced resistance-training methods, such as varied movement tempo resistance train-
ing [8,9]. Currently only two studies have considered acute impact of different movement
tempos during resistance exercise on post-exercise hormonal responses in subjects with
significant resistance training experience. Wilk et al. [13] showed that post-exercise in-
creases of testosterone were greater after the bench press exercise (5 sets, maximal number
of performed repetitions, load 70% 1RM) performed with a medium compared to a fast
movement tempo (6/0/2/0 vs. 2/0/2/0) in subjects with at least five years of resistance
training experience (5.7 &= 1.29 years). In contrast, Wilk et al. [14] did not show changes
in post-exercise hormone concentrations (T, hGH, cortisol, IGF-1) after the squat exer-
cise (5 sets, maximal number of performed repetitions, load 80% 1RM) performed with
medium vs. fast tempo of movement (5/0/3/0 vs. 2/0/2/0) in a group of powerlifters.
Therefore the type of exercise can be a significant factor influencing acute post-exercise
hormonal responses following exercise performed with different movement tempos. How-
ever, currently there are no studies regarding the impact of movement tempo on acute
post-exercise hormonal changes during a research protocol containing simultaneously
squat and bench press exercises, two basic exercises for developing strength and power
output of the upper and lower limbs. Furthermore, there are also no studies related to
the impact of different movement tempo on acute physiological responses with subjects
habituated to resistance exercise performed with different movement tempos. Finally,
there is a lack of studies regarding the acute effects of movement tempo on physiological
responses in elite ice-hockey players.

Therefore, the objectives of the study were to compare the acute physiological re-
sponses of fast and medium eccentric movement tempo during resistance exercises in
elite ice-hockey players. We hypothesized that the medium eccentric movement tempo
would provide longer time under tension and greater acute hormonal responses than fast
movement tempo.

2. Material and Methods

The experiment was performed in a randomized crossover design, where each partici-
pant performed eight familiarization sessions, one session of 1RM testing, and two main
testing sessions 7 days apart. During each experimental session, the participants performed
5 sets of barbell squats (SQ) and 5 sets of the bench press exercise (BP) against a load of
80%1RM with different movement tempos: fast (2/0/2/0) or medium movement tempo
(6/0/2/0), where the 6/0/2/0 movement tempo denotes a 6 s eccentric phase, no pause
during the transition phase (0), a 2 s concentric phase, and 0 refers to no pause between the
completion of the concentric phase and the beginning of the next eccentric phase (Figure 1).
We decided to use the 2/0/2/0 movement tempo as the fast one based on previous results,
which indicate that the ranges of volitional duration of the concentric movement in the
squat and the bench press exercise at 80% 1RM were 0.76-1.29 and 0.90-1.93 s, respec-
tively [29]. The medium eccentric tempo (6 s) has been chosen as duration regularly used
by research participants in their current resistance training routines. The testing session
also included a countermovement jump test (CM]) before and after the SQ and the BP
(2 min rest interval) to assess lower limb fatigue levels based on changes in power output.
During the experiment, venous blood samples were collected from the antecubital vein.
In each case, 10 mL of venous blood was drawn to determine pre-squat and post-exercise
values of the following biochemical variables (cortisol, testosterone, GH, IGF-1). The blood
samples were taken before exercise, 3 min after the last set of the squat exercise and the
bench press exercise, and after 30 min of recovery. All familiarization and experimental
sessions were performed during the off-season, and during the preparatory period to
the regular season. The main experimental sessions were performed on the same day
of the week (Monday), preceded by two days of rest. The routine training workout was
maintained on the other days of the weekly microcycle.
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Figure 1. Flow chart of the experiment.

2.1. Participants

Fourteen athletes representing a professional first league ice-hockey team, experi-
enced in resistance training (8.2 + 4.2 years), volunteered for the study after complet-
ing an informed consent form (age = 26.2 & 4.2 years; body mass = 86.4 + 10.2 kg;
SQ 1IRM = 130.5 + 18.5; BP 1RM = 100.6 & 13.0 kg). Subjects were allowed to withdraw
from the experiment at any moment and were free from musculoskeletal disorders. The
subjects were instructed to maintain their normal dietary habits throughout the study and
not to use any supplements or stimulants for the experiment’s duration. Subjects were
informed about the study’s benefits and potential risks before providing their written
informed consent for participation. The Bioethics Committee approved the study protocol
for Scientific Research at the Academy of Physical Education in Katowice, Poland (10/2018)
which was performed according to the ethical standards of the Declaration of Helsinki 2013.

2.2. Familiarization Session and 1RM Strength Test

Four weeks before the main experiment, the athletes performed familiarization ses-
sions twice per week. During the familiarization sessions, the athletes performed resistance
training including the squat and bench press exercises performed with a 2/0/2/0 or
6/0/2/0 tempo of movement. The familiarization sessions were conducted to restrict possi-
ble learning effects. One week before the main experiment 1RM testing was performed. The
subjects arrived at the laboratory at the same time as the upcoming experimental sessions.
They cycled on an ergometer for 5 min, followed by a general upper body warm-up of
10 bodyweight pull-ups and 15 bodyweight push-ups. Next, the subjects began the IRM
test for the SQ and BP exercises. The subjects performed 15, 10, and 5 SQ repetitions using
20%, 40%, and 60% of their estimated 1RM. The first testing load was set to an estimated
80% 1RM and was increased by 2.5 to 10 kg for each subsequent attempt. Then the subjects
executed one repetition with a 5 min rest interval between successful trials, and repeated
this process until failure. After a 10 min recovery period, the participants completed the
1RM test for the BP with an identical test protocol as for the SQ [13,29].

2.3. Experimental Sessions

The subjects performed the squat and the bench press exercise against a load of
80% 1RM either with 2/0/2/0 or 6/0/2/0 tempo of movement. In each exercise, the
subjects performed 5 sets with a maximal number of repetitions with a metronome guided
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movement tempo in the eccentric and concentric phases (Korg MA-30. Korg. Melville.
New York, NY, USA). The rest interval between sets was 3 min. The rest interval between
exercises lasted 5 min. The interval between both experimental test protocols was 7 days
to avoid the accumulation of fatigue. Time under tension and the number of performed
repetitions were obtained manually from the recorded data. To ensure manual data
collection reliability, four independent persons made the data analysis from the Sony
camera. During the experimental sessions, the number of performed repetitions (REP)
in particular sets of the squat (SQ-REP), and the bench press exercises (BP-REP) were
recorded. The time under tension (TUT) in all 5 sets of the squat (SQ-TUT) and the bench
press (BP-TUT) was also registered.

2.4. Squat Exercise

The position for the squat was controlled and was identical in every attempt. The
athletes started from an upright position, with the knees and hips fully extended, the stance
approximately shoulder-width apart with both feet positioned flat on the floor in parallel
or externally rotated to a maximum of 15°. The bar rested across the back at the level of
the acromion. Stance width and feet position were individually adjusted and carefully
replicated on every lift. The bar was required to remain in contact with the back and
shoulders at all times. From this position, they were required to descend until making
contact the upper leg was horizontal [30,31].

Knee wraps and safety belts were not used. At all times during the testing protocol
and warm-up sets, three spotters were present. The squat was performed with an Eleiko
IPF barbell (2.9 cm diameter, length 1.92 m).

2.5. Bench Press Exercise

During the bench press test protocol hand placement on the barbell was set at 150% of
the individual bi-acromial distance. The positioning of the hands was recorded to ensure
consistent hand placement during all experimental sessions. The BP was performed with an
Eleiko IPF barbell (2.9 cm diameter, length 1.92 m) and on an Eleiko competition bench [32].

2.6. Countermovement Jump Test

The participants were instructed to perform the CM]J on a force plate with maximal
effort. The CM]J was measured using an AccuPower force plate (AMTI OR6-7-1000; Water-
town, MA, USA), allowing ground reaction forces to be assessed with 1.000 Hz sampling
to determine jump velocity and power output. The CM] was performed with both hands
on the waist while making a downward movement approximately to 90° knee flexion
followed by a maximum effort vertical jump. The investigators also encouraged the athletes
verbally for maximum performance to reach peak velocity (Vmax in m/s) and peak power
output (Pmax, W/kg) [33,34]

2.7. Biochemical Analysis

During the experiment, venous blood samples were collected from the antecubital
vein. In each case, 10 mL of venous blood was drawn to determine pre and post-exercise
biochemical values of the analyzed variables (cortisol, testosterone, GH, IGF-1). The post
exercise values were taken 3 min after the cessation of the last set of squats, 3 min after
the cessation of the last set of the bench press, and after 30 min of recovery. Commercially
available radioimmunoassay evaluations were performed for the assessment of testosterone
ng/dl (Cobas), GH ng/mL (Immulite 2000 XPi), IGF-1 ng/mL (Immulite 2000 XPi), and
cortisol ug/dl (Cobas). Each sample underwent six analyses to ensure accurate results.

2.8. Statistical Analyses

All statistical analyses were performed in STATISTICA software 13.3 (Tibco, Palo
Alto, CA, USA) at alfa level 0.05. The biochemical analysis reliability was calculated by
the intra-class correlation coefficient and data normality by the Shapiro Wilk test. The
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calculated sample size for non-inferiority and superiority tests in cross-over designs was
n = 13 to achieve 80% power for both values at = 0.2. The differences in the number
of performed repetitions (repetition x set x tempo), TUT (TUT x set x tempo), fatigue
(CM] x set x tempo), and biochemical markers (biochemical value x set x tempo) were
analyzed with the repeated measures ANOVA. The ANOVA p < 0.05 and result of Tukey
post hoc test was considered significant at effect size determined by partial eta square
n? classified according to Larson-Hall [35] and Cohen [36], where n2: 0.02,0.13, 0.26 were
considered as small, moderate, and large effects respectively. Cohen d was used to express
the effect size between each condition due to fatigue and biochemical markers considering
d 0.2,0.5, 0.8, 1.2 as small, medium, large, and very large effect, respectively.

3. Results

There were no significant differences in the SQ-REP [n]; BP-REP [n]; SQ-TUT [s];
BP-TUT [s] between the data collected by four evaluators. The data normality was not
disrupted, and the descriptive values of jumping fatigue, and biochemical markers are
presented as mean values and standard error (Table 1), where baseline (pre-exercise) values
did not differ between tempo protocols. The ICC for the biochemical analysis varied from
0.88 to 0.99 for the 6 samples and were considered valid.

Table 1. Endocrine and neuromuscular responses to fast (2/0/2/0) and medium tempo (6/0/2/0) exercise protocols.

Medium TEMPO Fast TEMPO
Post-Bench Post-Session Post-Bench Post-Session
Pre-Squat Post-Squat Press 30 min Pre-Squat Post-Squat Press 30 min
CMJ 2.93 £ 0.05; 2.83 £0.04; 2.85 £ 0.06; 2.98 £ 0.06; 2.75 £ 0.06; 2.82 £ 0.06;
Vmax (m/s) 2.81-3.04 2.72-2.94 2.73-2.96 B 2.86-3.09 2.64-2.87 2.71-2.94 B
(@VY]] 34.36 + 1.43; 33.31 £1.27; 32.40 + 1.55; 35.90 + 1.69; 31.33 £1.81; 31.63 £+ 1.28;

Pmax (W/kg) 31.16-37.56 30.12-36.49 29.49-35.31 B 32.70-39.10 28.15-34.52 28.73-34.54 B
Cortisol 13.74 £ 1.45; 16.76 & 0.88; 18.08 £ 1.15; 14.08 & 0.94; 14.30 + 1.45 18.72 4+ 1.43; 23.76 £ 1.55; 20.32 + 1.75;
(ng/dL) 10.59-16.87 14.84-18.66 15.59-20.57 12.04-16.13 11.33-17.27 16.26-21.17 20.95-26.57 17.42-23.22

GH (ng/mL) 0.52 £ 0.35; 720 £1.92; 4.59 £+ 1.16; 1.76 4+ 0.52; 0.15 £ 0.05; 11.21 £2.75; 10.23 4 1.98; 343 £0.78;

—0.24-1.27 3.04-11.34 2.06-7.11 0.65-2.88 0.04-0.27 5.26-17.15 5.96-14.50 1.73-5.12

202.43 + 14.25;
IGE-L(ng/mb) 71 797333.07

Testosterone 492.10 £ 32.24;
(ng/dL) 422.42-561.76

222,07 +£13.54;  211.29 £13.96;  200.00 + 14.08; ~ 212.14 +£15.53;  249.50 +10.85;  210.43 & 15.74; 233.07 £7.91;
192.81-251.32 181.11-241.46 169.57-230.42 178.58-245.70 226.05-272.95 176.42-244.43 215.99-250.15
663.43 +49.45;  615.01 £55.70;  539.05 £ 45.80;  488.90 £ 41.36;  690.27 £ 62.50;  649.91 +62.14;  521.81 + 51.85;
556.58-770.28 494.68-735.34 440.08-638.01 399.69-578.19 555.23-825.30 515.65-784.17 409.80-633.82

Values are expressed as mean =+ SE; 95% CI. GH = growth hormone, IGF-1 = insulin like growth factor, CMJ = countermovement jump test,
Vmax = maximum concentric velocity, Pmax = maximum concentric power.

The ANOVA analyses for the number of repetitions was different for particular sets
(F1a08 = 4.1, p < 0.001. n? = 0.19) and exercises (Fy03 = 149. p < 0.001. n? = 0.82). The
post hoc tests showed that during the squat exercise the maximal number of performed
repetitions was significantly higher in tempo 2/0/2/0 compared to 6/0/2/0 tempo in
each set (p < 0.01), and during the bench press exercise the maximal number of performed
repetitions was significantly higher in the 2/0/2/0 tempo compared to the 6/0/2/0 tempo
in each set (p < 0.001; Figure 2).

The ANOVA showed that the TUT was different between sets (F12,08 = 121, p < 0.001.
12 = 0.82) and exercises (F4208 = 83. p < 0.001. 12 = 0.70). The post hoc showed that the
SQ-TUT in 6/0/2/0 tempo was significantly higher compared to the SQ-TUT 2/0/2/0
tempo in each set (p < 0.01), and the BP-TUT 6/0/2/0 was significantly higher compared
to the BP-TUT 2/0/2/0 in each set (p < 0.01; Figure 2).
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Figure 2. The number of repetitions and time under tension in all sets during the fast (2/0/2/0) and medium (6/0/2/0)
squat and bench press protocol. * significantly higher (p < 0.001) than following set, f significantly higher than 6/0/2/0
tempo protocol, t significantly lower (p < 0.001) than 6/0/2/0 TEMPO protocol. Values are expressed in mean and
standard deviations.

The results of ANOVA for fatigue showed that results of the CMJ performance changed
significantly in case of Vimax (Fp 64 =22, p < 0.001, 1% = 0.41) during the training sessions
and were significantly different between exercise protocols (F ¢4 = 3.5, p < 0.034, 2 = 0.09).
The post hoc tests showed a significant decrease in Vmayx after the squat exercise at both
tempo protocols (p < 0.01), and the 2/0/2/0 tempo protocol resulted in a higher decrease
compared to the 6/0/2/0 movement tempo protocol (Figure 3). After the bench press,
the Vmax in both tempo protocols was significantly lower compared to baseline results
(p < 0.01), but the Viax post-bench press for the 2/0/2/0 tempo was significantly higher
compared to post-squat results (p < 0.01; Figure 4).

Figure 3. Fatigue in the countermovement jump, expressed as changes in velocity and relative peak power output during
fast (2/0/2/0) and medium movement tempo (6/0/2/0) of the squat and bench press exercise protocols. * significantly
lower (p < 0.05) than pre-squat values, dash-line shows significant differences (p < 0.05) between 6/0/2/0 and 2/0/2/0
protocols. Values are expressed in mean and standard deviations.
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Figure 4. Cortisol, growth hormone, testosterone, and IGF-1 concentrations during the squat and bench press exercises with

fast (2/0/2/0) and medium (6/0/2/0) movement tempo. * significantly higher (p < 0.05) than pre-squat values, dash-line
shows significant differences (p < 0.05) between 6/0/2/0 and 2/0/2/0 protocols. § significantly higher (p < 0.05) than all
other values at the same protocol. 1 significantly lower (p < 0.05) than post-squat and post-bench press values, Values are
expressed in mean and standard deviations. GH = growth hormone, IGF-1 = insulin-like growth factor 1.

Significant differences were found in the CM]J Ppax (F264 = 12, p < 0.001, n? =0.27)

during the training sessions and between exercise protocols (F ¢4 = 3.3, p < 0.043, 12 = 0.09).
The post hoc test showed that Prax significantly decreased after the SQ 2/0/2/0 tempo
(p < 0.01; Figure 3), and the 2/0/2/0 tempo protocol resulted in significantly lower values
compared to the 6/0/2/0 tempo protocol. After the BP exercise the Ppax in both tempo
protocols was significantly lower compared to baseline Pmax (p < 0.01) and showed no
differences compared to post-squat values (Figure 3, Tables 2 and 3).

Table 2. Cohen d effect sizes for endocrine and neuromuscular changes after fast (2/0/2/0) and medium tempo (6/0/2/0)

exercise pl‘OtOCOlS.

Pre- Post- Pre- Pre- Between TEMPO
1 . Post-Squat . . Post-Bench iff
Variable Protocol Exercise Post-Bench Squat Exercise Exercise Press Difference
TEMPO Post- Press Post- Post-Bench Post Post-30 min Post-Squa t Post-Bench
Squat 30 min Press 30 min Press Post-30 min
CMJ fast 0.9 0.3 - 0.6 - - 04 01 _
Vmax (m/s)  medium 0.5 0.1 - 0.3 - - ’ .
CMJ fast 07 0.1 - 0.7 - - 03 02 _
Pmax (W/kg) medium 0.2 0.2 B 0.3 N - ! :
Cortisol fast 0.7 0.9 04 1.6 1 0.3 05 12 12
(ug/dL) medium 0.7 0.3 0.8 0.9 0.1 29 : ' ;
fast 15 0.1 1.0 22 1.6 12
CH@mg/mL)  edium 13 05 10 13 07 08 05 09 07
IGF- . . . . . .
GF-1 fagt 0.8 0.8 05 0.0 0.5 0.5 06 0.0 08
(ng/mL) medium 0.4 0.2 0.4 0.2 0.00 0.2
Testosterone fast 1.0 0.2 0.8 0.8 0.2 0.6 01 02 01
(ng/dL) medium 1.1 0.2 0.7 0.7 0.3 0.4 . - .

GH = growth hormone, IGF-1 = insulin like growth factor, Vmax = maximum concentric velocity, Pmax = maximum concentric power.
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Table 3. Endocrine and neuromuscular changes after fast (2/0/2/0) and medium tempo of resistance exercise protocols

(6/0/2/0).
. Protocol Pre-Exercise Post-Squat Post-Squat Pre-Exercise Pre-Exercise Post-Bench
Variable Post-Bench . Post-Bench . Press
TEMPO Post-Squat Post-30 min Post 30 min .
Press Press Post-30 min
—-0.22£0.15 0.07 £ 0.16 —0.16 £ 0.18
Vmg\g /9 fast —0.30-—0.14 —0.01-0.14 ) —0.20-0.01 - )
8 medium —0.09 £0.11 0.02+0.14 _ —0.08 £0.12 _ _
—0.15-0.04 —0.08-0.06 —0.14-0.02
—4.57 £4.90 0.3 £4.09 —4.27 £4.81
Pmaf?\//[\]/ Jkg) fast ~7.09--2.05 ~1.80-2.40 i —6.75--1.79 il i
& medium —1.05+3.10 —0.91 +3.49 . —1.96 +3.58 B B
—2.64-0.54 —2.70-0.88 —3.80-0.11
Cortisol fast 442 +3.79 5.04 +3.57 3.44 +3.49 9,46 +5.25 6.02 +7.02 —3.44 £349
(ng/dL) as 2.23-6.61 2.98-7.10 1.42-5.46 6.43-12.49 1.97-10.07 —5.46-—1.42
HE medium 3.02 +£3.97 1.32 £3.11 —4.00 £ 0.07 434 +4.22 0.34 +4.08 —4.00 £ 3.07
u 0.73-5.32 —0.47-3.12 —5.77--2.22 1.91-6.78 —2.01-2.07 —5.78--2.22
fast 11.05 +10.27 —0.97 +4.75 —7.77 £795 10.08 + 7.38 3274292 —6.80 + 4.63
GH (ng/mL) 5.12-19.98 —3.71-1.77 —12.37--3.18 5.82-14.35 1.58-4.96 —9.49-—4.13
medium 6.67 = 6.8 —2.60 £ 4.34 —5.43 £5.90 4.07 £4.00 125+ 2.16 —2.82 £ 3.56
2.70-10.64 —5.11--0.10 —8.84-—-2.03 1.76-6.38 —0.01-2.50 —4.88-—0.76
fast 37.36 + 60 —39.07 + 68 —16 + 33.64 1.71 + 30 20.92 + 60 22.64 + 62
IGF-1 (ng/mL) 2.69-72.02 —78-0.24 —35.86-2.99 —15.97-19.39 —14.15-56.01 —13.26-58.55
medium 19.64 + 14.18 —10.78 £17.58  —22.07 £ 11.51 8.85 4 19.02 —242+12.08  —11.28 +24.92
11.45-27.83 —20.93-0.63 —28.71-15.42 2.23-19.95 —9.40-4.54 —25.67-3.1
Testosterone fast 201.37 £+ 100 —40.36 + 44.61 —168.46 + 66 161.01 £+ 112 3291+78 —128.10 + 67
(ng/dL) s 143-259 —66-—15 —206-—130 95-226 —13-78 —167-—90
g medium 171.32 £ 92 —48 + 82 —124+72 122 +120 46 + 93 —75+72
ediu 117-224 —95--1 —166——82 53-192 —7-100 —117--34

Values are expressed as mean difference + SD and 95% confidence limit-. GH = growth hormone, IGF-1 = insulin-like growth factor,
CM]J = countermovement jump test, Vmax = maximum concentric velocity, Pmax = maximum concentric power.

Significant differences between cortisol concentration were found during and after
the training sessions (F3 73 = 24, p < 0.001, n? = 0.48) and between different movement
tempo protocols (F3 73 = 5.8, p < 0.001, 12 = 0.18). The post hoc test showed that cortisol
concentration significantly increased after the SQ exercise compared to baseline (p < 0.01),
and increased significantly after the BP exercise compared to all other measures (p < 0.01).
The concentration of cortisol was also significantly higher 30 min post-exercise compared
to baseline values in the 2/0/2/0 tempo protocol (p < 0.01). In the 6/0/2/0 tempo protocol,
the cortisol concentration after the squat and bench press was significantly higher compared
to baseline values and compared to 30 min post-exercise (p < 0.01; Figure 4). Besides the
baseline, all cortisol values were higher in the 2/0/2/0 tempo compared to the 6/0/2/0
exercise protocol (p < 0.01; Figure 4, Tables 2 and 3).

Significant differences between GH concentrations were found during and after the
training sessions (F3 75 = 27, p < 0.001, n? = 0.51) and different tempo exercise protocols
(F378 = 3.8, p < 0.042, 12 = 0.10). The post hoc tests showed that GH concentration was
significantly higher after the squat compared to all other measures (p < 0.01), significantly
increased after the bench press exercise compared to baseline and compared to 30 min
post-exercise (p < 0.01), and increased 30 min into recovery compared to the baseline in
both protocols (p < 0.01). Besides baseline, all GH values were significantly higher in the
2/0/2/0 exercise protocol compared to the 6/0/2/0 protocol (Figure 4, Tables 2 and 3).

Significant differences between IGF-1 concentrations were found during and after the
training sessions (F3 73 = 5.5, p = 0.002, n? =0.17). The post hoc test showed a significant
increases of IGF-1 concentration after the squats compared to all other measures in both ex-
ercise protocols (p < 0.01) and a significant increase after the bench press exercise compared
to baseline and compared to 30 min of recovery in the 2/0/2/0 tempo protocol (p < 0.01).
The IGF-1 concentration after the squat and bench press exercise was significantly higher
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following the 2/0/2/0 compared to the 6/0/2/0 movement tempo protocol (Figure 4,
Tables 2 and 3).

Significant differences between testosterone concentrations were found during and
after exercise (F3 75 = 56, p < 0.001, 1 = 0.68). The post hoc test showed significant increases
in testosterone concentration after the squat and bench press exercises compared to pre-
squat and 30 min into recovery in both protocols (p < 0.01; Figure 4, Tables 2 and 3).

Particular hormonal responses were different among the athletes, however with
similar trends (Figure 5).

Figure 5. Physiological responses of cortisol, growth hormone, testosterone, and IGF-1 during the
squat and bench press exercise protocols for fast (2/0/2/0) and medium (6/0/2/0) movement tempo.
GH = growth hormone, IGF-1 = insulin-like growth factor. The dash line indicates the significant
difference between TEMPO protocols, lower values for 6/0/2/0.
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4. Discussion

The main finding of this study was that ice-hockey players had similar testosterone
responses after medium and fast eccentric movement tempo during resistance exercise.
However, fast eccentric tempo induced higher cortisol, IGF-1, and growth hormone re-
sponses compared to the medium tempo. Therefore, this result justifies the use of fast
eccentric tempo during resistance training programs in ice-hockey players to induce a
higher post-exercise increase in hormonal responses, which may be an important factor
influencing muscular strength and hypertrophy adaptive changes. However, the fast move-
ment tempo exercise protocol elicited greater muscular fatigue, which should be taken into
account when programming the recovery time during particular training micro-cycles.

The results of the presented study are contradictive with previous studies showing
that a medium movement tempo was more effective in inducing higher acute hormonal
responses following resistance exercise [8,13,16], as well as contradictive with studies
which do not show differences in acute hormonal responses between different movement
tempos [14,37,38]. However, the differences between the results of the presented experi-
ment and other studies can be related to the specificity of the study participants. Ice-hockey
players are well adapted to isometric and controlled eccentric loading in the squat posi-
tion below 90°of knee flexion [10,24,28], therefore increasing the duration of the eccentric
part of an resistance exercise does not provide additional stimulus, as reported in other
studies [13,16]. The factor of adaptation to isometric lower limb loading is pronounced
during the ice-hockey season with every day on-ice training. Additionally, it should be
noted that this research procedure assumes conducting a 4-week familiarization session
with the exercises performed with different movement tempo to restrict possible learning
effects. According to the authors” knowledge, there were no previous studies related to
the impact of different movement tempos on acute hormonal and metabolic responses in
participants or athletes habituated to resistance exercise performed with medium eccentric
movement tempo, which also could have an impact on the obtained results. The longer
movement duration increases TUT during resistance exercise [32], which is usually the
main factor inducing higher post-exercise hormonal changes in medium or slow movement
tempo. Such increases of TUT could be a stimulating factor especially when medium
movement tempo is used as an alternative method of resistance training. However, when
such training intervention (with longer maximal TUT) is performed commonly in training
routines, it may no longer be sufficient to stimulate acute hormonal responses. Furthermore
the Pareja-Blanco et al. [39] suggested that greater force generation would be required to
perform faster movements, which would result in greater recruitment of muscle fibers
with higher glycolytic potential despite the longer TUT during training with medium
movement tempo. It has been speculated that local accumulation of anaerobic energy
metabolites, such as lactate, stimulate the secretion of anabolic hormones [40] which may
also be the basis for explaining the obtained results. Moreover, as it was observed in our
study, the fast exercise movement tempo protocol elicited greater muscular fatigue, which
may be explained by higher total concentric work performed during the exercise with fast
movement tempo (greater number of performed repetitions). Thus, increasing the TUT as it
was observed for the medium movement tempo does not provide more intense acute post-
exercise hormonal responses in subjects habituated to medium or slow movement tempo,
yet a greater number of repetitions during the concentric phase of the movement does. Our
results seem to be contradictive with previous studies showing that a longer eccentric phase
increases the hormonal response [8,13], however, there is always the question of whether
TUT or the number of performed repetitions are superior in eliciting a greater endocrine
response. Since cortisol responses gradually increased after the squat and bench press
exercises in both protocols, we can assume that both protocols were sufficiently exhausting,
yet the hockey players responded more intensively to the training protocol with a higher
number of performed repetitions and a faster movement tempo (2/0/2/0). Although the
testosterone and GH were significantly elevated after the squat, their increase after the
bench press was lower. This may be explained by the fact that the anabolic response to
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exercise is partially related to exercise volume and may even decrease along with fatigue.
In this case, the bench press provided a lower lifted workload and was performed after a
more exhaustive squat exercise. However, a similar response in testosterone and overall
hormonal secretion shows that both exercise tempo protocols provide a positive anabolic
stimuli, which can be beneficial for ice-hockey players. Therefore, we cannot conclude that
medium movement tempo is ineffective, but less effective in inducing endocrine responses
than a fast eccentric movement tempo.

According to the results of our study, it can be concluded that resistance exercise
sessions targeted at recovery (anabolic responses) should be performed in ice-hockey
players with a fast eccentric movement tempo. This is especially relevant if the athletes can
maintain proper exercise technique throughout the whole training session. The application
of the fast tempo of movement should be performed for non-specific exercises [2,3] which
should not overlap with specific ones. On the other hand, medium movement tempo during
resistance exercises could be applied if players have problems with exercise technique or
during hockey-specific exercises [5]; however, this training will have a smaller effect on
GH and IGF-1 responses than fast movement tempo and will provide a smaller anabolic
(regenerative) response. In general, training with prolonged eccentric tempo is very specific,
and induces most of the adaptive changes through increased time under tension. On the
other hand fast tempo of movement during resistance exercises induce their metabolic
effect through a higher number of performed repetitions.

The presented training protocol may be regarded as non-specific for ice-hockey players
since two main complex exercises were used in their bilateral basics. During the season,
a high dominance of specific loading may elicit over-use injuries, and therefore more
general exercises should be used to balance the specific ones. Thus, it is essential that
exercises like bilateral squats or the bench press provide anabolic responses without over-
stressing the same ligaments and muscles used during hockey-specific movements like
hip abduction/adduction [28,41,42]. Therefore, the presented resistance exercise protocols
should be used for ice-hockey as non-specific loading aimed to provide an anabolic stimuli.

This study’s principal limitation is the cross-sectional evaluation instead of an inter-
vention study, which was compensated by the participants” high familiarization. Another
important aspect is the data sampling until 30 min post-exercise, while the optimal data
collection should also be performed 24 h post exercise. The analyzed hormones have a liner
response and the efflux into the bloodstream could be maintained for 24 h post exercise,
which requires further research.

5. Conclusions

A fast eccentric tempo seems to be more useful in eliciting a significant post-exercise
hormonal stimulus compared to medium eccentric movement tempo. Hockey players
respond more intensively to a higher number of repetitions than to longer time under
tension in non-specific resistance exercises. Therefore, squats and the bench press exercises
with a fast eccentric tempo should be used in ice-hockey during periods of non-specific
resistance training programs. Considering that squats and/or bench press exercises are
routinely used as interventions in numerous studies, the presented results and practical
implications can be transferred to other sports disciplines.
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7 PODSUMOWANIE

Analiza iocena wplywu czasu trwania powtdrzenia determinowana przez
warto§¢ TUT wykazata istotny wpltyw na catkowita liczbe powtdrzen w serii oraz
w catym ¢wiczeniu, poziom generowanej mocy i predkos$¢ sztangi, a takze na poziom

reakcji metabolicznych i hormonalnych.

Ponadto przedstawiony cykl badan wykazat, ze w ocenie objetosci wysitku
oprocz powszechnie stosowanej liczby wykonanych powtorzen nalezy takze okreslac¢
czas trwania napigcia mig$niowego. Badania dowiodly, ze dluzszy czas trwania
ekscentrycznej fazy ruchu powoduje obnizenie wartosci maksymalnej sity migsniowej
oraz poziomu generowanej mocy mig¢sniowej w fazie koncentrycznej. Ponadto dtuzszy
czas trwania fazy ekscentrycznej nieznacznie wplywa na powysitkowe zmiany warto$ci
GH 1IGF-1, w przeciwienstwie do krétkiej fazy ekscentrycznej (6/0/2/0 vs. 2/0/2/0).
Jednakze poziom powysitkowych zamian metabolicznych i hormonalnych sg zalezne od
faktu, czy uczestnik posiada do§wiadczenie w treningu oporowym z wykorzystaniem
réznego tempa powtdrzenia. Istotne wydtuzenie maksymalnego czasu wysitku podczas
zastosowania dluzszego czasu trwania powtdrzenia powoduje konieczno$¢ zastosowania
nizszej warto$ci obcigzenia zewnetrznego, co moze by¢ korzystne w treningu osob
mtodych, starszych oraz osob kontuzjowanych, ktorzy z roznych wzgledow nie moga
stosowa¢ wysokich wartosci obcigzen zewnetrznych. Co wigcej, dtuzszy czas trwania
powtorzenia podczas ¢wiczen oporowych pozwala na wykonywanie wysitku o wyzszej
wartosci TUT, co moze mie¢ szczegllne korzystne znaczenie w ksztattowaniu
wytrzymato$ci sitowej. Ponadto prowadzone badania nie wykazaty istotnych rdéznic
w zakresie TUT i liczby powtdrzen migedzy szerokosciami chwytu sztangi (WGBP vs.

CGBP) podczas wyciskania lezac.

Chociaz wpltyw czasu trwania powtérzenia oraz wartosci TUT w odniesieniu
do adaptacji nerwowo-mig¢sniowych nie jest szeroko =zbadany, wydaje sie, ze
na podstawie wartosci TUT mozna w precyzyjny sposob okresli¢ optymalny zakres
wysitku w rozwoju sity 1 hipertrofii migsniowej. Chociaz istnieja badania naukowe,
w ktorych zastosowano kontrolowany czas trwania powtdrzenia i jego wptyw na proces
zmian adaptacyjnych (Bird 1 wsp., 2005; Neils 1 wsp., 2005; Westcott 1 wsp., 2001), to
obecnie jedynie jedna naukowa praca wskazuje optymalne wartosci TUT dla rozwoju

hipertrofii, sity maksymalnej, czy wytrzymatosci mig$niowej (Wilk iwsp., 2021).
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Wyniki badania wydaja si¢ sprzeczne z wczesniejszymi doniesieniami naukowymi,
w ktorych wykazano, ze wydtuzenie czasu trwania fazy ekscentrycznej zwigksza
odpowiedz hormonalng (Wilk iwsp., 2018, 2020) oraz z badaniami, w ktérych nie
wykazano réznic w odpowiedzi hormonalnej migdzy protokotami zré6znym czasem
trwania powtoérzenia (Headley i wsp., 2011; Smilios i wsp., 2014; Wilk i wsp., 2021).
w badaniu krotki czas trwania fazy ekscentrycznej wywotat wyzszy poziom odpowiedzi
kortyzolu, IGF-1 oraz GH, w porownaniu do dlugiego czasu (2s vs. 6s). Wynik ten
uzasadnia planowanie i stosowanie krdtkiego czasu trwania fazy ekscentrycznej w celu
wywolania wyzszych powysitkowych wartosci hormonalnych, ktére moga by¢ waznym
czynnikiem wpltywajacym na kierunek zmian adaptacyjnych pod katem hipertrofii i sity
mig$niowej. Jednakze najnowsze wyniki badan (Villanueva i wsp., 2021) sugeruja, Ze nie
tylko same warto$ci czasu trwania wysitku w poszczeg6élnych fazach ruchu mogg mieé
znaczenie, ale takze stosunek czasu trwania pracy w fazie koncentrycznej do czasu
trwania pracy w fazie ekscentrycznej. Dlatego tez badania dotyczace zmiennego tempa

powtdrzenia nadal wymagaja dalszej eksploracji.

Analiza 1wyniki przeprowadzonych badan wskazuja, zeczas trwania
powtdrzenia jest wazng sktadowa w aspekcie procesu treningu oporowego majaca wptyw
na warto$¢ objetosci wysitku, poziom sity maksymalnej imocy mig$niowej oraz
powysitkowych wartosci endokrynnych. Ponadto wartos¢ TUT wydaje sie
doktadniejszym wskaznikiem sumarycznej pracy wykonanej podczas jednostki
treningowej, w pordwnaniu z powszechnie stosowanymi metodami. Bioragc pod uwage
omowione wyniki badan, nalezy wskazac, ze czas trwania powtdrzenia, jako dodatkowa
zmienna treningowa w ¢wiczeniu oporowym, powinien by¢ kontrolowany i zaplanowany
W procesie programowania treningu. Ponadto wplyw zmiennego tempa powtorzenia
na bezpos$rednie i1 dtugofalowe zmiany adaptacyjne moze by¢ zalezny od doswiadczenia
w stosowaniu zmiennego tempa powtdrzenia, co jest przelomowym wnioskiem

z przeprowadzonego cyklu badan.

62



8 STRESZCZENIE

Przedstawione w osiggnigeciu naukowym cztery prace empiryczne zmierzaty
do oceny wptywu czasu trwania powtdrzenia w ¢wiczeniach oporowych na bezposredni
efekt treningowy. Przeprowadzono cztery niezalezne eksperymenty, w ktorych dokonano
analizy 1oceny wplywu zmiennego czasu trwania powtdrzenia na objetos¢ wysitku,
warto$¢ maksymalng sily migsniowej, poziom mocy migsniowej oraz zakres

powysitkowych reakcji endokrynnych.

Gléwnym celem pierwszego badania byto ustalenie czy poziom do$wiadczenia
w treningu oporowym ma istotny wplyw naroznice w objetosci wysitku przy
zastosowaniu zmiennego czasu trwania powtorzenia (2/0/2/0, 5/0/3/0, 6/0/4/0). Wyniki
badan wykazaly, ze poziom doswiadczenia w treningu oporowym, a przede wszystkim
czas trwania powtOrzenia ma znaczacy wplyw na objetos¢ wysitku zarowno pod
wzgledem wartosci czasu napigcia migsniowego (TUT — time under tension), jak i liczby
powtdrzen (REP — repetition). w drugim badaniu analizie poddano wptyw wyciskania
sztangi lezac z szerokim iwaskim chwytem sztangi na poziom mocy mig$niowej
i predkosci sztangi mierzonej wruchu koncentrycznym takze z zastosowaniem
zmiennego czasu trwania fazy ekscentrycznej ruchu (6/0/X/0 vs. 2/0/X/0). Badania
wykazaly, Ze zmiana czasu trwania fazy ekscentrycznej ruchu istotnie wptywa na moc
migsniowa 1 predko$¢ sztangi podczas wyciskania lezac, jednak nie stwierdzono
istotnych réznic warto$ci mocy migsniowe] pomiedzy szerokim, a waskim chwytem
sztangi. Trzecie badanie dotyczylo oceny wpltywu czasu trwania ekscentrycznej fazy
ruchu na wynik testu sily maksymalnej 1-RM podczas wyciskania sztangi lezac.
Gléwnym wnioskiem trzeciego badania jest fakt, ze dtuzszy czas trwania ekscentrycznej
fazy ruchu powoduje obnizenie wartosci maksymalnego obcigzenia zewngtrznego
w tescie 1-RM, co ma szczegdlnie istotne znaczenie w ocenie poziomu sity miesniowe;j
w warunkach nielaboratoryjnych. w ostatnim badaniu analizie poddano wptyw zmiany
czasu trwania powtdrzenia na powysitkowe reakcje hormonalne wsérdd do§wiadczonych
zawodnikow hokeja na lodzie. Wyniki badan wykazaty, ze czas trwania ekscentryczne;j
fazy ruchu wptywa na warto$¢ wykonanej liczby powtorzen oraz wartos¢ TUT zaré6wno
w podczas wyciskania sztangi lezac, jak ipodczas przysiadow ze sztangg. Ponadto

badania wykazaly, ze powysitkkowe zmiany st¢zenia IGF-1, GH oraz kortyzolu byty
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wyzsze podczas protokolu, w ktorym wykorzystano krotszy czas trwania fazy

ekscentrycznej (2s), w porownaniu z dluzszym czasem trwania fazy ekscentrycznej (6s).

Analiza 1wyniki przeprowadzonych badan wskazuja, zeczas trwania
powtorzenia jest istotnym elementem planowania i programowania treningu oporowego,
majacy szczegdlny wplyw na objetos¢ wysitku, poziom sity maksymalnej 1 mocy
migéniowe]j oraz powysitkowych zmiany st¢zenia hormonéw. Ponadto wartos¢ TUT
wydaje si¢ doktadniejszym wskaznikiem objetosci wysitku, w porownaniu z wartoscig

liczby wykonanych powtérzen.
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9 SUMMARY

The analysis and evaluation of the effect of the duration of the repetition
determined by the TUT value showed a significant effect on the total number of
repetitions in the set and throughout the exercise, the level of power output generated, as

well as hormonal reactions.

Moreover, the presented series of tests showed that in the assessment of the
exercise volume, in addition to the commonly used number of repetitions, the duration of
time under tension should also be determined. Studies have shown that a longer duration
of the eccentric phase of movement reduces the value of the maximum muscle strength
and the level of power output generated in the concentric phase. Moreover, the longer
duration of the eccentric phase slightly affects the post-exercise changes in GH and IGF-
1 values, in contrast to the short eccentric phase (6/0/2/0 vs. 2/0/2/0). a significant
extension of the maximum exercise time when using a longer duration of the repetition
causes the necessity to use a lower value of the external load, which may be beneficial in
training young, elderly and injured people who, for various reasons, cannot use high
values of external loads. Moreover, alonger repetition duration during resistance
exercises allows for an effort with a higher TUT value, which may be of particular benefit
in shaping strength endurance. Moreover, the conducted research did not show significant
differences in terms of TUT and the number of repetitions between the bar grip widths

(WGBP vs. CGBP) during bench press.

Although the effect of the duration of the repetition and the TUT value in relation
to neuromuscular adaptation is not widely studied, it seems that from the TUT value it is
possible to precisely determine the optimal range of effort for the development of muscle
strength and hypertrophy. Although there are scientific studies that have used a controlled
repetition duration and its impact on the process of adaptive change (Bird et al., 2005;
Neils et al., 2005; Westcott et al., 2001), currently only one scientific study indicates the
optimal TUT values for the development of hypertrophy, maximum strength or muscle
endurance (Wilk et al., 2021). The results of the study seem to contradict previous
scientific reports, which showed that prolonging the duration of the eccentric phase
increases the hormonal response (Wilk et al., 2018, 2020) and with studies that showed
no differences in the hormonal response between protocols with different repeat durations

(Headley et al., 2011; Smilios et al., 2014; Wilk et al., 2021). In study, the short duration
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of the eccentric phase induced a higher level of cortisol, IGF-1 and GH responses
compared to the long duration (2s vs. 6s). This result justifies the planning and use of
a short duration of the eccentric phase in order to induce higher post-exercise hormonal
values, which may be an important factor influencing the direction of adaptive changes
in terms of muscle hypertrophy and strength. However, the latest research results
(Villanueva et al., 2021) suggest that not only the values of exercise duration in particular
phases of movement may be important, but also the ratio of the duration of work in the

concentric phase to the duration of work in the eccentric phase.

The analysis and results of the conducted research show that the duration of the
repetition is an important component in the aspect of the resistance training process,
affecting the value of the exercise volume, the level of maximum strength, power output
and bar velocity as well as post-exercise endocrine values. Moreover, the TUT value
seems to be a more accurate indicator of the total work done during the training unit,
compared to the commonly used methods. Taking into account the discussed research
results, it should be pointed out that the duration of the repetition, as an additional training
variable in resistance exercise, should be controlled and planned in the training
programming process. In addition, the impact of variable repetition rate on direct and
long-term adaptive changes may be dependent on experience in the use of variable

repetition rate, which is a landmark conclusion from the dysertation.
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