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1. Streszczenie

Stowa kluczowe: trening oporowy, akcesoria treningowe, struktura wewnetrzna ruchu,
elektromiografia, miotonometria

W aspekcie poprawy sily, rozwijania mocy maksymalnej czy stymulowania hipertrofii
mig$niowe] gornej czeSci ciata, bedacymi istotnym czynnikami zaré6wno w treningu
rekreacyjnym 1 wyczynowym, najczgsciej wykorzystywanym <¢wiczeniem dla celéw
treningowych, testowych lub badawczych jest wyciskanie sztangi lezac (Stastny et al., 2017).
Struktura ruchu wyciskania sztangi lezac zostata szeroko opisana we wspotczesnej literaturze
(Krol & Gotas, 2017; Lehman, 2005; Saeterbakken et al., 2017; Stastny et al., 2017; M. Wilk
et al., 2019), brakuje jednak badan dotyczacych wptywu stosowania akcesoriow treningowych
na sit¢ maksymalng i aktywnos$¢ mieéni, coraz chetniej wykorzystywanych w celu podniesienia
wynikoéw sportowych (Godawa et al., 2012; P. A. Swinton et al., 2009). Akcesorium bazujacym
na oporze elastycznym, ktore znaczaco wptywa na kinematyke ruchu wyciskania sztangi lezac,
jest przybor ,,Sling Shot” (SS). SS, sktadajacy si¢ z dwoch rekawow zaktadanych w okolicy
tokci potaczonych elastycznym materialem, spelnia podobne funkcje co specjalistyczna
koszula uzywana w sprzgtowym wyciskaniu sztangi lezac. Przybor ten jednak stanowi
nowoczesng alternatywe, chetnie wdrazang w rutyng treningowa, przez tatwos¢ zaktadania i
uzycia, ktora pozwala na prace z obcigzeniami supramaksymalnymi w pelnym zakresie ruchu
poprzez zapewnienie dodatkowej energii sprezystej i spotggowanie cyklu rozciagnigcie-skurcz
(Ferland & Comtois, 2019).

Przedstawione w niniejszej dysertacji trzy prace empiryczne zmierzaty do oceny
efektywnosci zastosowania przyboru SS w oparciu o strukture wewnetrzng i zewngtrzng ruchu.
Ze wzgledu na charakterystyke sprzetu i jego dotychczasowe zastosowanie kluczowym
aspektem bylo okreslenie dziatania SlingShot w obrebie ksztaltowania sity mig$niowej
uzywajac wzorca wyciskania sztangi lezac. W dostgpnej, nielicznej literaturze dotyczacej tego
zagadnienia zauwazy¢ mozna istotne braki, ktore w duzej mierze zostaly uzupelnione w
przedstawionej pracy, takie jak brak analizy parametrow obu stron ciata oraz asymetrii, brak
niezaleznych pomiarow testu 1RM (one-repetition maximum test) czy pomini¢cie wptywu
przyboru na wytrzymatos¢ sitowa i jej przejawy uwzgledniajac rdézne obcigzenia zewngtrzne.
Nadrzednym celem przedstawionego cyklu badan byta ocena wptywu przyboru Sling Shot na
struktur¢ wewnetrzng i zewnetrzng ruchu, gdzie dwa z badan miaty na celu analiz¢ aktywnosci

elektromiografii powierzchniowej (SEMG) w r6znych warunkach wyciskania sztangi lezac, a



trzecie z nich okreslenie zmian w strukturze zewnetrznej i asymetrii z wykorzystaniem
miotonometrii. Zaktada¢ mozna byto, ze na skutek wspomagania elastycznego i odciazenia fazy
ruchu, zastosowanie Sling Shot wplynie na aktywno$¢ migSniowa 1 asymetri¢
mi¢dzykonczynowa przy jednoczesnym zwigkszeniu mozliwosci generowania sily, mocy i
przejawoéw wytrzymatosci sitowej badanych.

W kazdym z badan wykorzystano przybor Sling Shot biorac pod uwage rézne warunki
pracy mig¢sniowej, jednoczes$nie bazujac na nowoczesnej aparaturze pomiarowej takiej jak
Noraxon TyleMyo 2400, MyotonPRO czy GymAware Powertool, do oceny struktury
wewnetrznej i zewngtrznej ruchu. Badani, z okre§lonym minimalnym do$wiadczeniem w
treningu oporowym, wykonywali zaplanowane procedury bazujace na projekcie
randomizowanym w uktadzie krzyzowym, majace na celu por6wnanie parametrow wyciskania
sztangi lezac w réznych warunkach pracy. Sesje eksperymentalne w kazdym wypadku
poprzedzata sesja zapoznawcza, gdzie kazda aktywnos$¢ w ramach badan poprzedzona byta
rozgrzewka ogolna i specjalistyczng, wykonywang o podobnej porze dnia. W pierwszej pracy
wyniki badan wykazaty istotny wpltyw SlingShot na wzorzec aktywno$ci mig$niowej
wyciskania sztangi lezac, powodujac spadek aktywno$ci przy niezmiennym obcigzeniu
zewnetrznym. Co wigcej, réznica w obserwowanych aktywnos$ciach pomigdzy wyciskaniem w
protokole kontrolnym, a wyciskaniem z asysta SlingShot rosta wraz ze zwigkszaniem
obcigzenia zewngtrznego. Druga praca potwierdzita konieczno$¢ analiz obu stron ciata przez
obserwacj¢ istotnych réznic w aktywnos$ci mig$niowej. Zastosowanie SlingShot skutkowato
wzrostem aktywnosci konczyny niedominujacej, podczas gdy wzrost obcigzenia powodowat
zmniejszenie asymetrii wzorca aktywnosci. Ostatnie badanie, uwzglgdniajagce pomiary
miotonometryczne oraz wysilek do odmowy wolicjonalnej, wskazuje na potrzebe odrebnej
oceny maksymalnych pozioméw sity podczas stosowania SlingShot w ¢wiczeniach i
programach treningowych. Do pelnego wykorzystania przyboru wymagany jest niezalezny
pomiar 1RM i odpowiednio wigksze obcigzenie zewnetrzne. SlingShot mozna réwniez z
powodzeniem stosowac do zwigkszania objetosci w celu stymulacji wytrzymatosci mig§niowej
1 miejscowej hipertrofii oraz zwigkszenia zaangazowania konczyny niedominujacej podczas

¢wiczenia wyciskania sztangi lezac.

2. Summary

Tittle: The effectiveness of applying the Sling shot device in the barbell bench press.



Key words: resistance training, training equipment, internal movement structure,
electromyography, myotonometry

In the aspect of improving strength, developing maximum power or stimulating muscle
hypertrophy of the upper body, which are important factors in both recreational and competitive
training, the most frequently used exercise for training, testing or research purposes is the
barbell bench press (Stastny et al., 2017). The structure of the barbell bench press movement
has been extensively described in contemporary literature (Krol & Gotas, 2017; Lehman, 2005;
Saeterbakken et al., 2017; Stastny et al., 2017; M. Wilk et al., 2019). However, there is a
research gap concerning the impact of using training accessories on strength and muscle
activity, more and more often used to improve sports performance (Godawa et al., 2012; P. A.
Swinton et al., 2009). An accessory incorporating elastic resistance, which significantly affects
the kinematics of the barbell bench press, is the "Sling Shot" (SS). The SS, made of two sleeves
put on around the elbows connected by an elastic material, performs a similar function to a
specialized shirt used in the bench press. Nonetheless, this device is a modern alternative,
willingly implemented in the training routine, due to the ease of putting on and using, which
allows user to work with supramaximal loads in the full range of motion by providing additional
elastic energy and intensifying the stretch-shortening cycle (Ferland & Comtois, 2019).

The three empirical papers presented in this dissertation aimed at evaluating the
effectiveness of the SS device based on the internal and external structure of the movement.
Due to the characteristics of the equipment and its current use, the key aspect was to determine
the influence of SlingShot in terms of muscle strength development using the barbell bench
press. In the available, sparse literature on this issue, significant gaps can be noticed, which
have been covered in the presented work, such as the lack of analysis of the parameters of both
sides of the body and asymmetry, the lack of independent measurements of the one-repetition
maximum test IRM test or the omission of the influence of device on strength endurance and
its manifestations, taking into account various external loads. The main purpose of the presented
series of researches was to assess the impact of the Sling Shot device on the internal and external
structure of the movement, where two of the studies were aimed at analyzing surface
electromyography (SEMG) activity in various conditions of the lying barbell bench press, and
the third of them was aimed at determining changes in the external structure and asymmetry
using myotonometry. It could be hypothesized that as a result of flexible support and unloading
of the certain movement phase, the use of Sling Shot would affect muscle activity and interlimb
asymmetry, while increasing the ability to generate strength, power and strength endurance of

the subjects.



In each of the studies, the Sling Shot device was used, taking into account various
conditions of muscle work, while at the same time relying on modern measuring equipment
such as Noraxon TyleMyo 2400, MyotonPRO or GymAware Powertool, to assess the internal
and external structure of movement. The subjects, with a certain minimum experience in
resistance training, performed planned procedures based on a randomized crossover design,
aimed at comparing the parameters of the barbell bench press in different working conditions.
In each case, the experimental sessions were preceded by a familiarization session, where each
activity within the study was preceded by a general and specialized warm-up, performed at the
same time of day. In the first study, the results showed a significant effect of SlingShot on the
pattern of muscle activity of bench press, causing a decrease in activity with an unchanged
external load. Moreover, the difference in the results between the control protocol bench press
and the SlingShot assisted bench press increased with increasing external load. The second
paper confirmed the necessity of analyzing both sides of the body through significant
differences in muscle activity. The use of SlingShot resulted in an increase in the activity of the
non-dominant limb, while the increase in load resulted in a decrease in the asymmetry of the
activity pattern. A third study, which included myotonometric measurements and effort to
volitional refusal, points to the need for a separate assessment of maximal strength levels when
using SlingShot in exercise and training programs. An independent measurement of 1RM and
a correspondingly higher external load is required to fully utilize the device. The SlingShot can
also be successfully used in increasing training volume to stimulate muscular endurance and
local hypertrophy, alongside rising non-dominant limb involvement during the bench press

exercise.

3. Wstep

3.1. Wyciskanie sztangi lezac jako fundament budowania sily

mie¢sniowej

Sita mig$niowa to jedna z podstawowych zdolno$ci motorycznych czltowieka
wykorzystywana w niemal wszystkich codziennych czynno$ciach ruchowych, zaréwno
$wiadomie (w lokomocji ciata), jak i nie§wiadomie (np. podczas stabilizacji ciala i oddychania)
(Nelson et al., 2005). Z definicji jest to zdolno$¢ organizmu do pokonywania oraz
przeciwdziatania oporowi zewngtrznemu lub wlasnego ciata w warunkach statyki lub dynamiki
poprzez skurcz migsni szkieletowych (Gotas et al., 2016). Podobnie jak wiekszo$¢ ludzkich

zdolnos$ci, sita migéniowa zostata podzielona na wiele rodzajow przez réznych autorow.



Najczgsciej uwzgledniany podzial obejmuje sile absolutng (bezwzgledna) 1 relatywna
(wzgledna) (Mikolajec et al., 2012). Bezwzgledna sita migsni odnosi si¢ do maksymalnego
poziomu sity, jaki moze wytworzy¢ dana grupa mig$niowa, niezaleznie od jej wielkosci. Z
holistycznego punktu widzenia jest to maksymalny opor, jaki dana osoba jest w stanie pokonaé
podczas okre§lonego zadania ruchowego. W pordéwnaniach interpersonalnych bardziej
wiarygodnym i wlasciwym podejsciem jest zastosowanie pojecia sity wzglednej, czyli poziomu
sity bezwzglednej w odniesieniu do 1 kg masy ciata (de Lira et al.,, 2019). Najczesciej
stosowanym testem, uwazanym réwniez za ztoty standard, do oceny bezwzglednych poziomow
sily, jest test jednego powtorzenia maksymalnego (one-repetition maximum test - IRM) (Fleck
i Kraemer 2004; Kraemer et al., 2006). Mozna go zdefiniowa¢ jako maksymalne obcigzenie, z
ktérym badany jest w stanie jednorazowo wykonac powtdrzenie wybranego zadania ruchowego
przy zachowaniu odpowiedniej techniki oraz zakresu ruchu (M. Wilk, Krzysztofik, et al., 2018).

W aspekcie poprawy potencjatu sitowego mie$ni gornej czgsci ciata, istotnym zaréwno
w treningu rekreacyjnym i wyczynowym, najczesciej wykorzystywanym ¢wiczeniem dla celow
treningowych, testowych lub badawczych jest wyciskanie sztangi lezac (Stastny et al., 2017).
Woyciskanie sztangi lezac, w formie adekwatnej do przepiséw konkretnej federacji, jest jednym
z trzech bojow wchodzacych w sktad dyscypliny trdjboju sitowego. Jest to takze jedna z
indywidualnych dyscyplin sportowych, z corocznie organizowanymi Mistrzostwami Swiata i
Europy. Podobnie jak w przypadku innych ¢wiczen z wolnym obcigzeniem, wyciskanie sztangi
lezac poza rozwojem sily mig¢$niowej shuzy réwniez do rozwijania maksymalnej mocy oraz
hipertrofii mig$niowej (Krzysztofik et al., 2019). Do migsni najbardziej zaangazowanych
podczas wyciskania sztangi lezac zalicza si¢ przednig czg$¢ migénia naramiennego, piersiowy
wiegkszy oraz trojgtowy ramienia (Krzysztofik, Golas, et al., 2020; Lagally et al., 2004; Lehman,
2005; Requena et al., 2005). Wedtug autoréw (Gepfert et al., 2019; Krol & Gotas, 2017; Stastny
et al., 2017), gléwnym migsniem odpowiedzialnym za ruch wyciskania sztangi lezac jest
migsien piersiowy wiekszy, podczas gdy przednia czg$¢ migénia naramiennego i trojglowy
ramienia pelnig funkcj¢ wspomagajaca. Warto zauwazy¢, ze obcigzenie zewngtrzne moze
wplynaé na zmian¢ wzorca aktywno$ci migsni; na przyktad przy maksymalnym obcigzeniu
migsien piersiowy wigkszy moze dziata¢ jako migsien wspomagajacy, podczas gdy naramienny
przedni staje si¢ gldownym motorem napgdowym (Krél & Gotas, 2017). Ponadto nalezy wzigé
pod uwage, ze aktywno$¢ migsni moze zmienia¢ si¢ w zalezno$ci od modyfikacji techniki
wyciskanie sztangi lezac lub zastosowania zmiennego oporu (Cronin et al., 2003; Santana et
al.,2007). Co wiecej, sam przebieg ¢wiczenia moze by¢ modyfikowany przez wiele czynnikow,

w tym intensywnos$¢ 1 objgto$¢ ¢wiczenia, tempo 1 predkos¢ ruchu, czas napigcia mig§niowego



lub zakres ruchu (Krzysztofik, Matykiewicz, et al., 2021; Martinez-Cava et al., 2022; M. Wilk,
Tufano, et al, 2020). Badania wykazaly, ze rekrutacja jednostek motorycznych oraz
czestotliwo$¢ stymulacji wzrasta réwnolegle ze wzrostem obcigzenia zewnetrznego, co
skutkuje osiggnigciem pozadanego napigcia migsniowego 1 wigkszej sity migsniowej (Krol &
Gotas, 2017).

Poprawa sity wynikajgca z ¢wiczen oporowych, takich jak wyciskanie sztangi lezac, jest
spowodowana w gldwnej mierze odpowiednimi modyfikacjami objgtos$ci oraz intensywnosci
treningu, w tym tez ich interakcji. Uwaza sig, ze sita jest bardzo specyficzna, wigc jesli celem
jest poprawa sity maksymalnej ocenianej w konkretnym wzorcu ruchowym, trening z
obcigzeniami bliskimi maksymalnych, z uwzglednieniem tego wzorca pozwoli na poprawe
wyniku (Buckner et al., 2017; Fisher et al., 2017). Ponadto, sukces w wyciskaniu sztangi lezac
jest determinowany przez optymalizacje techniki ¢wiczenia, gdzie celem bedzie wypracowanie
najkrotszego przesunigcia pionowego sztangi, by ruch byl optymalny pod wzgledem wysitku
nerwowo-mig¢sniowego (Anderson et al., 2008; Elliott et al., 1989). Badania wskazuja na
transfer poprawy sily w wyciskaniu sztangi lezac na poprawe rekrutacji jednostek
motorycznych migsni obreczy barkowej (Giorgio et al., 2009; Rodriguez-Ridao et al., 2020), a
co wazniejsze dla wynikow sportowych, sita w przedstawionym ¢wiczeniu moze by¢ uzywana
jako jeden z predyktorow wyniku sportowego dyscyplin opierajacych si¢ na generowaniu
wysokich warto$ci sity i mocy przez konczyny gorne (Garrido et al., 2010; McKean & Burkett,
2014). Sportowcy coraz czesciej dywersyfikuja swoj program treningowy, aby wprowadzié
dodatkowy bodziec do przetamywania stagnacji, unikania monotonii, osiggania réznych celéw

treningowych czy skrdcenia czasu trwania sesji treningowych (Krzysztofik, Golas, et al., 2020).

3.2.Wspolczesne metody ksztaltowania sily miesSniowej.

Majac na uwadze staty rozwoj sportu i metod treningowych zwigzanych z ksztattowaniem
sity mig$niowej, w ostatnich latach pojawily si¢ nowe przestanki dotyczace opracowywania
lub modyfikowania ¢wiczen oporowych. Zauwazy¢ mozna rosngcg tendencje do stosowania
treningu uzupetniajacego lub wspomagajacego w celu rozwoju hipertrofii mi¢sniowej, poprawy
wzorcow ruchowych lub stabych punktéw w ramach danego ¢wiczenia (P. Swinton et al., 2014;
Wilson & Kritz, 2014).

Pomimo, Ze wielu autorow opisywato w literaturze struktur¢ ruchu wyciskanie sztangi

lezac (Krél & Gotas, 2017; Lehman, 2005; Saeterbakken et al., 2017; Stastny et al., 2017; M.
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Wilk et al., 2019), znacznie mniej uwagi po§wigcono wptywowi akcesoriow optymalizujacych
ruch przez wpltyw na sile maksymalng i aktywno$¢ migsni. Obecnie zawodnicy sportéw
sitowych na najwyzszym poziomie wykorzystuja pomoce ergogeniczne i specjalistyczny sprzet
(4. stroje do przysiadow, koszule do wyciskania lezac, kombinezon do martwego ciagu, tasmy
elastyczne na kolana, opaski stabilizujace stawy) w celu podniesienia wynikow sportowych
(Godawa et al., 2012; P. A. Swinton et al., 2009). Badania sugeruja, ze specjalistyczna koszula
wykorzystywana podczas wyciskania sztangi lezac zmienia struktur¢ ruchu poprzez
spotegowanie cyklu rozciggnigcie-skurcz, umozliwiajac pokonywanie wigkszych obcigzen
zewngtrznych (Silver et al., 2009).

Poza sprzetem specjalistycznym, coraz powszechniejszym zjawiskiem w zaawansowanych
planach treningowych jest stosowanie pomocy treningowych w postaci elastycznego oporu
(Anderson et al., 2008; Bellar et al., 2011; Dugdale et al., 2019; M. Wilk, Krzysztofik, et al.,
2020). Stosowanie elastycznego oporu polega na wykorzystaniu elastycznych gum o rdznej
sztywno$ci do zmiany wzorca ruchu i regulacji zdolno$ci sitowych mig$ni w catym zakresie
ruchu (McMaster et al.,, 2009; Wilson & Kritz, 2014). Ankieta przeprowadzona wsrdd
wyczynowych zawodnikéw sportow sitowych wykazata, ze ponad 50% z nich uzywa gum
oporowych podczas treningu z wykorzystaniem wyciskanie sztangi lezac, co stanowi
najwigkszy procent wérod wszystkich innych przedstawionych modyfikacji treningowych (P.
A. Swinton et al., 2009). Ponadto, w kilku badaniach wykazano, ze zastosowanie elastycznego
oporu w treningu opartym o wyciskanie sztangi lezac poprawia rozwoj sity gérnej czesci ciata
(Anderson et al., 2008; Bellar et al., 2011; Giorgio et al., 2009; Jones, 2014).

Pomimo rosnacej popularnosci i dowodow na stosowanie elastycznego treningu
Oporowego, znacznie mniej uwagi poswigcono treningowi z zastosowaniem elastycznej asysty.
Zastosowanie elementow elastycznych w formie wspomagania ruchu moze by¢
wykorzystywane do przetamywania bariery szybkosci, pozwalajac na wykonywanie wysitku o
warto$ci supramaksymalnej (Bellar et al., 2011; Dugdale et al., 2019; Ghigiarelli et al., 2009;
McMaster et al., 2009; Wilson & Kritz, 2014). W efekcie takiego dziatania mozliwe jest
pokonywanie granic mozliwosci sportowca przez bieganie szybciej, skakanie wyzej i
pokonywanie wigkszych obcigzen niz byloby to mozliwe bez dodatkowego wspomagania.
W kilku badaniach wykazano, Zze wspomaganie elastyczne znacznie poprawia wysoko$¢
wyskoku (Tran et al., 2011) i czas sprintu (Bartolini et al., 2011), podczas gdy trening
skocznos$ciowy z elastycznym wspomaganiem przez 4 tygodnie znacznie poprawil wysokosé
wyskoku w poréwnaniu z treningiem tradycyjnym (Argus et al., 2011). W pordéwnaniu z

badaniami nad oporem elastycznym, znacznie mniej uwagi poswigcono wdrozeniu
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elastycznych urzadzen wspomagajacych, zwlaszcza w celu optymalizacji treningu gornej
czegsci ciata.

Akcesorium coraz czgsciej wykorzystywanym w treningu sportowym, ktore znaczaco
wplywa na kinematyke ruchu podczas wyciskania sztangi lezac wraz z intensywnos$cia
1 objetoscia, jest przybor ,,Sling Shot” (SS). SS sktada si¢ z dwoch rekawow zaktadanych w
okolicy tokci, potaczonych elastycznym materiatem. SS z zatozenia spetnia podobne funkcje
co specjalistyczna koszula uzywana w sprzetowym wyciskaniu sztangi lezac, bedac jednak
alternatywa chetnie wdrazang w rutyng¢ treningowa przez tatwos$¢ zakladania i uzycia,
pozwalajac na prace¢ z obcigzeniami supramaksymalnymi w pelnym zakresie ruchu (Ferland &
Comtois, 2019). Zasadniczo SS jest elementem pasywnym, ale podczas ruchu rozcigganie
materialu tworzacego SS zapewnia dodatkowa energi¢ sprezysta, ktdra wspiera sportowca w
ekscentrycznej fazie ruchu i pozwala na spotggowanie cyklu rozciggnigcie-skurcz w efekcie
poprawiajac faze koncentryczng (Dugdale et al., 2019). W przeciwienstwie do oporu
elastycznego generowanego przez gumy, podczas pracy z uzyciem SS poza silg wertykalng
wystepuje rowniez sita horyzontalna generowana przez material. Wedlug producenta
zastosowanie SS pozwala na uzycie 10-15% wigkszych obcigzen podczas wyciskania sztangi
lezac przy jednoczesnym zmniejszeniu napigcia mechanicznego w mig¢sniach naramiennych i
trojgtowych ramienia. Wykazano, ze SS wplywa na r6zne parametry wyciskania sztangi lezac,
pozwalajac zwigkszy¢ wynik testu 1RM, generowang moc i predko$¢ sztangi, a takze liczbe
powtdrzen wykonanych do odmowy. Co wigcej, zastosowanie SS zmienia réwniez odczyty
elektromiograficzne, zmieniajagc w ten sposob wzorzec aktywnosci glownych migéni
odpowiedzialnych za ruch wyciskania sztangi lezac w zaleznos$ci od zastosowanego obcigzenia
zewnetrznego (Dugdale et al., 2019; Niblock & Steele, 2017; Pedrosa et al., 2020; Ye et al.,
2014). Badanie przeprowadzone przez Ye i wsp. (2014) wykazato, ze zastosowanie SS podczas
wyciskania sztangi lezac poprawito wynik w tescie 1RM $rednio o 17,6kg, pozwalajac na prace
z obcigzeniami supramaksymalnymi. Autorzy podkreslaja jednak, ze zastosowanie SS bez
odpowiedniej progresji obcigzenia moze prowadzi¢ do zmniejszonej aktywnosci migéni. Z
kolei Dugdale i wsp. (2019) sugeruja, ze SS bezposrednio wptywa na ustawienie ramion
powodujac zmian¢ mechaniki wyciskania sztangi lezac oraz przesunigcie wystepowania punktu
krytycznego (sticking point), zmieniajac przy tym aktywnos$¢ migénia trojglowego ramienia.
Stwarza to korzystniejsze warunku biomechaniczne do generowania wigkszej predkosci
poczatkowej i szczytowej podczas ruchu. Jest to prawdopodobnie spowodowane najwigkszym
rozciggni¢ciem materialu i wspomaganiem mechanicznym na poczatku koncentrycznej fazy

ruchu wyciskania sztangi lezac, gdzie zaangazowanie mig¢$nia trojgtlowego ramienia jest
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fundamentalne (Dugdale et al., 2019; Van Den Tillaar & Ettema, 2009a; van den Tillaar &
Ettema, 2010).

3.3. Ocena asymetrii na podstawie struktury wewnetrznej i zewnetrznej
ruchu.

W ostatnich latach asymetrie wystepujace w obrgbie konkretnych lub przeciwstawnych
cze¢$ci ciata staly si¢ przedmiotem zainteresowania badaczy, gtownie bioragc pod uwage analize
chodu i poréwnanie aktywno$ci mig¢$niowej konczyn dolnych (Abdul Halim et al., 2019;
Bishop, Turner, et al., 2018). Okreslenie asymetrii najczg¢sciej wymaga oceny wybranych
wskaznikow symetrii w celu wlasciwej analizy 1 prawidlowego wnioskowania. Takie
porownania pozwalajag oceni¢ zakres 1 kierunek asymetrii sugerowanej jako wysoce
specyficzna dla zadania, opisywana gldwnie w wartos$ciach procentowych (Bell et al., 2014;
Bishop, Read, et al., 2018; Carpes et al., 2010). Odwotujac si¢ do danych empirycznych,
znaczna asymetria aktywnosci i sity mig$niowej powoduje wigksze obcigzenie struktur
pasywnych i skutkuje ograniczong regeneracja przy jednoczesnie zwigkszonym ryzyku urazu
(Croisier et al., 2008), co moze powodowac spadek wydolnos$ci fizycznej (Bishop, Turner, et
al., 2018; Sarabon et al., 2020). Niemniej jednak stopien dysproporcji bedzie rdzny
w zaleznos$ci od wykonywanej aktywnosci 1 wyboru wzorca ruchowego (Kuki et al., 2019).
Mimo to, nie brakuje opinii, ze asymetria jest cecha naturalng, zwigzang z czynnikami
anatomicznymi i neurologicznymi, dlatego mozna ja uzna¢ za funkcjonalng (Raya-Gonzalez et

al., 2021).

Analizujac asymetri¢ wzorcOw pobudzenia mig¢sni podczas obustronnych ¢wiczen
oporowych gornych partii ciata, takich jak wyciskanie sztangi lezac, wigkszos$¢ badaczy oparta
swoje wnioski na analizie elektromiografii powierzchniowej (SEMG) (Stastny et al., 2017).
Pomiary SEMG zwigzane s3 z rejestracja i analizg sygnatow mioelektrycznych generowanych
przez migsénie szkieletowe, dajac mozliwos$¢ doktadnego zbadania ich aktywnosci, wspolpracy
z innymi elementami narzadu ruchu czy oceny skutkoéw zmegczenia. W przeciwienstwie do
klasycznego pomiaru EMG, w ktérym reakcja mig¢$nia na zewngtrzng stymulacje elektryczng
jest analizowana w warunkach statycznych, metoda sSEMG moze by¢ opisana jako badanie
dobrowolnej aktywacji nerwowo-mi¢$niowej w ramach wzorcow ruchowych, analizy

warunkoéw pracy oraz schematow leczenia/treningu (Farina et al., 2004).
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Wigkszo$¢ dotychczasowych badan oceniajacych zmiany aktywnos$ci sSEMG podczas
wyciskania sztangi lezac oceniata tylko dominujaca konczyneg lub strone ciata (Stastny et al.,
2017). Niemniej jednak, pomimo braku precyzyjnych wytycznych dotyczacych pomiardéw
symetrycznych (Besomi et al., 2020), w ostatnich latach zaczgto podejmowac proby oceny
asymetrii 1 lateralizacji ciata. Odnoszac si¢ do najnowszych badan dotyczacych wyciskania
sztangi lezac zardwno u sportowcoOw wyczynowych, jak i u osob trenujacych rekreacyjnie,
niektorzy autorzy wskazuja na konieczno$¢ pomiaru aktywnosci sSEMG po obu stronach ciala.
Wynika to z faktu wystgpowania znacznych roéznic szczytowych amplitud sSEMG, wskazujace
na wyzsze wartosci po stronie dominujacej (Gotas, Maszczyk, Stastny, et al., 2018; Jarosz et
al., 2020; Krzysztofik, Jarosz, et al., 2021). Réznice w pobudzeniu mig$ni miedzy strong
dominujaca i niedominujaca przejawiajg si¢ nie tylko w aktywnosci SEMG, ale takze predkosci,
sile, spojnosci ruchu oraz opdznionym zmeczeniu (Bravi et al., 2017; van den Tillaar & Ettema,
2009). Ponadto, wraz ze zwigkszeniem obcigzen zewngtrznych, wzrost amplitudy SEMG jest
cze$ciowo zwigzany z wymaganiami dotyczacymi stabilizacji, co ostatecznie moze prowadzi¢
do wzrostu asymetrii (Gotas, Maszczyk, Pietraszewski, et al., 2018). Nalezy réwniez zauwazyc¢,
ze wystgpowanie pewnej asymetrii aktywno$ci SEMG jest rowniez przypisywane
wczesniejszym urazom, dysbalansom mi¢§niowym czy dominacji konczyny (Gotas, Maszczyk,

Stastny, et al., 2018; Krzysztofik, Jarosz, et al., 2021).

Mozliwe wyjasnienia wystgpowania asymetrii s zwigzane z preferencyjnym
uzywaniem konczyny dominujacej, prowadzacym do morfologicznych i1 fizjologicznych
adaptacji w funkcji i budowie mig$ni, zwigkszong pobudliwos$cia dominujacej kory ruchowe;j
lub optymalizacja osrodkowego uktadu nerwowego (Bravi et al., 2017; Williams et al., 2002).
Ponadto, lateralizacja motoryczna odzwierciedla bieglo$¢ kazdej konczyny w zakresie
specyficznych funkcji, gdzie konczyna dominujaca odpowiedzialna jest gtownie za ruchy
dynamiczne, podczas gdy konczyna niedominujagca odpowiada w szczegoélnosci za
optymalizacje stabilnosci pozycji (Mutha et al., 2013). Zalezno$ci te dotycza catej konczyny,
ale niekoniecznie poszczegodlnych migéni zaangazowanych w okreslonych czynnosciach

ruchowych (Gotas, Maszczyk, Stastny, et al., 2018).

Chociaz w wielu badaniach analizowano SEMG migéni w trakcie wyciskania sztangi
lezac (Dugdale et al., 2019; Gotas, Maszczyk, Pietraszewski, et al., 2018; Stastny et al., 2017;
Wojdala et al., 2020), to wedlug wiedzy autora brak jest eksperymentéw dotyczacych zmian
wlasciwos$ci mechanicznych migéni na skutek wyciskania sztangi lezac. Jedna z metod

pozyskiwania takich zmiennych jest miotonometria, ktora okazala si¢ nieinwazyjng i
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wiarygodng metoda oceny wilasciwosci biomechanicznych poszczegolnych migsni (Bizzini &
Mannion, 2003). Przeno$ne urzadzenie miotonometryczne (Myoton) mierzy mechaniczng
odpowiedz tkanki mig$niowej na krotkotrwale zaburzenie mechaniczne za pomocg ruchome;j
sondy iumozliwia pomiary w roéznych $rodowiskach, takze podczas treningu. Pomiary
miotonometryczne stuza nie tylko do oceny wlasciwosci mechanicznych migéni i Sciegien, ale
takze wykazuja niemal liniowa korelacj¢ z aktywnoscia sSEMG, a zatem stanowig posredni
pomiar zmian zdolno$ci migéni do generowania sity (Bizzini & Mannion, 2003; Korhonen et
al., 2005). Podczas gdy urzadzenie Myoton ma mozliwo$¢ pomiaru pigciu zmiennych
(czestotliwos$¢ oscylacji napigcia migsniowego, sztywno$¢, elastyczno$é, czas relaksacji
1 wlasciwos¢ pelzania tkanki), poprzednie badania okreslaty jedynie czgstotliwos¢ oscylacji
[Hz] badanej tkanki po jej odksztatceniu i sztywno$¢ [N/m], ktora okresla zdolno§¢ migsnia do
przeciwstawiania si¢ zmianom jego ksztattu (Jaskolska & Jaskolski, 2021), jako waznych
czynnikow wplywajacych na site (Hill et al., 2021; Klich et al., 2020; Lohr et al., 2018).
Przedstawione badania sugeruja jednak niejednoznaczne wyniki, ktore nie pozwalaja
definitywnie stwierdzi¢, czy dana aktywno$¢ powoduje spadek czy wzrost sztywnosci i
czestotliwosci oscylacji. Mozna jednak przyjaé, ze rodzaj ¢wiczen, intensywnos¢ i ich objetosé

moga mie¢ rézny wpltyw na wlasciwosci mechaniczne migsnia (Hill et al., 2021).

4. Przedmiot rozprawy

4.1. Problem badawczy

Analizujac literature tematu, dostgpne sa jedynie dwie publikacje oceniajace wpltyw SS
na parametry wyciskania sztangi lezac uwzgledniajace ocen¢ SEMG (Dugdale et al., 2019; Ye
et al., 2014). Nalezy jednak zauwazy¢, ze dotychczasowe badania dotyczyty tylko dominujace;j
strony ciata, co wydaje si¢ ich glownym ograniczeniem ze wzgledu na istotne rdéznice w
amplitudzie SEMG migdzy konczyna dominujaca i niedominujaca (Gotas, Maszczyk, Stastny,
et al., 2018; Jarosz et al., 2020). Co wigcej, autorzy koncentrowali si¢ na analizie obcigzen
réwnych 100% 1RM lub nawet przekraczajacych ta warto$¢ przy wysokim poziomie
zmeczenia. Wynika z tego potrzeba kompleksowych badan dotyczacych analizy zmian
aktywnosci sEMG strony dominujacej i niedominujacej oraz asymetrii mig$niowej
wystepujacej podczas ¢wiczen dynamicznych. Gtéwnymi mig$niami zaangazowanymi podczas

wyciskania sztangi lezac sg migsien piersiowy wiekszy, migsien trojglowy ramienia i cze$¢
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przednia mig$nia naramiennego (Stastny et al., 2017), stad tez do analizy w przeprowadzonych
eksperymentach wybrano wymienione grupy mig¢sniowe. Uwzgledniajac zastosowanie SS w
celu zwigkszenia sily mig$niowej, oraz wptyw zmeczenia na aktywnos$¢ migsniowa (Schick et
al., 2010; Tillaar & Saeterbakken, 2014), jedno z przedstawionych w cyklu badan obejmowato
minimalizowanie zmg¢czenia poprzez wykonanie testu 1RM w osobnym dniu przy
jednoczesnym ograniczeniu liczby powtorzen. Biorac pod uwage, ze wczesniejsze badania
wykazaly spadek aktywnosci sSEMG dominujacej strony ciata po zastosowaniu SS mozna
oczekiwac, ze zastosowanie SS zmniejszy aktywnos¢ SEMG zaréwno konczyny dominujacej,
jak 1 niedominujacej. Majac to na uwadze, spojne wydaje si¢ wykorzystanie pomiarow
miotonometrycznych do analizy wyciskania sztangi lezac wspomaganego SS. Pozwoli to na
petniejsza analiz¢ dziatania mig$ni i pordwnanie uzyskanych wynikow z pomiarami sEMG,
ktére powinny wskazywac na podobne efekty stosowania przyboréw treningowych. Ponadto,
poziom zmeczenia, na ktéry moze wskazywac wzrost czestotliwosci oscylacji oraz sztywnosci,
powinien rowniez rdzni¢ si¢ w zaleznosci od warunkéw ze wzgledu na odciazenie uktadu
mig¢$niowo-szkieletowego za pomocg SS.

Pomimo cze$ciowych dowodow na efektywno$¢ stosowania SS, w dotychczasowych
badaniach brakowato ujednoliconego podejscia do metodologii testow. Glownym zarzutem
dotyczacym przeprowadzania pomiarow byt brak egzekwowania oddzielnego testu 1RM dla
wyciskania sztangi lezac wspomaganego SS (Niblock & Steele, 2017; Wojdala et al., 2020).
Zgodnie z dostgpng wiedza, trzy badania obejmowaly osobny pomiar 1RM dla obu warunkéw
wyciskania sztangi lezac (Dugdale et al., 2019; Gavanda et al., 2021; Ye et al., 2014). W
publikacji Gavandy i wsp. (2021) nie wykazano znaczacych réznic we wzro$cie maksymalnej
sity 1 masy mig$niowej w obrgbie klatki piersiowej i ramion po o$miu tygodniach interwencji
treningowej wspomaganej SS. Autorzy nie uwzglednili jednak Zadnych pomiaréw
fizjologicznych ani zmiennych kinematycznych ruchu, co nie pozwala na petng analiz¢ wzorca
ruchowego. Z kolei Ye i wsp. (2014) wykazali, ze uzycie SS w jednym powtorzeniu z
obcigzeniem rownym 1RM wartosci bazowej zwigcksza predkos¢ sztangi i generowang moc.
Niemniej jednak, ci sami autorzy stosujac oddzielny pomiar I1RM dla wyciskania sztangi lezac
z asysta SS przy zastosowaniu odpowiednio wigkszego obcigzenia zewngtrznego stwierdzono,
ze roznice predkosci sztangi i generowanej mocy sg nieistotne. Oba prezentowane badania
(Gavanda et al., 2021; Ye et al., 2014) wykazuja sprzeczne wyniki w stosunku do
wczesniejszych publikacji dotyczacych SS, co potwierdza potrzebe¢ bardziej szczegodtowej

analizy tego zagadnienia, uwzgledniajac rdzne intensywnosci ¢wiczen.
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Wplyw zastosowania SS jako narzedzia rozwijajacego wytrzymatos$¢ sitowa rowniez
jest niejasny. Przedstawione dotychczas badania nie poréwnywaly maksymalnej liczby
powtorzen ani czasu napigcia migsniowego, ktére mozna byto wykona¢ z asysta SS 1 bez niej
przy tej samej wzglednej intensywnosci. Wprawdzie w publikacji z 2017 roku (Niblock &
Steele, 2017) autorzy podjeli probe oceny tego zjawiska, jednak rozwazano jedynie wplyw
zastosowania SS na liczbe powtdrzen z obcigzeniem maksymalnym wzglgdem wyciskania
sztangi lezagc bez wspomagania, w efekcie czego badani byli w stanie wykona¢ od 2 do 5
powtdrzen wiecej. Brakuje jednak w tym zakresie analizy wptywu réznych obciazen na wysitek
wykonywany do odmowy. Ponadto, zmienng niezb¢dng do petnej ewaluacji wptywu SS na
wytrzymato$¢ sitowa jest rowniez tempo wykonywanej czynnosci ruchowej. Potwierdzonym
jest, ze tempo powtorzenia ma istotny wptyw na catkowitg liczbe powtdrzen oraz czas napigcia
mig$niowego, nawet przy okreslonej intensywnosci wzglednej (M. Wilk, Golas, et al., 2018).

Biorac pod uwagg przedstawione argumenty, znaczenie asymetrii mi¢sniowej, roznice
w pobudzeniu mig$niowym konczyn gérnych w odniesieniu do zmiennych kinematycznych
podczas wyciskania sztangi lezac nie zostalo dostatecznie zbadane i wymaga dalszych analiz.
Przedstawione dane potwierdzaja, Zze analiza oparta na jednej stronie ciala moze skutkowaé
niespojnosciami i blednymi interpretacjami. Co wigcej, dotychczasowe dowody naukowe
dotyczace SS posiadaja wiele niescistosci metodologicznych i obszarow ktoére nie zostaty
poddane dostatecznej ewaluacji. Z tego tez powodu wydaje si¢ w pelni uzasadnione podjecie
problematyki efektywnos$ci zastosowania przyboru ,,Sling Shot”, analizujac kompleksowo

strukture wewnetrzng i zewnetrzng ruchu w oparciu o wyciskanie sztangi lezac.

4.2. Cel badan, pytania badawcze, hipoteza

Celem badan byta ocena wplywu przyboru ,,Sling Shot” na struktur¢ wewnetrzng
i zewnetrzng ruchu. W tym celu zrealizowano trzy eksperymenty z wykorzystaniem osob
rekreacyjnie wykonujacych regularny trening oporowy, z uwzglednieniem do$wiadczenia
treningowego wynoszacego minimum 3 lata. Dwa eksperymenty dotyczyly struktury
wewnetrznej ruchu, gdzie analizie za pomoca techniki sSEMG poddano zaréwno strong
dominujaca (badanie 1), jak i obie strony ciata (badanie 2) okreslajac wystepujace asymetrie.
Trzecie badanie dotyczylo kompleksowej oceny ruchu zaré6wno pod katem struktury
wewnetrznej, wykorzystujac miotonometri¢ z okresleniem asymetrii oraz struktury

zewngtrznej, analizowanej na podstawie kinematyki ruchu oraz zmiennych takich jak predkosé¢
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sztangi, generowana moc maksymalna, czas napi¢cia mig¢$niowego czy liczb¢ wykonanych
powtdrzen do odmowy.

Pytania badawcze poszczegdlnych eksperymentow wchodzacych w  sklad
przedktadanego cyklu obejmowaly:

Badanie 1: Jaki wplyw ma zastosowanie przyboru SS na przejawy aktywnosci
mig$niowej w wyciskaniu sztangi lezac w zaleznosci od zastosowanego obcigzenia
zewngetrznego?

Badanie 2: Czy zastosowanie przyboru SS oddzialuje w taki sam sposob zar6wno na
konczyne dominujaca, jak i niedominujaca? Czy przybdr SS moze istotnie wplywaé na
asymetri¢?

Badanie 3: Jak zastosowanie przyboru SS wptywa na wybrane zmienne kinematyczne
wyciskania lezac? Czy zastosowanie przyboru SS moze ograniczy¢ narastanie zmeczenia
podczas wysitku?

Hipoteza badawcza: Zastosowanie przyboru SS, na skutek wspomagania elastycznego
1 odciazeniu faz ruchu, w znaczacy sposob wplywa na aktywno$¢ migsniowa, asymetri¢ miedzy
konczynami oraz zmienne kinematyczne niezaleznie od zastosowanej objgtosci 1 intensywnosci

wyciskania sztangi lezac.

4.3. Osiagnie¢cie naukowe

Przedmiotem rozprawy doktorskiej jest osiggniecie naukowe przedstawione w postaci
trzech monotematycznych prac opublikowanych w czasopismach znajdujacych si¢ na liscie
FJCR oraz MEIN. Laczna warto$¢ punktowa opublikowanych prac wynosi: IF =10,728; MEiIN
= 380.

Prace zostaly przedstawione pod wspdlnym tematem: Efektywnos$¢ zastosowania

przyboru ,,Sling Shot” w wyciskaniu sztangi lezac.

Wykaz opublikowanych prac:

1. Grzegorz Wojdala, Artur Gotas, Michat Krzysztofik, Robert George Lockie, Robert
Roczniok, Adam Zajac, Michal Wilk. ,,/mpact of the “Sling Shot” Supportive Device
on Upper-Body Neuromuscular Activity during the Bench Press Exercise”.
International Journal of Environmental Research and Public Health 2020;17(20):1-12.
[IF = 3,390; MEiN = 140]

2. Grzegorz Wojdala, Robert Trybulski, Marta Bichowska, Michat Krzysztofik. ,, 4

comparison of electromyographic inter-limb asymmetry during a standard versus a
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Sling Shot assisted bench press exercise”. Journal of Human Kinetics 2022;82(1):223-
234, [IF =2,923; MEiN = 140]

. Grzegorz Wojdala, Michat Krzysztofik. “The effects of the ,,Sling Shot” device on

bench press performance, mechanical properties of muscle, and movement kinematics.
Journal of Strength and Conditioning Research 2022;37(4):780-786 [IF = 4,415;
MEIiN = 100]

19



5. Material i metody badawcze

Wymienione prace dotyczg oceny efektywnosci zastosowania przyboru ,,Sling Shot” w
wyciskaniu sztangi lezac analizujac strukture wewnetrzng i zewnetrzng ruchu. W kazdym z
badan wykorzystano przybor ,,Sling Shot” biorgc pod uwage réozne warunki pracy migsniowej,
jednocze$nie bazujac na nowoczesnej aparaturze pomiarowej uznawanej jako ztoty standard w
badaniach diagnostycznych.

Badanie pierwsze, opublikowane w 2020 roku, obejmowato okreslenie wptywu SS na
aktywno$¢ nerwowo-mig¢$niowg przedniego mig¢s$nia naramiennego, mig$nia piersiowego
wiekszego 1 migsnia trojgtlowego ramienia podczas wyciskania sztangi lezac z obcigzeniem
submaksymalnym i maksymalnym. Majac na uwadze zastosowanie SS ukierunkowanego na
zwigkszenie sity migsniowej oraz wpltyw zmeczenia na aktywno$¢ migsniowa (Schick et al.,
2010; Tillaar & Saeterbakken, 2014), potozono nacisk na niskie zmeczenie poprzez wykonanie
testu IRM w osobnym dniu i ograniczenie liczby powtdrzen, co wyrdznia to badanie od
poprzednich. W badaniu wzi¢to udziat 10 mezczyzn z minimum trzyletnim do§wiadczeniem w
treningu oporowym. Eksperyment przeprowadzono zgodnie z modelem krzyzowym, w ktorym
kazdy badany wykonat sesje zapoznawczg oraz dwie sesje eksperymentalne: jedng z przyborem
Sling Shot podczas protokotu wyciskania sztangi lezac wspomaganego i jedng podczas
protokotu testu kontrolnego bez wykorzystania asysty.

Wszystkie sesje poprzedzone byly rozgrzewka ogdlng oraz specjalistyczna, a takze
powtorzeniami  wstepnymi  wielokrotnego wyciskania sztangi lezagc z obcigZeniem
nieprzekraczajacym 60% 1RM. Podczas sesji zapoznawczej dla kazdego uczestnika
dopasowano rozmiar SS w zalezno$ci od masy ciata, dokonano ewaluacji techniki wyciskania
sztangi badanych oraz przeprowadzono test pomiaru 1RM zgodnie z ustandaryzowana
procedurg (M. Wilk, Golas, et al., 2020; M. Wilk, Tufano, et al., 2020). Sesje eksperymentalne,
przeprowadzone o tej samej porze dnia, aby unikng¢ wplywu rytmu dobowego, polegaty na
wykonywaniu pojedynczego powtorzenia wyciskania sztangi z progresywnym obcigzeniem
(70%, 85% 1 100% IRM) w celu zarejestrowania szczytowej aktywnos$ci analizowanych
migs$ni. Cata procedura badawcza trwata 3 tygodnie z tygodniowa przerwa miedzy kazda proba.
Wszystkie sesje testowe odbyly sie¢ w Laboratorium Sily i Mocy Akademii Wychowania
Fizycznego w Katowicach. Pomiary aktywno$ci migsniowej wykonywane byly za pomoca
o$miokanatowego systemu Noraxon TeleMyo 2400 (Noraxon USA Inc., Scottsdale, AZ;
1500Hz). Dokonano rejestracji sygnatow sEMG dla trzech migéni: migsnia naramiennego

przedniego, migsnia piersiowego wigekszego i mig¢snia trojglowego ramienia po dominujacej

20



stronie ciata. Samoprzylepne elektrody (Dri-Stick Silver Electrodes AE-131, NeuroDyne
Medical, USA) umieszczono wzdluz przypuszczalnego kierunku przebiegu wtokna
mig$niowego zgodnie z zaleceniami SENIAM (Konrad, 2006), ktore zostaly nastgpnie
oznaczone w celu identyfikacji podczas kolejnych sesji pomiarowych. Do okreslenia momentu
poczatku i zakonczenia ruchu wykorzystano synchronizowane nagranie wideo. Co wigcej,
przed i po sesji pomiarowej badani wykonywali 3 sekundowe testy skurczow izometrycznych,
w celu znormalizowania zapisow SEMG zgodnie z procedura SENIAM wzgledem
maksymalnego wolicjonalnego skurczu izometrycznego (MVIC). Dane opracowano za
pomoca programu Statistica 9.1 1 przedstawiono jako $rednie + odchylenia standardowe.
Wszystkie zmienne prezentowaly rozklad normalny wedlug testu Shapiro-Wilka. Wptyw
interakcji miedzy warunkami, obcigzeniem i aktywno$cig mig$ni oceniono za pomoca
trjczynnikowej analizy wariancji z powtarzanymi pomiarami (ANOVA). Pordwnania post-
hoc przeprowadzone zostaty za pomoca testu Tukeya.

Druga w cyklu publikacja, przedstawiona w Journal of Human Kinetics, miata na celu
przeprowadzenie analizy dotyczacej zmian aktywnos$ci SEMG strony dominujacej i
niedominujacej ciala oraz asymetrii migdniowej wystepujacej podczas ¢wiczen wyciskania
sztangi lezac z uzyciem SS, ktorej brakowalo w biezacej literaturze. Ponadto, bioragc pod uwage
wczesniejsze badania wykazujace spadek aktywnosci sSEMG dominujacej strony ciala stosujac
wspomaganie Sling Shot (Dugdale et al., 2019; Wojdala et al., 2020; Ye et al., 2014), mozna
bylo przypuszczaé, ze zastosowanie Sling shot zmniejszy aktywno$¢ migsniowa zaréwno
konczyny dominujacej, jak i niedominujacej. Materiat i metody badawcze wykorzystane w
pracy zostaly przedstawione i czgsciowo wykorzystane w ramach publikacji z 2020 roku
(Wojdala et al., 2020) w ramach cyklu badawczego i stanowia jego kontynuacj¢. Niniejsze
badanie rozszerza poprzedni eksperyment o analiz¢ niewykorzystanych danych dotyczacych
niedominujgcej strony ciata wraz z obliczeniem wskaznika symetrii konczyn (limb symmetry
index - LSI).

Do porownan wykorzystano pojedyncze powtorzenia wyciskania lezac z obu sesji
eksperymentalnych z obcigzeniem submaksymalnym i maksymalnym (85% 1 100% 1RM).
Podczas obu sesji rejestrowane byly szczytowe amplitudy sEMG przedniego mig$nia
naramiennego, migsnia trojgtowego ramienia i migs$nia piersiowego wigkszego obu stron ciala.
Poréwnanie prawej i lewej strony przeprowadzono za pomoca wskaznika symetrii konczyn
(LSI(%) = (2*(XR - XL)/(XR + XL))*100%) gdzie XR = warto$ci prawej strony i XL =
warto$ci lewej strony (Aedo-Mufioz et al., 2019; Bishop, Turner, et al., 2018). Dodatnia wartos¢

LSI wskazywala na dominacj¢ strony prawej, warto§¢ ujemna wskazywata na przewage strony
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lewej, natomiast wynik 0 wskazywatby na idealng symetri¢ mi¢dzy konczynami (Carpes et al.,
2010). Wszystkie analizy statystyczne przeprowadzono przy uzyciu programu Statistica 9.1.
Wyniki przedstawiono jako $rednie z odchyleniami standardowymi. W celu sprawdzenia
normalnosci i jednorodno$ci danych zastosowano test Shapiro-Wilka. Roznice aktywnosci
mig$niowej miedzy warunkami wspomaganymi 1 kontrolnymi okre§lono za pomoca
trjczynnikowej analizy ANOVA z powtarzanymi pomiarami, podczas gdy do poréwnania
warto$ci LSI zastosowano dwuczynnikowg analiz¢ ANOVA z powtarzanymi pomiarami. W
przypadku wystapienia efektu gtownego lub interakcji, wykorzystano poréwnania post hoc za
pomoca testu Tukeya, aby zlokalizowa¢ réznice migdzy warto§ciami $rednimi.

W badaniu trzecim, ktére zostato opublikowane w The Journals of Strength and
Conditioning Research, podj¢to probe oceny wpltywu przyboru Sling Shot przy réznych
obcigzeniach zewnetrznych i intensywnosci wysitku, z uwzglednieniem zmian wlasciwosci
mechanicznych migéni i1 kinematyki wyciskania lezac. Bioragc pod uwage przedstawione we
wczesniejszych badaniach ograniczenia, protokot badan zostal uzupetiony o osobny pomiar
poziomu sity na podstawie testu 1RM w zaleznos$ci od warunkow, pozwalajacego na okreslenie
wptywu SS przy réznym zastosowanym obcigzeniu zewnetrznym i rdznej intensywnosci
wysitku. Dwunastu me¢zczyzn z dos§wiadczeniem w treningu oporowym przekraczajacym 3 lata
wzigto udzial w projekcie krzyzowym z 2 sesjami eksperymentalnymi, poprzedzonymi sesja
zapoznawczga. Wszystkie testy 1 proby zapoznawcze przeprowadzono o tej samej porze dnia,
oddzielone co najmniej 92-godzinng przerwa na regeneracj¢, a badanych poinstruowano, aby
nie wykonywali zadnych dodatkowych ¢wiczen, aby uniknag¢ zmeczenia. Ponadto uczestnicy
zostali poproszeni o zachowanie swojego dotychczasowego poziomu nawodnienia, iloci snu i
stanu odzywienia.

W tygodniu poprzedzajacym sesje eksperymentalne kazdy badany wzigl udziat w sesji
zapoznawczej. Sesja zapoznawcza zostata wykorzystana do wykonania podstawowych
pomiar6w antropometrycznych, uzupeklienia stosownej dokumentacji oraz doboru
odpowiedniego rozmiaru SS wraz z technicznym wykonaniem wyciskania lezac
wspomaganego przez SS. Sesje eksperymentalne poprzedzone byly rozgrzewka ogdlng oraz
specjalistyczna, zaczynajac od S-minutowe] pracy na ergometrze rowerowym. Nastepnie
badani wykonywali indywidualng rozgrzewke ogdlnorozwojowa skupiong na dynamicznych
¢wiczeniach gornych partii ciata. Specyficzna czgs¢ rozgrzewki obejmowata 15, 10 1 5
powtdrzen wyciskania lezac na tawce przy uzyciu odpowiednio 20, 40 i 60% szacowanego
IRM. Obie sesje eksperymentalne przebiegaly wedlug tej samej procedury, z jedyna roznicg w

zastosowaniu wspomagani SS lub jego braku podczas kazdego wykonywanego zadania. W obu

22



przypadkach pomiary obejmowaty wykonywanie testu 1RM, oddzielnie dla wyciskania sztangi
1 wyciskania z asysta SS. Po ukonczeniu testu 1RM badani wykonali 3 serie po 2 powtdrzenia
wyciskania sztangi lezac na tawce przy progresywnych obcigzeniach 50, 70 i 90% 1RM.
Nastepnie wykonywano pojedyncza seri¢ sktadajaca sie z maksymalnej liczby powtérzen do
odmowy wolicjonalnej z obcigzeniem rownym 70% 1RM. Odmoweg wolicjonalng
zdefiniowano jako niezdolno$¢ do wykonania kolejnego ruchu koncentrycznego w catym jego
zakresie ruchu (Izquierdo et al., 2006). Bezposrednio przed i po kazdej serii oceniano
wlasciwo$ci mechaniczne migénia glowy dlugiej trojgtowego ramienia (obie konczyny). Do
tego celu zastosowano r¢czny miometr MyotonPRO (Myoton AS, Tallinn, Estonia), a dalszym
analizom poddano parametry czestotliwosci drgan (Hz) oraz sztywnosci (N-m™). Z kolei do
oceny wlasciwosci kinematycznych, takich jak predko$¢ szczytowa, moc szczytowa, czas
napigcia mig¢sniowego oraz liczba wykonanych powtorzen, wykorzystano system GymAware
Powertool (Kinetic Performance Technology, Canberra, Australia). Wszystkie analizy
statystyczne przeprowadzono przy uzyciu programu SPSS (wersja 25.0; SPSS, Inc., Chicago,
IL) i przedstawiono jako S$rednie wraz z odchyleniem standardowym. Normalnos$¢ rozktadu
danych sprawdzono za pomoca testow Shapiro-Wilka. Wplyw zmiennych na wlasciwosci
mechaniczne migs$ni okreslono za pomoca 4-czynnikowej analizy wariancji z powtarzanymi
pomiarami (ANOVA). Wptyw warunkow i obcigzenia zewnetrznego na zmienne kinematyczne
okreslono za pomocg dwuczynnikowych analiz ANOVA z powtarzanymi pomiarami. Rdznice
migdzy warunkami w obrgbie wyniku 1RM, predkosci szczytowej, mocy szczytowej, czasie
napigcia migsniowego i liczbie powtdrzen podczas serii wykonanych do odmowy zostaly

zbadane za pomocg testu z.
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6. Wyniki badan

Analiza danych uzyskanych w badaniu pierwszym (2020) wykazata, Ze stosowanie
Sling Shot istotnie wplywa na wzorzec aktywnos$ci mig§niowej podczas wyciskania sztangi na
tawce ptaskiej i powoduje gwattowny spadek aktywacji mig$ni w poroéwnaniu z rownym
obcigzeniem w warunkach kontrolnych. Gléwnym odkryciem niniejszego badania byla istotnie
nizsza (p = 0.01) szczytowa aktywno$¢ migs$ni podczas wyciskania na tawce przy uzyciu
przyboru SS w poréwnaniu z warunkami wyciskania klasycznego przy tych samych
obcigzeniach zewnetrznych. Warto zauwazy¢, ze najwyzszy spadek aktywno$ci wystapit dla
miegsénia trojgtowego ramienia. Wynika to prawdopodobnie z najwigkszego wspomagania
mechanicznego przyboru na poczatku pracy koncentrycznej w wyciskaniu sztangi lezac, gdzie
sposrod badanych mig$ni najwieksza aktywnos¢ wykazuje wlasnie migsien trojglowy ramienia
(Van Den Tillaar & Ettema, 2009a). Znaczacy wzrost catkowitego %MVIC migéni miedzy
kolejnymi obcigzeniami, ktory sugerowali poprzedni autorzy (Dugdale et al., 2019), zostat
réwniez wykazany w przedstawionym badaniu. Potwierdza to wczes$niejsze doniesienia
wskazujace na wplyw wzrastajacego obcigzenia na aktywnos¢ migéniowa (Krol & Gotas, 2017;
Krzysztofik, Golas, et al., 2020; Lehman, 2005). Nalezy zauwazy¢, ze przy zastosowaniu
mniejszych obcigzen zewngtrznych (70% 1RM) podczas pracy z asystg SS aktywnos$¢ migéni
zmienila si¢ w najmniejszym stopniu. Réznica w %6MVIC trzech grup mi¢sniowych pomiedzy
warunkami wyciskania lezgc wzrastala wraz ze wzrostem obciagzenia do poziomu 100% 1RM,

gdzie wynosita 17%.

Wyniki drugiego w cyklu badania pozwolily dowies¢, ze wspomaganie Sling shot
znaczaco wplywa na wzorzec aktywnosci SEMG zaréwno po dominujacej, jak i niedominujacej
stronie ciala, wplywajac jednoczes$nie na asymetrie migdzykonczynowe. Gtowne odkrycie
niniejszego badania wskazuje, ze asymetrie migdzykonczynowe, okreslone za pomoca wzoru
LSI, réznily si¢ istotnie migdzy warunkami kontrolnymi i wspomaganymi. Ponadto, wyniki
sugeruja, ze zastosowanie Sling Shot zwigksza wzgledne zaangazowanie konczyny
niedominujacej, jednoczes$nie zmniejszajac aktywnos¢ SEMG obu konczyn. Sesje pomiarowe
wykonywane z asysta Sling Shot cechowaly si¢ zmniejszong wartosci LSI dla mig$nia
naramiennego przedniego i mig$nia trdjglowego ramienia. Wyzsze warto$ci %M VIC po stronie
dominujacej, wystepujace dla mig$nia piersiowego wigkszego 1 przedniego migsnia
naramiennego, potwierdzaja dominacje jednej konczyny nad druga (Gotas, Maszczyk, Stastny,
et al., 2018; Krzysztofik, Jarosz, et al., 2021). Zalezno$¢ ta dotyczy catej konczyny, ale

niekoniecznie poszczegdlnych migéni zaangazowanych w okre$lone ruchy (Gotas, Maszczyk,
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Pietraszewski, et al., 2018). Wynika to z zaobserwowania wigkszej aktywnos¢ sSEMG migsnia
trjgtowego ramienia po stronie niedominujacej przy submaksymalnych obcigzeniach, ktora
mogla by¢ kompensowana znacznie zwigkszonym pobudzeniem migs$nia piersiowego
wiekszego po stronie dominujacej. Wyniki wskazuja réwniez na zwickszone zaangazowanie
konczyny niedominujacej w wyciskaniu sztangi wspomaganym Sling shot, co potwierdzity
nizsze warto$ci LSI dla poszczegdlnych migsni, przy szczegdlnie duzym spadku LSI migs$nia
trojgtowego ramienia. Wartosci %MVIC wszystkich trzech migéni uzyskane w warunkach SS
byty znacznie nizsze niz w protokole kontrolnych, co jest zgodne z wczes$niejszymi badaniami
(Dugdale et al., 2019; Wojdala et al., 2020; Ye et al., 2014). Jest to jednak pierwsze badanie, w
ktérym zjawisko to zostato potwierdzone rowniez dla szczytowej amplitudy sSEMG konczyny
niedominujacej. W zaleznos$ci od obcigzenia zewngtrznego, strony ciata i analizowanych
migséni, spadek szczytowej amplitudy sSEMG przy uzyciu Sling shot wynosit od 6,3 do 20,4
%MVIC. Chociaz spadek amplitudy SEMG odnotowano dla wszystkich migsni poddawanych
pomiarom, nalezy podkresli¢, ze najwigkszy spadek spowodowany wspomaganiem Sling shot
wystapit w obrebie migé$nia trojglowego ramienia (12,6 do 20,4% MVIC). Z kolei
najmniejszymi zmianami na skutek wprowadzenia SS, wraz z LSI nie wykazujacym
znaczacych réznic migdzy warunkami lub obcigzeniami oraz stosunkowo nizszym %MVIC w
poréwnaniu z innymi badanymi mi¢$niami, cechowaly si¢ parametry migsnia piersiowego

wigkszego.

W ostatniej przedstawionej publikacji kluczowym bylo uwzglednienie oddzielnego
pomiaru poziomu sily okreslanego przez test IRM z uzyciem SS w celu poréwnania wptywu
elastycznego wspomagania na wzorzec wyciskania sztangi lezac, analizujacego kinematyke
ruchu 1 wlasciwos$ci migéni po obu stronach ciata. Nalezy wziag¢ pod uwagg, ze przedstawione
wyniki, podobnie jak w poprzednich publikacjach, wskazuja, ze maksymalny poziom sity i moc
szczytowa zmienily si¢ na korzys$¢ sesji wyciskania lezac wspomaganego przez Sling Shot.
Dodatkowo, generowana predkos¢ i moc zmniejszaly si¢ wraz z obcigzeniem zewngtrznym
niezaleznie od protokotu, co jest zgodne z badaniami ruchu wyciskania lezagc w réznych
warunkach (Hickmott et al., 2022; Jovanovic & Flanagan, 2014). Zauwazy¢ jednak mozna, ze
wartos$ci predkos$ci szczytowej ruchu nie wykazaty réznic migdzy warunkami pracy, co bedzie
kluczowa zmienng zwigzang z kinematyka ruchu. Analizujac parametry predkosci i mocy w
kontekscie wysitku do odmowy wolicjonalnej, wyniki badania §wiadcza o braku znaczacych
réznic pomig¢dzy protokotami. W warunkach wspomaganych przez SS mozna jednak

zaobserwowac istotnie wigksza liczbe powtorzen, jak i czasu napigcia migsniowego, pomimo
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zastosowania osobnego pomiaru 1RM. Ponadto, dane dotyczace migénia trojglowego ramienia
pozyskane przy uzyciu miometru r¢cznego wykazaly istotnie wyzsza czestotliwos$¢ oscylacji i
sztywno$¢ dla pomiaréw wykonywanych przed kazda serig roboczg w poréwnaniu z pomiarami
po zakonczeniu serii. Rozpatrujac wptyw przyboru Sling Shot na parametry pracy migsniowe;j,
nie zaobserwowano istotnych interakcji uwzgledniajagc wptyw zastosowania SS na zmienne
czgstotliwosci 1 sztywno$ci. Co istotne, podczas wigkszosci pomiaréw w warunkach
kontrolnych odnotowa¢ mozna istotnie wicksza sztywno$¢ migsniowa w konczynie

dominujacej pordwnujac z konczyng niedominujaca.
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7. Podsumowanie

Celem cyklu badan, ktore stanowia podstawe niniejszej dysertacji bylo dokonanie oceny
efektywnosci zastosowania przyboru ,,Sling Shot” w wyciskaniu sztangi lezac w oparciu
o struktur¢ wewnetrzng 1 zewnetrzng ruchu. Dzigki analizie zebranych danych udato si¢
uzyska¢ wyczerpujace informacje¢ w kontekscie zmiennych kinematycznych, aktywnosci
mig$niowej, wystepujacych asymetriach, a takze wlasciwosciach biomechanicznych migéni
podczas wyciskania sztangi lezac.

W wigkszosci wezesniejszych publikacji autorzy opierali swoje obliczenia na tescie
IRM przeprowadzonym jedynie z uwzglednieniem klasycznego wyciskania sztangi lezac, co
moze falszywie sugerowac korzysci plynace ze stosowania SS (Niblock & Steele, 2017;
Pedrosa et al., 2020). Wyniki przedstawione w badaniu z uwzglednieniem osobnego pomiaru
IRM (Wojdala & Krzysztofik, 2022) wskazuja, ze maksymalny poziom sity mierzony testem
I1RM oraz moc szczytowa zmienity si¢ na korzy$¢ wyciskania sztangi lezac wspomaganego
asysta SS. Ponadto, predko$¢ sztangi i generowana moc zmniejszaly si¢ wraz ze wzrostem
obcigzenia zewnetrznego niezaleznie od protokotu, co jest zgodne z badaniami nad ruchem
wyciskania sztangi lezac w roznych wariantach (Hickmott et al., 2022; Jovanovic & Flanagan,
2014). Zauwazy¢ trzeba jednak, ze wyniki predkosci szczytowej sztangi nie wykazaty rdznic
mi¢dzy warunkami, a zatem wzrost generowanej mocy przy asyscie SS wynika wylacznie ze
zwigkszonego obcigzenia zewnetrznego przy zachowaniu tej samej predkosci, spowodowanego
rozciggnigciem samego materiatu lub korzystniejszym mechanicznie potozeniem ramion przed
osiggnieciem punktu krytycznego (sticking point) (Dugdale et al., 2019; Wojdala et al., 2020;
Ye et al, 2014). Laczenie oporu elastycznego i wolnego ci¢zaru moze by¢ skutecznym
sposobem na zwigkszenie maksymalnej sity i mocy (Anderson et al., 2008), ale kluczowe
bedzie w tym wypadku zidentyfikowanie rzeczywistej pracy wykonywanej przez ¢wiczacego.
Nalezy pamig¢taé, ze korzystanie ze SS bez zastosowania odpowiednio wigkszego obcigzenia
moze tylko pozornie zwigksza¢ sprawnos$¢. Mimo tego, trening uzupetniony o ¢wiczenia
z asysta SS, zwlaszcza z obcigzeniami wiekszymi niz stosowane na co dzieh w rutynowym
treningu, moze skutkowaé przetamaniem barier mentalnych i lgku przed ekstremalnie duzym
obcigzeniem zewnetrznym.

W aspekcie zmiennych kinematycznych, poza wzrostem sity maksymalnej oraz mocy,

SS potencjalnie moze réwniez w znaczacy sposob wplywaé na wytrzymatos¢ sitowa.
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W konteksécie wysitku do odmowy wyniki przeprowadzonych eksperymentow wskazuja na
brak znaczacych rdéznic w predkosci sztangi i generowanej mocy mie¢dzy warunkami
wyciskania sztangi lezac klasycznego oraz wspomaganego SS. Jest to sprzeczne z wynikami
Dugdale i wsp. (2019), ktorzy jako jedyni zbadali te zmienne stosujagc wspomaganie SS w
trakcie wielokrotnych powtdrzen w obrebie jednej serii. Wyniki powyzszego badania wskazuja
na wzrost mocy i predkosci sztangi podczas 3 1 8 powtdrzen wyciskania sztangi lezac z asysta
SS w poszczegdlnych seriach. Ponadto, analizujac w cyklu badan serie wykonywane do
odmowy z uwzglednieniem relatywnego 1RM (osobnego dla klasycznego wyciskania sztangi
lezac 1 z SS) mozna moéwi¢ zarowno o wigkszej liczbie powtorzen jak i dluzszym czasie
napigcia mig$niowego rozpatrujagc wyciskanie sztangi lezac z SS. Moze to §wiadczy¢ o
korzystnym wptywie przyboru ,,Sling Shot” na wysilek wytrzymatosciowo-sitowy, co jest
zgodne z wynikami Pedrosy i wsp. (2020) oraz Niblock 1 Steele (2017). Prawdopodobnie
wynika to z wigkszego wsparcia SS w odniesieniu do calej serii oraz odcigzenia najbardziej
wymagajacej fazy ruchu, przed wystapieniem punktu krytycznego (Dugdale et al., 2019). Nie
jest wykluczone, ze niewielka asysta SS w poczatkowej fazie ruchu moze wywotywac efekt
wzmocnienia poaktywacyjnego w ramach powtdrzenia (Baker & Newton, 2009; Krzysztofik,
Wilk, et al., 2020). Jak pokazuja badania (Garbisu-Hualde & Santos-Concejero, 2021), efekt
ten wydaje si¢ by¢ wywolywany podczas uzycia SS na skutek wickszego obcigzenia
zewnetrznego w poczatkowej fazie ruchu, a nastgpnie zwigkszonej asysty SS i w efekcie
wzmozonego wykorzystania cyklu rozciagnigcie-skurcz. Z praktycznego punktu widzenia
wdrozenie SS do treningu pozwoli zwigkszy¢ objetos¢ treningowa, a w efekcie przyczyni¢ si¢
do poprawy lokalnej wytrzymatosci sitowej 1 hipertrofii gornej czesci ciata (Izquierdo et al.,
2006; Peterson et al., 2011). Ponadto, wydtuzenie czasu napigcia mig§niowego moze by¢
przydatne w ksztaltowaniu sily 1 hipertrofii mig$niowej, zwlaszcza bioragc pod uwage
wydtuzong ekscentryczng faz¢ ruchu (M. Wilk, Golas, et al., 2018). Nalezy jednak pamigtac,
ze podczas zwigkszania objetosci czgs¢ wykonanej pracy przejmuja elementy sprezyste
przyboru i konieczne jest odpowiednie zwigkszenie obcigzenia, aby wywota¢ pozadane zmiany

adaptacyjne.

Analiza struktury wewnetrznej ruchu w cyklu badan opierata si¢ na ocenie aktywnosci
sEMG wybranych grup miesniowych uwzgledniajac migsien tréjgtowy ramienia (glowa dtuga),
piersiowy wigkszy oraz przednig cz¢$¢ mig$nia naramiennego. Mimo tego, ze zastosowanie SS
wpltywa na wzrost przejawow sity maksymalnej w tescie 1RM, jednoczesnie wplywa na

zmniejszenie aktywnos$ci niektorych zaangazowanych w ruch migéni. Jednym z kluczowych
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aspektéw uzyskanych wynikéw byla istotnie nizsza szczytowa aktywno§¢ wybranych migsni
podczas wyciskania z uzyciem SS w pordwnaniu z wyciskaniem kontrolnym przy tych samych
warto$ciach bezwzglednych obcigzenia zewnetrznego. Potwierdza to roOwniez wczesniejsze
hipotezy, mowigce o wplywie obcigzenia zewngtrznego oraz zastosowania SS na aktywno$¢
mig$niowa podczas wyciskania sztangi lezac. Stosowanie SS zmniejsza szczytowg aktywno$é
migsni, powodujac spadek rekrutacji jednostek motorycznych i czestotliwosci pobudzenia
(Lagally et al., 2004). Moze to thumaczy¢ nizszy poziom aktywnos$ci wszystkich badanych
mig$ni podczas prob z obcigzeniem zaréwno submaksymalnym (70% i 85% 1RM), jak i
maksymalnym (100% 1RM). Wnioski wcze$niejszych badan w tematyce SS pokrywaja si¢ z
uzyskanymi wynikami i wskazuja na najwigkszy spadek aktywnos$ci w obrebie migsnia
trjgtowego ramienia. Wynika to z najwigkszego wspomagania mechanicznego na poczatku
fazy koncentrycznej wyciskania sztangi lezac, gdzie migsien trojgtowy ramienia wykazywat
najwickszg aktywno$¢ migsniowa sposrod badanych obszaréw migsniowych (Van Den Tillaar
& Ettema, 2009b). Ponadto, w przedstawionym cyklu badan zostat réwniez potwierdzony
znaczacy wzrost procentowego maksymalnego dobrowolnego skurczu izometrycznego
(%MVIC) migsni migdzy kolejnymi obcigzeniami, tym razem w trakcie stosowania asysty SS,
ktory sugerowali poprzedni autorzy (Dugdale et al., 2019; Krol & Gotas, 2017; Krzysztofik,
Golas, et al., 2020; Lehman, 2005). Nalezy podkresli¢, ze im mniejsze obcigzenie zewnetrzne,
tym mniejsze zmiany aktywno$ci mig¢sniowej zauwazy¢ mozna pordéwnujac wyciskanie
klasyczne 1 wspomagane SS. W odniesieniu do wzrastajagcego wsparcia przyboru SS wraz ze
spadkiem aktywno$ci mig$ni, wyniki przedstawionych badah sugeruja, ze najbardziej
wskazane bedzie stosowanie SS od obcigzenia przekraczajacego okreslony %I1RM, ktory
bedzie si¢ r6zni¢ indywidualnie. Przy obcigzeniu nieprzekraczajacym tego progu efekt SS moze

by¢ trywialny.

Zastosowanie SS jako narzedzia treningowego, poprzez zmniejszenie pobudzenia
mig$ni majacych najwigkszy udziat podczas wyciskania sztangi lezac, pozwala zwigkszy¢
objetos¢, generujac przy tym mniejsze obcigzenie stawow tokciowych i barkowych (Niblock
& Steele, 2017; Ye et al., 2014). Nalezy jednak wzig¢ pod uwage, ze SS moze mie¢ negatywny
wplyw na efekty treningowe poprzez zmniejszenie aktywnos$ci miesniowej (Reiman et al.,
2012). Zgodnie z dostgpna literaturag ¢wiczenia powodujace wyzszy poziom aktywnosci migsni
sa zwigzane z wigkszym diugoterminowym wzrostem sity i hipertrofii mi¢sniowej (Macadam
& Feser, 2019). Wyniki przeprowadzonych eksperymentéw sugeruja, ze osiggniecie podobne;j

aktywnos$ci migéniowej podczas wyciskania sztangi lezac z asysta SS wymaga zastosowania
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obcigzenia zewngtrznego o okoto 15% 1RM wigkszego niz to stosowane w trakcie klasycznego
wykonania tego ¢wiczenia. W aspekcie praktycznym, podczas programowania protokotu
treningowego nalezy pamigta¢ o doborze i1 systematycznym zwigkszaniu intensywnosci
¢wiczen, uwzgledniajac dodatkowe obcigzenie podczas serii wspomaganych SS (La Scala
Teixeira et al., 2019; Peterson et al., 2011). Co wazne, kompleksowy trening oporowy powinien
obejmowac¢ ¢wiczenia uzupetniajace ukierunkowane na prace migsnia trojglowego ramienia w
celu utrzymania optymalnej sily i hipertrofii migsniowej, z racji jego zmniejszonej aktywnosci

podczas wykonywania wyciskania sztangi lezac z asysta SS (Peterson et al., 2011).

Biorac pod uwagg prace wykonywang z jednakowa wartoscig obcigzenia zewngtrznego,
warto$ci %M VIC migéni uzyskane w seriach z asysta SS byly znacznie nizsze niz w protokole
kontrolnym, co jest zgodne z wczesniejszymi badaniami (Dugdale et al., 2019; Ye et al., 2014).
Przedstawiona dysertacja to jednak pierwszy przypadek, w ktérym zalezno$¢ ta zostala
potwierdzona rowniez dla konczyny niedominujacej. Redukcja ta nastepuje w wyniku
wzmocnienia wspomagania elastycznego SS po obu stronach ciata, glownie poprzez
generowanie wigkszej predkosci sztangi 1 zmniejszenie czasu napi¢cia migsniowego podczas
kazdego powtorzenia (Pedrosa et al., 2020) czyli kluczowych czynnikéw pobudzenia migséni
(M. Wilk, Tufano, et al., 2020). Chociaz spadek amplitudy sSEMG odnotowano dla wszystkich
zarejestrowanych mieséni, nalezy podkresli¢, ze najwickszy spowodowany wspomaganiem SS
wystapit w migsniu trojgtowym ramienia, co prawdopodobnie wynika z utozenia r¢kawdow
samego przyboru. Dugdale i wsp. (2019) sugeruja, ze SS wplywa bezposrednio na ustawienie
tokcia, powodujac zmiang mechaniki ruchu oraz pojawienie si¢ punktu krytycznego ruchu, w
efekcie obnizajac aktywno$¢ sEMG migénia trojgtowego ramienia. Jest to prawdopodobnie
zwigzane z najwigkszym rozciggnigciem materialu 1 wspomaganiem mechanicznym na
poczatku fazy koncentrycznej podczas wyciskania sztangi lezac, gdzie zaangazowanie mig$nia
trojgtowego ramienia jest najwicksze (Dugdale et al., 2019; Van Den Tillaar & Ettema, 2009a;
van den Tillaar & Ettema, 2010).

Analizujac asymetrie migdzy konczynami, okre$lone za pomoca wzoru LSI (limb
symmetry index), przetomowym byto odkrycie istotnych réznic migdzy warunkami
kontrolnymi 1 SS. Wspomaganie SS skutkowato zredukowaniem wartosci LSI, czyli
wyrownaniem asymetrii migdzy konczynami i zwigkszeniem zaangazowania konczyny
niedominujacej, dla mig$nia naramiennego przedniego i migsnia trojgtowego ramienia. Nalezy

jednak wzig¢ pod uwage, ze wartos¢ %MVIC migénia trdjglowego ramienia jest najbardziej
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podatna na zmiany w r6znych warunkach wykonywania wyciskania sztangi lezac (Stastny et
al., 2017). Zgodnie z wynikami badania trzeciego niniejszego cyklu (Wojdala & Krzysztofik,
2022), najmniejszymi wahaniami LSI poréwnujac wyciskanie sztangi klasyczne i wspomagane
asysta SS, cechowaly si¢ pomiary migs$nia piersiowego wigkszego. Sugeruje si¢, ze Sling shot
w mniejszym stopniu wplywa na symetri¢ mi¢gdzykonczynowa w obrebie migsnia piersiowego
przez usytuowanie przyboru bezposrednio na klatce piersiowej. Kontrast w aktywnosci SEMG
poszczego6lnych miesni po obu stronach ciata prawdopodobnie odzwierciedla rézne poziomy
sity migsniowej, wzorce ruchowe nabyte podczas dlugotrwatego treningu lub przebyte kontuzje
(Gotas, Maszczyk, Stastny, et al., 2018). Majac na uwadze powyzsze rozwazania, przyszte
projekty badawcze, uwzgledniajace pomiary aktywno$ci mig¢$niowej na podstawie SEMG
podczas ¢wiczen oporowych, powinny uwzglednia¢ wartosci analiz symultanicznych obu stron

ciala.

W $wietle dotychczasowych publikacji, naglte zmiany parametréw miotonometrii,
spowodowane wykonywaniem aktywnosci w danych warunkach, byly okreslane jako
zmeczenie lub wzmocnienie/pobudzenie (nagta poprawa funkcji mig$nia spowodowana
wczesniejsza aktywnos$cia mieséni) (Hill et al., 2021; Tous-Fajardo et al., 2010; Trybulski et al.,
2022). Podobnie jak w przypadku aktywnosci sSEMG, analizujac wyniki uzyskane poprzez
pomiary urzadzeniem Myoton, odnotowane zmiany czgstotliwosci oscylacji 1 sztywnoSci
mig$niowe] czeSciowo potwierdzily wstepng hipoteze o wplywie réznych warunkow
i intensywnos$ci ruchu na réznice we wilasciwosciach biomechanicznych migénia, nawet
w przypadku stosowania asysty SS. Ponadto, wzrost sztywno$ci w seriach wykonywanych do
odmowy, w poréwnaniu do serii dwdéch powtdrzen z obcigzeniem 70% IRM, §wiadczy
prawdopodobnie o nasileniu si¢ stopnia zmeczenia. Zwigkszone oznaki zme¢czenia mozna
wytlumaczy¢ wieksza liczbg powtorzen skutkujaca wyzszym czasem napigcia mig§niowego
w poréwnaniu z innymi protokotami (de Paula Simola et al., 2015). Wczes$niejsze badania
wykazaly, ze wzrost czestotliwos$ci 1 sztywnosci moze by¢ zwigzany ze zmgczeniem
oraz zmniejszong sprawnos$cia fizyczna (Roja et al., 2006; Wang, 2017) na skutek
zwigkszonego ci$nienia wewnatrzmigsniowego, ktore skutkuje niedotlenieniem tkanek, a w
efekcie zmeczeniem i obnizeniem funkcji kurczliwych migsni. Ponadto, zgodnie z zasada
wielkosci Hennemana (1965), utrudnione warunki wysitku (zwigzane z wigksza
intensywnos$cia) wymagaja aktywacji dodatkowych jednostek motorycznych o wyzszym

progu, aby osiggna¢ wymagane napigcie mi¢sniowe pozwalajace na kontynuacje wysitku.
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Co ciekawe, w przedstawionych eksperymentach nie stwierdzono rodznic
w czestotliwosci 1 sztywno$ci migsni  w  odniesieniu  do warunkéw  kontrolnych
1 wspomaganych SS, a takZze migdzy lewa i prawa strong ciala. Podobng warto$¢ parametréw
biomechanicznych mozna wytlumaczy¢ réwnoczesng zalezno$cia mieg$ni od obcigzenia
i warunkow zewnetrznych po obu stronach ciata. Wynika to z charakterystyki zamknigtego
tancucha kinematycznego wyciskania sztangi lezac, gdzie ruch jednego stawu powoduje ruch
drugiego stawu w przewidywalny sposob, promujac rekrutacje i aktywacj¢ migsni, aby
zapewni¢ stabilnos¢ stawdw 1 przenoszenie obcigzen (K. E. Wilk et al., 1996). Co wigcej,
kluczowe dla przedstawionych wynikéw wydaje si¢ zastosowanie oddzielnego pomiaru
wartosci 1RM dla dwoch osobnych warunkéw ruchu skutkujace poréwnywalnym
zaangazowaniem miesni, w przeciwienstwie do uzycia tego samego obcigzenia bezwzglednego
opisywanego w dotychczasowych badaniach (Dugdale et al., 2019; Niblock & Steele, 2017;
Pedrosa et al., 2020). Do podobnych wnioskow doszli Ye i wsp. (2014), ktérzy nie wykazali
istotnych réznic w aktywnosci sEMG migsnia piersiowego wigkszego, przedniego
naramiennego i mi¢snia trojglowego ramienia przy zastosowaniu maksymalnego obcigzenia
wyznaczonego oddzielnie w warunkach kontrolnych oraz z asysta SS. W zwiazku z tym, gdy
pomiar IRM wykonywany jest osobno dla wyciskania sztangi klasycznego i z SS, praca
wykonywana przez migsnie wydaje si¢ by¢ poréwnywalna. Zaréwno pomiary

elektromiograficzne, jak i miotonometryczne wydaja si¢ to potwierdzac.

8. Whnioski

W oparciu o aktualny stan wiedzy, odzwierciedlony w publikacjach naukowych
przytoczonych w dysertacji oraz na podstawie zebranych w toku badan danych empirycznych
dotyczacych efektywno$ci zastosowania przyboru SS 1 analiz uzyskanych wynikéw
sformulowano nastgpujace wnioski:

1. Zastosowanie wspomagania SS istotnie wplywa na zwigkszenie poziomu sity
maksymalnej okre§lanego za pomoca testu 1RM, w glownej mierze na skutek
modyfikacji wzorca ruchu oraz zwigkszeniu predkosci i1 generowanej mocy.
Przedstawione wyniki wskazuja na potrzebe niezaleznej oceny maksymalnego poziomu
sity podczas stosowania urzadzenia SS w ¢wiczeniach i programach treningowych z
uwzglednieniem odpowiednio wigkszego obcigzenia zewngtrznego. W przeciwnym
razie efektywnos$¢ i pomoc wynikajaca z uzywania przyboru moze by¢ jedynie pozorna,

nie liczac pomocy psychicznej w przezwyci¢zaniu punktéw krytycznych ruchu.

32



2. SS moze by¢ rowniez z powodzeniem stosowany do zwigkszania obj¢tosci treningowej
na skutek wydtuzenia fazy ekscentrycznej, zwigkszenia czasu pod napigciem oraz
liczby powtorzen wybranego wzorca. Bezposrednio moze to wptywaé na stymulacje
wytrzymato$ci mig$niowej, wzrostu sity oraz miejscowej hipertrofii. Majac jednak na
uwadze zmniejszong aktywno$¢ migsni, szczegolnie migsénia trojgtowego ramienia, w
protokotach treningowych nalezy uwzgledni¢ dodatkowe ¢wiczenia akcesoryjne.

3. Zwazywszy na wyniki przedstawione w dysertacji mozna zauwazy¢, ze zastosowanie
SS istotnie wptyngto na wzorzec aktywnos$ci migéni podczas wyciskania sztangi lezac.
Dodatkowe wspomaganie przyboru powoduj¢ zmniejszenie aktywnosci migsnia
trojgtlowego ramienia, mig¢snia piersiowego wickszego i mig$nia naramiennego
przedniego w poréwnaniu do pracy z takim samym obcigzeniem w warunkach
standardowych. Ponadto, asysta SS skutkowala zmniejszeniem asymetrii
migdzykonczynowej oraz zwigkszeniem zaangazowania konczyny niedominujacej,
gdzie efekt ten byt dodatkowo potggowany przez zwigkszanie obcigzenia
zewngtrznego. Przedstawione rozwigzania wydaja si¢ by¢ skutecznym sposobem na
redukowanie asymetrii przy jednoczesnym ograniczeniu aktywnos$ci wybranych mig$ni,
pozwalajac na potencjalne zastosowanie SS w procesie prehabilitacji i rehabilitacji.

4. Biorac pod uwage nowoczesne rozwigzania diagnostyczne, zarowno elektromiografia
powierzchniowa jak i miotonometria wydaja si¢ by¢ rzetelnymi narzedziami do oceny
wykonywanej pracy mi¢sniowej. Nalezy jednak mie¢ na uwadze wystepujace miedzy
metodami réznice, w efekcie ktorych najodpowiedniejsze powinno by¢ stosowanie obu

metod pomiarowych symultanicznie.
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Abstract: The aim of this study was to compare the muscle activity between the sling shot assisted
(SS) and control (CONT) flat barbell bench press for selected external loads of 70%, 85%, 100% one-
repetition maximum (1RM). Ten resistance-trained men participated in the study (age =22.2 + 1.9
years, body mass = 88.7 + 11.2 kg, body height = 179.5 + 4.1, IRM in the bench press = 127.25 + 25.86
kg, and strength training experience = 6 + 2.5 years). Evaluation of peak muscle activity of the
dominant body side was carried out using surface electromyography (SEMG) recorded for the
triceps brachii, pectoralis major, and anterior deltoid during each attempt. The three-way repeated
measure ANOVA revealed statistically significant main interaction for condition x muscle group (p
<0.01;n2=0.569); load x muscle group (p <0.01; 12=0.709); and condition x load (p <0.01; 2= 0.418).
A main effect was also observed for condition (p < 0.01; n2 = 0.968); load (p < 0.01; n? = 0.976); and
muscle group (p <0.01;112=0.977). The post hoc analysis for the main effect of the condition indicated
statistically significant decrease in %MVIC for the SS compared to CONT condition (74.9 vs.
88.9%MVIC; p < 0.01; ES = 0.39). The results of this study showed that using the SS significantly
affects the muscle activity pattern of the flat bench press and results in its acute decrease in
comparison to an equal load under CONT conditions. The SS device may be an effective tool both
in rehabilitation and strength training protocols by increasing stability with a reduction of muscular
activity of the prime movers.

Keywords: resistance training; EMG; internal movement structure; training equipment;
powerlifting gear

1. Introduction

The bench press is one of the three competitive lifts performed in powerlifting. It is also an
individual sport discipline, with annual World and European Championships being organized (IPF,
2019). The bench press is also a basic resistance exercise for the upper body [1-3]. Depending on the
structure of the movement, muscles with the highest involvement during the bench press movement
include the anterior deltoid, pectoralis major, and triceps brachii [4-8]. According to Krol and Golas
[9], the pectoralis major is the prime mover, while the anterior deltoid and triceps brachii act as
supportive prime movers. It is worth noting that the external load alters the change in the pattern of
muscle activity; for example, at maximal load, the pectoralis major acts as the supportive prime
mover while the anterior deltoid becomes the prime mover [9]. Moreover, it should be taken into
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consideration that muscle activity may change depending on the bench press technique modifications
or application of variable resistance [10,11]. Recruitment of motor units and the frequency of
stimulations increase in parallel with the increase in external load, resulting in the achievement of the
desired muscle tension and greater force [9]. In addition, the tempo of movement can also affect the
muscular activity [12]. Lehman [5] found that faster movement tempo results in higher total
activation of the muscles involved in the movement. Surface electromyography (sSEMG) is a method
of recording and analyzing electric signals generated by active muscles [13]; SEMG measurements
provide the opportunity to thoroughly examine muscular activity, cooperation with other elements
of the musculoskeletal system, and to evaluate the effects of fatigue [2].

While there is extensive literature on the bench press movement [2,5,9,14,15], far less attention
has been given to the influence of performance enhancing equipment on maximum strength and
muscle activity. Currently, powerlifters at the highest level are implementing specialized gear (i.e.,
squat suits, bench press shirts, deadlift suits, and knee wraps) to enhance performance [16,17].
Research suggests that bench press shirts alter the mechanics of the bench press movement through
the “rebound” effect during the positive work [17], allowing greater loads to be lifted [18]. An
innovative alternative to the bench press shirt that can be implemented into training includes the
sling shot (SS) [19]. The SS is an upper body device made of elastic material with two sleeves that
wraps around the elbows. While lowering the barbell to the chest during the bench press, the SS
assists in movement by stretching the material and creating elastic tension. According to the
manufacturer, the SS allows use of 10-15% more weight in pressing movements while reducing the
tension on shoulders and elbows. Anecdotal evidence suggests that the SS is most often used as an
overloading tool for the bench press through a full range of motion. Considering the construction
and usage of bench press shirts, the mechanisms mentioned above can be equally effective using the
SS. This device allows utilization of the elastic recoil effect, which is used by athletes to overcome
greater loads or to perform more repetitions at a certain load [20,21]. Furthermore, the SS device may
be an effective tool for reducing muscle activity and increasing stability, which may allow training
through a full range of motion during minor injuries and support the rehabilitation process, ensuring
a faster return to full load bench press training [8,22]. Moreover, due to the lower tightness compared
to bench press shirts, it allows the athlete to familiarize himself with the use of specialized equipment.
Therefore, the SS seems to enhance one-repetition maximum (1RM) bench press performance, despite
the decreased activity of some of the muscles involved in this movement. Despite the reduction of
the physiological stimulus, the use of the SS may be beneficial in building self-confidence and getting
familiar with supramaximal loads. Additionally, SEMG measurements indicate decreased muscle
activity of the prime movers while wearing the SS on submaximal loads allowing to overload a
specific phase of the movement [23]. Through increases in elastic energy, the SS creates more
favorable biomechanical conditions for generating greater initial mean and peak velocity of the
barbell during exercises such as the bench press [20].

To the authors’ knowledge, there are only two studies investigating the impact of the SS on
bench press performance and sEMG [20,23]. However, recent studies have focused on analyzing
loads of 100% 1RM or greater [23] on multiple repetitions under significant fatigue [20,21]. We
attempted to examine the acute effects of the SS during the bench press on the neuromuscular activity
of the anterior deltoid, pectoralis major, and triceps brachii to evaluate how they differ depending on
the external load applied. Moreover, apart from the maximum load, the measurements were also
made on selected submaximal loads considered as typical training loads among resistance trained
men, which allow performance of the exercises with appropriate technique [8]. Bearing in mind that
the use of the SS is focused on muscle strength and power enhancement and the impact of its use on
muscle activity during repetitions performed to failure [8,24,25], the emphasis was placed on low
fatigue by performing a 1RM test on separate days and limiting the number of repetitions, which is
what distinguishes this study from previous ones. The lack of progressive fatigue within the sets is
commonly used in muscle strength and power development programs [26]. Our initial hypothesis
states that the SS elastic device and the external load have a significant impact on the sEMG of the
prime movers during the flat bench press. We hypothesize that the muscle activity of the prime
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movers will be significantly reduced during the bench press using the SS device with the same loads,
regardless of fatigue due to the elastic assistance of the device in overcoming the external load.

2. Materials and Methods

2.1. Participants

The study involved 10 men (age =22.2 + 1.9 years, body mass = 88.7 + 11.2 kg, body height 179.5
+4.1, and 1RM in the bench press = 127.25 + 25.86 kg) with a minimum of three years of resistance
training experience (6 + 2.5 years). All of the participants were right-handed. The participants were
allowed to withdraw from the experiment at any moment, and were free of any injuries. All study
participants were informed about the benefits and potential risks of the study before providing their
written informed consent for participation. The research was approved by the Ethics Committee of
The Jerzy Kukuczka Academy of Physical Education in Katowice (10/2018) and executed according
to the ethical standards of the latest version of the Declaration of Helsinki, 2013.

2.2. Study Design and Procedure

The experiment was conducted following a randomized crossover design. Each subject
performed two experimental sessions: one with the sling shot elastic device during the bench press
protocol (SS) and one control test protocol without it (CONT), preceded by one familiarization
session. One week before the main experiment, a familiarization session preceded the 1RM in the
free-weight flat bench press. The 1RM test was conducted in accordance with the guidelines based
on the most recent bench press exercise literature to ensure reliability and validity [27]. Experimental
sessions consisted of performing the bench press alternatively with or without the SS in a random
order with progressive loads (70%, 85%, and 100% 1RM) to record peak muscle activity of the anterior
deltoid, pectoralis major, and triceps brachii. The entire research procedure lasted three weeks, with
a one week interval between each trial (Figure 1). Study participants were required to refrain from
resistance training 72 h prior to each experimental session, and were familiarized with the exercise
protocol. All testing sessions were performed at the same time of the day for each participant and
between participants in the Strength and Power Laboratory at the Academy of Physical Education in
Katowice.

First Session Second Session Third Session
. SS or CONT bench press . S8 or CONT bench press
IRM TEST (70%, 85%, 100% IRM) (70%, 85%, 100% 1RM)

Figure 1. Schematic representation of the experimental sessions protocol.

2.3. Familiarization Session and One-Repetition Maximum Test

Prior to the 1RM trials, the participants were re-evaluated for their technical execution of the
exercise with and without the SS. During the familiarization session the SS, size was adopted for each
participant on the basis of bodyweight and consultation with a resistance training coach (medium,
large, and extra-large size range, whereas each size provides the same tension), and the bench press
grip width adopted for all sessions was 150% bi-acromial distance of each subject [15]. The
participants arrived in the laboratory at the same time of the day as the upcoming experimental
sessions and cycled on an ergometer for 5 min, followed by a general upper body warm-up. Next,
the participants performed a specific warm-up consisting of 15, 10, and 5 bench press repetitions
using 20%, 40%, and 60% of their estimated 1RM [7,28,29]. Estimation of IRM was only used during
the familiarization session to determine the actual 1RM and referred to free-weight flat bench press.
For evaluation of actual 1RM, the loading started at 70% estimated 1RM and was increased by 2.5 to
10 kg for each subsequent attempt, and the process was repeated until failure [27,30-33]. In total, each
participant performed between four and six attempts in the main session. The rest of the intervals
between successive trials lasted 5 min [9]; the participants were verbally motivated to make a
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maximum effort. Three spotters were present during all attempts to ensure safety and technical
proficiency [7]. The participants executed single repetitions in each subsequent set using a 2/0/V/0
tempo of movement, which denotes a 2 s negative work during lowering of the barbell, no pause
during the transition phase, and a volitional movement tempo during the positive work associated
with upward displacement of the barbell [12,28,34]. All repetitions were performed without bouncing
the bar off of the chest and without raising the hips off of the bench [27,29].

2.4. Experimental Session

The main experimental protocols were conducted at the same time of the day to avoid the effects
of circadian rhythm on bench press results. Two testing sessions (CONT and SS) were used for the
experimental trials and completed by each participant. The same warm-up protocol was adopted,
and an identical rack height and grip width was implemented. All participants performed single
bench press attempts alternatively with or without the SS (Figure 2), with the external loads (70%,
85%, and 100% 1RM evaluated during familiarization session), and 5 min rest intervals were allowed
between successive attempts. Following the seven-day interval, the participants returned to the
laboratory and completed consecutive trials.

Figure 2. SS placement during a sample flat bench press repetition. Participants were instructed to
wear the SS sleeve in the middle of the elbows.

2.5. Electromyography

An eight-channel Noraxon TeleMyo 2400 system (Noraxon USA Inc., Scottsdale, AZ, USA; 1500
Hz) was used for recording and analysis of biopotentials from the muscles. The sEMG was recorded
for three muscles: anterior deltoid, pectoralis major, and triceps brachii on the dominant side of the
body. Before placing the gel-coated self-adhesive electrodes (Dri-Stick Silver circular sEMG
Electrodes AE-131, NeuroDyne Medical, Cambridge, MA, USA), the skin was shaved, abraded, and
washed with alcohol. The electrodes (11 mm contact diameter and a 2 cm center-to-center distance)
were placed along the presumed direction of the underlying muscle fiber according to the
recommendations by SENIAM [35]. The grounding electrode was placed on the connection with the
anterior deltoid muscle. Landmarks to place the electrodes were used to ensure repeatability of the
mounting location. The EMG signal was recorded at a sampling frequency of 1000 Hz. Signals were
band pass filtered (8-450 Hz), after which EMG signals were converted into root mean square (RMS).
Video recording was used only for identification of the beginning and completion of the movement
without determining phases of the bench press. Two to three second tests of isometric contractions
were performed before and after completion of all the tests in a single day in order to normalize
sEMG records, according to the SENIAM procedure [35]. The maximum voluntary isometric
contraction (MVIC) positions were selected according to standardized procedures, which were
selected based on frequently used muscle test positions for the prime movers important during the
bench press exercise movements [2]. Importantly, previous studies have shown high reliability of
MVIC measurements (intraclass correlation coefficient ~0.98) [36]. Participants were instructed to
gradually increase the force of the muscle contraction over a period of 2 s, and then hold to the MVIC
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for another 3 s. The triceps brachii MVIC values were recorded with the anterior deltoid MVIC during
a seated shoulder abduction with 90° arm flexion, the seated triceps extension with the elbow flexed
to 90°, and the pectoralis major MVIC during an isometric smith machine bench press immobilized
by supramaximal weight at 90° elbow flexion [35]. The highest value was selected from the entire
motion of one repetition of bench press for further analysis (to estimate peak maximum voluntary
isometric contraction values, MVIC, %).

2.6. Statistical Analysis

Data were presented as means + standard deviations. Entire calculations were performed using
Statistica 9.1 (Hillview, Palo Alto, CA, USA) software. All variables showed a normal distribution,
conforming to the Shapiro-Wilk test. The effect of interactions between conditions (CONT; SS), load
(70%, 85%, and 100% 1RM), and muscle activity (triceps brachii, pectoralis major, and anterior
deltoid) were assessed using a three-way 2 x 3 x 3 (condition x load x muscle) repeated measures
analysis of variance (ANOVA). The post hoc comparisons were conducted using the Tukey’s test.
The level of significance was set at p < 0.05 for all statistical analyses. Effect sizes and 95% confidence
intervals were reported and presented. The effect sizes for main effects and interactions were
determined by partial eta squared (1)2) values. Partial eta squared (1?) values were classified as small
(0.01 to 0.059), moderate (0.06 to 0.137), and large (> 0.137). Effect size (ES) was determined for
pairwise comparisons using Cohen’s d, and 95% confidence intervals were also calculated. ES was
defined as large (d > 0.8), moderate (d between 0.79 and 0.5), small (d between 0.49 and 0.20), and
trivial (d <0.2) [37].

3. Results

The repeated measures three-way ANOVA was computed and showed a statistically significant
main interaction for condition x muscle group (p < 0.01; n2 = 0.569); condition x load (p < 0.01; n2 =
0.418); load x muscle group (p < 0.01; n2 = 0.709; Table 1). A main effect also occurred for load (p <
0.01; n?=0.976); condition (p < 0.01; n?>= 0.968); and muscle group (p < 0.01; n2=0.977; Table 1). There
was no statistically significant main multi interaction for condition x load x muscle (p = 0.47; n2 =
0.091). The post hoc tests for the main effect of condition revealed a statistically significant decrease
in %MVIC for the SS compared to the CONT condition (74.9 vs. 88.9 %MVIC; p < 0.01; ES = 0.39).
Further, the post hoc analyses for the main effect of load indicated a statistically significant increase
in %MVIC for 100%1RM when compared to 85%1RM (95.7 vs. 79.7 %MVIC; p < 0.01; ES = 0.80), and
to 70%1RM (95.7 vs. 79.7 %MVIC; p < 0.01; ES = 1.17), as well as a statistically significant increase in
%MVIC for 85%1RM compared to 70%1RM (79.7 vs. 70.4 %MVIC; p < 0.01; ES = 0.39). Moreover, the
post hoc analysis for the main interaction effect of condition x load demonstrated a statistically
significant decrease in %MVIC for the SS condition compared to CONT at loads of 70%1RM (p < 0.01;
ES =0.42); 85%1RM (p < 0.01; ES = 0.67); and 100%1RM (p < 0.01; ES = 1.12; Table 2). Similarly, the post
hoc analysis for the main interaction effect of condition x muscle revealed a statistically significant
decrease in %MVIC for the SS condition in comparison to the CONT at all test loads for the anterior
deltoid (p < 0.01; ES = 1.69), pectoralis major (p < 0.01; ES = 0.61), and triceps brachii (p < 0.01; ES =
1.23; Table 3). The post hoc analysis for the main interaction effect of load x muscle is presented in
Table 4, and post hoc results for multi interaction are presented in Table 5.
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Table 1. The results of a three-way repeated measures ANOVA.

ANOVA (Number of Factors) F 4 n?
Condition (2) 2735 0.01* 0968
Load (3) 359.5 0.01* 0976
Muscle (3) 386.3 0.01* 0.977
Condition x Load (2 x 3) 65 0.01* 0418
Condition x Muscle (2 x 3) 119 0.01* 0.569
Load x Muscle (3 x 3) 220 0.01* 0.709

Condition x Load x Muscle 2 x3x3) 0.9 0.47  0.091
* statistically significant differences at p <0.05.

Table 2. Post hoc analysis for the main interaction of two conditions vs. three loads.

Load %MVIC of 3 Muscle Groups for CONT  %MVIC of 3 Muscle Groups for SS P ES

70%1RM 75.6 £26.0 65.1+23.5 0.001* 042
85%I1RM 86.9 +21.7 724+215 0.001* 0.67
100%1RM 104.2+16.0 87.2+14.4 0.001* 1.12

Data are presented as mean + standard deviation; * statistically significant differences at p <0.05.

Table 3. Post hoc analysis for the main interaction of two conditions vs. three muscle groups.

Muscle Group  %MVIC of 3 Loads for CONT  %MVIC of 3 Loads for SS P ES

Anterior deltoid 115.0+9.8 1005+7.1 0.001* 1.69
Pectoralis major 67.0+17.0 57.8+13.0 0.001* 0.61
Triceps brachii 84.7+15.2 66.5+14.5 0.001* 1.23

Data are presented as mean + standard deviation; * statistically significant differences at p <0.05.

Table 4. Post hoc analysis for the main interaction of three loads vs. three muscle groups.

Load Anterior Deltoid %MVIC
70%1RM 102.1+9.9
85%1RM 107.9+10.3
100%1RM 113.4+10.6

p ES
70%1RM vs. 85%1RM 0.135 0.57
70%1RM vs. 100%1RM 0.001 * 1.10
85%1RM vs. 100%1RM 0.182 0.53

Load Pectoralis Major %MVIC
70%1RM 45954
85%1RM 61.5+7.0
100%1RM 79.8+89

P ES
70%1RM vs. 85%1RM 0.001 * 2.50
70%1RM vs. 100%1RM 0.001 * 4.61
85%1RM vs. 100%1RM 0.001 * 229

Load Triceps Brachii %MVIC
70%1RM 63.2+9.6
85%I1RM 69.6+11.9
100%1RM 94.0+12.0

P ES
70%1RM vs. 85%1RM 0.067 0.59
70%1RM vs. 100%1RM 0.001 * 2.83
85%1RM vs. 100%1RM 0.001 * 2.04

Data are presented as mean + standard deviation; * statistically significant differences at p <0.05.
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Table 5. Results of the main multi interaction effect of condition x load x muscle group.

Muscle Group ~ %MVIC for CONT (95% CI)  %MVIC for SS (95% CI) P ES

70% 1RM
. . 108.0+8.8 96.1+7.1 N
Anterior deltoid (101.7 to 114.3) (91.0 to 101.2) 0.001* 1.49
. . 48.1+5.6 43.7+44
Pectoralis major (441 to 52.1) (40.6 t0 46.8) 0.755  0.87
. . 70.7 £6.6 55.6+5.1 .
Triceps brachii (6.0 0 75.4) (52.0059.2) 0.001* 2.56
85%1RM
) . 114.6 +8.1 101.1+7.6 .
Anterior deltoid (108.8 to 120.4) (95.7 t0 106.5) 0.001* 1.72
. . 66.4+5.6 56.6 £4.5 N
Pectoralis major (6241070.4) (534 t0 59.8) 0.001* 1.93
. . 79.8 £6.1 59.4+5.6 N
Triceps brachii (75.4 to 84.2) (554 10 63.4) 0.001* 3.48
100%1RM
) . 1225+6.0 104.2+4.0 N
Anterior deltoid (1182 t0 126.8) (1013 t0 107.1) 0.001* 3.59
. . 86.6+6.3 73.0+4.8 .
Pectoralis major (82.1 to 91.1) (69.6 to 76.4) 0.001* 243
. . 103.5+5.5 84.4+8.6 .
Triceps brachii (9.6 t0 107.4) (783 10 90.5) 0.001* 2.65

Data are presented as mean + standard deviation; * statistically significant differences at p <0.05; CI =
confidence interval.

4. Discussion

The main finding of the present study was a significantly lower peak muscle activity of the prime
movers during the bench press using the SS device in comparison to CONT bench press conditions
at the same absolute external loads. Moreover, our findings confirm that the external load and the
use of the SS affect muscle activity considered during the bench press exercise.

To date, only two studies have examined the effect of the S5 on muscle activity of the prime
movers during the flat bench press movement [20,23]. A study by Ye et al. [23] indicated a significant
increase in the mean barbell velocity and 1RM during bench press with the SS. The SS supportive
device seems to have an acute effect on 1RM bench press performance. Using the SS reduces peak
activity of muscles up to 1RM values, causing a decrease in the recruitment of motor units and the
frequency of excitation [4]. This may explain a lower level of activity for all studied muscles during
submaximal and maximal loading (70%, 85%, and 100% 1RM). The presented results indicate a
decrease in activity of all the studied muscles during the bench press at the IRM load with the
assistance of the SS device, which was confirmed in previous research [20]. Dugdale et al. [20] studied
the effects of the SS on barbell velocity and muscle activity in male powerlifters. Normalized activity
for all muscles (grouped) was reduced in the SS trials. Moreover, the SS absorbs part of the external
load by providing additional elastic enhancement, which reduces muscle tension. However, at the
same time, the use of the SS during the bench press exercise allows for overcoming greater loads than
without the use of this supportive device [20,21,23]. The authors suggest the possibility of a
mechanically favorable position of the elbows and a shift of the sticking point as a possible
explanation of this phenomenon [23]. Furthermore, research suggests that using the SS in training
allows athletes to perform a greater volume of work, which may contribute to greater strength
outcomes [21].

Changes in muscle activity after the application of the SS occurred both in the total and
individual outcomes. It is noteworthy that the use of the SS at the same load caused an insignificant
decline in muscle activity of the anterior deltoid. The authors point to a less significant role of the
anterior deltoid in the bench press movement, which is not consistent with other bench press
research, indicating the critical role of the anterior deltoid in overcoming maximum loads [9]. On the
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contrary, we found that the anterior deltoid showed the highest activity (%) in all conditions, and its
activity decreased with the use of the SS at all loads. Thus, the changes in the activity of particular
muscles due to the variation in external loads and conditions may be partially attributed to the lifting
technique, different levels of muscular strength of these muscles, and previous injuries [38,39]. A
decrease in muscle activity due to use of the SS can also be caused by reducing the requirements in
the three-plane stabilization process during the bench press [8]. Research shows that a decrease in
stabilization results in increased movement requirements and increases the activity of individual
muscles [8,40,41], along with the loss of force output [42]. Considering the construction and usage of
the SS, this seems to be caused by the increased stabilization and connection of the elbows with the
layer of fabric. Thus, the SS can be used in the continuum of rehabilitation exercises based on muscle
activation, or implemented among people with shoulder instability [22]. Moreover, it seems that use
of the SS reduces the stress placed on the shoulder and elbow joints [23]. The conclusion of previous
SS studies coincide with our results, and indicate the highest decrease in muscle activity of the triceps
brachii while using this device. This is due to the greatest mechanical assistance at the beginning of
the positive work of the bench press lift, where the triceps brachii shows the highest activity among
the examined muscles [43]. It should be taken into account that the SS may have a negative effect on
training outcomes by reducing muscle activity [44]. According to previous research, exercises
producing higher levels of muscle activity are associated with greater long-term strength and
hypertrophy adaptive changes [45]. The results of our research suggest that achieving similar muscle
activity requires an additional 15% to the 1RM (70% 1RM CONT vs. 85% 1RM SS, 85% 1RM CONT
vs. 100% 1RM SS; Table 2). Therefore, when programming a training protocol, one should not omit
systematic progress of exercise intensity with an additional load when using the SS [46,47].
Importantly, comprehensive training should include triceps brachii accessory exercises due to the
significantly diminished activity of this muscle while using the SS during the bench press exercise.

A significant increase in total %MVIC of the prime movers between subsequent loads that
previous authors suggested [20] was also confirmed in our study (Table 4). This confirms previous
research indicating the impact of increasing load on muscle and efferent motor activity [5,7,9]. Tt
should be noted that with the use of lower external loads during exercises with the SS, muscle activity
changes to a lesser extent. The difference in %MVIC of three muscle groups between the CONT and
SS groups increased with the progression of the load up to 100% 1RM, where it amounted to 17%
(Table 2). In regards to the increasing assistance of the SS device along with a decline in muscle
activity, the results of the presented study showed that the most advisable use of the SS should start
with the load exceeding particular %1RM, which will vary individually. With the load not exceeding
this threshold, the SS effect may be negligible.

Fatigue can be an important factor affecting muscle activity, which should be taken into account
in research protocols [48]. The only study that measured muscle activity with the SS on submaximal
loads of 70% and 87.5% 1RM [20] was associated with high fatigue levels by time-consuming
procedures with multiple repetitions. Protocols used in studies can significantly affect sEMG
measurements, with particular regard to the pre-exhaustion and no-exhaustion methods [38].
Moreover, introducing pre-exhaustion exercise before the bench press may lead to an increased
triceps brachii and decreased pectoralis major activity [49]. While such activities can both increase
and decrease the activity of the muscles, multiple repetitions cause increased prime movers activity
during the bench press exercise [25]. Taking this into consideration, we have limited the attempts in
our procedure to determine the actual impact of the SS with minimum fatigue. Some authors suggest
that fatigue can be a protective strategy to maintain muscle reserve and retrain muscle activity in case
of muscle damage [49]. Furthermore, low fatigue resistance training seems to stimulate strength gains
as much as high fatigue protocols while minimizing training discomfort [50]. A low number of
repetitions used in our exercise protocol in combination with high intensity is used both in training
focused on the development of power and maximum strength among competitive powerlifters [19].
The results of our research indicate a similar influence of the SS in low fatigue conditions as well as
in more exhausting procedures [20], with the greatest decreases in anterior deltoid and triceps brachii
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muscle activity. This indicates the possibility of using the SS in strength and power training based on
a low number of repetitions and high velocity without significant fatigue [26,51,52].

The present study has several limitations that should be addressed. Although the results showed
significant changes in activity of the prime movers between the bench press with and without the SS
device at different absolute external loads, the muscle activity measurements were conducted only
from one side of the body (dominant), and the reliability of the MVIC was not measured. Moreover,
the evaluation of the external structure of the movement (i.e., forces and movement torques) was
omitted in this study, nor were the kinematics evaluated of the two bench press conditions.
Furthermore, relative loads were used rather than absolute loads. Future research should consider
the evaluation of the SS device on activity of the prime movers from both sides of the body, as well
as chronic effects of the SS in relation to strength, power, and muscular hypertrophy.

5. Conclusions

The presented study compared the activity of selected muscles during conventional and SS-
supported bench press at 70%, 85%, and 100% 1RM among resistance-trained men. Considering the
results of our study, it can be stated that the SS elastic device significantly affected the muscle activity
pattern of the flat bench press exercise. The use of the SS resulted in a decrease in activity of the
triceps brachii, pectoralis major, and anterior deltoid muscles during the flat bench press in
comparison to lifting an equal load under standard conditions. Moreover, muscle activity decreased
along with the assistance of the SS device, which was greater at higher loads. The SS device may be
an effective tool to reduce the activity of chosen muscles and increase stability during movement,
which potentially can be beneficial during the rehabilitation process and ensure a faster return to
training. The influence of the SS has also been confirmed in the absence of increasing fatigue within
the sets, allowing implementation of the device in specific strength and power programs. However,
considering the decreased activity of the prime movers, additional load and supplemental exercises
should be included in training protocols focused on strength and hypertrophy.
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A Comparison of Electromyographic Inter-Limb Asymmetry
during a Standard versus a Sling Shot Assisted
Bench Press Exercise

by
Grzegorz Wojdala®, Robert Trybulski**, Marta Bichowska®, Michal Krzysztofik®

The objective of this study was to compare peak surface electromyography (sSEMG) activity of selected muscles
along with inter-limb asymmetries between a control (CONT) and a Sling shot assisted (SS5) bench press exercise. Ten
resistance-frained males with at least three-year experience in resistance training (22.2 + 1.9 years, §8.7 + 11.2 kg,
179.5 + 4.1 o, bench press one-repetition maximum (1RM) = 127.3 + 25.9 kg) performed the flat bench press exercise
under fwo conditions at selected loads (85% and 100% of IRM assessed without the SS5). Peak sEMG amplitude of
triceps brachii, pectoralis major, and anterior deltoid was recorded for the dominant and the non-doninant side of the
body during each attempt. The comparison between the dominant and the non-dominant side was carried out using the
limb symmetry index (LS1(%) = (2%(XR - XLJ/(XR + XL))*100%) where XR = values of the right side and XL = values
of the left side. There was a main effect of condition (p = 0.004; 1? = 0.64) and the load (p = 0.004; 1 = 0.63) for the
triceps brachii LSI in parallel with a main effect of condition (p = 0.003; n* = 0.42) for the anterior deltoid LSI. Past hoc
analysis for the main effect of condition showed significant differences in the LSI between the CONT and SS conditions
Sfor the triceps brachii {p = 0.003; 1.10% vs. -8.78%) as well as for the anterior deltoid muscles (p = 0.03; 12.91% vs.
9.23%). The results indicate that the assistance of the Sling shot significantly affects the sEMG activity pattern on both
the dominant and non-dominant sides of the body while influencing inter-limb asymmetries.

Key words: resistance exercise, EMG, training equipment, limb symmetry index, internal movement structure.

Introduction muscle activity and strength causes greater

Inter-limb asymmetries have been the loading on passive structures and results in
topic of interest in recent years, mainly limited recovery with a greater risk of injury
considering gait analysis and lower limb (Croisier et al., 2008), which can cause a decrease
electromyography comparison (Abdul Halim et in physical performance (Bishop et al, 2018).
al., 2019; Bishop et al., 2018). The determination of Nevertheless, the degree of imbalances will vary
inter-limb asymmetry frequently demands the depending on the performed activity and the
assessment of symmetry indexes for proper choice of unilateral or bilateral exercise (Kuki et
analysis and correct inference. Such equations al., 2019). On the contrary, asymmetry is a natural
enable to evaluate the extent and the direction of feature, ~associated with anatomical and
the asymmetry suggested to be highly task- neurological factors, therefore it can be considered
specific, mainly described as a percent value functional (Raya-Gonzilez et al, 2021). The
(Bishop et al., 2018; Carpes et al., 2010). Referring importance of muscle asymmetry, as well as
to empirical data, a significant asymmetry of imbalances in the kinematic, kinetic and muscle
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excitation of upper limbs in relation to overall
physical or sports performance have not been
sufficiently  researched. = Conceming  the
asymmetry of muscle excitation patterns during
bilateral upper body resistance exercises such as
the barbell bench press, the majority of
researchers have based their conclusions on
surface electromyography (sEMG) analysis from
the dominant side of the body (Stastny et al,
2017). Regarding most recent bench press research
in competitive athletes as well as in recreationally
trained subjects, authors often indicate the
necessity of measuring sEMG activity on both
sides of the body due to significant differences of
peak sEMG amplitudes indicating higher values
on the dominant side (Gotas et al.,, 2018; Jarosz et
al., 2020; Krzysztofik et al., 2021). The difference
in muscle excitation between the dominant and
non-dominant sides is manifested not only in the
sEMG activity, but also in movement velocity,
strength, consistency of movement and delayed
fatigue (Bravi et al., 2017). Furthermore with an
increase in external loads, an increase in sEMG
amplitude is partially related with stabilization
requirements, which may eventually lead to an
increase in inter-arm asymmetry (Gofas et al,
2018). The occurrence of a certain amount of
sEMG activity asymmetry is also attributed to
previous injuries, muscle imbalances or limb
dominance; therefore, unilateral analysis based on
one side of the body may result in inconsistencies
and misinterpretations (Gotas et al, 201§
Krzysztofik et al., 2021).

Recently, innovative approaches to
developing or modifying exercises focused on
strength and power output have emerged. An
increasingly common phenomenon in advanced
training is the use of elastic resistance and assisted
equipment (Bellar et al,, 2011; Dugdale et al., 2019;
Wilk et al, 2020b). The application of elastic
resistance consists in using various flexible bands
to challenge a movement pattern and adjust the
force capability of the muscles across the range of
motion, whereas elastic assistance training uses a
supportive or an overspeed approach allowing to
perform supramaximal effort (Dugdale et al.,
2019; Wilson and Kritz, 2014). While there is
extensive literature on elastic resistance (Bellar et
al, 2011; McMaster et al,, 2009; Swinton et al.,
2014), far less attention has been given to the use
of elastic assistance. The implementation of this

method for the upper body can be done using a
supportive device called the Sling shot. The Sling
shot is made of extensible fabric with two
connected sleeves, which makes it elastic and
resilient while providing a braking effect on
movement during the eccentric phase. Generally
the Sling shot is a passive element, but during
movement  (especially in the eccentric
contraction), the strain of the material of which
the Sling shot is made ensures additional elastic
energy which assists the athlete during the
eccentric phase of movement providing a
“rebound” effect during the concentric phase of
the lift, while increasing the lifted load and power
output (Wilk et al., 2020b, 2020c; Wojdala et al.,
2020). The utilization of the Sling shot increases
one-repetition maximum (IRM) test results
(Dugdale et al., 2019; Ye et al., 2014), increases the
maximal number of performed repetitions
(Niblock and Steele, 2017; Pedrosa et al., 2020), bar
velocity and power output (Dugdale et al., 2019;
Ye et al., 2014) as well as changes in sEMG activity
of the prime movers (Dugdale et al, 2019;
Wojdala et al, 2020; Ye et al, 2014). It was
evidenced that the Sling shot used during the
bench press caused a decrease in sEMG of the
prime movers, however, the degree of these
changes depends upon the external load and the
muscles examined (Wojdala et al., 2020).

Previous research on the impact of the
Sling shot on sEMG activity concerned only the
dominant side of the body (Dugdale et al., 2019;
Wojdala et al,, 2020; Ye et al.,, 2014). This seems a
major limitation of those studies due to significant
differences in sEMG amplitude between the
dominant and non-dominant limbs (Gofas et al.,
2018; Jarosz et al, 2020). Therefore, a
comprehensive study is needed on the analysis of
sEMG activity changes in the dominant and non-
dominant sides and muscle asymmetry occurring
during dynamic exercises. Thus, the purpose of
this study was to evaluate the acute impact of the
Sling shot on the interlimb asymmetry
determined by the sEMG activity during the
bench press exercise at submaximal and maximal
external loads. Since the prime movers involved
during the bench press are the pectoralis major,
triceps brachii and anterior deltoid (Stastny et al.,
2017), these muscle groups were selected for
evaluation. It was hypothesized that the
application of the Sling shot, through its structure
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and properties, would decrease inter-limb
asymmetry. If so, it would create opportunities to
use the Sling shot as a rehabilitation tool to
maximize athletic performance and reduce the
risk of injury. Moreover, considering that
previous studies have shown that the Sling shot
causes a decrease in sEMG activity of the
dominant side of the body (Dugdale et al., 2019;
Wojdala et al, 2020; Ye et al, 2014), it was
expected that the application of the Sling shot
would reduce the sEMG activity of both the
dominant and non-dominant limbs. The sample
and the design, together with the research data,
have been reported in an earlier publication
(Wojdala et al., 2020). However, the present study
extends the previous experiment by examining
the unused data of the non-dominant side of the
body along with calculating the limb symmetry
index (LSI).

Methods

Experimental Approach to the Problem

The study was carried out according to a
randomized crossover design, where each
participant attended two experimental sessions:
with the Sling shot (SS) and without it, as a
control condition (CONT) separated by a one-
week interval. During each of the experimental
bench press sessions the participant performed a
single repetition with a load of 85% and 100%
IRM evaluated without the Sling shot. The
anterior deltoid, triceps brachii and pectoralis
major peak sEMG amplitudes were recorded
during both sessions. The comparison between
the right and the left side was carried out using
the limb symmetry index (LSI{%) = (2*(Xx - Xu)/(Xn
+ X1))*100%) where Xn = values of the right side
and Xu = values of the left side (Aedo-Mufioz et
al., 2019; Bishop et al.,, 2018). A positive LSI value
indicated superiority of the right side, while a
negative value showed superiority of the left side,
whereas a score of 0 would indicate perfect
symmetry between the limbs (Carpes et al., 2010).

One week before experimental sessions,
participants completed a familiarization session
including the 1RM bench press test protocol.
Participants were required to withdraw from
resistance training 72 h prior to each experimental
session. Furthermore, participants were asked to
maintain their dietary habits and sleep hygiene,
refrain from consuming alcohol and taking

@ Editorial Committee of Journal of Human Kinetics

ergogenic aids or medications for 24 h prior to,
and throughout the experimental sessions.
Participants

Ten resistance-trained male subjects
participated in the study. Their age, 1RM in the
bench press, body height and body mass equaled
222 + 1.9 years, 127.3 £ 25.9 kg, 88.7 £ 11.2 kg and
1795 = 41 cm, respectively. The minimum
resistance training experience required to
participate in the study equaled 3 years, with an
average of 6.0 + 2.5 years. It should be emphasized
that right-handedness with the right upper limb
domination was found in all study participants.
Participants were informed about the benefits and
potential risks of the study prior to
commencement of the experiment and gave their
written consent to participate. Participants did not
report any injuries or musculoskeletal disorders at
the time of the study and were free to withdraw
from the study at any moment. All measurements
were conducted in the Strength and Power
Laboratory of the Academy of Physical Education
in Katowice. The research received the approval
of the Bioethics Committee for Scientific Research,
at the Academy of Physical Education in
Katowice, Poland (3/2021) and was performed in
accordance with the ethical standards of the
Declaration of Helsinki, 2013.
Design and Procedures

The I1RM test was performed as
previously described (Seo et al., 2012; Wojdala et
al., 2020), yet without the Sling shot assistance.
Testing was scheduled for the same time of the
day for all experimental sessions to minimize the
effects of the circadian rhythm. Testing started
with dynamic mobility exercises for the upper
body preceded by a general warm-up on the cycle
ergometer for 5 min (heart rate of around 130
beats per minute). Afterwards, the specific part of
the warm-up was carried out which consisted of
15, 10, and 5 bench press repetitions using 20%,
40%, and 60% of the estimated 1RM, respectively
(Krzysztofik et al, 2020). The bench press grip
width used for all experimental sessions was set
at 150% of each participant’s bi-acromial distance
(Wilk et al., 2019). The 1RM test consisted of four
to six attempts, starting with a load of 70%
estimated 1RM. In each subsequent attempt,
participants performed a single repetition using a
2/0/V/0 tempo of movement. These values refer to
a 2 s negative work of lowering the barbell, a lack
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of a pause in the transition phase, and a volitional
movement tempo while lifting the barbell during
positive work (Wilk et al, 2020a). The load was
increased by 25-10 kg for each consecutive
attempt and the process was repeated until failure
with a 5 min rest interval before each repetition.
Each repetition was executed while maintaining
the hips on the bench and without bouncing the
bar off of the chest.

The familiarization session was used to
select the appropriate size of the Sling shot and to
get participants familiarized with the Sling shot
assisted bench press exercise paying attention to
the technique of the movement execution. The
Sling shot size was adopted based on bodyweight
and manufacturer's guidelines (extra-large, large
and medium size, each providing the same
tension). In order to assess the technical
proficiency, the correct movement technique was
demonstrated by a resistance training coach
together with the proper Sling shot placement
(Figure 1). Following the general and specific
warm-up, participants were allowed to practice
the assisted bench press repeatedly until they felt
comfortable performing the exercise (Wojdala et
al., 2020; Ye et al, 2014). Afterwards, participants
performed four sets of a single bench press
repetition with the Sling shot using 80% 1RM.
Experimental Session

In a randomized crossover design each
participant attended two experimental bench
press sessions according to the 5SS and CONT
protocols. During the experimental sessions
participants performed a single repetition at a
load of 85% and 100% 1RM assessed without the
Sling shot, with five-minute rest intervals between
particular trials. Grip width, rack heights, tempo
of movement and the warm-up protocol were the
same as in the familiarization session.
Electromyography

Peak sEMG amplitude of pectoralis major,
triceps brachii and anterior deltoid muscles was
collected and analyzed bilaterally with an eight-
channel Noraxon TeleMyo 2400 system (Noraxon
USA Inc,, Scottsdale, AZ, USA; 1500 Hz). The gel-
coated self-adhesive electrodes (Dri-Stick Silver
circular sEMG Electrodes AE-131, NeuroDyne
Medical, USA), with a 11 mm contact diameter
and a 2 cm center-to-center distance, were located
along the assumed direction of the underlying
muscle fibers with reference to the SENIAM

recommendations (Konrad, 2006). The skin at the
measurement spot was previously abraded,
shaved and washed with alcohol. The grounding
electrode was placed on the connection with the
anterior deltoid muscle. In order to ensure
repeatability of the mounting position, landmarks
were used to place the electrodes during
subsequent trials. The sEMG signals were
collected with a sampling frequency of 1000 Hz
and bandpass filtered (8-450 Hz), then subjected
to a moving 100 ms root mean square (RMS)
window and respectively normalized to the peak
sEMG amplitude. The maximum voluntary
isometric contractions (MVICs) were recorded for
both sides of the body separately before and after
each experimental session. Testing positions were
chosen on the basis of the SENIAM procedure
(Konrad, 2006), and standardized protocols
(Stastny et al., 2017). The pectoralis major MVICs
were recorded at an isometric Smith machine
bench press immobilized by the supramaximal
load with the arm abducted and the elbow flexed
to %07, triceps brachii MVICs at the seated triceps
extension at 907 elbow flexion and anterior deltoid
MVICs using a seated shoulder abduction with
90% arm flexion (Konrad, 2006). Participants
gradually increased the force of the muscle
contraction for two seconds and then generated
maximum tension for three seconds. The MVIC of
each examined muscle was selected to normalize
SEMG results. Furthermore, the highest peak
sEMG amplitude of the entire bench press
repetition was used to estimate a percentage of
MVIC (%MVIC).
Statistical Analysis

All statistical analyses were performed
using Statistica 9.1. Results are presented as
means with standard deviations. The Shapiro-
Wilk test was used in order to verify the
normality, homogeneity, and sphericity of the
sample data variances. Differences in %MVIC
between the CONT and 5SS conditions were
examined using repeated measures three-way
ANOVA (2 conditions [CONT wvs. S§] = 2 loads
[85% 1RM vs. 100% 1RM] x 2 side [right vs. left]).
Furthermore, a two-way ANOVA (2 conditions x
2 loads) was used to compare LSI values. An
independent analysis was performed for each
muscle. Effect sizes for main effects and
interactions were determined by partial eta
squared (n?). Partial eta squared values were
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classified as small (0.01 to 0.059), moderate (0.06
to 0.137) and large (> 0.137). Post hoc comparisons
using the Tukey’s test were conducted to locate
the differences between mean values when a main
effect or an interaction was found. For pairwise
comparisons, effect sizes were determined by
Cohen’s d which was characterized as large (d >
0.8), moderate (d between 0.8 and 0.5), small (d
between 0.49 and 0.20) and trivial (d < 0.2) (Cohen,
1988). Percent changes with 95% confidence
intervals (95CI) were also calculated. Statistical
significance was set at p < 0.05.

Results

%MVIC of triceps brachii

The three-way repeated-measures
ANOVA showed a statistically significant
interaction for %MVIC condition x side; (p = 0.003;
n? = 0.62) and for load = side (p = 0.004; n* = 0.63).
The post hoc for interaction condition = side
showed significantly higher %MVIC for the
CONT right side and the CONT left side when
compared to the S5 right side and the S5 left side
(p < 0.001 for all). We also registered significantly
higher %MVIC for the SS left side when compared
to the S5 right side (p = 0.009). The post hoc tests
for interaction of load x side showed significantly
lower %MVIC for the load of 85% 1RM right side
when compared to the load of 85% 1RM left side
(p = 0.02), 100% 1RM right side (p < 0.001) and
100% 1RM left side (p < 0.001). We also observed
significantly lower %MVIC results for the load of
85% 1RM left side (p = 0.02), compared to 100%
1RM right side (p < 0.001) and 100% 1RM left side
(p < 0.001). There were no differences in %MVIC
between the load of 100% 1RM right side and
100% 1RM left side (p = 0.31).

We also registered a significant main
effect for condition (p < 0.001; ? = 0.96) and for
lead (p < 0.001; n? = 0.96). Post hoc tests for the
main effect of condition showed significantly
higher %MVIC for the CONT when compared to
the S5 condition (p < 0.001). Post hoc tests for the
main effect of load showed significantly higher
%GMVIC for the load of 100% I1RM when
compared to 85% 1RM (p <0.001).

%MVIC of the pectoralis major

The three-way repeated-measures
ANOVA showed a statistically significant
interaction for %MVIC condition x side (p = 0.02;
n? = 0.46). Post hoc test results for the interaction
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of condition x side showed significantly higher
%MVIC for the CONT right side, when compared
to the CONT left side, the SS right side and the 5§
left side (p < 0.001 for all), significantly higher
W%MVIC for the CONT left side compared to the
SS right side and the SS left side (p < 0.001 for all),
significant higher %MVIC for the S5 right side
when compared to the S5 left side (p < 0.001).

There was also a significant main effect
for condition {p < 0.001; n? = 0.85), load (p < 0.001;
n? = 0.96) and side (p < 0.001; r)? = 0.94). Post hoc
test results for the main effect of condition
showed significantly higher %MVIC for the
CONT when compared to the S5 condition (p <
0.001). Post hoc results for the main effect of load
showed significantly higher %MVIC for the load
of 100% IRM when compared to 85% IRM (p <
0.001). Post hoc tests for the main effect of side
showed significantly higher %MVIC for the right
side in comparison to the left side (p < 0.001).
%MVIC of anterior deltoid

The three-way repeated-measures
ANOVA showed a statistically significant
interaction for %MVIC condition x load; (p = 0.02;
1! = 0.48), and for condition x side (p = 0.008; r? =
0.55). Post hoc tests for the interaction of condition
= load showed significant differences between
CONT 85% IRM, CONT 100% IRM, S5 85% 1RM
and S5 100% IRM (p < 0.001 for all). Post hoc tests
for the interaction of condition x side showed
significantly higher %MVIC for the CONT right
side when compared to the CONT left side, the 55
right side and the SS left side (p < 0.001 for all).
Also, we observed significantly higher %MVIC
for the CONT left side when compared to the 55
left side (p < 0.001), and significantly higher
%MVIC for the SS right side when compared to
the S5 left side (p < 0.001).

There was also a significant main effect
for condition (p < 0.001; v = 0.97) of load (p <
0.001; 2 = 0.81) and side (p < 0.001; n? = 0.71). Post
hoc tests for the main effect of condition revealed
significantly higher %MVIC for the CONT when
compared to the S5 condition (p < 0.001). Post hoc
tests for the main effect of load showed
significantly higher %MVIC for the load of 100%
1RM when compared to 85% 1RM (p < 0.001). The
post hoc tests for the main effect of side showed
significantly higher %MVIC for the right when
compared to the left side (p = 0.001).

60



LSI triceps brachii

The two-way repeated-measures ANOVA
showed a statistically significant main effect for
condition (p = 0.004; n* = 0.64) and for load (p =
0.004; n* = 0.63). Post hoc tests for the main effect
of condition showed significant differences in the
LSI between the CONT and SS conditions (p =
0.003; 1.10% vs. -8.78% respectively). Post hoc
tests for the main effect of load showed significant
differences in the LSI between the 85% 1RM and
100% 1RM load (p = 0.004; -11.53% vs. 3.85%

respectively).

during a standard and Sling shot assisted bench press

LSI pectoralis major

The two-way repeated-measures ANOVA
did not show a statistically significant interaction
(p = 0.52; n* = 0.04) and did not show a significant
main effect for condition (p = 0.15; n* = 021} and
for load (p = 0.11; n* = 0.25).
LSI anterior deltoid

The two-way repeated-measures ANOVA
showed a statistically significant main effect for
condition (p = 0.003; r* = 0.42). Post hoc tests for
the main effect of condition showed significant
differences in the LSI between the CONT and SS
conditions (p = 0.03; 12.91% vs. 9.23, respectively).

Figure 1
Position of the Sling shot during the sample repetition of the barbell bench press; the
Sling shot sleeves were located in the middle of the elbows.

Limb symmetry index (%)
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Figure 2

Comparison of the limb symmelry index of muscles recorded under different conditions
and with differen! external loads.
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Table 1
Peak sSEMG amplitude of muscles recorded for both sides of the body under different conditions
and with different external loads.
Musclegroup  UMVICRIGHT  SMVICLEFT  ES  ®MVICRIGHT  %MVIC LEFT ES
SIDE SIDE SIDE SIDE
(953% C1) (95% CI) (95% CI) (95% C1)
85% IRM CONT 85% IRM SS
Anterior 1146281 1001 =61 202 1011276 9201245 176
deltosd (1085 t0 120.4) (957 to 104.5) (95710 1055)  ($69to 933
Pectoralis 664256 499249 314 566245 436233 329
major (624 %0 704) (46,4 to 53.4) (534 to 59.8) (41.2 to 46.0)
Triceps brachi 798261 837246 0.72 59456 711231 289
(75400 842) (804 to &7) (554 to 63.4) (639 ta733)
100% 1IRM CONT 100% IRM SS
Anterior 1225+ 60 1083272 214 1042240 972+68 125
deltosd (118210 1268) (1032t 113.4) (101310 107.1)  (923t0 1021)
Pectoralis 866263 05295 2,00 730:48 630=42 2
major (821t 91.1) (63.7 t0 77.3) (696 ta 76.4) (60.0 to 65.0)
Triceps brachii 1035255 964252 133 Bé4 =86 835227 Qal4
(9.6 t0 107 4) (92.7 to 100.1) (783 to #15) (816 to 854)

contractions; ES = effect size.

Data are presented as mean + standard deviation and 95% confidence interval (95% Cl); CONT
= control condition; SS = Sling shot condition; MVIC = maximum voluntery isomelric

Table 2
The limb symmetry index of muscles recorded under different conditions and with different
external loads.
Musde group  LSICONT LSISS(95%  ES LSI CONT LSISS (95% ES
(95% CI) iy (95% C1) Iy
85% IRM 100% 1RM
Anterior 134487 114285 024 124281 71291 0.61
deltold (721019.7) (53 t0 17.5) (66t 182) (0.6 to 13.6)
Pectoralis 842108 259106 024 21.0+160 14729.0 0.49
major (207w0361) (1830 335) (9.6t 324) ($2t0212)
Triceps brachls 49£72 1822130 126 71271 062109 0.1
(-100t002)  (-275ta-8.8) (2040 122) (721t08.4)

Data are presented as mean + standard deviation and 95% confidence interval (95% Cl); LSI =
limb symmelry index; CONT = control condition; SS = Sling shot condition; ES = effect size.

Discussion

The main finding of the present research
indicates that inter-limb asymmetries, determined
by the LSI formula, differed significantly between
the CONT and SS conditions. The Sling shot
assistance resulted in decreased LSI values for the
anterior deltoid and triceps brachii muscles.
Furthermore, the LSI of the triceps brachii muscle
increased with progressing external loads, while
the asymmetry of the pectoralis major was not

© Editorial Committee of Journal of Human Kinetics

affected by the conditions or the load used.
Furthermore, there was a significant interaction
between the conditions, the load and the
measured side and peak sEMG amplitude within
particular muscles. The excitation of all measured
muscles on both sides was dependent on the
applied external load and the condition,
increasing up to the load of 100% IRM while
decreasing under the 5SS condition. The obtained
results showed a significantly higher %MVIC of
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the anterior deltoid and pectoralis major muscles
on the dominant side at both loads regardless of
the condition. On the contrary, comparing the
triceps brachii muscle sEMG activity at 85% 1RM,
the non-dominant side demonstrated a higher
%MVIC, both during the CONT as well as the S§
protocol. Therefore, the results confirm the
hypothesis that the Sling shot has a significant
impact on limb asymmetries, yet the influence
differs depending on the external load and the
muscle examined.

Most previous studies that evaluated
changes in sEMG activity during the bench press
assessed only the dominant side of the body/limb
(Stastny et al, 2017). Nevertheless, despite the
lack of precise guidelines regarding bilateral
measurements (Besomi et al, 2020), researchers
have recently attempted an evaluation of body
asymmetry and laterality. Several authors have
mentioned the need to measure sSEMG activity on
both the right and the left side of the body as the
sEMG amplitudes differed significantly, pointing
out increased values on the dominant side (Gotad
et al, 2018; Jarosz et al,, 2020; Krzysztofik et al.,
2021). This is in line with the results of this study
which showed significant differences in sEMG
activity between the dominant and the non-
dominant side of the body. Such differences were
observed for both conditions. Greater muscle
tension on the dominant side, which was present
in the pectoralis major and anterior deltoid,
confirms the predominance of one limb over the
other (Gotas et al., 2018; Krzysztofik et al., 2021).
Possible explanations are related to persistent
preferential use of the dominant limb leading to
morphological and physiological adaptations in
muscle function and composition, enlarged
excitability of the dominant motor cortex or
central nervous system optimization (Bravi et al.,
2017; Williams et al., 2002). Furthermore, motor
lateralization reflects the proficiency of each arm
for complementary functions, with the dominant
arm relying on dynamic properties of movement
and the non-dominant arm on optimizing
positional stability (Mutha et al, 2013). These
dependencies apply to the entire limb, but not
necessarily to particular muscles involved in
specific movements (Gotas et al, 2018), as
confirmed in our study by greater triceps brachii
sEMG activity on the non-dominant side with
submaximal loads, which may have been

compensated by substantially increased excitation
of the pectoralis major on the dominant side. The
LSl formula indicated that the SS condition
significantly  altered the inter-limb sEMG
amplitude ratio for both the triceps brachii and
anterior deltoid muscles relative to the CONT
condition. The results also indicate an increased
involvement of the non-dominant limb in the
Sling shot assisted exercise, which was confirmed
by lower LSI values with a particularly high
decrease of the triceps brachii LSI (Table 2).
However, it should be taken into account that of
the prime movers, the triceps brachii sEMG
amplitude is the most susceptible to change
during various conditions of the bench press
exercise (Krzysztofik et al, 2020; Stastny et al,
2017). The contrast in sEMG activities of
particular muscles on both sides of the body likely
reflects different levels of muscular strength,
acquired movement patterns through long term
training or past injuries (Gotas et al, 2018).
Thereby, it seems advisable to analyze the sSEMG
activity of chosen muscles during resistance
exercises on both sides of the body.

The results of the current study
demonstrated significant differences in the bench
press prime movers’ peak sEMG amplitude
between the sides of the body and various loads,
concurrently  evaluating  separate  lifting
conditions considering the Sling shot assistance.
The %MVIC values of all prime movers obtained
under the S5 condition were significantly lower
than those in the CONT protocol, which is
consistent with previous studies (Dugdale et al,
2019; Wojdala et al, 2020; Ye et al, 2014).
However, this is the first study where this
phenomenon has also been confirmed for peak
sEMG amplitude in the non-dominant limb.
Depending on the external load, side and muscle
analyzed, the decrease in peak sEMG amplitude
using the Sling shot ranged from 63 to 204
%MVIC (Table 1). This reduction occurs as a
result of the elastic assistance enhancement of the
Sling shot on both sides of the body mainly by
generating greater initial bar velocity and
decreasing the time under tension of each
repetition (Pedrosa et al, 2020) as an essential
factor of muscle excitation (Wilk et al, 2020d).
Although the dedine in sEMG amplitude was
recorded for all measured muscles, it should be
emphasized that the greatest decrease caused by
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the Sling shot assistance occurred in the triceps
brachii muscle (126 to 204 %MVIC; Table 1),
which possibly results from the placement of the
sleeves. Dugdale et al. (2019) suggest that the
Sling shot directly influences the elbow position
causing a change in bench press mechanics and
the occurrence of the sticking point, changing the
triceps brachii sSEMG activity. This is probably
correlated with the largest stretch of the fabric and
mechanical assistance at the start of the positive
work during the bench press repetition where the
involvement of the triceps brachii musce is
fundamental (Dugdale et al, 2019; Van Den
Tillaar and Ettema, 2009, 2010; Wojdala et al.,
2020). The triceps brachii LSI evaluated in the
current study was susceptible to an increase in the
external load as indicated by significantly lower
asymmetry along with greater involvement of the
dominant limb at the maximum load, whereas the
difference between the loads was greater for the
SS compared to the CONT condition (Table 2).
This is partly consistent with the study by Golas
et al. (2018) which showed a reduced inter-limb
difference in total sSEMG amplitude of the bench
press at a load of 90% 1RM compared to 70%
1RM. Those authors explained this relationship by
higher activation of the central nervous system
and optimized muscle coordination to perform a
more demanding motor task according to the
Henneman's size principle (Henneman et al,, 1965;
Stronska et al., 2018). The use of the Sling shot as a
training tool, through reducing the muscle
excitation of prime movers, allows to train
through a larger volume while generating less
stress on the elbow and shoulder joints what may
convert into greater gains in muscle strength
(Niblock and Steele, 2017; Ye et al, 2014).
Furthermore, considering the greatest decrease in
peak sEMG amplitude of the triceps brachii
during the bench press with the Sling shot,
additional complementary exercises of this muscle
group should be implemented in order to
maintain optimal strength and muscular
hypertrophy (Peterson et al., 2011; Wojdala et al.,
2020).

Among all the prime movers, only the
pectoralis major LSI showed no significant
differences between conditions or loads together
with a relatively lower %MVIC compared to the
other muscles examined (Table 2). It may be
attributed to a change in the bench press
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movement pattern at loads close to maximal when
the pectoralis major changes from a prime mover
to a supportive prime mover limiting its
contribution to movement (Krdl and Gotas, 2017).
Moreover, it is also suggested that the Sling shot
does not affect the pectoralis major muscle inter-
limb symmelry considering the Sling shot
position directly on the chest and a negligible
moment of force. Furthermore, it is noticeable in
the present study that the pectoralis major
demonstrated the highest baseline LSI values
under both the CONT and SS conditions. Such
results are in accordance with the study of Aedo-
Mufoz et al. (2019) who conducted research on
Paralympic  weightlifters  including  LSI
assessment in relation to the bench press. Results
of that study confirmed the possibility of inter-
limb asymmetries exceeding 20% in a group of
resistance trained subjects, nonetheless, it should
be noted that individual values can vary
significantly. However, there are no conclusive
recommendations as to the optimal ranges of the
LSl for preventing injury or optimizing athletic
performance considering the bench press exercise,
thus research in this area should be continued.

There are some study limitations that
need to be addressed. The research findings
proved significant changes of the prime movers
sEMG activity, though the stabilizer and
antagonistic muscles were not included in the
analysis of the internal structure of the movement.
Furthermore, the kinematics of both bench press
conditions along with the external structure of the
movement (ie, forces and movement torques)
were not examined in this study. Relative instead
of absolute loads were used for the evaluation,
with no 1IRM measurements with the Sling shot
assistance. Future research should address the
influence of the Sling shot on stabilizer muscles in
the bench press in both men and women, as well
as the impact of the inter-limb asymmetries
together with strength, power and hypertrophy
adaptations.
Conclusions

The results of the present study indicate
that the Sling shot assistance significantly affects
the sEMG activity pattern on both the dominant
and non-dominant sides of the body while
influencing the inter-limb asymmetries. The LSI of
the prime movers considered during the bench
press exercise implies that the Sling shot
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assistance increases the relative involvement of asymmetries between the limbs justify the
the non-dominant limb while decreasing the recording of sEMG activity on both sides of the
sEMG muscle activity of both limbs. Furthermore, body, which should be the basis for modern
the load increase was associated with greater research using sSEMG.

symmetry of movement, mainly due to the shift of
excitation of the triceps brachii muscle. Significant
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Abstract

Wojdala, G and Krzysztofik, M. The effects of the “sing shot” davica on bench press performance, mechanical properties of musacle, and
movement kinematics. J Strangth Cond Res 37(4) 780-786, 2023—This study aimed to evaluate the influence of the sling shot support
davica at various extemal loads end intensities of effort, taking into account acute changes in power performancs, mechanical muscle
properties, and bench press kinematics. For this purpees, 12 resistance-trained men (age: 27.1 * 4.2 years, body mass: 80.3 * 16.9
kg, bench press [BP] 1 repetition maxinmum [1RM]: 112.7 * 23.1 kg) {resistance traning exparience: 6.9 * 3.8 years) participated inthe
study. Each subject completed 2 experimental sessions that differad in the use of the sling shot (SS) or nonusa (CONT) of the SSand an
appropriate extemal load. The 2 exparimental sessions consistad of the 1RM test, 3 sats of 2 repetitions of BP with the load increased in
each set {50-70-90% 1RM), and a fourth set of the BP efforts to muscle fallure with a 70% 1RM load. Befors and after each set, the
chmhvbmsmmmwmwﬁmsmasmesedbymmdnmm Resuts indicated a significant
main effect of the SS to increass peak power (o < 0.0001, o -0.733) Furthermore, a significantly higher 1RM (128 = 26vs 113 = 23
kg, p < 0.001, effect siza [ES]: 0.63}, number of repetitions (15 = 3vs. 13 = 2, p = 0.013, ES: 0.76), and time under tansion (34 = 10vs.
29 * 6 seconds, p = 0.017, ES: 0.58) were found during the set to failure for SS in comparison to the CONT condition. Moreaver, thers
was a significant main effect of time to increase oscilation frequency (p = 0.001; n* = 0.666) and stifiness (o = 0.002; n* = 0.613}from
pre- to postsat measure. In addition, the main effect of the side (p = 0.034; n° = 0.348) was reported to show higher stifiness on the
dominant than on the nondominant sids in the CONT condition. The resuls suggest that an independzant 1RM measurement and a
comespondingly higher workdoad are required to take full advantage of the SS devics. Moreover, the SS can also be usad succeesfuly to
increase training volume and the invalvement of nondominant Imbs during a banch press.

Key Words: resistance training, training equipment, supportive training device, myotonometry, muscle stiffness

Introduction

Upper-limb strength improvement is a substantial aspect of rec-
reation and competitive sports training, whereas the bench press

additonal elastic energy that supports the athlete in the eccentric
phase of the movemnent and allows for a rebound effect in the con-
centric phase of the lift (36,37). Research has shown that SS affeces
BP performance vanables, mcreasing results of the one repetstion
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{BP) is often used for training, testing, or research purposes (30).
The BP may be considered as a leading exercise used for de-
veloping strength, power, and hypertrophy of the upper body,
particularly the pectoralis major, anterior deltoid, and triceps
brachts nmuscles (10,30). However, it should be noted that the
technique of the BP should reflect the specific requirements of a
sports discipline {10). Furthermore, the course of the exerase
itself can be configured by many factors, induding exercise in-
tensity and volume, movement tempo and velocity, time under
tension, or range of motion (21,25). Moreover, athletes are di-
versifying their training routine more frequently to implement an
additional stimulus to break through plateaus, avoid monotony,
consolidate different training goals, or reduce the duration of
training sessions (20). An accessory that is increasingly used in
sports training, which significantly affects the kinematics of the
BP movement along with the intensity and volume, s the slhing
shot (SS) supportive device. The SS is made of 2 resilient sleeves
wrapping around the elb d with ible materal.

The stretching of the material that makes up the SS provides

maximum test (1RM), the generated power and bar velocity, and the
number of repetitions performed until muscular failure. The use of
the SS also changes the surface electromyography readings (sSEMG),
thus changmg the activity pattern of the prime movers depending on
the appled external load (6,26,27,36-38).

Despite partial evidence of the effecti of the SS, previous
studies lacked a unified approach to testmg methodology, with the

in objection being that the 1RM test was not measured separately
for §S-assisted BP (6,26,36). According to available knowledge, only
2 studies have included a sef 1RM for both
(RAW) and SS-assisted BP condstions (9,38). The study by Gavanda
etal. (9) showed no significant dafferences in the increases in maximal
strength and muscle mass within the chest and arms after 8 weeks of
the assisted SS training mtervention. The authors dsd not measure
any kinematic nor physiologscal varables of the movement, which
does not allow for a complete analysis. Moreover, research by Ye
et al. (38) has shown that usang the SS in a single repetition wath a
load equal to 1RM of RAW value mereases the velocity of the
and the generated power. Nevertheless, using a separate

Address carespondence 1o Mcha! m. Katowico. oV,
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1RM measurement for the SS-assasted BP with a correspondingly
greater external load, the movement speed and power generated
were found to be the same regardless of whether the 1RM was
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obtamed with or without the SS. Both of the p d studies (9,38)
show contradictory results concerning previous ones mvolving the
SS measurements, hax:tlnmxlmrgmal&xanmm&udcd
analysis of this issue, taking into exerase
Furthermore, the impact of the §S on endurance performance is ako
unclear. Although 2 studies (9,26) au:mpttd to ev:luau tlus phe-
only the ber of rep were d, which
mereased as a result of using the device. In this regard, h o there

waton n, within 2 weeks. The experimental ses-
stons followed the same procedure with the only difference being
the lack of use (CONT protocol) or the usage of the §S (SS pro-
tocol) for each task. Both experimental sessions mcluded the
1RM test, separately for the barbell bench press and the SS-
assisted bench press. Afterward, the subjects performed the 3 sets
of 2 repetinons of the bench press exercise with the load in-
ing every set (50-70-90% 1RM) with the fourth set per-

kalad:ofan:lyﬁsold:zc&cmdd\ediﬂumzkmkondw:&xu
performed to musde fadure. The mprovement in endurance can
only be related to the lack of increase in external load between the
RAW and SS protocols, whereas the actual impact of the SS in this
regard may vary and requires an analyss in a broader context, an-
alyzng different vanables in the different characteristics of the effort.

Although a number of studies have analyzed muscle sSEMG for
both RAW and SS-assisted BP conditions (6,11,30,36), there is a gap
nmchummgmmgd\rnzdnmcalpmpauzsufmmda&\eol

the methods to obtain such varmables mdudes my ,,whlch

has been shown to be a noas and reliable method for

the biomechanical properties of particular muscles (4, 7).The Ptmblt
..... er device (Myoton) the mech

lhennademmabnefntdmmalpemnlnnun!hmughamv-
able mdentation probe and allows measurements in various envi-
ronments, alio during training. Myoton measurements not only are
used to assess the mechanscal properties of muscles and tendons but

formed to muscular failure with the load of 70% 1RM. All testing
and familiarization trials were conducted at the same time of the
day and were separated by at least a 92-hour recovery interval,
and the subjects were instructed not to perform any additonal
exercise to avoid fatigue and keep their habitual hydraton, sleep,
and nutritional status. This setup aimed to investigate the in-
fluence of the SS at different external loads used and with different
mtensity of effort on acute changes in muscle mechanical prop-
erties, and the BP kinematics.

Subjects

Twelve resistance-trained men (age = 27.1 * 4.2 years, body mass
= 90.3 * 16.9 kg, bench press IRM = 112.7 = 23.1 kg} with
traming experience exceeding 3 years (6.9 = 3.8) participated in the
study. The subjects were free from neuromuscular and musculo-

also show a near-linear correlation wath SEMG activaty and theref

keletal disorders; 11 subjects were nght handed, and one was

bidextrous (72.4 * 36.5 laterality score from the Edinburgh

provide an indirect measure of changes in the ability of Jes t0 Handedness k y [EHI]). Before commencement of the ex-
generate force (4, 19) Although the Myoton device has the capability 5 riment, the subjects were informed about the main purpose of the
w s Je tone, oscillation frequency, stiffness,

decrement, relaxation time and creep), previous studses have defined
only frequency of the oscillations (Hz) of the tested tssue after its
deformation and stiffness (N'm *), which determines the abilsty of the
muscle to ressst changes in its shape (16), as important factors affecting
power and performance (14,18,24). However, the presented studies
show ambguous results, whxch do not allow to dearly determine
whether the speafic activity causes a decrease or an increase in stiffness
and osallation frequency. It can be assumed that the type of exercse,
the ity of the e, and the vol of the se have

study, potential benefits and risks of the study, and gave their
written informed consent to participate in the experiment whale
bang allowed to withdraw from the experiment at any moment.
The research protocol was approved by the Institutional Review
Board of The Jerzy Kukuczka Academy of Physcal Education in
Katowice (3/2021) and performed according to the ethical stan-
dards of the Declaration of Helsinki, 2013.

dﬁuﬂ\ldﬁd:unlhemﬁhmnﬂ]pmpaﬁsufd\cumﬂd:g(ﬁ) Wi, ~Procedures

this in mind, st seerms i o use my Famuils tion Session. In dn wr:k pcecedmg the study, each
o analyze the SS-assisted bench press. This will alluw a more com-  subject took part in a famil The farmli
prehensive analysis of the muscles and ison of the obtained ion was used to accomplish basic |

results with the SEMG measurements, \vhid: should indscate similar
effects of the training aid. In addition, the level ul'fanguemmnd

documentation with the EHI questionnaire, and select the ap-
propriate size of the SS together with the technical execution of

mlhdrMyaxmdaweshwldalmnry

of the unl 1 of the musculoskeletal system wath the SS.

Consudamg the previously praenttd limitations in the re-
search, we decided to conductar | with a separate
measurement of 1RM depending on the oondmuns, allowing to
determine the influence of the SS at different external load used
and with different intensity of effort in male strength-tramed
athletes, taking into account the acute changes in power perfor-
mance, muscle mechanscal properties, and the BP kinematics. It
was hypothesized that different loads and intensities wall have
different effects on the mechanical properties of muscles and that
these will be accompanied by changes in performance.

Methods
Experimental Approach to the Problem

The subjects took part in a randomized crossover design pro-
cedure  with 2 experimental sessions, preceded by a

ECh

the S§ d bench press for each subject. The subjects arrived
at the laboramry at the same tlme of the day as the upcoming
exper to diminish the effects of circadian rhythm.
Initially, anthropometric measurements such as heaght and chest
circumference together with body mass were measured. Fur-
thermore, the S8 size was established according to the body mass
of the subject and facturer’s guidelines {medium, large, and
extralarge i size, each providing the same tension). The bench
press grip width was standardized for each subject for all sessions
and set at 150% biacromial distance with the tempo of movement
defined as VAWVXN) (denotes as volitional tempo of eccentric
phase, no pause in the transition phase and maximal speed in
concentric phase) (34,35). To standardize the technique of bench
press attempts (without bouncing the bar off the chest or raising
d\e hips off the bench (22}), the correct movement pattern was

dicated by the resi e training coach along with the appro-
priate S placement.

The subjects prepared fur the effore by performing the general
and specific warm-up, g with §- ergy cycling

2022 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.
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{heart rate of 120-140 beats per minute}. Afterward, the subjects
performed an individual g I warm-up fi d on dynamic
mobility exercises for the upper body. The specific part of the
warm-up included 15, 10, and § bench press repetitions using 20,
40, and 60% of the unm.-ned 1RM, respectively 120,22) Then,

J:uni of Sm-nglh and Cmdirinning Researeh”

(285D). Moreover, the 95% confidence intervals for mean values
were also provided. Statstical significance was set at p < 0.05.
The normality of data dustribution was checked using Shapiro-
Wilk tests. The effects of the conditions, sides, i ities, and
time point {pre-post set measure) in muscle mechanical properties

the subjects practiced the bench press as well as the S
bench press repeatedly unul they felt comfortable perfonmns the
exercise [36,38). At last, the subjects performed 3-5 sets of a
single bench press repetition with the SS using 80% 1RM to en-
sure technical proficsency (37).

tal S,

Exp Two with the same pro-
tocols were used in the expenmcmal trals, except for the use of
the barbell bench press (CONT) or the SS-assisted bench press
{SS). The warm-up protocol, grip width, tempo of movement, and
rack beight remained the same as during the familiarization ses-

were ¢ d by 4-way d {2 condstions X 2
sides X 2 umes X 4 intensities) analysis of vanances [ANOVAs).
The effects of the conditions and external load on the kinematic
variables (2 conditions X 3 loads) were determined by 2-way
repeated-measures ANOVAs. When significant, pairwise com-
parsons were also conducted using the Bonferroni's test. The
differences between conditions in one-repetition maximum, peak
velocity, peak power, time under tension, and the number of
repetitions during sets performed to failure were examined by
paired samgle t test. The effect size was determined by partial eta
d (n"). Partal eta squared values were classified as small

sion. Second, the subjects accomplished the 1RM bench press test,
appropriate to the protocol bemng performed, to assess upper-
body maximal strength (21). The firse testing load was set to an
estumated 80%1RM and was increased by 2.5-10 kg for each
following attempe until the subject would not complete the rep-
etition. The 1RM was defined as the highest load pleted
within § attempts. The rest interval between subsequent sets was
set at § minutes.

After the 1RM test, the subjects executed 3 sets of 2 repetitions
of the bench press exercise at progressive loads of 50, 70, and
90% 1RM. Afterward, a single set was performed to momentary
failure with the load equal to 70% 1RM. Muscular failure was
defined as the inability to perform another concentric movement
in its entire range of motion (15). The rest interval between suc-
cessive attempts was set at 3 minutes, Immediately before and
after each set (8 evaluations), the mechanscal properties of triceps
brachii long head muscle (both limbs) was assessed.

A of B b I Properties of the Muscle. To obtain
the bt hanscal properties of the triceps brachii long head, the
MyotonPRO, h:md held myometer (MyotonPRO, Myoton AS,
Tallinn, Estonia) was applied. Frequency of the oscillations (Hz)
and stiffness (N'm ™'} were subjected to further analysis. The
Myoton's accelerometer was set at 3,200 Hz with an average
value obtamed from S consecutive measurements (0.4 N for 15
ms). The intraclass correlation coefficient (2-way mixed effects,
absolute agreement, single rater) and coefficient of variation in
this study were 0.96 (95% CI: 0.85-0.99) and 2.3% for non-
dominant limb and 0.92 (0.73-0.98) and 4% for dominant limb
osallation frequency, and they were 0.94 {0.80-0.98) and 4.9%
for nondominant limb and 0.91 (0.71-0.98) and 5.3% for
dominant limb stiffness.

Bench Press Performance Assessment. GymAware Powertool
{Kinetic Performance Technology, Canberra, Australia), a linear
position transducer, was used for the evaluation of peak bar ve-
loaty (PV), peak power (PP), time under tensson (TUT), and
number of repetitions (REP) as the reliable measuring device (3).
The device was placed on the floor with the external end of the
cable attached to the tip of the barbell. The velocity of the barbell
was recorded ae S0 He.

Statistical Analyses

All statistical analysis were performed using SPSS (version 25.0;
SPSS, Inc., Chicago, IL) and were presented as means with SDs

(D 01-0.059), moderate (0.06-0.137), and luge (=0. 13?) The
magnitude of mean differences was exp d with d

effect sizes (ESs); thresholds for qualitative descriptors of Hedges
& was interpreted as =0.20 “small”, 0.21-0.8 “medium," and
>0.80 as “large.”

Results

Performance Variables

The 2-way ANOVA (2 conditnons X 3 loads) did not show a
significant interaction (p = 0.209, n* = 0.133) but showed a
significant main effect of the SS for increased PP (p < 0.0001, n*
= 0.733) within the applied loads. The post hoc comparisons
indicated a significantly higher PP at $0% (p < 0.001} and 70%
1RM (p < 0.001} during SS than i in the CONT condition. No
significant interaction [p « 0.741, 7% = 0.027) or main effect of
condition (p = 0.459,n* = 0.051) on PV was observed (Table 1).

A paired sample ¢ test revealed no significant differences be-
tween CONT and SS conditions for PP (p = 0.057) and PV (p =
0.911) during the set performed to failure (Table 1).

A paired sample £ test indicated significantly higher 1RM (129
* 26 vs. 113 = 23 kg, p < 0.001; ES = 0.63}, number of repe-
titsons {15 = 3vs. 13 = 2, p = 0.013; ES = (.76), and time under
tension (34 = 10 vs. 29 = 6 seconds, p = 0.017; ES = 0.59)
during the set performed to fatlure for S8 in comparison to CONT
condstion.

Muscle Biomechanical Properties

Oscillation Frequency. The 4-way ANOVA (2 sides X 2 conds-
tions X 2 umes X 4 mtensities) dld show a sngmﬁcam ume X
mmmty mwmmn (p = 0.009; n* = 0.291} and main effect of
time {p = 0.001; 7 = 0.666) on oscillation frequency. The post
hoe comparisons revealed a statistically significant increase from
preset to p n the d set (p = 0.038) for the
dominant side and mn the fourth set for both the dominane (p =
0.009) and nondominant (p = 0.023} sides in the CONT cond:-
tion. Moreover, a statistically significant increase from preset to
postset measure was found in the fourth set for the dominant side
(p = 0.028) and nondominant side (p = 0.04) in the §S conditon.

Stiffness. The 4-way ANOVA (2 sides X 2 conditions X 2 times X
4 mtensities) did not show any significant mteraction but a main
effect of side (p = 0.034; 4* = 0.348) and time (p = 0.002; n* =
0.613) on suffness. The post hoe comparisons revealed a statis-
tically significant increase from preset to postset measure in the
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Comparison of explosive performance between conditions."t

Condition 50% 1RM (95% CI) 70% 1RM (95% CI) 90% 1RM (95% CI) Failure (5% C1)
Peak bar velocity (ms )
CONT 129 £ 01412138 083 £ 013 0.75-092 049 + 0.11 0 42-056 0.70 £ 0.14 NB1-0.78
s 131 = 0.15 (121-1.41) 087 = 0.1 {0.78-0.94) 0.50 = 021 D.36-0.63) 0.70 = 0.11 DBE3-0.77)
ES 0.13 0.32 0.0 0
o Peak powar (W)
£ CONT 828 + 165 (723362 691 * 150 (5865785 522 + 126 442-600) 585 + 117 512660
& s 858 + 2031 (829-1,067) 807 + 1438 (716-896) 584 + 234 |435-732) 837 = 117 S53-711)
£ ES 0.68 0.76 0.32 042

"CONT = control congition; 55 = sing shot condion; £5 = effect sire.
10u8 e prasiniad 33 mean = S0 and 95% conbdencs islred 135% CO
150 Tcant dierencs is compentain 10 Comesponging 31 in DINT consition

fourth set for the dominant (p = 0.036) and nondominant {p =
0.022) ssdes during the SS condition. Moreover, a statistically

ignifi higher stiffness was found in the domiant side com-
pared with the nondominant side in all premeasures and post-
measures for stiffness (p < 0.0 for all; ES = 0.47-0.62), except
post-second (p = 0.912) and post—fourth set measurement (p =
0.206) during the CONT condition (Figure 1).

Discussion

This study analyzed acute changes in power performance,
movement kinematses, and mechanical muscle properties of the
long bead of the trsceps brachii muscle during the BP exercise for
both RAW and the SS-assisted conditions performed at different
external loads and intensities of effort. The results showed a sig-

ki ses of the . Thus, according to our results, the
mncrease in the power generated in the S condition is most likely
only because of the increased external load while maintaming the
same velocaty, caused by the support of the §S materal itself or the
mechanically more favorable position of the elbow before
reaching the sticking pomnt (6,36). Ths confirms the conclusions
of Ye et al. (38) and Gavanda et al. (9), in which the use of a
separate lR\l measurement for the SS-nmstzd BP nullified the

fits. These les are ¢ with ours and
demuns!ralz the need for appropriate load manipulation when
using assisted BP. Combining elastic and free-weight ressstance
can be an effective way to increase maximal strength and power
(1}, but it can be critscal to sdentify the elastic resistance support
and the actual work the subject is performing. It should be re-
membered that the use of the §§ without choosing a corre-

lingly higher workload may only seem to increase

nificant merease in 1IRM dunng the SS-assisted BP exercise
compared with the RAW protocol, which affected subsequent
variables. In addition, the results showed a significant effect of the
SS on PP at all the intensities considered, whereas no effect on PV,
The results of our study showed a significant mncrease in the
number of repetittions and TUT with negligible influence on PP
and PV for the SS-assisted BP compared with the RAW condition
considering the sets performed until muscular failure, confirming
our hypothesis about the different influence of the SS on move-

pexfutmance However, the implementation of the SS, especially
with loads greater than those used on a daily basis in the traming
routine, may result i overcoming mental barriers and fear of
extremely heavy loading in tramed indivadual

This study considered 2 important aspects related to the effects
of the 5§ support during the BP exerase. Although the first 1
related to maximal strength and power, the second refers to
strength endurance performance. In the context of effort to
muscular failure, our results suggest that there are no significant

ment variables in a gth end effort. M , the  differences between the conditions in velocity and power. This i
mechanical properties of the triceps brachis inds dsignificantly to the les of Dugdale et al. (6) who was the only
higher oscillation freq y and stiff for p e hor to ine these variables during multple repetitions

ments compared with preset Admuttedly, d\ere were no interac-
wons taking into account the SS influence on the oscllaton
frequency and stiffness variables. However, a significantly higher
stiffness was found in dominant limb than in nondommant limb
during most of the measurements in the CONT condition.

This s the first study including a separate 1RM measurement
for the S condstion to compare the impact of the S8 elastic devnce
on bench press perfi e, analyzing ki ics and
muscle properties on both sides of the body. Most previous
studies based their calculations on 1RM test conducted only un-
der RAW conditions and may falsely suggest the benefits of using
the SS 6,26,27.36). It should be taken into account that our
results, as in previous publications, indicate that the maximal
strength level measured with the 1RM test and peak power
changed in favor of the assisted BP wn. In addition, the ve-
locity and power generated decreased with external load re-
gardless of the BP protocol, which s consistent with the research
on the bench press movement in different variations (13,17).
However, results of peak velocity showed no difference between
the conditions, which will be a key variable related to the
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within a set applying the SS assistance. The resules of the above-
mentioned study show that when analyzing the PP and PV vari-
ables during 3 and 8 repetstions of the BP in partcular sets, an
mncrease in maximum velocity was found using the SS. However,
it should be noted that these conclussons may not be reliable by
using the same load under both RAW and §S conditions, and the
SS effect itself on the power performance seems negligible. Con-
versely, based on our results, both more repetitions within the sets
until failure and TUT under SS conditions can be ioned de-
spite the use of a separate 1RM. This may indicate the beneficial
effect of the §S device on strength endurance efforts, which s

1 with the Its of Ped et al. {27) and Niblock and
Sttelz {26}, considering that they did not measure a separate 1IRM
level. This may be by of the g t of the SS in the
scale of the entire sets or because of the relief of the most de-
manding phase of the BP movement during the presticking point
phase (6). Furthermore, the §S allows for a more rapid stretch
during the transition from the eccentric to the concentric work of
the bench press movement, improving the stretch-shortening cy-
cle through the instial muscle stiffness and the postactivation
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Figure 1, Comparisons batwean pre-bench press and past-bench prass percantage dir-
farances in muscle mechanical propertiss (A frequency; B! s3ffneas) recorded for tricens
brachi long head of dominant and nondominant arms with different conditions and sets.
*Signficant diferance compared with preset measurement withn $he same condtion;
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potentiation effect within such a repetition (2,23). As research
shows (8), this effect seems to be amplified when using the SS by
mmasmg the external load. From a practical pomt uf view,

g increased vol ining with the S§ e

has occurred. Apparently, an increased oscillation frequency may
provide inadeq blood circulation and thus could be related to
easier faugabllily and overload (7). Moreover, according to

seems to be more beneficial to improve local muscular endurance

the H 's suze principle (12), these conditions required the
act:vabun of additional higher threshold motor units to reach the

and hypertrophy of the upper body (15,28). In addition, in-
creasing the TUT may be useful for enhancing strength and hy-
pertrophie adaptations, especaally ¢ dering the extended
eccentric phase of the movement (35). However, it should be
remembered that some of the work during the increased volume s

| through the neuromuscular process of
the central nervous system. Interestingly, there were no differ-
ences i the osallaton frequency and stffness variables in re-
lation to the RAW and SS conditions and also between the
intensities. On the contrary, previous studies that included

done by the elastic p of the equipment, and it 1s nec-  the measurement of muscle activity by SEMG and the use of the SS
essary to increase the load accordingly to induce the & | h d a significant difference between the conditions, body
adaptations. sides, and applied external loads (6,36,38). The authors have

The reported ch in oscillanon freq y and stiffness  shown that the use of the S§ acutely reduces muscle activity,
partially confirmed our initial hypothesis about the influence of  which, however, increases with increasing load, and that there are

various mtensities on the differences in mechanical properties of
the muscle. Acute changes in mechanical properties of the muscle
{measured by the Myoton) as a resule of exercise were reported as
fatigue or potentiation (acute improvement in muscle function
because of previous muscle activity) (14,31,32). Previous studses
have shown that increases i oscillation frequency and stiffness
might be associated with fatigue and decreased performance
{29,33); therefore, the reported increase in parameters in-
dependently of the condition suggests that some degree of fatigue

784

also significant differences in activity between the upper limbs
(37) It also seems that the SS support ncreases the relative in-
vol of the dominant limb while decreasing the sSEMG
muscle activity of both limbs (37). Similarly, i this study, the
dominant imb triceps brachi long bead stiffness was significantly
higher than that in the nondominant limb in the CONT conds-
tion, with no such differences in the SS condition. Given that an
increase in stiffness may suggest fatigue, and previous indication
that the use of a SS increases the involvement of the nondominant
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side, it may be suggested that the use of a SS could be beneficaal
when the aim of the traming is to reduce the asymmetry between
the limbs.
The lack of the influence of intensity acknowledged in our
rcmrch between the SS and RAW protocols may be related to the
1 ofthe lex with the use of 3 eparate 1IRM
measurement rather than using the same absolute load. Similar
conclusions were reached by Ye et al. (38) who demonstrated no
significant differences in the EMG activity of the pectoralis major,
anterior deltoid, and triceps brachii muscles when using the
maxi load d mned in the RAW and SS condstions sepa-
rately. Thus, when the 1RM measurement s relative and per-
formed separately for the §S and RAW, the work done by the
muscles is comparable. Both sSEMG and myotonometry variables

seem to be reliable tools for diagnosi le properties, but
neither of these methads can be used alone for a compuhmme
of le function (19). H , it is worth men-

J:mnl of Stn-rph and Cmﬁomg Research™ | www.nsca.com

compact tool for assessing local fatigue and muscle properties

during training, especially immediately before and after spe-
cific exercises or between the sets.
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11. Zgoda komisji bioetycznej

Uchwala Nr 3/2021
Uczelnianej Komisji Bioetycznej ds. Badai Naukowych przy Akademii Wychowania
Fizycznego im. Jerzego Kukuczki w Katowicach
z dnia 27 maja 2021 roku
ws. opinii 0 projekcie eksperymentu medycznego.

Dzialajac na podstawie § 6 ust. 5 Rozporzgdzenia Ministra Zdrowia i Opieki Spolecznej
w sprawie szczegblowych zasad powolywania i finansowania oraz trybu dzialania komisji
bioetycznych z dnia 11.05.1999r. (Dz. U. 1999 Nr 47, poz. 480) ustala sig, co nastepuje:

§1.
Uczelniana Komisja Bioetyczna ds. Badan Naukowych przy Akademii Wychowania
Fizycznego im. Jerzego Kukuczki w Katowicach po przeanalizowaniu wniosku zgloszonego
przez dr Michala Krzysztofika nt. ,,Analiza wplywu stosowania zmiennego oporu na strukturg
wewngtrzng i zewngtrzng Ewiczen oporowych w treningu sity migéniowej” oraz wystuchaniu
dodatkowych informacji i w wyniku przeprowadzonej dyskusji oraz glosowania

podjela uchwalg o pozytywnym zaopiniowaniu wniosku, pod warunkiem spelnienia
nast¢pujacych uwag:

1. wigczenie do projektu lekarza lub ratownika medycznego.

§2.
Wydana opinia dotyczy tylko rozpatrywanege wniosku z uwzglednieniem przedstawionego
projektu; kazda zmiana i modyfikacja wymaga uzyskania odrebnej opinii. Wnioskodawca
zobowigzany jest do informowania o wszelkich poprawkach, ktére moglyby mieé wplyw na
opiniec Komisji, o cigzkich lub niespodziewanych zdarzeniach niepozadanych
i nieprzewidzianych okolicznosciach i decyzjach innych komisji bioctycznych.

§3.
Komisja oczekuje raportu z badania po jego zakonczeniu.

Do wiadomos$ci:
1. dr Michat Krzysztofik;
2. aa

PRZEWODNICZACY
Komisji Bicetyczne| ds. Badan Naukowych
Akademi Wychewania Fizycznego
m Jmm%:l;uqk Katawicach

dr hab. Krzysziof Ficek, prof. AWF Katowice
Zgodnic z § 8 Rozpoczydzenin Ministra Zdrowia i Opieki Spoleczne) w sprawie szezegblowych zasad powolywania
i finansowania araz trybu dziatania komisji bioctycznych z dnia 11.05,19%9r. (Dz U, 1999 Nr 47, poz. 480) od uchwaly komisji
bioetycznej sluzy odwolanic do Odwolawczej Komisji Bioetyczne) pezy Ministrze Zdrowin, za pofrednictwem Uczelnianc)
Komisji Bioetyconej ds. Badai  Naukowych przy  Akedemii Wychowanla Fizycmego im. Jerzego Kukuezki
w Katowicach, w terminie 14 dni od daty otrzymania ninicjszego pisma,
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