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1. Streszczenie [PL]

Celem niniejszej dysertacji bylo kompleksowe zbadanie zjawiska postaktywacyjnej
poprawy sprawnosci fizycznej (ang. Post-Activation Performance Enhancement, PAPE)
w odniesieniu do wybranych parametréw generowania mocy mig$niowej konczyn dolnych
w réznych kontekstach sportowych. Przeprowadzono cykl trzech badan, w ktérych
uwzgledniono zarowno metodyke eksperymentalng, jak i przegtadows istniejacej literatury
naukowej wraz z metaanaliza. W pierwszym etapie zrealizowano systematyczny przeglad
i metaanalizg, obejmujaca 19 badan z udzialem 286 zawodnikdéw uprawiajacych sporty
walki w celu oceny ogolnego efektu PAPE, przeprowadzony zgodnie z wytycznymi
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses).
Jako glowna hipotezg zakladano, Ze protokoty aktywacyjne w sportach walki istotnie
poprawiaja zdolnos$ci eksplozywne (np. wysoko$¢ skoku, moc ciosu), przy czym efekt jest
wigkszy w dyscyplinach szybkosciowo-sitowych i zalezy od specyfiki protokotu. Wyniki
wykazaly umiarkowany, lecz istotny pozytywny wptyw protokotdw aktywacyjnych
na zdolnosci eksplozywne sportowcow, chociaz skuteczno$¢ interwencji byta silnie zalezna
od specyfiki zastosowanego protokotu oraz dyscypliny sportowej. Wyniki sugeruja potrzebe
standaryzacji protokotéw PAPE dla optymalizacji ich skuteczno$ci w sportach walki.

W kolejnym badaniu eksperymentalnym przeanalizowano wptyw unilateralnego
izometrycznego ¢wiczenia typu ,,overcoming” (pl. polegajgce na rozwijaniu maksymalnej
sity przeciwko nieruchomemu oporowi) na parametry generowania mocy mig¢sniowej
zwigzane ze skokiem pionowym po zeskoku w glab jednonoz u siatkarzy o r6znym poziomie
zaawansowania. Badanie bylo eksperymentem z randomizacja, zaprojektowanym
w uktadzie podwojnie Slepej proby typu crossover. Zrekrutowano 20 zdrowych siatkarzy
ptci meskiej — 10 zawodnikow poziomu elitarnego oraz 10 zawodnikéw amatorskich.
Gtoéwna hipoteza zakladata, Ze izometryczne ¢wiczenie aktywacyjne spowoduje istotng
poprawe parametréw skoku dla konczyny poddanej aktywacji w poréwnaniu do stanu
bez bodzca, przy czym efekt ten bedzie lokalny, to jest nie wystapi znaczaca poprawa
(a potencjalnie nawet pogorszenie) w konczynie nieobj¢tej ¢wiczeniem. Uzyskano wyrazny
efekt lokalny — u zawodnikow elitarnych zaobserwowano znaczacy wzrost wysokosci skoku
oraz poprawe¢ wskaznika sity reaktywnej w konczynie poddanej aktywacji, natomiast
w grupie amatorow efekt byt mniejszy lub nieistotny.

Trzecie badanie miato charakter poréwnawczy i1 dotyczylo oceny efektywnosci

izometrycznej rozgrzewki opartej na protokole PAPE w odniesieniu do tradycyjnej



rozgrzewki aerobowej na biezni u zawodnikow sportéw zespotowych. Celem badania byto
kompleksowe zbadanie zjawiska PAPE w odniesieniu do wybranych parametrow
generowania mocy mig$niowej konczyn dolnych w roéznych kontekstach sportowych.
W eksperymencie poréwnano wplyw izometrycznej rozgrzewki opartej na protokole PAPE
(¢wiczenia o wysokiej intensywnosci, 5-sekundowe maksymalne napigcie) z tradycyjng
rozgrzewka aerobowa (lekki bieg) na wysoko$¢ skoku u 24 zawodnikow sportow
zespotowych. Przewidywano, Ze izometryczna rozgrzewka o wysokiej intensywnosci oparta
na PAPE bardziej poprawi wysoko$¢ skoku w pordwnaniu z tradycyjng rozgrzewka
aerobowg u zawodnikdéw sportow zespotowych. Wyniki tego eksperymentu nie wykazaty
istotnych roéznic w poprawie wyskoku, co sugeruje, ze klasyczna rozgrzewka czgsto moze
by¢ wystarczajaca do uzyskania pozadanego stanu pobudzenia. Wyniki catego cyklu badan
wykazuja, iz PAPE, cho¢ obiecujacy, zalezy od wielu czynnikéw — w tym rodzaju
zastosowanego ¢wiczenia, intensywnos$ci bodzca, czasu odpoczynku oraz poziomu
wytrenowania zawodnikow. Otrzymane rezultaty maja istotne implikacje praktyczne
dla trenerow, ktérzy moga dostosowac protokoty przygotowania do wysitku do specyfiki
danej dyscypliny sportowej. Jednoczes$nie praca uwidacznia ograniczenia obecnych metod
badawczych oraz potrzebe¢ dalszych badan nad standaryzacja protokotow aktywacyjnych

1 poszukiwaniu mechanizmow w celu maksymalizacji korzysci z efektu PAPE.

Stowa kluczowe: wzmocnienie postaktywacyjne, sporty walki, sporty zespotowe,

metaanaliza, skok jednonoz, rozgrzewka izometryczna, moc migsniowa.



2. Summary [EN]

ASSESSING THE PHENOMENON OF POSTACTIVATION
PERFORMANCE ENHANCEMENT IN THE CONTEXT OF SELECTED
INDICATORS OF LOWER LIMB MUSCLE POWER PRODUCTION

The aim of this dissertation was to comprehensively investigate the phenomenon
of Post-Activation Performance Enhancement (PAPE) in relation to selected muscle power
parameters of the lower limbs in various sports contexts. A series of three studies
was conducted, incorporating both experimental methodology and a systematic analysis
of existing scientific literature with meta-analysis. The first study involved a systematic
review and meta-analysis of 19 studies involving 286 combat sports athletes to evaluate the
overall effect of PAPE. The research method consisted of a systematic literature review
with meta-analysis conducted in accordance with PRISMA guidelines. The primary
hypothesis posited that PAPE protocols in combat sports significantly enhance explosive
capabilities (e.g., jump height, punch power), with greater effects in speed-strength
disciplines and dependent on protocol specifics. The results demonstrated a moderate but
significant positive effect of activation protocols on athletes’ explosive capabilities, with
intervention effectiveness strongly dependent on the protocol’s specifics and the sport
discipline. These findings suggest the need for standardization of PAPE protocols
to optimize their effectiveness in combat sports.

The second experimental study analyzed the impact of a unilateral isometric
“overcoming” exercise (involving maximal force development against an immovable
resistance) on power production parameters related to single-leg drop jump in volleyball
players of varying skill levels. The study was a randomized, double-blind crossover
experiment. Twenty healthy male volleyball players were recruited—10 elite and 10
amateur. The main hypothesis assumed that the isometric activation exercise would
significantly improve jump parameters in the activated limb compared to a no-stimulus
condition, with the effect being localized, i.e., no significant improvement (and potentially
deterioration) in the contralateral non-activated limb. A clear localized effect
was observed—elite players exhibited significant increases in jump height and reactive
strength index in the activated limb, while the effect in amateurs was minimal
or insignificant.

The third comparative study evaluated the effectiveness of an isometric warm-up

based on the PAPE protocol compared to a traditional aerobic warm-up on a treadmill



in team sports athletes. The experiment compared the impact of an isometric warm-up based
on PAPE (high-intensity exercises with 5-second maximal tension) with a traditional
aerobic warm-up (jogging) on jump height in 24 team sports athletes. It was hypothesized
that the high-intensity isometric warm-up based on PAPE would enhance jump height more
than the traditional aerobic warm-up in team sports athletes. The results showed
no significant differences in jump height improvement, suggesting that a traditional warm-
up may often be sufficient for optimizing pre-exercise arousal in team sports.

The results of the entire research cycle indicate that the PAPE effect, while
promising, depends on multiple factors, including the type of exercise, stimulus intensity,
rest duration, and athletes’ training level. These findings have significant practical
implications for coaches, who can tailor pre-exercise protocols to the specifics of a given
sport. Concurrently, the study highlights limitations in current research methods
and the need for further studies on standardizing activation protocols and exploring

mechanisms to maximize PAPE benefits.

Keywords: post-activation enhancement, combat sports, team sports, meta-

analysis, single-leg jump, isometric warm-up, neuromuscular performance.
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3. Wstep

3.1. Rola generowania mocy mi¢sniowej w kontekscie sportowym

Zdolno$¢ do generowania wysokiego poziomu mocy migSniowej stanowi
fundamentalny czynnik warunkujacy sukcesy sportowe w licznych dyscyplinach (Hewett
1 wsp. 2005). W literaturze podkresla sie¢, ze kluczowe zdolnosci motoryczne — takie jak sita
mig$niowa maksymalna oraz moc eksplozywna — istotnie korelujg z poprawa charakterystyk
ruchu w wymiarze silowo-czasowym (np. wyzszg szybkoscig rozwijania sily, ang. Rate
of Force Development, RFD) 1 z wynikami w testach sprawno$ci fizycznej (skokach,
sprintach, zdolnosci do szybkiej zmiany kierunku biegu) (Suchomel i wsp., 2016).
Jednoczesnie wysoki poziom sily migsniowej wigze si¢ ze zmniejszeniem ryzyka urazow,
co dodatkowo potwierdza znaczenie treningu sity i mocy u sportowcéw (Lauersen i wsp.,
2014). Z perspektywy neuromechaniki ruchu, skoordynowana integracja dziatania uktadu
nerwowego 1 mig$niowego umozliwia optymalne generowanie sity z odpowiednig
dynamika, co jest niezbedne do wykonywania ztozonych zadan motorycznych w sporcie
(Folland i Williams, 2007).

Znaczenie wysokiej sprawno$ci uktadu nerwowo-mig$niowego uwidacznia
si¢ szczegdlnie w sportach zespotowych, gdzie zawodnicy wielokrotnie wykonuja
krotkotrwate, intensywne akcje (Young i wsp., 2002). W sportach zespotowych sukces
wymaga powtarzanych sprintéw, skokow oraz gwaltownych zmian kierunku — wszystkie
te dziatania zalezg od zdolnosci mig$ni do ekspresji wysokiego poziomu sity w krotkim
czasie oraz od skutecznej rekrutacji jednostek motorycznych przez uktad nerwowy (Cormie
i wsp., 2010). Badania wykazuja, ze zawodnicy przejawiajacy wyzszy poziom sity
mig$niowe] 10 wyzszym poziomie wytrenowania o0siggaja lepsze rezultaty w testach
skocznosci 1 szybkosci, co przeklada si¢ na przewage w warunkach rywalizacji sportowej
(Comfort i wsp., 2014). Przyktadowo, meta-analiza 47 badan (Seitz i Haff, 2016) wykazata
istotne zalezno$ci miedzy poziomem sity a zdolnoscia do poprawy takich wymiarow
sprawnosci jak wysoko$¢ skoku czy czas sprintu — efekt ten byt wyrazniej zaznaczony
u sportowcow o wiekszym poziomie sity wzglednej oraz wigkszym doswiadczeniu
w treningu sitowym.

Podobnie jak w sportach zespolowych, w sportach walki rola sity maksymalnej,
mocy i szybkosci jest znaczaca. Efektywno$¢ uktadu nerwowo-migsniowego w generowaniu

mocy decyduje tam o przewadze bezposredniej nad przeciwnikiem — zdolno$¢ do oddania



silnego ciosu lub gwattownego rzutu moze przesadzi¢ o wyniku pojedynku (Hernandez-
Martinez i wsp., 2024; Dunn i wsp., 2022). Wysoki poziom sity eksplozywnej jest zatem
cecha wyrdzniajaca najlepszych zawodnikow sportow walki. Potwierdzaja to analizy
poréwnawcze zawodnikOw na réznym poziomie zaawansowania — np. w mieszanych
sztukach walki wykazano, ze zawodnicy wyzszego poziomu sportowego dysponuja
lepszymi wynikami w testach sprawnos$ci mig¢sniowej; wigkszy poziom sity maksymalnej
w przysiadzie, wyzszy wskaznik sity reaktywnej (RSI, ang. Reactive Strenght Index) oraz
wiekszy poziom mocy i predkosci rozwijanej w skokach z obcigzeniem stanowily czynniki
roéznicujace zawodnikow z odmiennych rang zawodowych (Bueno i wsp., 2022). Wynika
stad, iz pomiary sprawnos$ci nerwowo-mig¢sniowej — w tym poziomu sity i mocy mig$niowej
— wydaja si¢ by¢ waznym wyznacznikiem poziomu sportowego i moga stuzy¢ jako element
diagnostyki w przygotowaniu motorycznym zawodnikow sportow walki.

Zaroéwno w sportach zespotowych, jak 1 w sportach walki, trening ukierunkowany
na popraw¢ RFD, mocy oraz szybkosci (np. trening silowy, plyometryczny, trening
szybko$ciowy) jest nieodlacznym elementem przygotowania, majacym na celu poprawe

sprawnosci migsniowej i tym samym wynikow sportowych.

3.2. Zjawisko PAPE a poziom mocy mi¢sniowej

W kontekscie krotkotrwalej poprawy zdolnosci wysitkowych po uprzednim wysitku,
od wielu lat badane jest zjawisko wzmocnienia postaktywacyjnego (PAP, ang. Post-Activation
Potentiation). PAP definiuje si¢ jako przejSciowe zwigkszenie zdolnosci migsni
do wytwarzania sity na skutek wczesniejszej aktywacji — na poziomie pojedynczego migsnia
zjawisko to thumaczy si¢ gtownie zmianami na poziomie molekularnym, jakim jest fosforylacja
lekkich tancuchoéw miozyny we widknach migsniowych typu I, prowadzaca do zwigkszenia
wrazliwosci aparatu kurczliwego na jony wapnia (Hodgson i1 wsp., 2005; Blazevich i Babault,
2019). Efektem PAP jest nasilona aktywno$¢ migs$nia przy submaksymalnym pobudzeniu,
co wykazano w badaniach poprzez pomiary skurczow wymuszonych po wykonaniu skurczéw
poprzedzajacych (Gossen i Sale, 2000). Charakterystyczng cecha ,,klasycznego” ujecia PAP
jest jednak jego krotkotrwalos$é — szczytowy efekt wzmocnienia zanika w ciggu kilkudziesieciu
sekund od zakonczenia aktywacji migs$nia - czas poitrwania szacuje si¢ na ok. 30 sekund
(Vandervoort i wsp., 1983).

W praktyce przygotowania motorycznego obserwuje si¢ z kolei inny, pokrewny fenomen

polegajacy na poprawie sprawno$ci fizycznej po uptywie kilku minut od zakonczenia

10



intensywnego wysitku zwanego ¢wiczeniem aktywacyjnym (CA, ang. Conditioning Activity).
Przyktadowo, zawodnicy wykonujacy przed proba skoku lub sprintu seri¢ cigzkich przysiadow
lub skurczéw izometrycznych czg¢sto odnotowujg poprawe wynikéw dopiero po 3—10 minutach
odpoczynku od tego wysitku wstepnego (Wilson i wsp., 2013). Takie op6znione w czasie
wzmocnienie efektu wysitkowego nie pokrywa si¢ z czasowym profilem ,klasycznego” PAP,
sugerujac udziat dodatkowych mechanizméw poza sama fosforylacjag miozyny (Zimmerman
iwsp., 2020). W zwigzku z tym w literaturze wprowadzono termin Post-Activation
Performance Enhancement (PAPE), czyli postaktywacyjnej poprawy sprawnosci fizycznej,
w celu odroznienia tego zjawiska od tradycyjnie rozumianego PAP (Cuenca-Fernandez i wsp.,
2017). PAPE odnosi si¢ do obserwowanego wzrostu wynikow w tescie sprawnosci fizycznej
(np. wysokosci skoku, predkosci biegu, RFD) nastepujacego kilka minut po wykonaniu CA,
przy czym wzrost ten utrzymuje si¢ przez dtuzszy czas, niz klasyczny PAP, mimo cz¢§ciowego
ustapienia bezposrednich efektéw fizjologicznych (Boullosa i wsp., 2020). Co istotne,
w literaturze zaobserwowano, ze w momencie, gdy efekt PAP jest najsilniejszy (tuz
po zakonczeniu wysitku), zazwyczaj nie zauwaza si¢ jeszcze poprawy w wykonaniu zadan
motorycznych. Natomiast, po uptywie kilku minut, gdy PAP zanika, pojawia si¢ wyrazna
poprawa wydajnosci. Wskazuje to na to, ze klasyczny PAP i ,,funkcjonalny” PAPE moga by¢
zjawiskami w duzej mierze odmiennymi (Boullosa i wsp., 2020).

Niektorzy autorzy sugeruja wrecz, ze w warunkach wysitku in vivo komponent PAP
w niewielkim stopniu przyczynia si¢ do pozniejszej poprawy wynikdw sportowych, ktora
z wigkszym prawdopodobienstwem wynika z innych adaptacji zachodzacych po CA
(Zimmerman 1wsp., 2020; Blazevich i Babault, 2019). Z drugiej strony, kompleksowa
rozgrzewka przed wysitkiem juz sama w sobie wyzwala wiele korzystnych zmian
fizjologicznych, przez co znaczenie PAP/PAPE moze by¢ ograniczone, jesli CA dubluja efekty
standardowej rozgrzewki (Liu 1 wsp., 2024; Macintosh i wsp., 2012). W zwigzku z tym,
we wspolczesnej literaturze podkresla si¢ koniecznos¢ precyzyjnego rozrdzniania poje¢ PAP
od PAPE oraz badan nad warunkami optymalizujacymi to drugie zjawisko w konteks$cie
sportowym (Prieske 1 wsp., 2020).

Badania wykazuja, ze wielko§¢ PAPE zalezy od wielu zmiennych zwigzanych z CA.
Kluczowym czynnikiem jest czas przerwy migdzy CA a testem sprawnosci fizycznej — zbyt
krotki odpoczynek (np. ponizej ~1-2 minut) skutkuje dominacjg zmegczenia i moze nawet
pogorszy¢ wynik (Seitz i Haff, 2016; Kobal i wsp., 2019). W praktyce poprawa wynikow
pojawia si¢ dopiero po uptywie kilku minut, gdy zmgczenie czgSciowo ustapi, a wzmozong

aktywacje mozna wykorzysta¢. Wykazano, ze optymalna przerwa wynosi zwykle od okoto 4 do
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8-10 minut w zalezno$ci od rodzaju wysitku. Przyktadowo, po ciezkim ¢wiczeniu przysiadu
najwigkszy przyrost wysokosci skoku zaobserwowano przy 4-7 minutach odpoczynku
(odstepy < 1 min byly wyraznie niekorzystne; Chen i wsp., 2023). Rownie istotna jest
intensywno$¢ CA — aby wywota¢ pobudzenie uktadu nerwowo-mig$niowego, bodziec musi by¢
dostatecznie silny. Przeglady literatury podkreslaja, ze dopiero wysoka intensywno$¢ (zalecane
obcigzenia > 80% IRM lub wysilek maksymalny) skutecznie wywotuje PAPE, podczas gdy
¢wiczenia o matej badz umiarkowanej intensywnosci czg¢sto nie przynosza istotnej poprawy
wyniku (Chen i wsp., 2023). Innymi stowy, ciezkie ¢wiczenia silowe powoduja wicksza
aktywacje, ale wymagaja takze dluzszej przerwy na regeneracj¢, natomiast przy lzejszych
bodzcach brak jest dostatecznej stymulacji uktadu ruchu (Rassier i Macintosh, 2000).
Co wigcej, odnotowano istotne zréznicowanie osobnicze — u osob bardziej wytrenowanych
dodatni efekt pojawia si¢ czgsciej 1 szybciej, niz u mniej wytrenowanych (wyzsza tolerancja
zmeczenia oraz rekrutacja jednostek motorycznych; Ouergui i wsp., 2023). Z tego wzgledu czas
przerwy 1 intensywno$¢ CA zawsze nalezy indywidualizowaé, tak aby rownowaga migdzy
aktywacja a zmeczeniem byla korzystna w momencie wykonania testu sprawnos$ci fizycznej
(Wilson i wsp., 2013; Seitz i Haff, 2016; Vettet, 2007).

Rodzaj zastosowanego CA oraz jego specyfika réwniez w istotny sposéb moduluja
wielkos¢ PAPE. W literaturze testowano rézne formy CA — od krotkotrwatych maksymalnych
skurczow izometrycznych, przez klasyczne ¢wiczenia sitowe z wysokim obcigzeniem,
po eksplozywne ruchy balistyczne (skoki plyometryczne, rzuty) czy nawet elementy techniczne
specyficzne dla danej dyscypliny (Wilson i wsp., 2013). Cig¢zkie dynamiczne ¢wiczenia sitowe
(np. przysiady ze sztanga z obcigzeniem > 85% 1RM) sa skuteczne w indukowaniu PAPE, lecz
generuja rowniez wigksze zmeczenie — stad potrzebny jest dluzszy odpoczynek, czgsto rzedu
8—10 minut, aby korzysci mogty si¢ ujawni¢ (Ouergui i wsp., 2023). Dla kontrastu, ¢wiczenia
izometryczne generujg wzglednie mniejsze zmgczenie mig¢éniowe, dzigki czemu PAPE moze
pojawi¢ si¢ szybciej (Vargas-Molina i wsp., 2021). Zgodnie z zasada specyficznosci,
im bardziej CA przypomina docelowa aktywno$¢ pod wzgledem wzorcu ruchu,
zaangazowanych grup migéni icharakteru wysitku, tym wigksza szansa na osiagnigcie
statystycznie istotnego PAPE (Kalinowski i wsp., 2022). Krzysztofik 1 wsp. (2022)
potwierdzili, ze CA i nastgpujace po nim zadanie powinny cechowac si¢ mozliwie zblizonym
zakresem ruchu, aby maksymalizowa¢ efekt po aktywacji. W praktyce oznacza to, ze dobor
¢wiczenia wstgpnego warto oprze¢ o analiz¢ specyfiki konkurencji — np. skoki lub sprinty
aktywacyjne dla dyscyplin wymagajacych skoku lub przyspieszenia, jednoczes$nie elementy

techniczne (rzuty, kopnig¢cia z obcigzeniem, starty z oporem) jako aktywacja przed zadaniami
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o analogicznym charakterze. Takie dopasowanie CA nie tylko zwigksza efektywnos¢
aktywacji, ale takze poprawia transfer uzyskanej poprawy na realne dziatania startowe
zawodnika (Ouergui i wsp., 2023).

Mechanizmy lezace u podstaw zjawiska PAPE maja charakter wieloczynnikowy
iobejmujg zar6wno czynniki o podiozu miogenicznym, jak i neurogenicznym. Oprocz
wspomnianej fosforylacji fancuchow miozynowych, istotng rol¢ odgrywaja zmiany zwigzane
z efektem rozgrzewki mig$niowej. Wzrost temperatury wewnatrzmigsniowej po intensywnym
wysitku poprawia ekonomi¢ skurczu — ciepto zwigksza szybko$§¢ reakcji enzymatycznych
i przewodnictwo nerwowe, zwigksza rOwniez rozciagliwos¢ miegsni i Sciggien (Sargeant, 1987).
Wyzsza temperatura 1 towarzyszacy jej wzrost ukrwienia powoduja takze zmiany
w uwodnieniu wildkien mig$niowych, co moze dodatkowo wpltywaé na ich sztywnos¢
i elastycznos$¢ (Steggerda, 1927). Niektorzy autorzy sugeruja, ze dorazne ,,napompowanie”
(ang. pump) migsni po wysitku, inaczej - zwigkszenie objetosci komorek migsniowych wskutek
naptywu krwi, skutkuje korzystnym wzrostem sztywno$ci ukladu migsien-Sciegno (Wang
iwsp., 2015; Edman i Hwang, 1977). Stad PAPE przyczynia si¢ do efektywniejszego
przeniesienia sity na uktad kostny, co moze poprawi¢ wyniki skokow czy szybko$¢ ruchow
balistycznych. Ponadto rozciaggniecie i skrocenie migsni w trakcie CA moze przejsciowo
zmodyfikowa¢ ich architektur¢ (np. dtugo$¢ peczkéw migsniowych, kat przebiegu wiokien),
dostosowujac migsien do generowania sity w korzystniejszym zakresie ruchu — cho¢
bezposrednie pomiary nie zawsze potwierdzajg istotne zmiany architekturalne bezposrednio
po wysitku (Bourgeois w wsp., 2022).

Kluczowy wktad w zjawisko PAPE maja réwniez przejsciowe adaptacje o charakterze
nerwowo-mig¢$niowym. Intensywna aktywacja mieéniowa w ramach CA prowadzi
do zwigkszonej pobudliwosci ukladu nerwowego — nastgpuje poprawa rekrutacji jednostek
motorycznych, zwlaszcza tych wysokoprogowych (odpowiadajacych za generowanie
najwigkszych sil), oraz wzrost cz¢stotliwos$ci wytadowan (ang. firing rate) (Heckman i Enoka,
2012; Brown i Loeb, 1998). Innymi stowy, uklad nerwowy adaptuje si¢ na krotki okres
po wysitku do zaangazowania wigkszej czeSci potencjatu migsni, co skutkuje wzrostem
generowanej sily i mocy w nastgpujacym wysitku. Zwigkszeniu moze ulec takze odruchowa
pobudliwo$¢ motoneuronéw, obserwowana jako wyzsza amplituda odruchu H (Enoka i wsp.,
1980). Wskazuje to na obnizenie progéw pobudzenia i tatwiejsza aktywacje dodatkowych
wtokien podczas kolejnej proby wysitkowej. W rezultacie tych zmian nerwowo-mig¢$niowych

sportowiec moze uzyska¢ wicksza sile lub szybkos¢ skurczu w decydujacym momencie
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wykonania ruchu, co przektada si¢ na wyzsza wysokos¢ skoku, dtuzszy rzut czy szybszy sprint
w poréwnaniu do stanu bez poprzedzajacej aktywacji.

Mimo wielu obiecujacych wynikéw, w literaturze podkresla si¢ potrzebe dalszych badan
nad standaryzacja protokotéw PAPE i precyzyjnym okresleniem warunkéw, w ktérych
zjawisko to przynosi najwigksze korzysci (Prieske i wsp., 2020). Lepsze zrozumienie
czynnikow modulujacych PAPE ma nie tylko znaczenie teoretyczne, ale rowniez praktyczne —
moze przetozy¢ si¢ na udoskonalenie metod rozgrzewki i treningu, maksymalizujac potencjat

wysitkowy sportowcdéw w kluczowych momentach rywalizacji.

3.3. Powiazanie wybranych publikacji

Przedstawione trzy prace naukowe tworza logicznie powigzany cykl publikacji
na potrzebe rozprawy doktorskiej, koncentrujacy si¢ na problematyce PAPE i jego roli
w treningu zdolnosci wysitkowych sportowcow. Kolejne badania wynikaty bezposrednio
z ustalen poprzednich, rozwijajac poruszone problemy i wypetiajac zidentyfikowane luki
w literaturze. Metaanaliza (Terbalyan 1iwsp., 2025a) dostarczyta przekrojowej oceny
dotychczasowej wiedzy — potwierdzita istnienie zjawiska PAPE (cho¢ niewielkiego)
w sportach walki, wykazano dominacj¢ pomiaru skoku dosi¢znego z miejsca z zamachem
(CMJ, ang. Counter Movement Jump) jako miary wydajnosci oraz ujawnita znaczna
niejednorodno$¢ protokotéw badawczych 1 zalezno$¢ wynikéw od ich specyfiki.
Zasygnalizowano takze konieczno$¢ uporzadkowania metodologii i dalszych badah nad
czynnikami wplywajacymi na zroéznicowanie efektow. Eksperyment 1 (Terbalyan i wsp.,
2025b) byl bezposrednia odpowiedzig na te wnioski. Skoncentrowano si¢ na najczesciej
stosowanym wskazniku (wyskoku jednon6z, analogicznym do CMJ u zawodnikow siatkowki)
oraz sprawdzono dzialanie konkretnego, powtarzalnego protokotu w kontrolowanych
warunkach. Uwzgledniono aspekt lateralizacji, czgsto pomijany, lecz istotny z praktycznego
punktu widzenia oraz zbadano réznice miedzy sportowcami o r6znym poziomie wytrenowania.
W efekcie poglebiono rozumienie mechanizméw PAPE — wykazano, Ze intensywne
izometryczne ¢wiczenie moze wywota¢ wyrazny efekt ergogeniczny u zawodnikdéw o wyzszym
poziomie zaawansowania sportowego, lecz efekt ten jest specyficzny dla aktywowanej grupy
mig$ni 1 nie dochodzi do transferu nakonczyne kontralateralng. Potwierdzono,
ze optymalizacja protokotu powinna uwzglednia¢ poziom sportowy — zgodnie z sugestiami
z metaanalizy. Eksperyment 2 (Terbalyan i wsp., 2025¢) stanowil kolejny krok majacy na celu
implikacj¢ uzyskanych wynikow w warunkach praktycznych. Skoro w warunkach

eksperymentalnych PAPE przynosil korzys$ci, nalezato sprawdzi¢, czy wprowadzenie
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go do typowej rozgrzewki przedstartowej zapewni przewidywane usprawnienie wykonania.
Porownanie z klasyczng rozgrzewka wykazato jednak, Ze potencjalne zyski z PAPE mogg by¢
trudne do osiagni¢cia w standardowym protokole rozgrzewkowym — przynajmniej w postaci
zastosowanej w badaniu. Rezultaty te s3 cennym uzupetnieniem cyklu, gdyz uwidaczniaja
roéznicg miedzy kontrolowanym eksperymentem a warunkami praktyki sportowej — wskazuja,
iz sama obecno$¢ zjawiska PAPE nie gwarantuje natychmiastowej przewagi nad tradycyjnymi
metodami przygotowania, o ile protokét nie zostanie odpowiednio dostrojony do kontekstu,
w tym dyscypliny, czasu rozgrzewki, indywidualnej reakcji zawodnika. Tym samym drugie
badanie waliduje praktyczne implikacje wczes$niejszych ustalen i kieruje uwage na dalsza

optymalizacje¢ i personalizacj¢ CA.
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4. Przedmiot rozprawy

Przedmiotem niniejszej rozprawy doktorskiej realizowanej w formie monotematycznego
cyklu publikacji jest PAPE 1 jego wpltyw na wybrane wskazniki generowania mocy mi¢$niowej
konczyn dolnych u sportowcoéw. W ramach rozprawy podjeto interdyscyplinarne badania
taczace wiedze z zakresu fizjologii wysitku oraz teorii treningu sportowego, aby lepiej
zrozumie¢ uwarunkowania zjawiska PAPE oraz oceni¢ jego potencjat praktyczny.

Cykl publikacji obejmuje trzy oryginalne prace badawcze skupiajace si¢ na rdznych
aspektach PAPE:

1. Przeglad systematyczny z metaanalizag (Terbalyan i wsp., 2025a) — synteza
dotychczasowych wynikéw badan dotyczacych PAPE w sportach walki, ukierunkowana
na ogdlne wskazniki sprawno$ci fizycznej (np. wysoko§¢ skoku, sita ciosu)
1 zroznicowanie efektow w zaleznosci od dyscypliny oraz poziomu zaawansowania
zawodnikow.

2. Badanie eksperymentalne (Terbalyan i wsp., 2025b) — ocena natychmiastowego wptywu
unilateralnego izometrycznego CA na parametry skoku pionowego po zeskoku w glab
jednonoz (SLDJ, ang. Single-Leg DropJump) u siatkarzy, z uwzglednieniem poziomu
wytrenowania sportowego oraz analizy efektu kontralateralnego.

3. Badanie eksperymentalne (Terbalyan i wsp., 2025c) — pordéwnanie skutecznos$ci
alternatywnej formy rozgrzewki ukierunkowanej na indukcj¢ PAPE z klasyczng
rozgrzewka aerobowg u zawodnikow gier zespotowych, ze szczegdlnym uwzglednieniem
takich parametrow, jak wysoko§¢ CMJ, asymetria sily konczyn oraz RFD.

Wszystkie trzy prace taczy wspolna idea badawcza: ocena efektywnosci i ograniczen
zastosowania protokotéw PAPE w poprawie zdolnosci wysitkowych sportowcow. Przedmiot

rozprawy obejmuje zardwno perspektywe teoretyczna, jak i praktyczna.

4.1. Problem badawczy

Pomimo rosnacej liczby publikacji poswigconych zjawisku PAPE, w literaturze wciaz
istniejg rozbieznosci co do wielkosci efektu wzmocnienia i czynnikow warunkujacych jego
uzyskanie. Aktualne wyniki badan nie sg jednoznaczne — podczas gdy w niektorych pracach
odnotowano istotng poprawe wynikow sportowych po zastosowaniu CA, w innych nie
stwierdzono zadnych korzysci lub wskazano na duza zmienno$¢ mig¢dzyosobniczg. Rodzi

to pytanie o granice i uwarunkowania skutecznosci PAPE: w jakich warunkach PAPE
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faktycznie si¢ ujawnia, a kiedy pozostaje nieistotny? Kluczowym problemem badawczym jest
zatem okreslenie, czy i w jakim stopniu zastosowanie protokotéw PAPE przektada si¢
na popraw¢ konkretnych wskaznikéw generowania mocy, do ktérych nalezag m.in. wysoko$¢
CMJ, RSI, RFD czy poziom asymetrii aktywnej migdzy konczynami. W ramach tego problemu

mieszcza si¢ bardziej szczegdlowe zagadnienia, takie jak:

e Specyficzno$¢ lokalna a efekt przeniesienia — czy korzysci wynikajace z PAPE
maja charakter wylgcznie lokalny, czy rdéwniez moga przenosi¢ si¢
na niewykorzystywane bezposrednio grupy migsni? Dotychczasowe obserwacje
sugerowaly raczej brak istotnego efektu kontralateralnego, jednak zagadnienie
to nie byto szeroko badane.

o Wplyw specyfiki dyscypliny sportowej — czy warto§¢ PAPE rozni si¢
w zalezno$ci od rodzaju aktywno$ci fizycznej? Na przyklad w sportach
o dominujacym charakterze interwatlowym PAPE moze dawac¢ inne rezultaty, niz
w dyscyplinach wytrzymato$ciowych. Brak jest jednak jednoznacznych danych
poréwnawczych migdzy dyscyplinami.

e Rola poziomu zaawansowania i cech osobniczych — czy bardziej wytrenowani
zawodnicy czerpig wigksze korzys$ci z PAPE, niz amatorzy? Hipotetycznie
wydaje si¢, ze tak, ze wzgledu na wigkszy odsetek wiokien szybkokurczliwych
ilepsza kontrole motoryczng u zawodnikow o wyzszym poziomie
zaawansowania sportowego, lecz wyniki badan sg niespojne — niektére sugeruja
wieksza podatnos¢ wytrenowanych na PAPE, podczas gdy nie wszystkie prace
wykazujg istotnych r6znic migdzy grupami o r6znym poziomie sportowym.

e Optymalizacja CA — jakie rodzaje ¢wiczen 1 parametry maksymalizuja PAPE,
a jakie moga by¢ nieskuteczne lub wrecz szkodliwe? Przyktadowo, zbyt
intensywne lub zbyt specyficzne bodZzce moga powodowaé zmegczenie
niwelujace potencjalne korzysci. W literaturze brakowato dotad stanowiska co do
»idealnego” protokotu PAPE, zwlaszcza w  kontek$cie rozgrzewki

przedstartowe;.
Zidentyfikowany problem badawczy ma zatem wymiar zar6wno teoretyczny -

poglebienie rozumienia zjawiska PAPE, jak i praktyczny — opracowanie zalecen dla trenerow

co do stosowania lub niestosowania dodatkowych bodzcow aktywacyjnych w rozgrzewce.
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4.2.  Cel badan, pytania oraz hipotezy badawcze

Glownym celem cyklu badan sktadajacych si¢ na niniejsza rozprawe byto okreslenie
poziomu PAPE w kontekscie poprawy wybranych parametrow generowania mocy migsniowe;j
konczyn dolnych u sportowcow, a takze identyfikacja czynnikéw warunkujacych wystapienie
tego zjawiska. Cel ten zrealizowano poprzez trzy odregbne, komplementarne projekty badawcze

odpowiadajace na nastepujace pytania szczegotowe:

- Pytanie badawcze 1: Czy i w jakim zakresie protokoty PAPE poprawiaja wybrane wskazniki
ogoblnej sprawnosci fizycznej w sportach walki oraz jakie uwarunkowania determinujg wielko$¢

obserwowanego efektu?

- Hipoteza 1: Przyjeto, ze zastosowanie protokotéw PAPE w sportach walki daje statystycznie
istotng poprawe ogolnych parametrow sprawnosci (np. wysokosci skoku, mocy ciosu)
w porownaniu do standardowej rozgrzewki. Oczekiwano jednak duzej zmiennosci wynikow
w zaleznosci od rodzaju dyscypliny (przy czym dyscypliny taczace elementy szybkosciowo-
sitowe mialyby wigkszy PAPE). Zaktadano ponadto, ze poziom zaawansowania sportowego
zawodnikow bedzie roznicowat efekt, to oznacza, ze sportowcy o wyzszym poziomie moga

odnosi¢ wigksze korzysci, o ile protokot zostanie odpowiednio dostosowany.

- Pytanie badawcze 2: Czy jednorazowe zastosowanie unilateralnego izometrycznego
CA wywola PAPE dotyczace wysokosci SLDJ lub innych parametrow (RSI, CT — czas
kontaktu z podlozem, ang. contact time) u zawodnikow pitki siatkowej, oraz czy wielkos¢
obserwowanego efektu zalezy od konczyny poddanej aktywacji i podlega transferowi

na konczyng kontralateralng?

- Hipoteza 2: Zaktadano, ze izometryczne CA spowoduje istotng poprawe parametrow skoku
dla konczyny poddanej aktywacji w poréwnaniu do stanu bez bodzca, przy czym efekt ten
bedzie lokalny, to jest nie wystapi znaczaca poprawa (a potencjalnie nawet pogorszenie)
w konczynie dolnej nieobjetej ¢wiczeniem. spodziewano si¢ uzyskaé w przypadku

zawodnikow bedacych na wyzszym poziomie zaawansowania sportowego.
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- Pytanie badawcze 3: Czy zastosowanie unilateralnej izometrycznej rozgrzewki opartej
o PAPE zapewnia wyzszy poziom poprawy zdolnosci plyometrycznych u zawodnikdw sportéw

zespotowych, niz tradycyjna rozgrzewka aerobowa?

- Hipoteza 3: Przewidywano, ze wprowadzenie do protokotu rozgrzewki ¢wiczen
izometrycznych o wysokiej intensywno$ci spowoduje wigksza poprawe wysokosci CMJ,
korzystne zmiany w aktywnej asymetrii (zmniejszenie dysproporcji mi¢dzy konczynami) oraz
wigkszy wzrost RFD w poréwnaniu z klasyczng rozgrzewka opartg jedynie na biegu o niskiej

intensywnosci.

4.3. Osiagniecia naukowe

W  wyniku przeprowadzonych badan sformulowano szereg nowych ustalen
poszerzajacych wiedze na temat zjawiska PAPE w konteks$cie sportowym. Do najwazniejszych

osiggnie¢ naukowych rozprawy naleza:

1. Pierwsza demonstracja lokalnego PAPE w warunkach unilateralnych u sportowcéw
oréznym poziomie zaawansowania (Terbalyan 1 wsp., 2025b). Wykazano,
ze unilateralne izometryczne CA jest skuteczne w osiagnigciu istotnej poprawy
parametréw SLDJ wylacznie w konczynie aktywowanej, przy braku pozytywnego
efektu na konczyne¢ kontralateralng. PAPE okazat si¢ wyraznie wigkszy u zawodnikow
0 WyZszym poziomie zaawansowania sportowego w poréwnaniu z amatorami. Wyniki
te stanowig wklad w istniejaca literature, potwierdzajac specyficznos¢ lokalng zjawiska
PAPE oraz sugeruja, ze poziom wytrenowania moduluje wielko$¢ efektu (przynajmnie;j

w zadaniach plyometrycznych).

2. Pierwsza metaanaliza dotyczaca PAPE w sportach walki (Terbalyan i wsp., 2025a).
Przeprowadzony przeglad systematyczny 1 metaanaliza 19 badan dostarczyly
szczegOlowego obrazu skutecznosci protokotow PAPE w dyscyplinach, takich jak
karate, tackwondo, boks, judo, muay thai i inne. Ustalono, ze og6lnie PAPE w sportach
walki jest statystycznie istotny, ale niewielki (ES ~0,13; ang. Effect Size - wielkos¢
efektu). Ponadto ujawniono istotne zréznicowanie wynikow: od znacznych korzysci
w niektorych konfiguracjach (np. skoki po dynamicznych kopnigciach specyficznych

dla tackwondo), po efekty negatywne w innych (przecigzenie specyficznymi bodzcami
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w muay thai). Analiza wykazala rowniez, ze dyscyplina sportu oraz charakterystyka
zastosowanego protokotu maja kluczowy wplyw na rezultat — protokoty taczace
elementy sily i mocy wydaja si¢ dawac najlepsze efekty, podczas gdy nadmierna
specyficzno$¢ ruchowa moze prowadzi¢ do zmgczenia i pogorszenia wynikow. Poziom
zaawansowania sportowego nie réznicowat istotnie efektu w skali ogélnej, co sugeruje,
ze wlasciwie zaprojektowane protokoly majace na celu wywota¢ PAPE moga by¢
skuteczne zarowno u zawodnikow o wysokim poziomie zaawansowania sportowego,
jak 1 amatorow. Wyniki te stanowig cenng syntez¢ dotychczas rozproszonych badan
1 dostarczaja praktycznych wskazowek dla treneréw w sportach walki co do doboru

optymalnych metod wzmocnienia.

. Nowe dowody w zakresie zastosowania PAPE w rozgrzewce w sportach zespotowych
(Terbalyan i wsp., 2025c). Przeprowadzone badanie eksperymentalne jako jedno
z pierwszych bezposrednio poréwnato rozgrzewke PAPE (oparta na maksymalnych
skurczach izometrycznych) z klasyczng rozgrzewka aerobowa nu licznej grupy
sportowcoéw zespotowych obojga plci. Uzyskane rezultaty wykazaty brak przewagi
protokotu PAPE — Zaden z ocenianych parametrow (wysoko§¢ CMJ, asymetrie sitowe,
RFD) nie ulegl poprawie w wigkszym stopniu po rozgrzewce izometrycznej,
niz po zwyklym biegu. Wynik ten podwaza powszechne zatozenie, ze dodatkowy
bodziec w postaci izometrycznych ¢wiczen sitowych automatycznie przetozy
si¢ na lepsze przygotowanie do wysitku eksplozywnego. Jednoczesnie eksperyment
ten uwidocznit potrzebe dalszej optymalizacji protokotéw — sugeruje sie,
ze intensywno$¢ 1 objetos¢ zastosowanych skurczow izometrycznych mogly by¢
niewystarczajace, by wywota¢ mierzalny PAPE w zaloZzonym czasie. To rezultaty maja
istotne znaczenie praktyczne: wskazuje trenerom, iz w przypadku sportéw zespotowych
standardowa rozgrzewka (obejmujaca elementy biegu i dynamicznej mobilizacji) nie
moze by¢ zastgpiona dodatkowymi d¢wiczeniami sitowymi tuz przed meczem
—aprzynajmniej nie wedlug zaproponowanego schematu — poniewaz moze

to nie przynie$¢ oczekiwanej efektu w postaci poprawy wynikow.
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5. Material i metody badawcze

W niniejszym monotematycznym cyklu badawczym wykorzystano trzy odrgbne
podejscia metodologiczne, ktdre miaty na celu wielostronng oceng skutecznosci oraz specyfiki
dziatania zjawiska PAPE na rozne grupy sportowcOw oraz rézne rodzaje testOw sprawnosci
fizycznej. Pierwszym krokiem bylo przeprowadzenie systematycznego przegladu literatury
oraz metaanalizy, ktorych zadaniem byla iloSciowa ocena efektywnosci dotychczas
stosowanych protokotéw PAPE w sportach walki. Kolejne dwa badania miaty charakter
eksperymentalny i koncentrowaty si¢ na bezposredniej ocenie efektow CA na sprawno$é
fizyczna sportowcoOw z dyscyplin zespotowych.

Badania 2 i 3 (Terbalyan 2025b, 2025c) zostaly przeprowadzone za zgoda Komisji
Bioetycznej Akademii Wychowania Fizycznego im. Jerzego Kukuczki w Katowicach (opinia
nr 3/2021) i w pelnym poszanowaniu zasad Deklaracji Helsinskiej. Kazdy uczestnik przed
przystapieniem do eksperymentu wyrazit pisemng, $wiadoma zgode¢ na udzial w badaniu oraz
zostal poinformowany o mozliwosci wycofania si¢ z udzialu w dowolnym momencie,
bez konieczno$ci podawania przyczyny. Badanie 1 (Terbalyan i wsp. 2025a) nie wymagato

uzyskania zgody komisji bioetycznej ze wzgledu na charakter przegladowy.

5.1. Badanie 1l

Pierwsze badanie (Terbalyan i wsp., 2025a) miato form¢ systematycznego przegladu
literatury 1 metaanalizy dotyczacej zjawiska PAPE u sportowcow uprawiajacych sporty walki.
Celem badania byta ilosciowa ocena wplywu protokotéw PAPE na ogoélne wskazniki
sprawnosci fizycznej w sportach walki oraz analiza, jak efekty PAPE zaleza od dyscypliny
sportowej oraz poziomu zaawansowania zawodnikow.

Niniejsze badanie przeprowadzono zgodnie z wytycznymi PRISMA dotyczacymi
systematycznych przegladéw literatury (Moher i wsp., 2009). W celu identyfikacji
odpowiednich badan dokonano przeszukiwania baz PubMed/Medline, SPORTDiscus, Web
of Science, Scopus, EBSCO oraz Google Scholar. Procedura obejmowata publikacje dostepne
w okresie od stycznia 2010 r. do maja 2023 r. Do wyszukiwania zastosowano zestaw stow
kluczowych obejmujacy zaréwno nazwy dyscyplin, jak i terminy zwigzane z omawianym
zjawiskiem: ‘combat sport*’ OR ‘martial art*’ OR ‘MMA’ OR ‘kickbox*’ OR ‘box*’
OR ‘wrestl*” OR ‘judo’ OR ‘taekwondo’ OR ‘karate’ OR ‘muay thai’ OR ‘grappl®*’ OR ‘iu-

Jitsu’, tgczone z terminami ‘post-warm-up’ OR ‘pre-activity’ OR ‘post-activation potentiation’
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OR ‘post-activation performance enhancement’. Symbol ‘*’ stosowano jako znak ucigcia,
co pozwolito na uwzglednienie réznych form fleksyjnych (np. kickboxer kontra kickboxing).

Zasadniczym wymogiem bylo zastosowanie jasno zdefiniowanych protokotow PAP
lub PAPE, poréwnywanych z odpowiednimi warunkami kontrolnymi (np. odpoczynek,
ustandaryzowana rozgrzewka, alternatywna interwencja) oraz raportowanie zmian
w parametrach sprawnosci fizycznej. Kryteria wlaczenia i wylaczenia opracowano w oparciu
oramy metodologiczne PICOS, zgodnie z wytycznymi PRISMA. Do populacji (P)
kwalifikowano zdrowych zawodnikow sportdow walki, do interwencji (I) — badania
wykorzystujace jasno okreslone protokoty PAPE ze wskazaniem parametrow takich jak procent
obcigzenia w stosunku do 1RM, objetos¢ (serie/powtdrzenia), czasy przerw wewnatrz- i migdzy
seriami oraz typ ¢wiczenia. Jako porownania (C) przyjmowano warunki kontrolne,
standardowe rozgrzewki lub alternatywne metody aktywacji, a takze zestawienia réznych
protokotow PAPE. Wyniki (O) obejmowatly natychmiastowe zmiany w og6lnych wskaznikach
sprawnosci — m.in. wysoko$¢ CMJ, site izokinetyczng, wyniki sprintu, moce czy testy
zwinno$ci, z podaniem $rednich, odchylen standardowych lub wielkosci efektu. Protokot
badania (S) musiat mie¢ charakter eksperymentalny (randomizowane kontrolowane badanie,
projekt crossover lub quasi-eksperyment), z precyzyjnie opisanym protokotem interwencyjnym
i metodyka pomiaréw. Kryteria wytaczenia obejmowaly prace przegladowe, niepublikowane
streszczenia, prace dyplomowe i rozprawy doktorskie oraz wystapienia konferencyjne, a takze
badania bez pelnego dostepu do tekstu lub opublikowane w innych jezykach niz angielski.
Wykluczono réwniez te badania, w ktorych uczestnicy mieli aktualne urazy dolnej konczyny
lub inne schorzenia wptywajace na funkcjonowanie nerwowo-mig¢sniowe, a takze prace
pozbawione jednoznacznych protokotéw PAPE badZz grup kontrolnych umozliwiajacych
poréwnanie efektu. Ponadto odrzucono badania niezgodne z eksperymentalnym charakterem
kryteriow (np. badania obserwacyjne bez interwencji) oraz te, ktére nie prezentowaly
stosownych danych statystycznych dotyczacych zmian w miarach sprawnosci.

Analize statystyczng przeprowadzono w oparciu o metaanaliz¢ $rednich, odchylen
standardowych oraz wielkos$ci efektu, wyliczanych z zastosowaniem korekty Hedgesa
g zgodnie z opisem Hedgesa i Olkina [23]. Z uwagi na fakt, ze cz¢$¢ analizowanych badan
obejmowala niewielkie proby, uzycie tej formuly pozwalalo ograniczy¢ potencjalne
znieksztalcenia w estymacji wielko$ci efektu.

Zmiennos$¢ pomiedzy badaniami oceniano przy uzyciu wykresow typu lesnego oraz
statystyki I?, okreslajacej procent zmiennosci wynikoéw pomigdzy badaniami wynikajacej

z heterogenicznosci, a nie z przypadku. Warto$¢ 12 = 0% wskazuje na brak heterogenicznosci,

22



jednoczesnie wartosci powyzej 50% interpretowane sa jako znaczna heterogenicznos$é.
Do analizy przyjeto model efektow losowych, co stanowi podejécie bardziej konserwatywne,
a wybor ten byt dodatkowo uzasadniony wystgpowaniem w niektorych przypadkach warto$ci
I? przekraczajacych 50%.

Obliczenia statystyczne przeprowadzono w programie PQStat Software (wersja
1.8.2.208, PQStat, Poznan, Polska), natomiast wizualizacj¢ danych wykonano przy uzyciu
oprogramowania PRISM 10 (wersja 10.1.1, GraphPad, San Diego, CA, USA). Ze wzgledu
na ograniczong liczb¢ badan zakwalifikowanych do analizy, nie stosowano wykresow
lejkowych ani formalnych testow statystycznych do oceny ryzyka stronniczosci, poniewaz przy
niewielkiej liczbie badan interpretacja tego typu analiz moze by¢ mylaca.

Uzupetniajaco, w celu poréwnania wielkosci efektu pomigdzy réznymi podgrupami
—takimi jak dyscypliny sportow walki czy poziom sportowy zawodnikow — zastosowano
jednoczynnikowa analiz¢ wariancji (ANOVA, ang. ANalysis Of VAriance). Poziom istotnosci

statystycznej ustalono na p < 0,05.

5.2. Badanie 2

Drugie badanie (Terbalyan i wsp., 2025b) bylo badaniem eksperymentalnym
z randomizacja, zaprojektowanym w ukladzie podwdjnie §lepej proby typu crossover.
Sprawdzano w nim natychmiastowy efekt izometrycznego unilateralnego CA na parametry
SLDIJ u siatkarzy, z rozréznieniem wptywu na konczyng zaangazowang oraz niezaangazowana
w wysilek. Celem badania byla ocena, czy izometryczne CA polegajace na rozwijaniu
maksymalnej sity przeciwko nieruchomemu oporowi (ang. overcoming) wykonywane jedna
konczyna zwigksza wysokos¢ SLDJ, a takze czy wystepuje efekt przeniesienia na konczyng
kontralateralng. Dodatkowo analizowano, czy odpowiedz PAPE rozni si¢ w zaleznosci
od poziomu wytrenowania — pordwnano zawodnikow elitarnego poziomu i amatorow.

Zrekrutowano 20 zdrowych siatkarzy ptci meskiej — 10 zawodnikow poziomu elitarnego
(ELI) oraz 10 zawodnikéw amatorskich (AMA). Grupa ELI charakteryzowala si¢ $rednim
wiekiem ok. 28 + 7 lat, wzrostem 198 + 10 cm, masg ciata 92 + 9 kg oraz wysokim poziomem
sity wzglednej (IRM w przysiadzie ze sztangg wynosi 1,63 + 0,15 kg-kg™' mc). Srednie
doswiadczenie treningowe wynosito 15 + 7 lat. Z kolei grupa AMA miata $rednio 19 + 1 lat,
189 £ 5 cm wzrostu 1 87,7 + 6,8 kg masy; ich wzgledny 1RM w przysiadzie to 1,49 + 0,21
kg-kg? mec, a staz treningowy 6 + 2 lata. Badania przeprowadzono w okresie

przygotowawczym, mi¢dzy sesjami zachowano 48—72 h przerwy.
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Do badania wlaczono sportowcoOw spetniajacych nastgpujace kryteria: brak powaznych
urazow konczyny dolnej, regularny udziat w treningach sitowych oraz state starty w zawodach
siatkarskich, a takze utrzymanie dotychczasowych nawykow zwigzanych ze snem i dietg oraz
powstrzymanie si¢ od stosowania stymulantow przez caly okres trwania badania. Dodatkowo
do grupy ELI kwalifikowano osoby startujace w najwyzszej polskiej lidze siatkowki przez
co najmniej dwa kolejne sezony, natomiast do grupy AMA — zawodnikéw rywalizujacych
wylacznie w kategoriach juniorskich poza najwyzsza klasg rozgrywkowa. Z badania wylaczono
lub innych struktur konczyny dolnej, nieregularnie wykonywali trening sity mig¢$niowej lub
rezygnowali z udzialu w zawodach, nie spetniali kryteriow przynaleznosci do danej grupy
sportowej oraz nie przestrzegali zalecen dotyczacych higieny snu, nawykoéw zywieniowych lub
stosowali $rodki pobudzajace w trakcie trwania eksperymentu.

Zawodnicy wykonali dwie sesje eksperymentalne w uktadzie naprzemiennym. Kazda
sesja obejmowala ten sam protokdt z wyjatkiem strony dominacji: w jednej sesji ¢wiczenie
izometryczne wykonywano konczyna dominujaca, a w drugiej konczyna niedominujaca
(kolejno$¢ zrandomizowana). Za dominujacg uznano konczyn¢ wskazang przez zawodnika
jako preferowang przy kopnigciu pitki. CA stanowil izometryczny przysiad wykroczny (ang.
split squat; Rycina 2) — zawodnik ustawiony w danej pozycji napieral maksymalnie przez
3 sekundy na nieruchomo zablokowang sztange ustawiong na wysokosci odpowiadajacej
katowi ~90° w stawie kolanowym. Wykonywano 3 serie takiego izometrycznego wysitku,

oddzielone przerwami 3-minutowymi.
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Rycina 2. Cwiczenie aktywacyjne

Bezposrednio przed kazda sesja przeprowadzono standardowa rozgrzewke (5 minut
jazdy na cykloergometrze + dynamiczne rozcigganie). Pomiar mocy mig$niowej obejmowat
SLDJ. Kazdy zawodnik wykonywat proby SLDJ zaré6wno prawa, jak i lewa konczyna: dwie
proby na kofczyng na 5 minut przed wykonaniem ¢wiczenia izometrycznego (pomiar
wyjsciowy) oraz dwie proby na kazda konczyne w 4 1 8 minucie po zakonczeniu CA. Wysokos¢
skrzyni dostosowano do poziomu sportowego dla zachowania specyficzno$ci testu — zawodnicy
elitarni skakali z 40 cm, a amatorzy z 20 cm.

Wszystkie skoki rejestrowano na dwuptytowej platformie dynamometrycznej
(ForceDecks, Vald), co umozliwialo doktadny pomiar wysokosci skoku, CT oraz RSI.
Kazdorazowo badanych motywowano do maksymalnie szybkiego odbicia i najwyzszego
skoku, utrzymujac rgce na biodrach. Jako wynik dla danej proby przyjmowano najlepszy
osiggniety skok (maksymalna wysoko$¢) sposrdéd proéb po danym CA. W celu kontroli
warunkéw wszyscy zawodnicy wykonywali skok w ustandaryzowanym obuwiu sportowym

(ptaska podeszwa do 3 cm grubosci, bez systemdéw amortyzujacych) i o statej porze dnia.
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Analiza statystyczna objeta weryfikacje rozktadu za pomocg testu Shapiro—Wilka oraz
poréwnanie wyjsciowych cech fizycznych grup z uzyciem testu t studenta dla préb
niezaleznych. Do oceny efektow zastosowano trdjczynnikowg analiz¢ wariancji z mieszanym
uktadem: 2 grupy (ELI vs AMA; czynnik miedzygrupowy) x 2 warunki (¢wiczenie konczyna
dominujacg a niedominujgca; czynnik wewnatrzgrupowy) x 2 punkty czasowe (przed a po CA;
czynnik wewnatrzgrupowy). Poniewaz po wysitku brano pod uwage najlepszy wynik,
w analizie czasu uwzgledniono dla kazdej sesji wartos¢ PRE oraz najlepsza wartos¢ POST.
W przypadku istotnych efektéw gtoéwnych lub interakcji wykonywano testy post-hoc Tukeya
dla poréwnan parami. Do oceny istotnosci przyjeto a = 0,05. Wielko§¢ zmian efektu oceniano
za pomocg Hedges’ g (dla roznic pre-post migdzy warunkami) z interpretacja: g > 0,2 — maty;
> 0,5 — umiarkowany; > 0,8 — duzy efekt oraz eta-kwadrat czastkowa n?, (dla efektow gtdéwnych

i interakcji) z interpretacjg maty: n%, > 0,01; $redni: n%, > 0,06 duzy: n?, > 0,14.

5.3. Badanie3

Trzecie badanie (Terbalyan i wsp., 2025¢) stanowito eksperyment poréwnawczy dwoch
modeli rozgrzewki, przeprowadzony w uktadzie randomizowanych grup réwnoleglych. Jego
celem byto okreslenie, czy zastosowanie izometrycznej rozgrzewki ukierunkowanej na PAPE
daje lepsze natychmiastowe rezultaty w CMJ niz tradycyjna rozgrzewka biegowa
u zawodnikoéw sportéw zespotowych.

Do udziatu zrekrutowano 53 zawodnikow gier zespotowych (kobiet i mezczyzn)
uprawiajacych koszykowke, siatkdwke, pitke reczng lub nozng. Lacznie badano 32 mezczyzn
i 21 kobiet, srednio w wieku ok. 22,3 + 1,9 roku, o masie ciata 75,0 = 13,1 kg i wzroscie 176,9
+ 9,0 cm. Uczestnikow losowo przydzielono do jednej z dwoch grup: eksperymentalnej (PAPE;
EXP) — rozgrzewka izometryczna (n = 31) lub kontrolnej (bieznia; CON) — rozgrzewka
biegowa (n = 22).

Do badania wilaczono wylacznie uczestnikow bez aktualnych urazéw lub schorzen
konczyn dolnych, ktérzy nosili standardowe obuwie treningowe o plaskiej podeszwie
i maksymalnej wysoko$ci 3 cm (bez systemoOw amortyzacji powietrznej lub sprezynowej),
przestrzegali ustalonych wytycznych dotyczacych nawodnienia i Zywienia w ciaggu 24 godzin
poprzedzajacych test oraz przystepowali. Z badania wykluczono osoby z aktualnymi
kontuzjami lub dolegliwosciami konczyny dolnej, korzystajace z obuwia niezgodnego
Z powyzszymi wymaganiami, niestosujace si¢ do zalecen dotyczacych plyndéw i diety

24 godziny przed testem.
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Grupa EXP realizowala protokot izometryczny angazujacy unilateralnie migsénie
konczyn dolnych. Sktadal si¢ on z czterech ¢wiczen izometrycznych wykonywanych kolejno
na kazda konczyng: (a) izometryczne pchanie konczyna wykroczng nieruchomej sztangi
w pozycji wykroczno-zakrocznej, (b) izometryczne wypychanie bioder w gore w pozycji mostu
biodrowego, (3) izometryczne przycigganie pigty do posladka stojac, oraz (4) izometryczne

wspiecie na palce przeciw zablokowanej sztandze (Rycina 3).

Rycina 3. Cwiczenia aktywacyjne, A-D

Cwiczenia te wykonywano na wczesnie przygotowanym stanowisku (klatka
treningowa z unieruchomiong sztangg na odpowiedniej wysoko$ci) przy maksymalnym
wysitku w fazie nacisku/ciagni¢cia. Kazde z ¢wiczen obejmowalo 2 powtodrzenia na kazda
konczyne dolna, kazde trwajace 5 s, z przerwg 10 s migdzy powtorzeniami i 1 min przerwy
miedzy seriami danego ¢wiczenia. Caty protokot (4 ¢wiczenia x 2 serie) wykonano dwukrotnie

— osobno dla lewej i prawej konczyny. Bezposrednio po zakonczeniu tej rozgrzewki
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izometrycznej uczestnicy odpoczywali przez 5 minut, co mialo zapobiec ewentualnym efektom
zmeczenia i umozliwi¢ pelne ujawnienie si¢ zjawiska PAPE. Grupa kontrolna odbywata
klasyczng rozgrzewke w formie biegu na biezni mechanicznej: 5 minut truchtu o umiarkowane;j
intensywnosci. Intensywno$¢ dostosowano indywidualnie na podstawie t¢tna — zadano zakres
tetna odpowiadajacy wysitkowi umiarkowanemu, ktéry uczestnicy utrzymywali przez cale
trwanie 5- minutowego biegu. Po zakonczeniu 5 minut biegu uczestnicy roéwniez mieli krotki
odpoczynek (~1-2 min) tak, by procedura testu CMJ rozpoczynata si¢ w zblizonym czasie od
zakonczenia rozgrzewki jak w grupie EXP.

Po interwencjach wszyscy badani wykonywali test CMJ. Zastosowano CMJ.
Do pomiaru uzyto tej samej platformy dynamometrycznej ForceDecks, co w badaniu 2, celem
rejestracji parametrow skoku. Kazdy uczestnik wykonat 3 proby CMJ, a do analizy przyj¢to
najwyzszy uzyskany skok (maksymalna wysokos¢). Platforma dostarczyta roéwniez
dodatkowych danych, m.in. $redniej sily koncentrycznej generowanej przez kazda z konczyn
dolnych w fazie odbicia oraz sit ladowania — na tej podstawie obliczono wskazniki asymetrii
sity migdzy kofczynami (zar6wno asymetri¢ sity koncentrycznej przy wybiciu, jak i asymetri¢
sity reakcji podloza przy ladowaniu). Dodatkowo wyznaczono RFD w fazie koncentrycznej
skoku.

Dla zmiennych przeprowadzono mieszang analiz¢ wariancji 2 x 2 x 2. Czynniki
obejmowaty: czynnik wewnatrzgrupowy — czas: pomiar przed i po rozgrzewce, oraz czynniki
miedzygrupowe: rodzaj rozgrzewki (izometryczna vs biegowa) oraz pte¢ (M vs K). Takie ujgcie
pozwolito sprawdzi¢ zaréwno og6lny efekt rozgrzewki (czy nastgpita poprawa po vs przed),
jak 1 interakcj¢ czy ewentualne réznice migdzy grupami (czy zmiany réznily si¢ migdzy
protokotami PAPE a kontrolnym) oraz czy r6znice zalezaly od plci. Za istotne uznano wartosci

p <0,05.
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6. Wyniki

6.1. Badanie 1l

Schemat procesu selekcji publikacji przedstawiono na Rycinie 1. Ostatecznie
do przegladu zakwalifikowano 19 artykutéw dotyczacych zjawiska PAPE w sportach walki.
Najwicksza reprezentacje stanowity badania nad tackwondo (n = 8), natomiast pojedyncze
prace dotyczyly zapasow (n = 1), judo (n = 1), mieszanych sztuk walki (MMA; n = 1), karate
(n = 1), kickboxingu (n = 1), Muay Thai (n = 1) oraz taolo wushu (n = 1). Dwa badania
obejmowaly grupy zawodnikéw reprezentujacych rézne dyscypliny (n = 2), a dwa inne
dotyczyty boksu (n = 2).

Pod wzglgdem charakterystyki proby uczestnikéw, kobiety uwzgledniono jedynie
w dwoch badaniach, mezczyzn w dwunastu, natomiast pie¢ badan obejmowalo grupy
mieszane. Liczebno$¢ prob wahata si¢ od 8 do 48 zawodnikow, a faczna liczba uczestnikow we
wszystkich badaniach wyniosta 286. Przewazajaca czg$¢ stanowili zawodnicy amatorscy
(n =13 badan), podczas gdy cztery badania obejmowaty sportowcéw na poziomie elitarnym,
a dwa — grupy mieszane pod wzglgdem wytrenowania sportowego. Wigkszos¢ analizowanych
prac koncentrowata si¢ na zawodnikach w wieku 16-25 lat, cho¢ niektore obejmowaty szersze
przedziaty wiekowe, siegajace do 29 lat.

Zakres stosowanych miar obejmowat réznorodne wskazniki sprawnosci ogdlne;.
Najczesciej ocenianym parametrem byt CMJ (n = 12 badan). W pozostatych pracach stosowano
miedzy innymi wyniki testu sity izokinetycznej, testu wytrzymalosci beztlenowej i mocy RAST
(ang. Running Anaerobic Sprint Test), testu mocy bioder, rzutu sztangg lezac na lawce poziome;j
(ang. bench press throw) oraz testu sity w postaci wyciskania hantli.

Pod wzgledem metodologicznym dominowaly randomizowane badania kontrolne
(n=12), uzupelione przez badania w schemacie naprzemiennym (n = 5) oraz quasi-
eksperymentalne (n = 2). Wszystkie wilaczone prace obejmowaly poréwnanie wynikow przed
1 po interwencji, umozliwiajac ocen¢ efektu PAPE. Wykorzystywane CA byly zr6znicowane
i obejmowaly miedzy innymi skoki z obcigzeniem, trening oporowy z duzym ci¢zarem
(np. przysiady ze sztanga, rozne rodzaje wyciskania sztangi), ¢wiczenia plyometryczne
(np. skoki powtarzalne, skoki w dal), balistyczne uginanie i prostowanie ramion w podporze
przodem, ¢wiczenia izokinetyczne, uderzenia z oporem elastycznym, a takze protokoty
specyficzne dla danej dyscypliny, takie jak kopnigcia okrezne czy techniki uzupelnione

stymulacja catego ciala za pomoca platformy wibracyjne;.
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Identification of studies via databases and registers

(o)
5 Records removed before
Records identified from: screening:
g Databases (n = 1488) —> Duplicate records removed
i (n=922)
~—
v
Records screened Records excluded
(n = 566) (n=542)
v
Reports sought for retrieval Reports not retrieved
‘E (n=0) (n=0)
; ‘,
Reports assessed for eligibility Reports excluded:
(n=24) — Different outcomes evaluated
(n=3)
Wrong publication type (n =
1
Publication language (n = 1)
~—
v
i Studies included in review
2 (n=19)

Rycina 1. Schemat wyszukiwania i wlgczenia badan PRISMA

Sredni wynik jakosci metodologicznej ocenionej za pomoca skali PEDro dla wszystkich
19 wilaczonych badan wyniést 7,8 punktu. Wsrdd analizowanych prac trzy (16%)
zaklasyfikowano jako badania o jakosci doskonatej, trzynascie (68%) jako dobre, natomiast
dwa (11%) jako umiarkowane. Zadne z badan nie zostato ocenione jako stabe (0%).

Do metaanalizy wtaczono 9 badan, z ktérych wyodrebniono 62 CA (866 uczestnikow).
Analize przeprowadzono wylacznie dla wysokosci CMJ, poniewaz byla to jedyna zmienna,
dla ktérej odnotowano istotnie wysoka liczebno$¢ danych umozliwiajagca wiarygodne
wnioskow.

W metaanalizie (Terbalyan i wsp., 2025a) zaobserwowano statystycznie istotny,
aczkolwiek niewielki usredniony efekt protokolow PAPE na CMJ zawodnikéw sportow walki.
Interwencje wybrane do metaanalizy znajduja sie¢ w tabeli 1. Srednia sita efektu Hedgesa
g wyniosta 0,136 (95% CI: 0,008-0,263) na korzys¢ pomiard6w po zastosowaniu protokotu
PAPE wzgledem warunkéw kontrolnych (Tabela 2).
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Tabela 1. Zbiorcza reprezentacja interwencji wiaczonych do metaanalizy

Autorzy # Cwiczenie aktywacyjne/dyscyplina-poziom zaawansowania
CAl Loaded squat jumps 4x8x30%1RM, 3-min rest, 90-sec, intraset rest /B-A
CA2 Loaded squat jumps 4x8x30%1RM, 6-min rest, 90-sec, intraset rest /B-A
CA3 Loaded squat jumps 4x8x30%1RM, 9-min rest, 90-sec, intraset rest /B-A
CA4 Loaded squat jumps 4x8x30%1RM, 12-min rest, 90-sec, intraset rest /B-A
Yi i wsp., 2022
CAS Squat 3x5x80%1RM, 3-min rest, 90-sec, intraset rest /B-A
CA6 Squat 3x5x80%1RM, 6-min rest, 90-sec, intraset rest /B-A
CA7 Squat 3x5x80%1RM, 9-min rest, 90-sec, intraset rest /B-A
CA8 Squat 3x5x80%1RM, 12-min rest, 90-sec, intraset rest /B-A
CA9 Bandal chagui, 3x5sec, 10-min rest, 30-sec intraset rest /T-A
CA10 Bandal chagui, 3x5sec, 10-min rest, 35-sec intraset rest /T-A
CAll Bandal chagui, 3x5sec, 10-min rest, self-selected intraset rest /T-A
Ouergui i wsp., 2022 CAl12 Consecutive vertical jump, 3x5sec, 10-min rest, 30-sec intraset rest /T-A
CA13 Consecutive vertical jump, 3x5sec, 10-min rest, 35-sec intraset rest /T-A
CAl4 Consecutive vertical jump, 3x5sec, I?A:min rest, self-selected intersetrest /T-
CAlS5 Tuck jumps, 3x5, 5-min rest, intraset rest 30 sek (a) /K-A
CALl6 Tuck jumps, 3x5, 5-min rest, intraset rest 30 sek (b) /K-A
Margaritopoulos, i wsp., CA17 Tuck jumps, 3x5, 5-min rest, intraset rest 30 sek (c) /K-A
2015 CA18 Control, 5-min rest, (a) /K-A
CA19 Control, 5-min rest, (b) /K-A
CA20 Control, 5-min rest, (c) /K-A
CA21 Half squat, 3x1x95%1RM, 5-min rest, 3-min interset rest /T-E
CA22 Half squat, 3x1x95%1RM, 10-min rest, 3-min interset rest /T-E
CA23 Half squat, 3x1x95%1RM, self-selected rest, 3-min interset rest /T-E
CA24 Jumps, 3x10, 5-min rest, 30-sec interset rest /T-E
Da Silva Santos, i wsp.,2015 CA25 Jumps, 3x10, 10-min rest, 30-sec interset rest /T-E
CA26 Jumps, 3x10, self-selected rest, 30-sec interset rest /T-E
CA27  Half squat + Jumps, 3x2x95%1RM + 4, 5-min rest, 3-min interset rest /T-E
CA28 Half squat + Jumps, 3x2x95%1RM + 4, 10-min rest, 3-min interset rest /T-E
CA29 Half squat + Jumps, 3x2x95%1RM 7T4i€self-se1ected rest, 3-min interset rest
CA30 Half Squat, 1x3x50%1RM, 10-min rest /T-E
Da Silva Santos, i wsp.,2016 CA31 Half Squat, 1x3x90%1RM, 10-m?n rest /T-E
CA32 Half Squat, 3x3x50%1RM, 10-min rest /T-E
CA33 Half Squat, 3x3x90%1RM, 10-min rest /T-E
CA34 Roundhouse kicks, 20x1, 0-min rest, 1-sec interset rest /M-A
CA35 Roundhouse kicks, 20x1, 5-min rest, 1-sec interset rest /M-A
CA36 Roundhouse kicks, 20x1, 10-min rest, 1-sec interset rest /M-A
CA37 Roundhouse kicks, 20x1, 20-min rest, 1-sec interset rest /M-A
Cimadoro, i wsp., 2018 CA38 Roundhouse kicks, 20x1, 30-min rest, 1-sec interset rest /M-A
CA39 Roundhouse kicks, 20x1, 0-min rest, 3-sec interset rest /M-A
CA40 Roundhouse kicks, 20x1, 5-min rest, 3-sec interset rest /M-A
CA41 Roundhouse kicks, 20x1, 10-min rest, 3-sec interset rest /M-A
CA42 Roundhouse kicks, 20x1, 20-min rest, 3-sec interset rest /M-A
CA43 Roundhouse kicks, 20x1, 30-min rest, 3-sec interset rest /M-A
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Oliviera, i wsp., 2018 CA44 Whole body vibration 1x1min x26 Hz /T-A
CA45 Bandal chagui, 3x5sec, 3-min rest, 30-sec intraset rest /T-A
CA46 Bandal chagui, 3x5sec, 3-min rest, 45-sec intraset rest /T-A
CA47 Bandal chagui, 3x5sec, 3-min rest, self-selected intraset rest /T-A
CA48 Consecutive vertical jump, 3x5sec, 3-min rest, 30-sec intraset rest /T-A
CA49 Consecutive vertical jump, 3x5sec, 3-min rest, 45-sec intraset rest /T-A
. CAS50 Consecutive vertical jump, 3x5sec, 3-min rest, self-selected intersetrest /T-A
QOuergui i wsp., 2023 ; : .

CAS1 Bandal chagui, 3x5sec, 7-min rest, 30-sec intraset rest /T-A
CAS52 Bandal chagui, 3x5sec, 7-min rest, 45-sec intraset rest /T-A
CAS3 Bandal chagui, 3x5sec, 7-min rest, self-selected intraset rest /T-A
CA54 Consecutive vertical jump, 3x5sec, 7-min rest, 30-sec intraset rest /T-A
CASS Consecutive vertical jump, 3x5sec, 7-min rest, 45-sec intraset rest /T-A
CAS56  Consecutive vertical jump, 3x5sec, 7-min rest, self-selected intersetrest /T-A
CAS57 Squat, 3x12x75%1RM, 30-sec rest. 180-sec interset /T-E
CAS8 Squat, 3x12x75%1RM, 4-min rest. 180-sec interset /T-E

. CA59 Squat, 3x12x75%1RM, 8-min rest. 180-sec interset /T-E

Boyaci, i wsp., 2023 .

CA60 Squat, 3x(4+4+4)x75%1RM, 30-sec rest. 180-sec interset /T-E
CA61 Squat, 3x(4+4+4)x75%1RM, 4-min rest. 180-sec interset /T-E
CA62 Squat, 3x(4+4+4)x75%1RM, 8-min rest. 180-sec interset /T-E

CA - ¢wiczenie aktywacyjne; A — poziom amatorski; E — poziom elitarny; B — boks; K — karate; M — muay thai; T —

tackwondo.

Tabela 2. Wyniki metaanalizy bez podzialu na podgrupy

Interwencja  Liczno$¢ g SE +95%ClI Z-statystyka p Wariancja Waga
CAl 10 -0.2 0.45 —1.08; 0.68 —0.44 0.66 0.20 3.28
CA2 10 0 0.45 —0.88; 0.88 0.00 1.00 0.20 3.28
CA3 10 0.03 0.45 —0.85; 0.91 0.07 0.95 0.20 3.28
CA4 10 —0.02 0.45 —0.90; 0.86 —0.04 0.96 0.20 3.28
CAS5 10 —0.02 0.45 —0.90; 0.86 —0.04 0.96 0.20 3.28
CA6 10 —0.06 0.45 —0.94; 0.82 —0.13 0.89 0.20 3.28
CA7 10 0.03 0.45 —0.85; 0.91 0.07 0.95 0.20 3.28
CAS8 10 —0.04 0.45 —0.92; 0.84 —0.09 0.93 0.20 3.28
CA9 27 0.09 0.27 —0.44; 0.84 0.33 0.74 0.07 5.70
CA10 27 0.09 0.27 —0.44; 0.62 0.33 0.74 0.07 5.70
CAll 27 0.14 0.27 —0.39; 0.67 0.52 0.60 0.07 5.70
CAl12 27 —0.21 0.27 —0.74; 0.32 —0.78 0.44 0.07 5.70
CA13 27 0.23 0.27 —0.30; 0.76 0.85 0.39 0.07 5.70
CAl14 27 —0.04 0.27 —0.57; 0.49 —0.15 0.88 0.07 5.70
CA15 10 0.17 0.45 —0.71; 1.05 0.38 0.71 0.20 3.28
CA16 10 0 0.45 —0.88; 0.88 0.00 1.00 0.20 3.28
CA17 10 0.14 0.45 —0.74; 1.02 0.31 0.76 0.20 3.28
CA18 10 —0.2 0.45 —1.08; 0.68 —0.44 0.66 0.20 3.28
CA19 10 —0.22 0.45 —1.10; 0.66 —0.49 0.62 0.20 3.28
CA20 10 —0.37 0.45 —1.25;0.51 —0.82 0.41 0.20 3.28
CA21 11 —0.06 0.43 —0.90; 0.78 —0.14 0.89 0.18 3.48
CA22 11 0 0.43 —0.84; 0.84 0.00 1.00 0.18 3.48
CA23 11 —0.11 0.43 —0.95;0.73 —0.26 0.80 0.18 3.48
CA24 11 -0.17 0.43 —1.01; 0.67 —0.40 0.69 0.18 3.48
CA25 11 —0.16 0.43 —1.00; 0.68 —0.37 0.71 0.18 3.48
CA26 11 0.19 0.43 —0.65; 1.03 0.44 0.66 0.18 3.48
CA27 11 0.04 0.43 —0.80; 0.88 0.09 0.93 0.18 3.48
CA28 11 0.17 0.43 —0.67; 1.01 0.40 0.69 0.18 3.48
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CA29 11 0.19 0.43 —0.65; 1.03 0.44 0.66 0.18 3.48
CA30 9 —0.19 0.47 -1.11;0.73 —0.40 0.69 0.22 3.09
CA31 9 0.08 0.47 —0.84; 1.00 0.17 0.86 0.22 3.09
CA32 9 —0.31 0.47 —1.23; 0.61 —0.66 0.51 0.22 3.09
CA33 9 0.17 0.47 —0.75; 1.09 0.36 0.72 0.22 3.09
CA34 9 —0.53 0.48 —1.47;0.41 —-1.10 0.27 0.23 3.00
CA35 9 —0.24 0.47 —1.16; 0.68 —0.51 0.61 0.22 3.09
CA36 9 —0.37 0.48 —1.31; 0.57 —0.77 0.44 0.23 3.00
CA37 9 —0.95 0.5 —1.93; 0.03 -1.90 0.06 0.25 2.84
CA38 9 —-1.36 0.52 —2.38;-0.34 —2.62 0.009 * 0.27 2.68
CA39 9 —0.37 0.48 —1.31; 0.57 —0.77 0.44 0.23 3.00
CA40 9 —0.31 0.47 —1.23; 0.61 —0.66 0.51 0.22 3.09
CA41 9 —0.71 0.49 —1.67;0.25 —1.45 0.15 0.24 2.92
CA42 9 -1.14 0.51 —2.14;-0.14 —2.24 0.025 * 0.26 2.76
CA43 9 —-1.33 0.52 —2.35;-0.31 —2.56 0.011 * 0.27 2.68
CA44 15 0.02 0.37 —0.71; 0.75 0.05 0.96 0.14 4.18
CA45 21 0.23 0.31 —0.38; 0.84 0.74 0.46 0.10 5.04
CA46 21 0.66 0.32 0.03; 1.29 2.06 0.039 * 0.10 4.88
CA47 21 0.84 0.32 0.21; 1.47 2.63 0.009 * 0.10 4.88
CA48 21 0.53 0.31 —0.08; 1.14 1.71 0.09 0.10 5.04
CA49 21 0.93 0.32 0.30; 1.56 291 0.004 * 0.10 4.88
CAS0 21 0.95 0.33 0.30; 1.60 2.88 0.004 * 0.11 4.73
CAS1 21 1.19 0.33 0.54; 1.84 3.61 0.000 * 0.11 4.73
CAS2 21 0.93 0.32 0.30; 1.56 291 0.004 * 0.10 4.88
CAS3 21 0.81 0.32 0.18; 1.44 2.53 0.011 * 0.10 4.88
CAS4 21 0.82 0.32 0.19; 1.45 2.56 0.010 * 0.10 4.88
CASS 21 0.65 0.32 0.02; 1.28 2.03 0.042 * 0.10 4.88
CAS6 21 0.7 0.32 0.07; 1.33 2.19 0.029 * 0.10 4.88
CAS7 12 0.04 0.41 —0.76; 0.84 0.10 0.92 0.17 3.70
CASS8 12 0.38 0.41 —0.42; 1.18 0.93 0.35 0.17 3.70
CAS9 12 0.21 0.41 —0.59; 1.01 0.51 0.61 0.17 3.70
CA60 12 0.53 0.42 —0.29; 1.35 1.26 0.21 0.18 3.59
CA61 12 1.07 0.44 0.21; 1.93 2.43 0.015 * 0.19 3.38
CA62 12 0.34 0.41 —0.46; 1.14 0.83 0.41 0.17 3.70
Razem 866 0.136 0.065 0.008; 0.263 2.090 0.037 *

CA - ¢wiczenie aktywacyjne; g — wielko$¢ efektu g (Hedgesa); p -prawdopodobienstwo testowe; SE — btad standardowy; CI
— przedziat ufnosci; * - wynik istotny statystycznie

Analizy podgrup ujawnily jednak istotne zrdznicowanie efektu w zalezno$ci
od dyscypliny (Tabela 3). Najwicksze korzysci odnotowano u zawodnikéw tackwondo —
szczegllnie, gdy zastosowany protokdt taczyt dynamiczne podskoki z seriami cigzkich
przysiadow w seriach klasterowych. W jednym z badan na zawodnikach taekwondo
zanotowano nawet efekt rzedu g = 1,19 (p < 0,001) dla wysokosci skoku po protokole “bandal
chagui” (kopnigcia techniczne potaczone z obcigzeniem). Dla kontrastu, w sportach, takich jak
muay thai specyficzne CA moga pogarsza¢ wynik — na przyktad, protokét z kopnieciami

okreznymi (ang. roundhouse kicks) spowodowal spadek wynikéw (g =-1,36, p = 0,009).
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Tabela 3. Wyniki metaanalizy z podziatem na dyscypliny

Poziom Licznos$¢ g SE +95%CI  Z-statystyka p Wariancja Waga
Boks 80 —0.035 0.159 -0.347;0.277 —0.220 0.826 0.025 39.506
Karate 60 —0.080  0.184 —0.440;0.280  —0.435 0.663 0.034 29.630
Muay thai 90 —0.701 0.155 -1.006;-0.397 —4.517 0.001 * 0.024 41.481
Taekwondo 636 0.346 0.067  0.214;0.477 5.137 <0.001 * 0.005 220.925
Razem 866 0.131 0.055  0.024; 0.239 2.389 0.017 *

CA - ¢wiczenie aktywacyjne; g — wielko$¢ efektu g (Hegdesa); p - prawdopodobienstwo testowe; SE — btad standardowy;
CI — przedziat ufnosci; * - wynik istotny statystycznie

Analiza pod katem poziomu zaawansowania (Tabela 4) nie wykazala natomiast
istotnych roznic: sumaryczny efekt u amatoréow (g = 0,14; 95% CI: —-0,01-0,29)
byt porownywalny z efektem u zawodnikéw z poziomu elitarnego (g = 0,13; 95% CI: —-0,11—

0,38) — roznice te nie osiggnety istotnosci statystyczne;.

Tabela 4. Wyniki metaanalizy z podziatem na poziom zaawansowania

Poziom  Liczno$é g SE +95%CI Z-statystyka )4 Wariancja Waga Udzial

Amatorski 659 0.14 0.08 -0.01;0.29 1.77 0.08 0.01 169.53 0.72
Elitarny 207 0.13 0.12  -0.11;0.38 1.06 0.29 0.02 64.69 0.28
Razem 866 0.13  0.07 0.01; 0.26 2.06 0.039 *

CA - ¢wiczenie aktywacyjne; g — wielko$¢ efektu g (Hegdesa); p - prawdopodobienstwo testowe; SE — blad standardowy; CI
— przedziat ufnosci; * - wynik istotny statystycznie

Ogoétem wyniki metaanalizy wykazuja, ze skuteczno$¢ PAPE zalezy od dostosowania
protokotu do specyfiki dyscypliny. W dyscyplinach wymagajacych eksplozywnosci
odpowiednio dobrane ¢wiczenia przynosza duze korzysci, natomiast zbyt specyficzne CA
w innych sportach (jak kopni¢cia w muay thai) moga by¢ nieefektywne lub wrecz szkodliwe

dla natychmiastowego wyniku.

6.2. Badanie 2
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Wyniki drugiego badania (Terbalyan i wsp., 2025b) potwierdzity istnienie PAPE

wywolanego izometrycznym ¢wiczeniem typu overcoming u siatkarzy, przy czym efekt

ten okazal si¢ zalezny od rodzaju zastosowanej konczyny oraz poziomu wytrenowania

zawodnika. Analiza wariancji wykazata istotng interakcje strona X czas (p <0,001), co oznacza,

ze zmiana wysokos$ci skoku po wysitku byla rézna w zaleznosci od tego, ktéra konczyna

wykonywata CA. U zawodnikow ELI zaobserwowano znaczaca poprawg wysokosci SLDJ

tylko w przypadku konczyny, ktéora wykonywata ¢wiczenie izometryczne. Wyniki
przeprowadzonej ANOVA sg przestawione w tabeli 5 ponizej.
Tabela 5. Efekty i interakcje ANOVA
Efekt/
Wysokos$¢ skoku Czas kontaktu RSI
interakcja
Niedominujaca Dominujaca Niedominujagca  Dominujaca  Niedominujaca Dominujaca
CA CA CA CA CA CA
F=0.497; F=3.669; F=0.37, F=0.576; F=0.132; F=4.428;
Grupa x Strona
p=0.49; p=0.071; p=0.551; p=0.458; p=0.721; p=0.05;
x Czas
1%=0.027 n%=0.169 1%=0.02 n%=0.031 1%=0.007 1%,=0.197
F=17.078; F=0.448; F=2.222; F=13.3; F=6.454; F=1.446;
Strona x Czas p<0.001; p=0.512; p=0.153; p=0.002; p=0.021; p=0.245;
1%=0.487 n%=0.024 n%=0.11 1%,=0.425 1%=0.264 1%=0.074
F=1.142; F=5.738; F<0.001; F=0.053; F=1217; F=5.315;
Grupa x Czas p=0.299; p=0.028; p=1; p=0.82; p=0.284; p=0.033;
1%=0.06 1%,=0.242 1%<0.001 1%=0.003 1%=0.063 1%,=0.228
F=0.024; F=8.519; F=0.802; F=0349; F=0.161; F=6.034;
Grupa x Strona p=0.877; p=0.009; p=0.382; p=0.562; p=0.693; p=0.024;
1%=0.001 1%=0.321 1%=0.043 1%=0.019 1%=0.009 12%=0.251
F=4.399; F=12.779; F=0.038; F=5.182; F=5.367; F=4.756;
Czas p=0.05; p=0.002; p=0.847; p=0.035; p=0.033; p=0.043;
1%=0.196 1%=0.321 1%=0.002 1%,=0.224 n%=0.23 12%,=0.209
F=10.964; F=39.503; F=0.63; F=1.378; F=10.547; F=31.592;
Strona p=0.004; p<0.001; p=0.438; p=0.256; p=0.004; p<0.001;
n%=0.379 12%=0.687 1%=0.034 %=0.071 1%=0.369 1%,=0.637
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F=9.056; F=3.559; F=0.13; F=0.644; F=13.961; F=3.249;
Grupa p=0.008; p=0.075; p=0.722; p=0.433; p=0.002; p=0.088;

1%,=0.335 n%,=0.165 %,=0.007 n%,=0.035 n%,=0.437 n%,=0.153

Pogrubienie — istotny statystycznie wynik; %, — wielko$¢ efektu (czastkowe eta-kwadrat); F - warto$¢ testu Fishera; p -

prawdopodobienstwo testowe, CA — ¢wiczenie aktywacyjne.

Gdy seria izometrycznych przysiadow wykrocznych byla wykonana dominujaca
konczyna dolna, wysokos¢ skoku tej samej konczyny wzrosta z 16,4 + 2,4 cm przed do 18,3 +
3,3 cm po — wzrost 0 ~1,9 cm (p < 0,001). Wielko$¢ efektu dla tej zmiany byta duza (Hedges’
g = 0,79). Analogicznie, po izometrycznym obcigzeniu konczyny niedominujacej wysokos¢
skoku tej konczyny wzrosta z 13,7 + 2,6 cm do 15,5 = 2,7 cm (czyli o ~1,8 cm; p = 0,001;
g =0,65). Kluczowe jest to, Ze nie odnotowano statystycznie istotnego efektu przeniesionego
na druga, nie¢wiczong konczyng¢ — w grupie ELI poprawa dotyczyta wylacznie konczyny
zaangazowanej w ¢wiczenie. Skoki wykonane konczyna kontralateralng nie zmienily istotnie
wysokosci.

Co wigcej, u siatkarzy elitarnych zaobserwowano poprawe takze innych parametréw
skoku: RSI dla konczyny dominujacej zwickszyt si¢ z 0,47 £ 0,06 do 0,53 + 0,07 (p = 0,011;
g =0,68), a dla niedominujacej rOwniez nastgpit istotny wzrost (p = 0,008; g = 0,58).

CT podczas ladowania w skoku zawodnikéw elitarnych zasadniczo nie wydluzyt si¢
po ¢wiczeniu na tej samej nodze, jednak zaobserwowano niespodziewany efekt: po obcigzeniu
izometrycznym konczyny dominujacej CT kontralateralnej (niedominujacej) konczyny ulegt
wydhuzeniu — CT wzrdst istotnie (p = 0,001; g = 0,66) dla skoku konczyna niedominujaca
po tym, gdy ¢wiczenie wykonano konczyng dominujaca.

Mimo to gldwne wnioski dla zawodnikdw o wyzszym poziomie rozgrywkowym
sa pozytywne: izometryczne przysiady wykroczne wyraznie zwigkszyty ich wysoko$¢ skoku,
ale tylko w konczynie bezposrednio zaangazowanej w CA. W przypadku zawodnikow AMA
zaobserwowano odmienny wzorzec. Istotna poprawa wysokosci skoku wystapita u nich tylko
wtedy, gdy ¢wiczenie izometryczne wykonywata konczyna niedominujgca. Po obcigzeniu
niedominujacej konczyny wysokosc jej skoku wzrostaz 11,0 +2,4 cm do 12,4 + 2,4 cm (Srednio
+1,4 cm; p = 0,008), co odpowiada efektowi $redniej wielkosci (g = 0,58). Z kolei,
gdy amatorzy wykonywali izometryczny wysitek konczyna dominujacg, nie odnotowano
istotnej zmiany wysokosci skoku ani dla konczyny dominujacej, ani kontralateralng — wptyw
takiego obcigzenia okazal si¢ statystycznie nieistotny. Podobnie RSI w grupie AMA ulegt
poprawie tylko po procedurze z konczyna niedominujaca (p = 0.021; g = 0.264), ponownie
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po obciazeniu konczyny dominujacej nie stwierdzono istotnej zmiany RSI. CT u amatoréw
cechowata wigksza zmienno$¢ i brak jednoznacznych trendéw — nie wykazano spdjnych zmian
CT w zadnym z warunkdw, a interakcje z czynnikiem treningowym nie byly istotne.
Reasumujac, izometryczne ¢wiczenie typu overcoming o charakterze unilateralnym
wywolalo zjawisko PAPE w SLDJ, jednak gtownie jako efekt lokalny. Siatkarzom o wysokim
poziomie zaawansowania sportowego przyniosto ono wyrazne korzysci w skoku realizowanym
ta samg konczyna przy braku pozytywnego efektu krzyzowego na druga, jednak u slabiej
wytrenowanych amatorow efekt byl mniejszy i wystapil tylko przy wzmocnieniu konczyny
stabszej. Mozna to interpretowaé tak, ze u zawodnikow z mniejszym do$wiadczeniem
treningowym mocne pobudzenie ich stabszej strony daje szans¢ na zauwazalng poprawe, czyli
zwigzana z redukcja dysproporcji, podczas gdy u profesjonalistow obie konczyny dolne
sa na tyle wytrenowane, ze reaguja silnie jedynie na wlasng aktywacje. W kazdym razie badanie
potwierdzito skuteczno$¢ protokolu izometrycznego w krotkotrwaltym podniesieniu

parametréw skoku u siatkarzy, szczegolnie tych z wysokim poziomem silty wzgledne;.

6.3. Badanie3

W trzecim badaniu (Terbalyan i wsp., 2025¢) nie stwierdzono przewagi izometrycznej
rozgrzewki PAPE nad tradycyjna rozgrzewka biegowa pod wzgledem poprawy wynikéw CMJ.
Analiza wariancji nie wykazata istotnej interakcji mi¢dzy typem rozgrzewki a czasem pomiaru
dla Zadnego z mierzonych parametrow. W szczeg6lnosci, wysokos$¢ skoku CMIJ nie ulegla
istotnej zmianie w zadnej z grup — nie odnotowano istotnego gtéwnego efektu czasu (F = 0,146;
p=0,704), a interakcja czas x grupa rdOwniez byta nieistotna (F = 0,203; p = 0,654). Podstawowe

statystyki opisowe z podziatem na pte¢ i stron¢ zostaty przedstawione ponizej (Tabela 6).

Tabela 6. Podstawowe statystyki opisowe

Zmienna Grupa Pleé PRE POST
M + SD (-95%CI; +95%CI)

~0.34 £ 26.86 (~16.57; 15.90)

~0.34 +26.86 (~16.57; 15.90)

szczytowej sity

1.82+20.99 (-9.81; 13.45)

7.13 £25.08 (-6.76; 21.02)

ot o con K 118+ 11.62 (—13.38; 11.01) 2.07+8.24 (~6.58; 10.72)
sﬂ;ek‘;ﬁ‘é;yms;: M 0.32+£6.51 (-3.61;4.26) 2.13+£7.72 (-2.53; 6.80)
L g D K 4.03+10.61 (-1.85;9.90) 2.55+9.72 (-2.83;7.93)
o5 M 115 + 10.47 (-3.90; 6.19) 164+ 11.44 (-3.88;7.15)
- K 29.15 + 12,20 (16.35; 41.95) 33.05+9.64 (22.94; 43.16)
msoﬁoxoﬁzlgg CON 4024+ 11.60 (33.23; 47.25) 3838+ 12.12 (31.05; 45.70)
pu o] o K 28.51 = 10.46 (22.72; 34.30) 27.02+8.77 (22.16;31.87)
M 37.77 £8.26 (33.79; 41.76) 38.33£9.95 (33.54;43.12)
+ — ; JS3 £ 16. —16.89; 17.
Asymetta con 1\131 0.53 % 16.60 (—16.89; 17.95) 0.53 = 16.60 (~16.89; 17.95)
K
M

ladowania [% L,R] EXP

1531 £22.75 (4.34; 26.28)

8.17+£19.64 (-1.30;17.63)
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CON K 1853.67 £ 950.13 (856.56; 2850.77) 1712.19 £ 1092.56 (565.62; 2858.75)
Koncentryczne M 1791.08 +1293.87 (1009.20; 2572.95)  1479.09 + 1119.16 (802.79; 2155.39)
RFD [N/s] EXP K 980.27 + 648.92 (620.90; 1339.63) 1542.56 £ 572.35 (1225.60; 1859.52)
M 3043.00 +£2505.30 (1835.48; 4250.52)  2261.44 +1739.30 (1423.13; 3099.76)
RFD — szybko$¢ rozwijania sity; CON — grupa kontrolna; EXP — grupa eksperymentalna; L —lewa; R —prawa; K — kobiety; M

— mezezyzni; SD — odchylenie standardowe; PRE — pomiar przed interwencja; POST — pomiar po interwencji; CI — 95 %

przedziat uthosci.

Srednia wysokos$¢ skoku w grupie PAPE przed rozgrzewka wynosita okoto 37,8 + 8,3
cm u mezezyzn i 28,5 + 10,5 cm u kobiet, po rozgrzewce izometrycznej odpowiednio 38,3 +
9,9 cm (M) 127,0 £ 8,8 cm (K). Réznice ~0,5 cm (M) i —1,5 cm (K) sg pomijalne i statystycznie
nieistotne. W grupie kontrolnej odnotowano niewielkie wahania: me¢zczyzni skakali $rednio
40,2 + 11,6 cm przed vs 38,4 = 12,1 cm po truchcie, a kobiety 29,2 + 12,2 cm przed vs 33,0 £
9,6 cm po — te zmiany (+3—4 cm u kobiet, —1,8 cm u mezczyzn) rdwniez okazaty si¢ nieistotne
statystycznie. Zaobserwowano istotny glowny efekt ptci: me¢zczyzni uzyskiwali ogolnie wyzsze
skoki niz kobiety (p < 0,001), co jest spodziewane ze wzgledu na rdéznice sity i mocy
mig$niowej. Co wigcej, réznica migdzy grupami okazala si¢ nieistotna (brak gléwnego efektu
typu rozgrzewki: F = 1,201; p = 0,278).

Wyniki dotyczace parametrow dodatkowych roéwniez nie wykazaly przewagi
rozgrzewki izometrycznej. Asymetria aktywna sity mierzona zar6wno podczas odbicia
koncentrycznego, jak i ladowania, nie ulegta istotnym zmianom po rozgrzewce ani w jednej,
ani w drugiej grupie (p > 0,1 dla efektow czasu i interakcji). Na przyktad, srednia asymetria
sily koncentrycznej przed rozgrzewka w grupie PAPE wynosita ok. 1,1% (u M) 1 4,0% (u K),
a po rozgrzewce ~1,6% (M) 1 2,6% (K), przy duzych rozrzutach indywidualnych — zmiany
te byly statystycznie nieistotne. RFD réwniez nie wykazato zadnych réznic po rozgrzewkach —
warto$ci RFD przed a po pozostaty na zblizonym poziomie, a ANOVA nie ujawnita efektow
glownych ani interakcji (np. F_czas = 0,758; p = 0,388).

Podsumowujac, rozgrzewka izometryczna PAPE nie przyniosta dodatkowych korzysci
w porownaniu z tradycyjng rozgrzewka aerobowa, jesli chodzi o natychmiastowa wysoko$¢
skoku oraz zwigzane parametry sity u badanych zawodnikow gier zespotowych. Obie grupy —
zarowno po izometrycznych ¢wiczeniach maksymalnych, jak i po 5 min truchtu — uzyskaty
podobne wyniki CMJ i podobny brak zmian w asymetrii czy RFD. Wynik ten sugeruje,
ze w warunkach tego eksperymentu standardowa rozgrzewka biegowa zapewnita
juz optymalny poziom pobudzenia i temperatury migéni, a dodanie komponentu

izometrycznego nie byto w stanie wygenerowa¢ dodatkowego efektu PAPE.
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7. Dyskusja

Celem cyklu badan stanowigcych podstawe niniejszej rozprawy byta ocena zjawiska
PAPE w kontek§cie generowania mocy mig¢sniowej konczyn dolnych. Zagadnienie
to zrealizowano poprzez trzy projekty badawcze: eksperyment dotyczacy wptywu unilateralnej
izometrycznej CA na parametry SLDJ, systematyczny przeglad literatury z metaanaliza
efektywnosci protokotéw CA w sportach walki oraz badanie poroéwnujace izometryczny
protokot aktywacyjny z klasyczng rozgrzewka pod katem ich oddziatywania na CMJ, RFD
1 asymetrie aktywna.

Wyniki przeprowadzonych badan wykazaty, Zze zjawisko PAPE, w odniesieniu
do wybranych zdolnos$ci motorycznych, wystepuje w réoznych warunkach w sposéb istotny,
ale krotkotrwaty. Waznym zagadnieniem pojawiajacym si¢ na marginesie uzyskanych
rezultatow jest réwniez problem tzw. ,,non-responders” — 0sob, ktore pomimo teoretycznie
poprawnie skonstruowanego protokotu CA nie wykazuja spodziewanej poprawy wynikow.
Zjawisko to zostato uznane za wazne przez Evetovicha i wspotautorow (2015), ktorzy wskazuja
na duzg zmienno$§¢ indywidualnych odpowiedzi, czgsto niezaleznych od plci
czy doswiadczenia sportowego. Taka obserwacja moze ttumaczy¢ niektére niejednoznaczne
rezultaty w niniejszych badaniach, gdzie mimo teoretycznej poprawnosci metodycznej
i kontroli parametrow obcigzenia izometrycznego nie udalo si¢ uzyska¢ jednoznacznych
efektow potegujacych skoczno§¢ w calej badanej grupie.

Metaanaliza (Terbalyan i wsp., 2025a) obejmujaca tacznie 866 zawodnikéw sportow
walki potwierdzita z kolei, Ze ogoélnie PAPE jest statystycznie nieznaczny do umiarkowanego
(polaczony ustandaryzowany g = 0,14) . Zarazem wykazano, iz PAPE silnie zalezy od specyfiki
protokotu oraz dyscypliny sportu. Najwigksze korzysci zaobserwowano u zawodnikow
tackwondo — na przyktad, protokot taczacy wielokrotne skoki pionowe z ciezkimi seriami
sitowymi typu klasterowego skutkowat znaczacym wzrostem wysokosci skoku (g > 1,1) . Dla
kontrastu, w dyscyplinach takich jak muay thai odnotowano nawet pogorszenie wynikéw po
zastosowaniu wysoce specyficznych bodzcoéw (na przyktad, maksymalnych kopnig¢ okreznych
jako ¢wiczenia aktywacyjnego, g =~ —1,36). W przekroju poziomu zaawansowania zawodnikow
analiza nie wykazala istotnych ro6znic — $rednia wielko$¢ efektu u sportowcow amatorskich
(g = 0,14) byta zblizona do obserwowanej u zawodnikow elitarnych (g = 0,13).

Waznym aspektem, ktory pojawil si¢ w toku prowadzonych analiz jest zagadnienie
tak zwanej natury lokalnej oraz kontralateralnej PAPE. W eksperymencie z udziatem siatkarzy

(Terbalyan i wsp, 2025b) zaobserwowano wyrazny lokalny PAPE zgodnie z wcze$niejszymi
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ustaleniami Wong i wsp. (2020) oraz Andrews i wsp. (2014) — unilateralne izometryczne
CA spowodowato istotny wzrost wysokosci SLDJ oraz wskaznika RSI w konczynie poddanej
aktywacji, przy czym efekt ten byt najbardziej widoczny u zawodnikdéw o wyzszym poziomie
sportowym. Nalezy takze zaznaczy¢, iz wcigz nie ma jednoznacznej zgody co do istnienia
kontralateralnego PAPE. Istnieja przestanki sugerujace mozliwos$¢ wystepowania zjawiska
na drodze mechanizméw neurofizjologicznych, takich jak ogoélny wzrost pobudzenia uktadu
nerwowego czy podwyzszona sekrecja katecholamin po intensywnym CA (Cairns i Borrani,
2015). Przyczyn tych rozbiezno$ci nalezy szuka¢ w roznicach metodycznych, takich jak
rodzaj stosowanego CA czy czas trwania aktywacji — oraz w odmiennych poziomach
zaawansowania sportowego badanych grup. U siatkarzy o wysokim poziomie
zaawansowania sportowego potwierdzono poprawe¢ wynikow skoku zarowno w konczynie
dominujacej, jak i niedominujgcej po zastosowaniu bodzca izometrycznego. Odmiennie
reagowali zawodnicy mniej wytrenowani — w grupie amatorskiej odnotowano jedynie
niewielka poprawe w skoku realizowanym konczyng niedominujaca po aktywacji tej samej
konczyny, aczkolwiek zaobserwowano brak istotnych zmian po wzmocnieniu konczyny
dominujacej. Prawdopodobnie, zmiany te lezag u podstaw wyzszej efektywnosci kontroli
motorycznej, bardziej wydajng rekrutacja jednostek motorycznych, lepsza zdolnos$cia
tolerowania intensywnych bodzcéw aktywacyjnych oraz ogolnie wyzsza poziomem
sprawnosci nerwowo-mig¢sniowej, co pozwala skuteczniej wykorzystywa¢ zjawisko PAPE
bardziej doswiadczonym sportowcom (Chiu 1 wsp., 2003; Lim 1 Kong, 2013).

W badaniu porownujacym izometryczng CA z tradycyjng rozgrzewka w postaci biegu
na biezni (Terbalyan i wsp, 2025c) stwierdzono natomiast, Zze izometryczna aktywacja
nie zapewnila przewagi w stosunku do klasycznej metody przygotowania do treningu.
Bezposrednio po obu rodzajach rozgrzewki uzyskano zblizone rezultaty: wysokos¢ CMIJ
nie ulegta istotnej zmianie, podobnie jak asymetria sity konczyn dolnych i wskaznik RFD, przy
czym nie odnotowano statystycznie istotnych réznic miedzy grupa wykonujaca ¢wiczenie
izometryczne a grupg biegu aerobowego. Jedynym zaobserwowanym czynnikiem
réznicujacym byla pte¢ uczestnikow — mezczyzni uzyskiwali wyzsze wyniki skoku, niz kobiety
— lecz rodzaj rozgrzewki nie wplywal istotnie na te rdznice. Unilateralne ¢wiczenia
izometryczne sa proponowane jako efektywny sposob korekcji asymetrii konczyn oraz
optymalizacji rekrutacji jednostek motorycznych w konteks$cie specyficznych ruchéw
sportowych (McCurdy i Conner, 2003). Jednakze powyzsze wyniki nie wykazaly wyraznych
korzy$ci z wykorzystania unilateralnej rozgrzewki izometrycznej wzgledem rozgrzewki

biegowe] w konteks$cie poprawy asymetrii sitowej czy zwigkszenia wskaznika RFD. Bieg
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o niskiej intensywnosci na biezni skutkuje wzrostem temperatury mig$niowej oraz
wzmozonym przeplyw krwi, co stanowi kluczowe czynniki optymalizujace przygotowanie
organizmu do wysitku (Racinas i wsp., 2017). Fakt, iz oba protokoly — izometryczny
i dynamiczny — nie roznily si¢ znaczaco w skuteczno$ci, moze wykazywaé, ze prostsza
technicznie 1 powszechnie stosowana rozgrzewka dynamiczna moze by¢ rownie efektywna
fizjologicznie, niz bardziej zaawansowane techniki izometryczne.

Warto zwrdci¢ uwage, ze protokoly oparte na maksymalnych izometrycznych
skurczach (MVIC) sa szczegdlnie polecane w kontek$cie generowania PAPE, zwlaszcza
w dyscyplinach wymagajacych duzych predkosci ruchow (Lum i1 wsp., 2021; Kozlenia
i Domaradzki, 2024). Istotne jest jednak, ze protokoty wykorzystujace krotkie, powtarzalne
MVIC moga mie¢ zmienng efektywnos¢, co podkresla konieczno$¢ precyzyjnego dobierania
parametrow takich jak czas trwania czy obcigzenie.

Uzyskane wyniki wskazuja na kluczowa rolg parametrow protokotu oraz
charakterystyki zawodnikow w modulowaniu PAPE. Istotne wzrosty mocy w skoku
po izometrycznym bodzcu u siatkarzy trenujacych zawodowo sa zgodne z koncepcja,
ze wytrenowani sportowcy efektywniej wykorzystuja zjawisko PAPE — dzigki wigkszej sile
1 odpornosci na zmg¢czenie sg oni w stanie generowac silniejsza odpowiedz po intensywnej CA
(Wilson i wsp., 2013). Zgodnie z wczesniejszymi doniesieniami (Seitz i Haff, 2015), osoby
0 wyzszym poziomie sily i mocy notuja silniejsze efekty tego typu interwencji w poréwnaniu
do stabiej wytrenowanych. Z drugiej strony, stabsza reakcja lub brak istotnych zmian
u zawodnikoéw mniej zaawansowanych sugeruje, ze u nich mechanizmy odpowiedzialne
za PAPE nie ujawniajg si¢ tak fatwo lub zostaja zniwelowane przez zme¢czenie wywolane przez
CA (Hodgson i wsp., 2005).

Przedstawiony cykl badan nie jest pozbawiony istotnych ograniczen metodologicznych,
ktére powinny zosta¢ uwzglednione przy interpretacji uzyskanych wynikéw oraz przy
formutowaniu wnioskow.

Po pierwsze, liczba wlaczonych do metaanalizy (Terbalyan i wsp., 2025a) badan byta
relatywnie ograniczona (n = 9), co znaczaco zawe¢za mozliwos¢ generalizacji wynikdw oraz
zmniejsza precyzj¢ oszacowania zbiorczego efektu zastosowanych CA, pomijajac fakt,
ze do przeprowadzenia metaanalizy potrzebne sa tylko dwa badania. Dodatkowo,
uwzglednione badania koncentrowaly si¢ glownie na ograniczonym zakresie CA,
pozostawiajac istotne metody takie jak aktywacja izometryczna czy rdéznorodne formy

plyometryczne, nadal niewystarczajaco zbadane.
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Po drugie, duza heterogeniczno$¢ metodologiczna uwzglednionych badan -
przejawiajagca si¢ w  odmiennych protokotach testowania, réznych przerwach
wypoczynkowych, intensywno$ciach obcigzen, doborze ¢wiczen oraz rdznicach w ocenie
wynikow — mogla wptyna¢ na uzyskang zmienno$¢ wynikow. Takie zrdéznicowanie mogto
ograniczy¢ doktadno$¢ estymacji efektow, wprowadzajac dodatkowe Zrédlo potencjalnych
zmiennych zaktocajacych. Ponadto, zastosowanie jedynie ogdlnych miar sprawnosci, takich jak
CMJ, moze nie odzwierciedla¢ ogolnej specyfiki ruchowej i taktycznej rzeczywistych
warunkéw sportowej rywalizacji, szczegdlnie w dyscyplinach walki.

Po trzecie, jednym z ograniczen bylo uwzglednienie badan z zawodnikami, ktérzy
nie rywalizuja czynnie, co ogranicza mozliwo$¢ bezposredniego odniesienia wynikow
do populacji zawodnikéw sportow walki na poziomie profesjonalnym. Jest to wyszczegodlnione
w sekcji ograniczen metaanalizy.

Po czwarte, wykorzystanie protokotu zawierajacego potaczenie klasycznej rozgrzewki
na biezni z interwencja PAPE jest najbardziej zblizong formg wykorzystania tego zjawiska
w praktyce trenerskiej. Dodanie trzeciej grupy badawczej do eksperymentu Terbalyan i wsp.
(2025¢) mogtoby w wigkszej mierze wyjasni¢ stosowanie CA przez startami mistrzowskimi.

Ponadto, analiza efektow izometrycznych przysiadow wykrocznych w eksperymencie
dotyczacym siatkarzy opierala si¢ na ¢wiczeniu, ktére nie byto §cisle unilateralne. Ogranicza
to pewno$¢, czy zastosowany bodziec aktywacyjny byt jednorodny i czy konczyna tylna
nie byta dodatkowo zaangazowana w generowanie sity, co moglo wptynaé na uzyskane efekty.
Ponadto brak warunkéw kontrolnych (bez aktywacji) w tym eksperymencie nie pozwala
na jednoznaczne przypisanie obserwowanych efektow jedynie do zastosowanego bodzca
izometrycznego.

Istotnym ograniczeniem zastosowanej metodologii bylo takze pominigcie pomiardw
fizjologicznych, takich jak elektromiografia migsniowa, temperatura mig¢$niowa, markery
metaboliczne lub hormonalne. Brak tych pomiaréw uniemozliwia jednoznaczne okre$lenie
mechanizmow fizjologicznych i1 systemowych odpowiedzialnych za obserwowane efekty,
ograniczajac interpretacj¢ uzyskanych rezultatéw jedynie do poziomu wykonania zadan
ruchowych.

W koncu, istotnym ograniczeniem byta przekrojowa natura badan oraz fakt, ze pomiary
przeprowadzono jednorazowo, co ogranicza mozliwo$¢ oceny dlugoterminowych efektow
treningowych lub adaptacji kumulatywnych. Zastosowanie projektow badan o charakterze

longitudialnym, obejmujacych regularne stosowanie CA oraz wielokrotne pomiary,
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pozwolitoby na precyzyjniejsze okreslenie skutecznosci i dlugoterminowej efektywnosci
analizowanych protokotow.

Dotychczasowe badania zrealizowane w ramach niniejszej pracy doktorskiej miaty
glownie charakter aplikacyjny. Skupialy si¢ one na ocenie PAPE w kontekscie wynikow testow
wysitkowych, takich jak wysokos$¢ wyskoku czy czas sprintu. Tego typu podejécie dostarczyto
cennych informacji praktycznych sugerujac, ze odpowiednio dobrane CA moga przejsciowo
poprawia¢ parametry sprawnos$ciowe u sportowcéw. Niemniej jednak, w literaturze podkresla
sie, ze wigkszo§¢ badan nad zjawiskiem PAP/PAPE koncentrowata si¢ na zewnetrznych
wynikach wykonania ¢wiczen, a nie na bezposrednich markerach fizjologicznych stojacych
za efektem wzmocnienia (Boullosa i wsp., 2020). Innymi stowy, brakuje poglebionego
zrozumienia, dlaczego 1 jak doktadnie dochodzi do poprawy wynikéw wskutek PAPE — jakie
zmiany w mig$niach i uktadzie t¢ poprawe powoduja.

Obecnie w literaturze naukowej brakuje szczegdtowych badan nad mechanizmami
fizjologicznymi i strukturalnymi PAPE. Dotyczy to zaréwno charakterystyki samego skurczu
mig$niowego (np. RFD, sztywno$ci migséni, opdznienia reakcji migsnia), jak i ewentualnych
adaptacji architektury mig¢$niowej wywolanych powtarzanym PAPE. Co prawda proponuje
si¢ szereg potencjalnych wyjasnien zjawiska PAPE — m.in. wzrost temperatury mig¢snia
1 zmiany uwodnienia tkanki wplywajace na jej elastyczno$¢ i sztywno$¢, a takze zwigkszong
aktywacje nerwowg skutkujaca lepsza rekrutacja jednostek motorycznych — jednak dotychczas
niewiele prac empirycznych potwierdzito te mechanizmy bezposrednimi pomiarami (Blazevich
i Babault, 2019). Ponadto, autorzy najnowszych przegladow systematycznych
podkreslaja potrzebe przesunigcia akcentu badawczego z samych efektow sprawnos$ciowych
na zrozumienie mechanizméw nerwowo-mi¢$niowych lezacych u podstaw PAPE (Terbalyan
1 wsp., 2025a; Fischer, J., & Paternoster, 2024) . Wynika stad wyrazna luka poznawcza, ktérg
nalezy wypetni¢, aby zjawisko PAPE byto w pelni wyjasnione naukowo.

Aby odpowiedzie¢ na powyzsze wyzwania, doktorant planuje kontynuacje¢ pracy
naukowej w kierunku poglebionej analizy mechanizméw PAPE. Celem tych badan —
stanowiacych podstawe przysztej pracy habilitacyjnej — bedzie kompleksowe zbadanie zmian
zachodzagcych w migéniach 1 ukladzie nerwowym podczas PAPE, z wykorzystaniem
obiektywnych metod pomiarowych. W planowanym projekcie badawczym zostana
zastosowane m.in. tensiomiografia (TMGQG), elektromiografia (EMG) oraz ultrasonografia
migsniowa (USG) potaczone w jednym protokole badawczym. Takie wielowymiarowe
tworzenie modelu odpowiedzi fizjologicznej pozwoli rownoczesnie sledzi¢ mechanike skurczu

mie¢snia, jego aktywnos$¢ elektryczng oraz strukture wewnetrzng, co stanowi nowatorski krok
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naprzod w badaniach nad PAPE. TMG jest nieinwazyjng technika oceny wlasciwos$ci
skurczowych mig$ni 1 dostarcza szybkich, precyzyjnych informacji o reaktywnos$ci migsnia
bez zaklocania normalnej aktywnos$ci badanej osoby. Pozwala ona zmierzy¢ kluczowe
parametry, takie jak czas inicjacji skurczu migs$nia czy maksymalne przemieszczenie brzusca
migénia, ktoére wigze si¢ ze sztywnoscig. Z kolei EMG umozliwi rejestracje aktywnosci
elektrycznej migsni (zar6wno podczas CA, jak i w trakcie nastepujacego po nim wysitku),
co odstoni dynamike rekrutacji jednostek motorycznych i ewentualne zwigkszenie pobudzenia
nerwowo-mig¢sniowego zwigzane z PAPE. Natomiast USG mig$niowa pozwoli na obserwacj¢
architektury mig$ni — np. pomiar grubosci mig¢snia, dhugosci peczkéw migsniowych 1 katow
przebiegu wtokien — w warunkach in vivo.

Ponadto niezbedne jest przeprowadzenie drugiej czgsci systematycznego przegladu
literatury oraz metaanalizy, tym razem ukierunkowanej na specyficzne wskazniki sprawnosci
fizycznej zwiazane bezposrednio z dang dyscypling sportowa (ang. sport-specific performance
indicators). Pierwsza czg¢$¢ dotcyzyta ogdlnych parametrow sprawnosci fizycznej (na przyktad,
wysokos$¢ skoku), jednak wiele protokotow CA moze oddzialywa¢ odmiennie w zaleznosci od
rodzaju wysitku typowego dla danej dyscypliny. Z tego powodu, szczegélowe
przeanalizowanie PAPE w kontekscie specyficznych wskaznikéw, takich jak sita uderzenia,
szybko$¢ kopniecia, skuteczno$¢ wykonywania rzutow w sportach walki czy specyficzne
parametry sprintu i wyskoku w sportach zespotowych, moze przynie$§¢ cenne praktyczne
wskazowki dla trenerow i sportowcow.

Przedstawiony cykl badan wnosi istotny wktad w rozwdj wiedzy o krotkoterminowych
adaptacjach wysitkowych 1 metodach optymalizacji rozgrzewki sportowej. Z naukowego
punktu widzenia uzyskano nowe informacje na temat uwarunkowan PAPE. Szczegétowo
przeanalizowano PAPE w ujeciu unilateralnym — wykazujac, Ze wzmocnienie ma charakter
glownie lokalny (dotyczy aktywowanej grupy miesni), a efekt przeniesienia na konczyng
kontralateralng jest ograniczony. Zmiany te sg uwidocznione na tle poziomu wytrenowania.
Uwidoczniono takze, jak poziom wytrenowania wplywa na odpowiedz na CA, dostarczajac
empirycznych dowodéw na silniejsza odpowiedz u zawodnikéw o wyzszym poziomie
zaawansowania sportowego. Ponadto, wykonany przeglad systematyczny z metaanalizg jest
pierwszym kompleksowym opracowaniem poswigconym wylacznie sportom walki
w kontekscie PAPE. Syntetyzuje on rozproszone dotad wyniki badan czastkowych, utatwiajac
zidentyfikowanie ogélnych prawidlowosci (np. skutecznos$¢ réznych rodzajow CA) oraz
obszar6w wymagajacych dalszej eksploracji. Co wazne, analiza ta potwierdzila brak

standaryzacji protokotéw CA w literaturze — widoczna zmienno$¢ podejs¢ treningowych
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przekladata si¢ nazréznicowane rezultaty, co podkresla potrzebe dalszych badan
nad ujednoliceniem i doprecyzowaniem zalecen w tym obszarze. Ostatni z eksperymentow
dodat do catosci perspektywe aplikacyjna, sprawdzajac skutki wprowadzenia PAPE
do rutynowej rozgrzewki.

Praktycznie podsumowujac niniejszy badawczy cykl monotematyczny, w sportach
walki o profilu skocznosciowym (jak tackwondo, karate) wiaczenie do rozgrzewki kilku
skokéw lub dynamicznych ¢éwiczen sitowych moze zwigkszyé moc generowana podczas
skokow i kopnig¢, natomiast w dyscyplinach wymagajacych precyzyjnych technik (boks,
MMA) zbyt ciezkie lub zbyt specyficzne ¢wiczenie przed samym wystepem moze pogorszy¢
szybkos¢ 1 doktadnos$¢ ruchow — stad zalecana jest ostrozno$¢ i testowanie roznych wariantow.
W sportach zespotowych natomiast wykazano, ze tradycyjna rozgrzewka bazujaca
na ¢wiczeniach aerobowych i dynamicznych jest réwnie skuteczna w przygotowaniu
do wysitku, a ewentualne uzupetienie jej o elementy PAPE musi by¢ dobrze przemyslane.
W praktyce trenerzy powinni wigc monitorowa¢ odpowiedz zawodnikow na ewentualne
wprowadzenie izometrycznych czy konwencjonalnych bodZzcow w rozgrzewce i stopniowo
modyfikowaé ich parametry (intensywnos¢, czas trwania, przerwy), tak aby wykorzysta¢
potencjat poprawy bez ryzyka przeciazenia czy spadku wydajnosci. Pomimo powyzszych
ograniczen, uzyskane w niniejszym cyklu badawczym wyniki dostarczaja spojnego obrazu

PAPE.
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8. Whnioski

W $wietle postawionych pytan badawczych oraz przyjetych hipotez nalezy stwierdzic,
ze efekt PAPE w sportach walki jest zjawiskiem rzeczywistym, jednak jego skala w ujeciu
tacznym pozostaje umiarkowana. Przeprowadzony przeglad systematyczny z metaanalizg
wykazal niewielki, lecz istotny statystycznie przyrost ogolnych wskaznikéw sprawnosci, przy
czym wielko$¢ uzyskiwanego efektu byla wyraznie uwarunkowana charakterystyka
zastosowanego protokotu oraz specyfika dyscypliny: konfiguracje laczace komponent sity
1 mocy okazywaly si¢ najbardziej korzystne, natomiast bodZce nadmiernie specyficzne mogtly
prowadzi¢ do braku efektu lub nawet przejSciowego pogorszenia wykonania. ROwnoczesnie,
w analizie podgrup nie potwierdzono jednoznacznej przewagi odpowiedzi u zawodnikow
0 WyZszym poziomie zaawansowania sportowego nad amatorami, co przemawia za tym, ze sam
poziom sportowy — w skali catej syntezy — nie stanowit rozstrzygajacego moderatora reakcji
na PAPE. W tym sensie hipotez¢ pierwsza nalezy uzna¢ za potwierdzong w zakresie istnienia
efektu ogodlnego, przy braku jednoznacznego potwierdzenia tezy o wyrazniejszym wzroscie
wynikow u zawodnikow bedacych na wysokim poziomie zaawansowania sportowego.

W ujeciu unilateralnym uzyskane dane wskazuja na zdecydowanie lokalny charakter
odpowiedzi. Jednorazowe, unilateralne izometryczne CA prowadzito do poprawy parametréw
SLDJ w konczynie poddanej aktywacji, natomiast nie obserwowano wiarygodnego transferu
korzy$ci na strong przeciwng; w pewnych konfiguracjach odnotowywano wrecz niekorzystne
zmiany czasu kontaktu z podlozem. Wielko$¢ reakcji byla zréznicowana w zalezno$ci
od konczyny aktywowanej 1 poziomu wytrenowania, z Wwyrazniejszymi zmianami
u zawodnikéw o wyzszym poziomie zaawansowania sportowego. Tak uksztattowany obraz
wynikow sklania do wniosku, iz hipotez¢ drugg nalezy uznac za zasadniczo potwierdzong: efekt
ma charakter $cisle lokalny, a obserwowana modulacja przez strong aktywacji i poziom
wytrenowania ma znaczenie praktyczne dla planowania interwencji.

W  warunkach porownania z praktyka rozgrzewkowa, izometryczny protokot
ukierunkowany na PAPE nie wykazal przewagi nad klasyczng rozgrzewka aerobowa
w bezposredniej poprawie wysokosci skoku CMJ, redukeji asymetrii sitowej ani we wzroscie
RFD; oba podej$cia zapewnialy poréwnywalny poziom zmian, statystycznie nieistotny.
W konsekwencji hipoteza trzecia nie znalazta potwierdzenia, co nalezy interpretowac jako
argument na rzecz ostroznosci w traktowaniu PAPE jako substytutu kompleksowej rozgrzewki

1 — co wazniejsze — jako wskazanie potrzeby precyzyjnego dopasowania parametréw

46



CA (rodzaj, intensywnos¢, objetos¢, czas przerwy) do realiow danej dyscypliny, profilu
zawodnika i okna czasowego, w ktorym oczekuje si¢ ujawnienia efektu.

Podsumowujac, przedstawione dowody potwierdzaja potencjal ergogeniczny PAPE:
skuteczno$¢ zalezy od wiasciwego doboru i dawkowania bodZca oraz od zgodnosci protokotu
z wymaganiami danej dyscypliny, natomiast w przypadku interwencji unilateralnych nalezy
oczekiwaé efektow o zasiggu lokalnym bez gwarantowanego przeniesienia na konczyne
kontralateralng. Praktyczne zastosowanie omawianych rozwigzan powinno zatem opieraé
si¢ na personalizacji 1 indywidualnej walidacji reakcji zawodnika, a nie na zalozeniu

ich automatycznej przewagi nad rozwigzaniami konwencjonalnymi.
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Abstract: Background/Objectives: Post-activation performance enhancement (PAPE) has
been explored for its potential to improve general performance in combat sports. This
systematic review and meta-analysis investigated the effects of PAPE protocols on physical
performance, focusing on differences across disciplines, competitive levels, and testing
methods. Methods: A PRISMA-guided search (2010-2023) identified 19 studies examining
PAPE protocols in combat sports athletes. The inclusion criteria required human trials
using defined PAPE protocols, with outcomes of general performance indicators such as
countermovement jumps (CMJs). A meta-analysis was conducted on data from 866 athletes
using random effects modeling. Results: The PAPE protocols yielded a pooled effect size
of 0.136 (95% CI, 0.008-0.263) across 866 athletes. Tackwondo athletes exhibited the most
pronounced improvements in CM] performance, particularly when using protocols that
combined repeated vertical jumps with heavy-resistance cluster sets, and with dynamic,
sport-specific movements such as the bandal chagui protocol achieving an effect size of 1.19
(p < 0.001). Conversely, Muay Thai athletes experienced performance declines when the
protocols incorporated highly specific techniques, such as roundhouse kicks (ES = —~1.36,
p = 0.009). Analysis by competitive level revealed pooled effect sizes of 0.14 (95% CI, —0.01
to 0.29) for amateur athletes and 0.13 (95% CI, —0.11 to 0.38) for elite athletes, with no
statistically significant differences observed between these groups. Conclusions: PAPE's
effectiveness depends on tailoring protocols to the competitive level and discipline. Short
rest intervals support plyometric protocols for amateurs, while heavy-resistance exercises
enhance elite performers. Further research is needed to standardize PAPE protocols and
explore discipline-specific adaptations.

Keywords: countermovement jump; performance testing; strength training; plyometrics;
martial arts

1. Introduction

Understanding the physiological determinants of performance is essential for opti-
mizing training strategies and enhancing competitive outcomes [1-3]. The key features in
athletic parameters of muscle strength and power are associated with improved force-time
properties (such as rate of force development [RFD] and external mechanical power) and
general sport skill performance (such as jumping, sprinting, and direction change) and
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lower injury rates [4]. An athlete’s overall performance is influenced by enhanced force-
time characteristics, which are significantly correlated with greater muscular strength [4].

Based on its recent contractile experience, skeletal muscle may exhibit diminished
or improved contractile capability. Through post-activation potentiation (PAP), certain
contractions may cause an increase in muscular force, RFD, or both in subsequent contrac-
tions [5]. While phosphorylation of the myosin regulatory light chain (MRLC) is widely
recognized as the primary mechanism driving the PAP effect, much of the research in this
field has focused on performance-based outcomes rather than direct physiological markers
of potentiation [6,7]. Moreover, while PAP is significant for only a few minutes [8], the peak
voluntary performance enhancement often occurs 6-10 min after the conditioning activity
(CA). Due to this discrepancy, the alternative term post-activation performance enhance-
ment (PAPE) has been proposed, along with additional mechanisms that may contribute to
acute performance improvements [6,9]. These include an increase in muscle temperature
to enhance contractile efficiency and changes in muscle water content influencing tissue
elasticity and stiffness [6]. Additionally, enhanced neural activation, reflected in improved
motor unit recruitment and firing rates, further augments performance outcomes [6]. In
training practice, this acute improvement in strength and power performance is typically
induced through recent voluntary contractile activity, such as performing a maximum
voluntary isometric contraction (MVIC) or another maximal effort exercise as a CA to
enhance the subsequent athletic task [5].

The nature of combat sports presupposes a high level of power manifestation [10],
which could be achieved through PAPE-based training protocols [11], obtaining the pre-
viously mentioned neuromuscular adaptations [5,6]. Power development is fundamental
to performance in combat sports, where explosive strength underlies critical skills such
as rapid kicks, punches, jumps, and quick changes of direction. In disciplines such as
tackwondo, boxing, Muay Thai, judo, wrestling, and karate, effective power output can
be the decisive factor between winning and losing. Recent research, including the work
by da Silva Santos et al. [12], has emphasized the importance of assessing lower-body
performance, particularly in tackwondo, where rapid force production is directly linked
to effective kicking and dynamic movement. The PAPE phenomenon is typically inte-
grated into training via methods such as complex training [13] and contrast training [14].
While both techniques are widely endorsed for enhancing athletic performance [15] and
have gained considerable acceptance in the strength and conditioning community [16],
they differ in their implementation and the specific neuromuscular activation strategies
they employ.

A multitude of discriminant factors exist between individual combat sports athletes,
including competitive level and discipline [17]. Therefore, the optimization of PAPE
protocols for combat sports athletes, with an emphasis on adapting to these factors, should
be studied to allow coaches to achieve maximal outcomes during the preparation process.
To the best of the authors’ knowledge, there have yet to be published comprehensive studies
reviewing the effect of CAs on the PAPE of combat sports athletes. To date, only one study
has investigated the effectiveness of plyometric training interventions on enhancing the
physical performance of combat sports athletes [18]. Hence, there is a need for research
to evaluate the efficacy of various PAPE protocols, which may help to select the most
appropriate training variables to elicit the PAPE effect. Additionally, the type of discipline,
experience, fitness level, and competitive level, as well as the type of physical test, must
be considered to solve the research problem. Therefore, this systematic review and meta-
analysis aimed to determine the following:

(a) Are there CA protocols capable of eliciting PAPE in combat sports athletes?
(b) How do different combat sports disciplines respond to PAPE protocols?
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() What type of test had the greatest PAPE effect?
(d) Does the level of competition affect the magnitude of the enhancement effect of CA?

2. Materials and Methods
2.1. Search Strategy

This study followed the PRISMA guidelines for a systematic literature review and was
not registered in a public database. [19,20]. PRISMA stands for “Preferred Reporting Items
for Systematic Reviews and Meta-Analyses”. We collected data through the following
stages: literature verification, literature selection, selection criteria review, and final selec-
tion [21]. To identify appropriate studies for the current review, literature searches of the
PubMed /Medline, SPORTDiscus and Web of Science, Scopus, EBSCO, and Google Scholar
databases were conducted by a member of the research team. The literature search included
published records from databases between January 2010 and May 2023. The following
keywords were used as search terms: “combat sport*” OR “martial art*” OR “MMA” OR
“kickbox*” OR “box*” OR “wrestl*” OR “judo” OR “tackwondo” OR “karate” OR “muay
thai” OR “grappl*” OR “jiu-jitsu”) AND “post-warm-up” OR “pre-activity” OR “post-
activation potentiation” OR “post-activation performance enhancement”. “*” indicates
truncations to avoid missing data (e.g., kickboxING vs kickboxER).

2.2. Inclusion and Exclusion Criteria

Review papers, unpublished abstracts, theses, and dissertations were not included;
only peer-reviewed, original research articles published in English and providing full-text
accessibility were considered. To be accepted for inclusion, studies needed to include
human experimental trials that examined healthy combat sports athletes actively partici-
pating in recognized disciplines (e.g., boxing, judo, karate, tackwondo, Brazilian jiu-jitsu,
mixed martial arts, wrestling, kickboxing, Muay Thai). The participants were required
to have no current injuries or known health conditions that might affect their neuromus-
cular performance. Crudially, eligible studies had to employ well-defined PAP or PAPE
protocols, compare these to appropriate control conditions (e.g., rest, standard warm-up,
or alternative intervention), and report changes in performance measures. The PICOS
framework [20] was developed following the PRISMA guidelines to ensure systematic and
standardized inclusion criteria (Table 1).

Table 1. PICOS framework.

Factor Description

Healthy combat sports athletes actively participating in
recognized disciplines such as boxing, judo, karate,
tackwondo, Brazilian jiu-jitsu, MMA, wrestling, kickboxing,
and Muay Thai. Athletes must be free of injuries and any
health conditions that could affect
neuromuscular performance

Participants

Studies must implement a defined post-activation
performance enhancement (PAPE) protocol, specifying
training parameters such as intensity (%1RM), volume

(sets/reps), intra- and inter-set rest periods, and exercise
type. Pre- and post-intervention performance metrics must
be compared.

Interventions
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Table 1. Cont.

Factor Description

Control or comparison conditions, including rest, standard
warm-up, alternative interventions, or between different
PAPE protocols. Studies may also compare effects by
discipline, competition level, or test results.

Comparisons

Acute changes in general performance metrics, including but
not limited to countermovement jump (CM]J), isokinetic
Outcomes strength, sprint performance, power outputs, or agility tests.
Results must be reported with means, standard deviations,
or effect sizes.

Experimental designs such as randomized controlled trials,
crossover designs, or quasi-experimental studies. Studies
must include clearly defined protocols and
outcome measures

Study design

2.3. Text Screening

Titles and abstracts of the initial search results were independently assessed for rele-
vance by two investigators (AT and KS), based on a priori inclusion and exclusion criteria.
The same two researchers independently screened the full texts after screening the titles
and abstracts to assess compliance with the inclusion and exclusion criteria, to further
identify studies for inclusion in the analysis. Any disagreements among reviewers were
discussed until a consensus decision was reached.

2.4. Data Extraction, Study Coding

The extracted information included the study authors, year of publication, study
design, age, sex, competitive level, IRM values in a range of strength measures, the combat
sports discipline, CAs with training variables, and outcomes. The first and second authors
gathered the data through the blind method. The authors collected the means with SD
of pre- and post-conditioning performance test results. The third author was responsible
for the initial screening and selection process. Any missing data were obtained by direct
request to the corresponding author. In the absence of feedback, Image]@ software (Image]
v. 1.54d, National Institute of Health, Bethesda, MD, USA) was employed to obtain the
requisite data. In cases where data were unavailable, the study was excluded. Effect sizes
were calculated from the means and standard deviations of the pre-and post-intervention
data. The results of the random effects meta-analysis are presented in a forest plot. The
minimum number of studies included in the meta-analysis was five. All studies meeting
the inclusion criteria were carefully reviewed to document relevant study characteristics
and were tabulated in an Excel spreadsheet (Microsoft Corporation, Redmond, WA, USA).

2.5. Quality Assessment

The Physiotherapy Evidence Database (PEDro) scale [22] was employed by the initial
and secondary authors of the review (AT and KS) to assess the risk of bias and the level of
research quality of each study independently. In the event of any discrepancies between
the two assessors, a consensus meeting was held to resolve them. Studies with a low or
high risk of bias and studies with high research quality were given a score of 0 or 1 for each
item. In the absence of clear information or evidence to the contrary, the item was assigned
a score of 0. Studies were classified as excellent (PEDro score of 9 to 10), good (6 to 8), fair
(4 to 5), or poor (0 to 3) according to their PEDro score. Studies with a PEDro score greater
than 4 were included in the systematic review, while for the meta-analysis only studies
scoring 6 or above were retained.
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2.6. Meta-Analysis

The statistical analysis was conducted on meta-analyses of means, standard deviations,
and effect sizes (ESs) computed using Hedges’ g as described by Hedges and Olkin [23].
Given that many of the selected studies had small sample sizes, this version of the formula
was used to correct for potential bias in effect size estimates. Between-study heterogeneity
was explored using forest plots and was evaluated statistically using I?, which represents
the percentage of between-study variation that is due to heterogeneity rather than chance.
A I? of 0% indicates the absence of heterogeneity, while values of 50% or above suggest
considerable heterogeneity. A random effects model was used since it is more conservative,
and the observed heterogeneity in a few cases was 50%. Statistical analysis was carried out
using PQStat Software (1.8.2.208, PQStat, Poznar, Poland) and data was visualized using
PRISM 10 software (v. 10.1.1, GraphPad, MA, USA). The use of either funnel plots or formal
statistical tests to explore publication bias was not employed, as the number of articles
utilized for analysis was insufficient for the interpretation of funnel plots. Furthermore, the
use of funnel plots can be misleading for the exploration of publication bias, particularly
when the number of studies is relatively limited [24]. In addition to these meta-analytic
techniques, a one-way analysis of variance (ANOVA) was conducted to compare effect
sizes across different subgroups, such as combat sports disciplines and competitive levels.
The significance level was set at p < 0.05.

3. Results
3.1. Literature Search

Figure 1 illustrates the screening process, which was organized into three consecutive
phases: (i) identification, (ii) screening, and (iii) inclusion in the review. Nineteen articles
were ultimately selected to investigate PAPE in combat sports. Among these, eight articles
focused on taeckwondo [12,25-31], two on boxing [32,33], one on wrestling [34], one on
judo [35], one on mixed martial arts [36], one on karate [37], one on kickboxing [38], one on
Muay Thai [39], one on wushu [40], and two included mixed combat sports [41,42].

3.2. Quality Assessment

The mean PEDro score across all 19 studies was 7.8. Of these studies, 3 were classified
as excellent (16%), 13 as good (68%), and 2 as fair (11%). No studies were classified as poor
(0%). The results of the quality assessment are presented below in Table 2.
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(n=24) > gl!a;e)tl outcomes evaluated
\:)Irm publication type (n =
Publication language (n = 1)
v
Studies included in review
(n=19)
Figure 1. PRISMA chart of the search and study inclusion process.
Table 2. PEDro scale quality assessment.
# Reference 1 2 3 4 5 6 7 8 9 10 11 Sum
1 Yietal,, 2022 [32] yes 1 1 1 1 0 1 1 1 0 1 8
2 Eroglu et al., 2022 [34] yes 0 1 1 0 0 1 1 1 1 1 7
3 Langer et al., 2022 [36] yes 0 1 0 0 0 1 1 1 0 0 4
4 Ferreira etal., 2012 [41] yes 1 1 1 1 0 1 1 1 0 0 7
5 Liossis et al., 2013 [42] yes 1 1 1 0 0 1 1 1 1 1 8
6 Finlay et al., 2022 [33] yes 1 1 1 1 0 1 1 1 1 1 9
7 Quergui et al,, 2022 [25] yes 1 1 1 1 0 1 1 1 1 1 9
8 Margaritopoulos et al., 2015 [37]  yes 1 1 1 1 0 1 1 1 1 1 9
9 Da Silva Santos et al., 2015 [26] yes 1 1 1 1 0 1 1 1 1 1 9
10 Pyun etal., 2022 [27] yes 0 0 0 0 0 1 1 1 1 1 5
11 Afonso etal., 2021 [40] yes 1 1 1 1 0 1 1 1 1 1 9
12 Catsro-Gatrido et al., 2020 [28] yes 1 1 1 1 0 1 1 1 1 0 8
13 da Silva Santos et al., 2016 [12] yes 1 1 1 1 0 1 1 1 1 1 9
14 Lum, 2019 [35] yes 1 1 1 1 0 1 1 1 0 1 8
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Table 2. Conf.

Reference 1

15 Cimadoro et al., 2018 [39] yes

10

16 Oliviera et al., 2018 [29) yes

17 Quergui et al., 2023 [30] yes

18 Boyacdi & Kizilet, 2023 [31] yes

= =N
D= =W
(=N RN AN N ]
S = |S|m=|n
(=1 BC N B B S |
bt | gt | | e | QD
bt | et | | e | D
el el

6

19 Yilmaz et al., 2018 [38) yes 1 1

e | D e | e |
e el e =

1 1 1 1 1 1 10

The included studies were evaluated using the Physiotherapy Evidence Database (PEDro) scale, which classifies
studies into four quality levels: excellent (scores of 9-10), good (6-8), fair (4-5), and poor (0-3).

3.3. Systematic Review

The 19 studies included in this systematic review (Table 3) investigated PAPE inter-
ventions across combat sports, including tackwondo (n = 8), wrestling (n = 1), judo (n = 1),
boxing (n = 2), and a mixed group of participants (n = 2). The remaining studies investi-
gated mixed martial arts (MMA; n = 1), karate (n = 1), kickboxing (1 = 1), Muay Thai (n = 1),
and taolo wushu (1 = 1). Female athletes were included in 2 studies, males in 12, while
5 studies included mixed-gender groups. The sample sizes ranged from 8 to 48 participants.
The aggregate sample size across the 19 studies included in the systematic review was
286 participants. The majority of participants were amateurs (n = 13 studies), while 4 stud-
ies focused on elite athletes and 2 on mixed athlete status. The majority of studies target
participants aged 16-25 years, with some including broader age ranges up to 29 years. The
outcome measures included general performance metrics. The countermovement jump was
the most frequently assessed parameter (n = 12 studies), followed by isokinetic strength,
running anaerobic sprint test, hip power test, bench press throw, and dumbbell press tests.
The study designs included randomized controlled trials (RCTs) (1 = 12), crossover trials
(n = 5), and quasi-experimental methods (n = 2). All the studies employed a pre- and
post-intervention comparison to evaluate the PAPE effect. The CAs employed were diverse,
encompassing loaded squat jumps, heavy-resistance training (e.g., squats, bench presses),
plyometric drills (e.g., tuck jumps, broad jumps), ballistic push-ups, isokinetic exercises,
elastic resistance punches, and sport-specific protocols such as roundhouse kicks and other
techniques like whole-body vibration.

Table 3. Characteristics of studies included in systematic review.

Ref.

AGEM
+ SD)

SEX  Level 1IRM D n cG CA L Rl min ISR,s GPT

Yi et al,, 2022 [32]

19-20 +
155

90.80 £ LS| LSJ:4 x 8@30%
M A 839%9kg. BOX 10 X Squat BE 5Q:3 x 3/6/9/12 90 CM]
squat 5@s(rs HRE

Eroglu et al,
2022 [34]

193=12

863 =
M A 56kg. WRE 22 X Squat 1 x 85%1RM <1/3/6/9 X CM]
squat

Langer et al.,
2'&2 [36]

25+£73

M OMIX X wmMa 48 Nk BPLS MIX 1 X  DBPT

Ferreira et al,,
2012 [41)

M4=8

kg BP MIX 11 X BP 6x@50%1RM NR NR PBPT

Liossis et al.,
2013 [42)

839 = BP BP:5 x 65%/5
M A 84kg. MIX 9 NR BPT x 85%1RM 4 X BPT
BP BPT:3x@30%1RM
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Table 3. Contf.

AGE(M

Ref. sp)  SEX Levl IRM D n  CG  CA L RLmin ISR,s GPT
Finlay et al,, 2022 N ERP ERP2 x 5
) 19712 M A X oBOX 10 Y e 3 NR M)
Ouergui etal, . RHIT  RHIT3 x 55
205 [25] %=1 MX A X TP 7 Y g CMJ:3 x 5a <1 SSR - CM]
1B4=12
Margaritopoulos (M);
etal,2015[37] 192+04 MX A X KAR 10 X m 3x5 <1 oM
(F)
HS:3 x 1a95%
1364 + HS
Da Silva Santos J:3 x 10@40em
ctal, o5 g 23%52 M E 07} kg TKD 11 Y  HS+] Hss)ax ~ S/10/SSR 3/ M
J 2095% + 4
%MV varied
Pyunetsl, 222 202215 M A x Tp 18 x 50 (10-40%, NR X 10
27 EXT 10-10%)
53.90
Afonsoetal, " +272
20214401 199+33 F  E ke, TW 10 X Squat 2x407UNIRM  Smin  NR  RAST
Squat
205+ s HS3x3a9sn
Gastro-Gatrido 238 (A); HS+]3 x
etal,2020[28] 2475+ M MX X TKD 8 Y HS+]  ag954 <10 3/30 M)
127 (E) J J3 % 10
da Silva San 1083 par4iind
ilva Santos - 1 x 3{90%)
iy W32 M E 3235 k. TKD 9 Y  HS S x S080%) 10 NR M
3 x 3(90%)
Lum et al, 2019 ERpull 2x50r3x5
3] 6% M A X U1 Y Uhim; BJ/ERpulls 3 X HPT
Yilmazetal, 238 +
2018 [38] 401 M A X  KBOX 15 Y  HS  3x3@75%IRM 2 10 180
Cimadoro et al, .

2018 [39] x4 M A X MI 9 NR  Kicks 20x1 <1 3 oM
O“z‘gfg"[;;"'" 8621 MX A NR TKD 15 X  WBV  1min@26Hz NR NR  CM]
Ouergui etal, N RT3 x 5

205 [30) 0414 MX A X TKD 2y RHM/P | OREE L 3/7/SSR30/45/SSKM)

TS3 x 12@75%
Boyaci & Kizilet, 1517 + Squat, y
2023 [31] . F E x m™p 12 x & cs.: x{ede  </is w0 M

1RM—one maximal repetition test; A—amateur; BE—ballistic exercise; B]—bmd ; BOX—boxing; BP—bench
press; BPT—bench press throw; BPU—ballistic push-up; CG—control group; CM —counlermovement jump,
CS—<luster set; D—discipline; DBPT—dumbbell press test; E—elite; ERP—elastic resist

GPT—general performance test; HPT—hip power test; HRE—heavy resistance exen:he Hs—half-squai,
ISO—isokinetic test; SO EXT—isokineti 1SOP—i tric punch; ISR—intra-set rest; J—jump;
JU—judo; KAR—karate; KBOX—kickboxing; L—load as SETSxREPS@INTENSITY; LSj—loaded squat jump;
LVL—competitive level; M—mean; M—male; MIX—mixed; MT—Muay Thai; n—sample size; NR—not re-
ported; P—plyometncs. PBP’I‘—power bench press test; RAST—running anaerobic sprint test; REF—reference;
RHIT- ty Rl—rest intervals; SD—standard deviation; SQ—squat; SSR—self-
selected rest ln!enal Tj—tuck jump; TKD—tael do; TS—traditional set; TW—taolo wushu; WBV—whole-
body vibration; WRE—wrestling; X—lack of data; Y—-ye

3.4. Meta-Analysis

Nine studies provided sufficient data for inclusion in the meta-analysis. These studies
reported the requisite statistical information—such as means and standard deviations—for
CM] performance, which was selected as the primary outcome measure for the meta-
analysis due to the limited availability of comprehensive data for the other performance
indicators. The meta-analysis was performed on the effects of selected CAs extracted
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from each study. The data synthesis process resulted in the inclusion of 62 CAs in the
meta-analysis input (Table 4).

Table 4. Conditioning activities of studies included in the meta-analysis.

Author # Conditioning Activity/Discipline Competitive Level
CAl Loaded squat jumps 4 x 8 x 30%1RM, 3 min rest, 90 s, intraset rest/B-A
CA2 Loaded squat jumps 4 x 8 x 30%1RM, 6 min rest, 90 s, intraset rest/B-A
CA3 Loaded squat jumps 4 x 8 x 30%1RM, 9 min rest, 90 s, intraset rest/B-A
Yi etal,, 2022 [32) CA4 Loaded squat jumps 4 x 8 x 30%1RM, 12 min rest, 90 s, intraset rest/B-A
CAS5 Squat 3 x 5 x 80%1RM, 3 min rest, 9 -s, intraset rest/B-A
CA6 Squat 3 x 5 x 80%1RM, 6 min rest, 90 s, intraset rest/B-A
CA7 Squat 3 x 5 x 80%1RM, 9 min rest, 90 s, intraset rest/B-A
CASB Squat 3 x 5 x 80%I1RM, 12 min rest, 90 s, intraset rest/B-A
CA9 Bandal chagui, 3 x 5s, 10 min rest, 30 s intraset rest/T-A
CA10 Bandal chagui, 3 x 5s, 10 min rest, 35 s intraset rest/T-A
) CAll Bandal chagui, 3 x 5 s, 10 min rest, self-selected intraset rest/T-A
Quergui et al., 2022 [25]
CAl12 Consutive vertical jump, 3 x 55, 10 min rest, 30 s intraset rest/T-A
CA13 Consecutive vertical jump, 3 x 5s, 10 min rest, 35 s intraset rest/T-A
CAl4 Consecutive vertical jump, 3 x 55, 10 min rest, self-selected interset rest/T-A
CA15 Tuck jumps, 3 x 5, 5 min rest, intraset rest 30 sek (a)/K-A
CAl6 Tuck jumps, 3 x 5, 5 min rest, intraset rest 30 sek (b)/K-A
Margaritopoulos, et al., CA17 Tuck jumps, 3 x 5, 5 min rest, intraset rest 30 sek (¢)/K-A
2015 [37] CAI18 Control, 5 min rest, (a)/K-A
CA19 Control, 5 min rest, (b)/K-A
CA20 Control, 5 min rest, (¢)/K-A
CA21 Half squat, 3 x 1 x 95%1RM, 5 min rest, 3 min interset rest/T-E
CA22 Half squat, 3 x 1 x 95%1RM, 10 min rest, 3 min interset rest/T-E
CA23 Half squat, 3 x 1 x 95%1RM, self-selected rest, 3 min interset rest/T-E
CA24 Jumps, 3 x 10, 5 min rest, 30 s interset rest/T-E
Da Silva Santos, et al., CA25 Jumps, 3 x 10, 10 min rest, 30 s interset rest/T-E
2015 [26] CA26 Jumps, 3 x 10,self-selected rest, 30 s interset rest/T-E
CA27 Half squat + jumps, 3 x 2 x 95%1RM + 4, 5 min rest, 3 min interset rest/T-E
CA28 Half squat + jumps, 3 x 2 x 95%1RM + 4, 10 min rest, 3 min interset rest/T-E
CA29 Half squat + jumps, 3 x 2 x 95%1RM + 4, self-selected rest, 3 min interset
rest/T-E
CA30 Half-squat, 1 x 3 x 50%1RM, 10 min rest/T-E
Da Silva Santos, et al., CA31 Half-squat, 1 x 3 x 90%1RM, 10 min rest/T-E
2016 [12] CA32 Half-squat, 3 x 3 x 50%1RM, 10 min rest/T-E
CA33 Half-squat, 3 x 3 x 90%1RM, 10 min rest/T-E
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Table 4. Cont.
Author # Conditioning Activity/Discipline Competitive Level
CA34 Roundhouse kicks, 20 x 1, 0 min rest, 1 s interset rest/M-A
CA35 Roundhouse kicks, 20 x 1, 5 min rest, 1 s interset rest/M-A
CA36 Roundhouse kicks, 20 x 1, 10 min rest, 1 s interset rest/M-A
CA37 Roundhouse kicks, 20 x 1, 20 min rest, 1 s interset rest/M-A
Cimadoro, et al., 2018 CA38 Roundhouse kicks, 20 x 1, 30 min rest, 1 s interset rest/M-A
[39] CA39 Roundhouse kicks, 20 x 1, 0 min rest, 3 s interset rest/M-A
CA40 Roundhouse kicks, 20 x 1, 5 min rest, 3 s interset rest/M-A
CA41 Roundhouse kicks, 20 x 1, 10 min rest, 3 s interset rest/M-A
CA42 Roundhouse kicks, 20 x 1, 20 min rest, 3 s interset rest/M-A
CA43 Roundhouse kicks, 20 x 1, 30 min rest, 3 s interset rest/M-A
Oliviera, et al., 2018 [29] CA44 Whole-body vibration 1 x 1 min x 26 hz/T-A
CA45 Bandal chagui, 3 x 55, 3 min rest, 30 s intraset rest/T-A
CA46 Bandal chagui, 3 x 5 s, 3 min rest, 45 s intraset rest/T-A
CA47 Bandal chagui, 3 x 5 s, 3 min rest, self-selected intraset rest/T-A
CA48 Consecutive vertcial jump, 3 x 58, 3 min rest, 30 s intraset rest/T-A
CA49 Consecutive vertcial jump, 3 x 58, 3 min rest, 45 s intraset rest/T-A
X CAS50 Consecutive vertcial jump, 3 x 5 s, 3 min rest, self-selected interset rest/T-A
Ouergui et al., 2023 [30] -
CA51 Bandal chagui, 3 x 5, 7 min rest, 30 s intraset rest/T-A
CA52 Bandal chagui, 3 x 55, 7 min rest, 45 s intraset rest/T-A
CA53 Bandal chagui, 3 x 55, 7 min rest, self-selected intraset rest/T-A
CA54 Consecutive vertical jump, 3 x 55, 7 min rest, 30 s intraset rest/T-A
CA55 Consecutive vertical jump, 3 x 55, 7 min rest, 45 s intraset rest/T-A
CA56 Consecutive vertical jump, 3 x 5 s, 7 min rest, self-selected interset rest/T-A
CA57 Squat, 3 x 12 x 75%1RM, 30 s rest, 180 s interset/T-E
CAS8 Squat, 3 x 12 x 75%1RM, 4-min rest, 180 s interset/T-E
Boyaci and Kizilet,, CA59 Squat, 3 x 12 x 75%1RM, 8-min rest, 180 s interset/T-E
2023 [31] CA60 Squat, 3 x (4 +4 + 4) x 75%1RM, 30-s rest, 180 s interset/T-E
CA61 Squat, 3 x (4 + 4 + 4) x 75%1RM, 4 min rest, 180 s interset/T-E
CA62 Squat, 3 x (4 + 4 + 4) x 75%1RM, 8 min rest, 180 s interset/T-E

1RM—one maximal repetition test; combat sport: B—boxing, K—karate, M—Muay Thai, T—taekwondo; competi-
tion level: A—amateur, E—elite; CA—conditioning activity.

Significant heterogeneity was found among the included studies, with an I greater
than 40% for the outcomes analyzed, hence the decision to use a random effects model.
A meta-analysis of the ES was performed, and forest plots were used to describe the ES.
Individual results for each of the 62 cases from the nine studies included in the meta-
analysis are presented in terms of ES and 95%(CI, together with pooled results for all the
studies, where the size of the boxes is proportional to the study sample size. The total
sample size is 866. The pooled mean for the ES was 0.136 (95% CI, 0.008-0.263) (Figure 2,
Table 5). It was found that in the 25 CAs, the mean for the ES was higher than the pooled
mean of the ES, especially for Oergui et al. [30] and Boyaci and Kizilet [31], all of them for
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tackwondo. It was found that in the 35 CAs, the mean for the ES was lower than the pooled

mean of the ES, especially for Cimadoro, et al. [39].

Table 5. Overview of the meta-analysis encompassing all disciplines.

Name Sample Size ES SE +95%CI Z-Statistic ~ p-Palue  Variance = Weight
CAl 10 -0.2 0.45 ~1.08; 0.68 ~0.44 0.66 0.20 328
CA2 10 0 0.45 ~0.88; 0.88 0.00 1.00 0.20 3.28
CA3 10 0.03 0.45 ~0.85;0.91 0.07 095 0.20 3.28
CA4 10 -0.02 0.45 ~0.90; 0.86 ~0.04 0.96 0.20 328
CAS5 10 -0.02 0.45 ~0.90; 0.86 ~0.04 0.96 0.20 328
CA6 10 ~0.06 0.45 ~0.94; 0.82 -0.13 0.89 0.20 3.28
CA7 10 0.03 0.45 ~0.85;0.91 0.07 0.95 0.20 328
CAB 10 -0.04 0.45 -0.92;0.84 -0.09 093 0.20 3.28
CA9 27 0.09 0.27 ~0.44;0.84 0.33 0.74 0.07 570

CA10 27 0.09 0.27 —0.44; 0.62 0.33 0.74 0.07 570

CAll 27 0.14 0.27 -0.39; 0.67 0.52 0.60 0.07 570

CA12 27 -021 0.27 ~0.74; 0.32 ~0.78 044 0.07 5.70

CA13 27 0.23 0.27 ~0.30; 0.76 0.85 039 0.07 570

CAl4 27 -0.04 0.27 -0.57;0.49 -0.15 0.88 0.07 570

CA15 10 017 0.45 -0.71; 1.05 0.38 0.71 0.20 328

CAl6 10 0 0.45 ~0.88; 0.88 0.00 1.00 0.20 3.28

CA17 10 0.14 0.45 ~0.74;1.02 0.31 0.76 0.20 328

CA18 10 -0.2 0.45 ~1.08; 0.68 ~0.44 0.66 0.20 328

CA19 10 -022 0.45 ~1.10; 0.66 ~0.49 0.62 0.20 3.28

CA20 10 -0.37 0.45 -1.25;0.51 -0.82 041 0.20 3.28

CA21 11 ~0.06 0.43 ~0.90;0.78 ~0.14 0.89 0.18 348

CA22 11 0 0.43 —0.84; 0.84 0.00 1.00 0.18 348

CA23 11 -0.11 0.43 ~095;0.73 ~0.26 0.80 0.18 3.48

CA24 11 -0.17 0.43 -1.01;0.67 ~0.40 0.69 0.18 348

CA25 11 -0.16 0.43 ~1.00; 0.68 -0.37 0.71 0.18 348

CA26 11 0.19 0.43 ~0.65;1.03 0.44 0.66 0.18 348

CA27 11 0.04 0.43 ~0.80; 0.88 0.09 093 0.18 348

CA28 11 017 0.43 -0.67;1.01 0.40 0.69 0.18 348

CA29 11 0.19 0.43 ~0.65;1.03 0.44 0.66 0.18 348

CA30 9 -0.19 0.47 -1.11;0.73 ~0.40 0.69 0.22 3.09

CA31 9 0.08 0.47 ~0.84; 1.00 0.17 0.86 0.22 3.09

CA32 9 031 0.47 ~1.23;0.61 ~0.66 051 0.22 3.09

CA33 9 0.17 0.47 -0.75; 1.09 0.36 0.72 0.22 3.09

CA34 9 -0.53 0.48 ~1.47;0.41 ~1.10 027 0.23 3.00

CA35 9 ~0.24 0.47 ~1.16; 0.68 -0.51 0.61 0.22 3.09

CA36 9 -037 048 ~1.31;0.57 -0.77 044 0.23 3.00
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Table 5. Cont.

Name Sample Size ES SE +95%CI Z-Statistic =~ p-Palue  Variance Weight
CA37 9 -095 0.5 -1.93;0.03 ~1.90 0.06 0.25 2.84
CA38 9 -1.36 0.52 ~2.38; -0.34 -2.62 0.009 * 0.27 2,68
CA39 9 -0.37 0.48 -1.31;0.57 -0.77 044 0.23 3.00
CA40 9 -031 0.47 -123;0.61 ~0.66 0.51 0.22 3.09
CA41 9 -0.71 0.49 ~1.67;0.25 ~1.45 0.15 0.24 292
CA42 9 ~1.14 0.51 ~2.14; -0.14 ~2.24 0.025* 0.26 276
CA43 9 ~133 0.52 —~2.35; =031 ~2.56 0.011* 0.27 2,68
CA44 15 0.02 0.37 -0.71;0.75 0.05 096 0.14 418
CA45 21 0.23 0.31 ~0.38; 0.84 0.74 046 0.10 5.04
CA46 21 0.66 0.32 0.03; 1.29 2.06 0.039 * 0.10 4.88
CA47 21 0.84 0.32 0.21;1.47 2.63 0.009 * 0.10 4.88
CA48 21 0.53 0.31 -0.08; 1.14 1.71 0.09 0.10 5.04
CA49 21 0.93 0.32 0.30; 1.56 291 0.004+ 0.10 488
CA50 21 0.95 0.33 0.30; 1.60 2.88 0.004 0.11 473
CA51 21 1.19 0.33 0.54; 1.84 3.61 0.000* 0.11 473
CA52 21 0.93 0.32 0.30; 1.56 291 0.004+ 0.10 488
CA53 21 0.81 0.32 0.18; 1.44 253 0.011* 0.10 488
CA54 21 0.82 0.32 0.19; 1.45 256 0.010* 0.10 488
CAS55 21 0.65 0.32 0.02; 1.28 203 0.042+ 0.10 488
CA56 21 0.7 0.32 0.07; 1.33 219 0.029 * 0.10 488
CA57 12 0.04 0.41 ~0.76; 0.84 0.10 092 0.17 3.70
CAS8 12 0.38 0.41 -0.42;1.18 0.93 0.35 0.17 370
CA59 12 0.21 0.41 -0.59; 1.01 0.51 0.61 0.17 370
CA60 12 0.53 0.42 -029;1.35 1.26 021 0.18 3.59
CA61 12 1.07 0.44 0.21;1.93 243 0.015* 0.19 3.38
CA62 12 0.34 0.41 ~0.46; 1.14 0.83 041 0.17 370
Total 866 0.136 0.065 0.008; 0.263 2.090 0.037 *

CA—conditioning activity; ES—effect size; SE—standard error; £95%Cl—confidence interval (lower; upper);
*—statistical significance.

The results of the meta-analysis conducted for each discipline confirmed the findings
previously obtained for the entire sample. The pooled mean Hedges' effect size was 0.131
(95% CI, —0.044-0.280) (Figure 3, Table 6). In 11 reports, the mean ES exceeded the pooled
mean, most notably in the studies by Oergui et al. [30] and Boyaci and Kizilet [31], both of
which examined tackwondo. Conversely, the mean ES was lower than the pooled mean
in three reports, most notably in the study by Cimadoro et al. [39], which focused on
roundhouse kicks (20 x 1). The analysis further showed that for Muay Thai, the Hedges’
effect was significantly lower at —0.70 (95% CI, ~1.01--0.397) compared to the overall
mean Hedges” effect of 0.131 (95% CI, 0.024-0.239). In addition, an ANOVA was conducted
for each discipline and across groups. The results confirmed significant differences between
disciplines (F = 44.61; df = 3; p < 0.0001) and overall (F = 102.55; df = 61; p = 0.001).
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Figure 2. Forest plot for general outcomes. Random effects model showing Hedges’ effect for each
of the 62 included cases from the 9 studies and pooled for all. Pooled mean for Hedges’ effect 0.136
(95% CI, 0.008-0.263); I* = % (40.81%; CI 95% 19.61-56.43%). Size boxes are proportional to study

sample size.
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Figure 3. Forest plot (random effects model) showing aggregated Hedges’ effect sizes by discipline
and competitive level for each of the 62 included cases from 9 studies, as well as the pooled estimate
for all cases. The pooled mean Hedges’ effect sizes were 0.131 (95% CI, —0.044-0.280) and 0.13 (95%
Cl, 0.01-0.25), respectively. The size of the squares is proportional to the study sample size. Nine
studies, as well as the pooled estimate for all cases.

Table 6. Overview of the meta-analysis by discipline—aggregated view.

Name Sample ks SE 495%CI  Z-Statistic  p-Value  Variance Weight
Boxing 80 0035 0159  -0347:0277  -0220 0.826 0025 39506
Karate 60 0080 0184  -0440;0280 0435 0.663 0038 29630
Muay Thai %0 0701 0155 1006 -0397  -4517  000001¢ 0024 41481
Tackwondo 636 0316 0067 02140477 5137 <0.000001° 0005 220925
Total 866 0131 0055 00240239 2.389 0,017

CA—conditioning activity; ES—effect size; SE—standard error; £95%Cl—confidence interval (lower; upper);
*—statistical significance.

The results of the meta-analysis by competitive level confirmed the findings previously
obtained for the entire sample. The pooled mean of the ES was 0.13 (95% CI, 0.01-0.26)
(Figure 3, Table 7). For 11 reports, the mean Hedges” effect size exceeded the pooled mean,
particularly in the studies by Oergui et al. [30] and Boyaci and Kizilet [31], which focused
on tackwondo (10 amateur and 1 elite). Conversely, in three reports, the mean Hedges’
effect size was lower than the pooled mean, notably in the study by Cimadoro et al. [39]
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examining roundhouse kicks (20 x 1) at the amateur level. Additionally, an ANOVA was
performed by competitive level, as well as within and between groups. This analysis did
not reveal any statistically significant differences (p > 0.05).

Table 7. Overview of the meta-analysis by competitive level—aggregated view.

Name s;‘;‘zl:" ES SE  495%CI L pValue Variance Weight Contribution

Amateur 659 014 008 001,029 177 0.08 0.01 16953 0.72
Elite 207 013 012 -011,038 106 0.29 0.02 64.69 0.28
Total 86 013 007 001;026 206  0.039°

CA—conditioning activity; SE—standard error; =95%Cl—confidence interval (lower; upper); *—statistical
significance.

4. Discussion

After a CA, the potentiation effect is ambiguous and dependent on variables related to
training experience, the potentiation procedure, and the practiced combat sports discipline.
Despite numerous studies, a precise consensus regarding the optimal acute condition-
ing mode protocol for recreationally trained, trained, and athletic populations has yet
to be formed. To address this knowledge gap, we conducted a meta-analysis of nine
studies (62 CAs) to quantitatively identify which conditioning protocol components (type
of exercise, intensity, and volume) optimize general performance indicators in combat
sports athletes, and how these variables are affected by competitive status and combat
sports discipline.

This study specifically addressed key questions central to power development in
combat sports: (a) Which CA protocols effectively elicit PAPE in athletes? (b) How do
various combat disciplines—including tackwondo, boxing, Muay Thai, judo, wrestling,
and karate—respond to these protocols? (¢) What is the most sensitive performance test
for capturing the PAPE effect? (d) Does the competitive level modulate the magnitude
of the PAPE response? The present findings underscore that dynamic, sport-specific
protocols—exemplified by the bandal chagui method in tackwondo—consistently yield
substantial improvements in explosive performance, as measured by the CM]. In contrast,
certain protocols in disciplines like Muay Thai may even reduce performance, highlight-
ing the critical importance of aligning CAs with the neuromuscular and biomechanical
demands specific to each combat sport. Moreover, while both amateur and elite athletes ex-
hibit PAPE responses, the variability observed suggests that competitive level and training
status must be carefully considered when designing and implementing these interventions.

In addressing the first research question, our meta-analysis revealed that PAPE proto-
cols, overall, produced a pooled effect size of 0.136 (95% CI, 0.008-0.263). Notably, protocols
that combined dynamic actions—such as repeated vertical jumps with adequate recovery
(37 min of rest)—with heavy-resistance cluster sets (performed at 75% 1RM with opti-
mized intra- and inter-set rests) were particularly effective. These dynamic protocols are
likely more effective because they closely mimic the explosive movements inherent in
combat sports.

Regarding discipline-specific responses, the data show that tackwondo athletes expe-
rienced the most pronounced enhancements in CM] performance. This is likely due to the
sport’s emphasis on rapid, explosive lower-body actions, as supported by the work of da
Silva Santos et al. [12]. Conversely, in Muay Thai, highly specific CAs—such as roundhouse
kicks—appeared to be detrimental to performance, suggesting that not all sport-specific
techniques translate into a positive PAPE response.
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When considering the sensitivity of performance tests, the CM] emerged as the most
frequently employed and reliable measure across studies. Its responsiveness to changes
in explosive power makes it an ideal tool for assessing the PAPE effect in combat sports,
where rapid force production is paramount.

Finally, analysis by competitive level revealed pooled effect sizes of 0.14 (95% CI,
~0.01 to 0.29) for amateur athletes and 0.13 (95% CI, —0.11 to 0.38) for elite athletes,
with no statistically significant differences between these groups. This finding suggests
that while competitive status influences PAPE outcomes, the design of the conditioning
protocol—particularly in relation to rest intervals and exercise specificity—plays a critical
role in determining the magnitude of performance enhancement.

4.1. Main Findings

The primary findings of this study were that not all types of conditioning were effective
in enhancing general performance variables. The most considerable body of scientific data
pertains to the use of CA in the context of performance enhancement, as measured by the
CM]. For example, Boyaci and Kizilet [31] demonstrated that utilizing a cluster set (three
sets) in the barbell squat at a 75% 1RM load with a 4 min rest between sets and a 3 min
interval within the series yielded the most pronounced enhancement in distance in the jump
test relative to the conventional sets type. In comparison, in a study by Ouergui et al. [30],
improvements in general performance were seen after a dynamic type of potentiation.
Participants performed three sets of repeated vertical jumps (5 s of consecutive jumps). The
largest PAPE effect was observed with a 45 s intra-set and self-selected intra-set rest with a
3 min rest between sets.

In contrast, Ferreira et al. [41] found no additional effect on mean and peak power
when performing a power bench press after completing six reps at 50% 1RM in the same
exercise. It appears that one set may not be sufficient to achieve the PAPE effect. In another
study, five sets of bench presses improved performance in bench press throw on 30%
1RM [42]. A positive effect was noticed after five sets on 65% 1IRM with a 4 min rest, as
well as after five sets on 85% 1RM with both a 4 and 8 min rest between sets. However,
these studies were not included in the meta-analysis due to the different type of test
assessing general performance and insufficient evidence for inclusion. Different outcomes
with various strategies emphasize the importance of analyzing the PAPE methodology,
especially since a variety of strength-training concepts for athletes are widely recognized
in the literature [43). The importance of defining appropriate training modalities for each
combat sport cannot be overemphasized, as this aspect of the sport is often neglected,
leading to suboptimal results [44].

Nevertheless, the greatest positive effect was observed for the specific type of potency
that is bandal chagui, in the form of three sets with a 7 min rest between sets and a 30 s
intra-set rest. It is also worth noting that the specific form of potentiation associated with
one series of 20 roundhouse kicks with a 30 min rest and 3 s intra-set rest resulted in a
deterioration in general performance (ES = 1.36; p = 0.009) [39]. The findings suggest the
necessity for the examination of efficacious potentiation techniques, specifically in the
context of resistance training, across a range of high-intensity and dynamic activities, such
as repeated jumps under conditions where no positive effect of potentiation was observed.

Overall, the results of our meta-analysis indicate that dynamic, sport-specific condi-
tioning protocols produce superior PAPE effects compared to traditional heavy-resistance
approaches. In particular, the bandal chagui protocol, exemplified by CA51—which in-
volves three 5 s bouts with 7 min rest intervals and a 30 s intraset recovery in tackwondo
athletes—produced an effect size of 1.19 (p < 0.001). This finding suggests that such dy-
namic protocols, which closely mimic the explosive movement patterns inherent to martial
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arts, may be more effective in priming the neuromuscular system. Other dynamic pro-
tocols, such as those involving consecutive vertical jumps (CA54-CA56), showed effect
sizes ranging from 0.82 to 0.95, further supporting the efficacy of sport-specific condition-
ing in producing pronounced performance improvements. In contrast, heavy-resistance
protocols—such as those examined by Boyad and Kizilet [31] (CA57-CA62)—achieved
slightly lower effect sizes; for example, CA61, a squat-based cluster set performed at 75%
1IRM with a 4 min rest between cluster sets and a 180 s recovery between sets, yielded an
effect size of 1.07.

In conclusion, although both dynamic and high-resistance CAs can facilitate PAPE,
our results suggest that dynamic protocols—particularly the bandal chagui method—may
provide a slightly superior stimulus for improving explosive performance in kicking
martial arts.

4.2. The Competitive Level Factor

The meta-analysis of the data relating to the effect of the competitive level factor indi-
cated inconclusive results. In the context of amateur athletes, the influence of potentiation
can lead to either enhanced or diminished general performance. A reduction in athletic
performance as measured by CM] was noted in amateur Muay Thai athletes as a result
of performing a specific form of warm-up [39]. A possible factor in the changes obtained
could be the high volume of technical-tactical training associated with the execution of
movement sequences similar to the exercise used as a form of potentiation. Perhaps the
effectiveness of a CA is closely linked to its specificity to the performance measure being
assessed; aligning the CA with the particular neuromuscular and biomechanical demands
of the sport may optimize the PAPE effect [16,45]. Although achieving such a specificity
may not always be feasible, this consideration underscores the importance of tailoring
PAPE protocols to the unique performance requirements inherent to combat sports, thereby
reinforcing their relevance as outlined earlier. In a study by Oergui et al. [30], the results
demonstrated that the performance in all tests exhibited a notable improvement following
the implementation of conditioning in amateur tackwondo athletes when compared to the
control condition. It can be observed that plyometric exercises tend to favor a rest period of
approximately three minutes, regardless of the effort-to-pause ratio employed. Conversely,
repeated high-intensity techniques appear to favor a longer rest period, of around seven
minutes, particularly when ratios of 1:6 and 1:9 are utilized. The superiority of longer
intervals in inducing the PAPE effect could be a result of positive balance between fatigue
and neuromuscular potentiation and the intensity of the load used [46]. This finding is
consistent with the aforementioned results. For elite combat sports athletes, it appears
that CA may improve general performance or show no effect at all. Heavy barbell squats
were found to have a positive influence on the height of the CM] test in elite tackwondo
athletes [31]. In summary, these findings suggest that the optimal PAPE response is highly
contingent on both the athlete’s competitive level and the specific CA employed, with
amateurs exhibiting more variable outcomes and elite athletes tending to respond more
consistently to high-load protocols.

In addition, Langer et al. [36] showed that amateurs achieved greater force and RPD
results after the ballistic push-up as an activation exercise performed at 50% 1RM, whereas
force and RPD were greater at RFD at 65% 1RM. For elites, the highest force was achieved
at 80% 1RM, power at 50% 1RM, and RFD and RPD at 80% 1RM. In comparison, Castro-
Garrido et al. [28] indicated that the CM] did not significantly differ between athletes
nor between the intervention, competitive level, or conditions, which were a half-squat
on 95%1RM with three sets of three reps, three sets of 10 jumps, or a combination of
both exercises. In another study, an elastic resistance pull exercise combined with broad
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jumps resulted in greater peak power during the high-pull test compared to a protocol that
focused solely on lower-body conditioning [35]. This finding reinforces the importance of
aligning the CA with the specific performance measure. Since the high-pull test primarily
engages the upper body, incorporating an upper body-focused CA appears to be more
effective than simply increasing the total volume of activity or involving a greater number
of muscle groups.

In the other studies included in the meta-analysis, no improvement in physical per-
formance was observed in elite athletes. However, it is doubtful that this would lead to a
deterioration in their athletic performance. The competitive level can therefore potentially
influence the PAPE effect. Individuals with a lower level of experience can achieve signifi-
cant improvement in physical performance but also a decline in performance. This may
possibly be attributed to the balance between the mechanical properties of PAPE and the
accumulation of fatigue resulting from high-intensity exercise [8]. For example, Wilson
et al. [47] indicate that individuals with little training experience showed a decrease in
power of approximately 120% when performing multiple sets compared to single sets. In
contrast, trained individuals and experienced athletes increased their power by approxi-
mately 104% and 320%, respectively, when performing multiple versus single sets. Chronic
resistance training improves fatigue resistance by increasing buffering capacity [48,49] and
overall resistance to skeletal muscle injury [50]. These data suggest that when transition-
ing from single to multiple sets in less trained individuals, CA may cause significantly
more fatigue than the PAPE effect can overcome. However, in our study, this cannot be
unequivocally confirmed and is only a presumption.

In addition to the level of fitness itself, it is worth considering the potential impact
of the personal profile related to muscle fiber composition [51], which could potentially
be correlated with fitness level [52]. The post-activation enhancement effect is greater in
fast-twitch fibers [53], which have lower basal calcium ion sensitivity [54,55] and greater
myosin light chain kinase activity than slow-twitch fibers [53]. This, however, remains in
the realm of speculation ,as the studies included did not verify muscle fiber composition.
Attempting to estimate muscle fiber composition may be a suggestion for future research
projects that may try to directly characterize athletes via muscle biopsy [56,57] or indirectly,
for example via tensiomyography [58,59].

4.3. The Discipline Factor

The above considerations should also include the impact of the combat sports dis-
cipline on susceptibility to the PAPE effect. The performance enhancement effect was
observed in tackwondo athletes when sports discipline was taken as a differentiating factor,
whereas deterioration in physical performance was noted in Muay Thai athletes. In the case
of boxing and karate, the effect related to the influence of potentiation was not statistically
significant, regardless of whether this referred to an improvement or worsening of general
performance. Nevertheless, it would be prudent to maintain skepticism in ascribing the
influence of the specific discipline as a determinant of the PAPE effect. In fact, the data
on Muay Thai fighters are derived from a study where the potentiation exercises were
related to the execution of roundhouse kicks. Tackwondo was the most studied discipline
with the highest number of CAs. The result may therefore be more an effect of the type
of CA rather than the type of sport. The authors suggest adapting tackwondo’s CAs to
other combat sports disciplines to make more consistent conclusions. Furthermore, the
participants were amateurs, which, when considered alongside the nature of the activity,
may have exerted an influence on the outcomes observed. It is possible that a different form
of exercise, for instance, one that incorporates high-intensity resistance training, might have
yielded entirely disparate results. The PAPE effect has been observed in tackwondo athletes;
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however, the majority of the results have been reported by Oergui et al. [30] with the bandal
chagui and consecutive vertical jump protocols previously discussed. It would appear that
greater consideration should be given to the type of exercise undertaken and the level of
training experience, rather than the specific sport, when examining the PAPE effect.

Reliably evoking the PAPE response arises from a careful balance between the athlete’s
training experience, their achieved strength level, the intensity of the CA, and the duration
of the subsequent rest period. Crucially, the specific combat sport discipline also plays a
pivotal role in determining the effectiveness of PAPE protocols. In practice, substantial
differences in jump height have been documented across various disciplines [60], with
the magnitude of these differences ranging from negligible to exceptionally large. These
variations highlight that the neuromuscular and biomechanical demands inherent to each
sport can markedly influence the response to PAPE interventions. Consequently, it is
essential to customize the CA to meet the unique demands of each discipline and to fine-
tune the rest intervals accordingly, as deviations from the optimal duration may lead to
fatigue accumulation and a diminished PAPE effect [5,47,61,62].

4.4. Limitations

It should be noted that this study is not without limitations. Firstly, the number of
included studies was relatively limited (n = 9), which restricts the generalizability of the
findings. The included studies primarily investigated a limited range of CAs, thereby
leaving several potential variations (e.g., isometric potentiation, plyometric variations)
underexplored. Secondly, the heterogeneity of methodologies across the studies (e.g., dif-
ferences in testing protocols, rest intervals, and exercise selection) may have introduced
variability, limiting the precision of the meta-analysis. Furthermore, discrepancies in com-
petition status (amateur vs. elite), specific combat sports disciplines, and inconsistencies in
participant characteristics (e.g., age, sex, and experience) may have introduced confounding
variables. Moreover, the use of general performance measures, such as CM], may not fully
represent the overall performance in combat sports, which is multifaceted. In addition, the
observed results may have been influenced by variations in study design, particularly the
use of small sample sizes and an inconsistent statistical power across the included studies.

It is noteworthy that many of the included studies employed relatively low loads in
their CAs. This choice likely reflects a strategic attempt to balance the potentiation bene-
fits with the risk of inducing excessive fatigue, which can negate the acute performance
enhancements associated with PAPE. Lower loads may allow for sufficient neuromuscular
activation while minimizing fatigue, particularly in protocols targeting explosive move-
ments like the countermovement jump. However, this approach also raises questions about
the potential trade-offs in maximizing muscle activation versus avoiding fatigue, especially
when considering the different demands of various combat sports.

One potential limitation of our study is related to the participant group in Ferreira
etal. [41]. Although the protocol used in this study is typical for team and combat sports,
the subjects were not competitive athletes. Without further clarification from the original
authors, it is not possible to fully verify that these participants meet our inclusion criteria
for healthy, competitive athletes. Consequently, caution is warranted when interpreting the
findings from this study in relation to competitive athlete populations.

4.5. Practical Applications

From a practical standpoint, the findings of this study offer insights for coaches and
practitioners engaged in the training of combat sports athletes. CAs must be meticulously
tailored to the athlete’s competition level and specific objectives. For amateur athletes,
dynamic potentiation exercises such as repeated vertical jumps appear to be an effective
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method, provided that adequate rest intervals of approximately three minutes are observed.
For elite athletes, the incorporation of heavy-resistance exercises, including barbell squats,
may prove beneficial in enhancing performance, although it is essential to exercise caution
in managing fatigue. It is of the utmost importance to optimize rest intervals, as plyometric
exercises tend to favor shorter rest periods, while repeated high-intensity techniques require
longer durations of recovery to achieve the desired PAPE effect.

The spexific type of exercise is also a significant factor to be considered. Sport-specific
dynamic activities, such as roundhouse kicks, have the potential to enhance performance.
However, if the protocol is not properly designed, there is a risk of fatigue accumulation
and a subsequent deterioration in performance. It is incumbent upon coaches to exercise
discernment in the selection and testing of CAs, to identify those that are most suited
to their athletes. While the results of this study do not definitively indicate discipline-
specific effects, positive responses have been consistently observed in taekwondo ath-
letes. It is recommended that coaches in other combat sports, such as Muay Thai, boxing,
and karate, investigate conditioning protocols that integrate both resistance training and
plyometric exercises.

4.6. Future Directions

It is recommended that future research addresses the limitations identified above by
incorporating several key areas. Firstly, studies utilizing larger, more diverse cohorts are
required to enhance their statistical power and improve the generalizability of their findings.
The development of standardized protocols for potentiation procedures, including the
implementation of consistent rest intervals, effort-to-pause ratios, and CA intensity, will
assist in reducing the variability observed across studies. A further avenue for research
would be to investigate the differences in PAPE effects across competition levels, namely
novice, trained, and elite athletes. This would enable a deeper understanding of the
interplay between training experience, fitness, and potentiation responses.

Furthermore, combat sport-specific analyses should be expanded to explore the in-
fluence of multiple conditioning protocols on general indicators. Longitudinal studies
examining the chronic effects of repeated potentiation sessions over extended training
cycles will be crucial to determining their long-term impact on combat sports performance.
To gain a comprehensive understanding of the effects of potentiation on combat sports
performance, it is essential to incorporate a range of performance measures, including
assessments of strength, power, reaction time, and endurance. This will enable researchers
to capture the multidimensional nature of combat sports demands. Finally, future research
should continue to investigate the balance between fatigue and potentiation, focusing
on the physiological mechanisms that underlie the PAPE effect in various conditioning
scenarios. Future research could also make an attempt to explore whether slightly higher
loads—while carefully managing recovery—could further optimize the PAPE response
without compromising performance, particularly in elite athletes whose training status
might permit more aggressive loading strategies.
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Abbreviations
The following abbreviations are used in this manuscript:

PAPE  Post-activation performance enhancement
PAP Post-activation potentiation

CM] Countermovement jump

MVIC  Maximum voluntary isometric contraction
MRIC  Myosin regulatory light chain
RCT Randomized controlled trial
PEDro Physiotherapy Evidence Database
1RM One-repetition maximum

MMA  Mixed martial arts

RFD Rate of force development

LS) Loaded squat jump

BP Bench press

BPT Bench press throw

BPU Ballistic push-up

HS Half-squat

1ISOP  lsometric punch

ISR Intra-set rest

SSR Self-selected rest

™ Taolu wushu

HRE Heavy-resistance exercise

HPT Hip power test

PBPT  Power bench press test

RAST  Running anaerobic sprint test
DBPT  Dumbbell press test
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Abstract

Background The study aimed to assess the acute effects of overcoming isometric split squats on subsequent
single-leg drop jump (DJ) performance and the contralateral effect in volleyball players, considering training status
differences.

Methods Ten male elite (ELI) and ten amateur (AMA) volleyball players took part in two experimental sessions in
which they performed conditioning activity (CA) consisted of 3 sets of overcoming isometric 3-second split squats,
differing in the limb used: dominant (DL} or non-dominant (ND-L). Single-leg DJ was performed before and at the 4th
and 8th minute post-CA for both limbs. The best post-CA attempt in terms of jump height (JH) was analyzed.

Results Results revealed a significant increase in jump height (JH) in the non-dominant limb (ND-L) from
13.7+2.6 cm to 15.5+ 2.7 cm after CA performed by the ND-L (p=0.001; Hedge's g=0.65). Similarly, the reactive
strength index (RSI) of the ND-L improved from 0.40+0.06 to 0.45 +0.08 (p=0.008; g=0.58). Additionally, contact
time in the ND-L increased significantly from 342+ 36 ms to 375+ 42 ms after CA performed by the dominant limb
(p=0.001; g=0.66). In the elite (ELI) group, JH significantly increased from 164+ 24 cm to 183+3.3 cm (p<0.001;
g=0.79), while RSl in the dominant limb (DL) improved from 0.47 +0.06 to 0.53+0.07 (p=0.011;g=0.68).

Conclusions Results suggest that the examined CA effectively induces the post-activation performance
enhancement in DJ among elite volleyball players, with a predominantly local impact on the limb executing the CA.
Trial registration NCT06459050 (Retrospectively registered).

Keywords Post-activation potentiation, Neuromuscular performance, Explosive strength, Isometric exercise,
Unilateral movement, Plyometric training
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Introduction

Developing high levels of power output while performing
specific movements is an essential component of many
team sports [1], including volleyball [2]. Volleyball relies
to a greater extent on jumping ability being a determi-
nant of success in volleyball, directly influencing crucial
game actions such as spiking, blocking, and serving [2].
Studies indicate that elite volleyball players exhibit supe-
rior jumping ability compared to lower-level athletes,
and jump performance has been correlated with match
outcomes and team rankings [3]. Given the unilateral
and reactive nature of many volleyball-specific move-
ments, optimizing single-leg jump mechanics is essential
for enhancing overall athletic performance and reducing
injury risk, therefore it has been suggested that athletes
should be trained and tested using unilateral movements
[3]. For instance, the single-leg drop jump (D]) and split
squat are often selected for training and testing purposes
[4, 5].

It is generally agreed that designing the training pro-
gram should aim for reliable methods to effectively
facilitate the acquisition of specific motor abilities and
neuromuscular adaptations [6]. The training exploit-
ing the phenomenon of post-activation performance
enhancement (PAPE) seems to be effective in achieving
those adaptations and has been meticulously investigated
in recent years [7—9]. This method refers to the pairing of
high-effort exercise called conditioning activity (CA) with
a biomechanically similar high-velocity power movement
[7]. PAPE method of training proved to be beneficial in
volleyball increasing countermovement jump [10], squat
jump [11, 12], and many other jumping tests [13]. While
there is ongoing debate regarding local and remote PAPE
effect [14-16], specifically, does conditioning one limb
enhance performance in the other [17, 18]7.

The potential occurrence of the remote PAPE effect is
supported by plausible physiological hypotheses, such
as an elevation in neural drive [7, 19] or catecholamine
secretion subsequent to high-intensity CA [20]. Studies
predominantly fall into two categories: those evaluating
the effects of upper CA on lower body exercises and vice
versa [13, 15, 16, 21], and other investigating impact of
CA in contralateral limb [14, 17, 18]. For example, Bar-
tolomei et al. [21], demonstrated that a high-intensity
bench press induces a PAPE effect in the lower limbs, but
not the other way around. Another study by Bartolomei
et al. [15], verified that a significant increase in coun-
termovement jump (CM]) power output after 5 sets of
single repetitions with a load of 90% 1RM in the bench
press but not after 30% 1RM. Similarly, a recent study
by Kolinger et al. [22] revealed no changes during elbow
flexion and extension after high-intensity squats, despite
contributing to increased peak torque during isokinetic
knee flexion and extension. Conversely, available studies
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on the contralateral PAPE effect suggest a local manifes-
tation of this phenomenon [14, 17, 18]. Wong and col-
leagues [18] observed a PAPE effect in the exercising arm
following a CA performed by the elbow flexors of one
arm. Interestingly, authors noted a performance decrease
in the contralateral arm. In contrast, Power et al. [17] did
not find a significant difference in D] difference when the
tested leg underwent activation through 4 repetitions
of 5 s knee extension maximal voluntary isometric con-
tractions. However, to the best of our knowledge only
the protocol in study by Andrews et al. [14] has adopted
a procedure closely mimicking training setting. Authors
found that split squat exercise (5/2/1 repetition with
50%, 70% and 90%1RM; respectively) increased the CM]
height of the conditioned leg but provoked statistically
significant CM] height impairments in the contralateral
leg with no effect in D] height, contact time and reactive
strength index (RSI). Probably, as stated by authors the
PAPE effect in D] was masked due to the high balance
and coordination recruitment upon landing and taking
of on one leg. Therefore, in addition to the strength level,
training status, specifically the ability to perform certain
exercises may determine the PAPE effect utilization.

Interestingly, to the best of the authors’ knowledge,
only the study protocol by Power et al. [17] assessed the
effectiveness of CA performed by both the dominant and
non-dominant leg. In the studies by Wong et al. [18] and
Andrews et al. [14], the PAPE effect and its contralateral
action were exclusively investigated through stimula-
tion of the dominant limb. Hence, it remains unknown
whether the magnitude of the PAPE effect is similar in
the dominant and non-dominant limbs, and whether
the potential transfer from dominant to non-dominant,
and vice versa, is similar. Knowing the impact of unilat-
eral CA on athletic performance and the contralateral
effect might be useful for selecting the suitable PAPE
parameters and its use in training settings appropriate
to the athlete’s training status. Considering inconsistent
findings regarding impact of CA on contralateral effect,
the purpose of this study is to evaluate the acute effects
of overcoming isometric split squats on subsequent sin-
gle-leg D] performance in volleyball players. In parallel,
additional factor such as training status will be consid-
ered. We assume a significant increase in D] performance
after CA performed by the same limb and a significantly
higher PAPE effect in the elite athletes compared to
amateurs.

Materials and methods

Experimental approach to the problem

The study was performed following CONSORT guide-
lines in a randomized, double-blind crossover design,
where each athlete performed two experimental sessions
to compare the acute effects of overcoming isometric
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split squats on subsequent single-leg D] performance.
Each session involved performing 3 sets of 3-second
overcoming isometric split squats with a 3-minute rest
between sets as a CA. However, sessions differed in terms
of the limb used, dominant vs. non-dominant. A single-
leg DJ for both the dominant and non-dominant limbs
was performed in random order 5 min before and at the
4th and 8th minutes after completing the CA (Fig. 1).
This rest time frame has been determined by recent
research to be sufficient to elicit a PAPE response in vari-
ous levels of athletes [15, 19].

Participants

The required sample size was determined using G*Power
(version 3.1., University of Diisseldorf, Germany) based
on an expected effect size of g=0.56 [23], a statistical
power of 0.8, and an alpha level of 0.05 for this study
design (two-way repeated-measures ANOVA, within-
between interaction), indicating a minimum of 20 par-
ticipants. Ten male professional (ELL; age: 28 +7 years;
height: 198+10 cm; body mass: 92+9 kg; one-repeti-
tion maximum back squat: 1.63+0.15 kg/body mass;
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volleyball training experience: 15+7 years) and ten ama-
teur (AMA; age: 19+1 years; height: 189+5 cm; body
mass: 87.7+6.8 kg; one-repetition maximum back squat:
1.49+0.21 kg/body mass; volleyball training experience:
6+2 years) volleyball players participated in this study
(Fig. 2). Recruitment was carried out through direct con-
tact with professional and amateur volleyball teams in
Poland. Elite players were identified and selected from
teams competing in the highest Polish volleyball league,
while amateur players were recruited from lower-divi-
sion teams and university-level volleyball programs.
Team coaches and strength and conditioning staff were
approached to assist in identifying eligible athletes.

The study was conducted during the pre-season period
with 48-72 h apart between sessions, ensuring that par-
ticipants were in a structured training phase but not
experiencing excessive fatigue from competitive play.
Data collection took place at the Strength and Power
Laboratory at the Academy of Physical Education in
Katowice, Poland, where controlled conditions allowed
for accurate and standardized assessments.

Conditioning Activity

Dominant Limb
Overcoming [sometric Split
Squat 3 sets of 3 seconds

Baseline Tests .
S min

Single Leg Drop
Jumps

Post-CA Tests

Single Leg Drop Jumps
at 4th and 8th min

Conditioning Activity

Non-dominant Limb
Overcoming Isometric Split
Squat 3 sets of 3 seconds

Fig. 1 Study design flowchart. CA- conditioning activity
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Enrollment

Assessed for eligibility (n= 20)

Excluded (n=0)

| ¢ Not meeting inclusion criteria (n= 0)
+ Declined to participate (n= 0)

+ Other reasons (n=0)

Included (n= 20)

:

{__ Allocation _} ?

Aliocated to intervention (n= 10)

+ Received allocated intervention (n= 10)

+ Did not receive allocated intervention (give
reasons) (n=0)

J
Allocated to intervention (n= 10)
+ Received allocated intervention (n= 10)

+ Did not receive allocated intervention (give
reasons) (n=0)

| Followup |

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons) (n= 0)

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons) (n= 0)

Analvsis 1

Analysed (n= 10)
+ Excluded from analysis (give reasons) (n= 0)

Fig. 2 CONSORT flow diagram

To ensure consistency and reliability in performance
measurements, all participants wore standard volleyball
training shoes meeting the following criteria: maximum
sole height of 3 cm to minimize the effect of cushion-
ing on ground reaction forces, a flat sole without exces-
sive heel elevation to maintain natural ankle positioning.
Shoes with high-impact absorption technologies (e.g., air
cushions or spring systems) were not allowed to elimi-
nate performance variability.

‘The inclusion criteria for both groups were as follows:
(i) no lower-limb serious injury, including tendon or
muscle tear, and (ii) participation in regular resistance
training and competition. Additionally, to be included in
the ELI group, athletes had to compete at the highest Pol-
ish volleyball league for at least two consecutive seasons.

Analysed (n= 10)
+ Excluded from analysis (give reasons) (n=0)

Athletes in the AMA group had to compete in junior
groups outside the highest league level. Athletes were
instructed to maintain their sleep hygiene and dietary
habits and refrain from taking stimulants throughout
the study. Tests were scheduled at the same time of day
(9:00-11:00) for all testing and training sessions to avoid
the effects of the circadian rhythm. The randomization
was performed with an online generator (randomization.
org). Each participant received a number and sequence
of the sessions. Athletes were asked not to perform any
additional high-intensity exercises 48-h before testing to
minimize fatigue. The athletes were informed about the
study’s benefits and potential risks before the experi-
ment’s commencement and gave their written consent
to participate. However, the athletes and the supervisor
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who was overseeing the training did not know about the
potential result. The study protocol was approved by
the Bioethics Committee for Scientific Research at the
Academy of Physical Education in Katowice (3/2021) and
performed according to the ethical standards of the Dec-
laration of Helsinki 2013.

Experimental sessions

After the warm-up consisting of 5-minute cycling and
dynamic exercises by 2 sets of 5 repetitions: backward
lunge and reach, leg cradle, knee hug, inverted hamstring
with knee drive, drop lunge and world greatest stretch,
athletes performed baseline dominant and non-dominant
D] measurements in random order. Two trials of each
jump from a 20 cm box with 30-second rest intervals
were executed. After a 5-minute rest, athletes performed
an overcoming isometric dominant or non-dominant
split squat (on separate sessions) as a CA in randomized
order. Limb dominance was determined based on self-
report by answering a question “If you would shoot a ball
on a target, which leg would you use to shoot the ball?”
[24]. The overcoming isometric split squat was executed
on an immovable barbell loaded with a load, prevent-
ing any concentric movement. Athletes were positioned
under the individually adjusted barbell height to ensure
approximately 90-degree knee extension (Fig. 3). They
were instructed to “push the barbell as fast and forcefully
as possible for 3 seconds” Each limb performed two D]
at the 4th and 8th minutes post-CA. The best attempt in
terms of jump height from these trials was retained for
further analysis to ensure a reliable measure of maximal
performance.

Measurement of drop jump performance

Single leg D] performance was assessed using dual force
plates (Force Decks, Vald Performance, Australia), a vali-
dated system for measuring vertical jump kinematics and
ground reaction forces with high reliability (ICC=0.97—
0.99 for jump height and 0.93-0.98 for contact time)
[25]. Each athlete performed four single-leg D] without
arm swings at three time points: baseline (pre-CA) and at
the 4th and 8th minutes post-CA. The single leg DJ test
was performed under standardized conditions to mini-
mize variability and ensure accurate assessment of neu-
romuscular performance. Athletes began each trial in a
standing position on a designated box with their hands
on their hips to eliminate the influence of arm swing.
The drop was initiated by stepping off the box with one
foot, ensuring minimal horizontal displacement during
descent. Upon ground contact, athletes were instructed
to rebound as quickly and explosively as possible, mini-
mizing ground contact time while aiming for maximal
jump height. The force plates recorded key jump metrics
in real time, including jump height (JH), RSI, and contact
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time (CT). A trial was considered invalid if the athlete
lifted their feet during flight, landed outside the desig-
nated force plate area, failed to maintain a neutral body
position, or demonstrated an excessive countermove-
ment upon landing. To account for training status dif-
ferences and maintain ecological validity, ELI performed
single leg D] from a 40 ¢cm box, while AMA used a 20 cm
box. These heights were chosen based on standard train-
ing practices for each group and aimed to replicate their
typical jump mechanics. Each athlete completed four tri-
als per testing condition, with a 30-second rest interval
between attempts. The best trial in terms of jump height
was retained for further analysis, ensuring that the most
representative maximal performance was used for statis-
tical comparisons. All jumps were performed under the
supervision of trained researchers to ensure adherence to
standardized protocols and to provide real-time feedback
on technique and execution. The instruction given to the
athlete was: “jump as high and as quick as you can’.

Statistical analysis

All statistical analyses were performed using JASP soft-
ware (JASP Team version 0.18.1; macOS Sonoma 14.2.1)
and were shown as means with standard deviations
(£SD). Statistical significance was set at p<0.05. The
normality of data distribution was checked using Sha-
piro—-Wilk tests, and Mauchly’s test was used to test for
the assumption of sphericity. Independent-sample t-tests
were used to examine differences in basic characteristics
between ELI and AMA. A single-rater intra-class cor-
relation coefficient (ICC) and coefficient of variability
(CV) were used to measure value reliability (calculated
from the baseline measurements taken for each of the
dependent variables) (13). The three-way mixed ANO-
VAs with repeated measures (2 groups [ELI, AMA] x 2
sides [DOM, N-DOM] x 2 times [PRE, BEST) were used
to investigate the effects of each CA on the single leg D]
performance among elite and amateur volleyball players.
When a significant main effect or interaction was found,
the post-hoc tests with Tuckey correction were used to
analyze the pairwise comparisons. The magnitude of
mean differences was expressed with standardized effect
sizes. Thresholds for qualitative descriptors of Hedge'’s g
were interpreted as <0.20 “small’, 0.21-0.79 “medium’,
and >0.80 as “large” [26].

Results

A comparison of the basic anthropometric and strength
characteristics between ELI and AMA volleyball play-
ers is presented in Table 1. Elite players were signifi-
cantly older (28+7 years vs. 191 years, p<0.001),
taller (198 £10 cm vs. 189+ 5 c¢m, p=0.004), and heavier
(92+9 kg vs. 87.7+6.8 kg, p=0.032) than amateur play-
ers. Strength levels, as measured by the 1RM back squat
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Fig. 3 Position during conditioning activity

relative to body mass, were also significantly higher in the
ELI group (1.63+0.15 kg/kg) compared to AMA players
(1.49+0.21 kg/kg, p=0.012). In addition, volleyball train-
ing experience was significantly longer in elite players
(15+7 years vs. 6+ 2 years, p <0.001).

The measurement reliability was moderate to excellent
for jump height (ICC>0.63, CV=8-9%), relative peak
power (ICC>0.55, CV=4-6%), contact time (ICC>0.74;

CV=3-5%), and RSI (ICC>0.75; CV=2-3%). Interac-
tions and main effect of ANOVA for dependent variables
are presented in Table 1.

Post-hoc pairwise comparisons for the side x time
interaction showed a significant increase in jump height
(»=0.001; g=0.65) and RSI (p=0.008; g=0.58) from pre
to best time point in the ND-L after CA performed by
the non-dominant limb (Table 2). Moreover, a significant
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Table 1 Basic characteristics of elite and amateur volleyball

players
Characteristics ELI AMA

(Mean +5D) (Mean +5D)
Age (years) 28+7 1941
Height (cm) 198410 18945
Body Mass (kg) 9249 B7.7+68
1RM Back Squat (kg/kg body mass) 1.63+015 1492021
Volleyball Training Experience (years) 1547 6+2

ELI- elite; AMA- amateur; 1RM- one-repetition maximum

increase in contact time in ND-L from pre to best time
point (p=0.001; g=0.66) was found after CA performed
by the dominant limb. Furthermore, in the ELI group,
post-hoc pairwise comparisons for the group x time
interaction indicated a significant increase in jump height
(p<0.001; g=0.79) and a significant RSI increase in D-L
(»=0.011; g=0.68), both observed from pre to the best
time point after CA performed by the dominant limb.

Table 3 presents a comparison of single leg D] perfor-
mance metrics to examine the localized and potential
contralateral effects of isometric conditioning activity.
In ELI a significant improvement in jump height was
observed when the same limb was used for both CA
and the subsequent single leg DJ. Specifically, after CA
performed by the dominant limb, JH increased from
16.4+2.4 ¢cm to 18.3+3.3 c¢cm (p<0.001, g=0.79). Simi-
larly, JH improved following non-dominant limb CA,
increasing from 13.7 £2.6 cm to 15.5+2.7 cm (p=0.001,
g=0.65). In contrast, the contralateral effect was limited,
as no statistically significant improvements in JH were
observed in the non-conditioned limb post-CA.

For AMA, a different response pattern was noted. JH
significantly increased only when CA was performed

Table 2 Interactions and main effects of ANOVAs for all variables
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by the non-dominant limb, rising from 11.0+2.4 ¢cm to
12.4+2.4 cm (p=0.008, g=0.58). However, no significant
changes in JH were observed following CA of the domi-
nant limb.

Changes in CT further reinforce the differences
between the two groups. In elite players, CT remained
relatively stable following same-limb CA. However, after
dominant-limb CA, CT significantly increased in the
non-dominant limb (p=0.001, g=0.66). In the amateur
group, CT exhibited greater variability, with no consis-
tent patterns emerging across conditions.

Similarly, improvements RSI were more pronounced
in elite players than in amateurs. In the ELI group, RSI
significantly increased after dominant-limb CA, from
0.47+0.06 to 0.53+0.07 (p=0.011, g=0.68). The non-
dominant limb also showed a significant RSI increase
(»=0.008, g=0.58). Conversely, in the AMA group, RSI
improved only when CA was performed with the non-
dominant limb (p=0.021, g =0.264),

Discussion

The study aimed to assess the acute effects of overcom-
ing isometric split squats on subsequent single-leg D]
performance in volleyball players, considering differ-
ences in training status. The results indicated that 3 sets
of overcoming isometric 3-second split squats led to an
improvement in single leg D] height and RSI when CA
and post-CA tasks were performed by the same limb in
the ELI group. Additionally, a contralateral PAPE effect
was observed in the ELI group, resulting in an increase
in single leg D] height performed by the limb that did
not undergo the CA. However, in the AMA group,
the response pattern of the PAPE effect differed, being

Variable  Jump Height Contact Time RSI
Non-dominant CA Dominant CA Non-dominant CA Dominant CA Non-dominant CA Dominant CA
Group F=0497; p=049; F=3669%p=0071; F=037,p=0551; F=0576;p=0458 F=0.132;p=0721; F=4.428; p=0.05;
>T<5|de X n%p=0027 N’p=0.169 n%,=002 n’,=0.031 n%p=0.007 n%,=0.197
ime
Side x F=17.078;p<0.001; F=0448p=0512, F=2222;p=0153; F=13.3;p=0.002; F=6.454;p=0.021; F=1446 p=0245;
Time n’p=0.487 n’p=0024 n%=011 n’,=0.425 n’p=0.264 n’,=0074
Groupx  F=1.142;p=0299; F=5.738;p=0.028; F<0001;p=1; F=0053;p=082, F=1217;p=0284; F=5.315;p=0.033;
Time n%, =006 n‘p=0.242 n?,<0.001 n?,=0.003 n?,=0063 q’,,:o.zza
Groupx  F=0024; p=0877, F=8.519;p=0.009; F=0802;p=0382;, F=0349,p=0562; F=0.161;p=0693; F=6.034; p=0.024;
Side n%,=0001 n?,=0.321 n?,=0043 n?,=0019 n?,=0009 n?,=0.251
Time F=4.399;p=0.05  F=12779; F=0038 p=0847, F=5.182;p=0.035; F=5367;p=0.033; F=4.756;p=0.043;
n?,=0.196 p=0.002; %, =0002 n’,=0.224 n?,=023 n?,=0.209
n?,=0.321
Side F=10.964;p=0.004; F=39.503; F=063;p=0438 F=1378p=0255; F=10.547;p=0.004; F=31.592;
n?,=0.379 p<0.001; n?,=0034 n?,=0.071 n?,=0369 p<0.001;
n?;=0.687 n’,=0.637
Group F=9.056;p=0.008; F=355%p=0075 F=013;p=0722;, F=0644;p=0433; F=13.961;p=0.002; F=3245 p=0088;
n?,=0.335 n?,=0.165 n’,=0007 n?,=0.035 n?,=0.437 n’,=0.153

RSI- reactive strength index; CA- conditioning activity
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Table 3 Comparison of single leg drop jump performance pre- and post-conditioning activity
Non-dominant CA Dominant CA
Jump Height [cm]
Pre-CA Best Pre-CA Best
ELI D-L 158422 16+17 164424 183433
(14.110174) (1481017.2) (147 t0 18.0) (1610 20.7)
ND-L 137426 155427 138422 15+26"
(11910 156) (13610 175) (12210154) (13210 16.8)
AMA D-L 135428 127428 138442 133247
(11510 156) (10710 14.7) (10810 16.8) (1010 16.6)
ND-L 11424 124424 119440 13445
(9310 127) (10710 14.2) (9.0to 14.7) (9810 163)
Contact Time [ms]
ELI D-L 345428 343450 350429 345441
(325 to 365) (307 to 379) (32910 371) (31510 374)
ND-L 342436 345435 344437 375+42"
(31610 367) (320 to 370) (31710 371) (345 10 405
AMA D-L 348429 342429 341431 339439
(327 to 369) (321 to 362) (319 to 363) (31110 367)
ND-L 349441 357434 333437 355+45"
(32010 378) (33310 381) (307 to 359) (323 10 387)
RSI
ELI D-L 0474009 0474007 047+0.06 0534007
(04110 054) (04210 053) (0421t0051) (04810 059)
ND-L 040+0.06 0.4540.08" 040+0.08 041+008
(036 10 0.45) (0410 051) (03510 0.46) (035 10 046)
AMA D-L 0394006 0374008 040+0.12 039+0.13
(03410 043) (031 t0 0.43) (0321t0049) (03100.49)
ND-L 0314004 035+007" 036+0.11 037+0.11
(028 10 0.34) (031004) (0.28 t0 0.43) (029 t0 044)

* a significant difference in comparison to Pre-CA within condition, limb and group; ELI- elite; AMA - amateur; CA- conditioning activity; ND-CA- non-dominant limb
conditioning activity; D-CA- dominant limb conditioning activity; D-L- dominant limb; ND-L- non-dominant limb; RSI- reactive strength index

evident only when the CA and post-CA single leg D]
were performed by the non-dominant limb.

Specifically, the results of the three-way mixed
ANOVA highlight several key findings regarding the
effects of overcoming isometric split squats on single-leg
D] performance. The side x time interaction (p<0.001;
n°p=0.487) confirmed that PAPE effects were primar-
ily local, improving single leg DJ height in the limb that
performed the conditioning activity. This effect was more
pronounced in elite players, who demonstrated improve-
ments in both limbs, whereas amateur players only ben-
efited when CA was performed on the non-dominant
limb. This suggests that training experience influences
the ability to utilize PAPE effectively, likely due to supe-
rior neuromuscular adaptations in elite athletes.

The group x side interaction (p=0.009; n’p=0.321)
further supports this distinction, as ELI players con-
sistently improved in both limbs following CA, while
AMA players exhibited inconsistent responses. This
may be attributed to differences in motor control and
inter-limb coordination, which are more developed in
experienced athletes. Additionally, the group x time
interaction (p=0.028; n’p=0.242) revealed that jump
height improvements were significantly greater in ELI

players, reinforcing previous findings that trained indi-
viduals are better suited to elicit PAPE responses due to
heightened neuromuscular efficiency.

In terms of contact time, a significant increase was
observed in the dominant limb after CA (p=0.001;
n°p=0.66). This suggests that while jump height
improved, the underlying mechanism may involve altered
movement strategies, such as increased ground contact,
rather than purely enhanced explosiveness. Similarly, RSI
outcomes revealed a significant improvement in the ELI
group (p=0.033; n°p=0.228), but not in the AMA group,
indicating that elite athletes were able to maintain effi-
cient force production post-CA, whereas amateurs did
not exhibit the same level of neuromuscular readiness.

There is an ongoing debate regarding the existence of
the nonlocalized PAPE effect, driven by reasonable physi-
ological hypothesis, such as an increase in neural drive
or catecholamine secretion following high-intensity CA
[20]. However, available studies on the remote, specifi-
cally contralateral PAPE effect suggest a local manifes-
tation of this phenomenon [14, 17, 18]. For instance,
Wong et al. [18] demonstrated a significant increase in
peak torque during isokinetic elbow flexion solely in the
arm that underwent CA. Likewise, Andrews et al. [14]
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showed an increase in unilateral countermovement jump
height after split squats but only for the limb executing
the CA. Consequently, in both studies a cross effect was
not observed. Similarly, in the current study, an increase
in D] height and RSI was observed during a jump exe-
cuted by the limb that underwent CA in both groups,
except for CA and post-CA performed by the dominant
limb in the AMA group. Interestingly, an increase in D]
height was also noted during a jump performed by the
non-dominant limb after CA performed by the dominant
limb. This outcome may suggest a contralateral PAPE
effect; however, it is essential to consider that this coin-
cided with an increase in ground contact time during D]
and, consequently, it did not significantly affect RSIL. This
implies that the increase in DJ height primarily resulted
from a shift in jump strategy. Additionally, it is notewor-
thy that the CA applied in this study was performed in
a unilateral fashion, differing from the monoarticular
movements in the studies by Wong et al. [18] and Power
et al. [17], where isometric elbow flexion and knee exten-
sion were employed, respectively. Furthermore, in this
study, an isometric split squat was performed, involving
the rear limb in force production during CA. As a result,
the applied CA might unintentionally induce a certain
degree of stimulation in the rear limb.

In our study, ELI demonstrated a higher relative
strength level, as indicated by their 1RM back squat-to-
body mass ratio (1.63 £0.15 kg/bm) compared to AMA
(1.49+0.21 kg/bm). This supports the assumption that
elite athletes possess superior neuromuscular readiness,
which may contribute to their ability to better exploit
PAPE [27]. Prior research suggests that individuals with
greater strength levels are more likely to experience
enhanced neuromuscular responses following a CA due
to greater motor unit recruitment, increased baseline
muscle stiffness, and improved capacity to tolerate high-
intensity potentiation-inducing stimuli [11.28]. The find-
ings of our study align with these observations, as ELI
exhibited a more pronounced PAPE effect, particularly
when performing with their dominant limb. Conversely,
the PAPE response in AMA was less consistent, particu-
larly following CA performed with the dominant limb.
This variability may be attributed to their lower relative
strength levels, which could reduce their ability to gen-
erate optimal neuromuscular potentiation. Additionally,
it is possible that for weaker individuals, the applied iso-
metric CA functioned more as a fatiguing stimulus rather
than an effective potentiating mechanism. This could
explain why, in some conditions, single leg D] height did
not exhibit a significant improvement post-CA.

Previous studies indicate that elite volleyball players
exhibit superior jump biomechanics, including greater
impulse generation, higher take-off velocities, and shorter
ground contact times, compared to amateur players [2,
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3, 5]. Additionally, research from basketball, soccer, and
track & field suggests that elite athletes have greater mus-
cle cross-sectional areas and higher rate of force develop-
ment, enabling them to respond more effectively to CA
and optimize jump performance [28]. These neuromus-
cular differences likely explain why PAPE effects were
more pronounced in the ELI, whereas AMA exhibited a
more inconsistent response.

In the ELI group, the local PAPE effect was evident
when both CA and post-CA were performed by the same
limb, either dominant or non-dominant. Conversely, in
the AMA group, it was observed only in the non-domi-
nant limb PAPE procedure. It is consistently emphasized
that the training status influences the occurrence and
magnitude of induced PAPE effects [8, 29], and recent
studies also highlight that the type of post-CA task may
have an impact [14, 25]. For example, Andrews et al. [14]
revealed a PAPE effect in countermovement jump but
not in the DJ. The authors suggested that this discrepancy
could be attributed to the fact that D] is a more demand-
ing task in terms of balance and coordination, potentially
masking the PAPE effect. A recent study by Krzysztofik
et al. [25] also suggested that the complexity of the post-
CA task may influence the magnitude of the elicited
PAPE effect. The authors demonstrated an increase in
countermovement jump height performed without arm
swing but not with arm swing following high-intensity
CA. However, surprisingly, despite the dominant limb
being more efficient in performing motor tasks the PAPE
effect was observed in the AMA group only in the non-
dominant limb procedure. Meanwhile, in the ELI group,
a significant PAPE effect occurred locally in both the
dominant and non-dominant limbs. The explanation for
these contradictory results between the studied groups
is unknown, but may be attributed to training experi-
ence and, in the case of non-dominant procedure, may
be attributed to motor acquisition as a result of repetitive
D).

Selection of the most suitable muscle contraction type
for CA is still a matter of debate. Isometric potentia-
tion stands out as a practical and effective option, easily
implemented in training settings [28]. This method elimi-
nates the potential challenge of selecting an inappropri-
ate intensity level while providing relevant muscular
stimuli to induce the PAPE effect. Wong et al. [18] dem-
onstrated an increase in peak torque during elbow flex-
ion after 3 sets of 6-second isometric contractions, while
Power et al. [17] noted no impact of 4 sets of 5-second
knee extension on D] performance. Comparing the CAs
used by Wong et al. [18] and Power et al. [17] to the one
applied in this study, it seems that repeated isometric
CAs with a short duration (such as in this study, 3 sets of
3-second isometric split squats) are sufficient to induce a
significant PAPE effect.
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Limitations

Analyzing the results of this study, several limitations
need to be considered. The applied CA was not a pure
unilateral exercise, and ground reaction forces were not
measured during its execution, so there is uncertainty
about whether the stimulus was similar each time and to
what extent the rear limb was engaged in force produc-
tion. Additionally, no physiological response measure-
ments were taken, so it is unknown which mechanisms
are responsible for the observed improvement in physi-
cal performance and whether any systemic reactions
occurred. Furthermore, control conditions were not
taken into account, so changes in performance cannot
be entirely attributed to the CA. Moreover, the relatively
small sample size (#=20) may limit the generalizability of
the findings, particularly when comparing elite and ama-
teur athletes. A larger sample size could provide greater
statistical power and allow for more robust conclusions
regarding the variability of responses across different
training backgrounds.

Practical implications

Although this study focused on volleyball players, the
findings have broader implications for other sports that
rely on explosive unilateral movements, such as basket-
ball, handball, soccer, and track and field events like long
jump and high jump. The observed local PAPE effect
suggests that overcoming isometric split squats could be
effectively incorporated into warm-up routines or train-
ing protocols to enhance jump performance in athletes
across various disciplines.

For sports requiring repeated unilateral jumping, such
as basketball layups, soccer headers, or high jump take-
offs, this method may serve as an efficient pre-compe-
tition activation strategy. Given that the ELI athletes in
this study exhibited greater PAPE effects, it is likely that
experienced athletes in other sports would similarly ben-
efit from incorporating short-duration, high-intensity
isometric CA into their preparation.

Moreover, the finding that PAPE was primarily a local
effect rather than a systemic one suggests that coaches
and practitioners should apply CA specifically to the limb
that will be engaged in explosive movements. In disci-
plines like track and field, where take-off asymmetry is
common, targeting the take-off leg with overcoming iso-
metric exercises might help optimize performance.

Conclusions

Overcoming isometric unilateral conditioning activity
enhances single-leg D] performance, with elite athletes
demonstrating a stronger and more consistent PAPE
response compared to amateurs. These findings under-
score the role of training experience, neuromuscular
efficiency, and movement proficiency in maximizing the
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potentiation effect. The localized nature of the PAPE
response suggests that unilateral CA can be an effec-
tive warm-up or activation strategy for explosive sports
movements. These insights provide practical guidance
for strength and conditioning coaches aiming to optimize
jump performance in volleyball and other sports requir-
ing unilateral explosive power.
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Abstract: Background: This study aimed to determine whether an isometric PAPE-based warm-up
could enhance jumping performance compared to a traditional treadmill jogging warm-up in team
sport athletes. The primary focus was on assessing neuromuscular activation and performance in-
dicators such as jump height and force asymmetry. Materials and Methods: Fifty-three athletes from
basketball, volleyball, handball, and soccer participated in a controlled, parallel-group experiment.
Participants performed either a unilateral isometric warm-up protocol — comprising two sets of four
exercises per leg—or a 5-minute treadmill jogging session, with jump performance assessed via
countermovement jump tests on dual force plates. A split-plot ANOVA was employed to analyze
key variables including jump height, concentric mean force asymmetry, and rate of force develop-
ment. Results: Analysis revealed no significant differences in performance outcomes between the
isometric and treadmill warm-up conditions. While a main effect of sex was observed on jump
height, neither warm-up modality produced significant improvements in force asymmetry or rate
of force development. Conclusions: Under the conditions tested, the isometric PAPE-based warm-
up did not offer a performance advantage over traditional treadmill jogging. Further research is
warranted to explore variations in intensity, duration, and protocol design to optimize acute neuro-
muscular responses.

Keywords: Post-Activation Performance Enhancement; Isometric Warm-Up; Jumping Performance;
Neuromuscular Activation; Team Sport Athletes

1. Introduction
Warm-up routines are an essential aspect of athletic preparation, aiming to enhance
muscle temperature, neuromuscular efficiency, and overall performance while minimiz-

Commons Attribution (CC-BY-NC-  ing injury risk [1]. Traditional warm-ups typically include dynamic activities such as

ND) license stretching and light aerobic exercise to increase blood flow and muscle elasticity. How-

(https://creativecommons.org/license  ever, recent research has investigated alternative warm-up strategies, including isometric

siby/4.0)). and unilateral exercises, which may provide additional benefits by optimizing neuromus-
cular performance and strength development [2,3].

Isometric exercises have emerged as an effective alternative to traditional warm-ups
due to their ability to enhance strength, neuromuscular adaptations, and performance
with minimal fatigue and injury risk. Unlike dynamic exercises, isometric contractions
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involve maintaining a static position, which facilitates maximal muscle engagement with-
out movement. A notable advantage of isometric maximal voluntary contractions
(MVICs) is that they do not require prior determination of the one-repetition maximum
(IRM), simplifying the warm-up process and reducing the time needed for preparation.
These exercises can be tailored to specific sports and individual needs, making them
highly versatile for athletic training regimens [4].

The concept of Post-Activation Performance Enhancement (PAPE) refers to the acute
improvement in muscular performance following a conditioning activity, attributed to
increased muscle temperature, phosphorylation of myosin regulatory light chains, and
enhanced neural activation. PAPE has been shown to positively influence explosive move-
ments, such as jumping performance, and may contribute to improved athletic outcomes
[5]. Research suggests that isometric exercises, such as maximal isometric squats, can ef-
fectively induce PAPE and lead to enhancements in jump height and sprint speed [2,6].

Isometric PAPE protocols, such as maximal voluntary isometric contractions, have
been demonstrated to enhance performance indicators, including peak velocities and im-
pulse, in exercises such as the bench press [3]. This suggests that isometric PAPE has the
potential to augment the velocity of lifts and optimize performance in strength exercises.
Isometric training is associated with various forms of implementation. Overcoming iso-
metrics (OI) can be defined as a specific type of isometric exercise that involves the exer-
tion of force against an immovable object and has been shown to improve jumping per-
formance [7]. However, there is a lack of research on the effect of overcoming isometrics
on acute improvements in physical performance.

Unilateral training, which involves exercising one limb at a time, has gained promi-
nence as a valuable tool for identifying and correcting muscular imbalances, improving
stability, and enhancing coordination [8]. Unilateral exercises such as single-leg squats,
lunges, and step-ups provide targeted strength development and have been shown to in-
crease muscle activation compared to bilateral exercises [9].

One of the key benefits of unilateral training is its specificity to athletic movements,
many of which, such as running and cutting, are predominantly unilateral. Research sug-
gests that unilateral exercises improve neuromuscular adaptations by recruiting stabiliz-
ing muscles that are often under-utilized in bilateral exercises, leading to improved pro-
prioception and balance [10]. Furthermore, unilateral training can support injury preven-
tion by addressing asymmetries that may contribute to overuse injuries or compensatory
movement patterns [11].

Incorporating unilateral exercises into warm-up protocols can improve functional
strength, movement efficiency, and overall athletic performance. When combined with
isometric training, these exercises may further enhance neuromuscular control and read-
iness for sport-specific activities. Indeed, previous research indicates that isometric and
unilateral protocols represent a promising strategy for optimizing strength, neuromuscu-
lar adaptations, and stability. Consequently, this study aimed to evaluate whether a uni-
lateral isometric PAPE-based warm-up could serve as a viable alternative ‘inset’ before
training sessions, comparing its impact on key jumping performance indicators against a
standard treadmill warm-up.

2. Materials and Methods

2.1. Participants

A total of 53 participants, comprising both male (n=32) and female (n=21) athletes,
were drawn from four primary team sports: basketball (n=12), volleyball (n=14), handball
(n=12), and soccer (n=12). Their mean age was 22.3 + 1.92 years, with an average body
mass of 74.99 + 13.10 kg, height of 176.85 + 9.01 cm, and body fat percentage of 17.49 +
8.91% (Table 1). All participants abstained from resistance training for 48 hours before
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planation of the study protocol, including potential benefits and risks, and provided writ-
ten informed consent prior to participation.

Table 1. Essential characteristics of study precipitants by group (n = 53)

Total Control Experimental
Variable n=>53 n=22 n=31
(M+SD;R) (M +SD;R) (M +SD;R)

Age (year) 223+192;R:19-25 22.01 £1.80; R: 18 -25 2.16+1.81;R:19-25
Height (cm) 176.85+9.01; R: 173 - 192 174.30 £ 8.22; R: 159 - 193 178.84 + 8.80; R: 166 - 201
Weight (kg) 7499 +13.10; R: 47 - 111 76.66 +12.77;R: 40 - 95 76.62 +14.00; R: 55 - 125

Lean body mass (kg) 34.72+832; R: 19.9-56.6 33.01 £6.42; R: 18- 47 34.93 £8.90; R: 17 - 53
Fat (%) 1749 +891;R:3.1-39 19.05+9.47;R: 0-39 16.58 +10.18; R: -11 - 36

M -mean; SD - standard deviation; R - range

All testing was conducted in a controlled indoor environment, with ambient temper-
ature maintained at 22 + 1°C to minimize external influences on performance. To ensure
consistency and reliability in performance measurements, all participants wore standard
training shoes meeting the following criteria: maximum sole height of 3 cm to minimize
the effect of cushioning on ground reaction forces, and a flat sole without excessive heel
elevation to maintain natural ankle positioning. Shoes with high-impact absorption tech-
nologies (e.g., air cushions or spring systems) were not allowed to eliminate performance
variability. Hydration and nutritional status were standardized, with participants in-
structed to follow predefined dietary guidelines in the 24 hours preceding testing. All
performance assessments were conducted at the same time of day (1 hour) to control for
potential circadian variations in neuromuscular function.

The subjects expressed their written consent to participate in the study. The study
protocol was approved by the Bioethics Committee for Scientific Research of the Academy
of Physical Education (03/2021), and all procedures were in accordance with the parame-
ters of the ethics standard of the Declaration of Helsinki, 2013. All collected data were kept
confidential and accessible only to the investigators, with anonymization applied to all
documentation except consent forms.

2.2. Study design

The study employed a parallel-group, pre-post experimental design to examine the
acute effects of isometric PAPE-based warm-up and treadmill jogging warm-up on jump
performance in trained athletes. 53 participants were randomly assigned to one of the two
warm-up conditions (Control vs Experimental; 22 vs 31). All testing was conducted in a
controlled indoor environment, with ambient temperature maintained at 22 +1°C to min-
imize external influences on performance.

2.3. Experimental protocol

Participants performed two sets of four unilateral isometric exercises in a predeter-
mined order to ensure consistent neuromuscular activation across trials. Each exercise fol-
lowed a standardized protocol to control execution variability and maximize post-activa-
tion performance enhancement (PAPE) effects. Participants were instructed to exert max-
imal voluntary effort against immovable resistance, maintaining proper body alignment
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and joint positioning. All exercises were executed unilaterally, with two repetitions per
limb and two sets per exercise. Each contraction lasted 5 seconds, with 10 seconds of rest
between repetitions and 1 minute between sets. This protocol was based on previous find-
ings indicating its effectiveness in eliciting PAPE responses [12]. Verbal encouragement
was consistently provided to ensure participants achieved maximal force output during
each contraction

All exercises were performed in a power rack, where the barbell was securely
mounted at an adjustable height using inverted J-hooks to prevent any movement or
against a rack in the vertical direction. The positioning of the barbell was individualized
for each participant to ensure an optimal joint angle, before starting, participants were
instructed to engage their core muscles and maintain an upright posture to ensure stabil-
ity and minimize compensatory movements. A forceful isometric contraction was per-
formed against the fixed barbell with the instruction to "push/pull as fast and hard as
possible". After completion of the isometric warm-up, a five-minute passive rest period
was observed prior to the jumping performance tests to minimize fatigue effects.

Following the completion of the warm-up, participants remained seated for a five-
minute passive recovery period to allow for sufficient recovery while minimizing residual
fatigue effects before performing the jump performance tests. This rest period was imple-
mented based on prior research [13,14].

2.3.1. Isometric split squat push

Participants assumed a split stance position, ensuring a hip-width distance between
their feet to maintain stability and minimize balance-related compensations. The front
knee was flexed to approximately 90 degrees, aligning directly over the midfoot to ensure
optimal joint alignment and force transmission. The back knee was positioned just above
the ground with a slight bend, allowing for equal weight distribution between both lower
limbs. Participants were instructed to keep their torso upright with a neutral lumbar spine
position, avoiding any anterior pelvic tilt or excessive forward trunk lean. The barbell
height was customized to ensure that the front thigh remained parallel to the ground (Fig-
ure 1A).

2.3.2. Isometric hip push

Participants assumed a supine position on the floor with their upper back and shoul-
ders resting against a weight bench. The knees were flexed to approximately 90 degrees,
with feet placed hip-width apart and flat on the ground. The torso remained in a neutral |
position, with the ribcage depressed to prevent excessive lumbar extension. Participants
were instructed to engage their core and gluteal muscles to maintain proper spinal align-
ment and pelvic stability throughout the movement. A fixed barbell was positioned over
the pelvic region at an individually adjusted height inside a power rack (Figure 1B).

2.3.3. Isometric hamstring pull

Participants assumed a standing position in front of a power rack. The working leg
was flexed in the knee joint to approximately 90 degrees, while the contralateral leg re-
mained extended and firmly planted on the ground for support. The ankle was dorsi-
flexed to enhance hamstring activation and prevent excessive involvement of the calf mus-
cles. The torso remained upright, with the spine in a neutral position to avoid compensa-
tory hip or lower-back movement (Figure 1C).

2.3.4. Isometric ankle push

Participants stood in a single-leg stance, with their forefoot placed on a stable plat-
form while the heel remained slightly elevated, mimicking the plantar flexion phase of
jumping. The contralateral leg was kept off the ground and the hip was flexed to ensure
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isolated unilateral loading. The knee was slightly flexed to reduce strain on the Achilles
tendon while maintaining optimal engagement of the gastrocnemius and soleus muscles.
A fixed barbell was positioned above the forefoot at an individually determined height
inside a power rack, restricting any visible movement (Figure 1D).

°

Figure 1. Isometric PAPE based warm-up. A) Split squat push; B) Hip push; C) Hamstring pull; D)
Ankle push

2.4. Countermovement jump assessment

The Countermovement Jump (CM]) assessment was performed using dual force
plates (Force Decks, Vald Performance, Australia), a validated system for measuring ver-
tical jump performance [15]. Prior to the first jump trial, participants stood on the plates
for 3 seconds to measure body mass and establish a baseline posture, keeping the trunk
upright, knees fully extended, feet shoulder-width apart, and hands resting on the hips.
Before jump initiating, participants were instructed to descend to a self-selected depth and
then explosively extend the hips, knees, and ankles to achieve maximal height. Three CM]
trials were performed in total. The highest CM] was recorded for subsequent analysis. In
addition to jump height, other performance variables were collected through the force
plate software.

2.4.1. Justification of selected variables for jumping performance assessment

2.4.1.1. Jump height assessment
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Jump height was estimated using the impulse-momentum (Imp-Mom) method.
Force plate data were collected and integrated over time to calculate the vertical impulse,
which was subsequently converted to jump height [16]. This method was selected because
it robustly captures both the magnitude and temporal characteristics of force production,
making it sensitive to neuromuscular enhancements such as those induced by isometric
contractions [17].

2.4.1.2. Peak landing force asymmetry

Peak landing force was measured during the landing phase of the jump, and asym-
metry was determined by comparing the forces generated by the left and right limbs. The
selected metric provides a quantitative assessment of inter-limb imbalances, which have
been linked to compensatory movement patterns and an increased risk of injury [18].
Moreover, unilateral isometric interventions have been shown to reduce such asymme-
tries, supporting their inclusion as a performance measure [19,20].

2.4.1.3. Concentric rate of force development (RFD)

The concentric RFD was calculated during the propulsive phase of the jump by de-
termining the slope of the force-time curve. Literature suggests that an over-emphasis on
isometric training may preferentially enhance maximal force output while not optimally
improving rapid force generation [21].

2.4.1.4. Concentric mean force asymmetry

Concentric mean force asymmetry was computed by evaluating the bilateral differ-
ences in force output during the propulsive phase. Similar to the landing phase, asymme-
tries during the concentric phase can contribute to uneven joint loading and are consid-
ered important predictors of injury risk [18].

2.5. Control group

The treadmill jogging warm-up was individually adjusted based on heart rate re-
sponses to ensure that participants remained in a moderate-intensity aerobic zone for a
fixed duration of 5 minutes. Real-time heart rate monitoring was carried out using the
Polar H10 heart rate sensor (Polar Electro, Kempele, Finland). Participants' jogging inten-
sity was continuously adjusted to maintain heart rate levels within 60-70% of their age-
predicted maximal heart rate (HRmax), calculated using the Tanaka equation: HRmax =
208-0.7 x age (Tanaka et al., 2001). The warm-up was performed on a Technogym Skillrun
TX 500 treadmill (Technogym, Cesena, Italy). The session lasted 5 minutes, and partici-
pants were instructed to maintain their heart rate within the specified range throughout
the warm-up.

2.6. Statistical analysis

All analyses were conducted using Jamovi (2.3.21; The Jamovi project, Sydney, Aus-
tralia) software. The normality of the data distributions was assessed using the Shapiro—
Wilk test and the Levene test was utilized to evaluate the homogeneity of variances. The
results are presented as means, standard deviations (SD), and 95% confidence intervals
(CI). Given the study’s design, a split-plot ANOVA was used to analyze the effects of
time (pre vs. post, within-subject), warm-up type (isometric vs. treadmill, between-sub-
ject), and sex (male vs. female, between-subject) on performance outcomes. The analysis
also included interaction terms: Time [2] x Group [2] to assess whether performance
changes over time differed between warm-up conditions; Time [2] x Sex [2] to determine
if males and females responded differently to warm-up interventions; Time [2] x Group
[2] x Sex [2] to explore potential sex differences in warm-up effectiveness. All results are
reported as means + standard deviations (SD) and 95% confidence intervals (CI) where
applicable. Given the lack of significant effects, post-hoc pairwise comparisons were not
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required. Effect sizes (n?) were computed and interpreted using Cohen'’s guidelines [22]
(small = 0.01-0.059, moderate = 0.06-0.137, large > 0.137). Data outliers were assessed us-
ing box plots and Cook’s distance, with no extreme values detected. Statistical significance
was set at p <0.05 for all analyses. The level of significance was interpreted as follows: p
<0.05 indicating moderate evidence against the null hypothesis; p <0.01 providing strong
evidence against the null hypothesis; p < 0.001 demonstrating very strong evidence
against the null hypothesis.

3. Results

A parametric analysis of variance was selected for the analysis as the Shapiro-Wilk
test indicated p-values > 0.05 for all variables, confirming the normality of the distribu-
tions. Additionally, Levene’s test for homogeneity of variances also yielded p-values >
0.05 across all variables, supporting the assumption of homogeneity. Since the repeated
measures design included only two levels, the assumption of sphericity was inherently
satisfied in this case. Basic descriptive statistics and data normality is presented in table 2
below.

Table 2. Basic descriptive statistics

PRE POST
Parameter Group Sex
Mean + SD (95 % CI) W(p) Mean + SD (95 % CI) W (p)
-1.18+11.62 (-13.38; 11.01)  0.912 (0.449) 2.07 +8.24 (-6.58;10.72)  0.920 (0.503)
Concentric  CON
Mean Force 032+651 (-3.61;426)  0.864 (0.044) 2.13+7.72(-2.53;6.80)  0.983 (0.992)
Asymmetry 4.03+10.61 (-1.85;9.90) 0929 (0.261) 255+9.72(-2.83;7.93)  0.929 (0.259)
[% LR] EXP
115+ 1047 (-3.90; 6.19)  0.949 (0.380) 1.64+11.44 (-3.88;7.15)  0.896 (0.041)
29.15+12.20 (16.35; 41.95)  0.796 (0.054) 33.05+9.64 (22.94;43.16)  0.917 (0.481)
Jump CON
Height 40.24 +11.60 (33.23; 47.25)  0.946 (0.545) 38.38+12.1(31.05;45.70)  0.962 (0.778)
(Imp- 28.51 +10.46 (22.72; 34.30)  0.888 (0.062) 27.02+8.77 (22.16;31.87)  0.916 (0.170)
Mom) [em]  EXP
37.77 +8.26 (33.79;41.76)  0.986 (0.991) 38.33+9.95(33.54;43.12)  0.925 (0.140)
Peak —7.60 +46.52 (-56.42; 41.22)  0.932 (0.597) 0.53 +16.6 (-16.89;17.95)  0.931 (0.590)
] CON
Landing 2.30 +£37.53 (-20.38; 24.98)  0.950 (0.604) —0.34+26.8 (-16.5;15.90)  0.867 (0.048)
Force
Asymmetry . 1.82+20.99 (-9.81;13.45)  0.968 (0.829) 7.13+25.08 (-6.76;21.02)  0.937 (0.341)
[% LR] 1531+22.75 (4.34;26.28)  0.921(0.117) 8.17 +19.64 (-1.30; 17.63)  0.948 (0.372)
CON 1853.7 + 950.1 (856.6; 2850.8)  0.924 (0.533) 1712. + 1092.6 (565; 2858)  0.832 (0.112)
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Concentric

RFD [N/s]

M

1791.1+1293.9 (1009; 2572)  0.927 (0.314) 1479 +1119 (802.8; 2155)  0.885 (0.084)

EXP

F

980.3 + 648.9 (6209 - 1339.6) 0932 (0.294) 1542 +572 (1225.6;1859)  0.928 (0.257)

M 3043.0+2505.3 (1835;4250) 0.882 (0.023) 2261+1739 (1423.1;3099) 0.855 (0.008)

M- male; F - female; CI - confidence interval; W - Shapiro wilk statistic value; p - statistical
probabilityl SD - standard deviation

The results of the analysis of variance for concentric peak force asymmetry revealed
no significant differences across the main effects or interactions (Figure 2). Specifically,
the main effect of the time point (pre vs. post) was not statistically significant (F =0.146; p
=0.704). Similarly, the interaction between time point and the group did not show signif-
icant differences (F = 2.546; p = 0.117), nor did the interaction between time point and sex
(F = 0.626; p = 0.432). Additionally, the three-way interaction among time point, group,
and sex was not significant (F = 0.860; p = 0.358). For the between-subjects effects, no sig-
nificant differences were identified for the main effect of the group (F =1.201; p = 0.278)
or for the main effect of sex (F = 0.001; p = 0.972). Furthermore, the interaction between
group and sex did not yield significant results (F =0.194; p = 0.662).

F M
20-

Group

{ \ | < CON
o] .| - | | EXP

Concentric Mean Force Asymmetry [% L,R]

PRE POST PRE POST
Time point

Figure 2. Concentric mean force asymmetry variation analysis

The analysis of variance for jump height impulse revealed no significant main effects
or interactions for within-subjects effects (Figure 3). Specifically, the main effect of the time
point (pre vs. post) was not statistically significant (F = 0.028; p = 0.868). Similarly, no sig-
nificant interaction was observed between time point and group (F=0.203; p = 0.654), time
point and sex (F =0.317; p = 0.576) or the three-way interaction among time point, group,
and sex (F =1.402; p = 0.242). For between-subjects effects, a significant main effect of sex
was observed (F =12.717; p <0.001; n?=0.070). However, the main effect of the group was
not significant (F = 0.784; p = 0.380), nor was the interaction between group and sex (F =
0.161; p = 0.690).
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Figure 3. Jump height variation analysis
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The analysis of variance for peak landing asymmetry revealed no significant main
effects or interactions for within-subjects effects (Figure 4). The main effect of the time
point (pre vs. post) was not statistically significant (F = 0.026; p = 0.873). Similarly, no sig-
nificant interactions were observed between time point and group (F = 0.104; p = 0.749),
time point and sex (F = 1.043; p = 0.312), or the three-way interaction among time point,
group, and sex (F=0.006; p=0.941). For between-subjects effects, no significant main effect
of the group was detected (F = 2.791; p = 0.101). Similarly, the main effect of sex did not
reach statistical significance (F = 1.100; p = 0.300). Additionally, the interaction between
group and sex was not significant (F = 0.060; p = 0.808).
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Figure 4. Peak landing force asymmetry variation analysis
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The analysis of variance for the concentric rate of force development (RFD) revealed
no significant main effects or interactions for within-subjects effects (Figure 5). The main
effect of the time point (pre vs. post) was not statistically significant (F = 0.758; p = 0.388).
Similarly, no significant interaction was observed between time point and group (F =
0.092; p = 0.763). While the interaction between time point and sex approached signifi-
cance (F = 3.841; p = 0.056; n = 0.005), it did not reach the threshold for statistical signifi-
cance. Additionally, the three-way interaction among time point, group, and sex was not
significant (F = 2.306; p = 0.135). For between-subjects effects, no significant main effect of
the group was found (F = 0.362; p = 0.550). Similarly, the main effect of sex did not reach
statistical significance (F = 2.277; p = 0.138) The interaction between group and sex also |
did not reach significance but was closer to the threshold (F = 3.490; p = 0.068; n? = 0.021).
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Figure 5. Concentric RFD variation analysis

4. Discussion

The present study investigated the effects of PAPE-based isometric warm-up com-
pared to traditional treadmill jogging on jumping performance in trained and untrained
individuals. The findings suggest that neither warm-up protocol significantly altered per-
formance outcomes in countermovement jump (CM]), despite the theoretical benefits of
PAPE in performance improvement or neuromuscular benefits.

Previous studies have demonstrated that PAPE can enhance explosive performance
by improving muscle stiffness, and calcium ion sensitivity [4]. However, our findings
align with those of Vargas-Molina et al. [5], who reported inconsistent effects of isometric
contractions on vertical jump height, suggesting that interindividual variability and the
timing of PAPE effects may play a critical role. Furthermore, isometric exercises are often
considered superior to traditional dynamic warm-ups due to their time efficiency and re-
duced fatigue accumulation [6]. However, in this study, no significant improvements
were observed, which may be attributed to the relatively short rest intervals or insufficient
stimulus intensity.

Moreover, unilateral exercises have been proposed to address strength imbalances
and improve motor unit recruitment in sport-specific movements [8]. Despite their theo-
retical advantages, our results did not show a significant benefit of unilateral isometric
warm-up over bilateral dynamic jogging in improving force asymmetry or enhancing rate
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of force development (RFD). This finding aligns with the work of Zhang et al. [11], high-
lighting that while unilateral training can improve specific strength aspects, its impact on
acute performance enhancement remains unclear.

One possible explanation for the lack of significant improvements is the insufficient
duration and intensity of the isometric warm-up. As Lim et al. [3] suggest, the effective-
ness of isometric contractions in eliciting PAPE may depend on the load intensity and the
duration of muscle activation. in the current study, the participants performed two repe-
titions of 5-second contractions per leg, which may not have provided an adequate stim-
ulus for meaningful neuromuscular potentiation.

Furthermore, treadmill jogging as a warm-up modality has been shown to effectively
elevate muscle temperature and increase blood flow [1], which are critical factors for op-
timizing performance. The lack of a significant difference between jogging and isometric
warm-up may indicate that the former provides an equally effective means of physiolog-
ical preparation without the added complexity of isometric contractions. In contrast was
study by Paris et al. [23] reported that traditional aerobic warm-ups by itself are effective
in maintaining performance levels across a range of athletic tasks.

Research has indicated that isometric exercises, particularly maximal voluntary iso-
metric contractions (MVIC), can effectively induce PAPE and enhance performance in ex-
ercises such as the power clean and vertical jump [6,24]. Short-duration maximal isometric
contractions have been shown to improve lift velocity, thereby enhancing performance in
strength exercises [3]. Different protocols of isometric exercises can lead to varying de-
grees of performance enhancement. Brief-duration continuous and repetitive maximal
voluntary contraction (MVC) protocols are particularly effective for PAPE.

PAPE protocols can enhance specific aspects of athletic performance, such as sprint-
ing and jumping, under certain conditions. However, the effectiveness of PAPE varies
widely depending on the sport, the specific protocol used, and the athlete’s training back-
ground [25]. While some studies show benefits, others suggest that PAPE effects may not
exceed those of traditional warm-ups. For example, PAPE can enhance vertical jump per-
formance, as seen in high-level volleyball athletes where PAPE increased countermove-
ment jump height by proximately 15% [26,27]. However, other studies indicate that PAPE
does not significantly enhance jumping performance beyond warm-up effects [28].

There may be sex-specific trends in how individuals respond to an isometric PAPE-
based warm-up versus a treadmill warm-up. One possibility is that isometric stimuli
could have provided a stronger neuromuscular impetus—especially in certain sub-
groups —thereby “almost” enhancing the rate of force development (RFD) in one sex more
than the other (p = 0.068). For example, Arabatzi et al.[29] found that the PAPE effect on
squat jump performance was sex-dependent and occurred only in men. Nevertheless,
Evetovich| et al. [30] found that there is a phenomenon of “non-responders” after a PAP-
inducing protocol which may be sex-independent.

4.1. Limitations

Several limitations of this study should be acknowledged. First, the sample size, alt-
hough moderately sufficient for preliminary analysis, may have been too small to detect
subtle sex-specific or group-by-sex interactions, especially given the borderline signifi-
cance in certain variables. Second, the duration and intensity of the isometric warm-up
may not have provided an optimal stimulus to elicit robust post-activation performance
enhancement (PAPE). Future research could investigate whether longer contraction times,
additional sets, or different joint angles might yield stronger neuromuscular potentiation.
Third, only two warm-up modalities (isometric and treadmill-based) were compared;
thus, these findings may not extend to other widely used methods, such as dynamic
stretching or plyometric-based warm-ups. Moreover, participants had heterogeneous
backgrounds (basketball, volleyball, handball, soccer), and subtle sport-specific demands
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might have influenced the warm-up responses. Finally, the data were collected simulta-
neously, limiting insights into potential cumulative or longitudinal effects on perfor-
mance.

4.2. Future research directions

Building on these findings, larger cohort studies with more homogeneous athlete
populations could help clarify whether specific subgroups (e.g., predominantly fast-
twitch, higher training age) or one sex might benefit more from isometric PAPE protocols.
Adjustments in isometric dosage—including force magnitudes, rest intervals, and exer-
cise volume—could be explored to identify an optimal “dose-response” relationship for
consistently eliciting PAPE. Further, combined warm-up strategies, merging isometric
and traditional aerobic components, deserve attention to determine whether adding an
isometric component to a standard jogging protocol can amplify performance benefits
when time constraints are minimal. Finally, longitudinal studies investigating how re-
peated exposure to isometric warm-ups might influence chronic adaptations—such as
strength gains, injury rates, and muscular asymmetries—would provide valuable insights
for coaches and practitioners seeking evidence-based methods to optimize athlete prepa-
ration.

4.3. Practical implications

The findings of this study indicate that neither the isometric PAPE-based warm-up
nor the traditional treadmill jogging elicited meaningful improvements in jumping per-
formance metrics under the tested conditions. While both warm-up strategies appear fea-
sible and safe, no clear performance advantage was observed for either method. Conse-
quently, the choice between isometric and treadmill-based warm-ups may be guided pri-
marily by logistical factors—such as equipment availability, training environment, and
athlete preferences—rather than by evidence of superior performance gains.

In settings where time or space is limited, short-duration isometric exercises can still
serve as an alternative pre-training warm-up, whereas traditional jogging remains a
standard option for elevating muscle temperature and promoting aerobic readiness. Con-
versely, when time is not a constraint, practitioners may consider combining both isomet-
ric and treadmill activities to capture the unique benefits of each method —namely, the
neuromuscular engagement of isometrics and the enhanced blood flow of treadmill run-
ning. Nevertheless, to optimize explosive outputs such as jump height or rate of force
development, it may be necessary to supplement these approaches with longer rest inter-
vals, higher intensities, or additional targeted interventions.

5. Conclusions

The primary objective of this study was to assess whether a unilateral isometric
PAPE-based warm-up protocol could serve as a viable alternative to a traditional tread-
mill jogging warm-up in enhancing key jumping performance indicators among trained
athletes. The results demonstrated no statistically significant differences between the two
warm-up modalities across variables such as jump height, force asymmetry, and concen-
tric rate of force development. These findings suggest that, under the specific conditions
and stimulus parameters employed in this study, the isometric warm-up did not elicit a
superior neuromuscular potentiation compared to the conventional treadmill protocol.
Given that both warm-up strategies produced comparable acute outcomes, the data imply
that the efficacy of isometric PAPE may be highly sensitive to factors such as contraction
intensity, duration, and exercise volume. It is plausible that modifications to these param-
eters could yield more pronounced performance enhancements. However, any new hy-
potheses or recommendations for protocol adjustments must be considered tentative until
substantiated by further targeted research. In summary, while both warm-up methods are
feasible and safe for pre-training application, the present evidence does not unequivocally
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support the superiority of a unilateral isometric PAPE-based warm-up over a traditional
treadmill jogging protocol for enhancing acute jumping performance
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Uchwala Nr 3/2021
Uczelnianej Komisji Bioetycznej ds. Badan Naukowych przy Akademii Wychowania
Fizycznego im. Jerzego Kukuczki w Katowicach
z dnia 17 czerwea 2021 roku
ws. opinii o projekcie eksperymentu medycznego.

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

§ 1.
Uczelniana Komisja Bioetyczna ds. Badan Naukowych przy Akademii Wychowania
Fizyeznego im. Jerzego Kukuczki w Katowicach po przeanalizowaniu wniosku zgloszonego
przez dr Michata Krzysztofika nt. ,,Analiza struktury wewnetrznej i zewnetrznej zdolnodci
szybkosciowo-sitowych z uwzglgdnieniem umiejetnosei zmiany kierunku biegu oraz ocena
wplywu ukierunkowanego treningu na bezposérednie i diugofalowe zmiany adaptacyjne” oraz
wystuchaniu dodatkowych informacji i w wyniku przeprowadzonej dyskusji oraz glosowania

podjela uchwal¢ o pozytywnym zaopiniowaniu wniosku

§2.
Wydana opinia dotyczy tylko rozpatrywanego wniosku z uwzglednieniem przedstawionego
projektu; kazda zmiana i modyfikacja wymaga uzyskania odrgbnej opinii. Wnioskodawca
zobowiazany jest do informowania o wszelkich poprawkach, ktére moglyby mie¢ wplyw na
opinie Komisji, o cigzkich lub niespodziewanych zdarzeniach niepozadanych
1 nieprzewidzianych okoliczno$ciach i decyzjach innych komisji bioetycznych.

§ 3.

Komisja oczekuje raportu z badania po jego zakonczeniu.

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

— " PRZEWODNICZACY
Komisii Bioetyczre: d. Bzlan Naukowych
Ao tTychinan « Fizycznego
im Jerzel ke k' Katowicach

dr ».ab Krzysztof Ficek, prof. AWF Katowice

Zgodnic 7 § 8 Rozporzadzenia Ministra Zdrowia i Opicki Spolecznej w sprawie szczegGlowych zasad powolywania
i finansowania oraz trybu dziatania komisji bioetycznych z dnia 11.05.1999r. (Dz. U. 1999 Nr 47, poz. 480) od uchwaly komisji
bioetycznej stuzy odwolanie do Odwotawezej Komisji Bioetycznej przy Ministrze Zdrowia, za posrednictwem Uczelnianej
Komisji Bioetycznej ds. Badaf Naukowych przy Akademii Wychowania Fizycznego im. Jerzego Kukuczki
w Katowicach, w terminic 14 dni od daty otrzymania niniejszego pisma.
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Zatacznik nr 13 - O$wiadczenie dotyczace wykorzystania sztucznej inteligencji

OSWIADCZENIE DOTYCZACE WYKORZYSTANIA NARZEDZI SZTUCZNEJ INTELIGENCII
W ROZPRAWIE DOKTORSKIEJ*

BXNie korzystatem/am z narzedzi sztucznej inteligencji.

[ Korzystatem/am z narzedzi sztucznej inteligencji podczas przygotowywania rozprawy doktorskiej,
zgodnie z ponizszym zakresem:

- [0 Analiza danych - [J Generowanie tresci tekstowych

- [J Redakcja tekstu - [ Kodowanie lub analiza kodu

= ENne(oOpISAE): sl

Jednoczesnie oswiadczam, ze informacje o celach, zakresie i sposobie wykorzystania sztucznej
inteligencji sg opisane i czytelnie oznaczone w rozprawie doktorskiej zgodnie z §4 ust. 4 regulaminu
prowadzenia postepowan w sprawie nadania stopnia doktora i doktora habilitowanego AWF
Katowice. Oswiadczam réwniez, ze pomimo zastosowania S| w rozprawie doktorskiej, to nadal
zapewniona jest realizacja wymagan okreslonych w art. 187 ust. 1 i 2 Ustawy Prawo o szkolnictwie
wyzszym i nauce z dnia 20 lipca 2018 r, gdzie okreslono nastgpujace wymagania stawiane rozprawg
doktorskim:

- Rozprawa doktorska prezentuje ogélng wiedze teoretyczng kandydata w dyscyplinie albo
dyscyplinach oraz umiejetno$¢ samodzielnego prowadzenia pracy naukowej lub artystycznej.

- Przedmiotem rozprawy doktorskiej jest oryginalne rozwigzanie problemu naukowego, oryginalne
rozwigzanie w zakresie zastosowania wynikéw wtasnych badan naukowych w sferze gospodarczej lub

spotfecznej albo oryginalne dokonanie artystyczne.

Data i Podpis Doktoranta: ..............cccoceereievereveeeeenreneseree e sessnnes [

10swiadczenie nalezy umiesci¢ na samym koricu rozprawy doktorskiej po bibliografii lub
ewentualnych aneksach



