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Wykaz skrotow stosowanych w pracy

FMS -

test oceny funkcjonalnej, ktory ma na celu zidentyfikowanie ograniczen ruchowych i
asymetrii w fundamentalnych wzorcach ruchowych (ang. Functional Movement
Screen)

RSSA - test oceniajacy zdolnos$¢ do powtarzanego sprintu na tyzwach, przeplatany krotkimi

Vi -

okresami regeneracji (ang. Repeated Sprint Skate Ability)

ogo6lna nazwa dla testow skokoéw pionowych (ang. Vertical Jumps)

CMJ - skok pionowy z zamachem ramion (ang. Countermovement jump)

SJ -

DDJ -

skok pionowy z rekami na biodrach z ustalonej pozycji, polprzysiadu (ang. Squat
jump)
skok pionowy, ktory poprzedzony jest zeskokiem z wysokos$ci (ang. Depth Drop
Jump)

SMAT - test majacy na celu oceng¢ maksymalnego poboru tlenu (VOzmax) oraz ogdlnej oceny

aerobowej sportowcdw uprawiajacych dyscypliny wymagajace jazdy na tyzwach
(ang. Skating Multistage Aerobic Test)

FASS - test oceniajacy predkos¢ poruszania si¢ na tyzwach przodem na odcinku 30 m (ang.

Forward Average Skating Sprint)

BASS - test oceniajacy predkos¢ poruszania si¢ na tyzwach tytem na odcinku 30 m (ang.

Backward Average Skating Sprint)

MSS - test oceny maksymalnej predkosci poruszania si¢ na tyzwach przodem (ang.

KKD -

Maximal Skating Speed)

konczyny dolne

Sprawnos¢ fizyczna — mozliwos¢ przeprowadzania dziatah ruchowych, ktore wymagaja sity,

szybkosci, wytrzymatosci, zrgcznosci oraz innych zdolnosci motorycznych (Denisiuk
i Milicer-Gruzewska, 1969)

Sprawnos¢ specjalna — adaptacja do specyficznych wymogdéw ruchowych i funkcjonalnych

danej dyscypliny lub konkurencji sportowej (Sozanski i in., 1999)



Wykaz prac naukowych wchodzacych w sklad cyklu

Przedmiotem niniejszej rozprawy jest osiggni¢cie naukowe przedstawione w postaci
nizej wymienionego jednotematycznego cyklu pigciu prac opublikowanych w czasopismach o
zasiegu miedzynarodowym. Prace dotyczg analizy wybranych czynnikéw determinujgcych
sprawnos¢ specjalng zawodnikow pitki noznej i hokeja na lodzie. W czterech pracach jestem
pierwszym autorem, przyjmujac na siebie gldwna role¢ w projektowaniu i przeprowadzeniu
niezbednych badan, a takze w przygotowaniu tresci manuskryptow. Zalacznik nr 1 zawiera
potwierdzenie procentowego udziatu pracy w powstanie publikacji. £.aczna warto§¢ punktowa

opublikowanych prac wynosi IF: 13.604 pkt. MNiSW: 660
Prace wchodzace w sktad monotematycznego cyklu publikacji:

Publikacja nr 1

Jakub Baron, Anna Bieniec, Andrzej Swinarew, Dariusz Skalski, Arkadiusz Stanula.
The effects of twelve-week functional training on the power of the lower limbs of young
footballers. Acta Kinesiologica, 2020, Vol. 14, nr 1, ss. 70-76. [IF: --- | MNiSW: 140 pkt.]

Publikacja nr 2

Jakub Baron, Anna Bieniec, Andrzej S. Swinarew, Tomasz Gabry$, Arkadiusz Stanula.
Effect of 12-week functional training intervention on the speed of young footballers.
International Journal of Environmental Research and Public Health, 2020, Vol. 17, ss. 1-10.
[IF: 3,390 | MNiSW: 140 pkt.]

Publikacja nr 3
Subir Gupta, Jakub Baron, Anna Bieniec, Andrzej Swinarew, Arkadiusz Stanula.
Relationship between vertical jump tests and ice skating performance in junior Polish ice

hockey players. Biology of Sport, 2023, Vol. 40, nr 1, ss. 225-232. [IF: 5,600 | MNiSW: 140
pkt.]



Publikacja nr 4
Jakub Baron, Subir Gupta, Anna Bieniec, Grzegorz Klich, Tomasz Gabrys, Andrzej Szymon

Swinarew, Karel Svatora, Arkadiusz Stanula.

Effect of Rest Period Duration between Sets of Repeated Sprint Skating Ability Test on the
Skating Ability of Ice Hockey Players. International Journal of Environmental Research and
Public Health, 2021, Vol. 18, nr 20, s. 1-11. [IF: 4.614 | MNiSW: 140 pkt.]

Publikacja nr 5

Jakub Baron, Maciej Hotub, Arkadiusz Stanula.

Functional movement screen test as an predictor for jumping tests performance and on-ice
skating sprint in elite level ice hockey players. Journal of Kinesiology and Exercise Sciences.
2024; 106 (34): 68-77. [IF: --- | MNiSW: 100 pkt.]



Wprowadzenie

Wspotczesny sport wyczynowy charakteryzuje si¢ nieustannym rozwojem i ztozonos$cia, co
sprawia, ze granice ludzkich mozliwos$ci sg regularnie przesuwane. W dyscyplinach takich jak
pitka nozna 1 hokej na lodzie, sukces sportowy zalezy od wielu czynnikow, w tym przede
wszystkim od maksymalnego poziomu sprawnosci fizycznej i zdolno$ci motorycznych. Cho¢
mogloby si¢ wydawaé, ze mozliwosci ludzkiego organizmu zostaty juz w peini zbadane,
regularnie odnotowuje si¢ rekordowe wyniki, co $wiadczy o potencjale, ktory wcigz jest
odkrywany i rozwijany (Berthelot i in., 2015; Hotub i in., 2021). Jednym z czynnikow, ktory
przyczynia si¢ do poprawy wynikdéw sportowych, jest rozwdj technologii oraz metodologii
badawczej, ktora umozliwia bardziej precyzyjne podej$cie do treningu i przygotowania
fizycznego. Wspolczesne narzedzia badawcze pozwalajg na monitorowanie wielu parametrow
fizycznych, co z kolei pozwala na bardziej spersonalizowane podejs$cie do treningu. Oznacza
to, ze tradycyjne metody treningowe, bazujace na intuicji i do§wiadczeniu, dzi§ coraz czesciej
uzupetniane sg przez zaawansowane metody diagnostyczne, ktore pozwalaja na doktadne
$ledzenie postgpow zawodnikow oraz identyfikowanie ich stabych stron (Bompa i Haff, 2009;
Chmura, 2016; Nevill i in., 2007; Siegfried i in., 2015).

W pitce noznej 1 hokeju na lodzie zawodnicy muszg laczy¢ umiejetnosci techniczno-
taktyczne z wysoce rozwinigtymi zdolno$ciami motorycznymi, takimi jak szybko$¢, moc,
zwinno$¢ oraz wytrzymatos¢. Ztozony charakter tych dyscyplin wymaga od zawodnikow nie
tylko doskonatych umiejetnosci technicznych w czasie gry, ale takze optymalnego poziomu
sprawnosci specjalnej a takze zdolnosci do szybkiej regeneracji organizmu po intensywnym
wysitku fizycznym. W tym kontekscie coraz wigksze znaczenie ma trening funkcjonalny, ktory
skupia si¢ na poprawie globalnych wzorcoOw ruchowych oraz na rozwijaniu zdolnoS$ci
motorycznych w sposob zblizony do specyficznych wymagan sportowych. Wspodtczesne
badania wskazuja, ze trening funkcjonalny, wsparty nowoczesnymi narz¢dziami
diagnostycznymi, takimi jak Functional Movement Screen (FMS) moze w znaczacy sposob
poprawi¢ zdolno$ci motoryczne sportowcow (Cook i in., 2014a; Minick i in., 2010; Peate i in.,
2007). FMS, jako jedno z najczesciej stosowanych narzedzi, pozwala na identyfikacje
ograniczen ruchowych oraz asymetrii, co pozwala na lepsze dostosowanie treningu do

indywidualnych potrzeb kazdego zawodnika.

Wprowadzenie zaawansowanych technologii, takich jak platformy sitowe czy urzadzenia

do pomiaru czasu, réwniez zmienia sposoéb, w jaki analizowane sg mozliwosci fizyczne



sportowcow. Dzigki precyzyjnym pomiarom mozna doktadnie okres§li¢ poziom sprawnosci
fizycznej 1 zidentyfikowaé elementy, ktére wymagaja poprawy. Analiza ta jest kluczowa w
opracowywaniu spersonalizowanych programéw treningowych, ktére optymalizujg zdolnos$ci
motoryczne, minimalizujgc ryzyko urazow i maksymalizujgc mozliwosci fizyczne zawodnikow
(Nevill i in., 2007). Zrozumienie sprawnosci fizycznej i specjalnej, szczegdlnie w konteksScie
sportow zespotowych, ma ogromne znaczenie dla osiggania sukceséw w konkurencyjnym
srodowisku sportowym. Sprawnos¢ specjalna w pitce noznej i hokeju na lodzie to zdolno$¢ do
efektywnego wykonywania specyficznych dla tych dyscyplin ruchow, co wymaga nie tylko
rozwinigtych umiejetnosci technicznych, ale takze wysokiego poziomu kondycji fizyczne;.
Dodatkowo wplyw regeneracji na zdolno$¢ zawodnika do powtarzania wysitkow, takich jak

sprinty i nagte zmiany kierunku, nie moze by¢ niedoceniany.

Celem niniejszej pracy jest analiza roli trzech kluczowych czynnikow: treningu
funkcjonalnego, oceny zdolno$ci motorycznych oraz zarzadzania regeneracja w procesie
doskonalenia sprawnosci specjalnej zawodnikow pitki noznej i hokeja na lodzie. Te trzy filary,
dzialajac w synergii, pozwalaja na optymalizacj¢ przygotowania fizycznego, zwigkszajac
mozliwo$ci fizyczne sportowcow. W kolejnych rozdziatach pracy omoéwione zostang
poszczegblne aspekty sprawnosci fizycznej oraz jej znaczenie w kontekscie zespolowych gier
sportowych. Nastepnie przedstawiona zostanie analiza narzedzi diagnostycznych stosowanych
w ocenie sprawnoscCi specjalnej. Zostanie rowniez poruszona kwestia regeneracji oraz jej
wpltywu na sprawno$¢ specjalng zawodnikow. Wreszcie, badania przedstawione w tej pracy
dostarczg praktycznych rekomendacji dotyczacych usprawnienia procesu treningowego, co
moze przyczyni¢ si¢ do poprawy efektywnosci sportowcow zardéwno w pitce noznej, jak i

hokeju na lodzie.



1. Pojecie sprawnosci fizycznej

Zrozumienie koncepcji sprawnosci fizycznej rozni si¢ w zalezno$ci od autora i podejscia.
Sprawno$¢ fizyczna jest pojeciem, ktore probowato definiowaé wielu wybitnych teoretykow
sportu. Jak podkreslat Sozanski (Sozanski i in., 1999), sprawnos¢ fizyczna nie jest zjawiskiem
statym. Swiatowa Organizacja Zdrowia w 1968 r. starata sie przyja¢ definicje sprawnosci
fizycznej, ale siedmiokrotnie proby zdefiniowania tego pojg¢cia odrzucono przez komisje
ekspertow (Galas, 2019; Osinski, 2018). To obrazuje, jak bardzo zagadnienia dotyczace
sprawnosci fizycznej sa ztozone. Podziatu sprawnosci fizycznej, ktorego dokonat Sozanski i
ktory powielito wielu badaczy, m.in. Stone oraz Strzelczyk, dotyczyto sprawnosci fizycznej
rozumianej jako sprawno$¢ wszechstronna lub wszechstronny rozwdj fizyczny czy tez ogodlna
sprawnos¢ fizyczna (ang. General fitness) (Bompa i Haff, 2009; Lorenz i Morrison, 2015;
Skotnicka i1 Strzelczyk, 2018; M. Stone i in., 2007; Suchomel i in., 2016). Z kolei Drabik
przedstawia sprawno$¢ fizyczng jako ceche zalezng od szeregu réznych elementow, w tym plci,
wieku, ogolnej kondycji, zdrowia, predyspozycji genetycznych oraz zdolno$ci motorycznych.
Podkresla rowniez, ze na sprawno$¢ fizyczng wpltywajg takze takie czynniki jak motywacja,
stan psychiczny, stopien rozwoju umiejetnosci ruchowych, rodzaj wykonywanej pracy, poziom
aktywnosci fizycznej oraz styl zycia (Drabik, 1995). W zwigzty sposob za to pojecie sprawnosci
fizycznej opisuje Szopa, ktory uwaza, ze sprawnos$¢ fizyczna jest zestawem umiej¢tnosci, ktore
pozwalajg na skuteczne realizowanie roznych rodzajow ruchow (Szopa i in., 1999). Natomiast
zgodnie z definicjg J. Migasiewicza, sprawnos¢ fizyczna jest wlasciwoscia, ktora obejmuje nie
tylko zdolno$ci motoryczne, ale takze ogdlny stan zdrowia organizmu. Osoba sprawna to taka,
ktéra w codziennych sytuacjach jest w stanie wykonywac réznorodne czynnosci fizyczne, takie
jak chodzenie, bieganie, rzucanie czy dzwiganie, dostosowujac si¢ do ciggle zmieniajacego si¢
otoczenia. Sprawnos$¢ fizyczna jest nie tylko wazna dla utrzymania zdrowia, ale rowniez petni
kluczowa rolg¢ w zyciu zawodowym i spolecznym, wspomagajac jednoczesnie spowolnienie
naturalnych proceséw starzenia (Migasiewicz, 2006). Z kolei Denisiuk definiuje sprawno$é
fizyczng jako mozliwo$¢ przeprowadzania dziatan, ktore wymagajg sily, szybkosci,
wytrzymatos$ci, zrgczno$ci oraz innych zdolnosci motorycznych. Uwaza, Ze taka sprawno$¢ jest
rezultatem procesu treningowego, ktory modyfikuje regulacyjne funkcje uktadu nerwowego,
wplywajac tym samym na funkcjonowanie catego ciala i poprawiajac wydajno$¢ réznorodnych

zdolnosci motorycznych (Denisiuk i Milicer-Gruzewska, 1969). Natomiast Osinski
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wyszczegolnit 1 rozpowszechnit pojecie sprawnosci motorycznej, ktéra oznacza jedynie czes$¢
sprawnosci fizycznej wyrazanej przez okreslony poziom osobniczych zachowan w dziataniach
ruchowych ukierunkowanych na wyniki sportowe (Osinski, 2018). Innym pogladem na temat
sprawnosci fizycznej dysponujg badacze zagraniczni, wedtug Caspersena sprawno$¢ fizyczna
obejmuje zdolnos¢ do wykonywania réznorodnych czynnosci codziennych z minimalnym
zmeczeniem oraz utrzymanie dobrego stanu zdrowia, szczegdlnie w kontek$cie chordb
zwigzanych z brakiem aktywno$ci fizycznej (Caspersen i in., 1985). Dodatkowo, Pate
podkresla, ze sprawnos¢ fizyczna powinna koncentrowac si¢ na aspektach zdrowotnych, takich
jak zdolno$¢ do wykonywania codziennych zadan z energia oraz cechy i zdolnosci zwigzane z
niskim ryzykiem przedwczesnego rozwoju chordb hipokinetycznych (Pate, 1988).
W uzupekieniu do tych definicji, Howley i Franks podkreslaja, ze podstawowym zadaniem
sprawnos$ci fizycznej jest promowanie dobrego zdrowia fizycznego, co z kolei zmniejsza
zagrozenie wystgpieniem chorob. Obie definicje wskazuja na fundamentalne znaczenie
sprawnosci fizycznej w promowaniu zdrowia i zapobieganiu chorobom (Howley i Franks,

1992).

Kolejnym elementem rozwazan o sprawnosci jest sprawno$¢ specjalna lub inaczej
specjalny rozwoj fizyczny (Baechle 1 Earle, 2018; Bompa i Haff, 2009; Sozanski 1 in., 1999;
M. Stone i in., 2007). Zaproponowana przez Sozanskiego (Sozanski i in., 1999) definicja
sprawnos$ci  specjalnej cechuje adaptacja do specyficznych wymogéw ruchowych 1
funkcjonalnych danej dyscypliny, czy konkurencji sportowej. Podobnie definicj¢ sprawnosci
specjalnej przedstawia Bompa i Stone, ktorzy twierdza, ze specjalny rozwoj fizyczny to inaczej
sprawnos¢ fizyczna specjalna dla danej dyscypliny sportu (ang. sport specific fitness) (Bompa
i Haff, 2009; M. Stone i in., 2007). Polega ona na ksztattowaniu zdolnos$ci fizjologicznych i
sprawnosci specyficznej dla danej dziedziny. Jak podkreslaja, celem tego rodzaju treningu,
moze by¢ sila, wytrzymatos¢, gibkos¢ lub ksztaltowanie okreslonych nawykow
wykorzystywanych w warunkach startowych. Nalezy podkresli¢, ze autorzy wskazujg na to, iz
wiele dyscyplin sportowych wymaga podejscia kompleksowego 1 1aczenia zdolnosci
podstawowych np. szybkoséci z silg lub sity z wytrzymatoscia (Baechle i Earle, 2018;
Ingebrigtseniin., 2013; M. Stone i in., 2007; Zatsiorsky i Kraemer, 2006). Nieustanna ewolucja
procesu treningowego i rozwoju nauk o sporcie opiera si¢ na zrozumieniu i wykorzystaniu
czynnikow, ktore wzbudzaja napigcie fizyczne i psychiczne wérod zawodnikow (Bompa i Haff,

2009).



Podsumowujac, sprawnos$¢ fizyczna jest szeroko pojetym terminem, ktéry obejmuje
réznorodne aspekty zdrowia i umiejetnosci, mierzalne przez dedykowane testy sprawnosciowe
a jej utrzymanie ma istotny wptyw na jako$¢ zycia i zdrowie. Specjalna sprawno$¢ fizyczna,
jak wskazuja naukowcy, ma kluczowe znaczenie dla osiggnie¢ w sportowej rywalizacji. Jest
ona niezbedna w przygotowaniach do zawodow, pozwalajac zawodnikom na optymalne
wykorzystanie swoich umiejetnosci w warunkach startowych oraz podczas bezposredniej
rywalizacji sportowej. Dostosowanie treningu do specyficznych wymagan danej dyscypliny
pozwala na rozwijanie wiasciwych zdolnosci fizjologicznych, ktore sg decydujace podczas
sportowej walki. Utrzymanie 1 rozwijanie specjalnej sprawnosci fizycznej wymaga
zrozumienia i implementacji treningéw, ktére integruja roznorodne cechy fizyczne, takie jak
sita, szybko$§¢, wytrzymatos¢, oraz gibko§¢, aby stworzy¢ kompleksowy program
przygotowujacy sportowcéw do osiggania coraz lepszych wynikéw i radzenia sobie z

wyzwaniami, ktore niesie zaawansowana rywalizacja sportowa.
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2. Sporty zespolowe w systematyce treningu sportowego

Sporty zespolowe, takie jak pitka nozna i hokej na lodzie, wymagaja ztozonych zdolno$ci
motorycznych, ktore tgcza w sobie szybkos¢, wytrzymatos¢, site oraz zdolnos$¢ do regeneracji
w krotkich przerwach pomiedzy intensywnymi wysitkami. Trening w tych dyscyplinach musi
by¢ wieloaspektowy i skoncentrowany zaréwno na rozwijaniu zdolnosci motorycznych jak i na
doskonaleniu techniki oraz taktyki. W ujeciu literatury trening sportowy jest procesem, W
ktorym dazy si¢ do optymalizacji wykonywanych przez zawodnika czynnosci ruchowych na
maksymalnie mozliwym poziomie (Baechle i Earle, 2018; Bompa i Haff, 2009; Zatsiorsky i
Kraemer, 2006). Trening jest wigc procesem dlugotrwatym, uwarunkowanym wieloma
czynnikami, obejmujacymi zmienne fizjologiczne, psychiczne i spoteczne, a s one tak
ksztattowane, aby zawodnik podotat specyficznym wyzwaniom stawianym podczas rywalizacji
sportowej. Tradycyjne podejscie starozytnych sportowcow opieralo si¢ na idei
wszechstronnego i harmonijnego rozwoju, definiujac doskonato$¢ fizyczng jako potaczenie
umiejetnosci technicznych z rozwijaniem pozytywnych wartosci psychicznych oraz troski o
zdrowie. Chociaz te zasady sg nadal aktualne, wspolczesny trening sportowy, zwlaszcza na
poziomie wyczynowym, wymaga bardziej ztozonego i zaplanowanego procesu, opartego na
metodach naukowych w potaczeniu z praktycznym doswiadczeniem (Aoki i in., 2017; Baechle
i Earle, 2018; Bompa i Haff, 2009). W tym kontekscie trening funkcjonalny, ukierunkowany
na poprawe specyficznych wzorcow ruchowych 1 zdolnosci fizycznych, odgrywa kluczowa
rolg, szczegdlnie gdy jest wspierany przez odpowiednie narzgdzia diagnostyczne. Wymagania
dla zawodnikow w sportach zespotowych, takich jak pitka nozna czy hokej, sa ztozone i
obejmujg koniecznos$¢ maksymalnego lub submaksymalnego zaangazowania energetycznego,
gdzie intensywne dziatania (jak przyspieszenia, zmiany kierunku, skoki, uderzenia) sa
przeplatane krotkimi przerwami na regeneracje (Bishop i Girard, 2013). W tych dyscyplinach
kluczowe jest rozwinigcie zdolno$ci szybkosciowych, koordynacyjnych, sitowych oraz
wytrzymato$ciowych, ktore pozwalaja na powtarzalne wykonywanie zlozonych dziatan
technicznych 1 taktycznych, czesto pod presja czasu i przeciwnika oraz w warunkach zmeczenia

wynikajacego z dlugotrwatej rywalizacji (Ermanno Rampinini i in., 2008).

ZYozonos$¢ procesow treningowych w zespotowych grach sportowych wynika z konieczno$ci
dostosowania zdolno$ci motorycznych zawodnika do specyficznych wymagan danej
dyscypliny. Trening sportowy w ujeciu zespolowych gier sportowych to proces, ktory obejmuje

zarowno rozwoj sprawnosci ogolnej, jak i specjalnej. Sprawnos¢ specjalna, ktdra okreslana jest
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jako zdolno$¢ do maksymalnie efektywnej realizacji zadania ruchowego, jest produktem
systematycznej pracy i planowanego procesu treningowego trwajacego wiele lat (Zahradnik i

Korvas, 2012).

Osiagniecia W zespolowych grach sportowych zaleza od wielu czynnikow, w tym
sprawnosciowych, technicznych, mentalnych i taktycznych. Wazne jest zrozumienie, ze wyniki
w tych dyscyplinach nie zalezg wytacznie od wrodzonych predyspozycji, ale od systematyczne;j
pracy nad zdolno$ciami motorycznymi i umiejetno$ciami technicznymi (Bompa i Haff, 2009;
Stone i in., 2007). Aby osiggna¢ optymalny poziom sprawnosci specjalnej, zawodnicy musza
podlegac¢ stalej kontroli i ocenie zdolnosci fizycznych, co pozwala na doktadne monitorowanie
ich postepow oraz dostosowanie obcigzen treningowych do aktualnych potrzeb (Baechle i
Earle, 2018; Jiménez-Reyes i in., 2017).

Kluczowag rolg w efektywnosci procesu treningowego odgrywa rowniez zarzadzanie
regeneracja. Intensywnos$¢ akcji ruchowych w zespotowych grach sportowych powoduje, ze
szybka regeneracja po wysitku jest niezbedna do utrzymania optymalnego poziomu gotowosci
meczowej przez caly czas trwania rywalizacji. Nowoczesne metody treningowe, ktore integruja
trening funkcjonalny z narzgdziami diagnostycznymi, takimi jak Functional Movement Screen
(FMS) czy testy skokow pionowych (CMIJ, SJ, DDJ), oraz technologiami monitorujacymi
obcigzenia, pozwalaja na precyzyjne dostosowanie planéw treningowych do indywidualnych

potrzeb zawodnikow (Cook i in., 2014a; Peate i in., 2007).

Zespotowe gry sportowe, takie jak pitka nozna 1 hokej na lodzie, wymagaja wieloaspektowego
podejscia do treningu, ktore taczy rozwdj zdolnosci motorycznych z doskonaleniem
umiejetnosci technicznych 1 taktycznych. Kluczowa role odgrywa rdéwniez zarzadzanie
regeneracjg oraz precyzyjne monitorowanie obcigzen treningowych, co umozliwia

dostosowanie programu treningowego do indywidualnych potrzeb zawodnikow.

3. Narzedzia diagnostyczne w ocenie sprawnosci specjalnej zawodnikow

zespolowych gier sportowych

W obliczu rosnacej konkurencji w dziedzinie zespotowych gier sportowych, specjalisci
intensywnie poszukuja efektywnych metod oceny 1 optymalizacji sprawnosci fizycznej
zawodnikow. Wérdd narzedzi zyskujacych na popularnosci w tej dziedzinie znalazl si¢ test

oceny funkcjonalnej (Functional Movement Screen — FMS), opracowany przez Cooka i
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wspotautorow w 2006 roku (Cook i in., 2006). FMS, narzg¢dzie sktadajace si¢ z siedmiu testow
ruchowych, ma za zadanie identyfikowac ograniczenia i asymetrie ruchowe, zwigkszajace
ryzyko urazow mogace negatywnie wptywaé na cato$ciowg sprawnos¢ fizyczng sportowcow.
Badania wskazuja na potencjalng wartos¢ FMS w prognozowaniu ryzyka urazow. Badania
O’Connor wykazaty, ze wynik <14 w FMS wigzal si¢ z wyzszym ryzykiem urazu wsrod
kandydatow na oficerow marynarki, co wskazuje na pewng warto$¢ predykcyjng (O’Connor i
in., 2011). Z kolei badania Bonazzy, ktory przeprowadzit systematyczny przeglad i metaanalize
potwierdzity wartos¢ predykcyjng FMS, wskazujac, ze osoby z wynikami <14 miaty wigksze
prawdopodobienstwo odniesienia urazu (Bonazza i in., 2017). W kontek$cie mtodych
sportowcow, Dinc wskazal na znaczenie dostosowywania programow treningowych do
indywidualnych potrzeb, aby poprawié¢ jakos¢ ruchu i zmniejszy¢ ryzyko urazu (Dinc i in.,
2017). Takie badania podkreslaja konieczno$¢ indywidualnego podejécia w treningu
sportowym. Z kolei inni badacze sugeruja, ze FMS moze nie by¢ wszechstronnym narz¢dziem
do oceny ryzyka urazu wsrod profesjonalnych sportowcdéw, co wskazuje na potrzebe taczenia
FMS z innymi metodami oceny (Dorrel i in., 2015). Minick. zauwazyl, Ze celowane interwencje
moga prowadzi¢ do zmniejszenia liczby urazow, podkreslajac warto$¢ interwencyjnego
podejscia (Minick i in., 2010). Podobnie jak kolejni badacze potwierdzili uzytecznos¢ FMS w
ocenie fundamentalnych wzorcow ruchowych wérod amatorskich sportowcow (Schneiders i
in., 2011), podczas gdy Teyhen i wspotpracownicy zwroécili uwage na role FMS w poprawie
$wiadomosci na temat znaczenia jakosci ruchu (Teyhen i in., 2014). Dodatkowo badacze
wykazali, ze FMS moze stuzy¢ jako efektywna metoda przesiewowa w réznych populacjach
badanych, sugerujac jego uniwersalnos¢ (Peate i in., 2007). Nowe badania rozszerzaja dyskusje
o FMS, podkreslajac jego ztozonos¢ 1 potencjal, szczegdlnie w kontekscie poszukiwania relacji
miedzy FMS a sprawnoscig specjalng. Przyktadowo, badania nad korelacjag migdzy FMS a
wydolnos$cia krazeniowo-oddechowa wykazaly istotna pozytywna korelacje, co sugeruje, ze
FMS moze by¢ uzytecznym narzedziem w ocenie ogdlnej sprawnosci fizycznej (Kose i Bilge,
2019). Dodatkowo, badania na studentach wykazaly ograniczone korelacje miedzy
poszczegolnymi komponentami FMS a testami sprawnosci specjalnej (Zou, 2016).
Jednocze$nie badania nad zwigzkami miedzy FMS a sprawnoscig fizyczng sugeruja pozytywne
korelacje, wskazujac, ze FMS moze by¢ powigzany z komponentami sity i stabilno$ci
migsniowej (Domaradzki i Kozlenia, 2023). Zgromadzone dowody wskazujg na
wielowymiarowos$¢ oceny sprawnosci fizycznej i podkre$lajg potrzebe dalszych badan, aby w
pelni wykorzysta¢ potencjal FMS. Integracja FMS z innymi narz¢gdziami oceny oraz

indywidualne podejscie do treningu mogg znaczaco przyczynic si¢ do optymalizacji treningu
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sportowego, redukcji ryzyka urazu oraz poprawy ogodlnej sprawnosci fizycznej zawodnikow

(Asgari i in., 2021; Zhixiong i in., 2016)

Kolejnym elementem oceny sprawnosci specjalnej zawodnikéw sg testy skokéw
pionowych, zwlaszcza w kontekscie zespotowych gier sportowych. Moc konczyn dolnych, jako
jeden z kluczowych determinantow majacych wpltyw na sprawno$¢ specjalng, odgrywa
znaczacg role w dyscyplinach wymagajacych szybkosci, skoczno$ci oraz wytrzymatos$ci.
Zdolnosci do generowania mocy mig¢$ni konczyn dolnych, ktére sg bezposrednio powigzane ze
sprawnoscig specjalng zawodnikow, sg oceniane za pomoca roznorodnych testow, takich jak
skoki wertykalne czy sprinty (Ferrari Bravo i in., 2008). Narzedzia takie jak Optojump Next
umozliwiajg precyzyjne mierzenie parametréw skoku, takich jak wysokos$¢ skoku czy
produkowang moc (Markovic i in., 2004). Korelacja migdzy mocg konczyn dolnych a
sprawnos$cig specjalng nabiera szczegdlnego znaczenia w konteks$cie gier zespolowych, gdzie
szybkos$¢ 1 zwinno$¢ sa decydujace dla sukcesu. Testy skokow pionowych bezposrednio
odzwierciedlaja moc mig$niowg konczyn dolnych, co jest kluczowe dla momentow
wymagajacych szybkich i silnych odbi¢ (Klavora, 2000; Vanezis i Lees, 2005).
Eksplozywno$¢, czyli zdolno$¢ do generowania maksymalnej sity w jak najkrotszym czasie,
jest niezbedna w sportach zespotowych. Wysoka korelacja migdzy wynikami testow skokow
pionowych a sukcesem w dyscyplinach sportowych podkresla ich duzg warto$¢ prognostyczna
(Rodriguez-Rosell i in., 2017). Ponadto, regularne przeprowadzanie testow skokow pionowych
moze pomoc w identyfikacji asymetrii migsniowych lub deficytow sitowych, ktore moga
zwigksza¢ ryzyko urazow (E. Rampinini i in., 2007). Testy te moga by¢ réwniez
wykorzystywane do monitorowania efektow treningu sitowego 1 plyometrycznego (Ostojic¢ 1
in., 2010). Chociaz testy skokow pionowych sg niezwykle warto$ciowe, istniejg ograniczenia,
takie jak réznice w metodologiach pomiarowych, ktére moga wptywaé na wiarygodnos¢
wynikow (Leard i in., 2007). Rézne urzadzenia do mierzenia wysokosci skoku moga dawac
rozne wyniki, co wymaga standaryzacji metod 1 sprzetu do oceny skokoéw pionowych
(Buckthorpe i in., 2012).

Podsumowujac, testy skokéw pionowych dostarczaja cennych informacji na temat
kluczowych aspektow sprawnosci specjalnej zawodnikdw w zespotowych grach sportowych.
Ich regularne stosowanie pozwala na optymalizacj¢ treningu, poprawe¢ wynikow sportowych
oraz zmniejszenie ryzyka urazéw. Jednakze, aby w petni wykorzysta¢ ich potencjat, konieczne
jest stosowanie spdjnych i wiarygodnych metod pomiarowych. Jak podkreslaja badacze,

szybkos$¢ i reaktywno$¢ zawodnikdw moga decydowaé o wyniku meczu, co podkresla
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znaczenie oceny tych zdolno$ci w sportach zespotowych (Bangsbo, 1999; Faude i in., 2012;
Hoffi in., 2005; Little i Williams, 2005; Stelen 1 in., 2005)..

Zdolnos¢ do szybkiego poruszania si¢, zarowno z pitka czy krazkiem, jak i bez niej/niego,
umozliwia zawodnikom skuteczne wykonywanie akcji ofensywnych, efektywng obrong oraz
adaptacje do dynamicznie zmieniajgcych si¢ warunkéw gry. W tym kontekscie, testy szybkosci,
takie jak sprinty na krétkich dystansach, sa nieodzownym narzedziem do oceny szybkosci i

eksplozywnos$ci zawodnikéw, co ma bezposrednie przetozenie na ich sprawno$¢ na boisku.

Pomiary szybkos$ci sa wigc nieodigcznym elementem programow treningowych i1 oceny
sprawnosci sportowcoéw. Regularne pomiary pozwalaja na doktadng ocene obecnych zdolnosci
zawodnika i monitorowanie postgpow w czasie. Dzieki temu trenerzy moga dostosowywac
plany treningowe do indywidualnych potrzeb sportowca, maksymalizujagc efektywnosé
treningdbw. Pomiar szybkos$ci umozliwia identyfikacje stabych punktow zawodnika i
koncentracj¢ na ich eliminacji, co pozwala na bardziej ukierunkowane i1 efektywne treningi
(Bangsbo, 1999; Hoff i in., 2005). Pomimo licznych zalet, stosowanie pomiaréw szybkosci w
treningu sportowym wiaze si¢ z pewnymi wyzwaniami. Precyzja pomiarow moze by¢ zmienna
w zaleznosci od wybranych metod 1 urzadzen. Ponadto, interpretacja danych wymaga wiedzy 1
doswiadczenia, aby moc skutecznie przektada¢ wyniki pomiardw na praktyczne zastosowania
treningowe (Faude i in., 2012; Hoff i in., 2005). Jednakze pomiar szybkosci jest kluczowym
elementem w ocenie i rozwoju sprawnosci specjalnej zawodnikow w zespotowych grach
sportowych. Umozliwia on kompleksowa ocene mozliwosci fizycznych zawodnika,
dostosowanie treningdw do indywidualnych potrzeb sportowca, a takze efektywne zarzadzanie
zespotem poprzez selekcje zawodnikow o najwigkszym potencjale. Pomimo wyzwan
zwigzanych z doktadnos$cig 1 interpretacja danych, ciggly rozwdj technologii pomiarowych

otwiera nowe mozliwosci dla treneréw i sportowcoOw dazacych do doskonatosci na polu gry.

W ocenie sprawnosci specjalnej zawodnikéw hokeja na lodzie i innych zespotowych gier
sportowych, jednym z istotnych aspektow jest zdolnos¢ do szybkiej regeneracji pomig¢dzy
intensywnymi wysitkami. W tym kontekscie szczegdlne znaczenie maja narzedzia
diagnostyczne pozwalajace na monitorowanie zdolnos$ci zawodnikéw do powtarzania
wysitkow eksplozywnych, takich jak sprinty na tyzwach, zahamowania czy zmiany kierunku,

co ma bezposrednie przetozenie na ich efektywno$¢ podczas rywalizacji sportowe;.
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Jednym z takich narzedzi jest test powtarzanego sprintu na tyzwach (RSSA), ktory pozwala na
ocen¢ zardwno mocy, szybko$ci a takze zwinnosci jak i zdolno$ci do regeneracji pomiedzy
kolejnymi powtorzeniami wysitku. Testy takie jak RSSA umozliwiajg monitorowanie nie tylko
zdolnosci do powtarzania wysitkow, ale rowniez efektywnos$ci procesow regeneracyjnych.
Narzedzia takie jak systemy monitorowania czestosci skurczoOw serca (HRmax) oraz pomiary
poziomu kwasu mlekowego (BLa) dostarczaja istotnych informacji na temat zdolnoSci
zawodnika do efektywnego usuwania produktéw przemiany materii i odbudowy zasobow
energetycznych. Badania Girarda 1 wspotpracownikow z 2011 wskazujg, ze skutecznos¢
regeneracji pomiedzy wysitkami eksplozywnymi, takimi jak sprinty, ma bezposredni wplyw na
wydolno$¢ w kolejnych seriach wysitkowych, szczegdlnie w sportach, ktore wymagaja
powtarzalnych sprintow (Girard i in., 2011). Z kolei Thorpe i wsp. wykazali, ze monitorowanie
obcigzen treningowych, w tym parametréw takich jak HRmax oraz BLa, moze by¢ pomocne w
lepszym dostosowaniu intensywnosci wysitkow do mozliwosci regeneracyjnych zawodnikow
(Thorpe i in., 2017). Wprowadzenie narzedzi diagnostycznych, ktére mierza zmeczenie i
zdolnosci regeneracyjne, pozwala trenerom na optymalizacj¢ planow treningowych i lepsze
dostosowanie obcigzen do mozliwosci zawodnikéw. Dzigki takiemu monitorowaniu mozliwe
jest rowniez precyzyjne planowanie przerw wypoczynkowych podczas treningdw i zawodow.
W badaniach Buchheita wykazano, ze dostosowanie przerw do indywidualnych zdolnosci
regeneracyjnych zawodnikow moze prowadzi¢ do poprawy ich wydolnosci 1 zmniejszenia
ryzyka kontuzji. Wprowadzenie dobranych czasoéw regeneracji moze wpltyna¢ na lepsze wyniki
zawodnikow oraz zmniejszenie ryzyka kontuzji zwigzanych z nadmiernym zme¢czeniem migs$ni
(Buchheit i in., 2023).Na przyktad zawodnicy, ktorzy majg zapewniong odpowiednig ilos¢
czasu na regeneracj¢ pomi¢dzy wysitkami o wysokiej intensywnos¢i, s3 mniej narazeni na
przecigzenia i urazy mig$niowe, co jest kluczowe w intensywnych sportach kontaktowych,
takich jak hokej na lodzie. Badania Carlinga potwierdzaja, Ze optymalizacja przerw
regeneracyjnych pomiedzy powtarzanymi wysitkami nie tylko zwigksza wydajnosé
zawodnikow, ale takze redukuje ryzyko urazow zwigzanych z akumulacja zmeczenia (C.

Carling i in., 2012)

Podsumowujac, narzedzia diagnostyczne, takie jak testy FMS, testy mocy konczyn
dolnych oraz testy szybko$ci, pozwalaja oszacowaé sprawno$¢ specjalng zawodnikow
zespotowych gier sportowych. Dzigki tym testom mozliwe jest nie tylko monitorowanie
aktualnego stanu motorycznego zawodnikoéw, ale takze prognozowanie ryzyka urazéw oraz

optymalizacja procesu treningowego. Waznym elementem oceny sprawnosci fizycznej jest

16



takze zdolnos¢ do regeneracji pomigdzy powtarzanymi wysitkami eksplozywnymi, co ma
szczegoOlne znaczenie w sportach wymagajacych duzej intensywnosci, takich jak hokej na
lodzie czy pitka nozna. Holistyczne podejscie do treningu, faczace wiedz¢ teoretyczng z
praktycznymi aspektami oceny i optymalizacji sprawnosci fizycznej, jest nieodzowne w

procesie przygotowania sportowcow do rywalizacji na najwyzszym poziomie.

4. Znaczenie treningu funkcjonalnego w zespolowych grach sportowych

Trening funkcjonalny stat si¢ nieodtacznym elementem wspotczesnych sportow zespotowych,
takich jak pitka nozna, hokej na lodzie. Jego istotnym zadaniem jest wspieranie rozwoju
umiejetnosci motorycznych, ktére majg bezposredni wplyw na efektywnos¢ zawodnikow na
boisku oraz zmniejszenie ryzyka kontuzji. W odréznieniu od tradycyjnych metod
treningowych, trening funkcjonalny koncentruje si¢ na wzorcach ruchowych ktore nasladuja
czynno$ci ruchowe wystepujace w sytuacjach meczowych, co zwigksza efektywnosé
sportowca w realnych warunkach rywalizacji (Cook et al., 2014a). Trening funkcjonalny jest
czesto definiowany jako forma treningu, ktora angazuje cale cialo w sposdb zblizony do
naturalnych ruchow wykonywanych podczas gry. Bompa 1 Haff zwracaja uwagg, ze trening ten
obejmuje ¢wiczenia wielostawowe, wymagajace pracy wielu grup migsniowych jednoczesnie.
W ten sposdb poprawiane sa zdolno$ci motoryczne, takie jak sita, koordynacja, stabilnos¢,
wytrzymato$¢ 1 zwinnos$¢, co przektada si¢ na lepsza efektywno$¢ w sportach wymagajacych
szybkich reakcji oraz dynamicznych zmian kierunku ruchu (Bompa i Haff, 2009). Badania
wskazuja, ze jednym z najwigkszych atutow treningu funkcjonalnego jest jego zdolnos¢ do
wplywania na zmniejszenie ryzyka urazow. Zawodnicy, ktorzy regularnie wykonuja ¢wiczenia
funkcjonalne, cechuja si¢ lepsza stabilnos$cig tulowia i konczyn, co zmniejsza ryzyko kontuzji
podczas naglych startow, zatrzyman i zmian kierunku (Cook i in., 2014a). Z tego wzgledu,
trenerzy 1 specjaliSci ds. przygotowania motorycznego coraz czesciej wiaczaja trening
funkcjonalny do swoich programéw jako fundament budowania zdolnosci motorycznych.
Dzigki zaawansowanym narz¢dziom diagnostycznym, takim jak FMS, mozliwe jest doktadne
okreslenie stabych punktow zawodnika oraz wdrozenie odpowiednich dziatah korygujacych.
Minick i wspotpracownicy podkreslaja, ze trening funkcjonalny wsparty wynikami
diagnostycznymi z testow takich jak FMS moze znaczaco poprawi¢ jakos$¢ ruchu zawodnika,
co z kolei przektada si¢ na lepsza stabilno$¢ oraz efektywnosé motoryczng (Minick i in., 2010).

Zawodnicy, ktorzy przechodza przez spersonalizowane programy treningowe, oparte na
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wynikach testow diagnostycznych, czesciej wykazuja postepy w kluczowych obszarach
zdolno$ci motorycznych. Na przyktad badania Markovica i wspdtpracownikow wykazaly, ze
po 8 tygodniach regularnego treningu funkcjonalnego, moc eksplozywna zawodnikow wzrosta
srednio o 12%, a ich szybkos¢ reakcji poprawila si¢ o 8%, co miato bezposrednie przetozenie
na lepsze wyniki w sprintach i szybsze zmiany kierunku ruchu (Markovic i in., 2004).
Zastosowanie wieloptaszczyznowych ¢wiczen, takich jak przysiady, wykroki, skoki czy
dynamiczne ruchy, pozwala na lepsze przygotowanie zawodnikéw do ztozonych sytuacji na
boisku lub lodowisku. Lloyd zwraca uwage, ze regularny trening funkcjonalny, szczegdlnie ten
angazujacy dolne partie ciata, wptywa na wzrost mocy eksplozywnej nawet o 10%, co jest
kluczowe w momentach wymagajacych szybkiego przyspieszenia, skoku czy zmiany kierunku
(Lloyd i in., 2015). Dodatkowo badanie na zawodowych koszykarzach wykazato, ze trening
funkcjonalny znaczaco poprawil sit¢ migsni, elastycznos$é, zwinno$¢ 1 wysokos$¢ skoku
pionowego, przewyzszajac tradycyjne metody treningu sitowego (Usgu i in., 2020). Trening
funkcjonalny jest rowniez skutecznym narzedziem prewencji urazow. Badania Dinc’a
wykazaty, ze zawodnicy, ktorzy regularnie angazuja si¢ w ¢wiczenia funkcjonalne, sg mniej
podatni na kontuzje, dzigki poprawie stabilno$ci oraz ruchomosci stawow (Dinc i in., 2017).
Wilaczenie do programu treningowego ¢wiczen wzmacniajacych kluczowe grupy migsniowe,
takie jak migs$nie stabilizujgce tutdéw i miednice (core) , ma istotne znaczenie dla zmniejszenia

obcigzenia stawow oraz poprawy kontroli nad ruchem.

Podsumowujac, trening funkcjonalny stanowi kluczowy element przygotowania motorycznego
w sportach zespotowych, zapewniajac rozwoj zdolnosci motorycznych oraz zmniejszenie
ryzyka kontuzji. Jego efektywnos$¢ zalezy jednak od indywidualizacji oraz regularnego
monitorowania postepéw za pomoca narzedzi diagnostycznych, takich jak FMS 1 testy mocy

eksplozywnej.

5. Dlugosé przerwy wypoczynkowej pomiedzy powtarzanymi wysitkami a

sprawnos¢ zawodnikow

Regeneracja jest elementem, ktory bezposrednio wpltywa na wydolno$¢ sportowca, szczegdlnie
w kontekscie wysitku fizycznego o wysokiej intensywnosci 1 krotkich przerwach migdzy jego
powtorzeniami. Zdolno$¢ organizmu do efektywnej regeneracji migdzy wysitkami determinuje
poziom wydolnosci w kolejnych fazach treningu lub rywalizacji. W sportach zespotowych,

takich jak pitka nozna, koszykowka czy hokej na lodzie, zawodnicy wielokrotnie poddawani sg
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wysitkom submaksymalnym 1 maksymalnym, co wymaga wysokiego poziomu regeneracji
miedzy krotkimi, intensywnymi seriami wysitkowymi (Girard i in., 2011). Wysitki
krotkotrwate, eksplozywne, takie jak sprinty, zahamowania, zmiany kierunku czy skoki,
powoduja wyczerpanie zasobow energetycznych, zwlaszcza fosfokreatyny, a takze
zakwaszenie mig¢sni na skutek nagromadzenia mleczanu. Proces regeneracji migdzy wysitkami
obejmuje przede wszystkim odbudowe fosfokreatyny oraz usuwanie produktow przemiany
materii, takich jak kwas mlekowy, co przywraca zdolno$¢ mig$ni do ponownego podejmowania
maksymalnej pracy (Moir i in., 2005). Odpowiednio dtugi czas odpoczynku pozwala na
przywrdcenie rOwnowagi w migéniach, dzigki czemu zawodnik moze efektywnie wykonywac
kolejne serie wysitkow eksplozywnych. Czas trwania przerw miedzy wysitkowych ma
znaczenie dla wydolno$ci. Badania wykazuja, ze regeneracja zasobdéw fosfokreatyny trwa
okoto 3-5 minut po intensywnym wysitku, jednak zalezy to od intensywnosci i dlugos$ci trwania
wysitku oraz kondycji sportowca (McMahon i Jenkins, 2002). Krotsze przerwy moga nie
pozwalaé na petne odtworzenie zasobow energetycznych, co prowadzi do kumulacji zmgczenia

i spadku wydajnosci w pdzniejszych fazach treningu lub meczu.

Zdolno$¢ do regeneracji migdzy powtarzalnymi wysitkami eksplozywnymi jest istotnym
czynnikiem w sportach, gdzie szybkie zmiany tempa, sprinty czy nagte zwroty sa kluczowe. W
pitce noznej czy hokeju, zawodnicy muszg regularnie wykonywac¢ wysitki submaksymalne w
krotkich odstgpach czasowych, a niepelna regeneracja migdzy nimi moze prowadzi¢ do
akumulacji zmegczenia i zwigkszenia ryzyka kontuzji. Badania wskazuja, Ze zbyt krétki czas na
regeneracje prowadzi do obnizenia mocy mig$niowej 1 jakosci wykonania technicznego, co
moze negatywnie wpltywaé na wynik sportowy (Thorpe i in., 2017). W kontekscie regeneracji
miedzy wysitkowej, aktywna regeneracja moze okaza¢ si¢ bardziej efektywna niz catkowity
odpoczynek. Aktywno$¢ niskiej intensywnosci miedzy wysitkami wspomaga krazenie krwi, co
przyspiesza proces usuwania metabolitow, takich jak kwas mlekowy, oraz sprzyja szybszemu
przywroceniu  wydolnosci (Carling i in., 2012). Odpowiednio zaplanowana aktywna
regeneracja moze znaczaco poprawi¢ zdolno$¢ zawodnikow do powtarzania wysitkow
eksplozywnych. Aby efektywnie zarzadza¢ regeneracja, konieczne jest monitorowanie
poziomu zmeczenia zawodnikow. Nowoczesne technologie, takie jak systemy GPS, pozwalajg
na Sledzenie obcigzen treningowych oraz wysitku podczas meczéw, co umozliwia trenerom
precyzyjne planowanie przerw i regeneracji. Dostosowanie przerw do indywidualnych potrzeb
zawodnikow moze poprawi¢ efektywno$¢ treningdéw oraz zmniejszy¢ ryzyko przecigzen i

kontuzji (Buchheit i in., 2023).
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6. Cel pracy

Gléwnym celem badan byta identyfikacja czynnikow wplywajacych na poziom sprawnosSci

specjalnej zawodnikow pitki noznej i hokeja na lodzie.

W oparciu o dokonany przeglad pismiennictwa sformutowano nastepujace pytania badawcze:

1)

2)

3)

4)

Czy, ajezeli tak, to jak trening funkcjonalny dostosowany do wynikéw testu FMS wptywa
na status funkcjonalny oraz szybko$¢ i moc konczyn dolnych u mtodych pitkarzy

noznych?

Czy wykorzystanie testu FMS pozwala identyfikowaé potencjat sprawno$ciowy

zawodowych hokeistow w testach oceniajacych moc KKD i szybkos¢ jazdy na lodzie?

Czy, a jezeli tak, to w jakim zakresie testy oceniajagce moc konczyn dolnych koreluja z

wynikami testow szybkosci jazdy na lodzie u mtodziezowych hokeistow ?

Jak wptywa wydhizony czas regeneracji na efektywnos¢ wykonania powtarzanych

wysitkéw poruszania si¢ po lodzie z maksymalng intensywnos$cia wsrod hokeistow?

Na podstawie postawionych pytan, sformutowano nastepujace hipotezy badawcze:

1) Hipoteza: Trening funkcjonalny, dostosowany na podstawie diagnostyki globalnych
wzorcow ruchowych z wykorzystaniem testu FMS, wywiera pozytywny wplyw na

status funkcjonalny, szybkos¢ oraz moc konczyn dolnych u mtodych pitkarzy noznych

(publikacja 1 i 2);

2) Hipoteza: Diagnostyka globalnych wzorcow ruchowych z wykorzystaniem testu FMS
pozwala na identyfikacje potencjatu sprawnos$ciowego w testach oceniajacych moc

KKD i szybkosci jazdy na lodzie wérod zawodowych hokeistow (publikacja 5);

3) Hipoteza: Testy oceniajace moc konczyn dolnych istotnie korelujg z wynikami testow

szybkosci jazdy na lodzie mtodych hokeistow (publikacja 3);

4) Hipoteza: Wydhluzony okres regeneracji w tescie powtarzanego wysitku poruszania si¢
po lodzie z maksymalng intensywnoscia, sprzyja efektywnosci czynnosci ruchowych

(publikacja 4).
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7. Publikacje przedstawiajace przedmiot rozprawy

Celem badan w publikacjach 1 i 2 byla weryfikacja stanu funkcjonalnego globalnych
wzorcéw ruchowych oraz szybkosci biegu 1 mocy konczyn dolnych (KKD) wsrod mtodych
pitkarzy po wprowadzeniu dwunastotygodniowe] interwencji treningowej. W badaniu
uczestniczyto 20 mlodych pitkarzy (U17) rywalizujacych w najwyzszej klasie rozgrywkowe;j
w Polsce, tj. Centralna Liga Juniorow. Badania przeprowadzono w trzech etapach. W
pierwszym etapie oceniono globalne wzorce ruchowe za pomocg testu FMS. W drugim etapie
mierzono moc konczyn dolnych, gdzie uzyto testow: CMJ, ACMJ, SJ, z wykorzystaniem
systemu Optojump Next (Microgate, Bolzano, Wlochy). W trzecim etapie przeprowadzono
testy oceniajace szybko$¢ biegu na dystansie 30 metrow z wykorzystaniem fotokomorek
Racetime 2 (Microgate, Bolzano, Wlochy). Wszystkie pomiary wykonano zgodnie ze

standardowymi procedurami, w tym pomiary antropometryczne.

Program treningowy obejmowal ¢wiczenia funkcjonalne skoncentrowane na poprawe
mobilnosci, stabilno$ci oraz wzorcéw ruchowych, ktore byty realizowane przez 12 tygodni, z
jedna jednostka treningowa tygodniowo 1 stalym zestawem ¢wiczen korekcyjnych. Program
zostal zaplanowany zgodnie z koncepcja FMS 1 oparty na treningu funkcjonalnym stosowanym
w wybranych dyscyplinach sportowych oraz na do$wiadczeniach trenerdéw i fizjoterapeutow.

Dodatkowo treningi prowadzita osoba z odpowiednim certyfikatem oceny funkcjonalnej.

Wyniki w testach FMS przed i po 12 tygodniach treningu funkcjonalnego wykazaty istotng
statystycznie poprawe: FMS 1 wzrost 0 45,2% (p = 0.004), FMS 2 wzrost 0 24,3% (p = 0.012),
a FMS 3 wzrost o0 48,5% (p = 0.001). Zaobserwowano poprawe mocy konczyn dolnych we
wszystkich testach: CMJ wzrost mocy o 3,1% (p = 0,076) 1 wysokos¢ skoku o 4,3% (p = 0,069),
ACMIJ wzrost mocy o 2,1% (p = 0,082) 1 wysokos¢ skoku o 2,9% (p = 0,089), a Squat Jump
wzrost mocy o 5,3% (p = 0.008) i wysokos$¢ skoku o 7,3% (p = 0.008). Zmiany w tescie
biegowym po 12 tygodniach treningu: na dystansie 0-5 m nastgpito pogorszenie czasu o 1,7%
(p = 0,329), na dystansie 5-10 m poprawa czasu 0 2,4% (p = 0,025), na dystansie 10-30 m
poprawa czasu 0 1,5% (p = 0,001), na dystansie 0-30 m poprawa czasu 0 0,9% (p = 0,083), a
predkos¢ maksymalna wzrosta 0 0,9% z 26 km/h do 26,24 km/h (p = 0,078).

Przeprowadzone badania wykazaly, ze 12-tygodniowy trening funkcjonalny znaczaco poprawit
stan funkcjonalny miodych pitkarzy oraz ich parametry szybkosci i mocy dolnych konczyn.
Szczegodlnie istotna byla poprawa wynikéw w testach FMS oraz skokach pionowych, co

sugeruje, ze trening funkcjonalny moze by¢ efektywnym narzgdziem w rozwijaniu zdolnos$ci
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motorycznych 1 zapobieganiu urazom u miodych sportowcéw. Dalsze badania powinny
uwzglednia¢ pordwnanie z grupa kontrolng oraz dlugoterminowy wptyw takiego treningu na

efektywnos¢ zawodnikéw w konkretnych zadaniach ruchowych.

Celem badania w publikacji 3 byto ustalenie zwigzkéw miedzy ré6znymi rodzajami
skokow pionowych a testami przeprowadzanymi na lodzie, w tym testow powtarzanego sprintu
tyzwiarskiego na lodzie (RSSA), testu szybkos$ci na dystansie 30m w jezdzie przodem i tylem,
testu maksymalnej predkosci ze startu lotnego na dystansie 15,25m oraz wieloetapowego testu
oceny wytrzymatosci tlenowej w jezdzie na tyzwach. W badaniach wzi¢to udziat 19 hokeistow,
w tym 10 obroncow i 9 napastnikow, wystepujacych w mtodziezowej lidze hokejowej (MHL)
i Centralnej Lidze Junioréw (CLJ) w Polsce. Uczestnicy znajdowali si¢ w potowie sezonu
zasadniczego, uczestniczac w 5-6 treningach tygodniowo, ktore obejmowaly treningi
techniczno-taktyczne oraz treningi motoryczne. Badanie prowadzono przez 4 dni ze wzglgdu
na zachowanie odpowiednich przerw mig¢dzy poszczegdlnymi testami, tak zeby zawodnicy byli
testowani w podobnych warunkach eksperymentalnych i o tej samej porze dnia (od 18:00 do
21:00) oraz z uwagi na stworzenie warunkow do maksymalnych mozliwosci, ktore zawodnicy
mogli wykaza¢ podczas testowania. Cate badanie zostato przeprowadzone w dwoch gtdéwnych
etapach: 1) poza lodem — testy skokow pionowych (VJ - vertical jumps), 2) testy na lodzie.
Przeprowadzone testy VJ poza lodem to CMJ, SJ i DDJ. Wszystkie testy VI poza lodem zostaly
przeprowadzone w Pracowni Analiz w Sporcie, Akademii Wychowania Fizycznego im.
Jerzego Kukuczki w Katowicach. Testy na lodzie wykonano na zadaszonym lodowisku

testowanej druzyny.

Przed przeprowadzeniem testow zawodnicy pod nadzorem trenera wykonali standardowa
rozgrzewke. Wszystkie testy skokow przeprowadzono z uzyciem optycznego systemu
zbierania danych OptoJump (Microgate, Bolzano, Wtochy). Wszyscy badani wykonali 3 proby
dla kazdego testu skoku a sposrod trzech prob do analizy wybrano najlepsza, tzn. takg w ktorej
zawodnik osiggnal najwyzszg wysokos¢. Pomigdzy dwoma probami zezwolono na 1-minutowy

okres odpoczynku.

W nastepnej kolejnosci przeprowadzono test wytrzymatosci tlenowej na lodzie (SMAT), dzieki
ktoremu oszacowano maksymalny pobdr tlenu na podstawie formuty: VO2max = 22,368 x

(maksymalna predkosc) — 58,618 (Leone i in., 2007).

Kolejnym etapem badan bylo przeprowadzenie testow szybkosci na lodzie tj. jazda z

maksymalnie mozliwg predkoscig na tyzwach przodem oraz tylem. Badani startowali z linii
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bramkowej 1 z maksymalng predkoscig jadac na tyzwach przodem pokonywali dystans 30 m w
linii prostej. Wszyscy badani wykonali ten test dwukrotnie z 10-minutowg przerwa. Do analizy
wykorzystano najlepszy wynik mierzony jako czas pokonania dystansu. Po pigtnastominutowej
przerwie wypoczynkowej, z tej samej linii startu wykonano test jazdy tylem. Protokot jazdy
przodem 1 tytem byt identyczny. Czas pokonywanego dystansu jazdy przodem i tylem mierzono
przy uzyciu zestawu fotokomorek (Microgate, Racetime 2, Bolzano, Wtochy). Bramki startowe
i koncowe utworzone z fotokomorek zostaty umieszczone na lodzie w odlegtosci 30 m od
siebie. Dodatkowo ustanowiono bramki pomiarowe na dystansie 5m i 10m od linii startu. Czas

pokonania dystansu mierzono z doktadnosciag do 0,01 s.

Nastepnym etapem projektu badawczego byt test predkosci maksymalnej na tyzwach, ktory
polegat na rozpoczeciu jazdy na wysokosci linii bramkowej ze swobodnego startu, zawodnik
poruszat si¢ wzdluz band lodowiska, jadac po tuku za bramka, a nast¢pnie na przeciwleglej
prostej mierzono predko$¢ maksymalng na prostym odcinku o dlugosci 15,25m. Jedna proba
zostata przeprowadzona z jazda po tuku w prawo, a druga w lewo. Czas odpoczynku mi¢dzy
dwoma probami wynosit 6 minut. Ostatnim etapem badan byt test powtarzanego sprintu na
lodzie polegajacy na szesciokrotnym, jak najszybszym pokonaniu na tyzwach dystansu 89 m
wyznaczonym na lodowisku pomi¢dzy liniami bramkowymi (54 m) oraz po zatrzymaniu si¢ na
przeciwlegtej linii bramkowej natychmiastowym powrocie do linii niebieskiej (35 m). Po
kazdorazowym przejezdzie nastgpowata 30-sekundowa przerwa, podczas ktdrej zawodnik
wracal na start. Wszystkie czasy byly rejestrowane za pomoca fotokomodrek (Microgate

Racetime 2, Bolzano, Wtochy).

Badania ujawnily istotng korelacje pomi¢dzy wynikami zawodnikow osiagnigtymi w skoku
poprzedzonego wyskokiem (DDJ) ze §rednig predkos$cia jazdy do przodu (FASS) (r = 0.62),
$rednig predkoscig jazdy do tytu (BASS) (r = 0.81) oraz maksymalng predkoscig jazdy (MSS)
(r=0.71). Ponadto skok z potprzysiadu (SJ) istotnie korelowal z BASS (r = 0.82) oraz MSS (r
= 0.76). Nalezy podkresli¢, iz test CMJ korelowat jedynie z BASS (r = 0.68). Wszystkie trzy
rodzaje V] wykazywaly odwrotng, nieistotng korelacje z indeksem spadku wydajnosci
(Performance Decrement Index) 1 indeksem zmeczenia (Fatigue Index), mierzone za pomoca

testu RSSA. Test SMAT rowniez nie wykazal istotnej korelacji ani z VJ, ani z RSSA.

Na podstawie przeprowadzonych badan, mozna stwierdzi¢, ze rozne testy skokéw pionowych
moga by¢ uzyteczne w szacowaniu 0siggow jazdy na lodzie u mtodziezowych hokeistow. Skok
poprzedzony zeskokiem (DDJ) moze by¢ wyrozniajagcym narzedziem w ocenie predkosci jazdy
na lodzie, zarowno do przodu, jak i1 do tylu, a takze predkosci maksymalnej ze wzgledu na
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najsilniejsze korelacje z wynikami testow predkosci na lodzie. Skok z potprzysiadu (SJ) moze
wptywaé na ocene $redniej predkosci jazdy do tytu oraz predko§¢ maksymalng, co réwniez
wskazuje na jego warto$¢ jako testu wykonywanego poza lodem. Natomiast skok z zamachem
ramion (CMJ) jest mniej uzyteczny jako narzedzie stuzace do wspierania oceny sprawnosci

specjalnej, gdyz korelowat istotnie tylko z jedng zmienng (BASS).

Badanie podkres$la réwniez, ze testy skokéw pionowych nie sg dobrymi testami w ocenie
zdolnosci do powtarzania sprintow ani wytrzymalo$ci na lodzie. Ostatecznie, badania
dostarczajg informacje dla treneréw hokeja na lodzie, mogace pomdéc w projektowaniu
programow treningowych, ktére z kolei moga wptyna¢ pozytywnie na specyficzne umiejgtnosci
jazdy na lodzie poprzez odpowiednie testy poza lodem. Wyniki te wskazuja na potrzebe
dalszych badan nad relacjami migdzy réznymi formami treningu poza lodem a osiggami na
lodzie, aby lepiej zrozumie¢, ktore elementy treningu maja najwigkszy wplyw na wydajno$¢ na

lodzie.

Celem badan w publikacji 4 byto okreslenie wptywu przerwy wypoczynkowej o czasie
trwania 2 i 3 minut, pomigdzy kolejnymi seriami testu powtarzanego sprintu na tyzwach
(RSSA) na efektywno$¢ jazdy na tyzwach hokeistow. W badaniach udzial wzigto 24
zawodnikow klubu hokejowego Zaglebie Sosnowiec, rywalizujacego w najwyzszej lidze
hokejowej w Polsce. Ostatecznie do badania wybrano niekontuzjowanych zawodnikow z pola
cechujacych sie minimum 5-letnim do$wiadczeniem w grze w hokeja na lodzie. Zawodnicy
trenowali w regularnym schemacie programu treningowego poza sezonem, ktory obejmowat
takze 2-3 sesje sitowe tygodniowo trwajace okoto 60 minut, ze srednim RPE okoto 7 (w skali
1-10). Badanie zostato przeprowadzone w okresie przedsezonowym 2020 roku, w ciggu 4 dni.
W pierwszym dniu mierzono wysoko$¢, mase i sktad ciala zawodnikow. Badanie
antropometryczne wykonano przy uzyciu analizatora sktadu ciata (InBody170, Biospace, Seul,
Korea).

W kolejnym dniu przeprowadzono test wytrzymatosci tlenowej (SMAT), ktory zostat
wykorzystany do okreslenia maksymalnej czgstosci skurczow serca (HRmax) i oszacowania
putapu tlenowego (VO2max) Z Wykorzystaniem wzoru zaproponowanego przez Allisse i Leone
(Allisse i in., 2020; Leone i in., 2007). Pomiar maksymalnej czestosci skurczow serca i
szacowanego putapu tlenowego za pomoca wieloetapowego testu aerobowego (SMAT) na
tyzwach zaprojektowany przez Allisse i Leone, zostat przeprowadzony na krytym lodowisku
do gry w hokeja na lodzie (Allisse i in., 2020). Badany poruszal si¢ po wyznaczonych na

lodowisku odcinkach (45m). Szybko$¢ zwigkszana byta stopniowo, do momentu w ktérym
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zawodnik nie byt w stanie jej utrzymac. Tempo jazdy byto dyktowane sygnatami dzwiekowymi
emitowanymi przez skalibrowany odtwarzacz audio. Pr¢dkos¢ poczatkowa wynosita 3,5 m/s,
po czym nastgpowal skokowy przyrost o 0,2 m/s. Dozwolony byt pasywny okres regeneracji
wynoszacy 30 sekund przed rozpoczg¢ciem kolejnego sprintu. Do 0szacowania poziomu VO2max

osoby badanej wykorzystano nastepujacy wzor:

VOomax = 18,07 x (maksymalna predko$¢ w m-s ) — 35,596 mL-kg *-min !

W dniach 3 i 4 (oddzielonych 5 dniami) wykorzystano test powtarzanej jazdy na tyzwach
z maksymalng predkosciag (RSSA) z uwzglednieniem dwoch réznych czaséw trwania przerwy
wypoczynkowej. Mierzono bierny okres regeneracji (2 i 3 min) pomigdzy seriami RSSA.
Eksperymenty w dniach 2, 3 i 4 prowadzono o tej samej porze dnia (od 10:00 do 13:00 i od
18:00 do 21:00). Na podstawie literatury do oceny powtarzanego testu sprintu na tyzwach
(RSSA) wybrano test stworzony przez Hulka (Hulka i in., 2014). Test ten sktadat si¢ z 6 serii
prob sprinterskich. Badani byli zaznajomieni z tym testem a kazda seria prob sprinterskich
sktadata si¢ ze sprintu w formie 3 x 80 m. Kazde powtorzenie sprintu sktadato si¢ z 18 m jazdy
do przodu prosto z linii bramkowej, zatrzymania si¢ na linii niebieskiej (2 m od bandy),
nastepnie jazdy do tytlu 22 m na linii bramkowej, nast¢pnie jazdy do przodu 22 m do linii
niebieskiej, a nastgpnie ostro skrecajac w prawo w kierunku linii bramkowej i ostatnie 18 m
jadac do przodu do mety na linii bramkowej. Tym samym taczny dystans pokonany w kazdym
powtorzeniu sprintu wynosit 80 m. Automatyczny laserowy system pomiaru czasu w postaci
fotokomorek (Mircrogate, Racetime 2, Bolzano, Wtochy) zostal uzyty do pomiaru sprintu
kazdego badanego. W ramach protokolu badawczego, po kazdym wykonanym tescie sprintu
na tyzwach, uczestnik byt zobowigzany do powrotu do punktu startowego. Ten powrot odbywat
si¢ w formie aktywnej przerwy wypoczynkowej aktywna, podczas ktorej uczestnik poruszat si¢
z umiarkowang predkoscig. Catkowity czas przeznaczony na regeneracj¢ mi¢dzy kolejnymi
sprintami wynosit 30 sekund, co obejmowato czas potrzebny na aktywng przerweg
wypoczynkowg oraz przygotowanie do nastepnego sprintu.. Po serii sprintow nastepowat okres
regeneracji, stosowano regeneracje¢ bierng, ktorg definiowano jako catkowity brak aktywnosci
tyzwiarskiej 1 odpoczynek w wyznaczonym obszarze zmian. Czas trwania tej regeneracji
pasywnej mierzono za pomocg stopera recznego. Wyraznie okreslono, ze w trakcie regeneracji
biernej uczestnicy nie podejmowali zadnych form ruchu, co pozwalato na pelng fizyczna
regeneracj¢ przed kolejnym sprintem. Badany w te$cie wykonat dwa rodzaje testow RSSA w

oparciu 0 czas trwania biernej przerwy wypoczynkowej RSSA-2: okres regeneracji biernej
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pomi¢dzy dwoma kolejnymi seriami wynosit 2 min; RSSA-3: czas trwania okresu regeneracji
pomie¢dzy dwoma seriami wynosit 3 min. Wskaznik spadku predkosci (%) w kazdym zestawie

testow RSSA zostal obliczony przy uzyciu nastepujacego wzoru:

Sdec (%) = [(S1 + S2 + S3)/(3 x Sbest) — 1] x 100 (Campa, Semprini, i in., 2019)

gdzie S1 do S3 to czasy 3 powtdrzen sprintu w zestawie, a Sbest to najlepszy czas sprintu
w probie. Do rejestracji maksymalnej czgstosci skurczow serca podczas testu wykorzystano
system Polar Team2 (Polar Electro Oy, Kempele, Finlandia). Maksymalng czgsto$¢ skurczow

serca rejestrowano w odstepie 2 s od rozgrzewki do konca 6. serii.

Na podstawie przeprowadzonych badan mozna stwierdzi¢, iz jedna dodatkowa minuta
odpoczynku miala istotny wplyw na $rednig predkos¢, maksymalng czestos¢ skurczow serca |
reakcje percepcyjne graczy. Waznym wymogiem sprawnosciowym hokeisty jest umiejetnosé
szybkiej regeneracji i odtworzenia wynikow w kolejnych intensywnych wysitkach (Allisse i
in., 2018). BLa zarejestrowane w testach RSSA-2 i RSSA-3 w tym badaniu wykazuja
podobienstwa do meczu hokeja na lodzie. W RSSA-2 BLa wahat si¢ od 5,58 do 14,99 mmol/l,
przy $redniej wartosci 8,72 mmol/l. W RSSA-3, srednia BLa w RSSA-3 wynosita 12,27 +2,75
mmol/l, w zakresie od 6,16 do 17,71 mmol/l. Wyzsza predkos¢ jazdy w RSSA-3
prawdopodobnie odpowiada za wyzsza BlLa pomimo dluzszego czasu odpoczynku w
poréwnaniu do RSSA-2. Maksymalne obciazenie serca, wskazywane przez HRpeak, zarowno
w RSSA-2, jak i RSSA-3, jest podobne, jak wskazuje podobny HRpeak, chociaz zawodnicy
doswiadczyli wigkszego ogdlnego obcigzenia serca w RSSA-2 niz w RSSA-3. Wynika to z
wyzszego HRmin w RSSA-2. Krotszy okres odpoczynku w RSSA-2 powoduje, ze HR
pozostaje podwyzszone. RSSA-3 w tym badaniu wywotywata znaczaco nizsze RPE pomimo
wyzszej Sredniej predkosci jazdy w porownaniu z RSSA-2. Nizsze HRaver 1 dluzszy okres
odpoczynku prawdopodobnie sa odpowiedzialne za zmniejszenie odczuwania zmgczenia w
RSSA-3, chociaz HRpeak w obu protokotach byly podobne. Wyniki badania wykazuja, ze
wydhuzony czas przerwy (3 minuty) nie tylko przyczynit si¢ do wzrostu $redniej predkosci
jazdy, ale rowniez poprawil jako$¢ ruchow zwigzanych z przyspieszeniem, zwrotami i
zatrzymaniami, ktore sg kluczowymi elementami sprawnosci fizycznej w hokeju na lodzie.
Dhuzsza regeneracja umozliwita zawodnikom bardziej dynamiczne wykonywanie tych
manewréw, co moglo przyczyni¢ si¢ do efektywniejszego poruszania si¢ na lodzie.
Zmniejszone zmeczenie pozwalato na wigkszg precyzje 1 zwinno$¢ w sytuacjach, gdzie szybkie

reakcje 1 natychmiastowe zmiany kierunku gry sa niezbgdne do osiggnigcia przewagi na boisku.
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Z tego wzgledu, optymalne wykorzystanie czasu na regeneracj¢ podczas meczu moze mieé
bezposrednie przelozenie na poprawe sprawnosci fizycznej zawodnikow oraz ich zdolno$¢ do
efektywnego wykorzystania technik przyspieszenia i nawracania, ktére s3a kluczowe w

dynamicznych sytuacjach meczowych.

Celem badan w publikacji 5 byla ocena wybranych zdolnosci motorycznych
zawodnikow hokeja na lodzie, mierzonych zarowno w warunkach poza lodem (off-ice), jak i
na lodzie (on-ice) za pomoca testu oceny funkcjonalnej (FMS), testow mocy konczyn dolnych
(KKD) z uzyciem skokéw pionowych oraz testow szybkosci na lodzie w postaci sprintow na
réznych dystansach. W badaniu uczestniczylo 54 zawodnikow elitarnego poziomu
rywalizujacych w Polskiej Lidze Hokejowej (PHL) w sezonie 2019/2020. Badania

przeprowadzono w dwoch etapach.

W pierwszym etapie oceniono sktad ciala oraz przeprowadzono test FMS, ktory obejmowat
siedem prob: gleboki przysiad, krok przez ptotek, wypad w linii, mobilnos¢ barkow, aktywne
podnoszenie nogi, pompki oraz stabilno$¢ rotacyjng. W drugim etapie mierzono moc konczyn
dolnych za pomoca trzech skokow pionowych: skoku z zamachem (CMJ), skoku z potprzysiadu
(SJ) oraz skoku poprzedzonego zeskokiem z wysokos$ci 45 cm (DDJ). Pomiar mocy konczyn
dolnych odbywat si¢ przy wykorzystaniu systemu optycznego OptoJump Next (Microgate,
Bolzano, Wlochy). Nastepnie przeprowadzono testy sprintow na lodzie na odcinkach 0-10 m,
10-30 m oraz 0-30 m, z uzyciem fotokomodrek Racetime 2 (Microgate, Bolzano, Wiochy).
Wyniki testow FMS wykazaly istotne korelacje z wynikami skokoéw pionowych oraz sprintow
na lodzie. Wyzsze wyniki w tescie FMS korelowaly z lepszymi wynikami w testach mocy
konczyn dolnych 1 szybkosci jazdy na lodzie. Na przyktad, w przypadku skoku z zamachem
(CMJ) wyzsze wyniki w tescie FMS korelowaty ze §rednig wysoko$cia skoku wynoszaca 49,03
+ 6,84 cm oraz moca skoku wynoszaca 4725 = 517,24 W (r = 0,54; p < 0,001). Podobnie, w
skoku z potprzysiadu (SJ) srednia wysokos¢ skoku wynosita 41,06 = 6,03 cm, a moc skoku
wynosita 4244 + 465,78 W (r = 0,48; p < 0,001). W tescie DDJ $rednia wysoko$¢ skoku
wynosita 43,91 + 6,61 cm, a moc skoku wynosita 4414 £ 511,40 W (r = 0,50; p < 0,001).
Wyniki testow sprintu na lodzie rowniez wykazaly istotne korelacje z wynikami testu FMS. W
sprintach na odcinku 0-10 m $rednia predko$¢ hokeistow wynosita 5,89 + 0,34 m/s (r = -0,43;
p < 0,001). Na odcinku 10-30 m s$rednia predko$¢ wynosita 8,28 = 0,37 m/s (r = -0,37; p <
0,006), a na odcinku 0-30 m $rednia predkos¢ zawodnikoéw wynosita 7,28 + 0,28 m/s (r = -0,60;
p < 0,001). W tescie maksymalnego sprintu na odcinku 15 m $rednia predko$¢ zawodnikow

wynosita 10,19 + 0,51 m/s (r =-0,42; p < 0,01). Dodatkowo wyniki zostaty przeanalizowane z
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uwzglednieniem pozycji zawodnikow (napastnikow i1 obroncow). W przypadku obroncow
lepsze wyniki w tesScie FMS byty zwigzane z wyzszymi wynikami w skokach z zamachem
(CMJ) (r = 0,69; p < 0,002), skokach z potprzysiadu (SJ) (r = 0,60; p < 0,007), skokach z
zeskokiem (DDJ) (r = 0,62; p < 0,005), sprintach na odcinku 0-10 m (r = -0,66; p < 0,002),
sprintach na odcinku 10-30 m (r = -0,54; p < 0,018) oraz sprincie na odcinku 0-30 m (r = 0,70;
p <0,001). W przypadku napastnikow lepsze wyniki w tescie FMS byty zwigzane z wyzszymi
wynikami w skokach z zamachem (CMJ) (r = 0,54; p < 0,001), skokach z potprzysiadu (SJ) (r
=0,48; p < 0,001) oraz skokach z zeskokiem (DDJ) (r = 0,50; p < 0,001).

Na podstawie przeprowadzonych badan mozna stwierdzi¢, iz test FMS moze by¢ uzywany jako
narzgdzie pomocne w oszacowaniu wynikéw sportowych u zawodnikéw hokeja na lodzie,
zwlaszcza w sytuacjach ograniczonego czasu i1 duzej liczby testowanych zawodnikow.
Uzyskane wyniki daja podstawg do sformutowania wniosku, ze zawodnicy o lepszych
wynikach w tescie FMS osiggaja lepsze wyniki w skokach pionowych i sprintach na lodzie, co
moze mie¢ praktyczne zastosowanie w planowaniu programow treningowych. Implementacja
programu treningowego opartego na wynikach FMS moze pomdéc w poprawie wynikow
sportowych, zwlaszcza w zakresie mocy konczyn dolnych i uzyskiwanej predkosci poruszania
si¢ na lodzie. Dalsze badania powinny uwzglednia¢ poréwnanie z grupg kontrolng oraz

dhugoterminowy wplyw takiego treningu na efektywnos$¢ sportowa.

8. Dyskusja

Analiza wybranych czynnikéw determinujacych sprawnos$¢ specjalng zawodnikow pitki
noznej 1 hokeja na lodzie pozwala na zrozumienie, jak réznorodne metody treningowe
wplywaja na parametry motoryczne sportowcow w tych dwoch zespotowych grach

sportowych.

Trening sportowy ewoluowal, odchodzac od tradycyjnych metod na rzecz stymulowania
adaptacyjnych proceséw organizmu przy wykorzystaniu nowoczesnych technologii i analizy
danych, z naciskiem na rozwijanie zdolno$ci motorycznych 1 umiejetnosci specyficznych dla
dyscypliny (Baechle i Earle, 2018; Bompa i Haff, 2009). Trening funkcjonalny i zarzadzanie
regeneracja, w tym optymalizacja przerw wypoczynkowych, stanowig istotne filary
przygotowania sportowcow. O ile trening funkcjonalny ma na celu poprawe zdolno$ci
motorycznych, takich jak szybko$¢, moc konczyn dolnych czy koordynacja, o tyle przerwy
wypoczynkowe pozwalaja na odpowiednig regeneracje pomiedzy wysitkami. Badania
pokazuja, ze dlugo$¢ przerwy wypoczynkowej wpltywa na zdolno$¢ do powtarzania
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intensywnych wysitkow, takich jak sprinty, co ma kluczowe znaczenie w sportach, gdzie
krotkie, intensywne akcje s3a przeplatane okresami regeneracji. Integracja treningu
funkcjonalnego z odpowiednim zarzadzaniem przerwami moze prowadzi¢ do maksymalizacji
efektow treningu, co moze tez mie¢ znaczenie w ograniczaniu ryzyka przetrenowania i kontuzji
(Bompa i Haff, 2009; Boyle, 2016; Cook i in., 2014b; Jovanovi¢, 2018). Jednym z narzedzi,
ktore zyskuje coraz wigksze uznanie, jest FMS, ktory umozliwia oceng wzorcow ruchowych i
zdolno$ci motorycznych. Badania przeprowadzone na elitarnych sportowcach (siatkarze,
pitkarze, rugbisci) wykazaty, ze rézne dyscypliny sportowe ksztaltujg specyficzne wzorce
ruchowe, co jest skorelowane z wynikami FMS (Campa, Spiga, i in., 2019). Program
treningowy oparty na wynikach FMS pomdgt w poprawie jakosci ruchu i zmniejszeniu ryzyka
urazoéw u miodych pitkarzy. Regularne monitorowanie i korekcje ruchowe przyczynity si¢ do

lepszej wydolnosci fizycznej i zmniejszenia liczby urazow bezkontaktowych (Dinc i in., 2017).

W badaniu nad pitkarzami mtodziezowymi z Centralnej Ligi Juniorow zastosowano
dwunastotygodniowy program treningu funkcjonalnego, ktéory mial na celu poprawe
mobilno$ci, stabilnosci oraz wzorcow ruchowych. Wyniki wykazaty istotng poprawe
zawodnikow w testach FMS, co sugeruje, ze taki rodzaj treningu moze skutecznie rozwija¢
zdolnos$ci motoryczne 1 zapobiega¢ urazom u mtodych sportowcow. Poprawa mocy konczyn
dolnych byla widoczna we wszystkich testach skokow, cho¢ tylko w przypadku skoku z
przysiadu (SJ) zmiany byly statystycznie istotne. Wyniki testow biegowych charakteryzowaty
si¢ duzg zmiennos$cig, z poprawg czasu na dystansach 5-10 m i 10-30 m, co wskazuje na
potencjalng skuteczno$¢ treningu w poprawie szybkosci startowej i srodkowej fazy sprintu.
Wyniki te s3 zgodne z wezesniejszymi badaniami, ktére rowniez wykazaty pozytywny wptyw
treningu funkcjonalnego na poprawe wzorcow ruchowych oraz zapobieganie urazom. Na
przyktad, Cook i wsp. wskazali, ze programy treningowe oparte na testach FMS moga
prowadzi¢ do znaczacych popraw w mobilnosci 1 stabilno$ci, co jest kluczowe dla ogdlnej
sprawnosci fizycznej sportowcow (Cook i in., 2014a). Podobnie, Minick i wsp. oraz Peate i
wsp. wykazali, ze ukierunkowane interwencje treningowe mogg skutecznie zmniejszac liczbe
urazow (Minick i in., 2010; Peate i in., 2007). Ponadto, badania Dinc i wsp. nad mlodymi
sportowcami podkreslity konieczno$§¢ dostosowywania programoéw treningowych do
indywidualnych potrzeb, co jest kluczowe dla poprawy jakos$ci ruchu i zmniejszenia ryzyka
urazu (Dinc i in., 2017). W badaniach nad elitarnymi sportowcami, Campa, Spiga i wsp.
wykazali, ze rézne dyscypliny sportowe ksztattuja specyficzne wzorce ruchowe, ktore sg

skorelowane z wynikami FMS, co sugeruje, Ze trening funkcjonalny moze by¢ skutecznym

29



narzedziem w rozwijaniu zdolno$ci motorycznych w sportach zespotowych (Campa, Spiga, i
in., 2019). Wnioski z powyzszych badan wskazuja, ze trening funkcjonalny oparty na testach
FMS moze znaczaco poprawi¢ zdolno$ci motoryczne mtodych pitkarzy oraz zmniejszy¢ ryzyko
urazéw, co jest zgodne z literaturg przedmiotu. Zatem zastosowanie takich programow
treningowych w praktyce sportowej moze przynies¢ znaczace korzysci w kontekscie poprawy

wynikow sportowych i zdrowia zawodnikow.

Pomimo pozytywnych wynikow, wystapity pewnie ograniczenia. Badanie nie byto klasycznym
eksperymentem w pelnym tego stowa znaczeniu. Z uwagi na specyfike warunkow
treningowych 1 okresu trwania sezonu, w jakim przeprowadzano badania, nie mozna byto
zastosowa¢ petnej randomizacji ani wyizolowa¢ wszystkich zmiennych zaktdcajacych.
Niemniej jednak, podjeto wszelkie mozliwe kroki, aby zminimalizowa¢ wplyw tych
czynnikow. Zastosowano standardowe testy oceny sprawnosci, takie jak FMS, oraz regularny
monitoring zawodnikow, co pozwolilo na zachowanie poréwnywalnosci wynikow i
zwigkszenie wiarygodnosci analiz. Dodatkowo, badanie nie uwzgledniato dlugoterminowych
efektow programu treningowego ani wptywu na ryzyko kontuzji w dtuzszej perspektywie. Aby
uzyskac petniejszy obraz wptywu treningu funkcjonalnego, konieczne bytoby przeprowadzenie
badan o dluzszym czasie trwania oraz zastosowanie wigkszej proby badawczej, co pozwolitoby
na dokladniejsze sledzenie rezultatow 1 ich trwatosci. Mimo tych ograniczen, wyniki
dostarczaja cennych wskazowek dotyczacych potencjalnych korzysci ptynacych z wdrozenia

programow opartych na FMS, szczegdlnie w kontekscie poprawy wzorcéw ruchowych.

W badaniu hokeistow z mtodziezowej ligi hokejowej (MHL) oraz Centralnej Ligi Juniorow
(CLJ) w Polsce analizowano korelacje migdzy wynikami skokow pionowych a wynikami
testow na lodzie. Wyniki wykazaty, ze test DDJ jest najwyzej skorelowany z wynikami w
testach jazdy na tyzwach, co wskazuje na kluczowg rolg mocy konczyn dolnych w kontekscie
efektywnosci poruszania si¢ na lodzie. Testy SJ 1 CMJ rowniez wykazaty istotne korelacje z
niektorymi parametrami predkosci jazdy, co podkresla znaczenie skokow pionowych jako
miary zdolno$ci motorycznych w hokeju na lodzie. Wyniki te sa zgodne z wczes$niejszymi
badaniami. Na przyklad w badaniu przeprowadzonym przez Farlingera wykazano Zze moc
konczyn dolnych, mierzona przez testy skokow, jest silnie skorelowana z wynikami sprintow
na lodzie, co sugeruje, ze testy skokéw pionowych moga by¢ uzyteczne do oceny zdolnosci
motorycznych w hokeju na lodzie (Farlinger i in., 2007). Z kolei Behm i wsp. stwierdzili, ze
predkos¢ jazdy na tyzwach jest skorelowana z wynikami testow skokéw pionowych,

podkreslajac znaczenie treningu mocy konczyn dolnych dla poprawy wynikow sportowych w
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hokeju (Behm i in., 2005). W badaniu Janota wykazano, ze testy skokéw pionowych moga
przewidywa¢ wyniki predkosci jazdy na lodzie, co potwierdza znaczenie tych testow jako
narzedzi do oceny zdolnosci motorycznych hokeistow (Janot i in., 2015). Podsumowujac,
istnieje silna korelacja miedzy wynikami skokow pionowych a wydajnoscig na lodzie, co
wskazuje na kluczowa role mocy konczyn dolnych w konteks$cie rozwoju sportowego w hokeju
na lodzie, co podkreslajg rowniez wyniki badan przeprowadzone przez Rocznioka, w ktorych
wykazano wysokg korelacje (r = -0.77) migdzy skokami wertykalnymi (CMJ) a szybko$cig
jazdy na tyzwach na dystansie 30m (Roczniok i in., 2024). Zastosowanie roznorodnych metod
treningowych, w tym FMS 1 treningu funkcjonalnego, umozliwia sportowcom poprawe

zdolno$ci motorycznych oraz zmniejszenie ryzyka urazow.

Kolejnym aspektem wptywajacym na wyniki sportowe jest zarzadzanie regeneracja. Badania

przeprowadzone na hokeistach wykazaty, Ze odpowiednie zarzadzanie przerwami
wypoczynkowymi pomiedzy intensywnymi seriami ¢wiczen, na przyktad w testach
powtarzanej jazdy na tyzwach (RSSA), moze miec istotny wplyw na efektywno$¢ zawodnikow.
Wyniki te sugeruja, ze dtuzsze przerwy wypoczynkowe (3 minuty w poréwnaniu do 2 minut)
pozwalaja na lepsza regeneracje, co z kolei skutkuje szybszym wykonaniem zadania testowego,
na ktore sktadaly si¢: dynamiczne przyspieszenia, zatrzymania, zmiany kierunku. Test RSSA
byt tak skonstruowany, aby uwzglednia¢ rdézne elementy sprawnosci specjalnej hokeisty, takie
jak zwinnos¢, dynamika ruchoéw 1 zdolnos$ci do szybkich zmian kierunku. Szybko$¢, mimo ze
stanowila globalny miernik w badaniu, byla wynikiem kompleksowej oceny sprawnosci
specjalnej zawodnikow, a nie jedynym wskaznikiem efektywnosci. Takie wyniki mogg mieé
praktyczne zastosowanie w optymalizacji procesu treningowego 1 zarzadzania czasem
przebywania zawodnikow na tawce rezerwowych, co jest szczegdlnie istotne w sportach takich
jak hokej, gdzie wysitek jest intensywny, a przerwy krotkie (Htilka i in., 2014). Zastosowanie
przerw o rdéznym czasie trwania jest szczegdlnie istotne w konteksScie testow powtarzanego
sprintu na lodzie (RSSA), gdzie wyniki wskazuja, ze dtuzszy czas przerwy pozwala na lepsza
regeneracj¢ organizmu i utrzymanie wyzszej predkosci podczas kolejnych powtorzen sprintow.
Ponadto, wyzsze warto$ci mleczanu we krwi (BLa) i wigksze obcigzenie serca (HRpeak) w
testach RSSA-3 wskazujg na wiekszy wysitek fizyczny w krotszym czasie, co moze by¢
korzystne z punktu widzenia adaptacyjnych zmian fizjologicznych (Allisse i in., 2020).

W hokeju na lodzie, gdzie wysitek jest intensywny, a przerwy krotkie, umiejetnos$¢ szybkiej
regeneracji jest kluczowa dla sukcesu zawodnika. W tym konteks$cie, zastosowanie dluzszej

przerwy wypoczynkowej moze przynie$¢ wymierne korzysci w zakresie wydolnosci fizycznej
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i minimalizacji zmeczenia, co z kolei moze przetozy¢ si¢ na lepsze wyniki podczas rywalizacji

lub w procesie treningowym (Behm i in., 2005; Farlinger i in., 2007).

Gtowne wyniki badan nad elitarnymi hokeistami z najwyzszej ligi w Polsce (PHL) podkreslaja
znaczenie testu FMS jako potencjalnego narzgdzia oceny sprawnosci specjalnej w hokeju na
lodzie. Wyniki wykazaty istotne pozytywne korelacje migdzy FMS a wynikami testow skokow
i szybkosci na lodzie. FMS moze by¢ zatem uzyteczny w ocenie potencjatu fizycznego,
zwlaszcza w warunkach ograniczonego czasu i1 duzej liczby testowanych zawodnikow. To
sugeruje rowniez, ze FMS moze by¢ pomocny w opracowywaniu programow treningowych,
ktore zwicksza efektywno$¢ i1 przeciwdziatanie kontuzjom (Campa, Piras, i in., 2019; Cook i
in., 2014a).

Wyniki te sg zgodne z wczesniejszymi badaniami, ktére rowniez potwierdzaja przydatnosé
FMS w ocenie i poprawie wydajnosci sportowej. Na przyktad, badania Rowana wykazaly, ze
ocena funkcjonalna moze by¢ zintegrowana z kompleksowymi ocenami medycznymi i
fizjologicznymi w celu maksymalizacji wydajnosci hokeistow i zapobiegania urazom (Rowan
i in., 2015). Podobnie badania Parenteau dowiodtly, ze FMS jest wiarygodnym testem do oceny
mtodych elitarnych hokeistow, co moze pomoc fizjoterapeutom w opracowywaniu programow
zapobiegania urazom (Parenteau-G i in., 2014). Ponadto, badania Bennetta i wsp. nad mtodymi
elitarnymi pitkarzami australijskimi wykazaly, Ze oceny jakosci ruchu za pomoca FMS s3 $cisle
skorelowane z wynikami fizycznymi, takimi jak szybkos$¢, moc, zwinno$¢ i wydolnos¢ tlenowa
(Bennett i in., 2022). FMS moze by¢ wigc skutecznym narzedziem oceny zdolnosci
motorycznych 1 ryzyka urazow wsrod elitarnych hokeistow, co moze wspiera¢ rozwdj bardziej

efektywnych i bezpiecznych programoéw treningowych.

Nieodzownym elementem w procesie treningowym i rywalizacji sportowej jest sprawnos¢
specjalna, ktora r6zni si¢ w zalezno$ci od dyscypliny. Zardéwno w pitce noznej, jak i w hokeju
na lodzie, programowanie treningu wymaga dynamicznych i precyzyjnych rozwigzan, ktore
musza by¢ dostosowane do zmieniajagcych si¢ warunkow oraz specyfiki danego sportu.
Wspolczesny trening sportowy ewoluuje, odchodzac od tradycyjnych metod na rzecz podejscia
interdyscyplinarnego, ktore opiera si¢ na zaawansowanej analizie danych i nowoczesnych
technologiach. Dzigki temu trenerzy moga precyzyjniej rozwija¢ zdolnosci motoryczne i
specyficzne umiejetnosci sportowcoéw (Jovanovié, 2018; Lewis i in., 2015; Tanner i Gore,
2013). Wyzwaniem w zarzadzaniu treningiem sportowym, zarOwno w pilce noznej, jak i w
hokeju na lodzie, jest interpretacja duzej ilosci danych oraz réznorodnos$¢ teorii naukowych,
ktore czasami sa ze soba sprzeczne. Niezbedne jest stosowanie precyzyjnych technik
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badawczych, ktére umozliwiaja doktadng diagnoze oraz monitorowanie postepow

treningowych (Osinski, 2018; Roczniok i in., 2012).

Podsumowujac, w pitce noznej, badania przeprowadzone na miodych pitkarzach z Centralne;j
Ligi Juniorow wykazaty, ze dwunastotygodniowy program treningu funkcjonalnego przyniost
znaczacg poprawe w testach FMS, co przetozylo si¢ na lepsza mobilnos¢, stabilno$¢ oraz
zdolno$ci motoryczne, takie jak moc konczyn dolnych i szybko§¢. Wyniki te sg zgodne z
wczesniejszymi badaniami, ktdre potwierdzily, ze trening funkcjonalny moze skutecznie
wspiera¢ rozwoj kluczowych umiejetno$ci motorycznych i zapobiega¢ urazom (Cook i in.,
2014a; Zajac, 2017). Podobne efekty obserwuje si¢ w hokeju na lodzie, gdzie testy skokow
pionowych, takie jak SJ i CMJ, wykazuja silne korelacje z predkosciag jazdy na lodzie,
podkreslajac role mocy konczyn dolnych w wydajnosci sportowej (Behm i in., 2005; Farlinger
i in., 2007). Jednym z istotnych aspektow wptywajacych na wydajno$¢ sportowcow, zarowno
w pitce noznej, jak 1 hokeju na lodzie, jest optymalizacja regeneracji. Badania nad powtarzang
jazda na tyzwach (RSSA) wykazaly, ze przerwa wypoczynkowa trwajaca 3 minuty w
porownaniu do przerwy 2-minutowej pozwala na lepsza regeneracj¢, co skutkuje wyzsza
predkoscia jazdy, mniejszym zmeczeniem oraz nizszym obcigzeniem serca (Allisse i in., 2020;
Campa, Semprini, i in., 2019). Wyniki te sg istotne dla zarzadzania obcigzeniem zawodnikow
w trakcie meczu, szczegbdlnie w kontekscie optymalizacji przerw wypoczynkowych w hokeju
na lodzie, gdzie krotkie przerwy sg czescia specyfiki tego sportu. Podobne mechanizmy moga
by¢ zastosowane w pilce noznej, gdzie dynamiczny charakter gry réwniez wymaga
precyzyjnego zarzadzania regeneracjg migdzy intensywnymi okresami wysitku. W hokeju na
lodzie, wyniki badan nad elitarnymi zawodnikami Polskiej Hokej Ligi (PHL) wskazuja, ze FMS
moze by¢ skutecznym narzedziem oceny specyficznych zdolno$ci sportowych (Campa, Piras,
i in., 2019). Podobne wyniki zaobserwowano u pitkarzy, gdzie lepsza jako$¢ ruchu, oceniana
na podstawie FMS, przektada si¢ na poprawe wydajnosci fizycznej, takich jak szybkos§¢, moc 1

zwinnos¢ (Bennett i in., 2022).

Tak wiec zastosowanie FMS oraz treningu funkcjonalnego, potaczone z optymalizacja
regeneracji, pozwala na skuteczniejsze planowanie treningdw, ktdre rozwijaja zaré6wno

zdolnosci motoryczne, jak i specyficzne umiejetnosci sportowe.

Zintegrowane podej$cie do treningu, ktére obejmuje zardéwno trening funkcjonalny,
optymalizacje regeneracji, jak 1 specyficzne metody treningowe dostosowane do danej
dyscypliny, jest kluczowe dla poprawy wydajnosci sportowej w pitce noznej i hokeju na lodzie.

Wyniki badan potwierdzaja, ze zarzadzanie przerwami wypoczynkowymi oraz monitorowanie
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zmegczenia zawodnikOw moze znaczaco wplyngé na mozliwosci sprawnosci specjalne;.
Nowoczesne technologie pomiarowe oraz interdyscyplinarne podej$cie do analizy danych
umozliwiajg lepsze dostosowywanie treningéw do indywidualnych potrzeb zawodnikow, co w
konsekwencji prowadzi do podnoszenia ich sprawnosci i efektywno$ci na arenie sportowej

(Jovanovi¢, 2018; Lewis i in., 2015).
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9. Whnioski

Zrealizowane badania dotyczace sprawnos$ci specjalnej zawodnikow pitki noznej i hokeja na
lodzie dostarczaja istotnych informacji na temat wptywu treningu funkcjonalnego i
wykorzystania testow diagnostycznych na parametry motoryczne sportowcow. Wnioski te
moga poshuzy¢ do praktycznego zastosowania nowoczesnych metod treningowych w celu
poprawy wynikow sportowych zawodnikéw na roéznych poziomach zaawansowania. Na
podstawie przeprowadzonych badan oraz ich wynikow mozna sformutowac nastepujace

whnioski:

1. Trening funkcjonalny dostosowany do wynikéw testu FMS pozytywnie wplywa na
status funkcjonalny, szybkos¢ i moc konczyn dolnych u mlodych piltkarzy noznych.
Szczegdtowa analiza efektow 12-tygodniowego programu treningowego funkcjonalnego
ujawnia jego pozytywny wpltyw na zwigkszenie szybko$ci zawodnikoéw na dystansie 30
metrow. Interesujace jest jednak, ze trening ten nie przynidst znaczacych popraw w
pierwszych pieciu metrach sprintu, co sugeruje potrzebg dalszych badan w celu zrozumienia
tego zjawiska. Wykorzystanie testu FMS do identyfikacji deficytow funkcjonalnych i
asymetrii okazalo si¢ skuteczng metoda w prognozowaniu wynikéw w skokach pionowych
oraz sprintach, co podkresla jego warto$¢ w planowaniu treningu. Dostosowanie treningu
do indywidualnych cech i wymagan moze znaczaco przyczyni¢ si¢ do poprawy

efektywnosci treningu.

2. Badanie przeprowadzone na hokeistach wykazalo istotne zwiazki miedzy wynikami w
testach skokow pionowych a wynikami na lodzie, co demonstruje, Ze moc KKD moze
bezposrednio wplyna¢ na sprawnos¢ specjalng badanych zawodnikéw. Skoki takie jak
CMIJ i SJ moga by¢ uzyteczne do prognozowania mozliwosci fizycznych w sprintach na

lodzie, co jest istotne dla planowania treningu i taktyki meczowej.

3. Wyniki testéw oceniajacych moc konczyn dolnych istotnie koreluja z wynikami testow
sprawnosci specjalnej mlodziezowych hokeistow na lodzie. Przeprowadzone badania
ujawniaja, ze rézne rodzaje skokow pionowych, takie jak DDJ, SJ 1 CMJ, z rdzng sitg
korelujg z predkoscig 1 efektywnoscig jazdy na lodzie. Testy DDJ wykazaty najsilniejsze
korelacje z wynikami w testach predkosci jazdy do przodu i do tytlu oraz maksymalne;j

predkosci, podczas gdy SJ i CMJ réwniez wykazaly istotne korelacje, ale w mniejszym
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stopniu. Testy skokow pionowych okazaly si¢ mniej przydatne w ocenie zdolnosci do
powtarzania sprintow oraz wytrzymatosci. Wyniki te podkreslaja znaczenie mocy konczyn
dolnych w kontekscie efektywnosci sportowej mtodych hokeistow na lodzie i wskazujg na
potrzebe dalszych badan nad relacjami migdzy r6znymi formami treningu poza lodem a

osiggami na lodzie.

W zespolowych grach sportowych zastosowanie przerw wypoczynkowych odgrywa
kluczowa rol¢ w zwiekszaniu wydajnosci zawodnikéw. Kluczowym elementem
wpltywajacym na wyniki sportowe jest jednak takze =zarzadzanie regeneracja.
Przeprowadzone badania nad hokeistami pokazaly, ze wlasciwe zarzadzanie przerwami
migdzy intensywnymi seriami ¢wiczen, na przyktad w testach powtarzanego sprintu na
lodzie (RSSA), moze istotnie wplywac na ich efektywnos$¢. Wyniki tych badan wskazuja,
ze dtuzsze przerwy wypoczynkowe (3 minuty w poroOwnaniu do 2 minut) prowadza do
lepszej regeneracji, co przektada si¢ na Szybsze wykonanie zadania testowego, na ktore
sktadaty sie: dynamiczne przyspieszenia, zatrzymania i manewry zmiany Kierunku,
zmniejszone zmegczenie oraz nizsze obcigzenie serca. Test RSSA byt zaprojektowany tak,
aby obejmowal réznorodne elementy sprawnos$ci specjalnej hokeisty, takie jak zwinnos¢,
dynamika ruchéw oraz zdolnos$¢ do szybkiej zmiany kierunku. Szybkos$¢, chociaz stanowita
globalny miernik w badaniu, byla wynikiem szerszej oceny zdolnosci fizycznych
zawodnikow, a nie jedynym wskaznikiem efektywnos$ci. Uwzglednienie tych wszystkich
elementow sprawno$ci pozwala na doktadniejsza ocen¢ wydolnosci sportowcoéw, a
praktyczne zastosowanie tych wynikow moze wplyna¢ na optymalizacje procesu
treningowego oraz lepsze zarzadzanie czasem zawodnikow na tawce rezerwowych. Jest to
szczegOllnie istotne w sportach takich jak hokej, gdzie wysitek jest bardzo intensywny, a

czas na regeneracj¢ ograniczony.

Podsumowujac, przeprowadzone badania potwierdzajg skutecznos¢ treningu funkcjonalnego i

zastosowania testow diagnostycznych, takich jak FMS oraz testy skokéw pionowych, w

rozwijaniu sprawnosci specjalnej sportowcow. Zintegrowane podej$cie, ktdre obejmuje

zarowno trening funkcjonalny, jak i optymalizacj¢ regeneracji, moze znaczaco poprawic

parametry motoryczne, takie jak moc konczyn dolnych, szybko$¢ oraz efektywnos¢ gry w pitce

noznej i hokeju na lodzie. Zarzadzanie przerwami wypoczynkowymi oraz monitorowanie

zmeczenia zawodnikow wpltywa na ich wydajno$¢ i zmniejsza ryzyko urazéw, co jest
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szczegoblnie istotne w dynamicznych sportach zespotowych. Przyszite badania powinny skupié¢
si¢ na dalszej eksploracji specyficznych metod treningowych oraz ich dlugoterminowego
wplywu na rozw6j mtodych sportowcoéw, co umozliwi jeszcze skuteczniejsze przygotowanie

zawodnikOw na najwyzszym poziomie rywalizacji sportowe;.
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Abstract

The aim of the study was to verify the functional state of young football players by the use of selected tests of
the Functional Movement Screen (FMS) protocol, as well as the impact of the 12 weeks functional training on the
power of the lower limbs. Twenty young male football players under 17 (U17) participated in the study. The
research was carried out in two stages: in the first part of the study, the functional assessment was measured
using the FMS test, then the measurement of the power of the lower limbs was done with the Optojump system.
The conducted research showed a significant improvement in the functional state of young footballers. After the
functional training program, there was also an improvement in the parameters of the power of the lower limbs.
Attention should be paid to the importance of enabling the functional training in all physical preparation of
football players and the correlation between functional and special efficiency.

Key words: functional training, functional movement system, movement pattems, lower limbs power, football

Introduction

Football is a sport which involves short sprints,
rapid accelerations, decelerations, quick changes in
directions, jumping and tackling (Kaplan, Nurtekin,
& Taskin, 2009; Stelen, Chamari, Castagna, &
Wisleff, 2005). Chmura et al. (2017) emphasizes
that there were enormous changes in the game of
football in the last few decades. The tempo of the
game has Increased, the style of the game,
techniques and tactics changed as well as the
regulations. Players ability to create action at a very
fast pace has a significant impact on the course and
outcome of the match. It is emphasized, however,
that the maximum effort is only 11% of the total
playing time. Thus, proper use of motor skills is
crucial in the context of gaining or losing a goal
(Reilly, Bangsbo, & Franks, 2000). Science can
provide help for football {Stelen et al., 2005). The
best teams are still improving their results and
sports level, whilst worse ranked teams have the
same results as years ago (Stelen et al., 2005).

Many authors point out that football is a multi-
faceted sport and requires a player to be not only
fast enough, but also capable of generating the
appropriate power to play at the highest level
(Cometti, Maffiuletti, Pousson, Chatard, & Maffulli,
2001; Wisloff, Castagna, Helgerud, Jones, & Hoff,
2004). The power of the lower limbs is necessary to
initiate a fast run, or the possibility of a quick

change of direction and for high body challenge. It
should be emphasized that the vertical jump is
correlated with the short sprint (Wisloff et al.,
2004). That is why strength & conditioning coaches
in football should focus on lower limbs power
training.

Football is also a discipline with a high risk of injury.
The latest research among young footballers playing
at various game levels showed that approximately
40% of athletes had non-mechanical injury (Lisman,
Nadelen, Hildebrand, Leppert, & de la Motte, 2018).
The Functional Movement Screen (FMS) protocol
was invented to evaluate the risk of injuries among
athletes through the analysis and scoring of
movement patterns. Kiesel, Plisky, & Butler (2011)
research confirms that this test is an appropriate
injury prevention tool to use in football. FMS is
getting more popular and attention of this tool has
attracted scientists. The research number
associated with FMS protocol involving recreational,
college and Olympic athletes is still increasing
(Bernardes Marques, Menezes Medeiros, de Souza
Stigger, Yuzo Nakamura, & Manfredini Baroni,
2017). Functional training should be fundamental
for developing special and tactic skills. The essence
of functional training is an individual approach and
the form should be as close as possible to those
that the player encounters during training or in
match conditions. The key role in functional training
Is to achieve and maintain optimal balance between
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mobility and stability while performing fundamental
movement patterns with accuracy and efficiency
(Bernardes Marques et al., 2017; Sprague, Mokha,
& Gatens, 2014).

The aim of this study is to verify the functional state
of young football players using selected components
of the FMS protocol, as well as to assess the 12-
week functional training impact on the power of the
lower limbs of the young footballers.

Methods

Participants. Research participants were athletes (n
= 20) - younger juniors (U17), practicing football at
the Silesian Football Academy at the level of the
Central Youth Junior League (Table 1). The research
was carried out in the time of preparations for the
autumn season and just after the autumn round of
matches, directly before the preparations for the
spring round. Before participating in the research,
each competitor was informed about their purpose
and confidentiality of results, as well as the
possibility of giving up research without any
consequences. The inclusion criterion was: consent
for participation in the research, good health and

active participation in functional training. The
exclusion criteria were: lack of consent of the
trainer, injury or illness and rehabilitation not
allowing the participant to participate in regular
training. All participants and their parents were
informed of the purpose, nature, testing
procedures, possible risks, and their right to
terminate participation at will, before they gave
their voluntary written consent to participate.
Written informed consent was signed by the parents
of minors before participation. The study was
approved by the Ethics Committee of The Jerzy
Kukuczka Academy of Physical Education in
Katowice (Poland).

The research was carried out in two stages: in the
first part of the study, the functional assessment
was measured using the FMS test, then the
measurement of the power of the lower limbs was
done with the Optojump testing device. All tests
were performed from 8.00 to 12.00, keeping the
order of approaching competitors to the test trials.
All tests were carried out in the sports hall. Each
time before testing (except for the FMS test) warm-
up including stretching, strength and speed
exercises has been carried out.

Table 1. Characteristics of basic somatic parameters of the tested group of players (n = 20)

Range

Parameters m = SD Me (min-max) v As Ku
Age 16,8 £ 0,6 17 15-17 34 -3,14 8,61
Height (cm) 175,7 £ 6,4 176 167-187 3,7 0,21 -0,87
Body weight (kg) 66,5 = 7,4 64 54,8-81 11,1 0,48 -0,85
BMI (kgxm™) 21,5+ 1,8 21,62 18,8-24,6 8,5 0,20 -1,16
FAT (%) 12,5942,2 12 9,46-15,5 12,9 0,31 -0,09
LEGEND:

m * SD - mean and standard deviation; Me - median; Range - the smallest and largest value; V - coefficient of variation; As -
skewness coefficient (asymmetry); Ku - coefficient of focus (kurtosis)

Functional screen

Three functional FMS concept tests assessing global
movement patterns were used for functional
assessment. FMS test is a comprehensive screening
tool that assesses the quality of basic movement
patterns and identifies movement limitations and
asymmetries (Cook, Burton, & Hoogenboom, 2014).
The FMS test is popular in the coaching
environment, mainly due to its simplicity and easy
equipment to use. Fundamental movement patterns
were tested which are the basis for more efficient
sports movements (Kiesel, Plisky, & Voight, 2007).
In the conducted studies, global movement patterns
were assessed, those which require appropriate
mobility, stability and range of motion in the joints
as well as balance. Three tests were used to assess
global movement patterns: 1) deep squat, 2) hurdle
step and 3) in line lounge. Each test is evaluated on
a four-point scale from 0 to 3 points, where 0
means pain during the test, 1 - inability to perform

the test, 2 — perform motion with compensation, 3 —
correct movement. Individual tests are carried out
three times and evaluated for the best test. In case
of doubt, the grade was downgraded.

The Researcher evaluated the movement in the
frontal and sagittal plane. The FMS evaluation is
done without warm-up and athletes wear sporty
outfits and footwear. Specialized equipment “FMS
Test KiTM" was used to perform the test. The kit
includes a base - a board with dimensions of 5 x 15
x 150 cm, tubes with a centimeter scale and rubber
cord (Cook et al., 2014). In these studies, the
assessment of global movement patterns was
carried out by a physiotherapist with FMS
certification and by a strength & conditioning coach.

Lower limbs power tests
The lower limbs power was assessed by a vertical

jump in three different forms: vertical jump from a
static position (squat jump), vertical jump preceded
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by a lower limb attack with the hands on the hips
(akimbo countermovement jump, ACM]) and the
vertical jump preceded by the countermovement
jump (CM1J).

Test performance

Performing a vertical jump SJ consisted of a jump
up from a fixed position, in which the thighs were at
a 90-degree angle to the lower legs and the palms
were resting on the hips, which excluded the
possibility of making upper limb movements.
Performing the ACMJ vertical jump was preceded by
a rapid deflection of the lower limbs with the hands
resting on the hips, while the CMJ) jump differed
from the previous one in that the player could also
move his upper limb up during bending of the lower
limbs. The jumps were repeated if knee or hips
were bent during the dynamic phase.

Before the power tests, players performed a warm-
up conducted by the coach. The warm-up prepared
the player by stimulating and warming up the
muscular and nervous systems before the test. A
properly conducted warm-up determines the
achievement of a maximum vertical jump (Viitasalo,
Salo, & Lahtinen, 1998).

The lower limbs power jump test took place in the
gym with the Optojump Optical Data Acquisition
System from Microgate (Bolzano, Italy), which
allows measuring all air and ground-related times
with precision up to 1/1000 of a second. The
Optojump system consists of two bars, one of which
is a transmitter and the other a receiver. The LEDs
in the transmitter are in constant contact with the
LEDs in the receiving bar. The system detects
movement of the object between the strips,

precisely calculating the contact time with the
ground during the jump, and then sends the
recorded data to the computer, which calculates
such parameters as: flight altitude and flight time.
In order to calculate power generated during the
vertical jump, the Seyers formula was used [Power
(W) = 60.7 x Height of stroke (cm) + 45.3 x Body
weight (kg) - 2055] (Sayers, Harackiewicz,
Harman, Frykman, & Rosenstein, 1999).

Statistical analysis

Descriptive statistics (mean and standard deviation)
were calculated. Before using parametric tests, the
assumption of normality and homoscedasticity were
verified using the Shapiro-Wilks W-Test. In order to
compare the data from the power tests of the lower
limbs obtained before and after the implementation
of the training program, a paired sample t-test was
used. In contrast, a non-parametric Wilcoxon pair
order test was wused to compare functional
evaluation results. For all analyzes, a level of p <
0.05 was selected to indicate statistical significance.
All calculations were done with the STATISTICA -
statistical package ver. 13.3 PL of TIBCO Software
Incorporation (Tibco, 2017).

Functional training program

The implemented program was planned in
accordance with the FMS concept and based on
functional training implemented of selected sports
disciplines (Kiesel et al., 2011; Peate, Bates, Lunda,
Francis, & Bellamy, 2007) as well as on the
experience of coaches and physiotherapists (Table
2).

Table 2. A detailed description of the training program implemented in the research group

Part of the training

exercises / goal / execution (Volume)

10. Skip A (10m)
11. Skip C (10m)

12, Running rhythm (15m)

unit

1.  Running (4')
2. Run with the delivery and delivery step (2x20m)
3. Cross step (interlace) (2x20m)
4, Forward shoulder circulation (30")
5. Back arm circulation (30”)

Warm-up 6. Dynamic stretching (5')

(10 min) 7.  Hip rotation (2x10 rep)
8. A twist with a trunk torsion (2x5 rep)
9. Buttocks Activation with a mini band (2x10 rep)
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Back Stretching exercises (2-3 ex.)
Mobilization of shoulder complex (2 ex.)
Mobility of the thoracic spine.: Extension of the thoracic spine (1-2 ex.)
Four - point kneeling position. Thoracic spine rotation (2 ex.)
Main Part Hip mobilization in the direction of flexion, extension, external and internal rotation
(45-60 min) (5ex.)
Ankle Mobilization towards the dorsiflexion (2 ex)
Central stabilization, stabilization of the ilio-lumbar-pelvic complex (3 ex.)
Exercises with bands, global patterns (2 ex.)
Balance and coordination exercises (2 ex.)

LR

Lol e B

Cool Down 1. Foam rolling (15")
(15 min)

Results and discussion

Functional status of global patterns in the FMS test

The assessment of the functional status of young players conducted before the training program indicates (Table
3) that in the FMS 1 test the average score on a scale from 1 to 3 was 1.6 £ 0.51. The calculated skewness
coefficient of -0.21 indicates that the majority of respondents achieved a score higher than the average. In the
case of the FMS2 test, the average value for the whole group was 1.9 + 0.49 and, similarly to the FMS1 test, the
majority of people achieved a score higher than the average for the whole group (AS = -0.442). The average
result for the whole group for the FMS3 test was 1.7 + 0.59. It should be emphasized that in test 3, results of
the examined persons were the most diversified, which was confirmed by the calculated coefficient of variation
(V = 35.6%). Moreover, contrary to the FMS1 and FMS2 test, the majority of respondents obtained a score
lower than the average calculated for the whole group.

Table 3. Characteristics of the results of the functional status of movement patterns carried out prior
to the start of the training

Variables m*s min-max * 95% PU V As Ku

EMS1 16%051 1-2 1,3-1,8 32,9 -0,218 -2,183
EMs2 19%049 1-3 1,6-2,1 26,5 -0,442 1,304
EMs3 1,705  1-3 1,4-1,9 356 0,212 -0,552

Influence of the 12-week functional training program on the functional state of global patterns in the FMS

The 12-week functional program was aimed to improve selected motor skills among young footballers. It is
interesting to what extent the change occurred in global patterns in the FMS test. Based on the results
presented in Table 4, it can be concluded that in the FMS1 test there was a statistically significant (p = 0.004)
improvement In results by 45.2% (1.55 vs. 2.25). To a slightly lesser extent, but also statistically significant (p
= 0.012) there was an improvement of 24.3% in the FMS2 test (1.85 vs. 2.3). The highest progression was
recorded in the FMS3 test, where the difference between the measurement at the end of the training program
and before its introduction was 48.5% (1.65 vs. 2.45, p = 0.001).

Table 4. Results of the assessment of the functional status of the tested group of players (n = 20).
The significance of differences was assessed using the Wilcoxon test.

Variables Pretest Posttest difference (%) p-Value

FMS1 1,55+0,51 2,25+0,55 -0,7(-45,2%) 0,004
FMS2 185+049 23+0,57 -045(-24,3%) 0,012
FMS3 165%+0,59 245+069 -0,8(-48,5%) 0,001

Impact of the 12-week functional training program on the power of the lower limbs

The functional training applied program was aimed to improve movement limitations, eliminate asymmetries and
compensations that occurred during the first test. This, in turn, was to be put into more efficient and, above all,
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safer use of the movement tasks. Thanks to this, after the conducted training program, the athletes were more
functional, and thus they could perform better with improved motor skills and characteristics patterns to a given
discipline. Based on the data presented in Table 5, it is noticeable that a results improvement was achieved in all
tests performed after the end of the training program compared to the initial tests. The power of the lower limbs
is presented in power units (Wat) and as the height of the vertical stroke in centimeters.

The CMJ test showed a difference in generated power of 3.1% (3331.9 vs. 3436 W; p = 0.076) and in the
amount of a jump, where the difference was 4.3% (39.9 vs. 41.6 cm; p = 0.069). Slightly smaller differences
occurred in the CM] test without swing, where the power improvement was demonstrated at 2.1% (2,980.8 vs.
3042.7 W; p = 0.082) and a jump differential of 2.9% (34.1 vs. 34.1). 35.1 cm, p = 0.089).

The highest progression was noted in the SQUATIUMP test, in which a difference of 5.3% (3082.7 vs. 3253.6 W)
was observed before and after the introduction of the training program. This result is statistically significant (p =
0.008). The difference in the amount of jump measured was 7.3% (35.8 vs. 38.6 cm) and the result is also

statistically significant (p = 0.008).

Table 5. Lower limbs power tests results in the group of football players (n = 20)

Variables Pretest Post test Difference (%) Test t (p-Value)
CMI(cm) 39,9 + 5,2 41,6 4,8 -1,7(-4,3%) -1,931 (0,069)
CMI(W) 3331,9 £ 511,6 3436 + 467,2 -104,1 (-3,1%) -1,879 (0,076)
CMJ without swing(cm) ”.34,1 + 4,6 351%5 -1(-2,9%) -1,792 (0,089)
CM) without swing(W) 2980,8 + 414,3 3042,7 + 471,2 -61,9(-2,1%) -1,834 (0,082)
SQUATIUMP(cm) 35,8+ 5,5 38,6 +4,8 -2,8(-7,3%) -2,977 (0,008)
SQUATIUMP(W) 3082,7 = 463,7 3253,6* 4294 -170,9 (5,3%) -2,977 (0,008)

The FMS test is a tool created to assess the risk of
injury by analyzing the fundamental movement
patterns in seven individual tests that check,
among others, coordination, mobility and stability.
However, it should be emphasized that the
deficiencies in the basic motor skills (coordination,
mobility, stability) develop into deficiencies in
targeted motor skills (strength, power, speed,
endurance) and then futher into the limitation of the
special performance to a given discipline. On the
foundations of basic movement patterns known
from neurophysiological development, athletes are
able to achieve progress in the next stages of motor
development. Neglect of the first stages of
functional development of youth athletes may result

in the lack of adequate anxiety of the body
segments, leading to compensation, excessive
overloads, improper transmission of force, for

example in the case of sudden change of direction,
acceleration, braking. Such excessive physical
activity of athletes speeds up the risk of injury and
reduces its motor potential. As Cook (2003)
emphasizes, a player with functional movements
may show better skills and techniques of
movement.

Research by Zhixiong, Chen, Wang, & Yabin (2016)
showed that the overall outcome of FMS test in
young football players is correlated with SJ and CMJ
tests.

The results in many sports, including football, are
strongly dependent on power, especially at the level
of match-fighting (Baker & Nance, 1999; Stanula &
Roczniok, 2014; Wisleff et al., 2004). The power of
the lower limbs directly affects the special efficiency
components: acceleration, maximum speed, and the
ability to perform sudden turns (Stanula et al.,
2013; Wisloff et al., 2004). It should be emphasized

that the power measured by the vertical jump is
correlated with the short sprint effort (Wisleff et al.,
2004). Similar observations were made by Chamari
et al. (2008) showing that the vertical jump is
related to the match success of semi-professional
teams of players. Therefore development of power
is very Important in football, where accelerations
and quick turns are evident throughout the whole
match.

The aim of the conducted research was to verify
whether functional training would improve the
functional status tested by FMS and will be
submitted to the result of measuring the lower limbs
power tested in three vertical jump tests. Study of
Lopez-Segovia, Marques, Van Den Tillaar, &
Gonzalez-Badillo (2011) showed the positive effect
of a workout consisting of full squats and vertical
jumps on the generated power of the lower limbs
and a positive correlation with a short sprint for
players under 21. According to Boyle (2017),
squatting in an incomplete range of motion prevents
full muscle involvement in the exercises so it is also
difficult to develop strength, power and speed
through this exercise. Limiting of ankle mobility
towards the dorsiflexion may reduce the rebound
power abilities during plyometric exercises (Driller &
Overmayer, 2017).

First FMS test - squat; evaluates 7 functional
components (Kritz, Cronin, & Hume, 2009). First
assessment of the test showed lots of deficiencies in
the proper performance of testing movement
patterns. The most deficiencies were noted in ankle
, hip mobility and shoulder girdle. The functional
training program was aimed to improve
dysfunctions and was supposed to improve the
quality of movement patterns. Based on the results
presented in Table 3, it can be stated that the
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results have improved in all tests. The highest them showed no influence after such interventions
progression was recorded in the FMS 3 test, where on individual motor skills (Lockie et al.,, 2015).
the difference between the measurement after the Undoubtedly functional training aimed to shaping
training program and before was 48.5%. The fundamental motor skills or eliminating functional
improvement of the functional state resulted in the limitations (pre-hab) can be a good tool to
progression of the power of lower limbs, because supplement training at various stages of the
the achieved results were improved in all tests macrocycle. The presented results should lead to
carried out after the training program in comparison considerations to apply a longer training program
with the initial tests. The biggest progress appeared and conducting studies showing the correlation of
in the SJ test. Performing these tests is based on the speed test with the lower limbs power test.

the squat pattern. Correct performance without

compensation allows to increase the load in strength Conclusion

training, which translates than into generating more

power (Adams, O'Shea, O'Shea, & Climstein, 1992). The aim of this study was to check the functional
In other controlled studies, a functional squat state of global movement patterns and the level of
technique was found to improve vertical jump lower limbs power of young footballers after the
performance (Berning et al., 2010; Ferreira, Weiss, introduction of 12-week training intervention.
Hammond, & Schilling, 2010; Loturco et al,, 2017). Training program was aimed at improving the
In subsequent studies, significant changes were also condition of selected movement patterns. It should
noted in the tests of uplift, kicks and vertical jump be emphasized that the functional condition of the
tests as a result of a 6-week training plan based on examined players has significantly improved. The
functional movements (Goss, Christopher, Faulk, & power of the lower limbs after training intervention
Moore, 2009). In baseball, after the FMS correction also improved. Attention should be paid to the
training program, stabilization improved and the essence of implementation of training intervention
results of functional fitness, strength and flexibility and monitoring of players in terms of correlation of
were also better (Song et al., 2014). functional state with the level of power of lower
There is a lack of research of functional training limbs and other motor skills. The purpose of
impact on the power generated by football players. subsequent studies should be to introduce an
Some researches indicate positive influence (Kiesel intervention program and compare it with the
et al.,, 2011; Song et al., 2014), as well as some of control group.
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Abstract: The aim of the research was to verify the functional state of young football players using
selected tests of the Functional Movement Screen (FMS) protocol, as well as the impact of the 12 weeks
of functional training on the speed parameters. The research was conducted on 20 highly competitive
young (U17) football players. Research project was conducted in two stages: in the first part of the
study, the functional assessment was made by using the FMS test, then the measurement of the
speed parameters was done with the Microgate photocells system. Results showed a significant
improvement in the functional state of young football players: FMS 1 (45.2% of difference, p = 0.004),
FMS 2 (24.3% of difference, p = 0.012), FMS 3 (48.5% of difference, p = 0.001). After the functional
training program, there was also an improvement in the parameters of the acceleration and velocity:
acceleration between 5-10 m and speed between 10-30 m shows significant improvement (expressed
during covering a given distance) of the footballers, amounting to 0.02 s (2.4%) and 0.04 s (1.5%).
But there was no improvement in acceleration between 0-5 m. An appropriate training schedule,
based on FMS results, should be adopted in the annual training program to improve basic motor
skills of the football players and minimize their injuries.

Keywords: functional training; functional movement system; movement patterns; speed; football

1. Introduction

Football is a team sport that demands endurance and speed and involves short sprints, rapid
accelerations, decelerations, quick changes in direction, jumping and tackling and many other
unorthodox movements [1,2]. The ability of players to create actions at a very fast pace has a significant
impact on the course and result of the game. Actions that require maximum speed, acceleration or
agility are considered to be very fast-paced. At the same time, it was noticed that maximum efforts
account for only 11% of the total game time. Thus, the proper use of motor skills is crucial in the context
of losing or winning a match [3]. On average, football players cover a distance of 9-12 km during the
match, of which they spend only a little time on maximum efforts. Football sprints during the game
oscillate around 17-29 times depending on the pace of the game, tactics, opponent or position on the
pitch. Speed can be defined as the ability to overcome the distance in the shortest time, accelerating
from one point to another in high velocity [4]. Competitors usually perform sprints lasting 2 to 4
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seconds over a distance of 20-m or less [5]. Carling et al. [6] noted that the average sprinting distance
in a football match is 16.5 meters. Sprints in football are most common in goal situations for both the
possible scorer and the supporting player(s) [7,5].

Starting speed, acceleration and maximum speed are key elements in football performance [9].
Haugen et al. [10] indicated that the influence of speed performance parameters is very important in
football. While performing start speed and acceleration phases athletes benefit from triple extension
position further; uses propulsive force of plantar flexors, knee and hip muscles [9], which may be related
to support optimal movement patterns. Research conducted by Williams et al. [11] demonstrates
that changes in football speed efficiently occur as a result of increased muscle mass, changes in
muscle-tendon architecture and by improving neural control and coordination. Rabita et al. [12] noted
that the capability of an athlete to generate maximal power during sprint acceleration depends mainly
on his neuromuscular and mechanical properties of the musculoskeletal system and his technical
sprint ability to move body mass forward. It is important to know, that speed is connected with genes,
related to muscle fibers and the nervous system. Speed training should be develop in training very
early in young athletes, when the nervous system is adaptable 7-9 years, and also 13-16 years [13].

Football is a body-contact game that involves a high risk of injury. Research conducted among
young football players showed that almost 40% of football players playing at various game levels
had non-mechanical injuries in lower limbs [14]. Most of them involve hamstrings strains, traumas
of the tendons and ligaments of the knees [15-18]. Moreover Ekstrand et al. [19] conducted research
among 23 football teams in which they stated that, the possibility of injury is around 8 per 1000 hours
of play, especially in competitive matches. A popular research tool for functional status assessment is
Functional Movement System (FMS) which was created to evaluate the risk of injuries among athletes
through the analysis and scoring of movement patterns especially in football [20]. FMS is being more
attractive to scientists. The researches associated with FMS protocol involving recreational, college and
Olympic athletes are increasing [21]. Functional training should be fundamental to developing special
and tactical skills. The essence of functional training is an individual approach and the form of training
should be as close as possible to conditions that the player encounters during training or in a match.
The key role in functional training is to achieve and maintain an optimal balance between mobility
and stability while performing fundamental movement patterns with accuracy and efficiency [21,22].
Campa et al. [23] suggested that a good correlation between strength of the muscles, stability, flexibility
and motor control is decisive to achieve and support optimal sports performance. High body mass
index (BMI) and high body fat are detrimental to efficient movement patterns [24].

The aim of this study is to verify the functional status of young footballers using selected
components of the FMS protocol, as well as to assess the impact of 12 weeks of functional training on
selected speed parameters (acceleration, maximum running speed) of young footballers. The novelty
of this investigation was to determine if improving functional assessment could improve special fitness
ability (acceleration and full speed), which are key elements in football.

2. Materials and Methods

2.1. Research Design

The research was carried in two parts: the first during the time of preparation for the autumn
season and the second just after the autumn round of matches, directly before the preparation for the
spring round. No further activities were carried out before test day, to guarantee the athletes an optimal
recovery. The research was conducted in two stages: In the first stage, the functional assessment
and anthropometric measurements were recorded. All the speed parameters were measured in the
second stage. All tests were performed from between 8.00 a.m. and 12.00 p.m., keeping the order of
approaching competitors to the test trials unchanged. All the tests were conducted in the sports hall in
Chorzow (Poland).
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2.2. Subjects

All the participants (n = 20) of this study were young football players of below 17 years of age
(U17). They were the inmates of the Silesian Football Academy and participants of the Central Youth
Junior League (Table 1).

Table 1. Characteristics of basic somatic parameters of the tested group of players (n = 20)

Range

Parameters m = SD Me % v As Ku
(min-max)
Age 16.8 + 0.6 17 15-17 34 -3.14 861
Height (cm) 1757 + 6.4 176 167-187 37 0.21 -0.87
Body weight (kg) 66.5+ 7.4 64 54.8-81 11.1 0.48 -(.85
BMI (kg/mz) 215+1.8 21.62 18.8-24.6 85 0.20 -1.16
FAT (%) 126 +2.2 12 9.5-15.5 129 0.31 -0.09

m + SD: mean and standard deviation; Me: median; Range: the smallest and largest value; V: coefficient of variation;
As: skewness coefficient (asymmetry); Ku: coefficient of focus (kurtosis).

Before participating in the research, each participant was informed about the purpose of the
research and confidentiality of results. The participants were given the freedom to withdraw their
participation from the study without any consequences. The inclusion criterion was: consent for
participation in the research, good health and active participation in functional training. The exclusion
criteria were: lack of consent of the trainer, injury or illness and rehabilitation not allowing the
participant to participate in regular training. Written informed consent was signed by the parents of
minors before participation. The study was approved by the Ethics Committee of The Jerzy Kukuczka
Academy of Physical Education in Katowice (No. 8/201).

2.3. Anthropometric Measures

All of the anthropometric measurements were taken according to standard methods. Height (to the
nearest 0.1 cm; Harpenden Portable Stadiometer, Holtain, UK), body mass (0.1 kg) and percent body fat
(0.1%) with a total body composition analyser (TANITA BC-420S MA, Tokyo, Japan). The participants
wore light indoor clothing and were barefoot when they were measured. The same investigator made
all anthropometric measurements. Body mass index (BMI) was calculated as the ratio of body weight
to height squared (in 1 kilogram per square meter). Data for each component are presented in Table 1.

2.4. Functional Screen

The FMS test is a comprehensive screening tool that assesses the quality of basic movement
patterns and identifies movement limitations and asymmetries [25]. The FMS test is popular in
the coaching environment, mainly due to its simplicity and easy to use equipment. Fundamental
movement patterns were tested which are the basis for more efficient sports movements [26]. In the
conducted studies, global movement patterns were assessed, which require appropriate mobility,
stability and range of motion in the joints as well as balance. Three tests were used to assess global
movement patterns: 1) deep squat—which is a movement needed in most athletic events and is
required for most power movements involving the lower extremities. The deep squat is a test that
challenges total body mechanics when performed properly. The deep squat is used to assess bilateral,
symmetrical, functional mobility of the hips, knees, and ankles. The dowel held overhead assesses
bilateral, symmetrical mobility of the shoulders as well as the thoracic spine. 2) hurdle step—designed
to challenge the body’s proper stride mechanics during a stepping motion. The movement requires
proper coordination and stability between the hips and torso during the stepping motion as well as
single leg stance stability. The hurdle step assesses bilateral functional mobility and stability of the hips,
knees, and ankles. 3) in-line lunge—attempts to measure body position during rotational, decelerating,
and lateral type movements. The in-line lunge is a test that places the lower extremities in a scissor
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style position challenging the body’s trunk and extremities to resist rotation and maintain proper
alignment. This test assesses hip and ankle mobility and stability, quadriceps flexibility, and knee
stability. Each test is evaluated on a four-point scale from 0 to 3, where () means pain during the test,
1—inability to perform the test, 2—perform motion with compensation, 3—correct movement [25].
Individual tests were carried out three times and evaluated for the best test. In case of doubt, the
rating was downgraded. The researchers evaluated the movement in the frontal and sagittal plane
and score was assigned independently for left and right sides of the body for in-line lunge test and
hurdle step test. The overall score was the lowest score from the 2 sides. The FMS evaluation is done
without warm-up and athletes wear sporty outfits and footwear. Specialized equipment “FMS Test
KiTM"” was used to perform the test. The kit includes a base—a board with dimensions of 5 x 15 x
150 cm, tubes with a centimeter scale and rubber cord [25]. In these studies, the assessment of global
movement patterns was carried out by a physiotherapist with FMS certification and by a strength &
conditioning coach.

2.5. Speed Performance Tests

The speed test was carried out at the sports hall. The assessment of the maximum speed and
acceleration was made during the run from the own command at a distance of 5 and 10 m and during
a flying start at a distance of 20 m after earlier acceleration at a distance of 10 m. Measurements were
made using a set of RaceTime 2 photocells made by Microgate (Bolzano, Italy ) on the playing field in a
straight line, creating measuring gates on 5, 10 and 30 meters. Before testing standardized warm-up
including jogging, dynamic stretching, muscle activation and mobilization of joints has been done
and also speed exercises and athletic drills were carried out. After warm-up, participants had a 5 min
break. Then athletes had two trials, of which the best was recorded. Sufficient recovery time of 3 min
was allowed between each performance trial.

2.6. Functional Training Program

The purpose of the intervention was to focus on functional deficits that can occur in three FMS
trials. In the first test—deep squat: the purpose was to improve squat pattern by increase the mobility
of the ankle, mobility of the thoracic spine, shoulder girdle and also to improve hip function and
body control. Second test—hurdle step: the aim was to increase hip mobility and improve central
stabilization. In the third test—in-line lunge: the purpose was to achieve greater mobility in the
ankle, knee and hip joints as well as postural control. The implemented program was planned in
accordance with the FMS concept and based on functional training implemented of selected sports
disciplines [20,27] as well as on the experience of coaches and physiotherapists (Table 2). Each session
was supervised by a certified strength and conditioning coach.

2.7. Statistical Analysis

Descriptive statistics (mean and standard deviation) were calculated. Before using parametric
tests, the assumption of normality and homoscedasticity were verified using the Shapiro-Wilks W-Test.
In order to compare the data from the acceleration and running speed obtained before and after the
implementation of the training program, a paired sample t-test was used. Due to the step nature of the
FMS test results, the Wilcoxon signed-rank test was used to evaluate the comparison of results recorded
before and after the experiment. For all analyzes, a level of p < (.05 was selected to indicate statistical
significance. All calculations were done with the STATISTICA —statistical package ver. 13.3 PL of
TIBCO Software Incorporation (Palo Alto, CA, USA).
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Table 2. A detailed description of the training program implemented in the research group.

Part of the Training Unit Exercises/Goal/Execution (Volume)

Running (4')
Run with the delivery and delivery step (2 x 20 m) (30”)
Cross step (interlace) (2 x 20 m) (307)
Forward shoulder circulation (30”)
Back arm circulation (30”)
Warm-up Dynamic stretching (5°)

(15-20 min) Hip rotation (2 x 10 rep) (1)
twist with a trunk torsion (2 x 5 rep) (1)
Buttocks Activation with a mini band (2 % 10 rep) (2)
Skip A (10 m) (10”)
Skip C (10 m) (10")
Running rhythm (15 m) (10”)

Back Stretching exercises (2-3 ex.}

Mobilization of shoulder complex (2 ex.)

Mobility of the thoracic spine.: Extension of the thoradic spine (1-2 ex.)
Four - point kneeling position, Thoracic spine rotation (2 ex.)

Main Pa»rt Hip mobilization in the direction of flexion, extension, external and internal rotation (5 ex.)
(45-60 min) Ankle Mobilization towards the dorsiflexion (2 ex)
Central stabilization, stabilization of the ilio-lumbar-pelvic complex (3 ex.)
Exercises with bands, global patterns (2 ex.)
Balance and coordination exercises (2 ex.)
Cool Down . =
(10 min) Foam rolling (10)
3. Results

3.1. Functional Status of Global Patterns in the FMS Test

The assessment of the functional status of young players conducted before the training program
indicates (Table 3) thatin the FMS 1 test the average score was 1.6 + 0.51 (scale from 1 to 3). The calculated
skewness coefficient of —0.21 indicates that the majority of respondents achieved a score higher than
the average. In the case of the FMS2 test, the average value for the whole group was 1.9 + 049 and,
similarly to the FMS] test, the majority of people achieved a score higher than the average for the whole
group (AS = —0.442). The average result for the whole group for the FMS3 test was 1.7 + 0.59. It should
be emphasized that in test 3, the results of the examined persons were the most diversified, which was
confirmed by the calculated coefficient of variation (V = 35.6%). Contrary to the FMS1 and FMS2 test,
the majority of respondents obtained a score lower than the average calculated for the whole group.

Table 3. Characteristics of the results of the functional status of movement patterns carried out prior to
the start of the training.

Variables m+s min-max +95% PU A" As Ku
FMS 1 1.6 £0.51 1-2 13-18 329 -0.218 -2.183
FMS 2 19 £ 0.49 1-3 1.6-2.1 26.5 ~0.442 1.304
FMS 3 1.7 £ 0.59 1-3 14-19 35.6 0.212 -0552

3.2. Influence of the 12-Week Functional Training Program on the Functional State of Global Patterns in the FMS

The 12-week functional program was aimed to improve selected motor skills among young
footballers. It is interesting to what extent the change occurred in global patterns in the FMS test. Based
on the results presented in Table 4, it can be concluded that in the FMSI test there was a statistically
significant (p = 0.004) improvement in results by 45.2% (1.55 vs. 2.25). To a slightly lesser extent,
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but also statistically significant (p = 0.012) there was an improvement of 24.3% in the FMS2 test (1.85
vs. 2.3). The highest progression was recorded in the FMS3 test, where the difference between the
measurement before and at the end of the training program was 48.5% (1.65 vs. 2.45, p = 0.001).

Table 4. Results of the functional status assessment of the functional status of the tested group of
players (n = 20). The significance of differences was assessed using the Wilcoxon test.

Variables Pretest Posttest Difference (%) p-Value
FMS 1 1.55 £ 0.51 2252055 -0.70 (-45.2%) 0.004
FMS 2 1.85+0.49 2.30 £ 0.57 —0.45 (-24.3%) 0.012
FMS 3 1.65 = 0.59 2.45 = 0.69 —0.80 (—48.5%) 0.001

3.3. The Impact of the 12-Week Functional Training Progrant on Improving Running Speed and Acceleration

The applied 12-week functional training did not improve the acceleration of the football players in
the range of 0 to 5 m (Table 5). Before the introduction of training, the competitors covered the distance
of the first 5 m in 0.96 + 0.06 s, while after completing the functional training program their time
deteriorated by 0.02 s (1.7%). The measurement of the speed from a flying start between 5 and 10 m
and between 10 and 30 m allows to state that there was a statistically significant improvement in the
maximum speed (expressed during covering a given distance) of the tested competitors, amounting to
0.02 5 (2.4%) and 0.04 s (1.5%). On the other hand, over a distance of 30 m, the tested players achieved
a slight improvement in time of 0.04 s (0.9%). The results of the 30 m run calculated in relation to
the speed achieved before joining the 12-week training program and after the implementation of
this training amounted to 26 km/h and 26.24 km/h respectively, which indicates a speed increase of
0.24 km/h (0.09%). Detailed results for the running tests are presented in Table 5.

Table 5. Results of the running speed and acceleration tests in the group of football players (n =20).

Variables Pretest Posttest Difference (%) p-Value
0-5m (s) 0.96 + 0.06 0.97 = 0.06 =0.02 (-1.7%) -1.001 (0.329)
5-10 m (s) 0.73 + 0.04 0.72 = 0.04 0.02 (2.4%) 2.438 (0.025)
10-30 m (s) 24701 244+ 01 0.04 (1.5%) 4.188 (0.001)
0-30 m (s) 416 £0.17 412017 0.04 (0.9%) 1.832 (0.083)
Velocity (km/h) 26.00 + 1.04 26244112 ~0.24 (-0.9%) —1.863 (0.078)

4. Discussion

The main purpose of this study was to verify functional status and speed parameters and then to
introduce the intervention functional training program, which may improve the functional status and
speed parameters. As hypothesized, the functional status after training intervention have improved
significantly. Moreover, acceleration (5-10 m) and top speed were improved significantly. There was
no significant difference in acceleration 0-5 m after training intervention.

Training overload is common in youth sports and it is likely to raise the number of injuries.
Neglect in the first stages of functional development of youth athletes may result in the lack of adequate
axiality of the body segments, leading to compensation, excessive overloads, improper transmission of
force, for example in the case of a sudden change of direction, acceleration, braking. Such excessive
exploitation of athletes speeds up the risk of injury and reduces its motor potential. Deficiencies in
functional fitness is more susceptible to loads and likely to cause more injuries [21,22]. Adult athletes
have problems with muscular dystonia, contractures, posture defects, and degenerative changes in the
joints. These can be irreversible changes that an athlete can struggle with even after his career [21,22].
This is especially important because of the greatest physical development between junior (U17) and
adolescent age (U20) [28]. The FMS test was created to assess the risk of injury for football players, and
as a screening tool to assess basic movement patterns and possibly occurring movement compensations
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and asymmetries. Deficiencies in basic motor skills (coordination, mobility and stability) can translate
into limitations in directed motor skills (strength, speed, power, endurance) as well as further on special
fitness in a given discipline [25,27]. Cook [29] emphasized that a player with functional movements
may show better skills and techniques of movement. In contact sports such as football, reactive agility
or speed of reaction are favorable skills for players because they translate into the possibility of using
pressing on the rival, getting or keeping possession of the ball [30]. Newman [31] also has a similar
opinion and believes that football players, as well as other team game players, perform many sprints
and accelerations during the match. Speed and acceleration are also very important factors in sports
played on pitch, due to the maximum speed of short distances, which according to Baker [32] and
Sayers [33], is the key to success. Gabrys et al. [34] and Stanula et al. [35] stated that assessment of
maximal running speed is a more important factor of athlete’s performance than VO;max and other
physiological variables. The importance of functional possibilities in developing special efficiency can
be illustrated by research, which showed that proper tilt of the torso, foot placement, regulation of the
running step and running posture are important technical factors regarding reactive agility, which are
extremely important in one-on-one situations [36].

The first FMS test—squat—evaluates seven functional components [37]. The first assessment of
the test showed lots of deficiencies in the proper performance of testing movement patterns. Mobility
of the ankle, hips and shoulder girdle were assessed as the worst dysfunctions detected during the
FMS test. The functional training program was aimed to correct dysfunctions and was supposed to
improve the quality of movement patterns. Based on the results presented in Table 3, it can be stated
that the results have improved in all tests. The highest progression was recorded in the FMS 3 test,
where the difference between the measurement after the training program and before was 48.5%.

Since the results obtained in acceleration phase tests between 5-10m and 10-30m, velocity and
overall time at the distance, have improved, it can be concluded that the improvement of the functional
state causes the progression of running speed. Based on tests carried out after the training program in
comparison with the initial tests, it was found that the early phase of acceleration did not improve.
The essence of using functional training based on movement patterns is confirmed by the research
of Campa et al. [38] who believed that better movement patterns may improve speed performance.
Attention should be paid to the fact that wrong movement patterns negatively affect the ability to
perform fundamental movement patterns with precision and appropriate efficiency. They also increase
the risk of injury [23]. High percentage of asymmetrical and dysfunctional movements can be corrected
with specific interventions [20,23,39].

There are scientific studies that shows the correlation and importance of introducing functional
assessment and functional training program. Hong-Sun Song et al. [10] tested baseball players for
functional assessment by FMS test, in which they measured functional status, strength and flexibility
also. A significant impact of the training program on the improvement of functional assessment has
been demonstrated, which is associated with a lower risk of injury and the probability of increased
strength in the subjects has been demonstrated, and it is possible to increase flexibility, although no
significant correlations were found. Similar opinion about positive aspects of functional training
program have Stanck et al. [41] and Kiesel et al. [42] who stated that, individualized corrective exercise
program was effective at improving scores on the FMS and minimize injury risk.

In the other hand, there are few researches, that shows no correlation between intervention
program and FMS. For example, Dossa et al. [43] suggest that, FMS cannot be recommended as a
pre-season screening tool for injury prevention in population of junior hockey players. Also the study
by Venter et al. [44] concluded that FMS score is not a good indicator of the physical readiness or
performance of female netball players.

We suggest that, functional training aimed at shaping fundamental motor skills or eliminating
functional limitations (pre-hab) can be a good tool to supplement training at various stages of the
macrocycle. The presented results should lead to considerations to apply a longer training program.
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The practical implication from this study and the novel finding that could help coaches, strength &
conditioning coaches to improve their training systems is that the use of FMS test trials can help reveal
inferior movement patterns and then improving quality of global movement patterns. Introducing
functional training program in regular microcycle may protect the player from injury and improve
their speed parameters.

5. Conclusions

The aim of this study was to verify the functional state of global movement patterns and the level
of running speed and acceleration of young footballers after the introduction of the 12-week training
intervention. The training program was aimed at improving the condition of selected movement
patterns. Itshould be emphasized that the functional condition of the examined players has significantly
improved. Running speed after training intervention has also improved although no such improvement
was noted in the acceleration. Attention should be paid to the essence of implementation of training
intervention and monitoring of players in terms of correlation of functional state with the level of
running speed and acceleration and other motor skills.

The purpose of subsequent studies should be to introduce an intervention program and compare
it with the control group. Another purpose of research should be the implementation of an intervention
program based on the ideology of FMS and the use of elements of special efficiency; especially based
on acceleration and speed.
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1IN TR O D U C O N
Intermittent high intensity bouts of skating, rapid changes in direction  and some of the jump tests are correlated with the performance of

and velocity, individual skills, tactics, and motivation are some im-
portant requirements of playing ice hockey. On-ice performance is
a primary requirement for an ice hockey player and thus relevant
on-ice assessment is an important component of the training pro-
gramme for them. However, many of the suggested sports-specific
tests of ice hockey are off-ice, and are performed in well-equipped
laboratories or any suitable facility. Agility in on-ice performance is
also related to off-ice conditioning. Commonly performed off-ice tests
for ice hockey players are the Wingate test, various jump tests, re-
peated sprint ability (RSA) tests, and sprint tests or time trial
run [1-6]. The validity of some of the off-ice tests has been questioned
for quantifying aerobic or anaerobic power related to ice hockey (7, 8].
Dff-ice tests mostly focus on both anaerobic endurance and aerobic
capacities of the players, although the earlier one is predominant.
Studies confirmed a significant relationship between running speed
and on-ice sprinting ability in young male ice hockey players [2, 91.
Jump tests are widely used to assess fitness of ice hockey players,

on-ice measurement {3, 4]. The jump test is used for measuring leg
power and has repeatedly been shown to be related to skating abil-
ities and ability to perform a wide range of simple and complex ac-
tivities including throwing, sprinting, and change of direc-
tion [2, 4, 10]. Vertical jump is a part of the NHL combined test and
very often is used not only as one of the gold standards, but as a sim-
ple off-ice test that can distinguish ice hockey potential [11, 12].
Vertical jumping is often considered as a basic mavement skill, in-
volves multi-joint movernent and requires a higher level of motor co-
ordination [2, 4]. The commonly used VJ test protocol varies wide-
ly. Countermovement jump with arm swing (CMJ), squat jump (SJ)
and depth drop jump (DDJ) are the three major variations of VJ that
were used in this study. Skating speed is one of the most desirable
elements in ice hockey routinely assessed. Due to biomechanical
similarities in movement patterns, strength and conditioning spacial-
ists recommend jumps and back squat exercise to improve ice skat-
ing performance [13).
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Several previous studies focused on prediction of on-ice perfor-
mance from off-ice tests [1, 2, 4, 8, 9, 13]. However, research fo-
cused on the relationship between various VJ tests and a wide range
of on-ice performance, especially in junior ice hockey players, is
scanty. Therefore, the primary purpose of this investigation was to
determine whether any significant correlations exist between the (1)
VJ tests and on-ice field tests, and (2) RSA and skating endurance
(or SMAT) in junior Polish ice hockey players. It is hypothesized that
DDJ is the single best off-ice VI test in this study that predicts on-
ice performance such as FASS, BASS, and MSS. Repeated sprint
ability and SMAT, on the other hand, are not related to any of the VJ
test performances.

MATERIALS AND METHODS /1 —|
Subjects

Twenty-five outfield junior ice hockey players from the club UKS
Zaglebie Sosnowiec of southem Poland participated in this study. Six
players were excluded from the study after they failed to complete
testing sessions. Of the final participants, 10 were defenders and
9 were forwards. Age, height, weight, and body mass index (BMI)
of the players were 18.7 = 2.2 years, 179.2+11.6 cm,
77.8+10.2 kg and 24.3 + 1.9, respectively. The team was par-
ticipating in the youth hockey league (MHL) and Central Junior League
(CLJ) of Poland. The participants were in the middie of their com-
petitive period, participating in 5-6 training sessions per week that
comprised technical, tactical, fitness and strength training. The ex-
perimental protocol and potential risks invoived in the study were
described to all the participants and they were allowed to withdraw
from any stage of the study without providing any reason. Participants,
or their parents (in the case of < 18-year-old participants), gave
voluntary written informed consent to participate in the study. The
study was approved by the Ethics Committee of the Jerzy Kukuczka
Academy of Physical Education in Katowice (No. 8/2018).

Study design
This study was conducted over 4 days and on all the occasions the
players were tested under similar experimental conditions and at the
same time of day (6 to 9 p.m.). None of the volunteers ate food in
the last 3 hours before testing, but water was allowed to drink. Par-
ticipants were instructed to maintain normal dietary and fluid intake
and to abstain from training and any other heavy physical activity for
24 hours before testing. Intake of coffee or any caffeine-containing
beverages in the last 12 hours before the experiment was not allowed.
The whole study was conducted in two major stages - (1) off-ice
VJ tests and (2) on-ice tests. The off-ice VJ tests conducted were
CMJ, SJ, and DDJ. All off-ice VJ tests were conducted in the Labo-
ratory of Analysis in Sports of the Jerzy Kukuczka Academy of Phys-
ical Education in Katowice (Poland). The four on-ice tests were —
(i) skating multistage aerobic Test (SMAT or beep test), (ii) forward
and backward acceleration test, (iii) top speed test, and (iv) repeat-
ed sprint ability (RSA) test. All the on-ice tests were conducted on
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the ice rink of Stadion Zimowy in Sosnowiec, Poland. All the on-ice
and jump tests were explained and supervised by the same strength
and conditioning specialist of the team. All the on-ice performances
were tested wearing full ice hockey equipment with an ice hockey
stick in their preferred hand.

Vertical jump (V]) tests

The subjects performed a warm-up, as instructed by the coach, just
before performing the actual jump tests. All the jump tests were
performed on the OptoJump (Microgate, Bolzano, Italy), an optical
data acquisition system, The OptoJump is able to measure all air- and
ground-related times with precision to 1/1000 of a second [14]. All
subjects completed 3 trials for each jump test and the highest jump
was recorded. Between two trials, a 1-min rest period was allowed.
All the VJ tests were performed without any familiarization session,
In order to control for the testing order effect, the order in which the
players performed jump tests was randomized (15, 16].

Countermovement jump with arm swing (CMJ)

The subject stood comfortably, bent his knees, hips and ankles, with
his hands at his sides. Thereafter he was instructed to swing his
arms forward when he jumped vertically. The countermovement
started when the legs were bent down to 90°. A pre-jump or step
was not allowed. Bending the knees before landing or kicking the
legs forward by flexing at the hip was not allowed and the jump was
repeated [17, 18].

Squat jump (Sf)

The subject was instructed to stand with his hands on his hips and
to bend at the knees, hips, and ankles, After he became motionless,
the tester instructed him to jump. The player jumped as high as
possible keeping his hands on his hips and his legs straight [19].

Depth drop jump (DD])

The subject stood on a jump box of 45 cm height, behind the Opto-
Jump. He was then instructed to step off towards the OptoJump
optical measurement system in one motion and performed a maximal
effort double-leg vertical jump, using an arm swing upon landing.
The subject was instructed to quickly reverse the downward move-
ment of the body to an upward movement in order to minimize the
contact time with the ground upon landing, and maximize take-off
velocity [20].

Skating Mudtistage Aerobic Test (SMAT)

This on-ice test for the prediction of VO, was designed by Leone
et al. [21). The test was conducted on a 45 m course defined with
markers at both extremities of the indoor ice hockey rink (Figure 1),
The participant skated, holding the hockey stick with the preferred
single hand, from onre end to the other with a predefined speed, and
then the speed was gradually increased until the participant was
unable to maintain the speed anymore (about 3 m before a marker
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after the sound signal). The pace was dictated by audible signals
emitted by a calibrated audio player. The initial skating speed was
set at 3.5 m-s!, which was increased stepwise by 0.2 m-s™.
A 30 s rest period was allowed befere beginning the next stage. The
sound signals provided guidance to synchronize skating velocity with
markers located at the midpoint (22,5 m) and both extremities of
the 45 m course. At the start of each stage the participant player
rested upright with the front skate parallel to the starting line. VO,
was estimated from a table based on the formula [211]:
VO;,., = 22.368 x (maximal velocity) - 58.618

Forward and backward acceleration (0-5-10-30 m) test

The subjects were required to start from the geal line and skate forward
with maximal effort for 30 m distance on a straight line (Figure 2).
All subjects performed this test twice, with a break of 10 min, and
the fastest performance was recorded. During the break between two
trials, players followed self-selected low intensity active recovery [13].

After a break of 15 min rest, backward skating was performed from
the same starting line. The protocol of forward and backward skating
was similar. Both the forward and backward skating started after the
player remained at standstill close to the starting line. The forward
and backward skating time and velocity were measured using a pho-
tocell automatic laser timing system (Microgate, Racetime 2, Bolzano,
Italy). The starting and finishing sensors were placed 30 m apart on
the ice. Sprint time was measured to the nearest 0.01 s. Photocells
were set at0, 5, 10, and 30 m distance. Average speed while skating
forward was designated as forward average skating speed (FASS),
and similarly, the average speed attained while skating backward was
called backward average skating speed (BASS).

Top speed test (50 fi flying top speed rest)

Players were instructed to take their standing position on the goal
line. The trial was started by skating toward the opposite goal line
and around the net in an anticlockwise fashion toward the sprint

Intermittent sound signal
to control skating pace

D

\ /

Ty

45m

FIG. 1. Diagram of Skating Muitistage Aerobic Test (SMAT)
layout [21].

FIG. 2. Setup for the forward and backward acceleration (0-5-
10-30 m) test.
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FIG. 3. Setup for the top speed test.

FIG. 4. Schematic of the 6 x (54 +35)-m repeated sprint ability (RSA)
test.
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line. An automatic laser timing system (Microgate, Racetime 2, Bol-
zano, Italy) measured the maximum speed while skating. The start-
ing and finishing sensors were set on the opposing blue lines 50 ft
apart (Figure 3). Time to calculate top speed was measured to the
nearest 0.01 s. One trial was performed crossing over to the right
and the other crossing over to the left. Rest time between sprints
was 6 minutes, during which the player performed stretching and
very light activities only [13].

Repeated sprint ability (RSA) test [6 % (54 + 35) m]

This test involved sprinting an 83 m skating course — goal line to
goal line (54 m) and back to the blue line (35 m) — as quickly as
possible, and then returning to the starting line slowly. This was
repeated 6 times, with 30 s recovery including the slow skating time
required to return to the starting line, Figure 4 illustrates the course
of skating of RSA. Subjects performed 5 minutes of individualized
warm up before testing. All times were recorded by a set of photocells
(Microgate Racetime 2, Bolzano, Italy). Fatigue index (FI) was cal-
culated as follows [22]:

F1 = (mean sprint time — fastest sprint time) /
fastest time) x 100 (%)

Statistical analyses

The descriptive statistics for all dependent variables were expressed
by their means and standard deviations (mean = SD). The reliability
of all VJ tests were assessed using intraclass correlation analysis
(ICC, ;) with 95% confidence intervals (+ 95 Cl). The coefficients
obtained for CMJ, SJ, and DJ were 0.948 (0.794-0.981), 0.922
(0.809-0.967) and 0.913 (0.725-0.967), respectively. One-way
analyses of variance were used to identify the statistical significance
of the differences between vertical jumps. Tukey's post-hoc tests were
employed to determine the level of significance when a significant
F-ratio was found. Homogeneity of variance was examined by conduct-
ing Levene's test, The Pearson product-moment correlation coefficient
was used to examine the relationship between off-ice and on-ice
performance variables. The magnitude of the correlations was deter-
mined using the following criteria: trivial: O to 0.10, small: 0.11 to
0.3, moderate: 0.31 to 0.50, large: 0.51 t0 0.70, very large: 0.71 to
0.90, and almost perfect: 0.91 to 1.00 [23]. Stepwise multiple re-
gression was used to estimate on-ice performance variables by VJ
(CMJ, SJ, DJ). All statistical analyses were conducted using Statistica
13.3 (TIBCO Software Inc., Palo Alto, CA, USA) and all graphics were
plotted with the Sigma Plot version 12.0 and R software (R version
4.0.3, The R Foundation for Statistical Computing, Vienna, Austria).
A level of p < 0.05 was selected for statistical significance.

RIS LU LT
Physical and physiological characteristics of the subjects, and the
speeds they attained during on-ice speed tests (forward and backward
acceleration test and top speed test), are presented in Table 1. VO,
was estimated from SMAT as described. Both forward and backward
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TABLE 1. Physical and physiological characteristics of the subjects
and skating speeds during on-ice speed tests.

Variables Mean + SD
Physical characteristics

Age (y) 187x2.2
Height (cm) 179.2+11.6
Weight (kg) 77.8+10.2
BMI (kg'm™?) 246+19
VO (Ml-kg=!min~1) 69.5+4.7

Forward skating speed at distance zones

0-5m (km-h™ ") 18.91+1.10
5-10 m (km-h~1) 19.96 +0.91
10-30 m (km-h™*) 30.84+1.13
0-30 m (km-h~!) 25.72+0.92
Backward skating speed at distance zones
0-5 m (kmh™?) 15.98 +1.52
5-10 m (km-h~1) 17.26+1.42
10-30 m (km-h™%) 25.79+1.43
0-30 m (km-h™") 21.83+1.30
Maximum skating speed attained at 50-ft top skating speed test
Maximum speed (km-h~') 35.10+1.67
Duration at maximal speed (s) 1.54 =0.07
.
- : daw ;
60— —_—
E
&
E 50
i .
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T
40
30 ‘
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SJ DDJ

[o{YN]
Vertical jumps

FIG. 5. Jump test performance of the subjects.
Note: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Repoated Skate Sprint Test

FIG. 6. Duration of sprint bouts in repeated sprint ability test
[6 x (54+35)-m] on ice.
Note: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

skating speeds were highest in the 10 to 30 m distance range and
lowest in the O to 5 m range. Forward average skating speed was
17% to 21% faster than BASS at different photocell distance markings.

Performance of all the jump tests, expressed in centimetres, is
presented graphically in Figure 5. Countermovement jump score was
the highest, followed by SJ and DDJ.

Figure 6 shows the time required by the volunteers to complete
each of the 6 skating sprints of the RSA test. The sprint time was
shortest (13.19 + 0.51 s) in the first bout, gradually increased there-
after, and was longest in the last (6™) bout (15.8 = 1,97 s). The dif-
ference of the duration {and, thus speed) between any two consec-
utive bouts was non-significant, Statistical significance between sprint
bouts and corresponding p-values are also presented in Figure 6.

Correlations between all the off-ice and on-ice performance of the
subjects are presented in Figure 7. Countermovement jump shows
a moderate correlation (r = 0.68, p < 0.05) with BASS but has no
statistically significant correlation with any other ice skating fitness

FIG. 7. Correlations between various performance variables in ice
hockey players.

variables. Squat jump shows a strong correlation with both BASS
(r=0.82, p < 0.01)and MSS (r = 0.76, p < 0.01). Depth drop
jump, on the other hand, shows moderate to strong correlations with
all the skating speeds — FASS (r = 0.62, p < 0.05), BASS (r= 0.81,
p < 0.01),and MSS (r = 0.71, p < 0.01). Performance decrement
index (PDI) and fatigue index (Fl), as calculated from RSA perfor-
mance, are 11.07 £4.06 and 10.84 + 3.47, respectively. Neither
PD!1 nor FI shows a significant relationship with any of the off- or on-
ice variables.

Correlations between all the VJ performances are significant; es-
pecially the correlation between CMJ and SJ is very strong {r = 0.92,
p < 0.001). No valid relationship (r = 0.39) between FASS and

TABLE 2. Regression equations to predict on-ice performance from vertical jump tests.

Equations R R? SEE p-value
FASS 5 (km/h) = -0.291 CMJ (cm) + 0.513 SJ (cm) + 13.883 0.686 0.471 1.233 0.057
FASS 30 (km/h) = 0.128 DJ (cm) + 21.599 0.619 0.384 0.769 0.032
MSS (km/h) = 0.246 SJ (cm) + 25.965 0.760 0.577 1.106 0.004
BASS 10-30 (km/h) = 0.177 DJ (em) + 0.047 CMJ (cm) + 17.600 0.889 0.790 0.640 0.009
BASS 30 (km/h) = 0.129 SJ (cm) + 16.527 0.825 0.680 0.474 0.006

Note: FASS, forward average skating speed; BASS, backward average skating speed; MSS, maximum skating speed; R, multiple

correlation coefficient; R?, multiple R-Squared; SEE, standard error of estimate,
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BASS was found. SMAT (or predicted VO, was not found to be
significantly correlated with any of the jump tests or with RSA, FASS,
BASS, or MSS.

Based on the values obtained during VJ and on-ice tests, regres-
sion equations establishing the relationship between VJ and select-
ed on-ice tests were determined by multiple regression analysis. Ta-
ble 2 presents only those regression models for which the stochastic
equation parameters are statistically significant. Regression analysis
shows that CMJ and SJ are the best predictors for FASS over the first
5 m. Depth drop jump, on the other hand, predicts FASS over the
distance of 30 m best. In the case of MSS, regression analysis re-
veals that SJ is an important predictor. Both DDJ and CMJ are the
two valid indicators of BASS at the distance range of 10-30 m,
whereas SJ can successfully predict backward skating performance
(i.e., BASS) of the players over the distance of 30 m.

DISCUS SO N 15—
The aim of this study was to quantify the association mainly between
VJ and ice skating performance in junior ice hockey players. The key
finding of this study is that the VJ performance is a good indicator
of ice skating speed of junior ice hockey players although each of
the three VJ studied has a different magnitude of correlation with
skating performance. The DDJ is significantly correlated with all
skating speeds - forward, backward, and maximum. Squat jump
performance can predict BASS and MSS, whereas CMJ is only sig-
nificantly correlated with BASS. Another impartant finding is that the
RSA cannot be predicted either from any of the VJ tests or from
aerobic fitness alone.

The major purpose of this study was to determine the specific
vertical jump test(s) which is/are most appropriate to predict on-ice
performance of junior ice hockey players. Strong explosive power in
the legs is one of the prerequisites for success in ice hockey play-
ers [19, 24, 25]. This is required to skate fast in all possible direc-
tions, quick acceleration and deceleration, change of direction, block-
ing opponent players, and hitting the puck with the hockey stick.
Unlike many other team sports, jumping is not a very common ac-
tivity in the sport of ice hockey. However, various jump tests are com-
monly used to measure strength and explosive power of leg muscles.
Vertical jump tests are probably the most widely used jump tests to
evaluate the effectiveness and progression of training, and selection
of talents [10].

A strong correlation (r = 0.92) between CMJ and SJ, as observed
in this study, Is highly expected because many of the primary mus-
cles involved in both the jumps are common. However, their differ-
ences cannot be ignored either. Knee extensor muscles have been
indicated as the primary muscles involved in SJ (26, 27], whereas
ankle planter flexors, in addition to knee extensors, are considered
as the primary muscles for CMJ [27, 28]. The lateral gastrocnemius
muscle has been shown to be one of the strongest predictors of all
the VJ - CMJ, SJ, and DDJ [29]. Depth drop jump performance can
be influenced by the jump heights (e.g., 20, 40, 60 cm) [301.
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In this study it was found that VJ, especially DDJ, was correlated
with all the skating speed performances, but not with RSA. Vertical
jump provides a reliable measure of strength and explosive power of
lower limb muscles, especially muscles associated with ankle, knee,
and hip joints [31, 32]). A number of anthropometric, biomechanical,
and physiological factors regulate VJ performance (33, 341. Joint an-
gle, velocity of muscle contraction, centre of mass height, air resis-
tance, acceleration, and momentum are some of the biomechanical
factors regulating V.. Powerful contraction of muscles such as exten-
sors, gluteus maximus, quadriceps, hamstrings, gastrocnemius, and
soleus push the body against gravity by ground reaction during
VJ [35, 36]. Good muscle flexibility, especially in males, can positive-
ly influence VJ by accommodating the imposed stress more easily and
efficiently [33]. The leading physiological determinants of VJ mea-
surement are muscle fibre compasition, phosphagen storage, and con-
centration of some specific enzymes in the muscles [35, 36].

The SJ and DDJ, in the present study, were moderately to strong-
ly correlated with forward and backward average skating speed and
maximal skating speed. Although these jumps are biomechanically
different from ice skating, they involve many of the same leg mus-
cles and share a similar underlying basis of power generation [2].
A number of other studies [3, 4] have shown a strong correlation be-
tween squat jump and skating speed, However, the results of Behm
et al. [37] did not find any significant relationship between squat
jump and skating speed, probably because of use of only two-thirds
of the rink for the speed test, which was not enough to build up max-
imum speed, In their study, Behm et al. [37] did not find any rela-
tionship between drop-jump (a form of DDJ) and skating speed, be-
cause the period of contact with the ground was too short. Skating
during playing ice hockey involves longer contact times, and unlike
the drop jump, greater emphasis on impuise. Depth drop jump in
this study was strongly correlated with FASS, BASS, and MSP. Lon-
ger contact time upon landing may be one of the reasons for such
significant correlations.

All the vertical jumps in this study show a poor relationship with
RSA time (nonsignificant in all cases). Vertical jumps in the laborato-
ry are largely dependent on the explosive power and strong leg mus-
cles, whereas F1, an RSA indicator, is strongly dependent on both an-
aerobic and oxidative systems of the ice hockey players. However,
significant correlations between V. and RSA performance have been
found by some researchers [38, 391. Countermovement jump was
found to be significantly correlated with RSA by Buchheit et al. [40].
Similarly, a positive correlation between squat jump and 10-m shut-
tle run sprint performance was found by Wislaff et al. [39]. SMAT per-
formance is mainly determined by the capabilities of the aerobic me-
tabolism and not much influenced by the explosive power of the leg
muscles or efficiency of anaerobic metabolism, This may explain why
the SMAT results are not correlated with VJ or RSA test results.

The investigated on-ice and off-ice skills are only a few of many
determinants of the complex performance of a hockey player. One-
time testing and reliability of the results are other limitations of the
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study. This study also did not focus on the playing position-specific
experimental response of the players. This was due to time-limited
organizational options of the research file. Although a number of
studies, including EMG, revealed involvement of principal leg mus-
cles in VJ, much of the information is still incomplete [27]. More
specific laboratory and field studies are required that can reveal the
role of leg muscles responsible for the remarkable correlation be-
tween off-ice and on-ice tests. Besides leg muscles, VJ requires co-
ordinated activities of several other muscles in the trunk and arms,
Future research should seek to reveal the role of these muscles in
playing ice hockey, and appropriate laboratory and field tests that
can predict on-ice performance of the players should be designed.

Practical applications

The DDJ test, using a 45-cm high jump box, is the most reliable
predictor of all three types of ice skating speeds ~ FASS, BASS, and
MSS. Squat jump and CMJ tests can also predict some of the ice

skating speeds. We recommend that CMJ, SJ, and DDJ tests can be
used appropriately as off-ice tests on junior ice hockey players to
predict their on-ice performance. The RSA test is commonly used to
estimate anaerobic endurance of ice hockey players, but none of the
VI tests nor an endurance test like SMAT can be used to predict
fatigue in ice hockey players. Backward average skating speed is
about 18% slower than FASS, and this can help guide coaches to
plan defence and attack phases of ice hockey matches. According
to the findings of this study, the correlations between the test results
may guide training plan design and follow-up in junior ice hockey
players.
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Abstract: The aim of this study was to determine the effects of two different rest periods, 2 min
and 3 min, between consecutive sets of a repeated sprint skating ability (RSSA) test, on the skating
ability of ice hockey players. Two RSSA tests, RSS5A-2 and RSSA-3, were assessed on 24 ice hockey
players. In RSSA-2, six sets of 3 x 80 m sprint skating, with 2 min passive recovery between two
consecutive sets was allowed, In RS5A-3, the recovery period between the sets was 3 min. Average
speed, average heart rate (HR,yer), peak heart rate (HRpea), blood lactate concentration {[BLa]), and
rate of perceived exertion (RPE) were measured in both RSSA-2 and RSSA-3 tests. In all the sets,
except set 1, the average speed of the subjects was significantly (p < 0.05) higher in RS5A-3 than the
respective set in RS5A-2. Average HR and RPE were higher in RS5A-2 than RS5A-3 in most of the
sets. For any given set, no difference in HR . was noted between RS5A-2 and R55A-3. Post-sprint
(Set &) [BLa] was significantly (p < 0.05) higher in RS5A-3 than RSSA-2. This study concludes that the
3 min rest period is more beneficial than the 2 min rest period, for (1) increasing skating speed and
{2) reducing overall cardiac workload and perceived fatigue.

Keywords: average speed; blood lactate concentration; rate of perceived exertion; speed decrement;
average heart rate; peak heart rate

1. Introduction

lce hockey is a high-intensity intermittent team game, characterized by rapid changes
in skating speed and direction, and frequent high-impact body contact. The actual time of
play of ice hockey is 60 minutes, which is divided in three 20 minute periods. However,
total time of match play often extends over 3 hours, including two rest intervals [1,2]. Tce
hockey players are substituted frequently to keep the speed of the game very fast [3]. The
effective or actual time an ice hockey player plays averages 15 to 24 min, which is much
shorter than players of most other team sports [3]. Players in a typical ice hockey match
alternate at nearly regular intervals, called a “shift”. The duration of each shift usually
varies from 30 to 80 s (average 45 s) with 2 to 5 min of rest between shifts [3].

In the game of ice hockey, sprint skating performed is frequently interspersed with
brief recovery intervals. Repeated sprint skating leads to fatigue that does not allow the
player to sustain sprint. The ability to produce power quickly during brief intervals deter-
mines the successful performance of repeated sprints by the players, Quicker regeneration
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of energy between bouts of sprint skating during a match play gives a hockey player an
edge over his/her opponent [4-5].

A number of repeated sprint ability (RSA) tests have been designed for plavers of
team sports, depending on the demands of an intense period of competitive match play.
Fatigue index, performance decrement index or speed decrement are often used to express
the drop-off in performance in an RSA test [7]. In spite of an exponential increase in
interest, the physiological mechanism responsible for drop-off performance in RSA-test is
unclear [5]. However, RSA performance can help in implementing appropriate training, if
required, and thus improve match performance by delaying fatigue [5].

The purpose of quick and regular substitution of ice hockey players during a match
play is to play the game faster and attack or defend the opponent players with bouts of
faster movement. The duration of the rest period between the shifts of play is determined
by the team coach based on the match strategy and also on the recovery of anaerobic energy
that was utilized during the shift of play [¥]. However, to the best of our knowledge, no
such study was conducted that determined the effect of the rest period duration between
shifts of play or in an appropriately designed RSSA test. As 2 to 5 min rest periods are
commonly used between shifts of play in hockey match play, our effort in this study was to
compare the effects of two different durations, 2 min and 3 min between the bouts of RS5A
tests, on the performance and psychophysiological response of the ice hockey players.
This study attempted to mimic a few movement patterns and rest periods of ice hockey
match play with a repeated sprint skating ability (RSSA) protocol. The major objective of
this study was to determine the effects of two different durations of rest period (passive
recovery), 2 min and 3 min, between two consecutive sets of RSSA tests. The effects of
rest period duration on performance were determined by analysing average skating speed,
speed decrement (Sy..), heart rate (HR), blood lactate concentration ([BLa]), and rate of
perceived exertion (RPE) at relevant times of the RSSA tests. It is hypothesized that the
3 min rest period between the sets of the RSSA (i.e., RSSA-3) test is advantageous over
the 2 min rest period between the sets (i.e., RSSA-2), for (a) increasing the average skating
speed and [BLa] but without rise in and drop-off performance (i.e., S..) and imposing
excess workload on the heart and (b) reducing perceived exertion.

2. Materials and Methods
2.1. Subjects

Twenty-four professional outfield ice hockey players (age: 22.65 = 477 years, ranging
from 17 to 34 years of age; height: 181.3 £ 4.1 cm; weight: 81.5 = 7.2 kg), from a top
division club in southern Poland, served as subjects. They had 5 to 13 years of experience
of playing competitive ice hockey

2.2. Main Test Procedures
2.2.1. Study Design

The study was conducted in the pre-season of the year 2020-2021. During the off-
season, prior to the pre-season, all the players were engaged in a periodized strength and
conditioning program. The whole study was conducted over 4 non-consecutive days. On
day 1, height, body weight, and body composition of the subjects were determined. Skating
multistage aerobic test (SMAT), for the measurement of maximum heart rate (HR,,,.) and
VO2max, was conducted on day 2. Repeated sprint skating ability tests, using two different
durations of rest period (i.e., RSSA-2, using 2 min rest period, and RS5A-3, using 3 min
rest period) were determined on days 3 and 4, in a randomized order. Experiments on
days 2, 3, and 4 were conducted under similar experimental condition and at the same
time of the day (10 am. to 1 p.m. and 6 p.m. to % p.m.). Day 3 was separated from day 2 by
4 days in all the subjects. Subjects were instructed to maintain normal diet and fluid intake
and to abstain from heavy physical activity 24 h before experiment. The experimental
protocol and potential risks involved in the study were described to the subjects before
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giving written informed consent. The study was approved by the Ethics Committee of the
Jerzy Kukuczka Academy of Physical Education in Katowice (approval number: 8/2018).

2.2.2. Measurement of Body Composition

Body weight and height, total muscle mass, fat mass, and total body water were
measured by body composition analyzer (InBody170, Biospace, Seoul, Korea). This is a
non-invasive device that uses bioelectrical impedance analysis (BIA) method by using
multi-frequencies and eight-point tactile electrodes to measure body composition.

Skating Multistage Aerobic Test (SMAT) for the Measurement of Maximum Heart Rate and
Prediction of VO,

This on-ice test for the prediction of VOyy,,, was designed by Leone et al (2007) [10].
This test was conducted on a 45 m course defined with markers at both extremities of
the indoor ice hockey rink. The subject skated, holding the hockey stick with a preferred
hand, from one end to the other with a predefined speed and then the speed was grad-
ually increased until he was unable to maintain it any more. The pace was dictated by
audible signals emitted by a calibrated audio player. The initial skating speed was set at
3.5 m:s~!, which was increased stepwise by 0.2 m-s~'. A 30 s rest period was allowed
before beginning the next stage. No further rise of HR at the most exhaustive stage of the
test indicated attainment of HRpy,ay in the subject [11]. V0,4 was estimated from the table
based on the formula [10]:

VOmax = 18.07 % (maximum veloeity in m-s1) — 35596 mL - kg ™! -min™1 (1)

Warm-up before RSSA-2 and RSSA-3 Tests

The warm-up procedure on each day of the RSSA tests was similar. The total duration
of the warm-up was 20 min, which consisted of 15 min and 5 min of off-ice and on-ice
warm-ups, respectively, separated by about 20 min passive break to put on hockey gear. The
off-ice warm-up was done with the use of the RAMP (raise-activate-mobilise-potentiate)
protocol [12]. The on-ice warm up consisted an alternating interplay of fast and slow
skating for preparing for the RSSA-2 and RSSA-3 tests.

Repeated Sprint Skating Ability Test

This test was originally designed by Hilka et al. [13], based on the work rate profiles
e.g., movement pattern and duration of each sprint of the players found during match play.
In this test, the subjects were required to perform 6 sets of 3 » 80-m sprint trials, Subjects
abstained from heavy training during the last 24 h before the RSSA test. Each set of sprint
trials consisted of three repetitions of 80 m sprints, where two consecutive repetitions were
spaced by 30 s of passive recovery period. Figure la illustrates the direction of skating
movement of each repetition of RSSA-2 and RSSA-3 tests. In each of the repetitions in a set,
a player has to skate forward and backward, makes a stoppage, and makes a sharp turmn
at some stage of the 80 m total distance. Each sprint consists of 18 m of skating forward
straight from the goal line, stopping at blue line (2-m from barrier), followed by skating
backward 22 m on the goal line, then skating forward 22 m and finished by sharp right on
the blue line and the last 18 m skating forward to finish at the goal line. The subject has to
go back at the starting point by skating (gliding) slowly. The total recovery time between
two sprints, i.e., the time spent from the end of one sprint to the beginning of the next is
30 s {including the slow skating time from the end point of one sprint trial to the beginning
of the next repetition).
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Figure 1. Study protocol. (a) Diagrammatic presentation of the direction and distance of skating in the repeated sprint
skating ability test. (b) Schematic representation of the study protocol. This shows six sets of repeated sprint skating ability
tests with two different passive rest period durations, (1) RS5A-2: Rest period of 2 min and (2) RS5A-3; Rest period of 3 min.
Down arrows indicate time for collection of blood samples and recording of RPE. Heart rate was recorded continuously
from rest until the end of the RSSA test.

The sprint time was measured by using photocell automatic laser timing system
(Microgate, Racetime 2, Bolzano, Italy). Recovery time was measured by using a hand
stopwatch. Based on the rest period (bench time) between two sets, the subjects performed
two types of RSSA test (RSSA-2 and RSSA-3), separated by 5 days, in a randomized order.
The overall study protocol has been presented schematically in Figure 1b.

RSSA-2: In this test, the rest period or bench time between two sets was 2 min.

RSSA-3: The rest period between two consecutive sets was 3 min.

Speed Decrement (Sg..)

Speed decrement for any given set of RSSA-2 and RSSA-3 tests was calculated by
using the following formula [14];

Saec (%) = [(S1+52 +53)/(3 % Spest) — 1] x 100 @

where 51 to 53 are times of 3 sprint repetitions in a set and S, is the best sprint time of
the given set.

Recording of Heart Rate

Heart rate was recorded continuously by heart rate telemeter Polar Team 2, during
the whole period of the SMAT, at an interval of 2 s. In the cases of the RSSA-2 and RSSA-3
tests, HR was recorded at every 2 s, from the beginning of the warm-up till the end of
the last (6th) set. The highest HR attained during a set of RS5A-2 and RSSA-3 tests was
noted as the peak HR {HRpea) and the lowest HR recorded was noted as the minimum
HR (HR ) of the subject. The minimum HR was noted in order to examine the extent of
resetting of the cardiovascular system and recovery before the next set of the RSSA test
begins. The average or mean HR (HR o) was calculated from the recorded HR during the
entire period of a set (i.e., from the beginning of repetition 1 to the end of repetition 3).
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Measurement of Blood Lactate Concentration

Finger-prick capillary blood samples were collected by health professionals for the
measurement of blood lactate by autemated lactate analyzer (Biosen C-Line, EKF Diag-
nostics, UK). This determines the blood lactate by enzymatic-amperometric method using
chip-sensor technology. Blood samples were collected within 1 min after the end of on-ice
warm up and 3 min following the end of the last (6th) set of RSSA-2 and RSSA-3 tests.
Precautions were taken to avoeid possible dilution of the blood sample by tissue fluid and
perspiration. Blood samples were analyzed for [BLa] within 6 h of blood withdrawal.

Rate of Perceived Exertion

The RPE was determined by using the Borg’s CR-10 scale [15]. The subjects indicated
their RPE at rest, immediately after warm-up, and after the end of each set of RS5A-2 and
RSSA-3 tests.

2.3. Statistical Analyses

Mean and standard deviation (SD) were used to represent the average and the typical
spread of values of all measurable variables. The Normal Gaussian distribution of the
data was verified by the Shapiro-Wilk test. Homoscedasticity and sphericity of data were
tested by Levene’s and Mauchly’s tests, respectively. A two-way analysis of variance with
repeated measures and Tukey's HSD (honestly significant difference) post hoc was used to
investigate differences in variables. In relation to the results obtained on the basis of the
Borg's CR-10 scale, Friedman's analysis of vanance and Dunn’s post hoc tests were used.
The effect size (ES) of the intervention was calculated using Cohen's guidelines. Threshold
values for ES were >0.2 (small}, >0.6 (moderate), >1.2 (large), and >2.0 (very large) [16]. The
relationship between HR e and RPE, and between average speed in the last set of RSSA
and post-RS5A blood lactate, were determined with Pearson’s product-moment correlation
analysis. Statistical significance was set at p < 0.05. All statistical analyses were conducted
using Statistica 13.3 (TIBCO Software Inc., Palo Alto, CA, USA).

3. Results
3.1. Physical and Physiological Characteristics

Age, height, body mass, body fat percentage, predicted VO35, and HRmax of the
subjects are presented in Table 1. The VOupa, and HRumay were determined by SMAT.

Table 1. Physical characteristics of the volunteers (i1 = 24).

Age Height Weight Body Fat Muscle Mass Predicted VOupax HE pax
(years) (cm) (kg) (%) (kg) {mL kg 1-min) {beats-min 1)
2265+ 477 1813+ 42 Bl5+74 154 £ 39 5 +33 517+ 42 1972+ 11.1

3.2. Repeated Sprint Skating Ability Test Performance

Figure 2 presents the average skating speed of the subjects, in both RS5A-2 and RS5A-3
tests. All the sets of RSSA-3 were performed faster than the corresponding set of RS5A-2
and the difference was significant (p < 0.05) from Set 2 through 6. Skating speed was fastest
in the Set 1 of RSSA-2 and then declined in the subsequent sets although the difference
(p < 0.05) was not significant between all the consecutive sets. In RS5A-3, on the other hand,
no significant decline in skating speed was observed between any two given sets.
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Figure 2, Average skating speed during RS5A-2 and RSSA-3 tests (ns—non-significant, ** p < 0.01;
* p<0.05).

3.3. Speed Decrement

Speed decrement (%) of the subjects, both in RS5A-2 and RS5A-3, has been presented
in Figure 3. The Sy, is higher in RS5A-2 than RSSA-3 although no significant difference
was noted between the two,

O.ﬂns - HSSA-2
60F __ -+ RSSA3
0.224ns 0.384ns
- 2 0.471ns
3 EL8
e 50 ol Fg Sl
g 0.539ns
o a5l 0.838ns
8
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35} =z
30F = 15 =l
25¢ i L g i ; ;
1 2 3 4 5 [
Sets of RS5A

Figure 3. Speed decrement during RSSA-2 and RSSA-3 tests (ns—non-significant).

3.4. Heart Rate Response

Average-, minimum-, and peak HR (HR..;) of the subjects during RSSA-2 and
R55A-3 tests are presented in Figure 4. In the RS5A-2 test, HR,y . of the subjects varied
from 1564 = 10.4 beats/min (80.3 = 5.1% of HEpy,.) in Set 1 to 172.3 = 6.8 beats/min
(88.7 £ 3.6% of HRpyay) in Set 6, whereas in RSSA-3, the respective values are 1555 + 8.1
and 166.7 £ 7 beats/min (80.1 = 4.9% and 86.0 = 3.8% of HR .. ). Average HR is almost
similar in Set 1 of RSSA-2 and RS5A-3, but higher in rest of the sets of RS5A-2 than the
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corresponding set of RSSA-3, although significant difference (p < 0.05) was noted in Sets 3,
4, 5, and 6 only.
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Figure 4. Heart rate response during RSSA-2 and RSSA-3 tests. P values bebween corresponding sets of RSSA-2 and RS5A-3
have been indicated above upper bars of 95% CL

Like HR,yer. a gradual increase in HR,,;,, and HR e was noted in both RS5A-2 and
RSSA-3 tests. Minimum HR of the subjects, attained just before the beginning of each set,
was significantly higher in RSSA-2 than the corresponding HR,,,j,, in RSSA-3, excepting in
Set 1. Peak HR, on the other hand, is similar in both RS5A-2 and RS5A-3 and reaches nearly
plateau after Set 2, and no significant difference was observed between the two. The lowest
and the highest HRpeak in RS5A-2 were 173.9 & 10.5 beats/min or 89.3 &+ 5.0% of HRpax (in
Set 1) and 182.4 + 6.3 beats,/min or 93.8 £ 3.6% of HRyy,« (in Set 6) respectively. Similarly,
the lowest- and the highest HR,.,y attained in RS5A-3 were 173.3 & 6.8 beats/min or
89.1 = 3.6% (in Set 1) and 180.5 & 5.9 beats /min or 92.8 + 3.5% HRpay, respectively.

3.5. Rate of Perceived Exertion

Figure 5 shows the RPE recorded after each set of RS5A-2 and RSSA-3 tests. A gradual
increase in the RPE was found in both RSSA-2 and RSS5A-3. The RPE was found significantly
higher in RS5A-2 than the corresponding set of RSSA-3, except in set 6.

LEAET S AE

n_@é..

Rate of perceived exertion
=]
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== RSSA3
5 L n n
] 2 3 4 5 8

Sels of RSSA

Figure 5. Rate of perceived exertion im RS5A-2 and R55A-3 tests (** p < 0.01; *p < 0.05, ns—
non-significant).
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3.6. Blood Lactate

The [BLa] after warm-up and 3 min following the completion of the last set of
both RSSA-2 and RS5A-3 tests are presented in Figure 6. Higher [BLa] after RSSA-3
(12,27 £+ 2.75 mmol /L) was noticed in comparison to RSSA-2 (8.72 + 259 mmel/L). No
significant difference between warm up [BLa] before RSSA-2 (1.98 & 0.68 mmol /L) and
RSSA-3 (2,31 + 1.01 mmol /L) was found.

14
p=0.0007

12

10

o

Blood Lactate (mmaol/L)

Warm up Post-Exercise Warm up Post-Exercise
(6th Set) (6th Set)
RESA-2 RSSA-3

Figure 6. Blood lactate concentration after warmup and following the last set of RSSA-2 and RS5A-3 tests.

4. Discussion

The key findings of this investigation are that RS5A-3 causes the players to skate faster,
reduces HR,,er and RPE, and increases lactate production, in comparison to RSSA-2 test.

Ice hockey players need to develop anaerobic endurance, power, and muscle strength
to match the high-intensity bursts of energy output during games. The Vo, of the
players are very similar to the top Polish ice hockey players [5] but lower than elite
ice hockey players [17]. A lean body composition is essential for optimization of their
performance as well as to support fast skating, quick change of direction, balance, agility,
and frequent high impact body contact [15,19]. Lower division players were reported to
contain more body fat than higher division players of NCAA [4].

Results clearly indicate that one extra minute of rest period made a significant dif-
ference in average speed, HR, and perceptual responses in the players. An important
fitness requirement of an ice hockey player is the ability to recover early and to reproduce
performance in subsequent skating sprints [14]. Phosphocreatine is the most important
and immediate source of energy for repeated sprint exercise. During a single short sprint,
the contribution of the oxidative phosphorylation is limited (<10%) [20,21]. However, with
the repetitions of the sprint, the level of aerobic ATP contribution increases progressively
and may share up to 40% of the total energy supply in the final repetitions of a repetitive
sprint exercise [20].

A large depletion of phosphocreatine occurs immediately after repeated sprint exercise,
and longer than 5 min may be required for complete recovery of the phosphocreatine
back to the pre-exercise level [22,23]. Thus, only partial restoration of phosphocreatine
occurs during the recovery periods between the sets of RS5A-2 and RSSA-3 tests. Gradual
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reduction of phosphocreatine at the beginning of subsequent sets of RSSA may be an
important cause of sprint decrement in the players. Higher skating speed and lower
Sgec in RS5A-3 possibly results from greater restoration of phosphocreatine due to longer
rest period.

Blood lactate in ice hockey match play varies from 8.2 mmol/L to 13.7 mmol /L [24].
The [BLa] recorded in RSSA-2 and RS5A-3 tests of this study show similarities with the ice
hockey match play. In RSSA-2, the [BLa] ranged from 5.58 to 14.99 mmol/L, with the mean
value of 872 mmol /L. In RSSA-3, the [BLa] reached 12.27 (+2.75) mmol/L at the end. The
mean [BLa] in RSSA-3 was 12.27 £ 2.75 mmol/L that ranged from 6.16 to 17.71 mmol /L.
Higher skating speed in RS5A-3 is probably responsible for higher [BLa] in spite of longer
rest period in comparison to RSSA-2. Studies [25] have shown that the contribution of
the anaerobic glycolysis in the initial sprint is high but inhibited progressively as sprints
are repeated. The relationship between the anaerobic glycolytic rate and repeated sprint
performance, however, is still unclear [14,25].

lee hockey matches are played with HRyyer of about 85% of HRmay and the HR often
exceeds 90% of HR .. [18,26,27]. A steady rise in HR with the progression of sets of
repeated sprint tests confirms the involvement of a greater aerobic contribution during
the latter sets. The maximal workload on the heart, indicated by HR,,.y, in both RSSA-2
and R55A-3, is similar as indicated by similar HR .y although the players experienced
higher overall cardiac workload in RSSA-2 than in RSSA-3. This is because of higher HR
in R58A-2. Shorter rest period in RSSA-2 causes the HR remains elevated. This may be
caused by higher circulating catecholamines in the beginning of a set of RSSA-2 than the
corresponding set of RSSA-3 [28]. A rise in HR before the start of any short-burst of high
intensity exercise prepares the individual for faster circulatory adjustment and quicker
release of energy. However, slower HR recovery, before the next set of bouts, is likely to
reduce the cardiac reserve that leads to early fatigue [29,30].

The RPE is a valid marker of exercise intensity. This is also a recognized means of
measuring training effects using standardized exercise test protacols [31]. The RPE enables
an individual to evaluate how hard or easy a physical task is at any point of time by
integrating afferent stimuli and feedforward mechanisms [22]. The RS5A-3 in this study
induced significantly lower RPE in spite of higher average skating velocity when compared
with RSSA-2. Lower HR, ., and longer rest period likely to be responsible for reduced
perception of fatigue in RSSA-3, although HR ., in both the protocols were similar.

The usual rest period between the shifts during ice hockey match play varies widely.
In this study we tried to compare some differences in physiological and perceptual response
between 2- and 3 min rest periods while performing an RS5A test that was based on some
basic movement patters of ice hockey players during real match play. Substitution of
the players is likely to depend largely on the match strategy by the coach and partly on
the physiological ability of the players. More studies are required that can evaluate the
difference in physiological response between rest periods of other durations, e.g., between
2- and 4 min, 3- and 5 min, or 2- and 5 min. However, a 3 min rest period is advantageous
over the 2 min rest duration where the coach has to decide the option of a rest period from
2- or 3 min. Thus, this study cannot conclude when the choice of rest period is not 2 min
and 3 min but longer durations like 4 min and 5 min.

Only one withdrawal of blood for the measurement of [BLa] following sprint skating
is a limitation of this study. Measurement of [BLa] after every set of RS5A tests could be
more useful to determine the role of anaerobic glycolysis and removal pattern of lactate
from blood, However, lactate measurement after every set of RSSA tests is meaningful
when the rest period is preferably 4 min or longer because [BLa] reaches its peak value
only after 3 min following the end of sprint events [33].

5. Conclusions

The results of the present study suggest the potential benefits of a 3 min rest period
{RSSA-3) over a 2 min rest period (RSSA-2) for (1) increasing the average skating speed,
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(2) reducing overall cardiac workload, and (3) reducing the perception of fatigue. This
study may have practical importance to the ice hockey coaches for effective use of their
players by considering duration of bench time between shifts of play.
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Abstract:

Background: The main purpose of this research was to establish selected motor skills measured in off-ice and on-ice condi-
tions in ice hockey players using the functional movement screen test, vertical jumps, and on-ice sprints.

Material and Methods: The present study measured fifty-four (n=>54) elite-level ice hockey players, competing in the top-
level league in Poland (Polish Ice Hockey League, PHL) during the 2019/2020 season. Tests were divided into off-ice and on-ice
protocols. The off-ice tests consisted of body composition measurements (including body weight, muscle mass, % of body fat),
functional movement screening (FMS), measurements of jump height and power of the lower limbs, including countermovement
jump (CMJ), squat jump (SJ), and drop jump (DJ). On-ice tests were divided into skating sprint testing measured in splits (0-10m,
10-30m), and total sprint between 0-30m. Furthermore, the maximal skating sprint was also measured between blue lines (15m).
Results were correlated between FMS tests, vertical jump tests, and on-ice skating tests. The relationships between the variables
were guantified using Pearson’s product-moment correlation. The aim of this study was to highlight off-ice protocols, which can
best predict on-ice parameters. Fitness profiling involved division into forwards and defenders and the calculations were also
performed for a whole group of hockey players.

Results: The study showed a strong correfation between total points scored in FMS with the vertical jumps and skating sprints,
especially in the defender group in CMJ jump height r = 0.69 (p < 0.001) and 30m skating sprintr = 0.7 (p < 0.001).

Conclusions: The study found positive correlations between FMS tests and off-ice and on-ice parameters, showing that the
FMS test could be used to predict ice skating performance,

Introduction

The game of ice hockey is considered one of the most demanding and fastest team sports [1-5], with dynamic accel-
erations and decelerations, rapid changes of directions, and upper-body explosive efforts (body checking/shooting)
occurring during the game [6~11]. Ice hockey is considered a sport of repeated sprints with the anaerobic nature of
shifts (69% anaerobic glycolysis) and aerobic nature of recovery time (31% aerobic metabolism). Furthermore, the
somatic profile of ice hackey players is important, for example, due to the permitted physical contact in the game and
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the physiological capabilities of the players [11—13]. Hockey players must be fully prepared for the varied activities
that occur during such an intense game as ice hockey, including anaerobic sprint performance, a strong aerobic en-
durance base, and high levels of muscular strength, power, and endurance [5,14,15]. Researchers argue that speed
and acceleration are undoubtedly very important fitness components of successful ice hockey players, considering
speed as the most desirable ability that is routinely evaluated [5,16,17). Moreover, nowadays there is a trend among
players and coaches related to exercises that develop movement patterns. Functional training focused on a given
sport is aimed at preparing the musculoskeletal system and joint-ligament apparatus for training and competition
loads [18,19]. Many practitioners and researchers suggest looking for the correct performance of movement pat-
terns related to the players' predispositions to improve physical abilities, thus ensuring more efficiency in the game
[17,20-22]. Functional movement screen test (FMS) is commonly used by practitioners to assess functional status
[20,23,24). When considering profiling players, in specific conditions (e.g. on the ice) it's very challenging and in
practice difficult and time-consuming to measure the power of the lower limbs. Vertical jump (VJ) tests are commonly
used by strength and conditioning practitioners and are also used in NHL drafts [5]. VJs are considered not only the
gold standard but also an easy tool to assess players' potential with minimal effort and less time-consuming [5,25].
Nowadays it is known that functional training is crucial in athletic performance [21]. The essential role in athletic
training is to achieve and maintain the proper balance of mobility and stability with accuracy and efficiency [26,27].
The correct relationship between muscle strength, balance, and flexibility as well as motor control is a critical aid
in achieving high sports performance [28]. Therefore, the FMS is one of the tools that can help in the assessment
with an individual approach. The correlations between body composition, functional movement patterns, power of
the lower limbs, and skating on the ice were investigated to show the results, which aliows strength and conditioning
coaches and performance specialists to find appropriate ways for developing prehab exercises and performance
training. It is also a fact that FMS is becoming more and more popular as a tool used by practitioners to improve
sports performance but its popularity among researchers is also growing. Itis said that FMS is becoming increasingly
popular worldwide as a test to determine non-contact injury risk (26].

Material and Methods

Research design

In the first stage, players were tested for body composition. Functional movement screening (FMS) was also per-
formed, including all seven trials. In the next part of the study, participants were tested for the power of the lower
limbs in three different vertical jumps. Power was measured by countermovement jump with arm swinging, squat
jump, and drop jump from the 45cm box. The last part of the study was to determine special motor skills under
specific conditions; on ice, during 10 m and 30m sprints, and at maximal skating. The research was divided into two
consecutive days. On the first day, during a morning session (10:00 — 12:00), athletes participated in the measure-
ments of body composition, FMS, and testing of the power of the lower limbs. On day two between 12:00 - 14:00,
on-ice testing was conducted. This allowed athletes to rest between testing for 24 hours.

Subjects

Eighty-nine senior (n=89) ice hockey players from four Polish clubs competing in the top-level Polish league partici-
pated in the study. Due to failure to complete testing, absence, or injury, 35 players were excluded from the project.
Goalkeepers were excluded from the test. All of the participants (n=>54) were players of the Polish Hockey League
(PHL), organized by the Polish Ice Hockey Federation. Of the participants, 21 were defenders and 33 were forwards.

Age, body height, and body composition parameters (total weight, % of body fat, muscle mass) were collected.
The age of the players ranged from 18 to 37 years with 10 to 20 years of hockey playing experience. Due to failure
to complete testing, absence, or injury, 35 players were excluded from the project. Goalkeepers were excluded from
the test.

Participants were characterized by good health status assessed by the team physician before they took part in the
study. Athletes were in the middle of their in-season, participating in 4 to 6 training sessions per week that comprised
technical, tactical, endurance, and strength training. Furthermore, because of in-season, athletes played around 2
matches per week, on Fridays and Sundays. None of the volunteers ate anything for the last 3 hours before testing,
however, water was allowed to drink. Participants were instructed to maintain a normal diet and fluid intake and to
abstain from training and any other heavy physical activity 24 hours before testing. Intake of coffee and any caffeine-
containing beverages for the last 12 hours before the experiment was not allowed.
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Anthropometric Measurements

Anthropometric measurements were taken using standard methods [29]: body height was measured to the nearest
0.1 cm using a Harpenden Portable Stadiometer (Holtain, UK), whereas body mass (0.1 kg) and percentage body
fat (0.1%) were evaluated using a total body composition analyzer (TANITA BC-420S MA, Tokyo, Japan). Athletes
were instructed to be barefoot, wear light clothes, and have a light breakfast 2 hours before the test. Data for each
component are presented in Table 1.

Table 1. Means and standard deviations of the physical characteristics of subjects

Variable / Position All (n = 54) Forwards (n = 33) Defender (n = 21)
Age (years) 26.57 = 5.10 26.88 + 4.84 26.00 = 5.65
Height (cm) 182.30 * 5.16 181.41 =571 183.89 = 3.60
Weight {kg) 83.44 + 6.43 82.69 = 6.20 84.78 = 6.78

MM (ka) 70.62 = 4.90 69.79 + 4.88 7209 =472
BF (%) 11.01 = 2.49 1132+ 218 10.45 = 2.95

MM — muscie mass, BF — body fat

Functional movement screen

A functional movement screen is a test that assesses the quality of movement patterns and identifies asymmetry
and compensations in the movements responsible for basic sport-specific skills [20,21,30,31]. FMS was conducted
including all seven trials of the test designed by Cook, using the FMS kit [32].

The kit includes a base, which is a board with dimensions of 5 x 15 x 150 cm, tubes with a centimeter scale,
and a rubber cord [32]. Players have to wear sport outfit (T-shirts, trunks, and sports shoes), The test is performed
without warming up. Seven trials consisted of (1) deep squat, (2) hurdle step, (3) in-line lunge, (4) shoulder mobility
exercises, (5) active leg raise, (6) push-up, and (7) rotary stability exercises [32,33]. Each test is evaluated on a four-
point scale from 0 to 3 points, where 0 means pain during the test, 1 — inability to perform the fest, 2 - performing
movement with compensation, and 3 - correct movement. Movement patterns included in FMS assess the quality
of movement, range of motion, balance, stability, and coordination [20,21,32]. Individual tests are carried out three
times and recorded as the best result. The grade was downgraded in case of doubt.

Table 2. Means and standard deviations of the functional movement screen (FMS) results

FMS / Position All (n = 54) Forwards (n = 33) Defenders (n = 21)
Total points 16.43 = 1.81 16.41 + 1.62 16.47 = 217
trial. 1 2.28 = 0.50 2.26 = 0.45 232 +058
trial.2 2.15 = 0.50 215+ 0.44 2.16 = 0.60
trial.3 2.55 = 0.67 253 £ 0.7 258 + 0.61
trial.4 2.00 = 0.78 2.03 +0.76 1.95 + 0.85
trial.5 2.62 = 0.63 2.68 + 0.64 2.53 = 061
trial.6 2.68 = 0.51 2.68 + 0.47 2,68 + 0.58
trial.7 2.13 = 0.56 2.06 + 0.55 2.26 * 0.56
Power of the lower limbs

The power of the lower limbs was evaluated using three common vertical jumps: vertical jump with arm swing (CMJ),
vertical jump from a static position (squat jump), and vertical jump from the 45¢cm box (drop jump). The players
performed reqular pre-workout warm-up, instructed by a strength and conditioning coach, 10 minutes before the
first protocol. All tests were conducted using OptoJump (Single Meter configuration of OptoJump Next, Microgate,
Bolzano, Italy) optical data acquisition system, with time precision up to 0.001 of a second. The Optojump system
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consists of wo bars, one of which i a transmatter and the ather a receiver. The LEDS in the transmitter are in constant

contact with the LEDS in the receiving bar, The system detects the movement of the object between the bars, precisely

calculating the contact time with the ground during the jump, and then sands the recorded data to the computer, which

calculates such parametars as flight height and fhight time. To calculate the power generated during the verticat jump,

the Seyers formula was used [Power (W) = 60.7 » Height of stroke (cm) + 45.3 = Body weight (kg) - 2055] [34].
Two jumps were measured for each protocol and the best resull was sefected.

Tabbe 3. Means and standard deviations of the jump 1est resufts

Variable / Position wm, Al |n = 53} Forwards [n = 33} Defonders (n = 21]
Coumtamicrmant jam Height [cm] 44.03 = 6.84 4917 = 543 4877 + 400
(G} Paweer W] 4775 + 517.24 4702 + 440,77 4765 = §43.47
[em] 41,06 = 6.03 41,13 = 539 40,95 = 7.20
Souat jump [5J) i
Prvwer [WW] 4744 = 465.78 4218 = 414,74 4290 = 555,63
) Height [em] 4391 = 661 4383 = 5.74 404 = &N
Drop jumng (0]
Power [W] 4414 = 51140 4378 = 45474 4478 = 607,96

i, = uril of measure

(On-lce skating sprint testing

The 30m skating sprint was perlormed on an ice rink using a &1 of RaceTime 2 photocefls made by Microgate
{Bolzano, ltaly) en the playing field in a straight fine, with measuring gates on 10 and 30 meters. The evaluation
of the skating sprint was started on the coach’s command. Sprint distance was measwred for two splits: the first
gate (0-10 m), and a flying speed recorded between 10 and 30 m. The test setup is shown in Figure 1. All par-
ticipants were required to famidiarize themselves with the test at least 2 days before its parformance. A standard-
ized off-ice warm-up, including jogging, dynamic strefching, muscle activation, and joint mobifization has been
performed before testing. A standard on-ice warm-up. including Slow and Sprnt skating, was also administerad.
The athletes performed two trials and the bast results were used in the analysis. & 3-minute rest between each
trial was allowed.

Figura 1. Setap for the on-ice skatng sprint testng
Sowrce: own siudy based on empencal research
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Table 4. Means and standard deviations of the velocity resufts in sprind tests

Variable / Position All {n = 54) Forwards (n = 33) Defender {n = 21)
Split velocity 0-10 m [my's] 589 = 034 5.88 = 038 590 =027
Split velocity 10-30 m [m/s] 8.28 = 0.37 8.28 + 035 8.29 = 040
Velocity 0-30 m [m's] 128+ 028 121 =028 7.30 = 0.30
Velocity 0-15 m max [my's) 10.19 = 0.51 10.19 = 057 10.19 = 0.4)
Maximal skating sprint (15m)

Athietes started the test at the opposite goal line on their own command.

The goal was to skate along the boards and then around the curve behind the net. coming out of the curve. The task
was 10 get the maximum forward speed between the two blue lines. Similar to the 30m sprint, time was measured
using a photocell set (Racetime 2, Microgate, Bolzano, Haly). Players were familiarized with this test at feast 2 days
before collecting data. Participants performed two trials of this test and the best result was selected. A detailed testing
setup is presented in Figure 2.

N\

[

Figure 2. Setup for the maximal skating sprint test (15.2m)
Soarce: own study based on empirical research

Statistical Analysis

The descriptive statistics for all dependent variables were expressed by their means and standard deviations (mean

+ SD). The normality of distribution was confirmed using the Shapiro-Wilk test. The Pearson correlation coefficient

was used o examing the relationships between off-ice and on-ice performance variables. The magnitude of the cor-

relations was determined using the following criteria: trivial: 0 to 0.10, small; 0.11 to 0.3, moderate; 0.31 to 0.50,

large: 0.51 10 0.70, very large: 0.71 to 0.90, and almost pertect: 0.91 to 1.00 [35]. The leved of statistical significance

gas set at p < 0,05. All statistical analyses were conducted using Statistica 13.3 (TIBCO Software Inc., Palo Alto,
A, USA).

Results

Total points attained from the FMS test showed a moderate correlation for aimost all jumping trials. The countermove-
ment jump score was the highest, followed by SJ and DJ. CMJ showed a farge correlation with FMS total point score
of (r = 0.54, p < 0.001) for trials measured in centimeters (cm) and moderate correlation (r = 0.47, p < 0.001) for

72 Journal of Kinesiology and Exercise Sciences

78



Functional Movement Screen Test... [ —_—

values calculated into watts. Furthermore, the SJ test showed a moderate correlation with FMS total point score of (r
= 0.48, p < 0.001) considering trials measured in cm and also a moderate correlation when considering SJ in watts
(r = 0.42, p < 0.002). Correlations between FMS and VJ tests are presented in Figure 3.

o8

moMensve players
[ 4] w defensive olayers
=l plavers i

Figure. 3. Pearson’s correlations (r) of mean vaiues of FMS points with height and
power in countermovement jump, squat jump, and drop jump in three groups

Skating sprint at 0-10m and FMS fotal points showed a moderate negative correlation (r = -0.43, p < 0.001).
Split velocity developed at the distance of 10-30m showed also moderate correlation (r = -0.37, p < 0.06). Velocity
at the distance of 20m between 10-30m also showed a moderate correlation (r = 0.50, p < 0.001). Velocity at the
total distance covered by the athlete showed a large negative correlation (r = -0.60, p < 0.001). FMS total score was
significantly moderately correlated with the results of the maximal skating sprint test (r = -0.42, p < 0.01).

Results of FMS test trials were also correlated with those of the jump trials and skating testing according to play-
ing position. Calculations showed that results achieved by defenders in the VJ tests measured in cm were also largely
correlated (CMJ r=0.69, p < 0.002, SJr = 0.60, p < 0.007, and DJ r = 0.62, p < 0.005). Detailed data divided
into defenders and forwards including VlJ-FMS test correlation are presented in Figure 3. For skating measurements
with regards to the position, results showed a large correlation for 0-10m split (r = -0.66, p < 0.002) for defenders
and a moderate correlation for forwards ( r = -0.34, p < 0.46) with FMS total point. Split between 10-30m shows
negative large correlation (r = -0.54, p < 0.018). At a distance of 30m, defenders revealed a large correlation (r
= 0.7, p < 0.001). Calculations for forwards revealed a moderate correlation in split of 10-30m as r = -0.47, p <
0.005. Only forwards showed a moderate correlation for maximal skating sprint and FMS total points score, which
was (r = -0.45, p < 0.008). No correlation was found considering defenders.

Resuits for FMS trials and skating sprint measurements are presented in Figure 4.

08
m offensive players
o7 = defensve players
wallplayers g
06
i~
& 5 z3
] i3
g 01
-i 02 ;
2o
00 f-
0-10m 1030m 5. om
Splie wwiocity [mys) Veloclty [n/s]

ALL- players without positioning, OFF-offensive players, DEF-defensive players

Figure. 4. Pearson's correlations (r) of mean values of FMS paints with mean velocity
of on-ice tests in three groups
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Figure. 5. The four largest Pearson's correlations (r) of mean values of FMS points with defensive players means for (a) velocity over
30m, (b) CMJ height, (c) split velocity of 0-10m, and (d) DJ height

Source: own study based on empirical research

FMS tests have become popular in the past few years. This is because it is a very simple methed to use for coaches
and it does not require special skills [36,37]. The vision of the designer of the test was to determine global movement
patterns. FMS test allows for the assessment of functional deficits and asymmetries and the determination of the
weakest links in the kinematic chains (38]. However, many studies have shown the importance of using the FMS test
for injury prevention [26]. What is more, the deficit in any of basic motor skills such as coordination, mobility, and
stability can lead to deficits in more complex sports skills, €.9., strength, speed, power, and endurance, and then can
disturb performance in sport-specific skills [20]. In this study, we attempted to find if there are correlations between
FMS and more specific demands. We are aware that the FMS test was not designed to predict any sport-specific
skills. However, the aim of this study was to find out if athletes with better results in the FMS test could score more in
other ice hockey tests. This hypothesis was stated because of the practical point of view of strength and conditioning
coaches, who pointed out that athletes with better movement efficiency and quality would be better in their sports.
The research conducted by Zhixiong, Chen et al. (2016) showed a positive correlation between FMS testing with
vertical jump tests in youth football players [39]. In other studies, clear performance with good movement quality
with no compensation allowed for the increased load in strength training, which translated into producing more power
[40]. Research by Berning (2010) revealed that a better functional squat technique improved vertical jump [41—43].
A study of Lépez-Segovia (2011) pointed out the positive effect of a training composed of squats and vertical jumps
on the power of the lower limbs and a positive correlation with a short sprint in youth footballers [44].

In conclusion, using the FMS test could be beneficial to assess the possible risk of injury and support perfor-
mance assessment. In the present study, there were clear correlations between the FMS test and vertical jump test
resuits, such as on-ice specific skills in both forwards and defenders. This may mean that FMS could be used as
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a potential predictive sport-specific test, especially in time-limited situations and when a large group of players is
tested. According to other studies, the implementation of a training program based on FMS, which can be individual-
ized, could help improve the performance of the athletes.

Limitations of the study

The FMS test was created as a subjective tool to assess potential injury risk. In this study, researchers wanted to
find if any correlation exists between FMS and players' performance. It is recommended that this study should be
extended for more game-specific movements and actions and also game statistics.

Conclusion

The present study provides reference values on the FMS performance of high-level competitive ice hockey players.
Even if FMS was created as a subjective tool to asses potential injury risk, in case of developing performance, it could
be an effective and helpful tool which, with the rest of the testing battery, can complete the player’s profile, especially
in ice hockey, where off-ice training can help improve the on-ice performance.

Practical Application

As a practical application, the authors recommend that coaching staff use collective training programs with an em-
phasis on improving deficits (especially in younger players), which can be performed individually or in a subgroup.
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The effects of twelve-week functional training on the power of the
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Relationship between vertical jump tests and ice skating performance
in junior Polish ice hockey players
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Functional movement screen test as an predictor for jJumping tests

performance and on-ice skating sprint in elite level ice hockey players
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13. Streszczenie w jezyku polskim

Tytul: Analiza wybranych czynnikéw determinujacych sprawnos$¢ specjalng zawodnikow pitki

noznej i hokeja na lodzie

Wspolczesny sport wyczynowy, charakteryzujacy si¢ rosngca konkurencjg, wymaga holistycznego
podej$cia do przygotowania fizycznego zawodnikow. W pracy analizowano wybrane czynniki
determinujace sprawnos$¢ specjalng zawodnikow pitki noznej i hokeja na lodzie, koncentrujac si¢ na roli
treningu funkcjonalnego, ocenie zdolnosci motorycznych a takze ocenie sprawnos$ci specjalnej w

powtarzanych wysitkach o maksymalnej intensywnosci.
Cel pracy

Gléwnym celem badan byta identyfikacja wplywu treningu funkcjonalnego na sprawno$¢ specjalng
zawodnikow pitki noznej i hokeja na lodzie, a takze analiza zalezno$ci pomiedzy regeneracja a
efektywnoscia powtarzanych wysitkow 0 maksymalnej intensywnosci.
W pracy postanowiono odpowiedzie¢ na pytania badawcze dotyczace zaleznosci migdzy testem

Functional Movement Screen (FMS) a moca konczyn dolnych i sprawnoscia specjalna.
Metodologia badan
Przeprowadzono cztery niezalezne badania:

1. Trening funkcjonalny — 12-tygodniowa interwencja u mtodych pitkarzy wykazata poprawe
wynikow w testach FMS (wzrost 0 45,2%) oraz parametréw skokow pionowych, m.in. wzrost

mocy konczyn dolnych o 5,3%.
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2. Ocena mocy i szybkos$ci hokeistow — analizowano korelacyjne zwiazki pomiedzy wynikami
testow skokow pionowych (CMJ, SJ, DDJ) a testami wykonywanymi na lodzie, m.in. jazda

przodem i tytem.

3. Regeneracja miedzy wysitkami — Badano wptyw dlugosci przerwy (2 i 3 minuty) na
efektywnos$¢ powtarzanych maksymalnych wysitkow w hokeju na lodzie.

4. Zastosowanie testow diagnostycznych — Badano zalezno$ci migdzy testem FMS a skokami

pionowymi i testami poruszania si¢ po lodzie.
Wyniki

1. Trening funkcjonalny znaczaco wptynat na poprawe wynikow w tescie FMS oraz wynikow

testow skokow pionowych i szybkosci.

2. Wykazano istotne statystycznie korelacje pomiedzy testami skokéw pionowych a wynikami
jazdy na lodzie. Skoki z potprzysiadu (SJ) oraz zeskoku (DDJ) okazaty si¢ najlepszymi
predyktorami szybkosci jazdy.

3. Wydluzenie czasu regeneracji pomigdzy wysitkami o wysokiej intensywnosci poprawito

efektywnos$¢ czynnos$ci ruchowych o maksymalnej intensywnosci.

4. Wykazano, ze wyzsze wyniki FMS korelowaty z lepszymi rezultatami w testach skokow
pionowych oraz w testach poruszania si¢ po lodzie. Badania te sugeruja, ze diagnostyka
wzorcow ruchowych za pomocg FMS moze stanowi¢ skuteczne narzgdzie w ocenie potencjalu

Sprawnosci specjalnej.
Whioski

e Trening funkcjonalny, zintegrowany z narzgdziami diagnostycznymi, jest efektywnym
srodkiem poprawy sprawnos$ci specjalnej zawodnikéw pitki noznej. Ograniczenia: brak grupy

kontrolnej.

e Skoki pionowe, zwlaszcza DDJ i SJ, majg potencjat jako narzedzia oceny sprawnosci specjalnej
w hokeju na lodzie. Ograniczenia: wybrane testy skokow pionowych, nalezy rozwazy¢

przeanalizowanie wigkszej ilosci czynnikéw mogacych wplywaé na sprawnos¢ specjalng.

e Wydluzenie przerw regeneracyjnych sprzyja lepszej efektywnosci wykonywania wysitkow o
maksymalnej intensywnos$ci. Ograniczenia: nalezy rozwazy¢ przeanalizowanie wigkszej ilosci

czynnikoéw oraz zastosowanie innych przerw wypoczynkowych w tescie.

e Test FMS moze stuzy¢ jako narz¢dzie pomocne w ocenie sprawno$ci specjalnej wsrod
hokeistow na lodzie. Ograniczenia: nalezy rozwazyC przeanalizowanie wickszej ilo$ci

czynnikoéw mogacych wplywac na sprawnos¢ specjalng.
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Wyniki uzyskane w tej pracy moga stanowi¢ wsparcie dla trenerow i specjalistow w zakresie
optymalizacji procesu treningowego w zespotowych grach sportowych, takich jak pitka nozna i hokej

na lodzie.

Stowa kluczowe: sprawno$¢ specjalna, trening funkcjonalny, testy diagnostyczne, zespotowe gry

sportowe

14. Streszczenie w jezyku angielskim

Title: Analysis of Selected Factors Determining the Specific Performance of Soccer and Ice Hockey

Players

Abstract

Modern high-performance sports, characterized by increasing competition, demand a holistic approach
to the physical preparation of athletes. This study analyzed selected factors determining the specific
performance of soccer and ice hockey players, focusing on the role of functional training, the assessment

of motor abilities, and the evaluation of specific performance in repeated maximum-intensity efforts.

Purpose of the Study

The primary aim of the research was to identify the impact of functional training on the specific
performance of soccer and ice hockey players, as well as to analyze the relationship between recovery
and the efficiency of repeated maximum-intensity efforts. The study sought to answer research
questions regarding the relationships between the Functional Movement Screen (FMS) test, lower

limb power, and specific performance.

Research Methodology

Four independent studies were conducted:

1. Functional Training — A 12-week intervention in young soccer players showed improvements
in FMS test scores (an increase of 45.2%) and vertical jump parameters, including a 5.3%

increase in lower limb power.

2. Power and Speed Assessment of Hockey Players — Correlations between vertical jump tests

(CMJ, SJ, DDJ) and on-ice tests, such as forward and backward skating, were analyzed.

3. Recovery Between Efforts — The impact of rest duration (2 and 3 minutes) on the efficiency of

repeated maximume-intensity efforts in ice hockey was studied.

4. Diagnostic Tests Application — The relationships between the FMS test, vertical jumps, and

on-ice movement tests were examined.
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Results

1. Functional training significantly improved FMS test results and vertical jump and speed test
performance.

2. Statistically significant correlations were found between vertical jump tests and on-ice skating
performance. Squat jumps (SJ) and drop jumps (DDJ) were the best predictors of skating speed.

3. Extending recovery time between high-intensity efforts improved the efficiency of maximum-

intensity movements.

4. Higher FMS test scores correlated with better results in vertical jump tests and on-ice movement
tests. These findings suggest that movement pattern diagnostics using the FMS test can be an
effective tool for assessing specific performance potential.

Conclusions

e Functional training, integrated with diagnostic tools, is an effective means of improving the
specific performance of soccer players. Limitations: Lack of a control group.

o Vertical jumps, particularly DDJ and SJ, have potential as tools for assessing specific
performance in ice hockey. Limitations: The study focused on selected vertical jump tests; a

broader analysis of other factors influencing specific performance is recommended.

o Extending recovery breaks enhances the efficiency of maximume-intensity efforts. Limitations:

Additional factors and alternative recovery durations should be considered.

e The FMS test can be a helpful tool in assessing specific performance among ice hockey players.

Limitations: Further analysis of additional factors influencing specific performance is needed.

The results of this study may support coaches and specialists in optimizing training processes in team
sports such as soccer and ice hockey.

Keywords: specific performance, functional training, diagnostic tests, team sports
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