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1 UVOD

Historie sportu ndm zieteln¢ ukazuje, zZe se proméiuje obliba jednotlivych sportovnich
odvétvi. S tim souvisi i vznik novych kategorii, odnoZzi nebo ipIné€ originalnich disciplin. Oblast
fitness byla v poslednich desetiletich charakteristickd vznikem novych aktivit, které casto
reagovaly na aktudlni trendy. Zacitkem 21. stoleti se zaCala vyrazn¢ rozSifovat nabidka
skupinovych (salovych) aktivit. Desitky riiznych typl cviceni v kombinaci s novymi
pomuckami, specifickym hudebnim podkresem, lakavym (anglickym) ndzvem jsou k dispozici
dodnes.

Typickym znakem se stala vysoka naro¢nost cvic¢eni zarucujici pot, bolest, intenzivni
prozitky. Je pravdépodobné, ze do poptavky po pohybovych aktivitaich se promitly nékteré
spole¢né trendy. Vysoké tempo s vidinou rychlych viditelnych vysledkli ve vykonnosti nebo
pfeméné postavy oslovily velké mnozstvi lidi. Zaroveit to mohl byt odklon od ,,¢istého*
prostiedi bézného Zivota. Tendence k zivelnému tréninku v pra§ném, upoceném ¢i blativém
prostiedi, ale zaroven silné prozitky sdilené se skupinou.

High-intensity functional training (HIFT) pfisel v fad¢€ dalSich typt cvieni nabizejicich
naro¢nou aktivitu se slibnymi vysledky ve zlepseni kondice. Jeho obliba dramaticky rostla, ale
na rozdil od jinych, novych typtl cvi€eni, nezaznamenal ani po letech pokles v poctu stoupenct.
Duvodil je vice, ale za nejpodstatnéjsi 1ze pokladat, Ze se predstavuje jako sportovni oblast se
silnym vztahem ke komunité a Ze pouzivéa jednoduchy, materidln¢ nenarocny a efektivni typ
pohybové aktivity.

Pristup védy a vyzkumu k HIFT byl zpocatku orientovdn na riziko zranéni,
fyziologickou odezvu a adaptaci na intervenéni programy. HIFT byl povazovan za
nebezpecnou formu cviceni, coz se postupné podatilo vyvratit. Incidence zranéni je srovnatelna
s béznym odporovym tréninkem a je vyrazné niz8i nez napf. u sportovnich her. Z pohledu
reakce organismu na zatéz se ukdzalo, Ze pfi cviceni je dosahovéano vysokych hodnot tepové
frekvence a krevniho laktdtu. Povaha a intenzita cviCeni ma déle signifikantni vliv na
metabolické a hormonalni procesy sledované po zatizeni. V neposledni fad¢ byly realizovany
kratkodobé intervence, u kterych se prokazal vliv predevsim na parametry sily a vytrvalosti.

Postupné zacala pfibyvat vyzkumna cinnost i v dal§ich oblastech jako vyziva,
psychologie ¢i sociologie. Rozsifilo se mnozstvi studii sledujici zdravotni aspekty
(rhabdomyolyza, inkontinence, t€hotenstvi) a intervencéni programy se pifesunuly také na
specifické vzorky (Skolni TV, obézni jedinci). Vzhledem k tomu, Ze vyzkumna ¢innost o HIFT

zacala vznikat az kolem roku 2012, v mnoha oblastech je zatim nedostatek evidence.



Autoriv vztah k HIFT zacal vroce 2011 a od té doby se mu vénoval jako trenér,
zavodnik, majitel té€locvicny, organizator zavodil, rozhod¢i, védec. Po celou dobu vytvarel
osvétu a zvySoval informovanost pro sportovni i obecnou populaci. Diky uzkému vztahu
k vykonnostni podobé HIFT byla vyzkumna orientace zprvu na oblast tréninku ¢i vykonu.
ProtoZze povazuje za velmi podstatné ptinaset vysledky o zdravotnich rizicich a benefitech,
ubiré se jeho prace také timto smérem. Autorovym dlouhodobym zdmérem je ptispivat ve vice
oblastech vyzkumnou, publika¢ni a pfednaskovou €innosti k tomu, aby bylo HIFT podlozeno
adekvatnim mnoZzstvim védecké evidence. A dale, aby se podatilo vnimat HIFT jako efektivni
a bezpecny tréninkovy systém a také jako legitimni sportovni oblast.

Habilitacni prace je kompilatem publikovanych ¢lankd, které se vztahuji k tématu
HIFT. Celkem bylo pouzito 11 ¢lankd, které jsou uvedeny v plném rozsahu a origindlni formé.
Prace byla rozdélena na oddily Vymezeni pojmu HIFT, Trénink, Vykon, Air bike, Zdravotni
aspekty. Rozdé¢leni slouzi pouze pro ucely prace a tvofi tematické celky vztahujici se k autorovu
vyzkumnému zaméfeni. Kazdy oddil je v kratkosti uveden a diskutovéan. Prace je doplnéna
teoretickymi vychodisky, které prezentuji stru¢nou historii HIFT a popisuji ho jako sportovni

oblast.



2 TEORETICKA VYCHODISKA

2.1 Struéna historie HIFT

Pro pochopeni aktualniho pojeti HIFT je dilezité, abychom znali jeho kofeny a genezi,
kterou proslo. Ackoliv pivod HIFT zasazujeme spise do 90. let 20. stoleti, bylo by naivni
predpokladat, ze podobné zplsoby cviceni se neobjevily jiz diive. Aby bylo mozné oznacit
nékteré typy cviCeni za piedchiidce HIFT, mély by obsahovat kombinované pouziti vice
modalit nejen v ramci celkového pohybového rezimu, ale predev§im v samotné cvicebni
jednotce. Jedna se o pouziti nejriznéjSich odporovych cvikil, vytrvalostnich aktivit, bez ohledu
na délku trvani, kontinudlni ¢i intervalové pojeti.

Pravdépodobné prvni zminky o smiSeném cviceni pochazi z ruské a pruské armady
poloviny 19. stoleti (Campbell, 2012). Obsahovaly rtizné fyzické drily obsahujici gymnastické
programy inspirované némeckym turnérskym systémem. Tento pfistup pfevzala také anglicka
armada, kde byly v 60. letech 19. stoleti implementovany rizné kondi¢ni drily obsahujici $plh,
ru¢kovani, prekonavani prekazek, noseni zatéze, cviceni ve zbroji (Campbell, 2012). Cviceni
byla koncipovana tak, aby se pfibliZila redlnym situacim v boji. Fyzickd pfiprava vojaka
obsahuje podobna cviceni dodnes (Bergeron et al., 2011). Jednim z divodi je, Ze piedstavuje
efektivni pojeti zvySovani (specifické) t€lesné zdatnosti, ale také zplisob zvySovani mentalni
odolnosti vzhledem k vysoké naro¢nosti.

Ve 40. letech 20. stoleti vznikl rukou A. Steinhause systém s nazvem ,,peripheral heart
action (PHA). PHA bylo cvi¢ebni metodou, pfi které bylo cilem udrzet zvySenou cirkulaci
krve v celém téle po dobu celého tréninku (Piras et al., 2015). PHA obsahovalo 5-6 cvikt, které
stiidavé zatézovaly horni a dolni polovinu téla. Cvi€eni probihalo systémem kruhového
tréninku a mezi cviky byl aktivni odpocinek. Tuto metodu proslavil od 60. let piedev§im Robert
Gajda. Pouzité cviky byly z prostiedi tehdejsiho bodybuildingu, proto nebyly téméf pouzivany
posilovaci stroje a zaroveil nalézame prvky z Olympijského vzpirdni (Dominguez & Gajda,
1982). Ackoliv dochazelo k zadychani, zafazeni béhu bylo pouze v ramci rozcvi¢eni. Metoda
se stala inspiraci i pro pozd¢jsi, resp. paraleln€ vznikajici kruhovy trénink.

Ve snaze nalézt idedlni zpisob rozvoje télesné zdatnosti ptisli vyzkumnici Morand &
Anderson v roce 1953 snapadem kruhového tréninku (Gotshalk et al., 2004). V ptivodni
podobé obsahoval 9-12 stanovist, mezi kterymi byla kratka nebo Zadna pauza. Prace trvala 15-
45 sekund s poctem opakovani v rozmezi 8-20 a pouzita intenzita byla na Grovni 40-60 % 1

RM (jednorazové maximum). Cvi¢ebni program mohl obsahovat posilovaci stroje, volné vahy,



odporové gumy, cviky s vlastnim télem a bylo mozné je kombinovat. Od 50. let probihaly
vyzkumy, které potvrdily efektivitu kruhového tréninku (Gettman & Pollock, 1981). Kruhovy
trénink se postupné stal soucdsti cviCeni bézné populace i piipravy sportovcl, a to jak
v zahraniéi, tak i CR (Choutka & Dovalil, 1987).

Originalni pfistup ke cviCeni pfinesl také soubézny trénink. Plvodnim cilem bylo
porovnani adaptac¢nich mechanismii po silovém, vytrvalostnim nebo kombinovaném programu
(Hickson, 1980). Poprvé se tak zafalo pouzivat systematické spojeni vytrvalostni aktivity
(ptedevsim béhu) a silovych cviki. I pfesto, ze od pocatku vykazoval soubézny trénink horsi
vysledky nez samostatné aplikované modality, ziskal pozornost v kontextu rozvoje télesné
zdatnosti (Nelson et al., 1990).

Zda se pravdépodobné, ze do vyvoje HIFT zasahl také vysoce intenzivni intervalovy
trénink (HIIT). Metoda, kterd si piiblizné 100 let nachazi své stoupence a stala se ptivodné
soucasti tréninkové ptipravy predevsim vytrvalostnich bézct. Velmi kratké zatizeni s vysokou
az maximalni intenzitou se od 70. let 20. stoleti dostalo do z4jm vyzkumnik a opakované byl
prokézan pozitivni ucinek pro rizné soubory (Tabata, 2019). Zacaly se postupné také objevovat
protokoly obsahujici komplexni cviky, pfipadné v kombinaci s vytrvalostni aktivitou (Monteiro
et al., 2008).

90. 1éta 20. stoleti pfinesla tzv. funkéni trénink, ktery pouzival komplexni pohyby a jeho
znakem byla také vysoka intenzita. Jednim ze zastupcii byl ,,Boot camp* — cviceni situované
predevsim do venkovnich prostor, které se inspirovalo vojenskym cvi¢enim. Obvykle to byl
béh kombinovany se cviky s vlastnim télem, piipadné s lehkou zatézi typu medicinbal. Dal§im
typickym zéastupcem je TRX, coZ ptedstavuje zavésny systém vyuzivajici k zatézi pouze vlastni
télo. V této dobé, a jesté v prvnim deceniu 21. stoleti vzniklo mnoho cvi¢ebnich systémii (napf-.
P90X, Insanity) a zdroven se zacali pouzivat ve vétsi mite kettlebelly, lana, bulgarian bagy atd.
Za atributy téchto forem cviceni 1ze oznacit: vysoké usili, svalovou bolest, absenci posilovacich
strojii, komplexni (dynamické) pohyby.

Jako reakce na kulturistiku a konvencni pfistup ke komplexnimu rozvoji télesné
zdatnosti vznikl vroce 1995 CrossFit, jeho zakladatelem byl G. Glassman. CrossFit byl
inovativni v pfistupu ke cviceni a pravdépodobné jako prvni ptinesl pfesny tréninkovy systém,
ve kterém jsou dand pravidla pro vybér cviki, resp. jednotlivych modalit. Od pocatku bylo
cilem pfinést bézné populaci efektivni zplisob, jak rozvijet télesnou zdatnost a zdravi
(Glassman, 2002). Kombinace prvkll ze sportovni gymnastiky, Olympijského vzpirani,
powerliftingu a mnoha vytrvalostnich aktivit byla inovativni. Velmi podstatné pro masové

rozsiteni CrossFitu byl také vznik systému fungovani crossfitovych télocvi¢en a pojeti ve



smyslu sportovni discipliny. CrossFit tak polozil zaklady pro soucasné pojeti HIFT a patii

poslednich 15 let mezi celosvétové trendy v oblasti fitness (Kercher et al., 2022).

2.2 HIFT jako sportovni oblast

HIFT ptekrocil hranice pouhé metody cvieni a lze jej vnimat jako samostatnou
sportovni oblast. Je nutné zdlraznit, ze tuto Glohu sehrava piedev§im CrossFit. Bohuzel
vymezeni a odliSeni HIFT a CrossFitu neni jednoduché, i pfesto je mozné prenést atributy
sportu také na HIFT. V nésledujicim textu bude tématika vztazena spiSe na CrossFit.

»port jsou vSechny formy telesné cinnosti, které — az jiz prostrednictvim organizované
ucasti ¢i nikoliv — si kladou za cil projeveni ¢i zdokonaleni télesné i psychické kondice, rozvoj
spolecenskych vztahii nebo dosazeni vysledkii v soutézich na vsech urovnich.“ (Ministerstvo
Skolstvi, mladeze a télovychovy, 2002).

Miuzeme vyuzit také definice, kterd je orientovana vice na vykon.
»Organizovanda, pravidly se Fidici soutéz, ve které je porovnavano plnéni ukolu, které

Jjsou spojeny se schopnostmi a dovednostmi sportovce. (Martinkova, 2013).

Byla to pravé pravidla a jasné urceni sportovniho vykonu, ¢imz mohlo dochézet
k porovnévani sportovcil nebo organizovani soutézi. Vykon byl pojat jako splnéni kondi¢niho
ukolu, a to v co nejkratsi dobé¢ - ,.for time* nebo provedenim co nejvétsiho poctu opakovani —
,»as many repetitions as possible* (pfipadné zvednutim co nejvétsi zatéze). Tento ukol je
nazyvan WOD (workout of the day) nebo také event (v soutézni podob¢). Délka WOD neni
vymezend, ale obvykle se pohybuje v rozmezi 5-40 minut. Napli WOD neni pfesné urcena a
miZze obsahovat téméft jakékoliv cviky v libovolnych kombinacich i poctech opakovani. Méné
Casto se objevuje zadani intervalového charakteru, ale je také pouzivanym prostfedkem. Kazdy
sportovec si urcuje tempo a prestavky podle své potieby a vykonnostni trovné. Pro WOD je
typicka vysoka variabilita, obsah se sporadicky opakuje.

Vycet cvikl/pohybli neni pevné stanoven, nicméné musi byt dodrzena podminka o
standardu cviku. Kazdy cvik tak ma jasné stanoveny standard, ktery urcuje jeho provedeni a
uznani platnosti. Télo sportovce, ¢inka apod. se musi dostat do urcitych pozic/poloh, aby mohlo
byt opakovani uznano. Piikladem miiZe byt diep: ve vychozi pozici je atlet ve stoji, Sitka postoje
maximalné na $itku ramen, ve spodni pozici se musi piedni horni trn kycelni kosti dostat pod

uroven kolenni ¢ésky, konecna pozice je opét stoj. Déle jsou uvedeny dopliujici body, kdy je



opakovani povazovano za neplatné. V neposledni tadé jsou popsany body, které jsou
v libovolném pojeti sportovce (napft. pozice pazi pti diepu).

U provedeni jakéhokoliv cviku/pohybu neni posuzovano technicka stranka. V tomto
ohledu je mozné identifikovat podobnost s vétSinou sportovnich oblasti — podobné jako napft. u
vytrvalostniho béhu neni posuzovén styl/technika, ale musi byt splnény jiné podminky pro
uznani vykonu. Ve svéte fitness se jednalo o novum, protoze optimalni technické provedeni
bylo charakteristické pro odporovy trénink. Neznamena to, ze by sportovci nebo trenéfi cilené
opomijeli nacvik efektivni techniky, ale pouze to nebylo pfeneseno do hodnoceni vykonu.

Diky stanoveni pravidel — uréeni standardii cvikl, pribéhu WOD a formy vysledku, je
mozné, aby sportovci mezi sebou soutézili a mohlo dochazet k porovnavani vykoni. Tento
princip je aplikovan v zdvodni i nesoutézni podobé. Podobné jako v jinych sportovnich
disciplinach provazi pravidla urcit¢ zmény v pribéhu Casu soucasné s tim, jak se vyviji
sportovci, vykony nebo vnimani divacké atraktivity (Schlegel & Kiehky, 2022).

Cilem HIFT je komplexni rozvoj télesné zdatnosti a také wellness. Primérni orientaci
tak neni dosahovani vysokych vykont, ale zvySovani métitelnych parametrt zdravi a kondice.
Konkrétné jde ptedevSim o rozvoj kardiorespiracni a silové zdatnosti a zlepSeni sloZeni téla.
V kratkodobych intervencnich programech se prokazal signifikantni vliv na tyto parametry
(Schlegel, 2020). Dulezitym atributem HIFT je moznost zapojeni kazdého jedince bez ohledu
na vék, vykonnostni troven nebo zdravotni omezeni. Jednou ze zdkladnich myslenek je, ze lidé
rizné urovné zdatnosti mohou trénovat spole¢né¢, dochazi pouze k upraveé obtiznosti prvki.

Od roku 2007 lze datovat vznik soutézni podoby HIFT (CrossFit Games). Jeho model
lze ptirovnat k otevienému mistrovstvi svéta, do kterého se mize ptihlasit kazdy jednotlivec.
Finale je koncipovéano tak, aby zachovalo principy CrossFitu — sportovei plni velmi pestré
kondi¢ni ukoly, které jsou pokazdé originalni. Celosvétové i v CR je potadano kazdoroénd
mnoho lokalnich i mezinarodnich zavodu (vice je uvedeno v kapitole Vykon).

Z pohledu terminologie existuje problém, Ze v odbornych ¢lancich, publikacich apod.
jsou uzivany pojmy HIFT a CrossFit velmi rtizn¢. Stava se, Ze napf. intervencni program je
nazvan CrossFit, ackoliv neobsahuje pozadované atributy. Podobné se ustalilo, ze lidé, kteti
uvadeji, ze provozuji CrossFit, se nedrzi ptivodni metodiky. Mezi sportovci neni ozna¢eni HIFT
obvyklé a tyka se vice méné pouze akademického prostoru nebo svéta mezinarodnich publikaci.
Vzhledem k respektovani origindlnich myslenek CrossFitu, je smysluplné, abychom vysoce
intenzivni cviceni s komplexnimi pohyby, které v§ak nema pevné stanoveny ramec, nazyvali

HIFT. Pro sportujici vetejnost vSak pravdépodobné ziistane zazité oznaceni CrossFit pro



jakékoliv intenzivni aktivity pouzivajici kombinace cvikl s externi zatézi, gymnastiky a dalSich

kondi¢nich prvkd.

2.3 Socialni a psychologické aspekty

Mista, kde se praktikuje HIFT se nazyvaji té€locvicny, né€kdy s pouzitim anglického
,»gym*, v ptipad¢é CrossFitu se pouziva také oznaceni ,,box“. V oblasti fitness se tak jednalo o
ziejmy odklon od mainstreamového pojeti fitness center a podobnych zatizeni. Ty byly a jsou
typické piitomnosti posilovacich stroju, zrcadel, klimatizace, ptipadné pak kardio zony c¢i
pozd¢ji mensiho prostoru pro funkéni trénink. U télocvicen lze spatfovat navrat ,.ke kofenim*
a zfejmou podobnost s télocvicnami z 19. nebo prvni poloviny 20. stoleti (pfipodobnit se daji
také k byvalym Sokolovnam) (Dawson, 2017). Pro télocvicny je typicky otevieny prostor
(neztidka byvalé priimyslova hala), ¢asto s vysokymi stropy, ve kterém nenachazime posilovaci
stroje. Namisto toho jsou k vidéni hrazdy, kruhy, lana, ¢inky, kettlebelly, medicinbaly a kardio
stroje (Bailey et al., 2019). Obecné se cvici s relativné malym mnozstvim vybaveni. Pivodni
americky koncept télocviCen, ktery je nasledovéan, obsahoval velky vstup do venkovnich
prostor, kde také probiha trénink.

HIFT se musel vypotfadat s pomérné¢ velkym nepfijetim ze strany odborné i Sirsi
fitnessové, ale i sportovni vetejnosti. Napaddna byla technika cviceni, potencionalni vysoké
riziko zranéni (Crockett & Butryn, 2017). Problematické bylo, Ze na mnoha mistech zacali lidé
praktikovat HIFT v klasickych fitness centrech. Tim narusili taméjsi pravidla a normy a staly
se trnem v oku tradi¢nim navstévnikiim (Hedblom, 2009). Postupné zacaly vznikat télocvi¢ny
a taktéz se zvySovala informovanost o HIFT, ¢imzZ se situace zlepSila.

Oproti az sterilnimu prostiedi fitness center jsou télocviény piiznané ur€itym stupném
,hecistoty, syrovosti®. Je bézné, Ze se béhem cviceni lidé vyrazné poti a zanechavaji tak stopy
na zemi. Nezifidka dochazi ke krvavym odérkdm zplisobenym hrazdou ¢i olympijskou ¢inkou.
Dale je to také pouzivani magnezia, které je viditelné na zemi, Cinkach, hrazdé. Ackoliv se
nejednd o nehygienické prostredi, jeho navstévnici pocitaji s tim, Ze se ,,zaspini®.

Pojeti téla v HIFT Ize chapat jako urcitého stroje, jehoz vykonnost se diky cilenému
tréninku zlepSuje. Komunita neposuzuje jeho formu, vzezfeni, stupet muskulatury, ale
vykonnost, dovednosti, fyzickou kapacitu. I proto je bézné, ze lidé cvici spotfe odéni — muzi bez
tricka, Zeny ve sportovni podprsence. Kromé prezentace vykonného téla se jedna o funkéni
prostfedek, protoze beéhem kratkych, velmi intenzivnich WOD se zvySuje teplota téla a timto je

dobte ochlazovano.



Orientace na télo (vykonnost, vzhled) byva divodem pro prvni navstévy télocvicny.
Poté se vSak do motivli promitaji slozky jako vtah ke komunité, interpersonalni vztahy apod.
Prokazalo se, ze HIFT ma pozitivni vliv na vnimani télesného sebepojeti a také ze jeho Groven
pozitivné korelovala se schopnostmi a dovednosti v kontextu HIFT (Dominski et al., 2021).

Znakem praktikujicich HIFT se staly viditelné nésledky cviceni na téle. Jedna se o
modfiny od ¢inky na holennich, stehnech, kli¢nich kostech; odfené prsty od vzpirani; mozoly
nebo ztrzené mozoly od cvikll na hrazdé nebo s kettlebellem (Malikova, 2018). Drobna
poranéni jsou nedilnou soucasti (emblémem), kterd jsou pfiznacnd predevSim pro méné
pokrocilé, nicméné mohou postihnout kazdého.

Cviceni je charakteristické vysokou naro¢nosti a usilim. Jedna se o znak, ktery sami
cvicenci propaguji. Hesla jako ,,Never quit* nebo ,,I don’t stop when I’m tired, I stop when I'm
done* odkazuji na to, Ze sportovce ¢eka narocna situace predstavujici urcity stupenn fyzické i
mentalni vyzvy. Svalova bolest ¢i stav blizici se funk¢ni kapacité sportovce je pfijiman
pozitivné. Pravidelné piekondvani velmi nekomfortnich situaci v pribéhu tréninku je nejen
nedilnou soucasti, ale také nécim, ¢im se lidé radi pysni (Feito, Heinrich, et al., 2018).
Néro¢nost tréninkit byva v porovnani s jinymi fitnessovymi aktivitami vys$i, na coZ opét
odkazuje napft. heslo ,,Your workout is my warm up®. Dilkazem miZze byt také to, Ze po
dokonceni tréninku lidé neziidka padnou k zemi.

Na druhé strané se pouzivaji hesla, kterd maji podpofit novacky jako ,.starting at PVC*
odkazujici na fakt, Ze i pokrocili atleti za¢inali technickymi drily s umélohmotnou ty¢i (tzn.
témeét bez zatizeni). I pfesto, Ze mize HIFT pulsobit zastraSujicim zplisobem (uzaviena
komunita; pouze pro mladé, fyzicky velmi zdatné jedince apod.), prosttedi télocvicen je naopak
velmi oteviené a akceptujici diverzitu navstévniki. I presto nékteti ¢lenové pripoustéji, ze je
mozné, ze se zacatecnici mohou citit jako Ze nezapadaji nebo ze se do prostfedi nehodi (Lautner
et al., 2021).

Nejcast¢jsi forma cviceni je skupinova. Zakladnim atributem je spolecné trénovani
jedinct s odlisnym stupném vykonnosti. WOD ziistava pro vSechny stejné, pouziva se Gprava
obtiznosti (,,scaling®). Podobné je to s genderovym pfistupem. Zeny a muzi cviéi spole¢ng, pro
n¢které pohyby/cviky je upravena obtiznost, coz se obvykle tyka cvikl s externi zatézi a nékdy
vytrvalostnich disciplin. Vykony tak jsou bézné porovnavany i mezi muzi a zenami. Crockett
& Butryn (2017) popisuji, ze HIFT podporuje spole¢né cviceni lidi rizného pohlavi, socialniho
statutu, etnické a rasové ptislusnosti nebo vykonnostni tirovné.

U HIFT se projevuje silny smysl pro vnimani komunity. U jedinct praktikujici HFT

jsou reportovany silngj$i socidlni vazby a vys$§i mira soundlezitosti s komunitou oproti



navstévniktim fitness center (Whiteman-Sandland et al., 2018). Vztah s (lokalni) komunitou se
projevuje také noSenim obleceni ¢i doplikl s nazvy télocvicny, bézné€ doplnéné riiznymi hesly.
V USA je navic patrné patriotské citéni a vetejnd adorace vojaki, policistl, hasic¢i. Pro HIFT
je typicka pratelska a viela atmosféra, pfi cviceni pak coaching, hlasitd hudba, povzbuzovani.
Po dokonceni tréninku Casto nasleduje ,,placnuti“ s trenérem a ostatnimi cvicenci (Bailey et al.,
2019). Vysledky WOD jsou pak spolec¢né se jménem napsany na tabuli, kde se také nachazi
program lekce.

cvi¢encti HIFT (Bycura et al., 2017). Potvrdilo se, Ze skupinova koheze a socialni podpora maji
vyznamny vliv na prozitek ze cvi¢eni. Pomdha i povzbuzovani od trenéra, coaching, coz vede
k CastéjSimu a radostnéjsimu navstévovani tréninkd. HIFT predstavuje socidlné suportivni
prostfedi s pozitivnim piistupem ke zdravi a cviceni (Lautner et al., 2021). Navstévnici
télocvicen udavaji sounalezitost s touto komunitou, vnimaji radost ze cvi¢eni nebo samotné
pfitomnosti v té€locviéné. Podstatnymi znaky jsou: neustalé osobni (kondi¢ni) vyzvy; vnimani
pocitu jednoty tim, Ze spolecné absolvuji kondi¢ni vyzvy, sdileji pocity ze cviceni; spolecny cil
—rozvoj zdravi a kondice (Bailey et al., 2019).

HIFT (CrossFit) miizeme oznacit za subkulturu uvnitt sportovniho prostfedi — malou
skupinu se specifickymi znaky, kter¢ ji odliSuji od vétSinové kultury. Nese nepsana pravidla,
kterd jsou jejimi ¢leny/komunitou vnimana. Hedblom (2009) pouZzivé oznaceni ,,gym culture*
jako socidlni fenomén vztahujici se na télocvicny, fitness centra.

Komunita spole¢né sdili pravidla sportu, normy, ale také jazyk (Heinrich et al., 2017).
Standard cvikd je vniman jako soucast oficialnich 1 nepsanych pravidel, coz je komunitou
citlivé posuzovano (podobné u podvadeéni pii nedodrzeni predepsaného poctu opakovani).
HIFT ma vlastni (sportovni) terminologii, kterd vychazi z anglické oznaceni cvikd. Nékteré
pojmy jsou originalni, jiné pfimo piejaté ze disciplin gymnastiky, vzpirani apod. Vytvofil se
téz specificky slang (,,dnes jedeme Grace®; ,,v tréninku byly tézké toes to bary®, ,,je dobré
rozdélit ¢inku* atd.), ktery je lidem mimo komunitu nesrozumitelny.

Jedinci praktikujici HIFT vykazuji vysokou motivaci pro trénink a jako divody pro
cviceni udavaji potéSeni, fyzickou i mentalni vyzvu, afiliaci (Claudino et al., 2018). Zda se, ze
HIFT pomaha uspokojit zakladni psychologické potfeby autonomie, kompetence a vztahi
(Simpson et al., 2017). HIFT se pfenasi i za hranice télocvicny, 1idé spole¢né travi volny Cas
jinymi sportovnimi aktivitami, saunovanim nebo setkdvanim v kavarnach ¢i restauracich.
Kromé samotné pohybové aktivity jsou ovliviilovany i dalsi aspekty Zivotniho stylu. Neziidka

lidé méni navyky tykajici se konzumace alkoholu, spankového rezimu, stravovani. Do osobniho
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1 pracovniho Zivota se pienasi také vile, sebedisciplina, které patii mezi sdilené hodnoty ¢leni

(Malikova, 2018).

11



Seznam pouzitych ¢lanku

e Schlegel, P. (2020). CrossFit training strategies from the perspective of concurrent
training: A systematic review. Journal of Sport Science and Medicine. 19, 670-680.

e Schlegel, P. (2020). Novy trend v pouzivani zakdzanych latek v CrossFitu. Télesna
kultura. 43 (1), 41-50.

e Schlegel, P., Rezny, L., & Fialova, D. (2020). Pilot study: Performance-ranking
relationship analysis in Czech crossfiters. Journal of human Sport and exercise. 16(1).

e Schlegel, P. CrossFit ve vyuce Skolni télesné vychovy. In Schlegel, P. a kolektiv.
(2020). Funkcni trénink v telesné vychove (s. 113-126). Hradec Kralové: Gaudeamus.
ISBN: 978-80-7435-803-6.

e Schlegel, P., & Kiehky, A. (2020). Anaerobic Fitness Testing in Crossfit. Acta
Facultatis Educationis Physicae Universitatis Comenianae, 60(2),217-228.

e Schlegel, P., Hiblbauer, J., Agricola, A. (2020). Near infrared spectroscopy and
spiroergometry testing in Crossfit. Studia Sportiva, 14 (1), 6-14.

e Schlegel, P. (2021). Vymezeni aktualnich pojml z oblasti fitness: vysoce intenzivni
funkéni trénink, vysoce intenzivni intervalovy trénink, funkéni trénink, kruhovy
trénink, CrossFit®. Télesna kultura. 44 (1). 1-8.

e Schlegel, P. (2022). Health benefits of using air biking: a systematic review. Journal of
Sport and Health Research. 14(3), 345-358.

e Schlegel, P., Kiehky, A. (2022). Performance sex differences in CrossFit. Sports. 10,
165.

e Schlegel, P., Kiehky, A., Hiblbauer, J. (2022). Physical Fitness Improvement after 8
Weeks of High-intensity Interval Training with Air Bike. Sport Mont. 20 (3), 75-80

e Schlegel, P. (2022). High-intensity functional training in pregnancy: a case study.
Studia Sportiva. 16 (2), 64-72.

12



3 VYMEZENI POJMU HIFT

Definovani sportovni oblasti je nutnym kokem pro jeji pochopeni, praktickou aplikaci,
ale také védeckou praci. I presto, ze jsou si fitnessové aktivity urCitym zptisobem podobné,
musi byt rozliSeny. Je potieba, aby bylo ziejmé, jaka pravidla by méla dané aktivita obsahovat.
Problematické to mize byt napft. u statistického vyhodnoceni incidence zranéni (hospitalizace),
kdy pacient udava pticinu (Stracciolini et al., 2020). Nebo v pfipadé, Ze je sledovéana efektivita
cvic¢ebniho programu na dulezité zdravotni parametry, je pro prakticka doporuceni zésadni, aby
obsahovala pozadované atributy (Dehghanzadeh Suraki et al., 2021).

Protoze se HIFT jako sportovni oblast postupné rodila, dochézelo k miseni se zazitymi
aktivitami jako kruhovy trénink. Divodem je pouzivani nékterych podobnych prvki (postupné
sttidani cvikd v ,.kruhovém* poradi). Dale také, ze za predpokladu dodrzeni pozadovanych
pravidel (vybér cvikl, nastaveni intenzity) muze byt kruhovy trénink formou HIFT. Misto
pokusu o pfesnou definici obsahuje ¢lanek podrobny popis znakl a popisuje také odliSnosti
vici podobnym pojmiim.

Feito et al. (2018) definovali HIFT jako ,,...training style [or program] that
incorporates a variety of functional movements, performed at high-intensity [relative to an
individual’s ability], and designed to improve parameters of general physical fitness (e.g.,
cardiovascular endurance, strength, body composition, flexibility, etc.) and performance (e.g.,
agility, speed, power, strength, etc.). .

Autofi chapou HIFT jako formu cviceni / tréninkovy program a ztoho plyne dana
definice. S tim to vSak lze souhlasit jen do urcité miry, protoze HIFT mé& mnohé atributy
ptesahujici ,,pouhou’ formu cvic¢eni. Ve zminéném je posun od uvedeného ¢lanku, ktery HIFT
prezentuje jako cvicebni / tréninkovy systém a rovinu sportovni oblasti ptisuzuje CrossFitu. Jak
bylo uvedeno, toto rozliSeni neni jednoduché ani jednoznac¢né a zaroven je problematické
vnimani mezi praktikujicimi HIFT, resp. CrossFit. Samotny pojem HIFT neni odbornou
vefejnosti pouzivan shodné, néktefi autofi pouzivaji oznaceni napt. functional fitness, cross-
training. Tim, Ze ale pfibyva odbornych ¢lanki uvadéjici oznaceni HIFT, zda se smysluplné
tento pojem pouzivat a zaroven ho separovat od CrossFitu. Vychdzet lze z ptedpokladu, Ze
CrossFit spada pod HIFT a zaroven, ze miZe obsahovat i dal$i cviky/tréninkové metody, které
zde nejsou aplikovany (napf. cviky bez stanoveného standardu).

I presto, ze HIFT neobsahuje konkrétni tréninkovy systém — ptedpis cvikil, forem,
metod, je potieba ho chapat jako vétsi celek. Tréninkova jednotka miize obsahovat napt. pouze

5 km béh nebo také 6 sérii pro 2 opakovani mrtvého tahu. Pokud bychom hodnotili pouze jednu

13



vybranou jednotku, mohlo by to plsobit zavade¢jicim zpiisobem. Kombinace cviki, pouzité
metody atd. mohou byt libovolné a ani v dlouhodobém horizontu nemusi byt pouZzivany
vSechny modality. Lze se vénovat HIFT, aniz by jedinec pouzival cviky s externi zatézi anebo
podobné, bez aplikace cvikll s vlastnim télem. Jednalo by se o extrémni piipady, nicméné
neodporujici pojeti HIFT. Tradi¢né se vSak setkdvame s pestrymi kombinacemi nejen na bazi
tréninkovych jednotek, ale i dlouhodobého programu.

Tento ¢lanek neni v praci diskutovan, protoZze se jednd o jedinou takto zaméfenou

publikaci, jejiz soucasti je prezentace vysledki i diskuse.
Schlegel, P. (2021). Vymezeni aktualnich pojmii z oblasti fitness: vysoce intenzivni funkéni

trénink, vysoce intenzivni intervalovy trénink, funkéni trénink, kruhovy trénink, CrossFit®.

Telesna kultura. 44 (1). 1-8.
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Vychodiska: Oblast fitness je ptiznacna castymi zménami, objevuji se nové trendy, metody nebo cviky. Sou¢asnym
trendem je ,,high intensity* neboli zptisob cviceni, ktery je spojen s vysokym usilim, intenzivnimi prozitky, vysokou
tepovou frekvenci apod. ,,High-intensity* je zahrnuto do vice oblasti a pouzivano Sirokou sportovni vefejnosti. Vzhle-
dem k rozsédhlému vyuzivani je dilezité, aby terminologie byla pouzivana a interpretovana spravné. Cile: Vymezit
vybrané aktualni pojmy spojené s ,,high intensity* a zfetelné popsat jejich odlisnosti. Jednalo se o HIFT (high-intensity
functional training), HIIT (high-intensity interval training), kruhovy trénink, CrossFit® a funkéni trénink. Metodika:
Byla provedena literarni reSerSe v databazich Pubmed, Semantic scholar, Google scholar a Scopus. Vyuzity byly
i tuzemské nedigitalizované zdroje. Do analyzy byly zahrnuty pouze zdroje, u kterych bylo mozné jasné urcit pouziti
daného pojmu. Vysledky a zavéry: Vybrané pojmy byly vymezeny a zarovei byly popsany rozdilné znaky. Kazdy
z uvedenych pojml ma sva jasna specifika, a proto by nemély byt zaménovany nebo nevhodné pouzity. Vzhledem
k neustalému vyvoji ve fitness je nutné tento sektor stabilné sledovat i z pohledu terminologie.

Klicova slova: intenzita, interval, fitness, terminologie

Uvod cviceni v posilovnach, cvicebnich salech, t€locvicnach
apod.
Oblast fitness patii dlouhodob& mezi odvétvi, kde se Fitness jiz davno neptedstavuje pouze cviceni v po-
objevuji nové trendy. Jedna se o formy cvi€eni, cvi- silovnach na posilovacich strojich, s ¢inkami a v pfi-
¢ebni pomucky nebo specifické prostfedi. Na rozdil druzené kardio zon€. V soucasnosti fitness zcela bézné
od rigidnich sportovnich disciplin, je mozné zazna- zahrnuje také cviceni ve funkénich zénach, salech
menat velké rozdily i za dobu jedné dekady. Novym orientujicich se na skupinova cviceni, vzpirani nebo
smérim se nevyhnulo ani 21. stoleti, kde 1ze spatfovat zaveésné systémy. Nova odvétvi s sebou Casto piinaseji
paralelu k vykonové orientované spolecnosti. Prostor vlastni terminologii, pfipadné dochazi k miseni se za-
dostaly formy cviceni vyznacujici se vysokym usilim vedenym stavem (napf. u kruhového tréninku). Neni
a naroc¢nosti (Feito et al., 2018), které s sebou ptinase- ojedinélé, Ze i v odbornych publikacich panuje nesou-
ji intenzivni prozitky, prozivani akutniho diskomfortu lad v pouziti pojmi (Moreno et al., 2020; Osipov et al.,
(nésledné silnych emoci ptichazejicich po skonceni). 2019; Sobrero et al., 2019; Sperlich et al., 2017; Wilke
Dal§im atributem je zvySeny potencial pfinaset rela- et al., 2019), z oznaceni tak neni patrné, jaké prostied-
tivné€ rychle objektivni vysledky ve slozeni téla nebo ky, metody nebo cviky byly aplikovany. Nejen u laické
fyzickych vykonech (Mufioz-Martinez et al., 2017). vetejnosti mize dochazet ke zmateni v pojmech a tim
Za pomoci medialni podpory se tak vysoce intenzivni i k nevhodnému pouzivani nebo interpretaci. Znacny
zpusob cviceni stal popularni, a to nejen u mladych lidi. vliv v tomto kontextu mohou mit socialni sité, kde 1ze
Pojem fitness ma rtizné konotace (Hedblom, 2009; snadno $ifit informace tykajici se cviceni. Situaci zhor-
Schlegel, 2016; Stumbauer et al., 2013), nicméné Suje i absence zastfesujici organizace, kterd by tento
v ¢lanku je vniman jako sportovni odvétvi zahrnujici aspekt fesila.

Je dulezité, aby vzniklé pojmy byly spravné po-
uzivany a nedochazelo k desinterpretacim, k mylné-
“Korespondenéni adresa: Petr Schlegel, Katedra télesné vychovy mu nebo odlisnému pouzivani. Clanek se zaméfuje

a sportu, Pedagogicka fakulta, Univerzita Hradec Kralové, Roki- na oblasti, které jsou spojovany s cvi¢enim ve vysoké
tanského 62, 500 02 Hradec Kréalové, e-mail: petr.schlegel@uhk.cz intenzité: High-intensity functional training (HIFT),
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High-intensity interval training (HIIT), kruhovy tré-
nink, CrossFit® a funkéni trénink. Vysoka intenzita
cviceni je zde chdpana jako stav organismu, pfi kterém
je dosahovano vysoké tepové frekvence, hladiny krev-
niho laktatu anebo je subjektivné vniman jako velmi
naro¢ny. Jedna se také o aktivity, které Casto v rizné
podobé sdruzuji silové a vytrvalostni zatizeni. Kromé
HIFT jsou to terminy, které jsou bézné uzivany v Ces-
kém prostiedi. Cilem ¢lanku je vymezit vybrané pojmy
takovym zptisobem, aby bylo mozné je zietelné oddélit,
coz je nutnym krokem pro teorii i praktické vyuziti.

Metodika

Pro vymezeni vybranych pojmi byl proveden sbér dat
pomoci databazi Pubmed, Semantic scholar, Scopus,
Google scholar. Byly vyuzity i tuzemské zdroje v di-
gitalizované i papirové podobé. Vyhledavani probéhlo
na zaklad¢ zadani klicovych slov v ¢eském i anglic-
kém jazyce. Ty byly pouzity samostatné nebo v kom-
binacich (s pouzitim spojek ,,a*, ,,nebo*, ¢i bez nich):
,high-intesity*, ,,crossfit”, ,,functional®, ,training*,
LHinterval®, | circuit”. Zdroje byly z hlediska kvality,
obsahu a relevantnosti zhodnoceny autorem. Nebyl
kladen zadny specificky pozadavek na podobu zdroje
(druh studie, povaha knihy apod.). Sbér dat byl ukon-
¢en v unoru 2021. Vyfazeny byly zdroje, u kterych ne-
bylo mozné jasné identifikovat dany pojem nebo jeho
uréeni nebylo jednoznacné. Z vybranych zdroji byla
nasledné provedena pro kazdy pojem zvlast analyza
na bazi ptehledové studie.

U analyzy pojmu bylo zohledfiovano vice kritérii:
povaha cviki (komplexni — izolované, s externi zatézi),
pouziti kardio a posilovacich stroji, existence systé-
mu cviceni, metody rozvoje motorickych schopnosti,
vyuziti silového a vytrvalostniho zatizeni, organizace
cviceni, cilova skupina.

Vysledky a diskuse

HIFT
High intensity functional training (HIFT) v pfekladu
vysoce intenzivni funk¢ni trénink je oznaceni, které se
zacalo v rozsifené podobé objevovat v mezinarodnim
akademickém prostiedi. Poprvé bylo pouzito ve vy-
zkumu Heinricha et al. (2014). Zakladnim atributem
je zahrnuti funkénich cvika vyzadujici pohyb velkych
svalovych skupin a velkych kloubti (diep, mrtvy tah,
klik, shyb, trh, nadhoz, b¢h atd.) (Feito et al., 2018). Té-
se pohybuje v rtiznych rovinach (frontdlni, sagitalni,
transverzalni) (Browne et al., 2020). Obvykle je orga-
nizovano jako skupinové cviceni pod vedenim trenéra
¢i instruktora.

Tento model cvi¢eni by mél vyvolat adaptaci
na bazi kardiovaskularni soustavy a muskuloskele-
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talniho systému podobnou se silovym i vytrvalostnim
cvicenim (Browne et al., 2020). Smyslem HIFT je roz-
voj komponent télesné zdatnosti a zlepSeni ,,vykonu*
v pohybovych aktivitaich bézného dne (Mangine et al.,
2018). Cviceni nemusi byt orientovano nutné na abso-
lutni fyzicky vykon.

Znakem HIFT je zapojit pestrou skalu prostredkii
ovliviiyjicich vice motorickych schopnosti najednou
v ramci jedné cvicebni jednotky. Mél by predstavovat
potencial pro rozvoj aerobni i anaerobni vytrvalosti, ale
také absolutni nebo vybusné sily (Falk Neto & Ken-
nedy, 2019). Déle je mozné vyuziti pro management
hmotnosti nebo zménu slozeni téla. Crawford et al.
(2018) uvadeji ctyti mechanismy, které jsou typické pro
HIFT: 1. zapojeni riznych domén (aerobni a odporové
cviceni); 2. aplikace funkénich cvikil vyzadujici zapo-
jeni obecnych pohybovych vzori; 3. soucasné kom-
binovani aerobnich a odporovych cvikil ve cvic¢ebni
jednotce; 4. stabilni koncentrace na vysoké usili.

Cvicebni jednotky by mély vykazovat vysokou
intenzitu ve smyslu zvySenych fyziologickych para-
metri (tepova frekvence >85 % TFmax, krevni laktat
8—12 mmol/l) a také vysoké subjektivni hodnoceni na-
ro¢nosti (podle RPE — rated perceived exertion) (Man-
gine et al., 2018). Dal§imi znaky by méla byt kratka
doba trvani (obvykle do 20 minut) a stale variovani
obsahu (jednotky se malokdy zcela opakuji) (Kliszcze-
wicz et al., 2018). Podle autort jsou vSechny cvic¢ebni
jednotky pfizna¢né kombinaci n€kolika cvikii/stano-
vist’ (cviky s vlastnim télem anebo s ¢inkami, pouziti
kardio strojit apod.) resp. jejich rGznou povahou (od-
porové cviky, vytrvalostni discipliny) (Browne et al.,
2020). Cviky pochazeji z mnoha oblasti — gymnastika,
olympijské vzpirani, kettlebelly, veslovani atd. (Klisz-
czewicz et al., 2018). Smyslem je provadéni cvikii co
nejrychleji resp. minimalizovat pauzy mezi nimi. HIFT
tréninky jsou typicky provadény ve formatu kruhové-
ho tréninku — cviky jsou stfidany sousledné v predem
uvedeném poradi, po vykonani posledniho se navazuje
prvnim cvikem (Brisebois et al., 2018).

Obvykle neni nastaven odpocinek mezi jednotli-
vymi cviky, coZ je jeden ze zasadnich rozdilt oproti
kruhovému tréninku. Pauzy si stanovuje kazdy podle
potieby, lze odpocivat kdykoliv v priubéhu cviceni. Od-
pocinek neni pfedepsan, ale obvykle je kratky a zavisly
na zdatnosti jedince (Feito et al., 2018). Dalsi odli$nosti
od klasického kruhového tréninku je pocet cviku, ktery
je niz8i a pohybuje se nejéastéji v rozmezi 2—6.

HIFT predstavuje koncept, ktery se vyvinul z Cross-
Fitu®, ale mé&l by piesahovat jeho rozmér. Spoleénym
znakem je mimo jiné pouziti zakladnich metod jako
AMRAP (as many repetitions as possible) nebo FT
(for time), spojovani riznych modalit béhem cviceni
a variabilita cviceni (Crawford et al., 2018). Odlisnost
je ve volng&j$im pojeti systému cvic¢eni. Neni stanoven
presny (kratkodoby i dlouhodoby) format, jak by mélo
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byt cviceni organizovano. Z dostupnych zdroji neni
ziejmé, podle jakého kli¢e by se méli trenéfi fidit —
zapojeni svalovych skupin / ¢asti téla, pomér urcitych
cvikti nebo modalit apod. U HIFT neni k dispozici
zadna obecna metodologie, proto Ize vychézet pouze
z vyzkumu pouzivajici toto oznaceni. Pokud by mél
byt CrossFit® jednou z ¢asti HIFT, mély by se zde ob-
jevovat i typické metody a ptistupy z crossfitového
systému: pouziti jedné modality v tréninkové jednotce
(napf. pouze cviky s vlastnim télem); Cisté silové pojeti
tréninkové jednoty bez zapojeni vytrvalostnich cvicent;
pouziti metod intervalového zatizeni apod. V uvede-
nych studiich se tak nestalo, ani to nebylo uvedeno jako
mozna alternativa.

V nékterych piipadech nebyva jasné rozlisSovano
mezi HIFT a CrossFitem® (Falk Neto & Kennedy,
2019). Autofi sice pouzivaji oznaceni HIFT, ale meto-
dika interven¢nich programt je shodna se systémem,
ktery pouziva CrossFit® (Crawford et al., 2018; Man-
gine et al., 2018; Tibana et al., 2018). Tento piistup
zté€zuje vymezeni pojmu. Lze se domnivat, ze jednim
z dlivodl bude ochranna znamka znacky CrossFit®, kte-
ra je také zavazna pro pouziti metod nebo vybéru cviki.
V ptipadé oznaceni HIFT nejsou vyzkumnici vazani
na konkrétni pozadavky. V jinych pfipadech je uvadén
CrossFit® jako jedna z alternativ HIFT (Feito et al.,
2018). HIFT by tak mél ptedstavovat nadfazeny pojem
zahrnujici $irsi spektrum cvicebnich forem a metod.

Na zakladé¢ uvedenych informaci nelze popsat uce-
lené a jasné vymezeni HIFT. Ackoliv se zminéni autofi
snazi o vytvoteni nadfazeného pojmu ke CrossFitu®,
pusobi dojmem, ze aplikuji jen nékteré crossfitové
metody a pfi praktickém pouziti neuvadéji nic origi-
nalniho. Je zapotiebi dalsi ¢innosti k potvrzeni této
konotace, a proto by mél byt tento pojem pouzivan
s opatrnosti.

HIIT
High-intensity interval training (HIIT) je metodou, kte-
ra se zacala objevovat u bézct ve 30. letech 20. stoleti
a jednim z prvnich prikopnikl byl nap#. Paavo Nurmi.
Dal§im veéhlasnym sportovecem pouzivajici HIIT byl
Emil Zatopek (Laursen & Buchheit, 2019). Tato meto-
da je spojena predevsim s cyklickymi vytrvalostnimi
sporty s potencidlem rozvoje aerobnich i anaerobnich
parametri. Casto je davano do kontrastu s kontinudlnim
zatizenim stiedni (submaximalni) intenzity.
Predstavuje metodu, ktera je obvykle ptiznacna re-
lativné nizkym objemem prace a vysokou intenzitou
(Batacan et al., 2017). Jedna se o pferusovanou metodu,
kdy se stfida kratké zatizeni s pasivnim odpocinkem
nebo velmi lehkou zat€zi (20-40% VO, ) (Norton
et al., 2010). Intenzita je ur€ovana pomoci rtiznych
parametrt jako RPE, VO, , tepova frekvence, vy-
kon ve wattech, rychlost. Spolecnym jmenovatelem
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je pohyb sportovce v submaximalni az maximalnich
hodnotach.

HIIT se 1isi od klasického intervalového tréninku
délkou zatizeni a odpoc¢inku. Pracovni interval se pohy-
buje v rozmezi 6 s — 4 min, faze odpoc¢inku 10 s — 5 min
a celkova doba 4 — 30 min (Sloth et al., 2013), nicméné
pro urcité sportovni discipliny nebo tcely mtze byt
pracovni interval del§i (Laursen & Buchheit, 2019).
Prostiedkem pro HIIT jsou obvykle jednorozmérné mo-
dality jako béh, cyklistika, veslovani, které¢ mezi sebou
nebyvaji kombinovany.

HIIT se osvédcil jako vhodny a bezpecny prostre-
dek pro rozvoj kardio-metabolickych, silovych nebo
vykonnostnich parametrt u zdravotné oslabenych, béz-
né populace i vykonnostnich sportovcl (Batacan et al.,
2017; Cassidy et al., 2017; Laursen & Buchheit, 2019;
Weston et al., 2014).

S pfichodem funkéniho tréninku se touto metodou
inspiroval i sektor fitness, a proto se stala velmi roz-
§ifenou a znamou. Casto pouZivanym protokolem je
Tabata training, kde se stfida 20s prace a 10s odpo-
¢inek v 7-8 sériich (Tabata, 2019). V praxi je para-
doxné (a myln¢) aplikovan na bézné cviky. Nyni se
objevuji i kombinované formy, které k typickym cyk-
lickym aerobnim cvi¢enim piidavaji bézné cviky nebo
je nahrazuji uplné (Schlegel, Hiblbauer et al., 2020).
Efektivita nebo fyziologicka odezva takovych progra-
mi zatim neni dostate¢né zmapovana. I presto se zda,
ze z pohledu rozvoje vytrvalostnich schopnosti nemaji
takovy potencial.

Metoda HIIT mtze byt vyuzita jako soucast Cross-
Fitu® nebo funkéniho tréninku, ale méla by byt nahli-
zena jako jedna z mnoha moznych variant. I pfes urcity
trend ve fitness jsou zde patrné odlisnosti od kruhového
tréninku. HIIT by mél byt spojovana pfedevsim s vytr-
valostnimi sporty typu béh, cyklistika, plavani, veslova-
ni atd. Pii pouziti (odporovych) cvikli nebo kombinace
se zda byt vhodnéjsi oznaceni HIFT.

Kruhovy trénink

Oznaceni kruhovy trénink je velmi rozsifené a uzivané
Sirokou sportovni vetejnosti. Pivod metody 1ze datovat
do 50. let 20 stoleti, kdy Morgan a Andersen publiko-
vali studii zabyvajici se ,,circuit training* (Seo et al.,
2019). Smyslem bylo stidani a opakovani cvikd v kru-
hovém systému. Pivodné byly pouzivany pouze silové
cviky, proto také vzniklo oznaceni ,,circuit weight trai-
ning* (Gettman & Pollock, 1981) nebo ,,resistance cir-
cuit training™ (Mufioz-Martinez et al., 2017). Postupem
Casu vsak zacali byt implementovany i cviky aerobniho
charakteru. Nicméné pfevazovat by mély odporové cvi-
ky. Ackoliv miize mit kruhovy trénink riznou podobu,
k dispozici jsou piedevs§im studie pouzivajici resistenc-
ni cviky bez pfitomnosti aerobnich prvki (Svihadlo,
stacionarni kolo apod.) (Buch et al., 2017; Hermassi
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etal., 2019; Seo et al., 2019). V literatufe je mozné se
setkat v oznac¢enim kruhovy provoz, které ma shodny
vyznam, ale je davano spisSe do souvislosti se §kolni
télesnou vychovou (Fialova & Rychtecky, 2002).

Kruhovy trénink se vyuziva pro rtizné vykonnost-
ni kategorie vcetné vrcholovych sportovct pro ucely
rozvoje ,,atletického* vykonu (Hermassi et al., 2019).
Jedna se o efektivni, Casové i organizacné nenaro¢nou
metodu, kterd by méla vést k rozvoji silovych i vytr-
valostnich schopnosti. Z téchto diivodi je rozsifena
v mnoha sportovnich disciplinach, kde byla prokazana
jeji ucinnost (Falk Neto & Kennedy, 2019; Freitas et
al., 2016). Pienos do vytrvalostnich vykont neni tak
markantni, nicméné experimentalni studie dokazuji
pozitivni signifikantni vysledky (Alcaraz et al., 2008;
Buch et al., 2017).

Neexistuje presné vymezeni cvikl, které by mély
byt pouzity. Mohou byt vyuzity cviky s vlastnim te-
lem, volnymi vahami nebo posilovacimi stroji. Je také
mozna jejich libovolna kombinace (Seo et al., 2019).
Lehnert et al. (2014) doporucuji stéidani podle zame-
feni napf. agonista-antagonista nebo horni — dolni kon-
Cetiny. Nicmén¢ exaktni pfedpis pro vybér nebo poradi
cvikd neni stanoven (Jarkovska, 2009).

Organizace kruhového tréninku muze byt podle
poctu opakovani na jednotlivém stanovisti v rozme-
zi 10—15 (Buch et al., 2017), resp. 820 (Seo et al.,
2019). Odpocinek mezi stanovisti v takovém piipadeé
byva 30—-120 s. Dal$im zptusobem pojeti je uréenim
¢asového pracovniho a odpocinkového intervalu (napf.
40s prace — 20 s pauza) (Lehnert et al., 2014). Z pohle-
du intenzity je obvykle pracovano v rozmezi 40-60 %
1 RM (Muioz-Martinez et al., 2017). Zaroven neby-
va pozadavkem provedeni maximalni rychlosti. Pocet
stanovist’ je udavan na 612, celkové doba trvani se
pohybuje mezi 20-40 minutami (Dovalil, 2008).

Zasadni odlisnosti od HIFT nebo funkéniho tré-
ninku je moznost vyuziti posilovacich strojt, vyssi
pocet stanovist’ nebo organizace cvikll podle zatizeni
svalovych skupin. Specifikem je také fizeny odpocinek
nebo absence vytrvalostnich disciplin. Souhrnné se jed-
na o dlouhodobé vyuzivanou metodu, ktera diky své
variabilit€¢ mize byt (spiSe okrajove) vyuzita i v ramci
HIFT nebo CrossFitu®.

Aktualné je nejCastéji vyuzivana ve smyslu vyso-
kofrekvenc¢niho intervalového cviCeni s niz$i intenzi-
tou odporu, kde vyrazn€ ptevysuje pomér prace nad
odpoc¢inkem. V této konotaci by tak mél byt kruhovy
trénink pouzivan.

CrossFit®

CrossFit® vznikl ve Spojenych statech americkych
v poloviné 90. let a jeho tviircem je Greg Glassman.
Postupem c¢asu se z lokalni zalezitosti stal celosvétovy
fenomén, ktery patii k nejrychleji rostoucim smértim/
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sportim 21. stoleti. Ackoliv je vniman pfedevsim jako
cvicebni systém, jeho rozmér je mnohem §irsi. Zaklad-
nim cilem je rozvoj télesné zdatnosti (fitness) a zlepSeni
zdravi, kde je zminén i rozmér wellness. Aktualné 1ze
vnimat CrossFit® v n€kolika rovinach: 1. cviebni sys-
tém, 2. zivotni styl, 3. sportovni disciplina.

Od zacatku je filozofie CrossFitu® zalozena na tpra-
v¢ zivotniho stylu a zaméfuje se i na oblast vyzivy.
Z pohledu vyzivovych doporuceni predstavuje kom-
binaci zonové diety a Paleo stravovani. Uprava jidel-
nicku by tak méla byt nedilnou soucasti provozovani
CrossFitu®. Dalsim pfesahem je provozovani a uceni
se novym sportim (pohybovym aktivitam), které ne-
jsou piimo zahrnuty to cvi¢ebniho systému (Glassman,
2002).

Na svéte je ptiblizné 11 500 oficialnich crossfito-
vych télocvicen, jejich otevieni je podminéno absolvo-
vanim licen¢niho kurzu a také zaplacenim piislusného
roc¢niho poplatku (Schlegel, 2020). Podstatné je zmi-
nit mnozstvi neoficialnich mist, které provozuji stejné
nebo velmi podobné cviceni. Diky tomu, Ze ,,zivot*
v crossfitovych télocviénach presahl rozmér pouhého
cviceni nebo skupinovych lekci, 1ze hovofit o subkul-
tufe. Pisobeni crossfitové komunity je zfejmé a ma sil-
ny vliv na psychosocialni aspekty jednotlivce (Pickett
etal., 2016).

Cvicebni systém je zalozen na tiech pilifich: 1. po-
uzivani funkénich (komplexnich) pohybd, 2. vysoka
intenzita (pro silové i vytrvalostni zatizeni), 3. neu-
stald zména (cvicebni jednotky se malokdy opakuji).
Funk¢ni pohyby jsou rozdéleny do modalit: gymnasti-
ka (cviky s vlastnim télem), vzpirani (cviceni s externi
zatézi), kardio (vytrvalostni discipliny). Tyto modality
jsou v systému zahrnuty stejnou mérou a v predepsa-
nych kombinacich. Zakladem nebo jedinou ¢asti cvi-
Cebni jednotky je WOD (“workout of the day”), které
obsahuje jednu nebo vice zminénych modalit. Z pohle-
du aplikovanych metod jsou nej€astéji pouzivany AM-
RAP a FT, ale neni to striktné ur¢eno, proto je mozné
vyuzit i jiné jako HIIT. V ptipad¢ cvicebnich jednotek
zaméfenych Cisté na gymnastiku nebo vzpirani nemusi
nutné dochazet k zatizeni stimulujici rozvoj vytrvalost-
nich schopnosti.

Vytvotila se i vykonnostni, resp. zavodni podoba
CrossFitu®, ktera splfiuje atributy sportovni discipliny.
M4 jasna pravidla, podle kterych je mozné porovnavat
vysledky zavodnikl. Zavodni podoba je v soucasnosti
spojena s dlouhodobou tréninkovou ptipravou (Schle-
gel, 2020). Ackoliv je vykonnostni pojeti Casto sdru-
zovano s cvi¢enim ve smyslu ptivodnich myslenek, je
nutné tyto oblasti jasné oddélit. Ke CrossFitu® Ize tedy
pristupovat jako k ostatnim sportovnim disciplinam,
¢imz se také odlisuje od HIFT nebo funk¢niho tréninku.

Zasadni odlisnosti od HIFT nebo funk¢niho tré-
ninku je systematicka organizace cvicebnich jednotek
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a pristup ke cviceni na zakladé¢ modalit gymnastiky,
vzpirani a kardia. Jedna se o dlouhodobé organizova-
né nastaveni pohybového rezimu. CrossFit® ptinesl
do sportovniho svéta mnoho nového — cvicebni systém,
kombinace riiznych modalit, metody cviceni atd. To se
stalo inspiraci pro HIFT nebo funkéni trénink, a proto
mize dochazet ke nejasnému rozliseni.

Funkcni trénink
Pojem funk¢ni trénink se zacal objevovat v 60. a 70. le-
tech v oblasti fyzioterapie. Byl davan do kontextu
béznych dennich aktivit (,,activities of daily living*),
zvladani ptirozenych pohybu (vzpazit, sebrat predmét
ze zem¢, posadit se apod.). Pouzivan byl pfedevsim
u jedinct s vyraznym zdravotnim omezenim, u kterych
bylo cilem obnovit normalni funkci pohybového apa-
ratu (Inaba et al., 1973). V rehabilita¢nich programech
byl funkéni trénink také spojovan s odporovym cvi-
Cenim, protoze se prokazal synergicky efekt takového
postupu. V oblasti mediciny, fyzioterapie nebo reha-
bilitace se pouziva i v soucasnosti (Liu et al., 2014).

Postupem casu se oznaceni pteneslo také do oblasti
fitness, kde zacalo byt spojovano s komplexnimi pohy-
by, raznymi pomutckami (TRX, BOSU apod.) a cvice-
nim ve vy$si intenzité. Vytvorily se i varianty cvic¢eni
s hudbou (napf. Les Mils) nebo cviceni organizova-
na v prirod¢. Pojem funkéni trénink se prenesl také
do oblasti sportovniho tréninku a je soucasti kondi¢ni
piipravy sportovci (Boyle, 2016).

I pres odliSny oborovy pfistup lze nalézt spolecné
znaky. Vybér cvikli a metod by mél cilit na rozvoj té-
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lesné zdatnosti. Celkovy pristup by tedy mél rozvijet
Sirsi spektrum silovych a vytrvalostnich schopnosti, fle-
xibilitu a také zlepSovat parametry slozeni téla. Funk¢-
ni trénink pouziva komplexni (vicekloubové pohyby)
cviky s cilem harmonicky zatézovat celé télo. Dale je
zde navaznost na pfirozené lidské pohyby (skakani, le-
zeni, plazeni, béhani, hazeni, manipulace s biemenem
atd.) (Schlegel, Dostalova et al., 2020). Pfistup neni
zalozen na vyuziti izolovaného posilovani, a¢koliv i to
1ze v aplikovat. Jedna se o obecné oznaceni, které neni
vazano na vyuziti konkrétni pomicky nebo zaméfeni
na urcitou ¢ast téla (napf. stied téla — core).

Ackoliv je zakladnim pfistupem vyuziti (posilova-
cich) cvikli, m¢l by byt v ramci cviceni zahrnut i rozvoj
vytrvalosti. Neni nutné, aby dochazelo k vysokému za-
tizeni jako u HIIT nebo HIFT, nicméné zvySeni fyzio-
logickych hodnot (napf. tepové frekvence) je nezbytné.
Ve funkénim tréninku je bézné vyuziti (cyklickych) vy-
trvalostnich cviceni.

Zakladnim pozadavkem pro funkéni trénink je
volba takovych metod a prostredkt, aby dochazelo
k pozitivnimu ovlivnéni télesné zdatnosti a pfenosu
do aktivit bézného zivota. Silové i vytrvalostni zatizeni
muze probihat i v nizsich intenzitach, mohou byt také
vyuzity koncepty typu Primal move, Ido Portal apod.
Nejsou zde konkrétni pozadavky na strukturu cviéebni
jednotky nebo dlouhodobé systematické pojeti. Jedna
se tak o urcity pfistup k pohybu a vybéru pohybovych
aktivit, ktery l1ze pojmout velmi odli$né a ptizpsobit
individudlnim cilim a potfebam (Schlegel, Dostalova
et al., 2020). Oznaceni funk¢ni trénink je vhodné pouzi-

Tabulka 1
Komparace pojmii
Charakteristiky HIFT HIIT kruhovy trénink funkéni trénink CrossFit®
organizace zatiZeni podle ¢asu ano ano ano ano ano
organizace zatiZeni
v - ano ne ne ano ano
podle poctu opakovani
pouziti intervalovych metod ne ano ano ano ano
pouZiti posilovacich stroju ne ne ano ne ne
pouziti kardio stroji ano ano ne ano ano
pouziti vyhradné komplexnich
o ano ano ne ano ano
pohybit
systematicka organizace
o, ne ne ne ne ano
cviceni
cviceni ve vysoké intenzité ano ano spiSe ano neni podminkou ano
vymezené uréeni aplikace
silovych a vytrvalostnich ne ano ne ne ano
cviceni
pocet cvikii ve cvi¢ebni Sy e . o . , - e 1
. nizky az stfedni nizky spise vysoky nelze urcit nizky—stredni
jednotce
pocet opakovani nizky az vysoky nelze urcit stiedni nelze urcit nizky az vysoky
pouzivani v CR ne ano ano ano ano

Legenda: HIFT — vysoce intenzivni funkéni trénink; HIIT — vysoce intenzivni intervalovy trénink
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vat pro pohybové aktivity nevykonnostniho charakteru,
v kontextu sportovniho tréninku je pfesnéjsi pouzivat
terminologii tradicn€ spojenou s rozvojem motorickych
schopnosti. Zminéné plati pro oblast kinantropologie
a Ceské prostiedi. V ptipad¢ jinych oborti nebo mezi-
néarodniho pouziti nelze vyznam zobecnit.

Pro prehled byla vytvotena Tabulka 1, kde jsou zob-
razeny charakteristiky jednotlivych pojmu. Stejné jako
je obtizné vytvorit pfesnou definici, ktera by postihla
vSechny riiznorodé varianty cviceni, znamenaji néktera
pole spiSe vétsinové pojeti nez absolutni urceni.

Zavéry

Vymezeni pojmil v ramci urcité sportovni oblasti je za-
sadnim krokem pro teorii i praxi. Fitness pfedstavuje
specifické odvétvi, které dlouhodobé zaziva velké zmé-
ny ve vybéru forem cviceni, cvicebnich pomicek nebo
metod. Diky tomu se objevuji nova slova nebo vznikaji
nové konotace. V ¢lanku byly popsany vybrané pojmy,
které jsou spojovany s ,.high-intesity* cvicenim a jsou
také silné rozsiteny mezi sportujici populaci. Vzhle-
dem k vysoké variabilité pouziti u nich nelze vytvofit
exaktni definici, proto byla zvolena podrobna deskripce
zahrnujici jasna specifika. V nekterych aspektech byly
mezi sebou porovnavany, aby bylo ziejmé jejich vy-
mezeni. Ukazalo se, ze HIFT, HIIT, kruhovy trénink,
CrossFit®, funkéni trénink bude mozné dobie rozlisit
pii jejich pouziti. Nové trendy a pojeti pohybovych
aktivit, forem ¢i metod cviceni se stale méni, proto je
dulezité sledovat vyvoj v této oblasti.
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Definition of actual fitness terms: high-intensity functional training, high-intensity interval
training, functional training, circuit training, CrossFit®

Background: Frequent changes, new trends characterize the fitness industry, methods or exercises appear. The cur-
rent trend is “high intensity”, or a way of exercising, associated with high effort, intense experiences, increased heart
rate, etc. “High-intensity” is included in several areas and used by the general sporting public. Due to its widespread
use, it is important that terminology is used and interpreted correctly. Objective: To define selected current concepts
associated with “high intensity” and clearly describe their differences. These were HIFT (high-intensity functional
training), HIIT (high-intensity interval training), circuit training, CrossFit, functional training. Methods: Literature
research was performed in the databases Pubmed, Semantic scholar, Google scholar, Scopus. Domestic non-digitized
sources were also used. Only sources for which the use of the term could be clearly identified were included in the
analysis. Results and conclusions: Selected terms were defined, and at the same time, different attributes were de-
scribed. Each of these terms has its precise specifics and should therefore not be confused or inappropriately used.
Due to the constant development in the fitness industry, it is necessary to monitor this sector stably.

Keywords: intensity, interval, fitness, terminology
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4 TRENINK

Pro vykonnostné orientované jedince je samoziejmé, ze piizplsobuji tréninkovou
ptipravu vzhledem k pozadavkiim dané discipliny, ale také vii€i individualni charakteristice,
cilim a podminkam. HIFT je mladou sportovni disciplinou, u které se stale vyviji cyklovani /
strukturovani tréninku, vybér metod apod. Soucasné s tim neni ustalené sledovani a testovani
sportovct.

., Sportovni trénink je chapan jako proces systematického rozvoje jednotlivych slozek
v zavislosti na dobé trvani sportovni pripravy smeérujici k dosazeni maximalni vykonnosti
v seniorskem veku ve zvolené sportovni discipliné. “ (Zahradnik & Korvas, 2012). Jeho slozky
jsou kondicni, technickd, takticka, psychologicka. Uvedené ¢lanky se zaméfuji na kondicni
slozku.

Ackoliv je vykon v HIFT velmi komplexni, I1ze identifikovat n¢které faktory, které se
vyznamngéji podileji na uspechu. Mezi podstatné se fadi absolutni sila, dynamicka sila (spiSe pii
praci s externi zatézi), relativni sila (tyka se predevSim horni poloviny téla), kratkodoba a
sttednédoba vytrvalost (prostfednictvim rtznych modalit). Rychlostni schopnost nebyva
soucasti eventd/WOD, proto neni jeji cileny rozvoj zatazovan do tréninku.

Je patrné, Ze vzhledem k pestré povaze vykonu v HIFT, je nutné se souc¢asné¢ vénovat
rozvoji mnoha oblasti. Diky tomu se pouzivaji rizné ptistupy, metody a Cerpa se ze zkuSenosti
zjinych sportovnich oblasti (sportovni gymnastika, vzpirdni, powerlifting, kulturistika,
vytrvalostni béh, veslovani atd.).

Jednim z informacnich zdrojii je soubézny trénink, jehoz cilem je soucasné rozvijeni
silovych a vytrvalostnich schopnosti. Tento aspekt je zdsadni pro HIFT, protoze silova i
vytrvalostni slozka dominantné rozhoduji o Gspéchu. Soubézny trénink pouzivé jen vybrané
discipliny, ale i pfesto je mozné nékteré zasady piejimat (Schlegel, 2020). V tomto sméru se
ukazuje, ze HIFT je potfeba vnimat jako sportovni disciplinu s origindlnimi impulsy pro
adaptaci (napf. ,,barbell conditioning®, kdy aktivita probiha prostiednictvim cviku s ¢inkou, ale
soucasné dochdzi k vysokym pozadavkiim na kardiorespiracni funkce).

Vykon v HIFT je zaloZen také na vysoké urovni anaerobni vytrvalosti. Dokonce je zde
premisa, ze by mohla byt jednim z prediktord pro komplexni vykon (Feito et al., 2019).
Testovani obecné Uirovné anaerobni vytrvalosti je tradi¢ni v mnoha disciplinach a pouzivaji se
k nému zazité prostfedky jako napf. Wingate test. Pro HIFT je vSak dilezitd i anaerobni
vytrvalost horni poloviny téla, proto je smysluplné ji zaradit do testovani (Schlegel & Kiehky,

2020). Air bike je zajimavym prostiedkem, ktery vyzaduje intenzivni praci celého téla a
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zaroven je soucasti tréninku i zdvodli. Kromé exportovanych hodnot (Wmax, W/kg apod.), je
vhodné pfipojit mefeni hladiny krevniho laktatu, coz pfindsi dilezitou informaci o aktuélnim
stavu organismu a jeho reakci na (maximalni) zatizeni.

Sledovani fyziologické odezvy pti HIFT bylo opakované cilem vyzkumné cCinnosti
(Jacob et al., 2020). Z pohledu terénniho testovani jsou vyzkumy omezeny na sledovani srde¢ni
frekvence a krevniho laktatu. Spiroergometrie sledujici parametry VO2max byla provedena
pouze v laboratofi. Pfiblizeni se redlnym podminkdm je podstatnym krokem, protoZe oproti
laboratofti (b&h, cyklisticky trenazér) se jedna o velmi odlisné prostiedi. Zatizeni v HIFT neni
vétSinou kontinudlni, odpocinek si voli sportovec sam a je velmi variabilni. Spole¢né s tim
dochazi vlivem cvikll (frekvence opakovani, komprese hrudniku, ,,Valsalviiv manévr)
k nepravidelnému dychani i svalové praci. Do hry zasahuje také vzhledem k vy$§imu poctu
opakovani lokélni svalovd vytrvalost, kterd je mimo jiné zdvisla na vyuziti kysliku nebo
laktatovém metabolismu daného svalu. Sledovani sportovce pomoci vice diagnostickych
zafizeni miize pomoci v kvalitngj$i analyze a pfesn¢jSimu hledani funkénich (vykonnostnich)
limitaci (Schlegel, Hiblbauer, et al., 2020). I pfesto, Ze pfenosnd spiroergometrie a blizka
infraervend spektroskopie predstavuji ndkladnéjsi formu diagnostiky, ukazuji zajimavy smér

pro sledovani vykonové orientovanych sportovci.

Schlegel, P. (2020). CrossFit training strategies from the perspective of concurrent training: A
systematic review. Journal of Sport Science and Medicine. 19, 670-680.

Schlegel, P., & Kiehky, A. (2020). Anaerobic Fitness Testing in Crossfit. Acta Facultatis
Educationis Physicae Universitatis Comenianae, 60(2), 217-228.

Schlegel, P., Hiblbauer, J., Agricola, A. (2020). Near infrared spectroscopy and
spiroergometry testing in Crossfit. Studia Sportiva, 14 (1), 6-14.
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Abstract

In the basic principles of CrossFit®, the goal is to improve fitness,
related to the simultaneous development of strength and endur-
ance. This is also the main idea of concurrent training, which has
been researched since the 1980s. This article aimed to analyze the
acute and chronic effects of CrossFit® and to assess the relevance
of using the concurrent training methodology. The findings show
that CrossFit® is an intense form of exercise that affects the func-
tion of the endocrine, immune, and central nervous systems. It
also has potential in the development of strength and endurance
parameters. These conclusions were compared with relevant con-
current training studies. Although the CrossFit® interventions
(workouts of the day) have much in common with concurrent
training, methodological recommendations can only be partially
transferred. The approach for training and athlete development
must be based on the originality of this sport.

Key words: Performance, high intensity, concurrent exercise,
training load.

Introduction

CrossFit® has developed into a popular sport, there are
more than 11,481 affiliated gyms worldwide (Official
CrossFit® Affiliate Map, 2020), which have an extensive
base of athletes. The first CrossFit® Games were held in
2007, which can be described as the birth of the CrossFit®
competitive form. Performance and competition have be-
come part of this sport, as evidenced by the number of par-
ticipants in the CrossFit® Games Open from 26000 in 2011
to more than 400,000 (Aucher, 2014; Mangine et al., 2020)
as well as a significant number of international and local
competitions. Many competitions are not officially orga-
nized by CrossFit® HQ, however, their concept is similar.
Every sport needs to find effective methods to in-
crease athlete performance. The purpose of CrossFit® is to
develop a wide range of abilities that also require maxi-
mum strength, long endurance, or mixed modal perfor-
mance. In performance-oriented and competitive form, the
goal is to test athletes in a variety of fitness aspects (Seraf-
ini et al., 2018; Tibana et al., 2019a). These fitness tasks
are very diverse and require comprehensive readiness. An
important attribute of most competitions is the non-publi-
cation of workout of the day (WOD), announced just be-
fore or even during the competition. The athlete must,
therefore, be prepared to complete a variety of workouts.
Not only training preparation, but also the perfor-
mances themselves are connected with the principles of
concurrent training. Training sessions are often applied

that contain strength and endurance components (Schlegel
et al., 2020). During training cycles, the combination of
different types of strength and endurance is essential for
CrossFit® performance. Therefore, it is essential to opti-
mize the training process to be as efficient as potential and
to avoid possible interference (adverse effect on adaptation
mechanisms in the development of strength or endurance
during concurrent training) of these modals (Berryman et
al., 2019). One of original goals of CrossFit® is to develop
ten physical skills (Cosgrove et al., 2019), but this paper
focuses mainly on strength and endurance.

This article aims to analyze the short-term and long-
term effects of CrossFit® and evaluate training strategies in
conjunction with concurrent training.

Methods

The author performed a systematic literature review of
available human studies on the research topic describing
CrossFit®, high-intensity functional training, and concur-
rent training. CrossFit® is seen in the context of this article
primarily as a sport. There are terms such as Functional fit-
ness, Sport of fitness, or Extreme conditioning programs,
which are not identical to the concept of sports perfor-
mance or competition design. Some authors use the term
High-intensity functional training; however, it is not yet in
full agreement with other scientists and athletes or the com-
munity. The research studies were selected based on re-
search topics such as acute response, strength, endurance,
training, interference effect, chronic adaptation, CrossFit,
high-intensity functional training, high-intensity interval
training, weightlifting, concurrent training found in four
databases Web of Science, PubMed, Springer, and Scopus.
The terms used were searched using AND to combine the
keywords listed and using OR to remove search duplication
where possible. The search period ended in April 2020. Al-
together 9,632 articles were identified across the databases.
After removing duplicates and titles/abstracts unrelated to
the research topic, 320 studies remained. Of these, only 66
articles were relevant to the research topic — CrossFit® and
concurrent training strategies. These research studies were
classified according to their relevancy (Figure 1). The in-
formation found in the selected studies on CrossFit®, long-
and short-term effects, and concurrent training are de-
scribed and discussed in the following sections. Studies on
acute effects and interventions involving CrossFit® (a total
of 25) are described in the tables and commented in the
text.

The inclusion criteria were as follows: the publica-
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criteria involved: specific target groups - children, seniors,
and people with disabilities. Figure 1 below, then illustrates
the selection procedure.

tion period of the article was limited to March 2020; only
reviewed full-text studies in scientific journals in English
were included; the subjects had to be: adult healthy popu-
lation and athletes, without age restriction. The exclusion

s
§
b= Records identified through database
& (keywords in title)
< (n=9,632)
U
=
— l
Records after irrelevant content of
the abstract (n=9,084),
w0 duplicates removed (n = 228)
8
=
v
v
U A 4
wn
Records screened Records excluded
(n=320) (n=224)
— "
l Full-text articles
2 - excluded, with the
:E Full-text articles following reasons:
i) ass.es.se.d. for ' the studies, which
m eligibility focused on a different
(n=96) target population, were
excluded (7 =30)
v
v - - -
- Studies included in
,_3 qualitative synthesis
K] (n=166)

Figure 1. An overview of the selection procedure.

Results

Training session

The basic principle of the CrossFit® training session is
based on the uniform application of the modalities weight-
lifting (W), gymnastics (G), metabolic conditioning (M)
(Crawford et al., 2018b). The aim is to select such methods
that will be efficient for the development of partial parts
and will also have a transfer to the overall development of
fitness. These three domains are used either separately or
in combination. Weightlifting and gymnastics are a type of
resistance exercise using external load, respectively per-
son’s bodyweight designed to develop absolute and rela-
tive strength. Metabolic conditioning means (monostruc-
tural) cardio or an/aerobic training, which aims at progres-
sion in endurance performance. Original CrossFit® tem-
plate programming, is also used for research purposes
(Barfield and Anderson, 2014; Poderoso et al., 2019; Cos-
grove et al., 2019 et al.), all modalities alternate evenly,

regularly and in predetermined combinations. All combi-
nations are used in a closed interval of 2-3 weeks (G-W-M
model: W, GW, GM, WGM, G, WG, M).

The original assembly of the CrossFit® session rep-
resents warm up, preparation, and WOD. Over time, the
content of the training session began to expand, and more
parts were added, which aim to develop a specific modality
or technical aspects. Brisebois et al. (2018) report re-
sistance exercise (weightlifting, powerlifting) and meta-
bolic conditioning in each training session, in addition, to
warm up and cool down. The combination of strength and
cardio parts is also reported by Feito et al. (2018b). The
example showed Tibana et al. (2016): in a workout of the
day 1, subjects completed: (a) five sets of one repetition of
snatch from the block at 80% of one-repetition maximum
(1RM) with 2—5 min of rest intervals; (b) 3 sets of 5 Touch
& Go Snatches (full) at 75% of SRM with 90 s of rest be-
tween sets; (c) 3 sets of 60 s of weighted plank hold with
90 s of rest; After the third set of the exercises mentioned
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above, 5 min of rest was allowed, and then endurance con-
ditioning was performed with 10 min of as many rounds as
possible (AMRAP) 30 double-unders and 15 power
snatches (34 kg).

The unique form of the training sessions (not fol-
lowing CrossFit® programming) was chosen by Muraw-
ska-Cialowicz et al. (2015). Each contained two different
WODs (triplets); there was no part focused directly on
strength. However, this was specific programming that is
not generally used (cf. Drake et al., 2017; Poderoso et al.,
2019).

Workout of the Day (WOD)

Workout of the Day (WOD) is usually the main or only part
of a training session. The nature of the WOD can be very
different; the content can be conditioning, strength, or
mixed, and they constantly vary also in duration (Crawford
et al., 2018a). Thanks to this, the physiological response to
the load and the subsequent adaptation potential also differ.

Mixed WOD content means a composition of sev-
eral exercises and modalities. Kliszczewicz et al. (2018)
chose to test 15 min of work where participants repeated
the following sequence for as many rounds as possible
(AMRAP): 250m row, 20 kettlebell swings, 15 dumbbell
thrusters. It is a continuous diverse load, where one endur-
ance exercise and two strength-endurance exercises alter-
nate. Tibana et al. (2018) used "Fran": 21-15-9 reps of
thrusters (42.5kg) and pull-ups. Another example is Maté-
Muiioz et al. (2018) when "Cindy" was selected, an
AMRAP in 20 minutes of: 5 pull-ups, 10 push-ups, 15
squats. Butcher et al. (2015) tested "Grace": 30 Clean &
Jerks (60kg) for time. From the above, it is clear that the
time or content of WOD can vary dramatically, and thus
the physiological response to exercise also varies.

The originality of CrossFit® lies, among other
things, in the combination of fitness development through
strength exercises. Heavens et al. (2014) used the “for
time” scheme for WOD: 10-9-8... 2-1 repetitions for the
back squat, bench press, deadlift exercises (for all 75% of
1 repetition maximum - RM). Although these are purely
strength exercises, there will be significant involvement of
muscle endurance in the process. The mean duration of the
protocol was 34 minutes for women and 39 minutes for
men. High levels of lactate (14.2 and 9.1 mmol/ L) demon-
strate a significant effect of aerobic and anaerobic compo-
nents and demonstrate high exercise intensity.

Participants’ physiological responses to the Cross-
Fit® type of training are shown in Table 1. In the studies,
different WODs were used, which had different composi-
tions and lengths. Some WODs lasted on average between
4 and 6 minutes (Maté-Mufloz et al., 2018; Tibana et al.,
2018), but most did not last longer than 20 minutes
(Kliszczewicz et al., 2015). Benchmark workouts (bearing
female names such as "Grace", "Fran", or "Cindy"), which
are notorious in the CrossFit® community, were selected
several times (Fernandez-Fernandez et al., 2015; Kliszcze-
wicz et al., 2015; Tibana et al., 2018). It can be seen that
during exercise, athletes achieve high heart rates that
exceed 170 beats per minute on average (Tibana et al.,
2018; 2019a). Another common feature is high blood lac-
tate values, ranging from 10.4-18.4 mmol/ L (Perciavalle

et al., 2016; Maté-Muiioz et al., 2018; Timon et al., 2019).
These data are in synergy with the rate of perceived exer-
tion (RPE), which did not fall below 7. In the studies of
Heavens et al. (2014), Mangine et al. (2018b), and Tibana
et al. (2019a), increased elevated testosterone levels were
found. Similarly, the cortisol level was monitored, which
also reached elevated values after training (Szivak et al.,
2013; Mangine et al., 2018b). High training intensity was
also reflected in pro/anti-inflammatory reactions by in-
creasing interleukin-6/10 activity (Heavens et al., 2014; Ti-
bana et al., 2016).

Adaptation to CrossFit®

The adaptation of the organism to CrossFit® has only ap-
peared in research in recent years. Table 2 describes the
CrossFit® intervention programs. In some cases (e.g., Cos-
grove et al., 2019), the term "High-Intensity Functional
Training" was used, but the content and principle fully res-
onate with other research. The duration of interventions
ranges from 4 weeks to 6 months. The authors used official
CrossFit® template programming more often, which means
that a template was used that determines the concept and
number of training sessions (G-W-M model). Specific con-
tent (workouts) has always been prepared directly by the
authors. In other cases, a custom template was created
(Murawska-Cialowicz et al., 2015; Brisebois et al., 2018).

Maximum strength was often chosen as the test cri-
terion. Brisebois et al. (2018) and Cosgrove et al. (2019)
noted a significant improvement in back squat or deadlift.
Similarly, an improvement was noted in 5 RM front squats
(Feito et al., 2018b). However, no significant effect on the
1 RM back squat was observed by Kephart et al. (2018),
which could be due to the ketogenic diet used. The impact
on upper body strength performance (1 RM bench press, 1
RM strict shoulder press, maximum repetition of pull-ups)
was tested by Brisebois et al. (2018), Crawford et al.
(2018a) and Cosgrove et al. (2019), in all cases with a pos-
itive result.

Effects on the development of endurance parame-
ters were also confirmed, such as VO2max testing (Bar-
field and Anderson, 2014; Crawford et al., 2018a;
Brisebois et al., 2018) and the positive effect was not con-
firmed by Drake et al. (2017) or only partially by Cosgrove
et al. (2019). The studies of Kephart et al. (2018) and Dur-
kalec-Michalski et al. (2019) have mixed conclusions,
however, the training program was not specified, and it was
connected with a specific diet. Only Murawska-Cialowicz
et al. (2015) tested anaerobic fitness using the Wingate test
and found significant improvement.

The CrossFit® program has also been shown to be
effective in improving body composition - an increase in
lean body mass (Brisebois et al., 2018) and a decrease in
body fat (Murawska-Cialowicz et al. 2015; Feito et al.
2018b). Only Drake et al. (2017) did not show any effects
on body composition.

Training experience

The main distinction in the research literature is between
general athletes, regular gym visitors, and competition-ori-
ented athletes. Mangine et al. (2020) state that in addition
to the lower fat percentage and higher lean body mass,
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advanced Crossfitters also have a different muscle morpho-
logical characteristic compared to the gym visitors. The
difference was also found in aerobic and anaerobic perfor-
mance (14-18%); on the contrary, no difference was found
in terms of hormone levels between groups (Mangine et al.,
2020). The relationship between groups with different

Table 1. Acute physiological effects of CrossFit®

CrossFit® experience levels was tested using two WODs
(Bellar et al., 2015). Here, CrossFit® experience (more than
12 months) proved to be the strongest predictor of perfor-
mance. Other essential variables for predicting workout
performance were aerobic capacity and aerobic power.

Study N (M/F) Participants WOD Main outcome
Szivak et al for time: 10-9-8-7...3-2-1 lactate 14.2/9.1 mmol/L;
(2013) ' 9/9 resistance-trained Back squats, bench presses, deadlifts elevated cortisol level;

(75% 1 RM) no significant sex differences
Heavens ot for time: 10-9-8-7...3-2-1 increased myoglobin - 10.0 nmol/L;
al. (2014) 9/9 resistance-trained Back squats, bench presses, deadlifts elevated testosterone level; increased in-

) (75% 1 RM) terleukin-6 3.5 pg/mL
Fernand 1. "Fran", for time: 21-15-9 of thrusters 1. HRavg 179 bpm; RPE 8.4;
FZmZn dzz-et 10/0 12+ months experi- (42,5kg), pull-ups lactate 14.0 mmol/L
al. (2015) ence with CrossFit® 2. "Cindy", 20 minutes AMRAP: 2. HRavg 182.2 bmp; RPE §;

) S pulls-ups, 10 push-ups, 15 squats lactate 14.5 mmol/L
Kliszczewicz 10/0 3+ month experience "Cindy", 20 minutes AMRAP: 5 pull-ups, increased acute blood oxidative stress
et al. (2015) with CrossFit® 10 push-ups, 15 squats (comparable with high-intensity running)

2 days/ 2 mixed training sessions; 1. lactate 11.8 mmol/L; glucose
1. strength, gymnastics, metabolic concentration 115 me/dL
. 6+ month conditioning; 10 minutes AMRAP: 30 &
Tibana et al. . . 2. lactate 9.1 mmol/L; glucose
9/0 experience with  double-unders, 15 power snatches (34kg) .
(2016) . . . concentration 89.9 mg/dL
CrossFit 2. strength, gymnastics, metabolic . . .
oS . . after both increased interleukin-6;
conditioning; 12 minutes AMRAP: . . .
increased interleukin-10 after 2.
250m row, 25 target burpees
Perciavalle et 15/0 advanced for time: 27-21-15-9 of row (calories), lactate 13.8 mmol/L; worsening of
al. (2016) CrossFitters thrusters (43kg) attentional performance
Drum et al. . . . average RPE 7.3; high muscle soreness;
(2016) 101 CrossFitters questionnaire shortness of breath
1. "Cindy", 20 minutes AMRAP: 1. HRavg 178 bpm; RPE 17;
6+ month 5 pull-ups, 10 push-ups, 15 squats lactate 12.2 mmol/L
Maté-Muiioz 32/0 experience with 2. 8 rounds: 20 s work : 10 s rest of 2. HRavg 178 bpm; RPE 16;
et al. (2018) strgn th trainin double-unders lactate 10.4 mmol/L
& & 3. 5 minutes AMRAP: power cleans 3. HRavg 171 bpm; RPE 15.6;
(40% 1 RM) lactate 11.5 mmol/L
. . elevated testosterone level in workouts
Mangine et 5/5 CrossFitters CrossFit OPEN 2016 (5 weeks, 5 2.-5.,in 1. unchanged elevated cortisol
al. (2018b) workouts)
level after each workout
3+ month 1. "Grace": 30 clean and jerks (60kg) 1. HRavg 170 bpm; lactate 14.3 mmol/L
Kliszczewicz 10/0 experience with 2. 15 minutes AMRAP: 250m row, 20 2. HRavg 172 bpm; lactate 13.7 mmol/L
et al. (2018) P ® kettlebell swings (16kg), 15 dumbbell ~ both workouts same effect on autonomic
CrossFit
thrusters (15kg) nervous system
1. "Fight gone bad": 3 rounds: 1 minute
wall balls, 1 mln.ute Sumo .deadhft high- 1. HRmax 184 bpm; lactate 17.2 mmol/L;
. pulls (35kg), 1 minute box jumps (60cm),
Tibana ct al. 23/0 CrossFitters 1 minute push presses (35kg), 1 minute RPE 8.5
(2018) push pre &), 2. HRmax 182 bpm; lactate 17.8 mmol/L;
row (for calories), 1 minute rest RPE 95
2. "Fran": for time: 21-15-9 of thrusters ’
(42,5kg), pull-ups
elevated testosterone level (24 hours after)
. 6+ month . .. .
Tibana et al. 9/0 experience with 3 consecutive competition days, cortisol level unchanged
(2019a) P @ 5 workouts elevated immunoglobulin A-IgA (24-72
CrossFit
hours after)
1. HRavg 127 bpm; lactate 13.3 mmol/L;
. . RPE 7.2

o 1.5 minutes AMRAP: 1-2-3-4... of HRavg 160 bpm; lactate 18.4 mmol/L;
Timoén et al. 12/0 CrossFitters burpees and toes to bar RPE 8.2
(2019) 2. 3 rounds: 20 wall balls, 20 power )

cleans (40% 1 RM)

creatine kinase and hepatic transaminase
at normal level after 48 hours in both
workouts

WOD - Workout of the Day; HRavg- average heart rate; HRmax - maximal heart rate; RPE - rated perceived exertion; AMRAP - as many repetitions
as possible; RM - repetition maximum
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Tabel 2. CrossFit® intervention studies.

Study N (M/F) Participants Duration Program Main outcome
Barfield and . CrossFit® template 1 aerobic capacity (6%);
Anderson (2014) 25/0 active 12 weeks program (5 d/w) muscle endurance (22%)
Murawska- ) . tlean body mass; Wingate test; VOxmax
Cialowicz et al. 15/15 active 3 months 2d/w,e2vémx§;1 WD) (just women); brain-derived neurotrophic factor
(2015) Y day | body fat (in women)
1 inflammatory status
Drake et al. 6/0 active 4 weeks CrossFit® template | mood state performance
(2017) program (5 d/w) no significant changes in strength,
endurance, body composition
Brisebois et al. . 3d/w; unique program, 1 VO2max; lean body mass; strength
(2018) /10 active SRk mixed training sessions 1 RM (bench press, leg press)
Crawford et al. . CrossFit® template 1 1 RM back squat, strict press, deadlift;
(2018a) 13/12 untrained 6 weeks program (5 d/w) VOrmax
2d/w; unique program; 1 3 mixed WOD; 5 RM front squat;
. 3+ months -
Feito et al. . . 51% strength lean body mass; bone mineral content
9/17  experience with 16 weeks . .
(2018b) . workouts, 49% improvements (greater in women)
CrossFit . s
metabolic conditioning | body fat
6+ months 1 push-up test
Kephart et al. experience with . | body fat
(2018) 93 CrossFit®, 3 months not described no changes in 1 RM back squat,
on ketodiet 400m run, VOzpeak
Crawford et al. g CrossFit® template no relationship between RPE and
(2018b) e Pty 6 weeks program (5 d/w) heart rate variability
acute chronic workload ratio (ACWR):
Tibana et al 5d/w competition 50% of weeks outside the "safe zone";
(2019b) ’ 0/1  elite CrossFitter 6 months CrossFit 130 ram no relationship between RPE, heart rate
prog variability, ACWR;
no influence on well-being status
+ hi i
Poderoso et al. . 6 mont s_th ] . o (st elevat.eld testosterpni: 1levell (greater c}l;anges in
2019) experience wi months s G men); lower cortisol leve .(greater changes in
CrossFit® women); no changes in lymphocytes
0-6 and 7+
Cosgrove et al. months CrossFit® template T 1RM bagk squat, bench.press,
22/23 . ... 6 months deadlift, pull-up test;
(2019) experience with program (5 d/w) . .
- ® 1,5 km run (women with less experience)
CrossFit
DLl CrossFitters on
Michalski et al. 11/10 OSSTINCIS O 4 eeks not described 1 utilization of fat under aerobic load (just men)
(2019) ketodiet

11 - significant changes; WOD - Workout of the Day; M - male; F - female; w- week; d- day; RPE - rated perceived exertion

Schlegel et al. (2020) discussed the identification of
the relationship between performance parameters, includ-
ing strength and endurance elements, with the placement in
the CrossFit® Open. The correlation showed the strongest
association in placement with the maximum performance
in Olympic weightlifting (snatch, clean & jerk). On the
other hand, the weakest relationship was shown with body-
weight exercises (pull-up, handstand push-up). A similar
comparison was made by Martinez-Gomez et al. (2019),
where squat performance proved to be a determining factor
for success in CrossFit® Open workouts. It should be noted
that Olympic weightlifting was not tested in this study, but
only strength performances. A certain specificity of the
CrossFit® Open must be emphasized: 5 days to complete a
workout, adapted to the conditions of a regular gym in
terms of space and equipment, workouts must be able to
distinguish thousands of athletes with a similar perfor-
mance level, etc. It is not identical to CrossFit® Games,
sanctioned or CrossFit-style competitions.

Studies by Butcher et al. (2015) and Dexheimer et
al. (2019) tested the relationship between benchmark

WODs ("Fran", "Nancy", "Cindy", "CrossFit Total") and
selected performance parameters. In both cases, partici-
pants were advanced CrossFitters. The measurements
show that it is impossible to determine precisely the mean
aspect of fitness that would be most important concerning
all WODs. Depending on the nature of the WOD, VO2max
(for "Nancy", "Cindy"), anaerobic power, and strength per-
formance (for "CrossFit Total") proved to be essential for
better workout results. The importance of high perfor-
mance in anaerobic power (Wingate test) and VO2max rel-
ative to results of the 12-minute WOD is demonstrated by
Bellar et al. (2015). Similarly, Feito et al. (2019) note the
positive relationship between results of repeated Wingate
tests and performance in the original (has never been used
before) WOD (15 minutes).

Best competitive CrossFitters (n = 1,500) were
compared according to their performance, the sample was
divided into groups, and a clear difference was shown be-
tween the quantiles generated (Serafini et al., 2018). With
increasing overall performance, strength performances
(back squat, deadlift, strict press) and Olympic weightlift-
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ing (snatch, clean & jerk) increased significantly. Almost
no development was shown in aerobic (Skm run) or
(mainly) anaerobic performance (400 m run).

On a large sample (more than 130,000 athletes),
Mangine et al. (2018a) tried to create standards for self-
reported performance in benchmark workouts ("Grace",
"Fran", "Helen", "Fight gone bad", Filthy 50 "). From the
created deciles, a specific athlete can be assigned to a per-
formance group. For example, for "Grace" (30 clean and
jerks for time), a range of 64-296 seconds was set for men.

Discussion

Acute physiological reactions and the long-term effects of
CrossFit® are essential for determining the training plan
and selecting the optimal training methods (Bellar et al.,
2015; Tibana et al., 2018; Serafini et al., 2018). It is a new
topic which, due to the growing popularity of performance-
oriented CrossFit®, deserves its attention. Thanks to simi-
lar elements with concurrent training, it is possible to com-
pare these concepts and possibly use some conclusions for
CrossFit® training.

The CrossFit® training session has one central part
(WOD) in its original form (see G-W-M model). In this
case, there is no need to select the intra-session exercise
sequence. Usually, however, a multi-part model is used
(Brisebois et al., 2018). Traditionally, the strength part is
preferred to the endurance-oriented part, which would cor-
respond to the recommendations of concurrent training
(Doma et al., 2017). However, the assembly of a CrossFit®
session is not absolute and can take various forms. The
preference of the strength part does not have to be absolute.
Positive effects are also demonstrated from the opposite
combination: development of endurance at the beginning,
and then strength-oriented part (Berryman et al., 2019). It
is crucial to determine the main goal of the training session
and its desired effect (development of absolute strength,
power, muscle hypertrophy, an/acrobic endurance, etc.). It
is possible (under certain conditions) to choose any exer-
cise combination according to a specific goal.

Methods of resistance and endurance training are
applied in one training session. This combination can lead
to degraded performance (Bishop et al., 2019). If resistance
training (followed by endurance) is preferred in the train-
ing session, it should be beneficial for lower limb strength,
and at the same time, it should not negatively affect aerobic
capacity (Murlasits et al., 2018). Otherwise, if endurance
training is followed by resistance training, deterioration
may occur (Karavirta et al., 2011; Jones et al., 2017). It
must be taken into account that after strength training, mus-
cle glycogen is lost by up to 39% (Jensen et al., 2011). This
effect can limit the following endurance performance in the
order of hours (Doma et al., 2017). Another factor, along
with muscle glycogen depletion, is nervous system fatigue,
which occurs after both types of exercise (Doma and Dea-
kin, 2013). It can subsequently affect strength and coordi-
nation skills (movement economics) or modify the internal
training load and intensity (Maté-Muiloz et al., 2017). Re-
gardless of the nature of the training load, it is necessary to

prioritize the modality that is more important in a given
training session (Methenits, 2018). Therefore, it is neces-
sary to carefully choose the combination of individual
components, the set intensity (RPE, %RM, or % heart rate)
for the first part of the session will be decisive. In the case
of advanced CrossFitters, where it is necessary to maxi-
mally support all performance parameters’ progress, it will
be appropriate to separate these components on the basis of
multiphase training (Bishop et al., 2019; Schlegel et al.,
2020).

The concept of concurrent training often works with
the application of continuous endurance activities. In the
study of Berrymann et al. (2019), for example, cycling is
shown to better results than running in the context of inter-
ference. Similarly, a positive outcome of a combination of
rowing and resistance training has been demonstrated (Gal-
lagher et al., 2010). High-intensity interval training (HIIT)
has also been shown to be very efficient in short-term in-
terventions (Petré et al., 2018; Sabag et al., 2018). One of
the probable causes is the use of glycolytic muscle fibers,
which are important for developing strength or hypertro-
phy. (Doma et al., 2017). Along with positive effects on
VO2max, maximal aerobic power has been demonstrated
in HIIT. But in some regards, it is challenging to replace
long continuous training with HIIT (Laursen and Buchheit,
2019). In CrossFit® programming, it is possible to use a
wide range of endurance activities (running, rowing, swim-
ming, etc.), including methods (continuous, interval, fart-
lek); there are no restrictions. In the case of a combination
of monostructural cardio and a strength part in one session,
it will, therefore, be more appropriate to apply HIIT.

CrossFit® includes strength and endurance develop-
ment of the upper and lower part of the body. Skattebo et
al. (2016) prove that the application of strength training to
the upper half of the body for cross-country skiers is bene-
ficial and can improve their double-poling performance.
On the other hand, Doncaster and Twist (2012) demon-
strated a reduction in maximal endurance performance
(arm cranking) after bench press. Therefore, it seems that
the muscles of the upper half of the body will react simi-
larly to the training load as the lower limbs in concurrent
training. Endurance activities, such as cross-country skiing
or swimming, which are dominant for the upper half of the
body, are not generally used to such an extent in CrossFit®
(Feito et al., 2018a). It is more common to combine an up-
per body strength load along with endurance running or
rowing. There is a theory that if in one training session
there are strength loads of specific muscles and at the same
time endurance loads of others (for example bench press
and running), the effects should not interfere. Unfortu-
nately, no valid study is available for such confirmation.

The concept of concurrent training works with a
combination of strength exercises and classic endurance
activities (running, cycling, rowing). CrossFit® develops
endurance both with these tools and with the help of body-
weight or free weight exercises. This model proves to be
efficient for the current development of strength and endur-
ance components (Crawford et al., 2018a). When combin-
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ing the strength part and WOD containing, for example,
weightlifting exercises (see "Grace"), there is strength en-
durance activity, which is also demanding in terms of (aer-
obic, anaerobic) endurance. By involving not only slow fi-
bers, interference may not occur, but there is excellent syn-
ergistic potential (Berryman et al., 2019). However, it is
crucial to consider the metabolic effect on a given muscle,
which may not respond to the necessary strength-oriented
adaptation in case of significant exhaustion. Very little in-
formation is available in this regard; classical concurrent
training does not deal with this combination (Methenitis,
2018).

In endurance sports, the term energy cost of loco-
motion is used to evaluate movement technique (di
Prampero, 1986). The aim is to make the activity as eco-
nomical as possible in terms of energy consumption. This
factor can be influenced by concurrent training (training
sessions) (Berryman et al., 2019). By working with re-
sistance exercises under metabolic stress in CrossFit®, the
economics of movement are essential as well. Especially
for dynamic exercises like the snatch and clean & jerk,
which are characterized by high speed, and therefore high
energy consumption is important at the workout to find the
optimal technical skill that will be effective and also energy
efficient. In training, it would be appropriate to include
similar strength or dynamic exercises before the WOD,
which do not exhaust the muscle and help with the optimal
technique. The principle of post-activation potentiation
(short-term improvement in performance as a result of us-
ing conditioning exercise) also manifests itself here (Do-
cherty and Hodgson, 2007).

Strength or strength-hypertrophic training causes
acute changes in hormone levels, such as testosterone,
growth hormone, or cortisol. These changes affect proteo-
synthesis and associated regeneration, muscle growth, and
strength gains (Tremblay et al., 2004). After endurance ex-
ercise, similar hormonal changes are observed, but rather
the overall catabolic effect concerning to muscle growth
predominates (Kindermann et al., 1982). After a mixed
load caused by resistance and endurance training, fluctua-
tions of these hormone levels are also monitored (Taipale
et al., 2014). The acute physiological effects after Cross-
Fit® (Table 1) show the potential to change hormone levels.
Mixed WODs, including resistance exercises, appear to in-
crease testosterone levels (Heavens et al., 2014; Mangine
et al., 2018b; Tibana et al., 2019a). It is a different effect
compared to concurrent training, wherein one session, the
strength part was applied and then the endurance block
(Taipale and Hékkinen, 2013), and a decrease was noted
even after 48 hours. The original nature of CrossFit® ses-
sions can lead to an increase in testosterone levels, which
is a difference compared to the effect of concurrent training
(cf. Schumann et al., 2013). Measurements after complet-
ing a WOD also showed an increase in cortisol levels
(Szivak et al., 2013; Mangine et al., 2018b), identical to the
responses after concurrent training. However, in the study
of Tibana et al. (2019a), the level didn’t change. Despite
the inconsistent findings, an increase in cortisol levels can
be expected due to the high intensity of exercise. The hor-
monal response after concurrent training (also due to dif-
ferent methodologies) is not uniform. The relationship

between acute hormonal response and long-term adapta-
tion has not been confirmed (Taipale et al., 2010; Cadore
etal., 2012). Although a similar result can be expected with
CrossFit®, the exact conclusion cannot yet be made.

After the application of concurrent training, a de-
crease in muscle glycogen, an increase in lactate levels,
heart rate, and central nervous system fatigue are observed
(Methenitis, 2018). Measured blood lactate values, heart
rate, or RPE in CrossFit® also indicate a high load associ-
ated with high stress in the body. Such an exercise disrupts
the homeostasis of the autonomic nervous system
(Kliszczewicz et al., 2018). This stress is also manifested
by changes in the immune system (Tibana et al., 2016).
Such an effect can affect the organism’s condition and per-
formance for several days (Bishop et al., 2019). It is im-
portant to emphasize that in the mentioned studies (Table
1), the participants were motivated to maximum effort. Alt-
hough high intensity is a feature of CrossFit® (Drum et al.,
2016), a distinction should be made between training and
competition performance because of different effort, moti-
vation, etc. Then we can expect a difference in physiologi-
cal biomarkers.

The ratio of individual components is essential for
optimal simultaneous development of strength and endur-
ance parameters. To induce positive changes, it is neces-
sary to complete at least 2-3 training sessions per week
containing exercises to develop the ability (Bishop et al.,
2019). In the case of excessive predominance, one of them,
interference may occur (Wilson et al., 2012). CrossFit® in-
terventions (Table 2) show that they can to develop both
strength performance and endurance parameters (Crawford
et al., 2018a; Feito et al., 2018b). Due to the varied nature
of the WOD content, it is difficult to determine the
strength/ endurance ratio in such a program. Although
WODs usually do not focus directly on the development of
strength or endurance, both factors are included (Barfield
and Anderson, 2014). Although the conclusions are not un-
ambiguous (Kephart et al., 2018), the intervention was not
precisely described in this study, i.e. it was impossible to
analyze the cause of such results. It is necessary to take into
account that the specific content of training sessions may
significantly differ, which is related to the effects. Alt-
hough the positive effects of concurrent training on the de-
velopment of strength or endurance have been demon-
strated (Methenitis, 2018), there are too many methodolog-
ical differences in study designs to compare the results in
more detail.

To reduce the risk of interference, it is recom-
mended to separate the training session’s single modalities
because the interaction can occur even after 24-72 hours
(Wilson et al., 2012). This guideline to separate modalities
is based on studies using hypertrophic training and contin-
uous endurance activity, or maximum effort performance
until exhaustion (Doma et al., 2017). The original Cross-
Fit® programming uses five sessions per week (5 training
days — 2 days rest or 3 training days — 1-day rest), and most
have mixed content (Poderoso et al., 2019). Because of the
application of HIIT methods and WOD involving strength
exercises, separating modalities rule does not seem to ap-
ply (Tibana et al., 2019a). However, it is crucial to consider
the recovery time after high-intensity training, which can
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adversely affect adaptation mechanisms.

To assess the acute response or long-term adapta-
tion of the organism, it is important to consider the group’s
training experience. Training experience usually means the
total time that an individual engages in a particular activity.
Researchers made a distinction between a "trained" indi-
vidual with at least 3-9 months of experience with a given
physical activity (Fyfe and Loenneke, 2017). Otherwise,
the improvement can be attributed to a new stimulus, to
which the organism responds more willingly. Beginners
with no previous experience with CrossFit® were included
in multiple studies (Barfield and Anderson, 2014; Muraw-
ska-Cialowicz et al., 2015; Drake et al., 2017; Brisebois et
al., 2018; Crawford et al., 2018a). And it has been con-
firmed that a CrossFit® program is effective in physically
active individuals for the development of maximum
strength or VO02max (Barfield and Anderson, 2014; Mu-
rawska-Cialowicz et al., 2015; Brisebois et al., 2018).

In advanced athletes, it is essential to specifically
develop the abilities, which has also been confirmed (Cos-
grove et al., 2019). It is necessary to take into account the
total training time, the number of training sessions, or also
the performance level of the athlete (Buckner et al., 2017).
Determining important performance parameters or mor-
phological variables by testing is key to identifying optimal
training methods (Dexheimer et al., 2019; Butcher et al.,
2015). Only one intervention study (Tibana et al., 2019b)
deals with an elite Crossfitter; in other cases, the research
sample was untrained or moderately advanced athletes.
Elite CrossFit® athletes have been shown to have excellent
performance especially in Olympic weightlifting and fun-
damental strength exercises (Martinez-Gomez et al., 2019;
Schlegel et al., 2020), furthermore, by above-average
VO2max results (> 50ml/ kg) or strong anaerobic capacity
(Feito et al., 2019). Unfortunately, there are no concurrent
training studies that address the development of Olympic
weightlifting performance and endurance parameters.

The elite athletes and competitors need to have an
excellent level of a wide range of strength and endurance
abilities. Due to the tasks that are usually in the competi-
tion, the “CrossFit® performance” includes maximum
strength (especially Olympic weightlifting, free weight),
strength endurance (bodyweight, external load), aerobic
capacity (using different domains), maximum aerobic
power (different domains), anaerobic capacity (different
domains) or a combination of each other (Serafini et al.,
2018; Martinez-Gomez et al., 2019; Tibana et al., 2019b).
Performance-oriented CrossFitters, therefore, need a spe-
cific composition of the training program, which has not
yet been the subject of research.

Practical applications

- In the “mixed training session”, it is appropriate to
give priority to strength training.

- In the “mixed training session”, the first part should
not be too exhausting (RPE, %RM, HR) concerning mus-
cle glycogen, the central nervous system, so as not to affect
the upcoming exercise.

- When choosing exercises and methods for one train-
ing session, consider the local load, and combine the the
upper and lower half of the body (gymnastics — running;
squat — ski erg).

- When applying pure endurance exercise combined
with the strength part, it is advisable to choose HIIT meth-
ods, or rowing, cycling.

- Single modality training sessions should be separated
as much as possible (> 48 hours), especially for continuous
endurance and hypertrophy-oriented exercises.

- For advanced athletes, it is appropriate to divide pure
strength and endurance exercises into separate training ses-
sions.

- Before WOD, it is possible to choose a higher load
for previous exercises to improve the economic cost of lo-
comotion (clean and jerk — “Grace”; front squat — wall
balls).

- When organizing training, consider the intensity of
exercise, which can significantly impact the endocrine or
immune system for up to several days.

- The original CrossFit® template program is functional
for the development of strength and endurance parameters
for beginners.

- “Barbell conditioning” could be beneficial for the de-
velopment of strength and endurance.

- Strength : endurance ratio is applicable in CrossFit®

Conclusion

CrossFit® is a young sports discipline that falls by nature
partly into the category of concurrent training. The findings
show that CrossFit® training can influence the function of
the endocrine, immune, central nervous systems and also
has a potential in the development of strength and endur-
ance parameters. For training, it is necessary to identify op-
timal procedures for the ideal development of strength, en-
durance, power, speed, accuracy, and other specific (Cross-
Fit®) performances. In certain aspects, it is possible to in-
volve the training methodology of concurrent training.
However, it is confirmed that in many ways, CrossFit® is a
sport that requires unique training methods, for which the
amount of information is limited. Further research is
needed to verify some of the conclusions.
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Summary: CrossFit is one of the sports disciplines where endurance play a significant role in the
performance. For testing anaerobic fitness it is important to choose the means that are part of the
exercise and have a good transfer to the sport. A sample of competitive crossfitters (n = 12) underwent
stress tests on the assault air bike (AB) (60 s) and Wingate. In addition to the performance parameters
(Wmax, Wmean, W/kg, cal), lactate values after exercise (Ist, Sth, 10th and 15th minute) were
monitored. The results showed significant differences in both the absolute values of lactate and the
development of the lactate curve (oo = 0.05). The correlation of the selected variables showed a
significant relationship between the average Watts value and the calories traveled (0.894). Testing
anaerobic fitness with AB appears to be a suitable variant for CrossFit, as well as monitoring the
development of lactate curve. Due to the original design of the study, it is necessary to verify the

results.

Keywords: performance, Wingate, assault air bike, lactate, VLamax, conditioning

Introduction

CrossFit is a worldwide phenomenon, which gradually evolved in a performance,
respectively racing form. The races are organized at a local and international level and require
a long-term and specific training. Therefore, it is necessary to analyze individual aspects and
transfer the results to the training practice (Feito et al. 2018; Schlegel et al. 2020).

By its nature, CrossFit ranks among relatively short and highly intensive sport
disciplines. Most of the load usually lasts between 5 — 20 minutes and consists of various
modalities including not only the traditional endurance sports (running or rowing), but also
exercises with bodyweight or external load. The level of load is evidenced by heart rate values,

lactate levels or elevated creatine kinase parameters (Dexheimer et al. 2019). A good level of

217

36



aerobic and anaerobic fitness is important for the mentioned endurance performance. Both
components are involved in the outcome and their ratio must be in good balance (Butcher et al.
2015). Therefore, attention should also be paid to the level of anaerobic metabolism.

Testing anaerobic fitness represents a very short load at maximum intensity, which is
mainly dependent on the energy substrates creatine phosphate, glycogen (Medbg & Tabata
1993). The duration of the tests ranges from 30 to 60s and parameters, such as a lactate level
and course, peak power, mean power, fatigue index, or VO2max are monitored (Noorhof et al.
2013). The level of these parameters is also dependent on strength, muscle fiber ratio or lactate
metabolism. The monitoring of the blood lactate levels is a good feedback for evaluating the
intensity of indoor stress (Brooks 2018).

A very common means is to use the Wingate test (Wingate), which uses a bicycle
treadmill with a gradual increase in resistance. It is a valid and reliable device that is applied in
various sports disciplines (Murawska-Cialowicz 2015). However, it uses only the lower half of
the body and therefore its informative value may in some cases be limiting. In CrossFit, the
upper body is also heavily involved, which is why it is tested. Assault air bike (AB) is a special
free-wheeled wheel that allows you to engage the pull and push forces of the upper limbs. The
load is therefore more complex with a likely overlap in the use of energy resources and a
physiological response. It is also a commonly used training and racing device.

The aim of this research was to determine whether AB is a suitable means for testing
anaerobic fitness in performance crossfitters and further compare the results with the Wingate

test. Thus, a standardized and a non-standardized anaerobic fitness test were compared.

Methods
Study design

The participants underwent two stress tests to assess the level of anaerobic fitness. First,
the AB test, then the Wingate test; the interval between tests was a week. In both tests it is
necessary to work with the maximum effort to which individuals were motivated. The testing
included a measurement of the lactate development after loading; performance values from both
devices were also monitored. The tests were then compared in terms of the lactate curve and
the measured parameters.

Participants

12 men (age 28.1 years, height 183.3 cm, weight 86.9) participated in the research. They
were competitive crossfitters with experience with CrossFit for at least 2 years and with
participation in competitions at least at the regional level. All of them were currently in a similar

218

37



stage of preparation without a significant variation in the training regimen or specific
development of anaerobic fitness. The average number of training units was 6 and their content
contained strength, weightlifting, gymnastic and conditioning parts. They all had experience
with AB and the method of loading in tests. Two days prior to the test, they should only have a
light training intensity. None of the participants had a significant low/high-carbohydrate diet.
48 hours before the test, carbohydrate intake should not be increased. The dietary supplements

supporting the exercise have been banned.

Table 1
Description of the research sample

Mean | SD | Minimum | Maximum | Median
Age 28.1 [5.3]20 34 31
Height | 183.3 |5.7 174 193 182.5
Weight | 86.9 [9.8|73 107.5 84

SD - standard deviation

Testing

The same protocol was set for both tests. The test experienced a warm-up phase (5
minutes) on a bicycle or AB. The heating was done at light intensity to avoid a subsequent
lactate increase and a significant increase in respiratory rate/depth. The targeted breathing
techniques were also not allowed. This was followed by a 3 min passive pause and the first
lactate collection. On instruction the participant took the test, where he was strongly motivated
by the researchers in the limit performance from the beginning. The test was followed by a
passive sitting position, in which he had to endure until the end of the test, any further
movement was prohibited. The lactate collection after the exercise was performed at 1, 5, 10
and 15 minutes.

Wingate test

This is a 30s test on a Wattbike (Monark exercise AB, Sweden). The principle is
isokinetic cycle sprint by 7.5% of the weight of the tested person. Peak power (Wmax), mean
power (Wmean) and W/kg (maximum weight index) were monitored.

Assault air bike test

It is a special bike, where it is also possible to work with free arms that allow pushing
and pulling upper body. The arms and pedals are mechanically dependent on each other and
have the same frequency. The machine cannot adjust the difficulty, which increases as speed
increases on the principle of an aerodynamic brake (resistance is created by flywheel). Here,

the calories traveled (a separate unit of measure whose value is derived from the output force
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in watts) were monitored. The participants worked for 60s with maximum effort, right from the
start.

Lactate

The enzymatic-amperometric method for the determination of lactate in fresh capillary
blood (Lactate scout, EKF diagnostics) was used. The sample was taken from the earlobe.

Analyses of data

Using TIBCO Statistics, Desktop version, a t-test was applied between the measured
lactate values after loading on AB and Wingate. Furthermore, the correlation analysis
(Spearman coefficient) was used to determine the relationship between selected variables that

were obtained from both tests.

Results

Table 2 shows selected values from the AB and Wingate stress tests. The results of
Wmax, where the average was 1268, 8 Watts, reveal that they were the athletes with very good
strength abilities of the lower limbs. Greater dispersion was recorded in calories traveled, values

ranged from 34 — 57.

Table 2
Description of the performance values on AB and Wingate

Mean | SD | Minimum | Maximum | Median
Wmax |1268.8(130.2| 1045.0 1467.0 1264.5

Wmean | 771.5 | 55.9 700.0 873.0 755.5
W/kg 146 | 1.1 13.4 16.9 14.3
Cal (AB)| 439 | 7.2 34.0 57.0 41.5

Wmax - the maximum achieved value of Watts (Wingate); Wmean — average value of Watts (Wingate); W/kg -
index of maximum power in terms of mass (Wingate); cal - calories traveled (AB)

The athletes achieved high levels of lactate during the tests (Table 3). During the first
minutes there was a rapid increase, which reached a maximum in the 5th minute (Wingate),
respectively in the 10th minute (AB). The development of the lactate curve of all participants
is shown in Fig. 1 below. It is evident that after the loading on AB, lactate accumulated for a
longer time, reached higher values and also decreased more slowly. Even after 15 minutes the
average value was 15.7 compared to Wingate with 11.4. In addition, the lactate values at
Wingate showed greater variance at 10 and 15 minutes. The figure also shows the course of
changes in the lactate levels based on average values (AB - black, Wingate - blue). The curve

shows a similar course, but is significantly different at the end.
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Table 3
Average lactate values in minutes

0 1 5 10 15
AB 1.78|11.65|14.46|15.98 | 15.68
SD 052|256 | 1.66 | 092 | 1.19

Wingate | 1.75]10.30|14.09 | 13.16 | 11.10
SD 038|292 | 1.67 | 1.87 | 2.48

SD - standard deviation

' Zobrazovana oblast

Time (min)

Figure 1
Lactate curve after Wingate and AB

Table 4
T-test for the average AB and Wingate values per minute

Mean Mean ¢ - value df Valid N | Valid N SD SD F-ratio Variances
AB w valu P AB w AB | W | variances :
ABLvsWI | 1165 | 1064 | 090 | 2200 | 038 | 1200 | 1200 | 256 | 2.92 130 0.67
ABSvsW5 | 1446 | 1423 | 034 | 2200 | 073 | 1200 | 1200 | 1.66 | 1.67 101 0.99
A]‘fvlfovs 1598 | 1341 428 | 2200 | 000 | 1200 | 1200 | 092 | 1.87 416 0.03
A‘é‘}fsvs 1568 | 1143 | 534 | 2200 | 000 | 1200 | 1200 | 119 | 248 434 0.02

W — Wingate; AB — assault air bike; SD — standard deviation; mean AB — lactate average value for AB; MeanW

— lactate average value for Wingate

A comparison of the lactate values in individual minutes is given in Table 4. A
statistically significant difference can be observed at 10 and 15 minutes. Conversely, at 1 and

5 minutes it was not confirmed although the values for AB were higher.
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Furthermore, the development of the lactate curve was analyzed and the increase,
respectively the decrease in average values (Table 5). Although lactate increased by 555.2 %
for Wingate and 611.9 % for AB between the 1st and 2nd measurements, the statistical
significance was not confirmed. Similarly, between the 2nd and 3rd measurements, when there
was an increase (28.8 % for AB, 41.3 % for Wingate). A statistically significant difference can

be observed in the development between the 3rd and 4th measurement (absolute deviation of

16.6%) and also between the 4th and 5th measurement.

Table 5
Assessment of a different development of the lactate curve

Mean AB Mean W Valid Valid SD F-ratio .
(%) (%) t - value df p N AB NW SD AB W | variances Variances
AB 0-1 vs W 0-1 (691.?79) 8.93 (555.20) 0.80 22.00 | 0.44 12.00 12.00 2.76 2.98 1.16 0.80
AB1-5vs W 1-5 (22é8810) 3.58 (41.30) -0.75 22.00 | 0.46 12.00 12.00 2.53 2.52 1.01 0.99
AB 5-10 vs W 5- 1.53 -0.82
2 22. . 12. 12. 1. 1. 1.2 .
10 (11.70) (-4.90) 3.25 00 | 0.00 00 00 65 87 9 0.68
AB 10-15 vs W -0.31 -1.98
10-15 (-1.80) (-14.40) 2.39 22.00 | 0.03 12.00 12.00 1.07 2.17 4.10 0.03

W — Wingate; AB — assault air bike; SD — standard deviation; mean AB — lactate average value for AB; MeanW

— lactate average value for Wingate

A correlation analysis was performed to assess the relationship between the selected
variables (Table 6). The expected strong relationship (o= 0.01) was shown between weight and
Wmax (0.713) and also with Wmean (0.683). Neither age nor height showed a strong
relationship with any of the selected variables. Calories traveled had a strong correlation with

Wmean (0.894). Other statistically significant relationships were not shown.

Table 6
Correlation analysis of the selected variables

Age | height | weight | Wmax | W_mean | W/kg cal
Age 1 0.442 | 0.558 | 0.536 0.420 |[-0.116| 0.471
height | 0.442 1 0224 | 0.172 -0.035 |-0.090 | 0.094
weight | 0.558 | 0.224 1 0.713** | 0.683* |-0.473| 0.519
Wmax | 0.536 | 0.172 | 0.713** 1 0.568 | 0.268 | 0.474
W_mean | 0.420 | -0.035 | 0.683* | 0.568 1 -0.310 | 0.894**
W/kg |-0.116|-0.090 | -0.473 | 0.268 -0.310 1 -0.204
cal 0.471 | 0.094 | 0.519 | 0.474 | 0.894** |-0.204 1

Wmax - the maximum achieved value of Watts; Wmean — average value of Watts; W/kg - index of maximum

power in terms of mass; cal - calories traveled
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Discussion

The use of Wingate for testing the anaerobic endurance is common in sports training
(Noordhof et al. 2013). In CrossFit, it has been used several times, but as a potential predictor
of the CrossFit performance (Butcher et al. 2015). For some workout of the day (WOD), Wmax
or Wmean may be related to the end result (Dexheimer et al. 2019), but this cannot be broadly
claimed (see Bellar et al. 2015, Martinez-Gémez et al. 2019).

The absolute achievements (Wmax, Wmean) in Wingate are relatively high and
comparable, for example, with hockey players (Lau et al. 2001). In this research, the
participants reached higher values compared to the tested CrossFit samples (Feito et al. 2018
or Butcher et al. 2015). The overall performance level of the group seems to be a significant
factor. These were the athletes who have competing experience at least on a local level. In such
a case, it is possible to assume high strength abilities not only of the lower limbs (Serafini et al.
2018) and thus a high power production on the bicycle simulator.

This was the first known study to test the load using AB and therefore, no comparable
studies can be referred to. Ozkaya et al. (2013) dealt with the use of an elliptical trainer, which
also engages the upper and lower half of the body, but it is different from AB. As with this
research, the treadmill showed higher physiological values than the Wingate. In most WODs
the whole body is involved, and therefore, all the large muscle groups (Feito et al. 2018). AB
also requires the use of upper body pushing and pulling forces, as demonstrated by the lactate
accumulation that was higher than that of Wingate or equally long stress tests (Carey &
Richardson 2003; Carter et al. 2005; Miladi et al. 2011).

The correlation results show that AB and Wingate cannot be fully substitutable. AB was
used with calories traveled, showing a high correlation (.871) with Wmean only. In addition to
the maximum power output, both values also reflect strength endurance and work efficiency in
a short maximum load - anaerobic work capacity. This includes not only the physiological
aspects - the involvement of muscle fibers, the proportion of aerobic and anaerobic metabolism,
the ability of glycolysis, lactate production (Brooks et al. 2018), but also the mental readiness
to perform the limit performance. However, due to the high levels of lactate achieved (15.98
for AB and 14.2 for Wingate), both intensities and excessive activation of anaerobic metabolism
appeared to be maximal in both tests.

The Wingate values, such as Wmax, fatigue index or W/kg are not very significant for
the CrossFit performance. These variables can, of course, show when retesting the
physiological changes that occurred during the training (Murawska-Cialowicz et al. 2015).
Because of the nature of CrossFit, Wmean is more important because the load takes a longer
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time and more in the context of strength endurance than the maximum power output (Butcher
et al. 2015). The calories traveled can therefore substitute for Wmean.

The lactate curve showed deviations after the stress tests. Already in the first
measurement the values differed by 0.7. This is probably due to the involvement of more
muscles and thus a slightly higher total lactate production (Noordhof et al. 2013). At 5 minutes
the difference between the values decreased to 0.3, which is probably due to the organism's
limit capacity to accumulate excessive amounts of lactate in the body. It appears that it will not
be possible to achieve significant differences in lactate levels in the tests during the first minutes
due to the physiological limitations mentioned (Ozturk et al. 1998). At the 10th minute, the
lactate curve developed in reverse and this was confirmed statistically (o = 0.01). In AB, the
amount of lactate increased further and reached its maximum, unlike Wingate, where it has
already decreased. This is due to the more complex load at AB and probably also due to the
length of load, although even tests lasting 45-90s do not always show such a course (Carter et
al. 2005, Miladi et al. 2011). With Wingate, it is possible that the peak could be reached between
5 and 10 minutes (see Ozturk et al. 1998). The high accumulation of lactate in AB had an effect
on the further course, when there was only a small decrease compared to Wingate, where the
decrease was already marked (to 11.4). In Wingate, it is possible to observe the earlier peak of
the lactate curve and also the steeper decrease of the lactate level.

The Crossfitters achieved high lactate absolute values in Wingate, which are higher than
in similar studies (Spierer et al. 2004; Miladi et al. 2011). The reason could be a higher
proportion of type I muscle fibers, which are the primary producer of lactate. It is typical of the
CrossFit that athletes must possess very good strength and dynamic-strength abilities associated
with the Olympic weightlifting (Schlegel et al. 2020), which confirms this premise. For AB the
values were even higher and the onset was steeper. Therefore, it would be better to approach
VLamax (maximum rate of energy production using the glycolytic system). High lactate levels
are one indicator of good levels of the anaerobic system (Vandewalle et al. 1987). This is an
important feedback with respect to the training process.

The stress tests for anaerobic fitness testing usually range from 30 to 60s. The 60s load
is sufficient for the maximum lactate production and at the same time, the acrobic processes are
not so strongly involved (Green & Dawson 1993; Medbe & Tabata 1993; Carter et al. 2005).
In the case of CrossFit, it is important to achieve VLamax when testing anaerobic fitness and
therefore, a longer loading time seems more appropriate. Unlike a short Wingate load, a more
anaerobic work capacity is projected to an AB performance of 1 minute, which is more

important for the CrossFit performance. Therefore, the calories traveled will be a valuable
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indicator of the ability. The test time chosen therefore seems appropriate. Although the
proportion of aerobic metabolism can reach as much as several tens of percent in the second
half of the test (Medbeg & Tabata 1989), it is nevertheless an optimal means for testing anaerobic
fitness.

In the protocol a passive way of rest after the exercise was chosen. The method of rest
after the exercise has a significant effect on the subsequent development of the lactate curve
(Spierer et al. 2004; Ghorbani et al. 2015). The active method significantly reduces the rate of
lactate degradation (Miladi et al. 2011). The passive rest clearly slows the transfer of lactate
into oxidative fibers and other muscles. It is degraded primarily through glycolytic muscle
fibers and metabolized through the liver (Brooks 2018). Especially in AB it was clear that the
decline is very slow and even after 15 minutes was high (15.7). The steeper decline in recovery
phase is due to better lactate clearance (Martin et al. 1998), which is a physiological component
that is also involved in the CrossFit performance. This represents a relatively short load of
usually 5 — 20 minutes of high intensity (Dexheimer et al. 2019). For testing purposes, an active
way of rest could also be used, where the other processes mentioned above would be
significantly affected by the process, but the development of these processes may also be a
training goal.

Wingate is very often used across different sports (Butcher et al. 2015). As a result, it is
also used for comparison with other anaerobic tests, as in the case of this research. Comparisons
of unequal load lengths are reported by Carey & Richardson (2003) or Nebelsick-Gullett et al.
(1988) using 60 s interval, similarly to Maud & Schulz (1989) with a load of 40 s on cycle
ergometer. Wingate is also compared with specific tests that are close to the sport discipline.
Tharp et al. (2013) monitored the load during the Wingate and the 600-yard run, where the
average times were 119.7 s. Another example is the study by Sands et al. (2004), in which a
comparison was made with the Bosco anaerobic test lasting 60 s.

The selected tests are not fully substitutable and identical results were not expected (due
to the loading time, different amount of muscles involved, different devices). The purpose was
to compare a standardized and non-standardized anaerobic fitness test. It seems that AB could
be a suitable tool for testing this endurance in CrossFit and, due to its nature, is more suitable
than Wingate. This is an original study, therefore it is necessary to confirm the results and

conclusions regarding AB. A variant of shorter test time is offered for future research.

225

44



Conclusion

The CrossFit performance is influenced by both aerobic and anaerobic fitness, which
must be matched in the context of training load and specific development. Both systems should
therefore be included in fitness testing. For the purposes of CrossFit, it is advisable to use
resources such as ABs they are part of the sporting discipline. Compared to Wingate, Wmean
and calories have been shown to be related to the anaerobic work capacity that is important for
CrossFit. After the AB test, the participants had higher lactate levels and, depending on the
higher accumulation, there was also a different development of the lactate curve in the passive
resting phase. The all-out AB stress test is not standardized, but it can be a good mean of testing
anaerobic fitness when adhering to the test protocol. Testing the lactate level and the lactate
curve in conjunction with the calories traveled seems to be a suitable mean for analyzing the

current readiness of the anaerobic system.
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Abstract

PURPOSE: CrossFit is a young sport discipline which offers varied strength and endurance training throu-
gh complex exercises. Currently there are relatively few studies focusing on performance analysis in
terms of the physiological response of organism. The aim of the research was to verify near infrared
spectroscopy (NIRS) in combination with spiroergometry as a functional means for specific load testing
in CrossFit and to find out what physiological changes occur in CrossFit.

METHODS: Elite crossfitter (male, age 20, body height 185 cm, body weight 87 kg) formed part of this
study. Two Moxy sensors (placed on the vastus lateralis muscle and the intercostal muscles) and chest
(strap) heart rate (HR) sensor were used for obtaining the data. The Cortex MetaMax 3BR2 system was
used for portable spiroergometry. The AMRAP method (as many repetitions as possible) was used for
testing. The selected test consisted of (1) 10 Deadlifts, 100 kg, 15 Assault Air Bike Calories; (2) 12 lunges
(with two 20 kg Kettlebell), 10 push-ups, 8 ring pull up; (3) 20 SkiErg Calories, 10 50 kg back squat,
10 toes to bar.

RESULTS: The testing has confirmed that breathing functions and muscle oxidation can be well observed
under load in given exercises and movements. It has been confirmed that CrossFit provides a very varied
load to which the organism must respond immediately. The strength load changes, causing deflection
in SmO2 and VCO2 which consequently imposes demands on the respiratory component.
CONCLUSIONS: This is the first study which monitors the load in the combination of strength and endur-
ance load through crossfit elements. Based on our result, it seems that linking NIRS and spirometry is a
suitable combination for a comprehensive analysis of the athlete not only for CrossFit. The information
obtained can be applied in practice in the context of optimal training load settings.

Keywords: CrossFit, near infrared spectroscopy, spiroergometry, performance

INTRODUCTION

CrossFit has become a world-wide phenomenon over the last 10 years. Originally intended
as training system, it has gradually developed into a full-fledged sport discipline. The goal of
CrossFit is to comprehensively develop physical fitness (Glassman, 2007), thus influencing also
health. It is a very variable high intensity exercise involving functional movements. The source
of exercises and training approaches are three modalities (weightlifting, gymnastics, metabolic
conditioning), which are represented to the same extent. The result is so called WOD (workout
of the day), which consists of one, two or all three modalities and usually lasts 5-20 minutes. The
nature of the exercise can be described as High-Intensity Functional Training (Feito, 2018), which
includes multi-joint exercises with the involvement of major muscle groups. At the same time, the
exercise takes place at a high heart rate and is usually relatively short. It is a functional tool for the
development of metabolic and cardiorespiratory parameters. The purpose of CrossFit, however,
is also a targeted effect on strength abilities including work with one’s own bodyweight as well as
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external load. Although there is a concern about the safety of CrossFit (rhabdomyolysis, risk of
injury, etc.), it has been confirmed that it meets the requirements stated in the American College
of Sports Medicine. Drum (2017) notes that there is no serious risk with properly adjusted load
and suitably selected regeneration. There is also a higher oxidative stress during exercise, but it is
comparable with running load (Kliszczewicz, 2015). Even in terms of muscle damage indicated
through creatine kinase marker, CrossFit does not stand out among other sport disciplines in
terms of training load (Heavens, 2014).

High load in CrossFit was confirmed by Fernandez, Solana, Moya, Marin, and Ramén (2015),
where physical indicators were monitored. After ‘Cindy’ and ‘Fran’ WODs, the athletes achieved
high levels of heart rate, VO2max and lactate. Also Perciavalle (2016) reaches similar conclusions
except that the monitored workout consisted of a rowing machine and a big dumbbell. The mean
lactate values measured after exercise were 13.8mmol/L, which mean a high intensity. The Tibana
research (2016) was conducted under similar load and achieved similar conclusions. Moreover,
it came to the conclusion that, after two demanding training days, the athletes have shown high
cytokine values; therefore, the research recommended optimizing intensity in training load.

The physiological response after a CrossFit exercise was examined also by Maté-Muioz
(2018). Here the load consisted of separate gymnastics (Cindy’), metabolic conditioning (double
skip rope jumps), weightlifting (power cleans). Individual modalities differed from each other,
for instance they reached lower values of maximum heart rate in power clean. However, in all
cases they exceeded the lactate level of 10mmol/L and evaluated the activities with a high RPE.
CrossFit performance is determined by many aspects and so far it is not quite clear which of them
are key for achieving success, resp. high performances. In terms of physiological determinants,
it seems that VO2max and anaerobic peak power are very important (Bellar, 2015; Dexheimer,
2019). Nevertheless, also the level of strength abilities occupies an important position and the
exact determination of the effect of specific parameters is not clear (Butcher, 2015). Similarly, as
in other sport disciplines, it is important to find a suitable test means to determine performance
and functional limitation.

Near infrared spectroscopy (NIRS) is an imaging technique developed in the 1970ies that has
expanded during the 1990. Originally focused on brain research, it was later gradually introduced
also in other fields of science (Ferrari & Quaresima, 2012). It is a non-invasive imaging of oxi-
dation and hemodynamics in the muscle using infrared radiation. It was used for the first time
to monitor haemoglobin resaturation in quadriceps muscles in racing rowers (Chance, 1992).
Since then, it has been applied to groups of runners, cyclists, rugby players, swimmers, etc. as well
as to various muscle groups (Perry & Ferrarri, 2017). So far, only one study has been aimed at
examining the effect of the strength load on lower limbs; the means was isolated knee extension
motion (Paradis-Dechénes, 2016). The response to local isometric loading is presented by Freyer
(2015) on climbers. Currently, there is no known research which would monitor muscle oxidation
through the means of complex training load or combination of strength and endurance loads.

Moxy oxygen monitor is a device which measures, among others, local oxygen saturation
(Sm02) and total haemoglobin mass (tHb mass), value of which corresponds to the current
muscle blood flow. The validity and reliability of the device has been confirmed on a sample of
high performance cyclists (Crum, 2017). It has also proven itself in comparison with a similar
PortaMon device. However, the authors add that the comparison of results from various devices
may differ (McManus, 2018).

Spiroergometry is a tool for a qualitative and quantitative assessment of cardiovascular, pul-
monary and metabolic responses to exercise. Measuring oxygen consumption, carbon dioxide
production, minute ventilation and heart rate provides significant diagnostic and prognostic
information across a wide range of scientific fields (Wonisch, 2003). The most important variable
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in spiroergometry is the maximum oxygen consumption (VO2max). It defines the capacity of
cardiopulmonary system and provides an objective estimate of physical fitness. Minute ventilation
(VE) consists of breathing frequency and tidal volume (Vt). The VE maximum value (VEmax)
during exercise is important to achieve a high VO2max value. In addition, the ventilation thresh-
old and ’respiratory compensation point’ can be determined as submaximal fitness parameters.
The methodology of spiroergometric examination is based on the analysis of the inhaled and
exhaled air composition and serves to determine the functional response of the organism to
the load (Corra, 2018). Oxygen consumption and exhaled carbon dioxide levels are monitored
during exercise; pulmonary ventilation and heart rate are also monitored. Repeated testing is an
important diagnostic parameter in monitoring the adaptation of the organism to training load.
Spiroergometry is, in contrast with our research, commonly performed in standardized condi-
tions with precisely defined test parameters.

The physiological reaction of the organism to the load is an important element for optimal
adjustment of training intensity, therefore the selection of specific methods, etc. CrossFit uses a
very variable load, for which acute physiological responses are not yet clear. The aim of the study
was to monitor physiological changes through CrossFit training and to verify whether NIRS in
combination with spiroergometry is a suitable means for such testing.

METHODS

Participant

The presented case study is based on the results of the diagnostic process of an elite crossfiter —
4 year experience, result in CrossFit OPEN 2019 in the Czech Republic among top 20, (male; age
20 years; body height 185cm; body weight 87kg). The tested athlete had no special preparation
before testing. The athlete was instructed to follow his normal diet and standard daily regimen.
He had a rest the previous day before testing.

Material

To obtain the research data, two Moxy sensors were used which were placed on the body of the
athlete (on the vastus lateralis muscle and the intercostal muscles) and chest (strap) heart rate
sensor (HR). The Cortex MetaMax 3BR2 system was used for portable spiroergometry.

Procedure

The selected test consisted of three six-minute sections, between which there were two-minute
breaks.

(1) 10 Deadlifts, 100kg, 15 Assault Air Bike Calories'

(2) 12 lunges (with two 20 kg Kettlebell), 10 push-ups, 8 ring pull up

(3) 20 SkiErg Calories, 10 50kg back squat, 10 toes to bar

The AMRAP method (as many repetitions as possible) was used, where the athlete tried to do
the maximum repetition of given exercises within a set time limit. The breaks or pauses were
organized by the athlete himself, as well as exercise speed or pace. The break between the intervals
was not organized; the athlete did not have to rest actively. He got time for individual warm-up
and preparation before the test.

! Calories are the unit of measurement used for cardio machines as Assault Air Bike, SkiErg, rowing machine.
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The methodology of the research is based on the evaluation of individual organ energy systems
through specific parameters:

(1) Breathing — EV (minute ventilation — L/min) = BF (breathing frequency - 1/min) x VT (tidal
volume - L); %BR (breathing reserve percentage) — the amount of remaining breathing capacity
(2) Cardiovascular system — HR (heart rate), VO2 (oxygen consumption/HR (pulse oxygen),
tHb (total haemoglobin mass)

(3) Metabolism - indicative value of the level of aerobic/anaerobic metabolism using Respiratory
Equivalent Ratio (RER = VCO2/VO2);

(4) carbon dioxide production (VCO2); METS - metabolic equivalents — multiple of resting
energy expenditure (VO2=3.5 ml/kg/min)

Muscle tissue — SmO2 (muscle oxygen saturation), tHb

Fig. 1: Assault Air Bike Fig. 2: Aring pull up

RESULTS

The results showed high heart rate values above the level of anaerobic threshold, while also the
rate of their decrease was monitored. Heart pulse rate corresponded to breathing functions.
These values were significantly reduced during rest. Figure 3 shows the regeneration process by
individual intervals and the speed of return of muscle oxygenation.
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Fig. 3:VO2, RER, VCO2 and HR values
Note: V02 — oxygen consumption; RER — Respiratory Equivalent Ratio; V(02 — carbon dioxide production; HR — heart rate

The first interval composed of a power exercise aimed at a large muscle group followed by an
intense endurance performance led to high absolute levels of O2 compared to the second interval
which was composed of exercises with a low external load. During the load, especially m. vastus
lateralis showed a lower blood supply associated with reduced oxygen delivery to the muscle.
In the following phase, however, there was a good recovery (whether on the Assault Air Bike or
SkiErg - in both cases, the lower limbs needed to do some work; nevertheless, it was sufficient
to improve the oxidative supply).

The changes of VCO2 can be monitored at each interval. The load on the lower limbs was
lower in the second part, but there were still significant changes. Compared to the first interval,
this part was less metabolically demanding. The connection of isotonic and isometric work of the
quadriceps in lunges and push-ups kept the oxidation at lower values. Even though the push-up
concentrates on the upper half of the body, it was not an ideal means for the acute full recovery
of the lower limb.

The third interval already clearly shows fatigue accumulation from the previous parts. The
athlete maintained a high intensity associated again with lower oxygen delivery in both muscles.
However, it did not reach such values as in the first part, which dramatically loaded the lower
limbs. Good tolerance to anaerobic load and to strength and conditioning load can be observed
during testing.

10
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Fig. 4: VT, VO2/HR, METS and HR values
Note: VT — tidal volume; VO2/HR —pulse oxygen; METS — metabolic equivalents; HR — heart rate

Figure 4 shows, among others, that HR may not always correspond to the metabolic demand of
the exercises. All three intervals take place in comparable HF (160-170/min), but the values of
RER, VO2, VCO2 and METS differ significantly, thus determining different metabolic demands.
Each interval was different not only in intensity, but also in structure, which can be clearly seen
in different graph curves.

200 4.0 . ' #0- 100
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200

o :
o0 1000
Time

Fig. 5: VT, VE, BF and %BR values
Note: VT —tidal volume; VE — minute ventilation; BF — breathing frequency, %BR — breathing reserve percentage
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It can be clearly seen from Figure 5 that, during the first interval after 2.5 minutes, the athlete
had already reached the phase in which he used his ventilation capacity almost up to 100%. It is
also possible to observe changes in breathing frequency and in inhalation / exhalation quality
during the intervals. The specific load for instance in deadlift or exercises on the horizontal bar
and rings had led to a change in breathing pattern and partly also to an occasional decrease in
respiratory depth.

il

Fig. 6: Moxy record from the intercostal muscle

The record shows the effect of the load on respiratory muscles, which is, among others, related to
the detection of the risk of metaboreflex. The green curve shows the course of oxygen utilization
in the muscle, the brown one the rate of blood flow, the red curve corresponds to HR.

DISCUSSION

This is the first study which monitors the load in the combination of strength and endurance
load through crossfit elements. Isolated muscle work can be seen in Paradis-Dechénes (2016)
or Freyer (2015) with a corresponding change of haemodynamics. Nevertheless, it is more im-
portant for practical use to apply a load similar to a specific sport performance. The testing has
also confirmed that breathing functions and muscle oxidation can be well observed under load
in given exercises and movements. Most studies deal with the physiological response in cyclic
movements like running, rowing, etc. (Perrey &Ferrari, 2017), from which it is clear that they
represent a legitimate tool for monitoring the use of oxygen in the muscle. Here the concept of
combined load was applied and, at the same time, specific tools were used. Similarly, however,
we note large changes in oxygen saturation during intense load.

It has been confirmed that CrossFit provides a very varied load to which the organism must
respond immediately. The strength load changes, causing deflection in SmO2 and VCO2 which
consequently imposes demands on the respiratory component. The position of the body is not
constant either, which has resulted in a change in spirometric parameters for instance in pull ups
or toes to bar. During rest periods, an increase in RER was noted (RER > 1.0 indicates significant
anaerobic metabolism) which can be explained by the intensity of activity in the anaerobic zone
and by good individual fitness predisposition of the athlete. The athlete used almost his maxi-
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mum ventilation capacity, which indicates an automatic response to the load at a given intensity,
where there is a large consumption of O2 and thus also the production of CO2, of which the
body has to automatically dispose (extended spinal cord reflex). Higher breathing capacity is a
positive prerequisite for a high intensity of endurance performance. High demands on the work
of respiratory muscles can be linked with their fatigue and consequent negative effect on CO2
exhaling, which is main factor determining centrally perceived fatigue (Guynet & Bayliss, 2015).
Measurements have shown a significant influence of breathing parameters on performance in
CrossFit; therefore, it seems important to monitor the performance of respiratory muscles, which
are susceptible to fatigue, but can also be trained like other striated muscles (HajGhanbari, 2013).

HR is a commonly used intensity indicator which, however, has its limitations. There is a
delayed response to the load (in tens of seconds) in contrast with NIRS (Morgan & Mora, 2017).
The measurements show that there is no direct link between HR and the observed metabolic
variables (unlike Maté-Mufioz, 2018). Therefore, HR cannot be perceived as an accurate indicator
of body’s overall workload during strength-endurance exercises (Born, 2017).

The purpose of testing was to simulate the environment which is identical with the load
in CrossFit. The selection of exercises had to be adapted to the conditions. For instance, the
measuring devices (see Fig. 1) did not allow the inclusion of Olympic weightlifting or demand-
ing gymnastic exercises which are commonly used in CrossFit. The intervals were put together
according to the combination of various modalities to load the athlete in very different ways and
to change the strength and endurance demand.

Unlike laboratory tests, where the objective is to expose the body to increasing work intensity,
the performance here has moved, from the very beginning, to the area close to the anaerobic
threshold. It is therefore not possible to use routine procedures for the evaluation.

It can be stated from the results that the athlete has a tolerance to high load exceeding the
anaerobic threshold, in which (in contrast with purely endurance activities) he has to be able to
maintain an optimum concentration level for performing movements demanding on coordina-
tion.

CONCLUSION

It is possible to analyse very well from the results of the test the overall performance of the athlete
and read the physiological response to strength, endurance or combined stimuli in CrossFit.
This test gives a good feedback on the response of organism to the load, which may well be used
for the subsequent optimization of training. Joining NIRS and spirometry seems to be a good
combination for the comprehensive body load analysis: the use of the method could be beneficial
also for other sport disciplines. At the same time, it is confirmed that the parameters from both
measurements are related and, together with heart rate values, they create the overall picture of
the organism’s response during testing. Due to the originality of the research, more studies are
needed to confirm some conclusions (e.g. magnitude of drop and return smo2 rate, RER values
or importance of respiratory rate for CrossFit performance).
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5 VYKON

CrossFit ur¢il povahu sportovniho vykonu, diky ¢emuz bylo mozné, aby vznikla
zavodni podoba. Princip se pienesl i mimo CrossFit, ale nese jeho znaky. Nejvétsim zavodem
jsoujiz 15 let CrossFit Games, jejichz pojeti je podrobnéji popsano v ¢lanku Schlegel & Kiehky
(2022). Existuje pouze n€kolik malo crossfitovych zavodd, které diky ochranné znamce, mohou
mit vndzvu CrossFit. VSechny ostatni soutéZze nejsou nijak regulovdny a je pouze na
organizatorovi, jakou budou mit konkrétni podobu. Nejpodstatnéjsim rozdilem je ptistup
k modalitdm gymnastika, vzpirani, kardio, které jsou v CrossFitu zastoupeny srovnatelné, ale
v ostatnich zavodech tento aspekt neni podminkou. Proto vSechny neoficidlni zavody lze
oznacit jako HIFT.

Zavody jsou obvykle rozlozeny do 1-3 dnd, béhem kterych na zadvodniky ceké cca 5-8
kondi¢nich tkold nazyvanych jako eventy / WOD. Principem je komplexné provétit zavodniky
v nejriznéjsich disciplinach a jejich kombinacich. Jejich trvani je vétSinou do 20 minut a jejich
podoba je srovnatelna s eventy na CrossFit Games. Eventy jsou na kazdych zavodech jiné a
nemaji obecné tendenci se opakovat. Vyjimku tvoii eventy testujici prvky z olympijského
vzpirani, ale ani ty nejsou nutnou soucdsti. Zavodnici ziskavaji body podle umisténi
v jednotlivych eventech, nezalezi tak na absolutnim vykonu, ale poradi.

Eventy se bézn¢ zvefejiiuji s odstupem hodin az dnli pfed samotnym zavodem.
Principem je, aby si jej zavodnici jiz nestacili vyzkousSet a byl pro né€ novy. Diky obrovské
variabilité v sestavovani eventli, museji byt zadvodnici pfipraveni na ,,jakykoliv* kondi¢ni tkol.
Jedno z hesel HIFT, které se pieneslo do zavodni podoby je ,,be preparded for the unknown*.

Pro tcast na zavodech se tradi¢né pouziva video-kvalifikace. Jedna se originalni format,
ktery je vsak jiz povazovan za standard. Zavodnici dostanou 1-3 kvalifikaéni WOD / eventy,
které musi splnit do stanoveného terminu. Video musi obsahovat ur€ité nélezitosti (viditelnost
sportovce, ¢asomiry, ukazka nacini atd.), aby mohlo byt uznano. Opét zalezi na potadi, diky
kterému jsou ptidéleny body a umoznén postup vybranému poctu ucastniki.

Stejné jako u jinych sportovnich disciplin, jsou velmi pfinosna data o zadvodnicich na
raznych urovnich. Tyto informace se pfendseji do tréninkové piipravy nebo organizace zavodu.
Clanek Schlegel et al. (2021) cilil na ¢eské crossfitery, ktefi se vykonnostné velmi odliuji od
evropské ¢i svétové elity. Vyzkumu se zucastnila vétSina piednich ¢eskych zavodnika a diky
tomu jsme ziskali obrazek o silovych, vytrvalostnich schopnostech a také nepfimo o vztahu
k jejich osobnimu testovani. Neméné dulezitym zjiSténim pak bylo urceni vztahu silovych

vykont a kone¢ného potadi. Vykon v CrossFitu (HIFT) je zaloZen na mnoha faktorech a nelze
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nalézt konkrétni prediktor, ktery by dominantné rozhodl o tspéchu. Existuji vyzkumy, které se
o identifikaci prediktort pokouseli (Dexheimer et al., 2019; Feito et al., 2019; Martinez-Gomez
et al., 2019; Serafini et al., 2018), nicméné provedené korelace se vztahovaly pouze k 1-5
konkrétnim WOD/eventim, coz ma jen omezenou vypoveédni hodnotu.

Analyza vykont byla pfedmétem i druhého ¢lanku (Schlegel & Kiehky, 2022), vyzkum
se vSak orientoval na podrobny rozbor ucastniki CrossFit Games 2021. Krom¢ jiného byl
diskutovan ,,scaling®, coz je uprava obtiznosti modality nebo cvikil, kterd se pouziva pii béZném
tréninku. Zmény se tykaji jedincii s niz§i vykonnosti, vékovych skupin, osob se zdravotnim
postizenim. Scaling je aplikovan také u Zen (tyka se predevSim upravy cvikll s externim
zatizenim) a obdobnym zplsobem se piendsi i do zdvodd. Neexistuje konkrétni ptedpis,
nicméné u zakladnich cvikd s olympijskou €inkou, jednoru¢ni ¢inkou nebo kettlebellem se
prepocet ustalil a vytvofilo se nepsané pravidlo. Nastaveni scalingu je diillezitym procesem pfi

soutézich a umoziuje mimo jiné genderové srovnani.
Schlegel, P., Rezny, L., & Fialova, D. (2021). Pilot study: Performance-ranking relationship

analysis in Czech crossfiters. Journal of human Sport and exercise. 16 (1).

Schlegel, P., Kiehky, A. (2022). Performance sex differences in CrossFit. Sports. 10, 165.
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ABSTRACT

CrossFit is one of the fastest growing sports. Its growing popularity also applies to its competition form. This pilot study
aims to analyse strength, endurance performance and their relationship to the resulting ranking in the CrossFit Open.
Furthermore, the forms of training of elite Czech crossfitters are described in more detail. The research sample
consisted of the 20 best Czechs (average height, age, and bodyweight of 180cm, 28.5 years and 90.7 kg respectively)
according to the CrossFit Open ranking. The questionnaire was used to collect information regarding the training regime
and their current performance parameters. Descriptive statistics include the correlation between individual
performances and overall ranking. Crossfitters had very good strength parameters in exercises with external load and
also with their bodyweight (average values: clean and jerk 141.5 kg, snatch 113.9 kg, back squat 184.1 kg, strict press
87.2 kg, deadlift 217.9 kg, strict handstand push-ups 21.5 reps., pull-ups 20.6 reps.). The Olympic weightlifting
performance (snatch and clean and jerk) was the strongest predictor for placing (-.606 resp. -.625, a=.01). The weekly
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INTRODUCTION

CrossFit is still one of the young sports disciplines and a sector that has seen a huge boom over the past 15
years. CrossFit is mainly operated by officially licensed gyms, which are found almost all over the world, and
their number has exceeded 10,000 (Beers, 2014).

Over time, the competition form and the system by which competitions are organized has also been
developed. In this respect, CrossFit is an original and similar concept in the sense of the world championship
in other sports branches (Dawson, 2017). Since 2009, there have existed the so-called CrossFit Games. It
is currently an “open world championship in CrossFit” that anyone can apply for. During the five weeks (2019
Leaderboard’, 2019), competitors have to pass 5 fitness tests (workouts) online, one each week (Kuhn, 2013),
then proceed to the main competition.

This year more than 185,000 men and 140,000 women entered the CrossFit Open, joined by 327 men and
180 women from the Czech Republic'. The CrossFit Open is the only opportunity where most of the best
crossfitters meet. Itis, therefore, a relatively objective overview, which also serves as a feedback for coaches
and competitors.

Serafini attempted to describe the performance of crossfitters entered for the CrossFit Open 2016 for the
1500 best-placed crossfitters in the world ranking (Serafini, Feito, & Mangine, 2018). The values were divided
by level into five quantiles. One of the important findings was that with the increasing levels of crossfitters
strength (snatch, clean and jerk, back squat) endurance performance (running 400m, 5000m) did not change
significantly. A similar description is reported by Mangine (Mangine, Cebulla, & Feito, 2018), but they worked
only with benchmark workouts and the research sample is a broad crossfitter base from the same
competition. These performances show, among other things, a specific level of endurance ability where all
modalities are mixed in different forms.

Dexheimer describes the determination of predictors for performance in CrossFit (Dexheimer et al., 2019),
where the association of physiological variables (VO2max, Wingate test, 3 min running test), strength
parameters in the form of "CrossFit Total" (include maximal lifted weight of back squat, deadlift and strict
press) and their relationship to the selected benchmark workouts Fran, Grace, Nancy. VO2max was the
strongest predictor, but only for the Nancy workout. Furthermore, a positive relationship between CrossFit
Total and Wingate test was noted.

Butcher (Butcher, Neyedly, Horvey, & Benko, 2015) presents similar research, but he only used Cindy instead
of Nancy's workout, but its composition is comparable. In this case, no statistical correlations were found
between the physiological parameters and workout performance. Again, the research sample did not
represent elite crossfiters, which can be judged by the reported average performance (Fran - 203s, Grace -
136s, back squat - 147 kg, strict press 69 kg).

The relationship of the physiological parameters (VO2max, Wingate test), experience with CrossFit and
performance in original workouts were examined by Bellar (Bellar, Hatchett, Judge, Breaux, & Marcus, 2015).
In one workout, a relationship with several factors (VO2max, age, experience) was found; respectively the
time they spend training specifically for CrossFit.

1 According to CrossFit Games Open Leaderboard 2019.
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In the study of Feito (Feito, Heinrich, Butcher, & Poston, 2018), the relationship of repeated intervals on
Wattbike with the original 15 min workout was investigated. The competitive crossfiters participated in the
research and it was stated that the ability to regenerate quickly between the intervals of maximum intensity
was the most important for the chosen workout. Given the nature of the research, it can be hypothesized that
a high level of aerobic and anaerobic endurance is essential to CrossFit performance.

CrossFit typically uses its own training methods but also applies the principles of competitive training (Wilson
etal., 2012). In general, there is a lack of more accurate information on how to train individual crossfitters for
the level of certain performance parameters (Goins, 2014). The analysis of strength and endurance
performance is important to determine their position in overall CrossFit performance (success of an athlete)
and subsequent transfer to practice (see Gerhart, Bayles, 2014 (Gerhart & Bayles, 2014)). The way of
training, the number of training units and their content are essential for planning, tapering and increasing the
overall performance of the athlete (Franchini & Takito, 2014).

The purpose of this research was to discover what strength and endurance performances elite Czech
crossfitters achieve and to verify the importance of individual performances in the final ranking in the
competition. In addition, the authors aimed to specify the training regime and concept of the content of training
units. This is an original pilot study that analyses in detail a sample of athletes selected on the basis of the
CrossFit Open results.

MATERIAL AND METHODS

Experimental approach to the problem

The questionnaire survey was used to collect information concerning anthropometry, selected performance
parameters and training regime. It is an unconventional data collection in the context of strength and
endurance performance, but Mangine (Mangine et al., 2018) and Serafini (Serafini et al., 2018) work with a
similar research plan. The data were collected in April of 2019.

Participants

The research sample consisted of 20 men with the best results in the Czech CrossFit Open ranking.
Participants were addressed using an online questionnaire consisting of open questions about their current
performance. The respondents were told that the results would be anonymous, without assigning
performance to a specific name, in order to limit overestimation of performance. All procedures were
approved by the University of Hradec Krélové ethics committee (decision no. 5/2019), and the athletes taking
part in this study confirmed an informed consent form.

Table 1. Average values for the age, height and weight of the research sample.

Total sample average Average for the top 5 athletes
Age 28.5 years 25.2 years
Height 180.7 cm 181.4 cm
Weight 90.7 kg 92 kg

Table 1 shows summary statistics for the respondents, the top five competitors were analysed separately.

Measures
The questionnaire contained questions about the training regime — a number of training units, their length,
content. Furthermore, the interviewees filled in their current performance. Their selection was guided by the
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CrossFit's orientation and, at the same time, those that could have a meaningful value in relation to the overall
performance were chosen. The basic exercises included Olympic weightlifting. Therefore, the maximum lift
weights of these exercises were sought clean and jerk, snatch, back squat, front squat, deadlift, strict press.
Another important part were the bodyweight elements, where the maximum number of strict handstand push-
ups (with a wall support) and strict pull-ups on the horizontal bar were chosen. All exercises had a clear
standard, which the competitors know and there is no risk of different technique (e.g. a range of movement).
The last part was endurance performance: 5km on the rowing machine, 5km running, “Triangle” (40-minute
interval training including assault air bike, rowing machine, concept SkiErg machine). Then the interviewees
were given an open question where they could complete their endurance performance lasting at least for 5
minutes.

Ranking
The ranking of the competitors was based on the performance of the five CrossFit Open 2019 workouts.
Athletes are scored by location and their results are added up.

Table 2. CrossFit Open 2019 workouts.

19.1 (week 1)  19.2 (week 2) 19.3 (week 3) 19.4 (week 4) 19.5 (week 5)
Type 15 min AMRAP  for repetitions and time  for time for total time  for time
Workout 19 wall ball shots Beginning on an 8-minute 200 ft dumbbell 3 rounds of: 33-27-21-15-9
19 call row clock: overhead lunge 10 snatches  reps of:
25 toes to bar 50 dumbbell box 12 bar facing thruster
50 double unders  step-ups burpees chest to bar pull-
15 squat cleans, 135 Ib. 50 strict ups
25 toes to bar handstand push- Then rest 3
50 double unders  ups minutes  before
13 squat cleans, 175 Ib. 200 ft handstand continuing with:
walks 3 rounds of:
If completed before 8 10 bar muscle-
minutes, add 4 minutes to ups
the clock and proceed to: 12 bar facing
25 toes to bar burpees
50 double unders
11 squat cleans, 225 Ib.
If completed before 12
minutes, add 4 minutes to
the clock and proceed to:
25 toes to bar
50 double unders
9 squat cleans, 275 Ib.
If completed before 16
minutes, add 4 minutes to
the clock and proceed to:
25 toes to bar
50 double unders
7 squat cleans, 315 Ib.
Weights Throw 201b. ballto  Time cap: 20 min 50 Ib dumbbell, Snatch 95 Ib. Thruster 95 Ib.
time cap 10 ft. target 24 in. Box Time cap: 20
time cap: 10 minutes

minutes

Note: AMRAP — as many repetitions as possible.
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Table 2 contains the list and description of all the 2019 CrossFit Open workouts.

Analysis

The data file was sorted out according to the order of individual competitors. Using the IBM SPSS software,
version 20, the Spearman rank correlation coefficient was computed for all the obtained variables to verify
not only the performance dependence of the selected exercises on the overall rank, but also the performance
dependence of each exercise. The described software was also used for creating box graphs and descriptive
statistics for the obtained data sample.

RESULTS

No endurance performance was included in the results section. This is because each response category had
less than 50% filed items (unlike the rest of the responses that were complete) and therefore no valid
statistical conclusions can be drawn. However, even this fact has a certain informative value, which is further
discussed. In addition, average values from incomplete results for 5 km rowing (17:58) and 5 km run (21:50)
are provided.

Table 3. Athlete performance summary: minimum, maximum, average and standard deviation of the tested
exercises for the whole research subject sample.

Minimum Maximum Average Standard deviation
CaJ 115 174 141.5 14.41
Snatch 95 130 113.9 10.37
BS 130 235 184.1 26.93
FS 115 210 160.9 234
DL 170 260 2179 24.32
Press 70 110 87.2 10.84
HSPU 12 32 215 6.32
Pull-up 10 31 20.6 4.76

CaJ - Clean and jerk, Snatch, BS — Back squat, FS — Front squat, DL — Deadlift, Press, HSPU — Handstand push-up, Pullup.
Values with * represent amount of repetitions, other one repetition maximum weight in kilograms.

Table 3 shows the values in the measured tests. In weight tests with a barbell, the crossfiters showed highly
varied performances; the differences were in the order of tens of kilograms. They differed most in the back
squat, deadlift and front squat. On the contrary, we observe a consistent performance in gymnastic exercises.
In the box graphs, the monitored parameters are further detailed.

Figure 1 contains box plot for barbell exercises representing one repetition maximums for the previously
described athlete sample, while Figure 2 contain the amount of repetitions performed by the same athletes
in the selected gymnastic exercises. In the top 5 athletes, we find higher values in all exercises, except for
pull-ups, where comparable results were obtained (see Table 4). The greatest difference in terms of absolute
values can be seen in the deadlift and both squat variants. In percentage recalculation, the differences
between individual parameters are comparable, ranging between 5-9%.
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Explanation: Axis Y — Lifted weight in kg, CaJ — Clean and jerk, Snatch, BS — Back squat, FS — Front squat, DL — Deadlift, Press.

Figure 1. Barbel exercises.
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Explanation: Axis Y — A number of repetitions, HSPU — Handstand push-up with a wall support, Pull-up.

Figure 2. Gymnastic exercises.
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Table 4. Top 5 athletes performance summary: minimum, maximum, average and standard deviation of the
tested exercises.

Minimum Maximum Average Standard deviation

CaJ 125 174 151.3 18.53
Snatch 107.5 127 119.9 8.37
BS 164 235 198.8 34.05
FS 145 210 175 29.15
DL 205 260 233 24.39
Press 83 110 95.6 11.37
HSPU 21 32 24.4 45

Pull up’ 10 28 20.8 6.72

CaJ - Clean and jerk, Snatch, BS — Back squat, FS - Front squat, DL — Deadlift, Press, HSPU - Handstand push-up, Pullup.
Values with * represent amount of repetitions, other one repetition maximum weight in kilograms.

Table 5. Spearman’s correlation of the selected tests with the overall ranking.
CaJ  Snatch BS FS DL Press HSPU Pull-up  Ranking

CaJ 1 884" J70" 796" 666" 755" 253 121 -.606”
Snatch .884™ 1 7167 665" 8377 696" 409 222 -.625"
BS J70" 7167 1 9427 799" 808" 44 301 -.366

FS 796" 665" 942" 1 853" 861" 438 282 -449°
DL 666" 537 799" 853" 1 754" 407 292 -.328

Press 755" .696” 808"  .861"  .754" 1 622" 405 -527°
HSPU 253 409 44 438 407 622" 1 253 -490°
Pull-up 121 222 301 282 292 405 253 1 -124

Rank -606"  -625"  -366 -449° -328  -527°  -490° -124 1

**. significant at a = .01, . significant at a=.05

Spearman's correlation showed the strongest relationship between the ranking and the performance in the
snatch and clean and jerk (a = 0.01). Significant (a = 0.05) were also the results in the strict press, handstand
push-ups and front squat. The relationship of the back squat and the deadlift was not significant. Interestingly,
the strict press performance correlates positively (a = 0.01) with all exercises except with bodyweight
movements. However, strong correlations were observed for most parameters and their complete list is in
the Table 5.

Table 6. Description of the training units (TU).

Total sample Top 5
Experience 5.1 years 4.4 years
A number of TU per week 9.2 10.3
TU length 90 mins 80 mins
Mixed TU 4.8 54
Strength TU 2.7 2.8

Description of the training habits of the selected athlete sample is displayed in the Table 6. The number of
training units per week was 9.2, which means that two-stage training is a common in the selected research
sample. The time spent on training specifically for CrossFit was 5.1 years. It is a relatively short time, but it
corresponds to the fact that it is a young sport discipline. In more than half of the cases, they use mixed
training units that included strength, power and endurance parts or exercises. There are differences between
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the top 5 and others in almost all monitored factors, the common feature being the number of pure strength
training units. Although it varies in the number of units and their length, the result is comparable when
converted to the total training time.

DISCUSSION

This is an original mapping of the performance and training approach of elite national CrossFit competitors.
In contrast to these studies (Bellar et al., 2015; Butcher et al., 2015; Dexheimer et al., 2019; Meyer, Morrison,
& Zuniga, 2017), this research takes into account the CrossFit Open performance, which consists of five
workouts. These are not known in advance and there is limited time for their completion. All workouts together
will test overall performance, not just certain selected modalities, and the end result has a good informative
value.

The results section stated that many respondents did not know the answers to their current endurance
performance unlike their strength performance, where they had a clear overview. The reason may be a lower
accentuation of purely endurance performance (the so-called single modalities) in CrossFit competitions.
Another cause may be the limited direct transmission of these parameters to the exercise itself - fitness tasks
are usually composed of multiple modalities (Bellar et al., 2015). Also, it is not yet clear what influence, for
example, the performance of 5km on the rower has on the multifactorial load typical of CrossFit. At the same
time, there is too much variety in endurance testing - varying in length, resources and, moreover, in
combination with personal preferences to track specific performance.

Due to the high importance of endurance abilities, which significantly contribute to the most CrossFit
performances, it is necessary to capture this area during testing [8]. The essence of both anaerobic and
aerobic fitness in the form of VO2 max was demonstrated by Dexheimer (Dexheimer et al., 2019) or Feito
(Feito et al., 2018), although only for some workouts, the results were not related to the complex CrossFit
performance.

Certainly, due to the complex nature of CrossFit, it is not possible to find one criterion to assess the potential
of a crossfiter. At the same time, the tests should be specific as some devices are still under-used (i.e.,
assault air bike). A pure endurance activity lasting 5 to 20 minutes could have a certain informative value,
where submaximal to maximal intensity is also achieved (see Feito (Feito, Giardina, Butcher, & Mangine,
2019)).

When compared to the Serafini study (Serafini et al., 2018), which included the 1,500 best men in the CrossFit
Open 2016, the sample examined is on the border of the 1st best quantile. The top 5 would then rank in the
1st quantile, lagging only in the back squat, which had an average value of 201.6 kg. In terms of endurance
ability, a partial comparison can be made for the 5 km run, where athletes from the 1st quantile reported an
average of 21.3 min, which is a lower time compared to 21.8 min. However, it is important to mention the
increasing level of performance parameters, which would probably be higher this year.

Strength performances in the back squat, deadlift and strict press are among the commonly used indicators
in sports training (Ivey & Stoner, 2011). The bench-press is generally used instead of the strict-press
(Simmons, 2007), but due to the nature of CrossFit, it is applied less frequently as in Olympic weightlifting.
Basic barbell lits expressed as bodyweight multiples are very often used as benchmarks of an athlete
(Rippetoe & Kilgore, 2007), which is not yet widely used in CrossFit. In the case of this sample, obtained
averages were the following: back squat 2x, deadlift 2.4x, strict press almost 1x.
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An important factor also appears to be the vertical pressing strength, be it with a barbell or with your own
body. Again, this shows the complex readiness of the athlete, who must have good strength parameters in
many areas. Although the bar exercises are a standard part of the fitness “tasks”, the upper body pulling
strength was not significantly correlated with the overall ranking. However, it cannot be concluded that the
recurrence parameter is not important. To interpret the correlation, we have to add that the results were very
balanced. Therefore, the weak correlation of the monitored traits is described.

In the gymnastics exercises, the crossfitters performed very well. It turned out that even working with one’s
own body must be on a very good level. It was not a maximum strength test like other parameters. Results
in terms of a small difference between the top 5 and the others suggest that there could be a similar trend to
that of Serafini (Serafini et al., 2018). As the level of the crossfiter rises, the power and weightlifting
performances are increasing, while in others they show comparable results.

The correlation shows that the strongest predictors for the final ranking were snatch and the clean and jerk
performance. A weaker correlation, although still statistically significant, is observed in the case of the strict-
press, strict handstand push-ups, and front squat. Obviously, the Olympic weightlifting occupies an important
position in relation to CrossFit performance. Working with a barbell is typical of CrossFit type of training, so
it is also emphasized in the competitive concept (Mangine et al., 2018). For good placement within this set,
it is necessary to reach approximately 113.8 kg in snatch and 141.5 kg in clean and jerk.

For CrossFit performance, it is important to combine power and endurance parameters. This is confirmed by
Dexheimer (Dexheimer et al., 2019), Butcher (Butcher et al., 2015) or Bellar (Bellar et al., 2015). Research
shows different correlations of individual performances and selected workouts, for which their nature is
decisive.

The analysis of the data confirms the importance of back and front squat performance for the Olympic
weightliting and at the same time show a significant link to all strength elements except for gymnastic
exercises. It is confirmed that both exercises are a good predictor of the strength performance not only of the
lower half of the body (Schoenfeld, 2010). In addition to weightlifting, it is essential for good results in CrossFit
also to have a good performance in the basic variants of squat with external load.

As in other sports disciplines, there is a big difference between the best and the rest of the group (Proietti et
al., 2017). There are striking differences in weightlifting disciplines (about 10kg) as well as large dumbbell
exercises, while in exercises with one’s own body the results are comparable. Lifting performance seems to
have a much greater effect on competition placement.

The results show that for the CrossFit success, it is necessary to spend about 800-900 minutes of training
per week, which requires two-phase training units. Because CrossFit is characterized by high intensity
(Fernandez, Solana, Moya, Marin, & Ramén, 2015), it is necessary to optimally set the content and time
interval between units to avoid overload and maladaptation (Johnston et al., 2016). This time does not
include, for example, regeneration techniques or massages, which are an important part of the training
process.

The concept of the content of the training units seems to be a very individual matter. It is difficult to evaluate
their exact content, yet it is clear that crossfiters devote a lot of time to mixed training of individual modalities.
On the other hand, an analytical approach is applied in the independent development of individual motor
skills, which is necessary for success in complex sports disciplines (Kniffin, Howley, & Bardreau, 2017).
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For the sake of completeness, the main limitations of the research are presented. The data were collected in
an unconventional way using a questionnaire survey. The authors did not have control over conducting the
performances and had to rely on the credibility of the answers. However, the standard complex testing of the
selected parameters for this sample seems very difficult to perform. It should also be taken into account that
the research sample was selected based on the results of the CrossFit Open, which has its specificities and
cannot be taken as an absolute measure of crossfitter performance.

Practical applications

— Competitors should devote a lot of time to the Olympic weightlifting, respectively to the activities that
will help them improve their performance.

— Forsuccess, the strength performances not only with barbell but also with bodyweight are important.

— Pay special attention to the level of aerobic and anaerobic endurance in testing.

— In case of a high number of training units, optimally set their content and combination (with regards
to overtraining and interference effect).

— The exact number of training units and their duration is individual.

CONCLUSION

The performance and competition form of CrossFit is still relatively unmapped in terms of specific
performance, training analysis and their relationship to overall success. The questionnaire survey showed
that the crossfitters have very good weightliting (snatch 113.9 kg, clean and jerk 141.5 kg) and strength
performance (back squat 184.1 kg, deadlift 217.8 kg, strict press 87.2 kg). At the same time, it can be stated
that they achieve relatively high repetition amount in gymnastic elements (21.5 hand-stand push-ups). The
correlation showed a strongest relationship of a=.01 between clean and jerk (-. 606) and snatch (-. 625) in
terms of ranking in the top twenty at the CrossFit Open. The sample also confirmed the strict press as a
general predictor of overall strength development. It also turned out that the top 5 crossfitters differ
significantly from the rest of the sample, the difference in individual parameters is up to 9%. The weekly
training time (800-900 minutes) is comparable to other (semi) professional sports. The content of the training
units is mostly of a mixed character, but there is a lot of space devoted to the development of strength. The
results are also valuable as information for trainers or competitors from the perspective of training
organization, setting specific goals (e.g., strength/ technical development in a given exercise) and feedback
compared to other crossfiters. Being the first research of this type, other similarly focused research is needed
to verify these conclusions.
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Abstract: CrossFit® has a unique standard for workout of the day for women and men. Scaling is
used to set difficulty levels for women in CrossFit® gyms and competitions. This type of scaling is
applied for weightlifting (60-82% of men’s load); however, there are usually no differences in diffi-
culty settings for gymnastics and monostructural metabolic conditioning. Performance analysis is
essential for every sports discipline, and statistical data comparing men’s and women's results from
athletics, running, swimming, weightlifting, etc., are available. However, CrossFit® lacks these sta-
tistics . The aim of our study was to analyze how the performances of men and women differed at
the 2021 CrossFit Games®. Our sample comprised 40 female (age 27.8 + 5.1) and 40 male participants
(age 27.2 + 3.7) competing in the Rx division. Data obtained from all events were analyzed using
effect size and percentage. In 14 out of 15 events, men achieved better results than women. Even
with the implementation of scaling, women’s results differed by 0.1-33.1% (effect size from small to
large). Scaling for women is designed according to general strength and power differences; how-
ever, primarily because of anatomic and physiological differences, men attain better results. How-
ever, CrossFit Games® events are always unique, and the events rarely repeat; therefore, our study
does not provide firm conclusions. As our study is the first to compare CrossFit Games® perfor-
mance between the sexes, further research is needed.

Keywords: gender; endurance; strength; competition

1. Introduction

CrossFit® is more than just an activity to keep you fit, it can be regarded as a sports
discipline, community, or lifestyle. Since its establishment in 1990, CrossFit® has been ad-
vocating for gender equality [1], and its approach questions traditional femininity and sex
differences [2]. Its competitions also place importance on equal conditions, and the num-
ber of events for men and women competing is always equal.

CrossFit® uses scaling to create optimal conditions for various age groups, adaptive
athletes, or performance levels. Its WOD (workout of the day) was created with specific
options for both men and women [3]. CrossFit® comprises three individual and equally
valued modalities: gymnastics (G), weightlifting (W), and monostructural metabolic con-
ditioning (M). Women’s scaling applies mostly to W, which involves Olympic weightlift-
ing, powerlifting, dumbbells, medicine balls, etc. The modalities of G (pull-up, handstand
push-up, muscle-up, one-leg squat, etc.) and M (running, rowing, swimming, rope jump-
ing, etc.) are almost always equal [4]. The same principle is used in competitions. How-
ever, exceptions are possible. In the last five years of the CrossFit Games®, exceptions were
applied to a total of six events—four in M (number of calories) and two in G.

The CrossFit Games® event has similar features to a championship. Over four days,
athletes take part in multiple events that are similar to training for the general population
of individuals who do CrossFit. However, the environments are different. Events take
place “out of the gym” —in fields, stadiums, beaches, etc., and with less common equip-
ment (paddleboard, mountain bike, “Pig”, etc.). The equipment and difficulty of
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movements in some events differ (e.g., handstand walking across parallel bars). Compe-
tition events are usually extremely variable in terms of their program duration and mo-
dalities. During the events, the G, W, and M modalities are either combined or only one
is used [5]. The athletes have to show top-level performance in a broad spectrum of skills
and abilities, such as maximum strength, strength endurance, and aerobic or anaerobic
endurance. The aim is to find the “fittest on earth”.

Researchers have conducted several studies concerning the important predictors for
CrossFit® performance. For instance, Dexheimer et al. [6] and Feito et al. [7] identified
aerobic and anaerobic endurance as important parameters. However, their conclusions
were based on a specific workout that did not meet the broad CrossFit® requirements.
Serafini et al. [5] analyzed benchmark performances from both sexes (the data were taken
from the profiles of competitors) and compared deadlift, back squat, and snatch results.
According to the level of the athletes, performance increases were comparable in both
sexes; however, women reached approximately 65% of men'’s load. Martinez-Gémez et al.
[8] and Schlegel et al. [9] conducted research on the relationship between ranking in the
CrossFit Open (first qualifying round for CrossFit Games® and strength and endurance
tests, and they determined back squat and Olympic weightlifting performance as key pre-
dictors for high ranking. However, CrossFit Games® athletes have not been analyzed in
terms of predictors and ranking. The relationship between exercise in the CrossFit Open
and physiological fitness measures and self-reported fitness has been studied with a sam-
ple of amateur and (semi)professional CrossFit competitors [10]. Body-fat percentage and
vastus lateralis cross-sectional area were key predictors. A medium to high positive cor-
relation was found for VOzpeak in all workouts except weightlifting.

Some researchers also included women in their study sample, and there were no dif-
ferences in the analyses concerning men and women [6,7,10]. Tibana et al. [11] found com-
parable predictors (strength, specific muscle endurance test) for the CrossFit Open for
both men (n = 11) and women (n = 6). For women, in contrast to men, VO2max had a large
positive correlation with event results. Significant sex differences emerged from correla-
tion analyses between rankings and selected benchmark workouts [12]. Among men, no
significant relationship was found in any workout; however, among women, variables
such as the 400 m run and weights in the clean, jerk, and snatch events had a significant
correlation to ranking. Despite this existing research, the information concluded in these
studies is not sufficient to determine differences between men’s and women'’s perfor-
mances.

Physiological factors may be considerable when comparing performance results be-
tween men and women. Each sex has different anatomic and physiological predisposi-
tions for strength- and endurance-related performance. Men have more muscle mass; less
fat mass; more type 2 muscle fibers; and higher levels of muscle glycogen storage, VOzpeak,
hemoglobin and red blood vessels, maximal anaerobic power, and testosterone and
growth hormones [13,14]. Women have more type 1 muscle fibers, more effective beta-
oxidation of fatty acids, less vascular occlusion during muscle work, lower central and
local fatigability, higher muscle endurance, and higher levels of estrogen, progesterone,
and luteinizing hormone [15-17]. However, both groups have shown comparable results
in terms of movement economy [18].

Performance differences among men and women are apparent in all disciplines of
CrossFit®. In Olympic weightlifting, women’s performance is around 64-80% of men’s;
furthermore, in powerlifting, it is 61% [19,20]. In gymnastic exercises focused on the upper
body, men performed 1.6-2.3 times more repetitions with the difference being 40-62%
[21-23]. In short-distance (<20 min) endurance disciplines (running, rowing, swimming,
mountain skiing, etc.), the difference is 6-11% [14,16,24].

Statistical data on performance differences between men and women are essential for
every sports discipline—they provide considerable information about current states or
trends [22]. The analysis also helps determine sex-specific aspects of sports performance
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(e.g., physical preparedness) and gives considerable information for coaching and train-
ing [14].

Unlike other disciplines in which the topic of differences between men and women
has been already studied, research in CrossFit®is still lacking. While the performance data
significantly differed in strength- and endurance-oriented disciplines, scaling in CrossFit®
is unique and considers strength differences only when exercising with external loads.
Our article aimed to analyze and compare athletes’ performances in the 2021 CrossFit
Games®. Our second aim was to discover to what extent the applied scaling is related to
general physical differences between male and female athletes.

2. Materials and Methods

We selected 40 women (age 27.8 + 5.1, height 164.6 + 4.5 cm, weight 66.3 + 4.7 kg) and
40 men (age 27.2 + 3.7, height 177 + 5.5 cm, weight 88.9 + 4.9 kg) who competed in the 2021
CrossFit Games® for our analysis. Although we recruited 40 women and 40 men for our
study, the number of participants varied for each event (mostly due to their injuries), as
explained in the results section. During the competition, women and men athletes were
cut based on rankings after events 9 and 10 to 30 and 20 athletes, respectively.

Qualifying for the CrossFit Games® is specific in many aspects and cannot be com-
pared to any other discipline. The criteria has changed several times in the past; here, we
used the requirements for 2021 [25]. The first phase is the online initial round called Cross-
Fit Open, in which anyone aged 14 and older can participate. It lasts for three weeks, each
Thursday one event is announced, and the athletes must submit their scores within the
following four days. The top 10% from each continent advance to the quarterfinals, which
are also held online. In two days, the athletes take part in four events. Then, the best 30
athletes qualify for 10 in-person semifinals. From here, the best three advance to the Cross-
Fit Games®. Then, there is a last-chance qualifier for all the athletes who missed the cut in
the semifinals. They take part in four events and the best 10 also advance to the CrossFit
Games®. A total of 40 men and 40 women take part in the Rx division of the CrossFit
Games®.

We extracted all data from the CrossFit Games® official website and obtained infor-
mation about the athletes from their profiles [25]. Other data—ranking, distribution of
points, results (time, number of repetitions, lifted weight, etc.) —are shown on the leader-
board. We analyzed all results for each event. We evaluated the representation of modal-
ities G, W, and M, and the scaling for each event, separately.

2.1. Performance

The CrossFit Games® lasted for four days during which the athletes took part in 15
events (Table 1). After the 9th event, there was a cut to 30 athletes and after the 10th event,
another cut to 20 athletes. The specific composition of the events is announced during the
contest. Rankings (relative scoring system) and appropriate points are awarded according
to event results (100 points for 1st place). Points distribution depends on the number of
athletes—the last athlete obtains 1, 2, or 5 points after the last cut. The athlete with the
highest total sum of points from all the events wins.

There are two basic variations of events: you can either finish a given task in the
shortest time possible (the time variation) or do as many repetitions as possible in the given
time. There is a time cap for the time variation. Our research results consist of a specific
time and the number of missing or completed repetitions (weight lifted). The athletes did
not complete all repetitions within the time cap in six events (2, 4, 6, 7, 8, 14). We converted
scores into repetitions per second to accurately process the results. Mangine et al. used the
same procedure [10].

The events were designed according to the traditional CrossFit® standards—the con-
ditions for men and women in G and M were set as equal with the following exceptions:
for event no. 5, the distance on Ski Erg was lowered to 400 m (—20%) in the women’s cat-
egory. For event no. 6, the time caps were 7 and 6 min for men and women, respectively.
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The women’s load in W was scaled to 64-82% of men’s weight. The scale of more com-
monly used exercises (Olympic weightlifting, dumbbell) was between 64-72% in the
women'’s category.

The number of modalities (G, W, M) that a CrossFit performance comprises should
be equal. In the case of the 2021 CrossFit Games?, it was 8x G, 11x W and 11x M. Although
G is included fewer times, there were two events where G was a single modality, which
makes the total number more balanced.

Table 1. CrossFit Games® 2021 events.

Event 1 Event 2 Event 3 Event 4
For time:
126-ft. sled drag, 180 | 220 Ib.
5 Pig flips, 350 | 510 Ib. For time:
. 12 muscle-ups . 10-9-8-7-6-5-4-3-2-1 reps of:
For time: For time:
1-mile swim with fins 12 bar muscle-ups 550-yard sprint Wall walks
. 12 bar muscle-ups K 4 P . Thrusters, 135 | 185 Ib. (short
3-mile kayak Time cap: 4 min.
12 muscle-ups bars)

5 Pig flips
126-ft. sled drag
Time cap: 12 min.

Time cap: 20 min

Event 5 Events 6/7 Event 8 Event 9
5 rounds for time of:
250-m run
1 clean
Women: 165 | 175 1 185 | 195 | 205 Ib.
4 rounds for time: I"I"/ire:lz ijf) l;;i:ﬁfsgy 1305 1 3151b. For time: 21-15-9:
4 rope climbs ’ ’ Navigate the handstand ~ Echo bike (cal.)

500/400 ski erg . walking course Snatch, 75 | 105 lb. (short bars)
Sandbag carry 5 rounds for time of: Time cap: 5 min. Time cap: 8 min.

200-m run out of the Coliseum

1 clean

Women: 210 | 215 | 220 | 225 | 230 Ib.

Men: 325 | 335 | 340 | 345 | 350 Ib.

Time cap: 8 min
CUT TO 20 ATHLETES Event 12 Event 13 Event 14
Event 11

4 rounds of:

11-min. AMRAP:

1 pegboard ascent

7 single-arm dumbbell overhead
squats, 50 | 70 Ib.

15 heavy double-unders

20 GHD sit-ups
8 cheese curd burpees over
the hay bale, 70 | 100 Ib.

6-10-14 reps of:
Deadlifts, 275 | 405 Ib. (short

1-rep-max snatch bars)
168-£t. yoke carry, 425 | Freestanding handstand push-
605 Ib. ups

1-min. reset Time cap: 7 min
Time caps by round: 2 | 2 | p: '

2 | 3 min

Event 15

For time:

600-m row

90 chest-to-bar pull-ups

36-ft. back-rack walking lunge
36-ft. front-rack walking lunge
36-ft. overhead walking lunge
135 | 185 1b., short bar

Time cap: 11 min.

Weights and time caps for women are listed first.
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2.2. Statistical Analysis

Because this is an exploratory study, descriptive statistics and effect size were used
for statistical processing. In descriptive statistics, the data are presented as the mean *
standard deviation (SD). To support the effect size results, differences between men and
women were calculated as the percentage difference. The IBM SPSS 18.0.1 statistics pro-
gram was used for data processing. As each event has its particular features, the data are
presented as time averages (h: mm: ss), load averages (kg), and an average of the recalcu-
lation of the duration of each repetition (ss.ss). Cohen’s d with the scale <0.20 = trivial,
0.20-0.49 = small, 0.50-0.79 = medium, 20-80 = large was used to assess the material sig-
nificance of performance differences [26]. This procedure was selected due to the inde-
pendence of the sample size (i.e., the decreasing number of competitors during events),
the characteristics of the effect size of the differences, as well as the context (i.e., the dif-
ference between men and women) [27].

3. Results

Athletes took part in 15 events that were different both in terms of their nature and
duration. The average event durations were 14 min and 24 s for women and 13 min and
23 s for men (event no. 1 differed considerably in this regard, and when using the median,
the overall result was 8 min and 6 s for women and 7 min and 26 s for men). The differ-
ences are 7.1% and 8.2% for women and men, respectively.

Table 2 shows the results for men and women in individual events, including abso-
lute and percent differences. In six events, the athletes who failed to complete all repeti-
tions in the time cap are in italics. Event no. 4 is the only one in which women achieved
better results. The results are presented as time averages (hours: minutes: seconds) (events
nos. 1, 3, 5,9, 10, 13, 15), load averages (kg) (event no. 12), and the averages of the recal-
culation of the duration of each repetition (seconds) (events nos. 2, 4, 6, 7, 8, 12, 14).

For events no. 7 and 8, the difference between the results for men and women was
17.2% and 12.9%, respectively, although the effect size was d = —0.112 and d = 0.082, re-
spectively. The reason is a large standard deviation; however, according to the compari-
son of averages, the difference can be considered meaningful.

There were only marginal differences between men and women in events no. 1, 5, 6,
and 14 if we take the effect size and percentage into account. In event no. 5, contrary to
other endurance disciplines, the distance on SkiErg in the women'’s category was short-
ened.

The differences between event results ranged from 0.1% (event no. 6) to 33.1% (event
no. 12). We observed the biggest difference between the sexes for the event that comprised
weightlifting (1 RM snatch) —weights in the ladder were scaled. We observed the greatest
statistical differences (large size effect) in events no. 2, 3, 9, 10, 11, and 12.

Table 2. Comparison of men’s and women’s results.

Event Modality N Women N Men Women SD (s) Men Average SD (s) Difference Difference % Cohen’s d Size of Effect
(G.W.M) Average
1 M 36 38 1:16:55  354.62 1:14:41 249.24  0:02:13 2.9 0.437 small
2 MW 36 38 10.36 1.2 8.62 1.07 1.74 20.1 1.523 large
3 M 36 37 0:01:31 5.1 0:01:20 4.53 0:00:11 12.1 2.366 large
4 G W 36 37 9.77 * 1.29 11.23 544 1.47 13.1 -0.372* small
5 GWM 35 36 0:13:17  57.57 0:12:58 44.22  0:00:19 2.4 0.368 small
6 W.M 34 35 40.7 3.99 40.66 3.62 0.04 0.1 0.01 small
7 W.M 34 34 704 105.1 60.1 76.8 10.32 17.2 -0.112* small
8 G 34 34 8.74 13 7.74 11.2 1 12.9 0.082 small
9 W.M 34 34 0:05:12  31.91 0:04:05 22.72 0:01:.07 21.5 2422 large
10 G.M 30 30 0:24:05  88.51 0:22:41 78.17  0:01:24 5.8 1.008 large
1 GWM 20 20 184.55°  29.95 227.3° 33.39 42.75 18.7 1.348 large
12 W 20 20 82,6~ 432 123.3 7 10.2 40.7 33.1 5.218 large
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13 G.W.M 19 20 0:08:16  192.95 0:07:20 150.17  0:00:56 11.3 0.323 small
14 G W 19 20 10.86 3.4 10.65 3.4 0.2 1.9 0.036 small
15 G.W.M 19 20 0:07:55  42.29 0:07:32 42.29 0:00:23 4.8 0.626 medium

G—Gymnastics; W—Weightlifting; M—Monostructural metabolic conditioning; *—better perfor-
mance among women; "—kg; * — repetitions; italics—event, where all athletes failed complete all
repetitions.

4. Discussion

Our study aimed to describe the performance differences between male and female
athletes at the 2021 CrossFit Games®. We analyzed 15 events from the 2021 event and
evaluated percentage differences. Women performed better in one of the events; further-
more, differences between men and women were not meaningful in five other events. The
purpose of our study was to also compare final scores between men and women after
scaling. Even though the data demonstrated that scaling reduces differences between men
and women for absolute performance, men still performed better in most events.

Although CrossFit® uses scaling, men and women did not obtain identical results.
Women were more successful in event no. 4, which consisted of two exercises, thrusters,
and wall walks, and it was most demanding on upper-body strength, with a difference of
13.1%. The barbell’s weight was scaled to 135 Ibs (72% of men’s load). Women appeared
to have better predispositions for such types of physical activity —a high dependence on
arm muscle recovery, in particular on beta-oxidation, aerobic glycolysis, and lactate me-
tabolism [13]. Men achieved better results in 14 out of 15 events, ranging from 0.1 to 33.1%.
Nevertheless, the differences were not meaningful in three of these events, confirming
that there are differences among men and women in their performances, even when scal-
ing is applied [14,16,24].

The difference between sexes in the longest endurance event (swimming combined
with kayaking) was 2.9%. In general, the difference between men and women decreases
for longer (>60 min) tracks [17,24]. The main reason is probably the more effective beta-
oxidation of fat among women [13]. A higher difference between the sexes was obvious
in the 550-yard sprint (event no. 3) —12.1%. This may be due to muscle morphology, lower
absolute muscle force, or lower power output [15].

We observed a small difference (d = 0.082, 12.9%) in performance between men and
women in gymnastics event no. 8. The difference in bodyweight upper-body performance
is generally higher (40-62%) [22,23]; however, one-time maximum repetition is usually
tested in this event. Event no. 8’s duration (handstand walking course) was approximately
3—4 min; therefore, we can expect a lower difference. The differences between sexes are
noteworthy even in exercises with a higher repetition count that demand endurance and
depend on technical proficiency (not the strict form).

In event no. 12, which comprised only weightlifting (1 RM snatch), the difference
between men and women was 33.1%. Scaling in CrossFit® with load adjustments to 64—
72% is well set according to weightlifting or powerlifting performance [19,20] and corre-
sponds to the real strength differences in CrossFit athletes. Thanks to that, women and
men can participate in the same events; however, the existence of performance sex differ-
ences comparable to powerlifting or Olympic weightlifting has been confirmed [19,28].

The scaling for W is adequate for carrying out the same strength task for both sexes.
In general, no scaling is used for M and G, so performance differences (like in relative
strength or track and field performance) [16,21] are expected. If the aim was to obtain
similar results, these modalities would also have to be scaled. Shortening the distance by
20% in event no. 5 led to only a small difference between men’s and women'’s results (d =
0.368). Scaling endurance disciplines (M) could be a good way to reduce result differences;
however, finding the right scaling levels is difficult because the performances of men and
women differ by 6-12% depending on the track and field discipline, and by an even
smaller percentage in longer durations (>30 min) [14]. On the other hand, the current goal
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of scaling is not to achieve the same result for men and women but to maintain tasks and
a similar (external and internal) load.

Most events include multiple modalities that do not have the same difficulty. That is
why, for example in the combination of G, W, and M (events no. 5, 11, 13, 15), there is a
difference of 4.8-18.7% (from small to large size effect). Due to this, for specific combina-
tions of modalities, it is difficult to determine any general conclusions of performance dif-
ferences.

The reasons for performance differences are probably not based solely on anatomical
and physiological differences. More frequent participation in sports leads to better adap-
tation and can increase the number of athletes, from whom the best are selected [29]. Other
variables could affect performance differences: training regimen (length, methods, vol-
ume, etc.), psychological mechanisms (pain resistance, motivation to win), body compo-
sition, or incidence of injuries.

Although scaling in CrossFit® follows clear rules [3], there have been random excep-
tions in recent years. Unfortunately, the reasons for this remain unknown, and the organ-
izers of the CrossFit Games® are not bound by any prescribed rules for compiling events.
This condition makes it difficult to analyze and interpret the results. The fact that each
CrossFit® competition is unique and the events do not repeat can be regarded as a study
limitation, and it is possible that results from previous years could be different. Addition-
ally, we must take into consideration that some athletes dropped out during the competi-
tion.

5. Conclusions

CrossFit® is a sports discipline that uses original scaling for men and women. Our
analysis results of CrossFit Games® athletes show a sex performance difference from 0.1
to 33.1%. The biggest difference was in Olympic weightlifting (1 RM snatch). Similar to
other sports disciplines, there were differences in event results between the sexes. Despite
scaling, men generally achieved better results because of their anatomical and physiolog-
ical differences. On the other hand, women achieved better results in one event, and in
the other four, the differences were small. However, CrossFit Games® events are always
unique and the events rarely repeat; therefore, the results from another year could differ.
As this study is the first to compare results between sexes for the CrossFit Games®, addi-
tional future studies should be conducted to confirm our results.
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5 AIR BIKE

Jednim z principtt HIFT je absence posilovacich strojii a podobnych zatizeni. Jsou vSak
vyuzivany kardio trenazéry, konkrétné€ pak veslatsky, pro béh na lyzich, cyklisticky, bézecky
bez pohonu. Po boku béhu ¢i plavani se staly standardni souc¢ésti tréninku. Dal$im trenazérem,
ktery je celosvétoveé pouzivan je air bike.

Air bike se fadi se mezi stroje, které jsou urceny pro rozvoj kardiorespiracni
komponenty télesné zdatnosti. Jedné se o zajimavé zafizeni, které na rozdil od vétSiny stroja
neimituje Zadnou sportovni disciplinu. Je zde sice urcitéd i historickd souvislost s cyklistikou,
ale parametry jizdy jsou natolik specifické, Ze je 1ze jen vzdéalené srovnavat. HIFT je vyjimecny
v tom, Ze air bike vyuziva nejen v ramci ptipravy, ale také jako soucast samotného sportovniho
vykonu.

Na konci 18. stoleti bylo patentovano cvic¢ebni zafizeni nazvané Gymnasticon, které
cyklickym zplsobem zatéZovalo soucasné horni i dolni polovinu téla (Anonymous, 1797).
Nebylo na néj vSak navazano a podobné stroje se nikde neobjevily. V roce 1977 byl patentovan
,»cycle exerciser, ktery miizeme oznacit jako air bike (Hooper, 1977). Koncem 70. let navazala
firma Schwinn na vyrobu stacionarnich kol a pfiSla na trh s prvnim air bikem (Air-Dyne)
(,,Schwinn Air Dyne ergoMetric Exerciser", 1979). Osloven byl ptfedev§im americky trh, ale
tento trenazér si neziskal pfili§ velkou plosnou oblibu. Teprve az ve 21. stoleti se stal masivné
uzivanym, pravdépodobné diky smiSenym bojovym uménim a CrossFitu. Air bike se stal
symbolem velmi naro¢nych, intenzivnich tréninkti a aktudlné je vyuZzivan sportovci v mnoha
odvétvich (hokej, fotbal, rugby, basketbal atd.).

Pohyb na air biku lze rozd¢lit na dvé ¢asti. Jedna je srovnatelnd se strukturou jizdy na
bicyklu, druha je originlni a se tyké4 prace horni poloviny téla, kterd ovlada ramena. Pedaly a
ramena jsou mechanicky spojené, z ¢ehoz vychazi synchronni frekvence. Plisobeni a pomér sil
je mozné libovoln¢ rozlozit a také kdykoliv ménit. Air bike disponuje dvéma rameny, jejichz
pohyb je na sobé€ zavisly, pracuji asynchronné. Pomoci konstrukce jsou mechanicky spojeny
s pedaly a spolecné roztaceji masivni setrvacnik. Ramena se pohybuji po mirném oblouku, je
mozné na n¢ pisobit tahovym i tlakovym pohybem. VétSina air biku nema k dispozici zménu
odporu jako je tomu napft. u veslaiskych nebo bézkarskych trenazéra. Obtiznost se samovolné
exponencialné zvedd podle zvysSujici se rychlosti (kadence). Air biky jsou vybaveny
monitorem, ktery je umistén mezi rameny nad setrvacnikem. Ackoliv se mohou lisit designem

1 nékterymi funkcemi, obvykle miize uzivatel sledovat: Cas, vzdalenost, ujeté kalorie (vlastni
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mérnd jednotka), vykon (watty), rychlost a RPM. Monitory dokaZzi snimat srdecni frekvenci pii
pouziti hrudniho pasu.

Konstrukce air biku umoziuje oddélené pracovat dolnimi i hornimi koncetinami. Toho
lze vyuzivat pro specifické tréninkové ucely — jizda pouze pazemi, vyuzivani pouze tlakovych
nebo takovych pohybili. Nebo naopak jizda bez pomoci pazi, ta se vsak nejevi jako ideélni,
pokud neni doplnéna opora pro ruce. V pribéhu jizdy lze variovat mezi tlakem, tahem nebo
aktualnimu poméru zapojeni horni a dolni poloviny téla. Na air biku je mozna i jizda ,,ve stoje®,
ale nejedna se o efektivni variantu a lze ji vyuZzit jen ve specifickych momentech (start,
optimalni prace pazi bude vytvaret 10-30% celkového vykonu (Nagle et al., 1984).

Tim, Ze se jedna o prostiedek, ktery je velmi kratkou dobu soucasti tréninku, je potieba
analyzovat dostupné informace o ptsobeni na organismus (Schlegel, 2022a). Je to podstatnym
krokem pro vyuziti air biku v praxi i pfi testovani. Air bike pfinasi zajimava pozitiva nejen pro
sportovce, ale i pro béznou populaci (Kim et al., 2017).

Dulezit¢ je sledovani nejen akutniho vlivu na organismus, ale také kratko- ¢i
dlouhodobého potencidlu pro adaptaci (Schlegel et al., 2022). Air bike lze pro ucely
intervencnich program vyuzivat v riznych metodach. V bézné praxi je vSak vyuZzivan spiSe

pro kratsi nebo intervalové zatizeni (vzhledem k silovéjsi a méné frekvenéni povaze jizdy).

Schlegel, P. (2022). Health benefits of using air biking: a systematic review. Journal of Sport
and Health Research. 14(3), 345-358.

Schlegel, P., Kiehky, A., Hiblbauer, J. (2022). Physical Fitness Improvement after 8 Weeks
of High-intensity Interval Training with Air Bike. Sport Mont. 20 (3), 75-80.
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RESUMEN

Air bike se ha extendido mucho en todo el mundo vy,
a menudo, es utilizada por la poblacion en general y
los atletas. Para el desarrollo de los aspectos de salud
y rendimiento, es necesario un analisis detallado del
efecto sobre el organismo. El objetivo del articulo era
determinar los efectos de la air biking en el sistema
cardiovascular y especificar su uso 6ptimo. Se realizo
una revision sistematica utilizando la guia PRISMA.
Los estudios de investigacion se seleccionaron en
funcion de temas de investigacion, como “air bike,
air braked ergometer, arm-leg, exercise, ergometry,
oxygen consumption, rating of perceived exertion,
testing, aerobic, fitness, high-intensity, functional,
training” que se encuentra en las bases de datos Web
of Science, PubMed, Springer y Scopus Se
identificaron un total de 65 articulos de texto
completo elegibles, de los cuales 26 se seleccionaron
para el analisis final. Se dividieron en dos grupos
segun la forma en que se utilizo la bicicleta de aire: 1.
Protocolo de prueba, 2. Parte de un programa de
intervencion. Air bike es una herramienta adecuada
para probar la aptitud aerdbica y anaerdbica no
especifica. Tiene el potencial de alcanzar valores
elevados de frecuencia cardiaca (FC), relacion
respiratoria equivalente (RER), ventilacion y lactato.
Parece ideal para el desarrollo de la funcion
cardiorrespiratoria y la salud. Sin embargo, es
necesario tener en cuenta el menor nimero de
estudios encontrados, especialmente en el contexto de
programas de ejercicio y muestras de investigacion
seleccionadas. Se necesita mas investigacion para
sacar conclusiones practicas especificas,
especialmente en los programas de intervencion.

Palabras clave: brazo-pierna, cardiovascular, alta
intensidad, functional training, ergometria, fitness.

ABSTRACT

Air bike has become very widespread worldwide and
is often used by the general population and athletes.
For the development of health and performance
aspects, a detailed analysis of the effect on the
organism is necessary. The aim of the article was to
determine the effects of air biking on the
cardiovascular system and specify its optimal use. A
systematic review was performed using PRISMA
guidelines. The research studies were selected based
on research topics, such as “air bike, air braked
ergometer, arm-leg, exercise, ergometry, oxygen
consumption, rating of perceived exertion, testing,
aerobic, fitness, high-intensity, functional, training”
found in databases Web of Science, PubMed,
Springer, and Scopus. A total of 65 eligible full-text
articles were identified, of which 26 were selected for
the final analysis. They were divided into two groups
according to the way the air bike was used: 1. Testing
protocol, 2. Part of an intervention program. Air bike
is a suitable tool for testing non-specific aerobic and
anaerobic fitness. It has the potential to achieve high
values of heart rate (HR), respiratory equivalent ratio
(RER), ventilation, and lactate. It seems ideal for the
development of cardiorespiratory function and health.
However, it is necessary to take into account the
lower number of studies found, especially in the
context of exercise programs and selected research
samples Further research is needed to make specific,
practical conclusions, especially in intervention
programs.

Keywords: arm-leg, cardiovascular, high intensity,
functional training, ergometry, fitness.

J Sport Health Res

ISSN: 1989-6239



Journal of Sport and Health Research

347

2022, 14(3):345-358

INTRODUCTION

The air bike can be described as a type of stationary
bike, which is additionally enriched with two bike’s
arms allowing the work of arms, respectively the
upper body. The movement on the air bike can be
divided into two parts. One is comparable to the
structure of cycling; the other is original and
concerns the work of the upper body, which controls
the bike’s arms. The pedals and bike’s arms are
mechanically connected, resulting in a same
frequency (Hoffman et al., 1996). The action and the
ratio of forces can be freely distributed and also
changed at any time. The air bike has two bike’s
arms, the movement of which depends on each other,
they work asynchronously. By means of the
construction, they are mechanically connected to the
pedals, and together, they rotate the massive
flywheel. The bike’s arms move in a slight arc, and it
is possible to act on them by pulling and pushing.

The air bike’s starting point was a stationary bike,
which began to appear in the late 19th century
(Vandewelle & Driss, 2015). Schwinn was the first
company to introduce a product called Air-Dyne in
its 1979 catalog. The design is comparable to today's
air bikes; the weight was similar (almost 35 kg). As
with stationary bicycles, air dyne was equipped with
a device containing a stopwatch, a dispensing
indicator, distance traveled, and speed (Schwinn
catalog, 1979).

Mass expansion had not occurred until the 21st
century when the air bike became part of HIFT (high-
intensity functional training), HIIT (high-intensity
interval training) (Haynes & DeBeliso, 2019). It
tends to be part of gyms attended by a wide range of
people with reduced fitness or disabilities (Jensen et
al., 2019). It is used for health and fitness
development. It also found its place in sports training,
such as hockey, MMA (mixed martial arts), rugby
etc.

At the global level, there is a long-term trend in
reducing the level of cardiorespiratory fitness. This is
closely related to mortality and quality of life
(Lamoureux et al., 2019). Therefore, it is important to
find effective ways to affect cardiometabolic health.
During air biking, large muscle groups of the upper
and lower body are activated. Compound movements
requiring the work of large muscle groups are
characterized by high consumption of energy
substrates (Schlegel & Kiehky, 2020). At the same
time, there is a need for increased oxygen supply

associated with increased respiratory rate and cardiac
output (Hoffman et al., 1996). These processes
indicate the potential for achieving high
physiological values, improving cardiorespiratory
fitness, or weight management (Hwang et al., 2019).
For the correct use of the air bike, it is necessary to
precisely know the effect on the human body,
resulting in the instructions aimed at optimal use for
health purposes, fitness development, performance
improvement or weight management. On the
contrary, improper use can lead to overload, lower
efficiency, or improper training volume and exercise
intensity settings.

The aim of the article was to determine the effects of
air biking on the cardiovascular system and specify
its optimal use.

METHODS

The author performed a systematic literature review
of available human studies on the research describing
air biking, arm-leg exercise, and their effect on
physiological aspects. The methodology follows the
Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines. The end of
the search period is limited by November 2020. The
research studies were selected based on research
topics, such as “air bike, air braked ergometer, arm-
leg, exercise, ergometry, oxygen consumption, rating
of perceived exertion, testing, aerobic, fitness, high-
intensity, functional, training” found in the world’s
acknowledged databases Web of Science, PubMed,
Springer, and Scopus. The terms used were searched
using AND to combine the keywords listed and using
OR to remove search duplication where possible. In
addition, a backward search was also performed, i.e.,
references of detected studies were evaluated for
relevant research studies that the author might have
missed during their search. Journals focusing on a
given topic or systematic review were also used for
the search. Also, a Google search was conducted to
identify unpublished (gray) literature (research
reports, theses, preprints, conference proceedings
etc.). The author performed an independent quality
assessment of these studies. He read the articles to
assess eligibility and to determine the quality. The
author selected these basic quality criteria using the
Health Evidence Quality Assessment Tool for review
articles. The primary outcome of this review was to
explore the physiological response of air biking.
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All studies were investigated in full, and they were
considered against the following inclusion and
exclusion criteria:

e Only peer-reviewed English-written
full-text journal articles were
involved.

e The time of publishing the article
was limited to November 10, 2020.

e An air bike or arm-leg exercise has
been included in the protocol or
program.

e Arm-leg exercise had to be similar to
air biking.

e The stress protocol or intervention
program had to be clearly defined

e The primary outcome focused on air
biking (arm-leg exercise) and
physiological responses or
adaptation.

The exclusion criteria were as follows:

e The articles focusing on different
research topics.

e The primary focus was on elliptical,
rowing machine, Versa climber or
other aerobic machines.

e The intervention or testing included
arm or leg exercise only.

e There was no clear description of the
arm-leg exercise.

e PEDro score below 6

348
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Records identified through database
(keywords in title)
(n=6,854)

}

Records after irrelevant content of the abstract (n =
6,431), duplicates removed (1 = 163)
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Figure 1. An overview of the selection procedure.

The quality of each article was assessed using the
Physiotherapy Evidence Database Scale (PEDro)
which has been reported to be valid and reliable to
assess the internal validity of randomized controlled
trials (Maher et al., 2003). The PEDro scale scores
studies using an 11-point scale and includes
information about randomization, blinding procedure,
statistical analysis, and presentation of the results in
the evaluated research. Any studies with a PEDro
score below 6 points would have been excluded from
the systematic review.

RESULTS
Altogether 6,854 were identified in all these
databases. After removing duplicates and

titles/abstracts unrelated to the research topic, 260
English-written studies remained. Of these, 26
articles were relevant to the research topic. The
designations VOamax and VOopeak are used differently
in the studies. The original was cited in the tables and
results. In the following text, VOxpeak is used, which
better describes the given parameter.
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Table 1. An overview of the studies using an air bike in the test

protocol
Study N Subjects Protocol Main
(M/F) (age) outcome
Nagle 10 healthy ramp test maximum
et al. (10/0) individuals every 3 power output
(1984) (23,4) minutes, and VO2max
different reached at
ratio of ratio 10 %
arm and arms / 90 %
leg work legs
Eston 19 healthy ramp test HR (121 wvs
& (19/0) individuals every 4 121 bpm),
Brodie 27,7 minutes oxygen
(1986) consumption,
ventilation
(41.1 vs 39.8)
and RPE (12.4
Vs 12.3)
similar ~ with
stationary bike
Pitetti 33 mentally 2x 3 suitable
et al. (26/7) retarded minutes instrument for
(1988) (12-49) (60-85% testing aerobic
maximum  fitness
HR)
Lamont 65 active; high ramp test nonlinear
et al. (27/38) trained; every 3 growth of
(1988) sedentary minutes power output
individuals to RPM;
(29.9) achievement
of  VO2max
and theoretical
maximum HR
183 = 12
bpm)
Foster 16 healthy ramp test linear
et al. (10/6) individuals every 2 relationship
(1991) (41-43) minutes, between
30 seconds power output
rest (Watts)  and
between HR
Lamont 78, 18 healthy ramp test VO2max and
et al individuals; every 3  oxygen
(1992) cardiologic  minutes consumption
al patients can be derived
based on
calculation
according  to
air bike power
output and
body weight
Brown 23 active 1. VO2max can
et al. (0/23) adults submaxim  be derived
(1993) (41,5) al intensity based on the
(85% air bike power
maximum  output at 85%
HR) maximum HR
2. ramp
test every

2 minutes
Hoffma 9 (5/4)  healthy ramp test at the same
n et al. individuals every 4 power output
(1996) (32) minutes, 2 (Watts) and
minutes RPE was
rest higher (p <
between 0.05) oxygen
consumption
(0,04  1/min),
lactate level,
HR than
stationary bike
Zeni et 13 healthy 5 minutes lower (p <
al. (8/5) individuals ~ with 0.05) oxygen
(1996) (27-35) different consumption,
RPE HR and total
(11,13,15)  energy
expenditure
than on a
treadmill;
lower (p <
0.01) lactate
level than
stepper,
rowing
machine
Allen et 28 healthy ramp test unproven
al. (20/8) individuals every 2 effect of
(1998) (23,2) minutes ginseng
supplementati
on on
VO2max
Donahu 12 healthy ramp test lower values
e (6/6) individuals every 5 (p < 0.05) of
(2001) (23) minutes maximum HR,
Vo2, RPE
than
StairMaster
upright at the
same  power
output
Looney 16 seniors 5 minutes Nu-Step and
& (4/12) (82) on air bike as the
Rimme different most preferred
r(2003) aerobic (comfort,
machines display
visibility,
pedal
placement)
Garber 20 patients ramp test HR (133 wvs
et al. (12/4) with every 3 135 bpm),
(2006) peripheral minutes RER (1.13 vs
arterial 1.09), RPE
disease (16 vs 16),
oxygen uptake
(16.7 vs 16.2
ml/kg.min)

comparable to
a treadmill

J Sport Health Res

85

ISSN: 1989-6239



Journal of Sport and Health Research

350

2022, 14(3):345-358

Kim et 12 obese (37- 15 minutes higher (p <
al. (7/5) 71) with  RPE  0.05) energy
(2008) 11-12 (15 consumption,
points % maximum
scale) HR, %
VO2peak on
elliptical than
on air bike,
lower values
(p < 0.05) on
stationary bike
Jensen 16 active 5 minutes lower (p <
et al. (8/8) adults (18- with 0.05) oxygen
(2019) 25) different consumption
RPE than on a
(11,13,15)  treadmill and
stepper,
comparable to
an elliptical
and stationary
bike
Browne 13 active mixed a suitable
et al. (7/6) adults (23- circuit instrument for
2020) 59) training HIFT; helps
(air  bike maintain
and exercise
compound intensity
exercises);  (maximum
work: rest HR 172 bpm)
ratio 6:1
Schlege 12 crossfiters 1 minute air bike as a
1 & (28,1) all out suitable
Kiehky test; instrument for
(2020) Wingate anaerobic
test fitness testing;
higher
maximum
lactate values
than Wingate
(15.98 Vs
14.01 mmol /
1);  different
lactate curve
Schlege 1 crossfiter HIFT air bike
I et al (35) (wall ball, suitable for
(2020a) ski  erg, increasing
toes to bar, exercise
air bike); intensity (up
60 second to 170 bpm);
work : 60- high
30 second fluctuation of
rest local oxygen

saturation  in
the lateral
vastus

Schlege 1 crossfiter HIFT, 6 significant

I et al (20) minutes reduction  of

(2020b) work : 2  oxygen
minutes saturation
rest after air bike;
1 10x  significant

deadlift effect on RER
(100kg),  (>1.0) and HR
15 calories (up to 182
air  bike bpm)

2. 12x

lunge

(2x20 kg

kettlebell),

10x push

up, 8x pull

up

3. 20

calories

SkiErg,

10x back

squat 50

kg, 10x

toes to bar

Legend: M - men, F - women, HR - heart rate, RER - respiratory
equivalent ratio, HIFT - high-intensity functional training, RPE -
rating of perceived exertion, RPM - revolutions per minute

Table 1 lists the studies in which the air bike was
used in the test protocol, and at the same time, it was
possible to reach valid conclusions related to this
machine, respectively with the resulting load while
riding it. The research sample was mostly made up of
healthy adults and was not a large group. The air bike
was also used in a group of seniors (Looney &
Rimmer, 2003), cardiology patients (Lamont et al.,
1992; Garber et al. 2006), mentally impaired (Pitetti
et al., 1988), obese (Kim et al, 2008) or
performance-oriented athletes (Schlegel & Kiehky,
2020).

The stationary bike’s efficiency has been repeatedly
compared to an air bike (Eston & Brodie, 1986;
Hoffman et al., 1996; Donahue et al., 2001; Kim et
al., 2008). Testing shows that it is possible to achieve
greater efficiency on the air bike in energy
consumption, higher VOjpeax values or heart rate.
However, the conclusions are not uniform. Jensen et
al. (2019) report statistically insignificant (p < 0.05)
differences in oxygen consumption. Eston & Brodie
(1986) state comparable minute ventilation. In
contrast, when running on a treadmill, participants
achieved statistically higher (p < 0.05) HR and
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oxygen consumption at the same subjective intensity
(Zeni et al., 1996; Jensen et al., 2019). Only Garber et
al. (2006) found identical VOapeax results. Testing on
the elliptical yielded conclusions in the form of
higher (p < 0.05) monitored parameters (energy
consumption, HR) than with the air bike (Kim et al.,
2008). When comparing traditional aerobic machines,
inconsistent physiological responses were found
(Zeni et al., 1996; Jensen et al., 2019). But the air
bike is one of the subjectively more demanding
machines with the potential to more easily increase
the heart rate or achieve higher VOxpeax values.

The blood lactate parameter is used to monitor the
physiological response to exercise. Hoffman et al.
(1996) state a faster increase and the potential for
higher values on the air bike compared to a stationary
bike. The selected test did not run until its
termination but was stopped when the 4 mmol/l limit
was exceeded. Comparable results were reached by
Kim et al. (2008) during continuous work for 15
minutes. Only one study (Schlegel & Kiehky, 2020)
tested anaerobic fitness using an air bike. The
participants were shown to achieve higher lactate
levels (15.98 mmol/l) than the Wingate test and
showed significant differences in the development of
the lactate curve after exercise.

In several cases, graded protocols (ramp tests) have
been applied to gradually increase the intensity until
rejection (Lamont et al., 1992; Garber et al., 2006).
Various grades from 2 to 4 minutes were used, with
rests between work intervals in some studies (Foster
et al., 1991; Hoffman et al., 1996). These are tests
from which it is possible to determine the organism’s
limit values (e.g. VOnpeak, maximum heart rate,
minute ventilation) at high load. In the studies by
Zeni et al. (1996), Kim et al. (2008), Jensen et al.
(2019), a model with a constant load and identical
RPE was applied on different machines. Based on
these protocols, it is possible to determine the
exercise’s effectiveness in connection with the
subjective evaluation of the load intensity. Based on
the results, the air bike feels more difficult. Brown et
al. (1993) also worked with constant intensity testing.
Here the intensity was set at 85% of the maximum
HR. Furthermore, the air bike was incorporated into
HIIT resp. HIFT, where it was part of other exercises
using body weight or external load (Browne et al.,
2020; Schlegel et al., 2020a; Schlegel et al., 2020b).

In the seclected stress tests, the work interval’s time
significantly prevailed over the rest (6: 1, 6: 2, 2: 1).
RER values (> 1.0) or local oxygen saturation show
the potential to increase load intensity.

The relationship between HR, performance, and
VOapeak Was also monitored. A linear relationship can
be established between power increase (in Watts) and
HR (Foster et al., 1991). Conversely, a nonlinear
relationship arises between the power output and
RPM. Lamont et al. (1992) conclude that oxygen
consumption can be calculated according to
mathematical formula (based on VO2peak, maximum
HR), and thus, the intensity of exercise can be
regulated. The opposite procedure is provided by
Brown et al. (1993), which derives VOapeak based on
submaximal loading.

Air biking allows different arm and leg involvement,
which can be reflected in the performance. Nagle et
al. (1984) tested the work of the upper and lower
body in different proportions. The optimal ratio for
the performance was shown in the ratio of 90-10%
and 80-20%, and the outputs were comparable. When
transmitting 30% to the arm, the performance
decreased significantly. The most significant
difference was then observed in the independent
work of arms or legs.

Table 2. An overview of the studies using the air bike as part of
the intervention

Study N Sample Durat Progra Main
o/ ion m outcome
F)
Pitetti 12 mild 3x maximu  increase of
& Tan (7/5) mentally weekl m 25 VO2peak
(1991) retarded 'y, 16 minutes, (4.3
(25) A 50-70%  ml/kg.min),
VO2pea peak
k ventilation
(8/min)
Fernan 7 individu  2x 30 physical
dez & (5/2) als after weekl minutes, work
Pitetti cerebral y,8w  40-70%  capacity
(1993) palsy work increase
(29-33) capacity  (p<0.01)
Nyquis 7 (/- patients  3x 40 increased
t-Byttie ) after weekl  minutes, test duration
et al myocard 'y, 12 75-85% by 22% RER
(2007) ial A maximu by 10%,
infarctio m HR power
n(-) (air output
bike, 10.2%;  air
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arm bike as a
ergomet  suitable
er ARM instrument
ExTR, for patients
NuStep)
Kim et 25 (- seniors 4x HIT - improving
al. -); and weekl 40 arterial
(2015)  HIIT postmen y,8w minutes, stiffness in
(12), opausal 90 a MICT (9.26
MIC  women 70% vs 8.75 m/s)
T (65) maximu
(13) m HR
MICT -
47
minutes,
70%
maximu
m HR
Hwang 35 healthy  4x HIT - greater
et al. (16/1 seniors weekl  4x4 improvemen
(2016)  9); (55-79) y,8w minutes t in
HIIT 90% VO2peak
(17), maximu  (11%),
MIC m HR, ejection
T MICT - fraction
(18) 32 (4%) in
minutes  HIIT;
70% decreased
maximu  insulin
m HR resistance
(26%) in
HIIT
Kim et 35 healthy 4x HIOT - improved
al. (16/1  seniors weekl  4x4 aortic pulse
2017)  9); (55-79) y,8w  minutes  wave
HIIT 90% velocity by
(17), maximu 0.5 m/s;
MIC m HR, improved
T MICT - arotid artery
(18) 32 compliance
minutes  (p>0,01) in
70% MICT
maximu
m HR
Hwang 58 diabetic ~ 4x HIOT - improvemen
et al. (302 slIltype weekl 4x4 t of
(2019)  8); (46-78) y,8w minutes VO2peak by
HIIT 90% 10% (HIIT)
(23), maximu  a 8%
MIC m HR, (MICT)
T MICT -
(19) 32
minutes
70%
maximu
m HR

Legend: M - men, F - women, w - week, HIIT - high-intesity
interval training, MICT - moderate intensity continuous training,
HR - heart rate

The air bike was also used for the intervention
programs. These are specific research samples
involving seniors (Kim et al., 2015), diabetics II type
(Hwang et al., 2019), patients after myocardial
infarction (Nyquist-Byttie et al., 2007) or individuals
after cerebral palsy (Fernandez & Pitetti, 1993).
Exercise programs were shorter, between 8 and 16
weeks, with a frequency of 2-4 times a week. The
content of the interventions was based on continuous
and interval loading, lasting up to 40 minutes. The
intensity ranged from 70-90% maximum HR.

The studies did not have the same focus but mostly
looked at the effect on cardiovascular system’s
function and condition. Improvement in arterial
stiffness (Kim et al., 2017), development of VOapcax
by up to 11% (Hwang et al., 2016), or aortic pulse
wave velocity of 0.5 m / s was confirmed (Kim et al.,
2017).

DISCUSSION

The aim of the review was to analyze studies dealing
with air biking with subsequent determination of
effects on the cardiovascular system and optimal use
of air bike.

Air biking is based on stationary bike movement, so
they have been repeatedly tested simultaneously
(Eston & Brodie, 1986; Hoffman et al., 1996). The
main difference is the involvement of the upper body;
the bike’s arms allow pushing and pulling, which
results in the activity of many muscle groups. It
increases the demands on oxygen supply and the
function of the cardiovascular system. The air bike
can achieve higher VOyeak, ventilation, lactate, or HR
values (Stenberg et al., 1967; Gleser et al., 1974;
Hoffman et al., 1996; Kim et al., 2008). The added
arm work increases exercise effectiveness, which is
suitable for health-oriented programs or weight
management. Another difference is the difficulty of
pedaling, which increases exponentially with
increasing speed (Foster et al. 1991). Also, a lower
cadence can be stated compared to cycling.

From the point of view of VOimax, 10-19% higher
values were found than leg work only (Gleser et al.,
1974; Reybrouk et al., 1975). Similarly, Secher et al.
(1974) report 106% in combined work versus the
bike. Higher efficiency in terms of HR and
ventilation was found in Bevegérd et al. (1966). In
contrast, lower VO values of 4-10% were found
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compared to the treadmill (Bergh et al., 1976;
Kostuck et al., 2020). At maximum effort, HR was
measured in the range of 185-189 bmp (Bergh et al.,
1976; Secher et al., 1977; Volianitis & Secher, 2002;
Kostuck et al., 2020).

It seems the body cannot optimally saturate all the
necessary muscles with oxygen under high load,
which results in a reduction in blood flow to the arms
by up to 19%. On the contrary, when arm cranking is
added to pedaling, the leg blood flow decreases by
10%. The resulting vasoconstriction is probably
caused by arterial baroreflex (Volianitis & Secher,
2006). This condition also puts high demands on
cardiac output, which can be the main limit when
delivering high (maximum) performances. Thanks to
the complex (strength requiring) involvement of the
body, it is easier to reach the point where
performance is limited due to insufficient
oxygenation. It is one of the reasons why lower
values of maximum HR are achieved compared to
running (Bergh et al., 1976; Zeni et al., 1996;
Kostuck et al., 2020. Therefore, it is important to
optimally set the form of exercise and clearly specify
which fitness parameter should be developed.

The air bike’s arms are structurally connected to the
pedals, and they, therefore, work at the same
frequency. The overall performance can be affected
by different arm and leg involvement. It appears that
the optimal ratio should be 90/10% or 80/20% in
favor of the legs (Bergh et al., 1976; Nagle et al.,
1984). Other ratios lead to reduced performance,
VOapeak, or HR. It is possible that in certain sports
oriented more on the upper body (e.g., swimming),
the ratio could be different (Volianitis & Secher,
2006). No study focused on distinguishing between
pulling and pushing arm movements. In practice,
however, pushing is preferably used. The lower body
setting is essential for riding, as it is dominant for
performance. The results by Sakamoto et al. (2007)
or Sakamoto et al. (2014) can contribute to the
greater importance of leg work in terms of cadence,
which should be determined by the lower body.

Due to a large number of aerobic machines, the air
bike was compared with other exercise machines
(Zeni et al., 1996; Donahue, 2001; Jensen et al.,
2019). The conclusions are not uniform, but with a
treadmill or elliptical, individuals achieved higher

HR, oxygen consumption with the same RPE. It was
a medium to submaximal load, but the results would
likely be confirmed at higher intensities. It is possible
due to the higher resistance (it is necessary to make
more effort for one repetition/ movement), the feeling
of subjective exertion worsens and thus the higher
consumption of oxygen or HR is not achieved. The
cause will not be the number of muscles involved,
which is comparable to the elliptical. The opposite
tendency was found for blood lactate levels, which is
related to the activity of large muscle groups (Secher
et al., 1974; Zeni et al., 1996). Simultaneously, RPE
was confirmed to be a suitable tool for determining
the intensity in the general population (Jensen et al.,
2019; Hill et al., 2020).

Schlegel & Kiehky (2020) tested anaerobic fitness
using an air bike and compared it with the Wingate
test. A very similar study design was performed by
Ozkaya et al. (2013) with elliptical. The research
sample achieved higher lactate values on the air bike
(15.98 mmol/ L) than in the Wingate test or elliptical
(14.4 mmol/L). Increased resistance of large working
muscles allows attacking the limits of the glycolytic
system. It seems the air bike might be suitable for
testing non-specific VLam.. The air bike has,
therefore, good potential for HIIT, especially for
short intervals (<15 seconds), where it is possible to
make a high effort quickly (see Kappenstein et al.,
2015). Unfortunately, there has not been any study
with such a design yet.

The air bike has repeatedly been used as an
instrument of stress testing to determine the
cardiovascular system’s function. These were ramp
tests or short continuous tests to reach maximum
values, such as VOjpeax, minute ventilation, or HR
(Vander et al., 1984; Hoffman et al., 1996; Allen et
al., 1998; Garber et al., 2006, Kostuck et al., 2020).
As it turned out, the air bike did not reach such high
values as, for example, treadmill running. Higher
values can be found also in classic running. Only
Garber et al. (2006) report comparable results, but it
is necessary to consider the research sample - cardiac
patients. During air bike stress testing, it should be
considered that these are unlikely to be absolute limit
values of the organism. The mentioned lower
parameters at high to maximum effort are essential,
especially for advanced athletes, but they are not
crucial for the general population. Lamont et al.
(1992) sought to establish a formula for calculating
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VO and oxygen saturation values based on the
produced performance. The individual's weight was
included in the calculation (Lamont, 2000). However,
similar mathematical calculations must be considered
indicative due to possible deviations and individual
differences.

The air bike allows for a relatively comfortable riding
and sitting position (Looney & Rimmer, 2002). It
appears to be a suitable tool for various specific
groups, such as the elderly, obese, or cardiac and
neurological patients. It demonstrated functionality in
terms of the development of cardiovascular fitness
and weight reduction (Nyquist-Byttie et al., 2007,
Kim et al., 2017; Hwang et al., 2019). The air bike
was applied only to specific samples and it did not
include healthy middle-aged individuals or athletes.
Although it is likely to bring significant benefits to
them, this cannot be confirmed based on available
evidence.

In air biking, individuals must overcome the
resistance, which leads to significant muscle
desaturation (Schlegel et al., 2020a). This increased
effort anticipates the involvement of glycolytic fibers.
The activation of fibers Ila and IIx leads to more
efficient muscle growth and strength development
(maintenance). Especially the use of HIIT with short
intervals will use a large number of muscle fibers.
Therefore, it could be a suitable part of mixed aerobic
and strength exercise program (Murlasits et al.,
2018).

The air bike construction does not allow adjustment
of the bike’s arms, only the seats. The handle’s rigid
position affects the biomechanics of movement,
which is manifested mainly in above-average tall or
short people, respectively men, and women. The
arm’s position and work are also transferred to the
movement of the torso and the overall riding
efficiency. The specific use of pulling and pushing
work or pedaling method is also important. The
riding technique and the economics of movement, as
with other exercises, are essential factors for the
performance. However, no attention has been paid to
these areas.

In several cases, the air bike was included in HIFT,
where its effectiveness in influencing the overall
exercise intensity was confirmed (Browne et al.,

2020; Schlegel et al., 2020a; Schlegel et al., 2020b).
The evidence is the reduced oxygen saturation in the
vastus lateralis with a consequent increase in RER
(>1.0). Furthermore, the body responds by increasing
HR, wventilation, and oxygen consumption. A
combined load with the air bike and other exercises
seems to be a suitable tool for a positive impact on
physical fitness. Although little evidence-based
information is available, real practice (e.g.,
CrossFit®) shows that it could be an interesting
instrument for developing endurance and fitness.

The air bike was also used in a group of seniors
(Looney & Rimmer, 2003), cardiology patients
(Lamont et al., 1992; Garber et al. 2006), mentally
impaired (Pitetti et al., 1988), obese (Kim et al,
2008) or performance-oriented athletes (Schlegel &
Kiehky, 2020). In the mentioned samples, it was
found to be a suitable tool for testing the organism’s
functional parameters. The air bike is not technically
demanding and, at the same time, allows the activity
of the upper body.

The results of exercise programs confirm a positive
effect on the increase in VOapeak, minute ventilation,
or work capacity (Pitetti & Tan, 1991; Fernandez &
Pitetti, 1993; Hwang et al., 2019). For continuous
work, an effect on improving arterial stiffness or
aortic pulse wave velocity would be demonstrated
(Kim et al., 2015; Kim et al., 2017). A significant
impact was reported in reducing insulin resistance
and improving cardiovascular fitness (Hwang et al.,
2016). Continuous and interval exercising bring
different results, however, both variants are safe and
effective. Cardiac patients have also been shown to
have a positive effect on quality of life (Nyquist-
Battie et al., 2007).

Draper & Dustman (1992) study provides ample
possibilities of using an air bike as part of a
rehabilitation program after a pelvic fracture.
Furthermore, it was successfully implemented into a
program in patients after leg amputation (Pitetti et al.,
1987). Thanks to its stability and low technical
complexity, it is also recommended for exercise in
individuals with (moderate) mental retardation
(Pitetti et al., 1993).
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Although the principle of use remains the same, all
air bikes are not identical. The design differences are
reflected in the flywheel resistance, mechanical
inertia, or handle design. It can be significantly
exhibited in the power output, RPE or physiological
parameters. None of the detected studies addressed
these specifics.

CONCLUSIONS

The air bike is a widespread tool for fitness training,
is used by general population or specific groups. Its
use is technically relatively simple and convenient. It
can be recommended for testing non-specific aerobic
and anaerobic endurance. The stress tests show the
potential for achieving high physiological values,
which can develop aerobic fitness. Furthermore, its
effectiveness in positively influencing the parameters
of the cardiovascular system has been proven. It
seems its use will be ideal for HIIT or HIFT, either
alone or in combination with other exercises. Further
research would be needed for intervention programs
with air bike.
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Abstract

Physical fitness is an important part of overall health. High-intensity interval training (HIIT) is a popular form of exercise
that has been repeatedly proven as a functional way of developing cardiorespiratory fitness. Air bike is a widespread
cardio machine suitable for HIIT. The aim of this research was to verify the effect of HIIT using air bike on the develop-
ment of selected physical fitness parameters and compare it to moderate-intensity continuous training (MICT). Twenty
active young adults (age 22.1+2.5) were the subject of the research in the research. The participants underwent a com-
plex strength and endurance test, a spiroergometric examination, and a body composition analysis. The experimental
group (EG) did HIIT twice a week with work intervals (15-45 seconds), while the control group did MICT in a comparable
time period. The results have shown significant improvement in back squat (8.25%), pulling strength (7.07%), aerobic
endurance (18.74%), and VO2peak (10.62%). Comparison of the groups has shown a significant difference in bench
press (ES=1.01), back squat (ES=0.68), anaerobic endurance (ES=0.97), aerobic endurance (ES=1.456), and VO2peak
(ES=0.92). According to the results, we can conclude that HIIT using air bike is an effective way of developing multiple
aspects of physical fitness and is thus suitable for training programs that aim to develop health and sports performance.

Keywords: cardiorespiratory fitness, VO,

.

endurance, strength, body composition
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Introduction

Physical fitness is an essential part of health and is directly
connected to the quality of life, development of diseases of civil-
isation or mortality (da Silva Machado et al., 2019). The main
aspects of physical fitness are cardiorespiratory fitness, strength,
flexibility, and body composition. The secular trend clearly
shows a negative trend, especially in cardiorespiratory parame-
ters (by 2.4% per decade) and in an increase of body fat percent-
age (Blither et al., 2019; Lamoureux et al., 2019). That is why it
is important to look for effective training programs developing
physical fitness.

High-intensity interval training (HIIT) is a popular form of
exercise used to improve sports performance and health (Gibala
& Jones, 2013). HIIT is an activity specific for its short intense
intervals with prescribed rest periods. Although HIIT protocols
used might be rather variable (number and length of the inter-
vals, type and length of the rest periods, chosen intensity, chosen
exercise, etc.), their effect on improving endurance, reducing the

amount of body fat and developing cardiorespiratory fitness is
shown in short-term interventions (Keating et al., 2017; Sultana
etal, 2019).

Cardiorespiratory fitness, body composition, and strength
parameters are most likely the most significant factors influenc-
ing overall health and quality of life. The effect of HIIT on devel-
oping VO2peak or reducing body fat percentage has been prov-
en repeatedly (Batacan et al., 2016; Sultana et al. 2019). The acti-
vation of muscle fibres during HIIT and sprint-interval training
(SIT) in particular are similar to the activation during resistance
training, and analogic adaptation mechanisms can be expected
(Callahan et al., 2021). Optimally designed HIIT or SIT could
positively affect a wide spectrum of physical fitness aspects.

Frequent HIIT activities are running, cycling or rowing. It
is shown that due to their different nature, they lead to unequal
physiological reactions (maximal HR, blood lactate, VO2peak)
(Menz et al., 2019). The chosen activity represents an important
factor in the efficiency and effect of a HIIT protocol and it is
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crucial to have detailed information about this variable.

Air bike is already a widespread cardio machine used by
general population, individuals with health problems, and pro-
fessional athletes. It has gained great popularity as an option of
strenuous exercise like HIIT. Air bike workout differs signifi-
cantly from classic endurance disciplines. The riding has a low
frequency, it is more strength-based and both upper and lower
body are involved. The load during the ride is created by a big
flywheel and its resistance grows exponentially with the increase
of speed. Air bike is a comfortable cardio machine from the us-
er’s point of view (Looney & Rimmer, 2002), yet it also allows for
high to maximal intensity (Schlegel & Ktehky, 2020).

There is a lack of studies investigating the effect of HIIT with
an air bike on the development of physical parameters. Hwang
et al. (2016) found improvements in aerobic fitness and insu-
lin resistance after an 8-week program. There were also positive
changes in blood pressure and body composition. The effect on
cardiac parameters (arterial stiffness) is not yet clear and re-
quires further research (Kim et al., 2017). Both studies used a
4x4 minutes training protocol with a 3 minutes rest.

Most of the studies assessing the effect of air biking used
ramp test and analysed maximal intensity in the context of spiro-
ergometry. So far, there has been a small number of interven-
tion studies. Moreover, the studies have focused only on specific
groups, such as people with type 2 diabetes, seniors or patients
who had suffered a myocardial infarction (Hwang et al., 2016;
Kim et al., 2017). It is necessary to find out the exact effects of air
biking on physical fitness which can thus improve overall health.
The aim of the study was to verify the effect of a HIIT protocol
with air bike on developing cardiorespiratory fitness, strength
and endurance parameters, and change in body composition.

Methods
Participants

The experimental group comprised 22 healthy, physically
active individuals (average age 22.1+2.5, weight 70.6 kg, height
172.5 cm). Participants (14 women, 6 men) were introduced to
the testing and research process. Participants were divided into
experimental (EG) and control (CG) groups randomly (7 women
and 3 men in both groups). They were supposed to not change
their usual daily routines or sleeping and eating habits during the

research. A rest day was prescribed one day before the testing.
The anthropometric parameters were measured using bioimped-
ance scales (Tanita® RD-545), specifically weight, fat-free mass
(FFM), body fat percentage, body mass index (BMI). People who
have been already engaged in other intense sports activities were
not allowed to take part in the research. The participants who
missed more than one workout session (n=2) were excluded
from the final analysis. The research was approved by the Faculty
of Education of the University of Hradec Kralové (RD 41/2020).

Testing

The testing was done using an air bike (Echo bike, Rogue®).
It was preceded by a very light 3 minutes warm-up and 3 min-
utes passive rest. The testing protocol was a ramp test to failure,
the load was increased every 3 minutes with no break (Lamont
etal., 1992). The test was ended when the subject was not able to
maintain the required speed. In spiroergometry (METAMAX"®
3B, CORTEX Biophysik GmbH), the following parameters were
measured: VO2peak, respiratory equivalent ratio (RER), heart
rate (HR), minute ventilation (V’E), oxygen uptake to work rate
(VO2/WR) and total test time that corresponds to absolute en-
durance performance (Total). So far, there have not been enough
studies that would use ramp tests on air bike, so it was necessary
to rely on own experience combined with researches by Lamont
et al. (1992), Hoffman et al. (1996). The increasing intensity
in the individual levels was organized by RPM (revolution per
minute) and it differed for men and women, the base value was
40 RPM (85 watts) for men and 35 RPM (65 watts) for women.

All the participants had had previous experience with the
selected strength tests. The following exercises were chosen to
test strength: bench press (BP) and back squat (90°) (BS), the
subjects had 20 minutes to find their 1 repetition maximum (1
RM) — the number of sets was not limited; pulling strength dy-
namometer (SH5007, Saechan Dynamometer) (Pull); standing
broad jump (SBJ) (they had three attempts, and the best one
was recorded, the same principle was used with the back dyna-
mometer). The following tests were used to assess aerobic and
anaerobic endurance: 30sec all-out test on an air bike (AN); 2
km on rowing machine test (Concept2°). Flexibility tests were
not included in the research as it does not play such significant
role in overall health (Nuzzo, 2020).

EG

—> n =10 (completers)

—> n=10 (completers)
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FIGURE 1. Study design
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work sets—significant intensity drop was to be avoided. The
rest was passive, the participants stayed seated on the air bike.
The first workout session can be called sprint interval training

Intervention

8-Week training program comprised of three types of ses-
sions. The experimental group did two workout sessions (HIIT

and SIT) on air bike (1. 20 sets: 15 sec work, 45 sec rest; 2.

(Gist et al., 2014), but an unconventional work-to-rest ratio of

1:3, or 1:2 respectively, was chosen and the number of inter-
vals was increased as well. The control group did two MICT

running sessions (1. 25 minutes run; 2. 30 minutes run). The

25 sets: 40 sec work, 20 sec rest). It was an original program
inspired by studies with HIIT and SIT (Rosenblat et al., 2020).

intensity was kept by monitoring heart rate in combination

There was a requirement to maintain high intensity during all
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with the Borg rating of perceived exertion scale. The instruc-
tion was to keep heart rate about 70% HRmax and at the same
time between 14 and 15 on the Borg scale (Keating et al., 2017).
The third workout session was the same for both groups and
comprised bodyweight exercises with low demands for space
and equipment (squat, push up, lunge, plank, sit up, handstand
hold) (similar to Menz et al., 2019). The workout session re-
sembled high-intensity functional training and consisted of
two 10-minute parts. The exercise was designed to engage the
entire body in a complex way. All the workout sessions con-
tained a general warm-up (5 minutes) and a specific prepara-
tion (5 minutes) according to the main part (run, air biking,
resistance training).

Statistical data processing

The data is presented as an average + SD (standard devia-
tion). Before the statistical testing, to assess statistical signifi-
cance, data normality was evaluated using two tools: histogram
and Shapiro wilk test. When the normality was confirmed,
parametric tests were used: two-sample t-tests for unpaired

Table 2. Comparison of HIIT and MICT group

samples (testing between EG and CG) and two-sample t-test
for paired samples (with the premise of an F-test of equality
of variances; testing between pre- and posttest in the group).
When the data were not distributed, non-parametric tests were
used: Wilcoxon signed-rank test and Mann-Whitney U test for
unmatched samples. Using non-parametric tests was necessary
to ensure coherence of the whole research. To assess statistical
significance, Cohen’s d with the scale of <0.20 = trivial, 0.20-
0.49 = small, 0.50-0.79 = medium, > 0.80 = large was used
(Cohen, 1992). The significance was tested at a significance
level of p>0.05.

Results
Anthropometric parameters

EG noticed only small changes in weight and body com-
position (fat -0.84 %, ES=0.18, p=0.169; FFM 0.51 kg, ES=0.04,
p=0.316), CG noticed almost no changes. The difference be-
tween EG and CG was medium for FFM (ES=0.5, p=0.3), and
small for body fat % (ES= 0.28, p=0.56). Although only small
changes can be identified, it can be claimed that EG noticed an

EG* CG* Cohen’sd p value Descriptor
Weight (kg) ;’127% 1101'15353 0.21 0.66 small
BMI fé)g? ;06.1553 0.11 0.81 trivial
Body fat (%) ;’1?643 ;0{,3774 0.28 0.56 small
FFM (kg) J_rofl 4 ;()1'?02‘1 0.50 0.30 medium
BS (kg) i%is ffgg 0.68 0.17 medium
BP (kg) + ;SO ;__14935:; 1.010 0.06*** large
Pull (kg) + 1113.82 14;;8 0.80 0.1 large
SBJ (cm) i88..579 isfgz 0.38 0.53%** small
AN (m) + 11.23 10;?9 0.74 0.14 medium
2 km row (s) 4 ;16?75 1_12:24 0.02 0.51 trivial
Total (s) i] 76 61967 i;‘;ﬁ‘ﬂ 1.456 0.006 large
VO2peak (I/min/kg) ;;676 4 13?)8 0.92 0.06 large
RERmax io(fgs 28%14 0.53 0.28 medium
\(/I/Er::;;‘ ii'?% ; 57.331 0.68 0.17 medium
p O S
VO2/WR (ml/watt) 1—(1)}712 1_?:491 s 0.14 0.77 trivial

*average change between pre- and posttest; EG — experimental group; CG - control group, FFM —fat-free mas; BS — Back squat;
SBJ - standing broad jump; AN- 30 seconds all-out test; Total - Endurance ramp test on air bike; RER - respiratory exchange

ratio; HRmax — maximal heart rate
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increase in muscle mass while decreasing the amount of fat. That
is why the weight changed only slightly.

Strength and endurance testing

EG noticed a statistically more significant improvement in
the basic strength test (ES=0.68-1.01, p=0.06-0.17). The greatest
improvement was made in the back squat by 6.8 kg. The small-
est improvement was made in SBJ, yet the EG still improved
more than the CG (ES=0.38, p=0.53). 2 km row test was the on-
ly one where both groups made similar changes (ES=0.02). As
for the anaerobic endurance test, the EG improved significantly
(ES=0.97, p=0.08).

Spiroergometry

Both groups improved their VO2peak, EG by 4,6 ml/kg/
min (10.62%) which was significantly more than CG (ES=0.92,
p=0.06). A similar result was noticed also in the total duration
of the ramp test where the groups improved by 9.03% (CG) and
by 18.74% (EG). EG also reached higher RERmax in the posttest
which meant medium effect in comparison with CG (ES=0.53,
p=0.28). EG got a higher value of V’Emax (124 1/min) compared
to CG (118.51/min) which was a significant difference (ES=0.68,
p=0.17).

Discussion

It was confirmed that HIIT using short intervals is an ef-
fective way to develop strength parameters. A positive (even
though not significant) progress in isokinetic strength of the
lower body (Sékmen et al., 2018) or squat jump (Soylu et al.,
2021) was made as a result of running SIT. Although short rest
periods were used in our research, there was still significant
progress in the upper and lower body strength compared to CG.
It seems that not only short intervals of high intensity but also
the chosen means (air bike) have potential in strength devel-
opment. Progress in strength was made also in the bench press
(ES=1.01, p=0.06) which proves that air biking develops upper
body strength too. Although both groups did one resistance
training session a week, it did not lead to a significant improve-
ment for CG. The combination with air bike was more effective.

In the studies (Hwang et al., 2016; Kim et al., 2008) that ap-
plied air bike in intervention, the work interval was 4 minutes
which was also used in other researches focused on endurance
athletes (Stepto et al., 1999; Sultana et al., 2019). In this study,
a HIIT protocol with 15-45 sec intervals was used which al-
lowed for higher power output, or higher speed. Air biking is
more strength-based which is why it is logical to use SIT or HIIT
with short intervals. During shorter and more intense inter-
vals, fast-twitch fibres get more engaged and they consequently
adapt more which results in strength parameters improvement
(Chalmers, 2008). Especially in SIT, it is very important to main-
tain the correct form. On air bike, it is easier to maintain the
correct form and it does not require any previous experience or
a longer time to learn the proper technique.

The same modality in the intervention program and the
testing program is a common practice (Rosenblat et al., 2020).
The 2 km row test was a nonspecific endurance test—the partic-
ipants were not introduced to the proper form before or during
the research. In the posttest, there were similar positive changes
in performance (ES=0.02). The nonspecific test might not show
such positive transfer as the Total test, where EG improved
significantly (ES=1.456; p=0.006). When designing HIIT pro-
grams, it is necessary to take into account coordination/techni-
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cal or mental adaptation to the specific movement which might
affect the test results (Franchini et al., 2016).

To develop cardiorespiratory fitness, differently designed
HIIT and SIT sessions with modalities, such as running, cycling
or rowing, were found effective (Batacan et al., 2016; Sultana et
al., 2019; Rosenblat et al., 2020). Based on significant VO2peak
(by 10.62%) and V‘Emax (by 7.66%) improvement, air bike can
also be labelled as an effective tool. In connection to this, Kim
et al. (2017) also claim its positive effect on arterial stiffness
as another possible result of training programs using air bike.
Cervantes (2021) comes with different results when he notices
a slight increase in VO2peak following a 4-week intervention,
which however did not differ significantly from MICT. It is im-
portant to note that a low volume SIT was used (8 sets, 20 sec-
onds work: 10 seconds rest).

Despite only small changes in body composition, a certain
tendency was found—together with minor fat loss, FFM in-
creased compared to the CG (ES=0.5, p=0.3). This trend can
be observed in other authors too (Sultana et al., 2019). More
significant changes can be expected in a sedentary population
or obese individuals (Keating et al., 2017). In physically active
population that undergoes a short HIIT program, only minor
body composition changes can be expected. It seems that HIIT
using air biking can expand the scale of effective ways to change
body composition.

The results proved that different HIIT protocols can lead to
a VO2peak improvement. This fact can be influenced by vari-
ous variables: improvement in strength parameters, change in
metabolic flexibility, muscle fibres conversion, improvement in
respiration function, improvement in mental resilience towards
physical discomfort during exercise, better movement efficien-
cy (MacDougall et al., 1998; Callahan et al., 2021; Dolci et al.,
2021). It is difficult to determine which specific factors were
dominant in this research. There are, most likely, multiple fac-
tors at work in synergy.

This research has shown that the air bike is a low-tech ma-
chine that can develop cardiorespiratory fitness in general pop-
ulation. The air biking technique also allows to develop strength,
which is another essential factor for longevity and quality of life.
Based on the data and the studies mentioned, short and longer
HIIT workout with a total duration of 20-30 minutes can be rec-
ommended. For additional benefits, it is suitable to combine air
bike with resistance exercise based on high-intensity functional
training.

A limitation of this research can be seen in the design of the
whole intervention where simple bodyweight strength training
sessions was also used. It is another variable affecting the adap-
tation of the organism and the final tests. However, the combi-
nation of resistance and endurance training is often included in
programs aiming at the development of cardiometabolic health
(Hunter et al., 2020).

It also has to be noted that even though spiroergometric test-
ing using air bike is not a new method, it begins to gain signifi-
cance only with this cardio machine’s extended usage. It is a non-
specific tool that engages both the lower and upper body. Due to
that, it has different demands for, e.g. cardiac output (Schlegel
et al., 2020).

Conclusion

HIIT has been used for a long time to develop endurance
or cardiorespiratory fitness. Given the wide variability of indi-
vidual programs and modalities, it is necessary to analyse new
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tools. Air bike is a new tool whose functionality and efficiency
has not yet been sufficiently confirmed. It has been shown that
HIIT using air bike can positively influence cardiorespiratory,
strength and endurance parameters in an 8-week intervention.
A significant effect related to the characteristics of air bike is that
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6 ZDRAVOTNI ASPEKTY

Témata zasahujici oblast zdravi jsou vzdy nezbytnd a méla by byt v popiedi zajmi
vyzkumnikt. Jednim z cill je urceni, jaké rizika a benefity dana aktivita pfinasi. Nasledné
ptichazeji rozhodnuti, pro jaké osoby je vhodnd a jakych konkrétnich podob by méla nabyvat.
HIFT je od poc¢atku pfijiman ,,rezervované®, at’ uz komunitou klasickych fitness center nebo
odborné vetejnosti. Ackoliv dosavadni vyzkumna cinnost neprokazala vyznamnd negativa
(incidence zranéni, nepfiznivy vliv na imunitni nebo endokrinni systém, apod.), dalsi zdravotni
aspekty postradaji dostatek evidence (Feito, Burrows, et al., 2018; Jacob et al., 2020). U HIFT
jde napf. o vliv na organismus u specifickych skupin jako jsou seniofi, déti, t¢hotné Zeny nebo
jedinci se zdravotnim mezenim. Obecné je nedostatek pfimych dikazt k tomu, aby bylo mozné
vytvaret definitivni zavéry.

HIFT obsahuje dynamické pohyby, cviceni s ¢inkami a je fazeno mezi aktivity se
zvySenym nebezpe€im (,,high-impact®) pro téhotné. Dal$im casto pfipominanym rizikem je
cviceni ve vysoké intenzité, které by mohlo byt v urcitych situacich kritické. Na druhé strané
existuje jiz nemalé mnozstvi zen, které se rozhodly pokracovat v HIFT i pii t¢hotenstvi. Nejen
pro n¢, ale také pro odbornou vetejnost je dilezité ziskavat védecky podlozenou evidenci a tu
nasledné ptenaset do praktickych doporuceni (Schlegel, 2022b).

Pro HIFT neni stanovena piesna definice pro vysokou intenzitu, ale neni podminkou
dosahovat téméf maximalnich fyziologickych hodnot (nad 90 % HRmax apod.) (Glassman,
2004). Aktivity v HIFT mohou byt s RPE 6—7 nebo vyssi a/nebo se srdecni frekvenci alespon
70 % HRmax a/nebo s rychlymi zménami pohybu a vysokym tsilim (Beetham et al., 2019; Feito,
Heinrich, et al., 2018).

HIFT pouziva kromé komplexnich pohybl prvky odporového tréninku, ktery nebyva
v kontextu cvieni déti a mladeze pfijiman bez obav. U Skolni télesné vychovy je spise
doporucovano posilovani s vlastnim télem. Existuji (nepodlozené) obavy z pietizeni a rizika
zranéni, kterd brani ucitelim pouzivat pestré metody rozvoje kondi¢nich schopnosti. Také
z tohoto diivodu je potiebné provadét redlné intervencni programy (Schlegel, Dostalova, et al.,
2020). Dalsim diivodem je hledani efektivnich a atraktivnich zptisobli rozvoje télesné zdatnosti
(Schlegel, 2013).

Vykonnostni sport, ktery sebou piinasi tispéch, finanéni odménu, popularitu apod. byva
vice ¢i méné spojen s problematikou dopingu. HIFT je sportovni oblasti, pro kterou jsou
podstatné silové a vytrvalostni parametry, a zneuziti dopingovych latek se tak nabizi. Mnohé

z téchto latek jsou snadno dostupné, coz problém umocnuje. Dopovani se nevyhnul ani HIFT,
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resp. CrossFit — kazdoro¢né jsou zaznamenany pozitivni ptipady. Ackoliv je testovani soucasti
pouze né€kolika vybranych zavodl, nebylo by dobrym krokem nedavat tématu doping
dostatecny prostor. HIFT neni asociovanym sportem a nespadd, stejn¢ jako drtiva vétSina
zavodu, pod zadny kontrolni orgén. I pfesto je nutné upozoriiovat na etické hledisko a zdravotni

konsekvence.

Schlegel, P. (2020). Novy trend v pouzivani zakazanych latek v CrossFitu. Télesna kultura.
43 (1), 41-50.

Schlegel, P. CrossFit ve vyuce skolni télesné vychovy. In Schlegel, P. a kolektiv. (2020).
Funkcni trénink v telesné vychové (s. 113-126). Hradec Kralové: Gaudeamus. ISBN: 978-80-
7435-803-6.

Schlegel, P. (2022). High-intensity functional training in pregnancy: a case study. Studia
Sportiva, 16 (2), 64-72.

102



Télesna kultura, ro¢nik 43, ¢islo 1, 2020, 41-50
doi: 10.5507/tk.2020.010

Novy trend v pouzivani zakazanych latek v CrossFitu®
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Vychodiska: Problematika dopingu se nevyhnula ani CrossFitu®, ktery predstavuje mladou progresivni sportov-
ni disciplinu. Crossfitovy vykon vyzaduje vysokou urovei silovych i vytrvalostnich schopnosti, které jsou navic
v pestrych kombinacich. V poslednich letech se nejen zvysil pocet pozitivné testovanych atletd, ale také se objevily
nové pouzivané latky SARM (selektivni modulator androgenniho receptoru) a PPARS (receptory aktivované pro-
liferatory peroxizomi). Jedna se o podptirné prostiedky, které jsou velmi dobfe dostupné a predstavuji tak zvysSené
riziko. Cile: Vytvorit seznam pozitivné testovanych atletti v CrossFitu®. Predstavit SARM a PPARS, jejich ucinky
a moznosti zneuziti. Metodika: Z oficialnich zprav byl sestaven seznam atletti s dopingovym nalezem. Bylo prove-
deno review literatury tykajici se vybranych SARM a PPARS, vztahujici se k danému tématu. K vyhledavani byly
pouzity databaze Scopus, Web of Science, PubMed, Google scholar. Vysledky: PPARS se ukazuji jako ucinny 1ék
pro pacienty s diabetem II. typu nebo metabolickym syndromem. Maji funkci ve zvyseni oxidace mastnych kyselin,
transportu glukézy ve svalu. Dale pfispivaji ke zvySeni vytrvalostniho vykonu. Potencialni vedlejsi u€inky jsou sice
mirné, ale zasahuji kosterni a obéhovou soustavu. SARM piedstavuji substituci anabolickych steroidd. Prokazuje se
jejich srovnatelna ti¢innost. Jejich vedlejsi ucinky jsou pravdépodobné mirngjsi, nicméné je zde zfejmy vliv na zménu
lipidového nebo hormonalniho spektra. U SARM je k dispozici velmi malo validnich informaci a provedenych studii.
Zavéry: Na vzorku profesiondlnich atlet se ukazuje, ze doping je aktualni téma v CrossFitu®. SARM a PPARS na-
chazeji oblibu u uzivateltl diky ti¢innosti, dostupnosti a relativné nizkym akutnim vedlejsim efekttim. Ob¢ latky sebou
pfinaseji zdravotni rizika a v mnohych ohledech nejsou zmapovany jejich dlouhodobé negativni ucinky. V tomto
ohledu je dulezité nadale edukovat sportovni obec a upozornovat na nové trendy ve zneuzivani zakazanych latek.

Klicova slova: doping, SARM, PPAR, sila, vytrvalost

Uvod nim télem, olympijské vzpirani (Tibana et al., 2019).
V této oblasti se nejvice promita absolutni sila, silova

CrossFit® vznikl v 90. letech jako cviebni a tréninkovy
systém ve Spojenych statech americkych. Velmi brzy
se zacala vytvaret vykonnostni a zavodni podoba, coz
se projevilo organizaci prvnich CrossFit® Games v roce
2007 (Mangine, Cebulla, & Feito, 2018). Zavodni po-
doba CrossFitu® si postupné ziskala mnoho ptiznivet,
CrossFit® Games Open se aktualng Gi¢astni stovky tisic
atletl (Serafini, Feito, & Mangine, 2018). Dalsim dika-
zem je pofadani mnoha lokalnich i mezinarodnich za-
vodd, které sice nejsou piimo organizovany CrossFit®,
LLC (limited liability company), ale obsahuji shodné
atributy.

Sportovei musi v CrossFitu® podavat velmi rozliéné
vykony. WOD (workout of the day — ,,trénink dne®)
obsahuje Cisté silové vykony s externi zatézi, s vlast-

*Korespondenéni adresa: Petr Schlegel, Katedra t&lesné vy-
chovy a sportu, Pedagogicka fakulta, Univerzita Hradec Kralo-
vé, U Pivovarské flosny 296/3, 500 03 Hradec Kralové, email:
petr.schlegel@gmail.com

vytrvalost a relativni sila. Na druhé strané jsou kladeny
pozadavky i na vytrvalostni vykony, které mohou mit
riznorodou povahu z hlediska délky trvani i zastoupe-
ni modalit (béh, veslovani, plavani atd.). Unikatnim
atributem je spojeni vSech téchto prvkd. Pro uspéch
v CrossFitu® je tedy nutné disponovat vyraznymi silo-
vymi schopnostmi a téz Sirokou Skalou vytrvalostnich
schopnosti (Schlegel, Rezny, & Fialova, 2020).

Doping je bohuzel stale aktualni téma s ¢imz souvisi
i objevovani jeho novych forem. Problém pouzivani
zakazanych latek se nemohl vyhnout ani CrossFitu®,
a proto od roku 2018 spolupracuje s WADA (World
Anti-Doping Agency). Prvni odhaleny pfipad se objevil
o dva roky pozdgji. V poslednich letech se zacali kromé
tradicné zneuzivanych zakazanych latek (anabolické
steroidy, ristovy hormon, stimulanty) objevovat SARM
(selektivni modulator androgenniho receptoru) a PPAR
(peroxisome proliferator-activated receptor). Ty se staly
oblibenymi nejen v CrossFitu®, a to jak u amatérskych,
tak 1 profesionalnich sportovet (Van Wagoner, Eichner,
Bhasin, Deuster, & Eichner, 2017).
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Cilem ¢lanku je predstavit nove pouzivané zakazané
latky SARM a PPARS, popsat jejich funkci a souviseji-
ci zdravotni rizika. Existuje vice druhti zminénych 1a-
tek, pozornost bude zamétena na LGD 4033, RAD 140,
Ostarin (SARM) a GW501516 (PPARS). Sekundarnim
cilem je upozornit na problematiku dopingu v Cross-
Fitu®.

Metodika

Na zakladé¢ dostupnych oficidlnich zprav od CrossFit®,
LLC (2020) z jejich webového portalu byl sestaven
seznam atlett, ktefi byli testovani pozitivné pii Gcasti
na CrossFit® Games zahrnujici i kvalifikaéni zavody,
véetné detekovanych latek. Jednalo se o ¢asové rozpe-
ti let 2010-2019. Pro ziskani relevantnich informaci
k dané problematice byla provedena literarni reSer-
Se. Byly pouzity databaze Scopus, Web of Science,
PubMed, Google scholar. Zadana byla kli¢ova slova
a jejich spojeni: ,,CrossFit“, , high intensity functional
training®, ,,performance enahancing drugs®, ,,doping®,
»sarm®, ,selective androgen receptor modulator®,
»LGD 4033%, ,RAD 140%, ,,Ostarine®, ,,peroxisome
proliferator-activated receptor®, ,,GW501516%. Sbér
dat byl ukonéen v zati 2020. Pro zatazeni byla stano-
vena kritéria: intervencéni studie, bez specifik vyzkum-
ného vzorku, ve vyzkumu pouzity latky LGD 4033,
RAD 140, Ostarine nebo GW501516. Nebyly zataze-
ny klinické studie bez publika¢niho vystupu. Celkem
bylo nalezeno 33 studii, které byly rozdéleny na dvé
skupiny: SARM a GW501516, a piehledné sestaveny
do tabulek.

Vysledky

Tabulka 1 zobrazuje pozitivné testované atlety na Cross-
Fit® Games a Regionals. Seznam byl sestaven podle
oficialnich zprav CrossFit®, LLC (2020). Je patrné, ze
pocet dopingovych nalezi se postupné zvysoval, bo-
huzel nejsou znamy celkové pocty provedenych testu.
Zneuzivani zakazanych latek se tyka predevs§im muzu,
a to v individualnich kategoriich. Dale je popsano, jaka
latka byla detekovana a do jaké kategorie spada.

Uvedena je i doba zékazu ucasti na zavodech, zde
1ze konstatovat postupné zpiisnéni sankci, které jsou az
na vyjimky 4 roky. Od roku 2017 jsou zaznamenany
ptipady pouziti SARM (RAD 140, Ostarine, LGD4033)
a také PPARS (GWS501516).

PPAR jsou ligandem aktivované transkripcni fak-
tory, které se fadi do nuklearnich receptort. Podileji
se na metabolismu zivin a maji schopnost regulace
lipidd, glukoézy nebo cholesterolu (Wright, Bortolini,
Tadayyon, & Bopst, 2014). Dalsi funkci je také pozi-
tivni vliv na zanétlivé prostiedi. PPAR se prokazaly
jako u¢inné v 1é¢bé metabolického syndromu nebo
obezity (d’Angelo et al., 2019). PPAR je vice druht,

Petr Schlegel

jako zakazana latka byl u crossfiterti detekovan PPARS
s obchodnimi nazvy GW501516, GW1516, Cardarine,
GSK-516, endurobol.

V Tabulce 2 jsou uvedeny studie, které se zabyvaly
pusobenim GW501516. Lze se setkat i s jinymi ob-
chodnimi nazvy, jedna se vsak o stejnou t¢innou latku.
Vétsina studii byla realizovana na mysich, dale se také
jednalo o vyzkumy in vitro (Kino, Rice, & Chrousos,
2007; Smith, Coleman, Thompson, & Vanden Heuvel,
2016). Pouze tti studie sledovaly u¢inky na lidském
vzorku (Sprecher et al., 2007; Risérus et al., 2008;
Olson, Pearce, Jones, & Sprecher, 2012).

GW501516 se zda byt ucinnym prostiedkem
ve zvySeni oxidace mastnych kyselin (Nagasawa et al.,
2006; Chen et al., 2015), transportu glukézy ve svalech
(Chen, Wang, Liu, Long, & Li, 2008). Tyto zmény pfi-
spivaji ke zvyseni fyzického (bézeckého) vytrvalost-
niho vykonu (Wang et al., 2004; Zizola et al., 2015,
Fan et al., 2017). Doslo také ke zlepSeni lipidového
spektra, konkrétné snizeni hladiny LDL cholesterolu
(Sprecher et al., 2007; Risérus et al., 2008; Olson et al.,
(Nagasawa et al., 2006; Kino et al., 2007).

Vliv na nadorova onemocnéni neni jednotny, pro-
kazaly se protichidné efekty (Yin et al., 2005; Yuan
et al., 2013, Smith et al., 2016). Zavéry se vsak kloni
k bezpecnosti z pohledu karcinogenity. Vedlejsimi u¢in-
ky pti dlouhodobém uzivani mohou byt kardiologic-
ké komplikace nebo zhorSeni kostni resorpce (Wright
etal., 2014).

SARM je druh ligandniho androgenniho receptoru,
jehoz funkce je v ptisobeni podobné jako v ptipad¢ ste-
roidnich hormont. Na jejich vyvoji se pracuje od 90. let
minulého stoleti a pfedstavuji moznost nahrazeni ste-
roidnich hormont v terapii (Naafs, 2018). Zaroven je
zde potencial ve snizeni vedlejsich u¢inkd, které sebou
tento druh 1écby pfinasi.

Vybrané SARM, které byly zjistény pfi pozitivnich
testech u crossfiterti jsou zobrazeny v Tabulce 3. Pfi-
pojeny jsou i dalsi obchodni nazvy, pod kterymi jsou
prodavany. Vyzkumnym souborem byly vétSinou mysi
vzorky a kromé Basaria et al. (2013) se jednalo o spe-
cifické vekové nebo zdravotni skupiny. Velmi ¢astym
vystupem je narist svalové hmoty (napt. Dobs et al,
2013; Miller et al., 2011; Ponnusamy, Sullivan, Thiy-
agarajan, Tillmann, Getzenberg, & Narayanan, 2017),
efekt byl v n€kolika pripadech srovnatelny s G¢inkem
dihydrotestosteronu (Dubois et al., 2015; Simitsidellis
etal., 2019). Dalsimi souvisejicimi efekty jsou zvySeni
svalové sily nebo zlepseni ve funk¢nich testech (Zil-
bermint & Dobs, 2009). Pozitivni efekt na zvyseni sily
potvrzuji Liva et al. (2020).

Obecné nejsou konstatovany androgenni efekty
jako u anabolickych steroidt (Solomon et al., 2018).
U RAD140 a Ostarinu je potencial v nizkém pisobeni
na prostatu (Jayaraman et al., 2014; Zilbermint & Dobs,
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Tabulka 1 Pozitivni dopingové ndlezy u crossfitovych atletii (CrossFit®, LLC, 2020)

rok M/F substance kategorie zakaz Cinnosti (roky) divize
M Methylhexanamin stimulancia anulace vysledkl I
M Methylhexanamin stimulancia anulace vysledka 1

e

‘

—_

stimulancia
anabolické androgenni steroidy

B-methylphenethylamin
Metandienon

S

NS}
—

Anastrozol, Letrozol,

M 19-norandrosteron anabolické androgenni steroidy 2 !

F Oxandrolon anabolické androgenni steroidy 2 1

M Ostarine ostatni anabolické latky (SARM) 1 1

M odmitnuti 1 1
2066

M Trenbolon anabolické androgenni steroidy 4 I

F Oxandrolon anabolické androgenni steroidy 2 1

M Anastrozol selektivni moduldtory estrogenovych receptorit 2 I

F Klomifen selektivni modulatory estrogenovych receptort 1 1

M nespecifikované anabolikum anabolické androgenni steroidy 2 I
207

M Klomifen selektivni modulatory estrogenovych receptort 2 1

M Ostarin ostatni anabolické latky (SARM) 2 I

M Methylhexaneamin stimulants 2 I

M Klomifen selektivni modulatory estrogenovych receptori 4 1

F Klenbuterol anabolické androgenni steroidy 4 I

M Klomifen selektivni modulatory estrogenovych receptora 4 1

M Elen'buter(.)l, modafinil, anabolické androgenni steroidy, stimulancia 4 I

zvySend hladina testosteronu
M Tamoxifen selektivni modulatory estrogenovych receptort 4 1
ostatni anabolické latky (SARM),

M RAD 140, GW301516 metabolické modulzitor}; (PPARGY) 4 !

M Anastrozol selektivni modulatory estrogenovych receptori 4 1

M Ostarine and RAD 140 ostatni anabolické latky (SARM) 4 1
208

F Klomifen, meldonium, selektivni modulatory estrogenovych receptort, 4 I

drostanolon anabolické androgenni steroidy
Epimentendiol, Ipethandlenon, selektivni modulatory estrogenovych receptorti,
F oxandrolon, epioxandrolon, L. , . . . 4 1
. anabolické androgenni steroidy, stimulancia
methanol, letrozol, amphetamin
M LGD4033 ostatni anabolické latky (SARM) 4 T
F GW1516 metabolické modulatory (PPARS) 4 135-39
. metabolické modulatory (PPARS),

M ERVRIEI, Crine ostatni anabolické létlg ESARM; . lat=

F Ibutamoren peptidové hoemony a jejich uvoliiovaci faktory 4 I

M Klomifen selektivni modulatory estrogenovych receptortt 4 T

F Ostarine ostatni anabolické latky (SARM) 4 T

B Higenamine beta-2 agonisté 4 T

F Stanozolol anabolické androgenni steroidy 4 T

M Exogenni testosterone anabolické androgenni steroidy 4 I

F GWS501516, turinabol metabolické modulétor}f (PPARS), anabolické 4 I

androgenni steroidy

F Stanozolol anabolické androgenni steroidy 4 T

M GW501516 metabolické modulatory (PPARS) 4 I

B Oxandrolon anabolické androgenni steroidy 4 I

F 1,3-dimethylbutylamin stimulancia 4 I

M GW501516 metabolické modulatory (PPARS) 4 I

F Stanozolol anabolické androgenni steroidy 4 I

M Epimentendiol, methandienone, anabolické androgenni steroidy, 4 1

ostarine, LGD4033

selektivni modulatory estrogenovych receptort,

ostatni anabolické latky (SARM)
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rok M/F substance kategorie zakaz €innosti (roky) divize
. metabolické modulatory (PPARS),
F GW301516, ostarine ostatni anabolické léﬂg ESARM; 4 !
M Tamoxifen, choriogonadotropin selek.tivnir modulétory ¢ s't'rogenovv}'/ch recep tord, 4 1
peptidové hormony a jejich uvoliovaci faktory
M GW501516 metabolické modulatory (PPARS) 4 I
F Oral turinabol anabolické androgenni steroidy 4 1
F GW501516 metabolické modulatory (PPARS) 4 155-59
M Oral turinabol anabolické androgenni steroidy 4 I
M Stanozolol anabolické androgenni steroidy 4 I
F Klenbuterol anabolické androgenni steroidy 4 1
M Ostarin, RAD-140 ostatni anabolické latky (SARM) 4 1
M Stanozolol anabolické androgenni steroidy 4 1
M Exogenni testosteron anabolické androgenni steroidy 4 155-59
M Exogenni testosteron anabolické androgenni steroidy 4 160+
M GW501516 metabolické modulatory (PPARS) 4 14044
F Stanozolol anabolické androgenni steroidy 4 155-59

Pozndamka: M —muz; F — zena; I — individualni; T — tymy

2009), coz byva problematické u testosteronové tera-
pie. Dalsim spole¢nym znakem je snizeni tukové hmoty
(Miller et al., 2010), Basaria et al. (2013) a Zilbermint
a Dobs (2009) vsak konstatuji také snizeni HDL cho-
lesterolu. Negativni zmény v lipidovém spektru jsou
konstatovany Daltonem et al. (2011).

U Ostarinu (Dalton et al., 2011; Zilbermint & Dobs;
2009) se prokazal ucinek zlepseni inzulinové rezisten-
ce. V nékterych ptipadech byly popsany vedlejsi ucinky
jako suprese testosteronu (Basaria et al., 2013), nauzea,
unava, prijem (Zilbermint & Dobs, 2009) U vybranych
SARM lze shledat podobné efekty, které 1ze srovnavat
s ucinky testosteronu.

Z vybranych SARM je nejlépe zdokumentovany
Ostarin, zde bylo provedeno vice vyzkumi (Crawford
et al., 2016; Dobs et al., 2013; Zilbermint & Dobs,
2009). A¢koliv 1ze ocekavat podobné pisobeni jed-
notlivych SARM na lidsky organismus, nejedna se
o shodné latky, proto nelze jejich ucinky automaticky
sdruzovat.

Diskuse

Vykony v CrossFitu® jsou zavislé na vysoké trov-
ni nejen silovych, ale také vytrvalostnich schopnosti
(Schlegel et al., 2020). Jak ukazuji dopingové nale-
zy (Tabulka 1), jsou pro tyto Gcely zneuzivany také
SARM i PPARS. Lze predpokladat, ze profesionalni at-
leti pfedstavuji jen $picku ledovce a pfevazné mnozstvi
uzivatelll se nachazi v fadach amatéra (de Hon et al.,
2015). Celkové je k dispozici velmi malo informaci
o dopovani v CrossFitu® (Mulrooney & van de Ven,
2019). Testovani je zalezitosti zavodi organizovanych
CrossFit®, LLC (CrossFit® Games, Sanctionals), ostatni
lokalni i mezinarodni zavody funguji nezavisle a tes-
tovani je na rozhodnuti pofadatele. Bohuzel vzhledem
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k nakladnosti a absenci systémového piistupu k za-
kazanym latkam, resp. trestiim, kontroly standardné
neprobihaji. Kritika se snasi na neprithlednost testova-
ni — je realizovano pouze béhem zavodu, nejsou zna-
my celkové pocty testll, vybér konkrétnich atletd nebo
narodnosti atd.

PPARS se ukazuji jako velmi u¢inné ve schopnos-
ti 1épe vyuzivat lipidy jako zdroj pro svalovou praci
(Fan et al., 2017). Je také pravdépodobné, ze zde bude
efektivnéjsi vyuziti aerobni glykolyzy. Tyto efekty ve-
dou ke zvySeni vytrvalostniho vykonu (d’Angelo et al.,
2019; Wang et al., 2004). CrossFit® je pfiznacny pest-
rou délkou i povahou crossfitového vykonu, ktery byva
relativné kratky (do 20 minut) a ma vysokou intenzitu
(na zakladé tepové frekvence, laktatu nebo RPE — skala
vnimané intenzity) (Feito et al., 2018). Dalsim znakem
vykonnostnich atlett je nizké procento podkozniho
tuku, i tento aspekt miize byt dobfe ovlivnén uzivanim
GWS501516.

Z pohledu zdravotnich rizik se zda, ze PPARS pred-
stavuji relativné bezpecny 1ék pro pacienty s diabetem
II. typu nebo metabolickym syndromem (d’Angelo
et al., 2019). Akutni absence vedlejsich efekti je dob-
rou zpravou pro pacienty, bohuzel zvysuje riziko jejich
zneuzivani sportovci. Je dilezité zdlraznit, ze obvykle
se jednalo v uvedenych studiich o kratkodobé vyzkumy
se specifickym vzorkem (kromé Sprecher et al., 2007),
které navic nesledovali soubor po ukonceni intervence.
U sportovcei se lze setkat nejen s naduzivanim v po-
dob¢ mnozstvi, ale také s prodlouzenim doby uziva-
ni (Vanberg & Atar, 2010). Je ziejmé, ze po vysazeni
GW501516 dojde ke zpomaleni metabolismu tukd, coz
muze vést k rychlejsimu nabirani hmotnosti, retenci
vody, zvySeni inavy, snizeni vykonnosti. Tyto nasledky
se mohou také pfenést do body image a ovlivnit i psy-
chické aspekty uzivatele.
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Tabulka 2 Vyzkumy sledujici ucinky GW501516
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Délka
Studie VyzKumny soubor Hlavni zavér
(dny) Yy Yy y
Wang et al. (2004) 77  mysi zvyseny pocet svalovych vlaken typu I, pozitivni vliv na tna-
vu, vytrvalost, bézeckou kapacitu
Yin et al. (2005) 140 mysi s karcinomem prsu zrychlena tvorba nadoru
Nagasawa et al. 35  mysi, dieta s deficitem zlepSeni jaterni steatozy pomoci beta-oxidace mastnych kyse-
(2006) methioninu a cholinu lin; protizanétliva funkce
Chen et al. (2008) 14 mysi s metabolickym zvyseni oxidace mastnych kyselin ve svalech, tukové tkani
syndromem a jatrech; zlepSeni transportu glukozy ve svalu a tukové tkani;
snizena lokalni syntéza glukokortikoid
Pollock et al. (2010) 56  mysi s karcinomem zaludku rychly rozvoj metastatickych nadorti zaludku
Alvarez-Guardia 21 mysi, vysokotukova dieta  zlepSeni zanétlivych merkert
etal. (2011)
Yuan et al. (2013) 140  mysi s karcinomem prsu snizena latence nadoru
Guetal. (2014) 28  mysi po fototerapeutické inhibice reepitelizace, podpora angiogeneze, aktivace a pro-
keratektomii liferace keratocytt
Chen et al. (2015) 21 mysi zvyseni bézeckého vykonu; zvySeni hladiny klicovych meta-
bolitt a enzym pii oxidaci mastnych kyselin; zvyseni hladiny
mastnych kyselin v séru
Zizola et al. (2015) 56  mysi s ventrikularni zlepSena bézecka vytrvalost, ochranny u¢inek proti poklesu
dysfunkci mastnych kyselin vyvolany cytokiny
Fan et al. (2017) 28  mysi zvySené vyuziti mastnych kyselin (optori glykogenu); zvyseni
bézecké vytrvalosti; zadné zmény ve svalovych vlaknech nebo
mnozstvi mitochondrii
Kino et al. (2007) buiiky lidského hepatomu  potlaceni systémovych zanétlivych reakci
HepG2 (in vitro)
Sprecher et al. (2007) 24 14 zdravi muzi zvyseni hladiny HDL (low-density lipoprotein) cholesterolu,
snizeni triglycerida
Risérus et al. (2008) 18 14 stfedné obézni muzi snizeni hladiny triglyceridia, LDL (low-density lipoprotein)
cholesterolu, alipoproteinu B, inzulinu a jaterniho tuku
Smith et al. (2012) bunky alergickych subjekti zmirnéni eozinofilie
(in vitro)
Olson et al. (2012) 37 84  muzis vysokym HDL snizeni hladiny LDL cholesterolu, triglyceridi, volnych mast-
cholesterolem nych kyselin; zvySeni hladiny HDL cholesterolu, apolipopro-
teinu Al
Coleman et al. (2013) bunky rakoviny pankreatu  regulace invaze bun¢k rakoviny pankreatu
(in vitro)

Smith et al. (2016)
(in vitro)

buiky rakoviny pankreatu

suprese prozanétlivé exprese v THP-1 makrofazich, snizeni
invazivity pfes bazalni membranu

Pozndmka: Tabulka rozdélena podle vyzkumného souboru, v horni poloving jsou uvedeny studie pouzivajici mysi vzorek.

Pouzivani latek zvysujici svalovou silu, nartst sva-
lové hmoty nebo zlepseni regenerace je velmi rozsi-
fené. Tyto vlastnosti maji anabolické steroidy, které
se staly synonymem dopingu (Alquraini & Auchus,
2018; Sagoe et al., 2014). Jak se ukazuje, SARM do-
kazi pusobit velmi podobné a v kratkodobém métitku
jsou srovnatelné s externé dodavanym testosteronem
(Basaria et al, 2013). Problémem SARM se stava jejich
dobra dostupnost (pomoci e-shoptt), oralni podani (neni
nutnd injekeni aplikace) a také relativné nizké vedlej-
81 efekty (v porovnani s jinymi steroidnimi latkami)
(Miklos, 2018). Jedna se vsak o ¢erny trh, kde se nelze
spoléhat na kvalitu produktu. Podle zjisténi témer 50%
produktli neobsahovalo uvadéné mnozstvi ucinné latky

107

nebo obsahovalo latku jinou (van Wagoner et al, 2017).
Timto se takovy produkt stava jesté nebezpecnéjsim.

Jednim ze zasadnich rizik u SARM je nedostatek
validnich studii a podklada pro jejich pouzivani (Ta-
bulka 2). Napt. u RAD140 neni k dispozici ani jedna
studie na lidském vzorku, u LGD4033 existuje pouze
jedna publikovana studie (Basaria et al., 2013). Na za-
kladé¢ takovych podkladi nelze konstatovat odpovida-
jici zavery o zdravotnich rizicich. Basaria et al. (2013)
a Dalton et al. (2011) konstatuji zfejmy vliv na hor-
monalni spektrum, které sebou jisté ponese negativni
konsekvence po ukonéeni terapie. Bohuzel takova data
nejsou k dispozici.
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Tabulka 3 Prehled vyzkumai sledujici vybrané SARM

Petr Schlegel

Délka

SARM Studie N
(dny)

Vyzkumny soubor

Hlavni zavéry

Basaria et al. 76 21
(2013)

zdravi muzi (21-50)

zvyseni svalové hmoty; suprese celkového testo-
steronu, sexualni hormon vazajici globulin, HDL
cholesterolu

Miller et al. mys$i zvySeni svalové hmoty; snizeni lipidt; hladina ami-
(2010) notransferaz beze zmény
Jayaraman et al. 14 mysi stejnd efektivita jako testosterone ve snizeni zani-
(2014) ku bunék zpisobenych apoptézou; neuroprotek-
tivni efekt; androgenni pisobeni s nizkym vlivem
na prostatu
Yu et al. mysi s rakovinou prsu aktivace androgennich receptort; inhibice ristu
(2017) rakoviny prsu
Zilbermint & Dobs 71 14 seniofi, zdravi muzi pozitivni zmény na svalech; bez negativnich efekt
(2009) (18-45) na prostatu a kizi
Dalton et al. 120 84  muzi >60, zvyseni svalové hmoty; zlepSeni fyzickych funkci
(2011) postmenopauzalni zeny a inzulinové resistence, snizeni HDL i LDL chole-
sterolu, suprese testosteronu
Dobs et al. 159 113 muzi >45, zvyseni svalové hmoty; bez toxického efektu
(2013) postmenopauzalni zeny
s rakovinou
Kim et al. mysi rychla a uplna absorpce; vysoka oralni biologicka
(2013) dostupnost; Siroka tkanova distribuce; mirna plaz-

Dubois et al.

mysi bez androgenniho

maticka clearance

efektivni jako dihydrotestosterone v nartistu svalo-

(2015) receptoru vé hmoty (levator ani)

Crawford et al. 321 86  muzi, zeny s rakovinou zvyseni svalové hmoty; zlepSeni fyzickych funkci
(2016) plic

Ponnusamy et al. postmenopauzalni mysi restorace pelvického svalsta; zvySeni svalové hmo-
(2016) ty

Hoffmann et al. 35  mysi s odstranénymi zvySeni kostni denzity; zvySeni hmotnosti délohy

(2018) vajecniky

Simitsidellis et al. 7 mysi s odstranénymi zvyseni velikosti a hmosti délohy; identicky efekt
(2019) vajecniky jako dihydrotestosteron

Liva et al. 14 mysi s rakovinou (v kombinaci s inhibitorem AR-42), zvySeni hmot-
(2020) nosti, svalové hmoty zadnich koncetin, sily uchopu
Komrakova et al. 35 mysi s odstranénymi zvy$eni hmotnosti m. gastrocnemius; zvySeni hmot-
(2020) vajecniky, po osteotomii nosti délohy; snizeni hladiny cholesterolu; pozitivni

metafyzy tibie

efekt na hojeni kosti

U zadné studie nebyl vzorek podrobné sledovan
po ukonéeni intervence. Zména lipidového spektra,
ktera je typicka u pisobeni anabolickych steroidi, se
vraci do ptivodniho stavu v fadu mésictl (v zavislos-
ti na dobé terapie). Podobné je to s navratem hladiny
testosteronu (Bhasin et al. 1996; Velho et al., 2017).
Tyto zmény poté zpusobuji lavinovy efekt v ovlivnéni
dalsich organovych soustav, behavioralnich aspektu,
kvality zivota atd. (Kanayama et al., 2008). Ackoliv pro
to neni opora ve vyzkumu, lze se domnivat, ze takové
konsekvence 1ze ocekavat i pii pouzivani SARM.

Nejen vykon, ale i vzhled byva diivodem k pouzi-
vani zakazanych latek. I proto se objevuje oznaceni

PIED (performance and image enhancing drugs) (Pia-
centino et al., 2017). SARM i GW501516 maji vyraz-
ny potencial ve zméné télesného slozeni, siluety téla,
snizeni podkozniho tuku, hypertrofie svalii. I proto se
stavaji cilem Sirokého spektra sportovcl a jsou pak
pouzivany v navaznosti na ro¢ni obdobi. U obou latek
je vsak po vysazeni téméf jist¢ nasledek ve zhorseni
vSech zminénych parametri. Konsekvence je pak moz-
né konstatovat ve zhorSeni body image a diky tomu
v mozné recidive.

Zneuzivani SARM a PPARS neni zalezitosti jen
CrossFitu®, ale objevuje se i v jinych sportovnich dis-
ciplinach. V roce 2017 bylo prostfednictvim WADA
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pozitivné testovano 57 sportovet na SARM (Kintz,
Ameline, Gheddar, & Raul, 2019). Zminéné ¢islo vSak
pravdépodobné piedstavuje vrcholek ledovee. Dulezité
je zdiraznit, Ze dominantné jsou tyto latky pouzivany
amatérskymi sportovci, ktefi nepodl¢haji zadnym kon-
trolam (van Wagoner et al., 2017). Podle antidopingo-
vého vyboru CR byl zaznamenam jeden piipad zneuziti
GW501516, u SARM Zzadny. Na zaklad¢ dostupnych
informaci lze jen spekulovat o rozsifeni u ¢eské spor-
tujici populace, nejsou k dispozici zadné validni tdaje.
Velmi snadné dostupnost a podpora nékterymi influ-
encery vSak nasvéd¢uje nemalému zneuzivani téchto
latek.

Zavér

CrossFit® je nova moderni disciplina, ktera pfitahuje
pozornost mladych lidi a vyznacuje se vysokou urovni
silovych i vytrvalostnich vykonti. Na profesionalnich
atletech se ukazuje, ze je zde zména ve zneuzivani za-
kazanych latek. Mezi tyto latky patii SARM a PPARS,
které byly ptivodné vytvareny pro 1ékaiské ucely. Diky
ucinnosti, snadné dostupnosti a relativné malym akutni
vedlejsim efektim se staly rozsifenymi. Bohuzel tyto
okolnosti nahravaji i zneuzivani pro dopingové tcely
mezi profesionaly i amatéry a predstavuji tak zvysené
nebezpecdi. Je zapotiebi zduraznit, Ze oba produkty ne-
byly zamysleny pro sportujici populaci, a tedy nebyly
ani takovym zpusobem testovany. SARM navic zatim
nebyly schvaleny jako 1€k, jejich pouzivani je pouze
pro védecké nebo klinické Gcely a celkové chybi do-
statek informaci pro jejich pouziti.

Kromeé etického hlediska jsou zde Cetna zdravotni
rizika, kterd by méla byt zduraziovana a méla by se
stat soucasti edukace sportovni obce. U SARM se jedna
predevsim o supresi testosteronu, snizeni HDL i LDL
cholesterolu a naruseni vnitini homeostazy, ktera vyza-
duje dlouhodoby navrat k ptivodnim hodnotam. PPARS
mohou zpusobit kardiologické komplikace nebo zhor-
Sit kostni resorpci. Zptsobuji také nestandardni zmény
v povaze a rychlosti metabolismu.
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A new trend in use of performance enhancing drugs in CrossFit®

Background: The issue of doping also concerns CrossFit®, which represents a young progressive sports discipline.
CrossFit® performance requires a high level of strength and endurance skills, which are also in various combinations.
Another attribute is the high intensity associated with high demands on subsequent regeneration. As it turns out, these
aspects are well influenced by banned substances. Objective: In recent years, has not only the number of positively
tested athletes increased, but also the newly used substances SARM (selective androgen receptor modulator) and
PPARS (peroxisome proliferator-activated receptors) have appeared. These are enhancing drugs that are very well
available and thus pose an increased risk. Methods: A list of athletes with a doping finding was compiled from of-
ficial reports. A literature review was performed on selected SARMs and PPARS related to the topic. Scopus, Web
of Science, PubMed, Google scholar databases were used for searching. Results: PPARS has been shown to be an
effective drug for patients with diabetes II. type or metabolic syndrome. They have a function in increasing the oxi-
dation of fatty acids, the transport of glucose in muscle. They also contribute to improving endurance performance.
Potential side effects are mild but affect the skeletal and circulatory system. SARMs are a substitution for anabolic
steroids. Their comparable effectiveness is proven. Their side effects are probably milder, but there is a noticeable
effect on the change in the lipid or hormonal spectrum. Very little valid information and studies are available for
SARM. Conclusions: A sample of professional athletes shows that doping is a topical issue in CrossFit®. SARM and
PPARS are popular with users due to their efficacy, availability, and relatively low acute side effects. Both substances
carry health risks, and in many respects, their long-term adverse effects are not known. In this regard, it is important
to continue educating the sports community and drawing attention to new trends in doping.

Keywords: doping, performance enhancing drugs, PPAR, SARM, strength, endurance
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4 CROSSFIT VE VYUCE SKOLNI TELESNE
VYCHOVY

Soucasti prace lidi ovliviiyjicich napln a pojeti hodin télesné
vychovy je mimo jiné hledani zptlisobi, jak rozvijet a kulti-
vovat télesnou zdatnost. Historicky je kladen na tuto slozku
daraz a jeji kvalita je spojovéana s celkovym zdravim jedin-
ce. Existuje mnoho forem cviceni na ovlivnéni komponent
zdatnosti a ucitelé mohou cCerpat z Siroké Skaly. Vzhledem
k casové dotaci je dllezité vybirat efektivni prostfedky, kte-
ré by mohly mit potencidl méfiteln€ dané slozky ovlivnit.
PredevS§im oblast fitness disponuje riznymi druhy cviceni
a pomitickami, které mohou byt vyuzity s cilem rozvoje si-
lovych nebo vytrvalostnich schopnosti. Kromé efektivity je
dualezité aplikovat i aktivity s vy$§im faktorem zabavy, coz
plati pfedevSim na zakladni Skole. Proto nebyvaji idealni
pohybové aktivity jako vytrvalostni béh (dlouhy, kontinual-
ni) nebo tradi¢ni kulturisticky trénink (cviceni podle svalo-
vych partii pro 6-15 opakovani s odpoCinkem mezi sériemi
2-3 minuty) (Faigenbaum et al., 2009). Tyto aktivity pticha-
zeji do obliby v pozd¢jsim véku, nékdy az v dospélosti. Pro
déti jsou vhodnéjsi intermitentni zatizeni nebo krat$i doba
prace a také aktivita, pfi niz mohou spontanné ovlivnit jeji
intenzitu.

Dal$im podstatnym faktorem vyuky je pfeddvani spravnych
navyki spojenych se cvi¢enim, které zahrnuje také pouzivani
zakladnich pohybovych vzorh (dychani, chiize, béh, skok, le-
zeni apod.) a implementaci zékladnich cvik do pohybového
rezimu. Orientace prave na tyto cviky by méla byt pro cviceni
zakladem (Sibley, 2013).

Casto pouzivanou formou pro rozvoj kondi¢nich schopnosti
je kruhovy provoz (cviceni na stanovistich), kdy je pouzito
zhruba 6—12 stanovist’ s jednotlivymi cviky. Mezi nimi pak
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zaci rotuji, vetSinou podle Casovych intervalli (Braaksma,
2017). V mnoha ohledech je vSak tento zplisob neefektivni.
Je Casove narocny na piipravu/uklid, vysvétleni/ukazku vsech
cvikl a jejich zapamatovani (je nezbytné stanovisté popsat).
Béhem cvic¢eni musi ucitel kontrolovat najednou vSechna sta-
noviste, pri¢emz na kazdém je provaden jiny cvik. Organiza-
ce je monotonni a obvykle stejnd nebo velmi podobna. Je zde
maly prostor pro rozvoj technické stranky.

CrossFit predstavuje samostatnou moznost, jak pracovat
s kondi¢nim cvi¢enim, vybérem a kombinaci cvikli a také
s jejich organizaci. Zakladnim principem je aplikace kom-
plexnich cvikli, kdy je vénovan dostate¢ny prostor jejich
osvojeni. Zde je ucelem pracovat s vlastnim télem, s externi
zatézi a také rozvijet funkci energetickych systému ¢i aktiv-
niho kloubniho rozsahu. Obecné se pracuje s menSim po-
¢tem cviki, kter¢ si_Zaci snadnéji zapamatuji, coz urychli
i celkovou pfipravu. Zaci ve WOD plni stejny kondi¢ni tikol,
ktery lze individudlné pfizptisobit, a to i v jeho prubehu. Nejen
pro zvyseni atraktivity lze cviit tymové, to se pak pridavaji
benefity v podobé vymysleni taktiky, komunikace mezi zaky,
vzajemného povzbuzovani apod. I pfesto je nutné pocitat s tim,
ze obecné budou tyto aktivity pravdépodobné méné ocenova-
ny nez jiné, obsahujici herni prvky (Martinéz & Goméz, 2015).

Crossfitové programy zamétfené na teenagery jsou vhodnymi
a bezpe¢nymi pohybovymi aktivitami (Gibson et al., 2018).
Jejich potencial je nejen v rozvoji motorickych schopnosti,
ale také v ziskani dobrého vztahu ke CrossFitu, ktery pred-
stavuje samostatnou subkulturu a sportovni disciplinu s oso-
bitymi znaky. Na podobném vékovém vzorku byl potvrzen
rozvoj aerobni kapacity po osmitydenni intervenci, ktera pro-
béhla misto t&lesné vychovy (Borras et al., 2017). Uéinnost
CrossFitu ve Skolnim programu potvrdil také australsky vy-
zkumny soubor (Eather et al., 2016), kde doslo ke zlepSeni
sily, vytrvalosti 1 flexibility. Pouziti podobného vyzkumu na
¢eském vzorku neni autorovi znamo.
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Byl proveden vyzkum, jehoZ cilem bylo ovéfit funkénost
crossfitového programu na zakladni Skole a zjistit, zda zvole-
na intervence ovlivni vybrané slozky télesné zdatnosti.

Vyzkumny soubor tvofily déti ze zdkladni Skoly v Hradci
Kralové. Jednalo se o zéky 8. a 9. tiidy s celkovym poctem
118 (67 divek, 51 chlapct). Vzorek byl rozdélen na skupinu
experimentalni (n = 52) a kontrolni (n = 66). VEk se pohy-
boval v rozmezi 12—-14 let. Jednalo se o béZné tfidy bez speci-
fického zaméteni, s dotaci dvou hodin télesné vychovy tydné
(2x 45 minut). Zéci, ktefi méli 2 a vice absenci nebo neméli
kompletni vysledky z obou testovani, byli z hodnoceni vytazeni.

Testova baterie

Cilem pro vybér testli bylo komplexni zhodnoceni télesné
zdatnosti. Vychozim bodem byla testova baterie Fitnessgram,
ktera byla doplnéna o prvky hodnotici silu dolnich koncetin
a vybusnou silu:

* hod medicinbalem (3 kg) — ze stoje tr¢enim obouru¢ od
hrudniku,

» trojskok — z mista opakované skoky snozmo do dalky,

* vydrz ve shybu — zacatek nasko¢enim/vysazenim na hrazdu,
uchop podhmatem,

* opakovan¢é kliky — maximalni pocet klikii (loket do 90°)
v jedné nepteruSené sérii,

* sit and reach — v sedu prava (leva) skrémo, piedpazit, pro-
vést hluboky ohnuty ptedklon,

» Léger test — stupiiovany ¢lunkovy béh (20m usek) na signal.

115

115



Byl ptipraven 10tydenni program, ktery byl implementovan
do hodin experimentalni skupiny. Do kazdé hodiny télesné
vychovy byla zafazena ¢ast (zhruba 20 minut) zaméiena
na CrossFit. Obsah byl pfizptisoben véku a zdatnosti zaki.
Vzdy bylo provedeno specifické rozcviceni a probehla tech-
nicka piiprava (zhruba 10—15 minut) podléhajici ndslednému
WOD. Cvic¢eni WOD se skladalo ze zakladnich cvikl a kvii-
li leps§i organizaci bylo pojiméano stylem AMRAP v rozmezi
6—10 minut. Pro zvySeni motivace a zabavnosti se WOD cvi-
¢ilo také ve dvojicich nebo v trojicich. V priabéhu intervence
byly zahrnuty vSechny tfi pilife CrossFitu a soucasné¢ bylo
zapojeno cvi€eni s vlastnim télem, s externi z4téZi a kardio.
K dispozici byly standardni podminky pro télesnou vychovu.
Trénink WOD a népln programu byly zvoleny tak, aby byly
snadno realizovatelné s béZnymi pomickami. Pro cviceni
s externi zatézi byly vyuzity medicinbaly. Kontrolni skupina
absolvovala klasickou télesnou vychovu podle tamniho $kol-
niho vzdélavaciho programu, ktery nebyl v dany cas nijak
specificky zaméten (napt. na vybranou sportovni hru, rozvoj
urcitych motorickych schopnosti apod.).

Obrdzek 39. Priibéh intervence

1. tyden 2.-11. tyden 12. tyden
Pretest CrossFit v hodinach TV, 2x tydné Posttest
n=118 n=106
’
Vysledky

Zobrazené hodnoty pracuji s primérnymi vysledky v danych
testech. Vykony mély velké individudlni odchylky a zaroven
mnozi probandi vykazovali nepfedpokladané chovani v ram-
ci testovani.
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Tabulka 11. Priimérné hodnoty testi pred a po intervenci

Béh
Klik  Shyb (VO, Skok Hod SaRP SaRL
(op) () max) (cm) (cm) (cm) (cm)

experimen-

talni pre 144 263 31,9 537 539 245 234
post 16 31,6 32,5 556 597 24,7 249
% 11 20 2 4,4 12

kontrolni pre 13,8 28,5 31 536 506 254 249
post 158 33,7 33,6 556 529 252 251
% 15 18 8 3,7 4,5

Legenda: SaR — sit and reach test pravd/levd; VO,max — ml/kg-/min-1

Tabulka 11 uvadi konkrétni primérné vysledky testd. U Lé-
ger testu byl vykon pfepocten na VO max.

Dale je uvedeno procentudlni zlepSeni mezi pre- a posttestem.
Zde bylo nejvetsi zlepSeni v testech Opakované kliky, Vydrz
ve shybu a Hod medicinbalem (viz obrazky 40-42). Naopak
nejmensi progres byl zaznamenan u Sit and reach testu, kde
byly zmény témét nulové, a proto nejsou presné vycisleny.
V Zadném z testl nedoslo ke zhorSeni.
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Obrdzek 40. Graf s primérnymi vysledky v testu Opakované kliky pfed a po
intervenci

PRE _Klik
POST _kiik

5

Experimental Group

Experimentalni skupina=0; Kontrolni skupina=1

Control Group

Obrdzek 41. Graf s primérnymi vysledky v testu VydrZ ve shybu pred a po intervenci

M PRE_shyb
B POST _shyb

40,00

Experimental Group Control Group
Experimentalni skupina=0; Kontrolni skupina=1
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Obrdzek 42. Graf s prdmérnymi vysledky v testu Hod medicinbalem pfed a po intervenci

PRE_hod
POST_hod

650+

Experimental Group Control Group
Experimentalni skupina=0; Kontrolni skupina=1

Obrdzek 43. Graf s primérnymi vysledky v testu Trojskok pred a po intervenci

B PRE _skok
BPOST_skok

Mean

Experimental Group Control Group
Experimentalni skupina=0: Kontrolni skupina=1
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Obrdzek 44. Graf s primérnymi vysledky v testu Sit and reach pfed a po intervenci

284

Mean

Experimental Group

Control Group

Experimentalni skupina=0: Kontrolni skupina=1

] PRE_sitreach_L
Bl POST _sitreach_L.
[C]PRE_sitreach_R
M POST _sitreach_R

Tabulky 12 a 13 prezentuji vysledky parového t-testu.
Experimentalni 1 kontrolni skupina vykéazaly shodné zavéry.
Ackoliv byla v testech zaznamenana zlepSeni, zddna z nich
nebyla statisticky vyznamna. Nicméné¢ i zde bylo vyhodnoceni
zatizeno nckterymi nestandardnimi vysledky (i kdyz byly
na individualni bazi), které mohly statistické vyhodnoceni
zkreslit.

Tabulka 12. Pdrovy t-test (experimentdlni skupina)

Paired Samples Test
Paired Differences
95% Confidence

erval of the

Std. Error Diffen

Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)

Pairt  POST_klik- PRE_klik 1,583 15114 2,181 -2,805 5972 726 47 472

Pair2 POST_shyb-PRE_shyb 529375 26,78850 3,86659 -2,48482 1307232 1,369 a7 a77

Pair3 POST_béh- PRE_béh 16667 241179 ,34811 -,53364 86698 479 47 634

Pair4 POST_skok-PRE_skok 18,958 101,211 14,608 -10,430 48347 1,208 a7 201

Pair5 POST_hod- PRE_hod 57,877 230,299 33241 -8,995 124,749 1,741 47 088

Pair6 POST_sitreach_L- 146 8,749 1,263 -2,305 2,686 115 a7 908
PRE_sitreach_L

Pair7 POST_sitreach_R- 1,479 8,272 1,194 -923 3,881 1,239 47 222
PRE_Sitreach_R
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Tabulka 13. Pdrovy t-test (kontrolni skupina)

Paired Samples Test

Paired Difference

Pair1  POST_klik - PRE_KIik 2,000 10,689 1416 -,836 4,836 1413 56 163
POST_shyb - PRE_shyb 515789 2414975 3,19871 -1,24990 11,56569 1612 56 112
Pair3 POST_béh- PRE_b&h 85298 2,43638 32271 20652 1,49944 2,643 56 011
Pair4  POST_skok- PRE_skok 19,649 83,157 11,014 -2415 41,714 1.784 56 080
F
3

Pair5 0ST_hod - PRE_hod 23,860 138,596 18,358 -12,915 60,634 1,300 56 199

Pair6 -175 8,233 1,091 -2,360 2,009 -161 873

Pair 7 175 8,264 1,005 -2,017 2,368 160 56 873

Na individualni bazi byly zaznamenany velké odchylky ve
vykonech probandi. Ackoliv se examinatofi snaZzili motivo-
vat, ne vzdy to vedlo k uspéchu. Ztrata motivace byla patrna
a v nekterych ptipadech nebylo zdaleka dosazeno limitnich
vykont — tyka se obou méfeni. I tento fakt ovlivnil vysledky
statistického vyhodnoceni. Potvrdilo se, ze prace s takovym
vékovym vzorkem je narocna na optimalni motivaci k vyso-
kym vykontim, které predpokladaji urcity stupenn odhodléni,
odolavani zvysenému fyzickému diskomfortu apod. Zaroven
bylo patrné odlisné psychické nastaveni jedincti pro vykon
¢i pohybovou aktivitu obecné. I proto bylo mozné se setkat
s ,,nepravdépodobnymi‘ vykony, kdy v nékterych piipadech
doSlo ke zhorSeni o 30 % a vice. Takovy pfistup je typicky
pro dany v€kovy soubor a v praxi s nim Ize pracovat, bohuZzel
muze znacn¢ zkreslit statistické vyhodnoceni.

Cilem vyzkumu nebyla komparace s tabulkovymi hodno-
tami, které uvadi naptiklad Fitnessgram (Tomkinson et al.,
2017, Cooper Institut, 2010). S t€émi se pracovalo v samotné
vyuce pro ziskani zpétné vazby z fyzického vykonu a piipad-
nou dalsi préci a testovani. Soubor navic obsahoval chlapce
1 divky a ob¢ skupiny jsou hodnoceny samostatné. V ram-
ci sledovani ucinku zvolené intervence je vSak Ize sloucit
(Eather et al., 2015).

Obé¢ skupiny vykazovaly podobnou tendenci v podobé mir-
ného zlepSeni. Vyjimkou byl Sit and reach test, ktery ziistal
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témef na vychozich hodnotach. Ackoliv nebylo konstatovano
statisticky vyznamné zlepSeni, z pohledu procentualniho vy-
¢isleni se jednalo u Opakovanych klikii a Vydrze ve shybu
o progres 10-20 %. Z téchto udaju Ize dojit k zdveru, ze pri-
marnim diivodem pro zlepSeni bylo pravdépodobné obecné
navySeni pohybového rezimu télesnou vychovou (Lofgren
et al., 2013). Vyzkum zacal v zafi a vzhledem k adherenci
déti tohoto veku k pohybové aktivité lze predpokladat, ze
v letnich mésicich tuto aktivitu provozovaly v niz§im objemu
1 intenzité.

Ackoliv mtze byt 10 tydnti pohybové intervence dostatec-
nym impulsem pro rozvoj motorickych schopnosti (Braaks-
ma et al., 2018; Behm et al., 2017), z uvedenych vysledkt
to v tomto pfipade nelze potvrdit. Dilezité je zminit, Ze jiné
programy (Dobbins et al., 2009; Radnor et al., 2017) praco-
valy s umélymi podminkami, kdy se vé€novali rozvoji danych
schopnosti cilené a zaroven s vétsi casovou dotaci. Napiiklad
studie Eather et al. (2016) prokazala G¢innost crossfitového
programu, nicmén¢ v podob¢ 2x 60 minut tydn¢, navic s po-
uzitim odlisnych podminek v podobé¢ ¢inek, kettlebella apod.
Podobn¢ také u Borrase et al. (2017) u teenagert 16—18 let —
zde se prokazal efekt na rozvoj aerobni zdatnosti (Léger test),
ackoliv intervence probéhla v podobé kruhovych trénink,
které nejsou totozné se samotnym CrossFitem.

V tomto vyzkumu bylo cilem nastavit redlné podminky béz-
né Skolni vyuky. V t€ neni optimalni, aby po zminénou dobu
probihala jen specifickd (silové-kondi¢ni) cviceni na rozvoj
sily, vytrvalosti atd. Ve vyuce je nutné zohlednit i dalsi as-
hledu preferenci zakl a udrzi celkovou motivaci. V hodinach
télesné vychovy bylo CrossFitu vénovano 20-25 minut, kte-
ré zahrnovaly i pfipravu nebo uklid. Dilezité je zminit, Ze
aktivita byla pro zaky nova, a proto byla nemaléd ¢ast Casu
vénovana nacviku techniky nebo uceni novym pfistupim
ke cviCeni. Zda se, Ze pro méfitelny rozvoj vybranych
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motorickych schopnosti by bylo nutné CrossFitu vénovat
vice prostoru nebo pro néj vyclenit delsi dobu. DalSim moz-
nym faktorem bylo sestaveni programu, ktery m¢l obecny
charakter a nebylo tedy jeho cilem specificky ovlivnit rozvoj
konkrétni motorické schopnosti. Obsah byl ptipraven obecné
tak, aby zahrnoval vSechny slozky CrossFitu a byl zaroven
obtiZnosti i pojetim vhodny pro Zaky zakladni Skoly. Struktura
crossfitového programu se miize riiznit a prfedstavuje 1 podnét
k dal$i vyzkumné ¢innosti.

Dtlezitym prvkem vyzkumu bylo ovéteni, zda by mohl byt
crossfitovy typ cviceni vhodnou slozkou télesné vychovy.
CrossFit predstavoval novy aspekt ve vyuce, a také proto
byl Zéky dobfe pfijat (viz Gipson et al., 2018). Podle zpétné
vazby ucitelll se jedna o velmi dobry prostiedek pro zatazeni
kondi¢niho cvi€eni do bézné vyuky. Podobné jako u jinych
pohybovych aktivit je nutné zpocatku vénovat vice Casu tech-
nické strance, vysvétleni zakladnich principti. Poté se stava
nenaro¢nou aktivitou na organizaci a pfipravu a lze ji kreativ-
n¢ vyuzivat. Nevyhodou je absence typického herniho fakto-
ru a urCity diskomfort v prozivané vyssi intenzité cviceni, coz
maji podobné aktivity spolecné¢ (Martinéz & Goméz, 2015).

Prakticke zavery

* CrossFit mtize predstavovat vhodnou soucast vyuky télesné
vychovy.

* Cvieni muze byt individualné ptizpisobeno podminkam
skoly.

* Z4ci siosvojuji zdkladni cviky, které jsou soucasti funkéniho
tréninku.

* Jedna se o efektivni prosttedek z pohledu vyuziti ¢asu.
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Télesnd vychova nabizi moznost aplikace riznych pohybo-
vych aktivit. CrossFit je relativné mladou sportovni discipli-
nou, resp. cvi¢ebnim programem, ktery se k tomuto ti¢elu na-
bizi. Aplikovand intervence ukazala, ze takovy druh cviceni
muze byt vhodnou soucasti télesné vychovy. Z pohledu roz-
voje vybranych parametrt télesné zdatnosti se tento program
neprokazal jako u¢innéjsi oproti standardni vyuce. Zvoleny
program mél vSak sva specifika (obsah, délka atd.), proto ne-
lze vysledky plné zobecnit. Zatim nebylo provedeno mnoho
intervenci zahrnujicich crossfitové prvky u zvolené vékové
skupiny, proto je pro potvrzeni zminénych zavéri nutny dalsi
vyzkum.
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High-Intensity Functional Training in Pregnancy:
A Case Study

Petr Schlegel

Faculty of Education, University of Hradec Kralove, Czech Republic

ABSTRACT

High-intensity functional training (HIFT) is a popular activity that combines high effort and
compound exercises. Many women aged 20 to 40 who are expected to become pregnant
soon are also fond on it. HIFT is an activity in which the heart rate increases significantly,
there is an increase in intra-abdominal pressure, free weights are also used. There is poor ev-
idence of HIFT and its effect on pregnancy or childbirth. The subject of this case study was a
healthy woman (31 years old) who has long-term experience with HIFT. The aim of the study
was to analyze the training regime (length, intensity, heart rate) and the number of steps in
the period from the 1st to the 38th week. The effect on the health of the mother and the fetus,
the delivery, and the birth weight was monitored. The findings show that with an optimally
set training program, HIFT can be a safe activity that has no adverse effect on pregnancy,
fetal health, or childbirth. This is the first such study, so further research is needed.

INTRODUCTION

High-intensity functional training (HIFT) is a globally popular physical activity that mainly
attracts the population aged 20 to 40 (Kercher et al., 2022). HIFT is an activity that involves a wide
spectre of exercises and modalities (weightlifting, running, gymnastics, etc.). The training includes
a combination of high-intensity exercises (at least a 7/10 rating of perceived exertion — RPE) and
physiological parameters attained (Feito et al., 2018). Variability of exercises is typical as well - the
same workouts repeat only rarely and they are a bit shorter, taking from about 5 to 40 minutes.
Training sessions also consist of skills development, strength, and power.

High-intensity exercise or weight-bearing exercise during pregnancy has not been accepted

in society yet and it is met with apprehension and prejudice. The general recommendation for
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physical activity is 150 minutes of moderate-intensity exercise a week (Tinloy et al., 2014). The
vigorous intensity with HRmax above 70 % (Beetham et al, 2019) is not regarded as optimal.
Strength training is considered appropriate, but it should be very light, or exercises should be
isolated (Schoenfeld, 2011).

HIFT is a high-impact activity that might be a potential health risk for the pregnant person
or the unborn baby (Owe et al.,, 2016). Problems can be shocks or the risk of falling or being hit
by a barbell. Another negative factor mentioned is exercise intensity associated with metabolic
processes affecting fetal heart rate (HR) (bradycardia) or uterine artery volume blood flow (Salvesen
et al,, 2012). On the other hand, there is evidence that high exercise intensity (up to 90 % HRmax)
or strengthening at the level of IRM may not be associated with adverse effect (Gould et al., 2021;
Sigurdardottir et al., 2019).

So far, there is little direct evidence for the suitability of HIFT for a pregnant woman. The author
of this paper knows only about the study by Anderson et al. (2021), the subject of which was high-
intensity training with functional movements. Other studies either include strength endurance
training or work at a low-intensity (Barakat et al., 2008; Garnas et al., 2017). Considering the
number of young women doing HIFT and the fact that some of them might be unwilling to give up
the sport while pregnant, it is necessary to know both risks and benefits. The aim of the research
was to find out how a pregnant woman is affected if she does HIFT during the state of pregnancy

in terms of cardiac activity and what the effect is on the course of pregnancy, parturition, and fetal
health.

METHODS

Participant description
The selection criteria for inclusion in the research were as follows: healthy physically active woman,
experience with HIFT for at least 1 year, first pregnancy, age 20-35 years. The subject of the case
study was a physically active healthy woman (32-year-old, 170 cm, 62 kg) without any health
restrictions. She was monitored for 38 weeks of pregnancy, the parturition was in the 39th week of
monitoring. During the whole pregnancy, she was devoted to training without any limitations. The
woman has been doing HIFT for a long time (7 years) and she also actively competes at the local
level. The usual training regime before pregnancy included 5 training sessions per week. These
training sessions included Olympic weightlifting, strength training (powerlifting, gymnastics),
and conditioning using combinations of cardio, weightlifting, and bodyweight exercises. Selected
strength performances: snatch with 50 kg, clean and jerk with 75 kg, back squat with 90 kg, strict
press with 42.5 kg. The training plan was structured and focused on competition performance.
Nutrition before pregnancy was connected to the training regime — 100 grams of protein per
day, 100-200 grams of carbohydrates a day, and 30-60 grams of fat a day. The diet was based
on all-natural food, as for dietary supplements, she used complex mineral substances. Apart from
covering the higher caloric expenditure, there was no special target for nutrition. The sleep schedule
was consistent, aiming for 7 to 8 hours. During the state of pregnancy, caloric intake was increased,

and vitamin and mineral supplement was taken.
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The woman was monitored from the 1st to the 38th week pregnant via a smartwatch (iWatch).
These days, smartwatches are a very accurate tool for monitoring HR, heart rate variability (HRV),
calorie expenditure, or pedometer (Morresi et al., 2020; Phan et al, 2015). The training was not
recorded four times due to low battery. More pauses in the training plan were caused by two cases

of virus infection (5-7 days) and holidays (7 days).

Training

If a woman is pregnant, her workout routine is based on her actual medical condition and how
she feels. The goal of the training plan was to maintain HIFT principles, regardless of absolute
performance and strict adherence to the number and the prescribed content of training sessions.
In the third trimester of pregnancy, 12 training sessions were left out and replaced by light physical
activities (walking, gardening, etc.). The negative test result showed that she did not have gestational
diabetes. Based on the medical examination, the training regime was not limited in any way.

The training plan was to have 4 to 5 training sessions a week. Each training session took from
45 to 70 minutes, starting with a warm-up exercise and with a cool-down exercise at the end of
the session. Power/strength training or parts focusing on technique were involved in the training
plan as well, the load ranged up to 90 % of the current (or estimated) 1 RM. The main part focused
on conditioning, comprised of combinations from 2 to 6 exercises of various modalities. The form
was both continuous and intermittent.

The woman did not undergo any cardiac stress exercise. Therefore, her absolute HR was
calculated according to the formula HRmax = 226 - age. However, this is an approximate indicator,
therefore the RPE was used as a part of the intensity setting and HR served just as an auxiliary
indicator. The woman was instructed about RPE, the requirement was to exercise between 6-8/10.
However, adapting to the current feeling was possible as well.

At a later stage of pregnancy, especially in the third trimester, some exercises were modified
or eliminated. The reason was perceived discomfort and/or impossibility of performance and/or

increased risk of injury (e.g., box jump, jump rope, burpee, SkiErg, squat snatch, toes to bar).

Table 1. Examples of the main part of training sessions

12 minutes AMRAP
12 calories on air bike, 5 handstand push-ups
30th week 2 minutes rest
12 calories on bikeErg, 4 burpee pull-ups
12 minutes AMRAP
12 calories bikeErg, 12 ring rows, 20 squats, 10 strict dumbbell
36th week 16 minutes AMRAP

presses 2x 12.5 kg

A. 14 wall balls (6 kg medicine balls), maximum calories on

4 rounds of 1 minute work / 1 bikeE
37th week 1kekbrg,
minute rest (16 minutes)

B. 14 dumbbell snatch (15 kg), maximum box step ups (50 cm)

AMRAP- as many repetitions as possible
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Data collection and analysis

The woman wore the smartwatch 24 hours a day (except for charging time), and data was collected
continuously. The watch includes a wrist sensor that monitors heart activity. The watch was also a
pedometer that counts each step a person takes by detecting the motion of the person’s hand. Data
analysis was performed using Microsoft Excel. The data was downloaded from the smartwatch via
firmware. The data is presented as an average + SD (standard deviation). Figures were also created

in Microsoft Excel.
RESULTS

Heart activity, step count, and active energy burned were monitored for 266 days. The number
of training sessions was 129 with an average length of 30 + 13,3 minutes. The duration of the
training, the recorded heart rate (HRmax, HRavg) included, refers only to the main (conditioning)
part (Figure 1, 2). The strength and technical part, warm-up and cool down were not included, but

they were reflected in the active energy burned and step count.
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Figure 1. Average heart rate measurement records (resting HR, SDNN)
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Figure 2. Average HRmax and HRavg in training sessions

130



Studia Sportiva, Vol. 16, No. 2, 2022 68
Table 2. Overview of the monitored parameters (average and standard deviation)
1. trimester 2. trimester 3. trimester overall
Number of training sessions 48 46 35 129
Length of training sessions
27,5+£8,6 31+16 32+ 14 30+£133
(minutes)
Number of steps (daily) 5467 £ 1664 5461 = 2045 8700 £ 1955 6400 + 2394
HRmax (bpm) 180,3 £ 8 170,5+£ 16,8 165+ 16,5 172,7 £ 15,3
HRavg (bpm) 158,3 £ 10,2 145,7 £ 18 133,8 £ 19 147,2 £ 19
SDNN (ms) 81,7 £28,8 68,4 £ 28,8 57,2 1257 68,3 £29,3
Active energy burned (kcal) 404,5 + 124,7 392,2+127,8 468 +117,7 418,4+127,5

Bpm - beats per minute; ms — millisecond; kcal - kilocalories

In the first and the second trimester, the number of training sessions was steady as well as the

number of steps. In the third trimester, as has been already mentioned, the number of training

sessions was reduced, and, on the contrary, the number of steps increased (Table 2). Thanks to this,

the amount of active energy burned increased - however, this parameter depends not only on the

number of steps and training sessions but also on the gradual weight gain (from 62 kg to 74 kg).

Since it was possible to main the training time, the curves of steps and active burned energy show

a similar course (Figure 3).

Figure 3. Step counts and active energy burned records

DISCUSSION

The subject of this case study was a pregnant woman who did HIFT. It was possible to monitor 38

weeks during which heart activity and physical activity parameters were monitored. The woman

completed 3-4 training sessions per week in which she achieved high HR values above 80 % of
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absolute HRmax. This regime did not affect fatigue monitored by HRV SDNN. Higher physical
activity than recommended should not have any detrimental effects on childbirth or the fetus.

The typical features of HIFT are high intensity which was confirmed by the attained HRmax values.
During some workouts, the woman’s HR attained more than 185 bpm which is about 95 % absolute
HRmax. During pregnancy, the average HR was 172,7 £ 15,3 bpm which means 85 % of the absolute
maximum. This means that high values were detected and exceeded the given recommendation for
pregnant women (Santos-Rocha et al,, 2019; Tinloy et al., 2014). It is important that the woman
was not instructed to reach this intensity necessarily, but to remain in a mode that would make
her feel “comfortable”. It seems that female athletes who are adapted to very intense training can
continue in such a regime without adverse for both mother and fetus (Weaving, 2020).

Professional female athletes or physically very active women cannot be considered as a normal
sample to which we could fully apply recommendation for physical activity in pregnancy. These
women are able to achieve large training volumes and high physiological values. Such a regime is
perceived positively, and it is not regarded as a risk (Clapp, 1990; Kardel, 2005; Sigurdardottir et
al, 2019).

Strength training recommendation is limited to the use of therabands or dumbbells up to 10
kg (Anderson et al., 2021; Liddle & Pennick, 2015; Santos-Rocha et al., 2019). For female strength
athletes, this represents rather warm-up activity, and they tend to exercise with a heavier load.
Even in the third trimester, the woman practiced Olympic weightlifting and powerlifting with
a barbell of 40-60 kg. There might be certain concerns about increased intraabdominal pressure
which could represent a risk for the fetus (Cai et al., 2020). It has not been proved yet that there
is a clear connection between weight training and a higher risk for the fetus. It is important to
emphasize the fact that intraabdominal pressure during lifting reaches lower numbers than while
for example running, and jumping and it can be compared to fast walking (Dietze-Hermosa et al.,
2020; Gephart et al., 2018).

As shown in Figure 1, resting HR increased gradually which can be seen as standard. Resting
HR tends to increase by about 16 bpm tends (Melzer et al., 2010). SDNN showed the opposite
tendency. Although average values were normal during the whole pregnancy, a gradual decrease
was observed. This trend is nothing unusual and it points to the fact that a growing fetus weakens
a female body, and it is necessary to anticipate more time for regeneration or a resting period. The
woman had higher SDNN values compared to other pregnant and non-pregnant women (Gandhi
et al., 2014; Garg et al,, 2020). It is obvious that the woman was used and adapted to HIFT and
therefore, there was no significant decrease in SDNN.

There is more evidence that in healthy and physically active women, high-impact or high-
intensity activities do not have any negative effect on pregnancy or childbirth (Barakat et al., 2008;
Sigurdardottir et al,, 2019). This is what this study proved as well (vaginal delivery without any
complications, gestational age, Apgar score 10, normal fetal weight). It seems that the only typical
consequence for women who are physically active while being pregnant, birthweight may be lower,
but this is not considered harmful (Barakat et al., 2008; Kardel, 2005; Sigurdardottir et al., 2019).

In the third trimester of pregnancy, due to the current feelings of the woman, more training

sessions were left out. The training sessions were replaced by other physical activities (walking,
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gardening). The study has confirmed that the physical activity regime expressed as active energy
burned depends on NEAT (non-exercise activity thermogenesis) (Chung et al., 2018). This
conclusion resonates with the general view that high-intensity exercise is not a necessary condition
for maintaining health during pregnancy and that measuring NEAT plays a significant role for
pregnant women as well.

It has been confirmed that women practicing HIFT have a strong attachment to this activity and
do not give it up while pregnant (Prewitt-White et al,, 2018). Women need to maintain important
elements of their lifestyle as it relates to their overall health and well-being. Nevertheless, it is
necessary to consult a doctor and follow his / her recommendations for all procedures and exercises.

The conclusion of the paper must be taken with a grain of salt given the fact that this is a case study
and, at the same time, the first monitoring of high-level HIFT in pregnancy. Another limiting factor
is the history of the woman, she had many years of experience with HIFT. Therefore, movements like
Olympic weightlifting, dynamic gymnastics exercises, etc. cannot be unequivocally recommended as
safe. There are other significant factors (social, psychological, etc.) affecting pregnancy that this research
did not consider. Even though there are strong indications that could draw certain conclusions, further

research, following larger samples, or focusing on the fetus (fetal HR, fetal HRV, Doppler changes, etc.).

CONCLUSION

A significant number of women do HIFT and do not want to give it up while pregnant. HIFT is a
young sports discipline, for which no effect on pregnant women has been observed. The present
case study aimed to give a picture of the effect of HIFT on a pregnant woman. Her workout plan
included Olympic weightlifting, gymnastics, running, etc., while the effort was set on “hard to very
hard”. The woman achieved cardiac activity at the level of 80-95% HRmax. This regime did not
have any negative effects on HVR SDNN. Pregnancy and delivery were without complications as
well. Taking the limitation of the research into account, HIFT can be set up appropriately as a safe

activity without any adverse effects.
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7 DISKUSE

Trénink

Obsah tréninkové jednotky u HIFT neni ustileny, ale vychdzi z CrossFitu, ktery
uptednostiioval jednu ustfedni ¢ast. Aktualné je vSak bézné, Ze tréninkova jednotka obsahuje
vice stejné dulezitych ¢asti, které byvaji odlisné z pohledu rozvoje jednotlivych motorickych
schopnosti (Brisebois et al., 2018). Tradi¢né se (mimo oblast HIFT) upfednostiiuje silova ¢ast
pred casti zamétfenou na vytrvalost, coz by odpovidalo doporucenim soubézného tréninku
(Doma et al., 2017). Nicmén¢ podoba tréninkové jednotky v HIFT mtize byt velmi riznoroda.
Pozitivni efekty vykazuje i opa¢na kombinace — nejprve je zafazena vytrvalostni ¢ast a poté
nasleduje silové orientovany blok (Berryman et al., 2019). Zasadni je urcit hlavni cil tréninku
a jeho pozadovany efekt (rozvoj absolutni sily, svalové hypertrofie, an/aerobni vytrvalosti atd.)

Kombinovanim rozvoje silovych a vytrvalostnich schopnosti v rdmci tréninkovych
jednotek se zabyva soubézny trénink. Z vytrvalostnich aktivit jsou ve vyzkumné c¢innosti
pouzivany predevsim beh, jizda na kole, veslovani a ze silovych se jedna o kulturistické metody
nebo rozvoj maximalni sily pomoci zakladnich cvikli. Vzhledem k tomu, ze HIFT efektivné
pouziva SirSi vybér metod a prostfedkit (Crawford et al., 2018), lze pfenést zavéry ze
soubézného tréninku jen ¢astecné.

Metody silového a vytrvalostniho tréninku jsou v HIFT bézné aplikovany v jedné
tréninkové jednotce. Tato kombinace vSak mize vést ke zhorSeni vykonnosti (Bishop et al.,
2019). Pokud se v tréninku upfednostni odporovy trénink (nasledovany vytrvalostnim), mél by
byt pfinosny pro silu dolnich konéetin a zaroveil by nemél negativné ovlivnit aerobni kapacitu
(Murlasits et al., 2018). V opa¢ném ptipadé€, pokud po vytrvalostnim tréninku nasleduje trénink
odporovy, muze dojit ke zhorSeni (Jones et al., 2017; Karavirta et al., 2011).

Je tfeba vzit v tvahu, Ze po silovém tréninku dochazi ke ztraté svalového glykogenu az
0 39 % (Jensen et al., 2011). Tento efekt mize omezit nasledujici vytrvalostni vykon v fadu
hodin. Dal$im faktorem je spolu s ubytkem svalového glykogenu tnava centralni nervové
soustavy, ke které dochazi po obou typech cvi¢eni (Doma & Deakin, 2013). Ta mize nasledné
ovlivnit silové a koordina¢ni schopnosti (ekonomiku pohybu) nebo ovlivnit vhimanou intenzitu
zatizeni (Maté-Munoz et al., 2017). Proto je tfeba peclivé volit kombinaci jednotlivych slozek
a optimalné nastavit intenzitu (RPE, % RM nebo % tepové frekvence) pro prvni ¢ast tréninku.

V piipadé¢ pokrocilych sportovcl, kde je tfeba maximalné podpofit progres vSech
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vykonnostnich parametrii, bude vhodné tyto slozky oddélit na zéklad¢ vicefazového tréninku
(Bishop et al., 2019).

Po aplikaci soubézného tréninku dochdzi k poklesu svalového glykogenu, zvyseni
hladiny laktatu, srde¢ni tepové frekvence (TF) a Unavé centrdlniho nervového systému
(Methenitis, 2018). Namétené hodnoty laktatu, TF nebo RPE u HIFT rovnéz ukazuji na
vysokou zatéz spojenou s vysokym stresem organismu. Takové cviceni narusuje homeostazu
autonomniho nervového systému (Kliszczewicz et al., 2018). Tento stres se projevuje také
zménami v imunitnim systému a takovy u¢inek miize ovlivnit stav organismu a vykonnost na
n¢kolik dni (Tibana et al., 2016). Je dilezité zdlraznit, Ze ve vyzkumech jsou probandi
motivovani k podavani velmi vysokych az maximalnich vykond, coz nebyva béznou praxi.
Ackoliv je vysoka intenzita charakteristickym rysem HIFT, v tréninkovém rezimu byva vhodné
nastavena, proto bychom mohli o¢ekavat odlisnou fyziologickou odpovéd'.

HIFT obsahuje metody, které lze oznalit za originalni. Mezi takové patii ,,barbell
conditioning®, cozZ miiZzeme popsat jako aktivitu s obvykle s olympijskym vzpirdnim, ktera vSak
diky vétsimu poctu opakovani v kratkém case klade vysoké naroky na vytrvalost. Nejedna se
tak o typickou vytrvalostni aktivitu, ale acyklicky pohyb se zvySenymi naroky na silovou slozku
a zapojeni rychlych svalovych vlaken, coz by nemélo vést k tak vyznamné interferenci
(Berryman et al., 2019). Analogické zatizeni Ize sledovat také u cviki s vlastnim télem, kde
vSak byva zatizeni zpravidla niz§i. Proto by v takovych situacich mohlo dochézet
k souc¢asnému rozvoji silovych i vytrvalostnich parametri. BohuZzel pro tuto premisu zatim neni
dostatek dat.

Nedilnou soucasti tréninkové ptipravy se stalo testovani Sirokého spektra motorickych
schopnosti. U HIFT se ukazuje, Ze najit vyznamné prediktory neni snadné a pravdépodobné
jich bude relativné hodné. Existuji indicie, Ze Groven anaerobni vytrvalosti by mohla hrat
diilezitou roli (Butcher et al., 2015). Je tedy logické, zabyvat se jejim testovanim a hledat také
vhodné prostredky.

Castym prostiedkem pro testovani anaerobni vytrvalosti je Wingate test, ktery postihuje
predevsim dolni koncetiny. Pii HIFT se zapojuje celé télo, a tedy vSechny velké svalové
skupiny. Také proto byl naSem vyzkumu vyuzit air bike pro zatéZzovy test. Air bike vyzaduje
kromé Slapani pouziti také tahové a tlakové sily horni poloviny téla, coz se projevilo akumulaci
laktatu, kterd byla vyssi nez u Wingate nebo stejné dlouhych zatézovych testli (Carey &
Richardson, 2003; Carter et al., 2005; Miladi et al., 2011). Nicméné se prokazala vysoka

korelace (.871) mezi vykony u Wingate a air biku.
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Hodnoty Wingate, jako je Wmax, index tinavy nebo W/kg, pravdépodobné nejsou pro
vykon v HIFT zasadni. Jejich testovani v§ak muize ukdzat na zmény zplsobené tréninkovym
zatiZzenim a ovéfenim efektu tréninkového procesu (Murawska-Cialowicz et al., 2015). Diky
podobnym testim se mohou také projevit funkéni vykonnostni limitace. Vzhledem k povaze
silové vytrvalosti nez maximalniho vykonu (Butcher et al., 2015).

Crossfitefi dosdhli ve Wingate vysokych absolutnich hodnot laktatu, které jsou vyssi
nez v podobnych studiich (Miladi et al., 2011; Spierer et al., 2004). Divodem by mohl byt vyssi
podil svalovych vlaken I typu, kterd jsou primdrnim producentem laktatu. Pro HIFT je typické,
ze sportovci musi disponovat velmi dobrymi silovymi a dynamicko-silovymi schopnosti, mimo
jiné spojené s olympijskym vzpiranim (Schlegel et al., 2021), coz tento ptedpoklad potvrzuje.
U air biku bylo dosaZeno jesté vysSich hodnot laktatu a néstup byl strmé&jsi. Vysoka hladina
laktatu je jednim z ukazatelti dobré urovné anaerobniho systému (Vandewalle et al., 1987).

Zatezove testy pro testovani anaerobni zdatnosti se obvykle pohybuji v rozmezi od 30
do 60 sekund. Zaté€z 60 sekund je dostatecna pro maximalni produkci laktatu a zaroven se pii
ni aerobni procesy nezapojuji v takové mitfe (Green & Dawson, 1993; Medbe & Tabata, 1993).
V ptipadé¢ CrossFitu je pfi testovani anaerobni zdatnosti dilezité dosahnout VLamax, a proto se
delsi doba zatiZzeni jevi jako vhodné&jsi. Zaroven maji examinatofi vétsi prostor k pozorovani
k poklesu wattaze, coz miize ptinést dalsi zajimavé informace.

Mezi novéjsi testy sledujici fyziologické parametry se fadi blizkd infracervena
spektroskopie (NIRS), ktera ma schopnost sledovat vyuziti kysliku a hemodynamiku ve svalu.
Jeji vyuziti ve sportovnim tréninku je uz relativné casté, nicméné u HIFT jesté vyuzité nebylo.
Podobné nebyla provedena spirometrie mimo laboratorni prostiedi. Jednim z principi testovani
je ptiblizit podminky realnému sportovnimu vykonu. HIFT umoziiuje, za urcitych predpokladu,
soucasné pouziti NIRS a spirometrie, coz bylo pfedmétem vyzkumu.

Potvrdilo se, ze CrossFit pfedstavuje velmi pestrou zatéz, na kterou musi organismus
okamzité reagovat. Silova zatéz se méni, coz zpiisobuje rychla a opakovana vychyleni SmO; a
VCOy, kteréd nésledné kladou naroky na dechovou slozku. Ani poloha téla neni konstantni, coz
ma za nasledek zménu spirometrickych parametrti — napiiklad pii pfitazich Spicek k hrazdé,
kde zéaroven dochéazi ke kompresi hrudniku. V odpoc¢inkovych intervalech bylo zaznamenano
zvySeni RER (respiratory equivalent ratio) > 1,0, coZ znamena vyznamné zapojeni anaerobniho
metabolismu.

Testovany crossfiter vyuzival téméf maximalni ventilaéni kapacitu, coz svéd¢i o

automatické reakci na zatéz pii dané intenzité, kdy dochazi k velké spotiebé O> a tim 1 zvySené
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produkci CO. Vyssi dechové kapacita je mimo jiné ptredpokladem pro vysokou intenzitu
vytrvalostniho vykonu. Vysoké ndroky na praci dychacich svali mohou byt spojeny s jejich
unavou a ndslednym negativnim vlivem na vydechovani COa, coZ je hlavni faktor urcujici
centraln¢ vnimanou tnavu (Guyenet & Bayliss, 2015). Vyuziti kysliku, resp. jeho dodavka do
pracujicich svall (v rdmci sledovani VOzmax) se prokézalo diilezité v kontextu vykonu v HIFT,
proto se zda byt dilezité sledovat vykonnost dychacich svald, které jsou nachylné k unave
(HajGhanbeari et al., 2013).

TF je bézn¢€ pouzivany indikator zatizeni, ktery doznava urcitych limitaci. Na rozdil od
NIRS dochazi ke zpozdéné reakci na zatéz (v fadu desitek sekund) (Lucero et al., 2018). M¢éfeni
ukazuji, ze nelze jednoduse stanovit pfimou souvislost mezi TF a sledovanymi metabolickymi
proménnymi ve svalu (Maté-Mufioz et al., 2018). Diky tomu nelze vnimat TF jako pfesny
ukazatel celkové zatéze organismu pfi silové-vytrvalostnich cvi¢enich (Born et al., 2017). Také
unaseho vyzkumu se prokézalo, ze prostfednictvim NIRS miizeme dobie sledovat akutni reakci
organismu na zatizeni — vliv konkrétniho cviku/ jejich kombinace na vyuziti kysliku, rychlost
navratu kysliku, zménu dechové frekvence, zménu minutové ventilace apod.

Z pohledu budouciho vyzkumu se oteviraji moznosti v podob¢ longitudinalniho
sledovani sportovcli a analyzy vyvoje vybranych vykonnostnich parametri. Zatim také
neprobéhla snaha o urceni potencialu dechovych cviceni (proti odporu), které se ukazuji jako

slibné.

Vykon

Vykon v HIFT Ize posuzovat zrazného pohledu, ale jako logicky smér se jevi
v kontextu CrossFit Games nebo CrossFit Open, které maji urcity zasttesujici potencial a jsou
respektovany napfi¢ celou komunitou. Analyza zdvodnika a jejich vykond je podstatnym
krokem nejen pro sportovce a trenéry, ale také pro samotnou sportovni disciplinu. Pozornost
byla zaméfena na nejlepSich 20 ¢eskych tcastnikti CrossFit Open v roce 2019.

Ptestoze budou obecné vytrvalostni vykony, resp. parametry podstatné pro CrossFit, na
zaklad¢ naSich zjisténi je zévodnici nesleduji tak dikladné jako uroven silovych vykont.
Jednim z ditvodi mlize byt, Ze nejsou tak Casto zarazovany jako kondi¢ni tkoly (ve smyslu
single modalit) v rdmci zdvodd. DalSim diivodem by mohl byt fakt, ze WOD/eventy jsou
vétSinou sloZzeny z vice modalit (Bellar et al., 2015). Zaroven je nutné podotknout, Ze CrossFit
pouziva mnoho prostiedki, jak by vytrvalost mohla byt testovana (béh, veslovani, air bike, Ski

erg atd.) a neni ziejmé, které z nich upfednostiiovat. I pfesto by méla cyklicka aktivita
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v submaximalni nebo maximalni intenzité v rozmezi 5-20 minut podat relevantni informace ve
vztahu k celkové vykonnosti (Feito et al., 2019).

U ceskych crossfiterti se prokéazalo, ze disponuji relativné vysokou trovni silovych
vykont vzhledem ke své hmotnosti (zadni dfep 2x, mrtvy tah 2,4x, striktni tlak 1x). Ve srovnani
s nejlepSimi svétovymi crossfitery jsou hodnoty vyrazné niz$i, ale tykaji se pfedevSim
maximalni sily zdkladnich cvikl (Serafini et al., 2018). Ackoliv jsou gymnastické pohyby v
CrossFitu vyznamné zastoupeny a zaroven je dualezité, aby v nich zdvodnik podéaval dobré
vykony, jejich tiroven se dramaticky nezvySuje s lepsSim umisténim v CrossFit Open, a to nejen
u ¢eského vzorku (Serafini et al., 2018). Cviky s vlastnim télem jsou upozadény i ve vyzkumné
¢innosti a jejich piimé testovani nebylo soucasti zddného vyzkumu.

Z korelace vyplyva, Ze nejsiln€jSimi prediktory pro konecné potadi byly vykony
v olympijském trhu a nadhozu. Pro dobré umisténi v ramci tohoto souboru bylo zapotiebi
dosahnout ptiblizné 113,8 kg v trhu a 141,5 kg v nadhozu. Slabsi korelace, i kdyz stale
statisticky vyznamnd, byla pozorovana v piipadé striktniho tlaku, klikli ve stoji na rukou a
ptedniho dfepu. Na rozdil od jinych praci, nebyl zjistén tak silny vliv vykonu v zadnim diepu
(Dexheimer et al., 2019). Je zfejmé, Ze olympijské vzpirani zaujima ve vztahu k vykonlim v
CrossFitu dulezité postaveni. Prace s externi zatézi véetné cvikli z olympijského vzpirani je
mimo jiné typickd pro zdvodni CrossFit (Mangine et al., 2018).

Z pohledu analyzy nejlepSich sportovcil svéta existuje zatim malo vyzkumd, studie se
zamétovaly na vétsi vzorky a braly v potaz obecné vykony nebo vysledky v CrossFit Open
(Serafini et al., 2018). Tim, ze CrossFit Games piedstavuji néco ve smyslu mistrovstvi svéta,
podrobny rozbor takového zavodu a vykont sportovci jsou diilezité pro trenéry, atlety, ale také
pro urceni zavodni podoby tohoto sportu. Analyzovany byly vysledky CrossFit Games 2021 a
souCasné¢ porovnavany vykony mezi Zenami a muzi. Jednotlivé rocniky nejsou, vzhledem
k povaze CrossFitu, totozné, coz je také jednou z limitaci pfi interpretaci vysledki. Cilem nasi
studie bylo také porovnat vysledné skére mezi muzi a zenami po scalingu. Pfestoze udaje
ukdzaly, Ze scaling snizuje rozdily mezi muzi a zenami u absolutnich vykond, muzi i pfesto
dosahovali lepSich vysledki ve vétSin€ eventi.

Piestoze CrossFit® pouZiva scaling, muZi a Zeny nedoséhli stejnych vysledkil. Zeny
walk) a zatézoval vice horni polovinu téla. Ukdzalo se, ze Zeny by mohly mit lepsi predpoklady
pro tento typ aktivity —silove vytrvalostni zatézujici vice horni polovinu téla s vysokymi naroky
na rychlou regeneraci energetickych systémii zahrnujici beta-oxidaci, aerobni glykolyzu a

laktatovy metabolismus (Hicks et al., 2001). Muzi doséhli lepsich vysledkl ve 14 z 15 eventq,
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a to v rozmezi od 0,1 do 33,1 %. Potvrdilo se, Ze mezi muzi a Zenami zUstavaji rozdily ve
vykonech 1 pfi pouziti scalingu (Ransdell & Wells, 1999; Sandbakk et al., 2018).

V gymnastickém eventu ¢. 8 jsme zaznamenali maly rozdil (d = 0,082, 12,9 %) ve
vykonech muzi a Zen. Rozdil v silovych vykonech na horni polovinu téla byvéa obecné vyssi
(40-62 %) (Ho6g & Andersson, 2021), ale je potieba vzit v potaz, ze se obvykle testuje
jednorazovy maximalni pocet opakovani. Doba trvani discipliny €. 8 (chilize ve stoji na rukou)
byla pfiblizné 3-4 min, proto Ize ocekavat nizsi rozdil. Rozdily mezi pohlavimi se tak snizuji,
pokud se vice projevi technicky a/nebo vytrvalostni faktor.

VétSina eventli ma multimodalni povahu — sklada se ze 2 az 3 modalit (gymnastika,
vzpirani, kardio). Rozdily mezi Zenami a muzi byly ve téchto eventech 4,8 — 18,7 % (mala az
velka velikost ucinku). Na zéklad¢ vysledkil a velké variability eventli se ndm nepodafilo
identifikovat urc€ity trend v diferencich mezi pohlavimi (napf. v kontextu modalit, délky eventu
apod.).

Dlvody pro rozdilné vykony nespocivaji pravdépodobné jen v anatomickych a
fyziologickych specificich. Napft. ¢ast¢jsi ti€ast ve sportu vede k lepsi adaptaci a mize ovlivnit
budouci vykonnost (Deaner et al., 2012). Vykonnostni rozdily mohou ovliviiovat i dalsi
proménné jako tréninkovy rezim (délka, metody, objem atd.), psychologické mechanismy
(odolnost vii¢i bolesti, motivace k vitézstvi), t&lesna stavba nebo vyskyt zranéni. Zadna z téchto
proménnych zatim nebyla v ramci CrossFitu zkoumana.

V HIFT je bézné, Ze spolecné trénuji zeny a muzi a také Ze mezi sebou porovnavaji.
Prokazalo se, Ze scaling pomahd snizit anatomické a fyziologické ptredpoklady silové a
vytrvalostni vykony, ale i pfesto muzi dosahuji lepSich vysledkti. Pokud by byla snaha o
presnéjsi vyrovnani vykonti v eventech, musel by byt scaling upraven.

V kontextu fyziologické odezvy na zatizeni prostfednictvim HIFT mame jiz pomérné
dostatecné mnozstvi dat, kterd vykazuji podobnou tendenci a charakter. V oblasti vykonu se
vSak nabizeji dal$i moznosti vyzkumu jako napf. vliv prostfedi nebo podrobny rozbor pacingu

(tempo, rychlost provedeni opakovani apod.) u riznych vykonnostnich skupin.

Air bike

Air bike je jiz pomérné rozsifenym prostiedkem pro rozvoj kondice a télesné zdatnosti,
ktery vyuZzivaji nejen sportovci, ale také béznd pohybové aktivni populace. Diky tomu by bylo
vhodné disponovat dostatecnym mnozstvim informaci o jeho potencidlu a efektu na

organismus. V ramci vyzkumu bylo provedeno systematické review, jehoz cilem bylo
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identifikovat relevantni zdroje tykajici se air biku a v ndvaznosti determinovat U¢inky na
kardiovaskularni systém a specifikovat doporuceni pro jeho pouzivani. Je potieba uvést, ze do
analyzy byly zahrnuty také studie, které nepouzily piimo air bike, ale cyklickym zplisobem
podobnym air biku zatéZzovaly horni a dolni polovinu téla.

Vzhledem k urcité podobnosti pohybu byl air bike testovan spole¢né s jizdou na
stacionarnim kole (Hoffman et al., 1996). Hlavnim rozdilem je zapojeni horni poloviny téla
pomoci tahovych i tlakovych pohybl. To zvySuje naroky na zdsobovani kyslikem a funkci
kardiovaskularniho systému. Na air biku lze dosdhnout vyssich hodnot VOzpeax, ventilace,
laktatu nebo TF (Gleser et al., 1974; Hoffman et al., 1996; Stenberg et al., 1967). Ptidana prace
pazi zvySuje efektivitu cviCeni, coz je vhodné pro zdravotné orientované programy nebo
management hmotnosti. Dal§im rozdilem je obtiZnost Slapani, ktera se exponencialn¢ zvysuje
se zvySujici se rychlosti (Foster et al., 1991). Také lze konstatovat nizsi kadenci jizdy ve
srovnani s kolem.

Zda se, ze télo nedokaze pfi vysoké zatézi optimalné zasobit vSechny velké svalové
skupiny zaroven, coz mé za nasledek sniZeni pratoku krve do pazi az o 19 %. Naopak, kdyz se
ke Slapani pfida jesté ,,arm cranking®, pritok krve dolnimi koncetinami se snizi o 10 %.
Vysledna vazokonstrikce je pravdépodobné zplisobena arterialnim baroreflexem (Volianitis &
Secher, 2002). Tento stav také klade vysoké naroky na srdecni vydej, ktery mtze byt hlavnim
limitem pfi podavani vysokych (maximalnich) vykonl. Diky komplexnimu (silovéjSimu)
zatizeni organismu je snazsi dosahnout bodu, kdy je vykon omezen v disledku nedostate¢ného
okysliceni. Je to jeden z diivodd, pro¢ muize byt dosahovano niz§ich hodnot maximalni TF ve
srovnani s béhem (Bergh et al., 1976; Kostuck et al., 2020; Zeni et al., 1996). Proto je dulezité
optimélné nastavit formu cviceni a jasn¢ specifikovat, ktery vykonnostni parametr méa byt
rozvijen.

Ramena air biku jsou konstrukéné spojena s peddly, a proto pracuji na stejné frekvenci.
Celkovy vykon mtize byt ovlivnén riznym zapojenim paZzi a nohou. Zd4 se, Ze optimalni pomé&r
by mél byt 90/10 % nebo 80/20 % ve prospéch nohou (Bergh et al., 1976; Nagle et al., 1984).
Jiné poméry vedou ke snizeni vykonnosti, VOzpeak nebo TF. Je mozné, ze v n¢kterych sportech
orientovanych vice na horni ¢ést téla (napft. plavani) by mohl byt pomér pfirozen€ jiny nebo by
mohl byt upraven pro ziskani specifického efektu (Volianitis & Secher, 2002). Z praxe se
ukazuje, Ze vyuziti/preference tlakového a tahového pohybu ramen je individudlni s vyssi
tendenci k tlaku. Nicméné tento aspekt zatim nebyl v zadné studii fesen.

Pfi jizd€ na air biku musi jedinci pfekonavat odpor, ktery se zvysuje s rychlosti jizdy,

coz vede k vyrazné svalové desaturaci (Schlegel, Hiblbauer, et al., 2020). Toto zvysené usili
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predpokladé zapojeni glykolytickych vldken. Aktivace vlaken Ila a IIx vede k efektivnéjsimu
rastu svald a rozvoji (udrzeni) sily. Zejména pii pouziti HIIT s kratkymi intervaly mohou byt
vhodnou cestou rozvoje kondi¢nich schopnosti. Také proto by mohl byt vhodnou soucasti
smiSené¢ho vytrvalostniho a silového cvi¢ebniho programu (Murlasits et al., 2018). Nespornou
vyhodou je dale relativné nizk4 technickd ndro¢nost jizdy, coz umoziiuje pomérné rychlou
implementaci do tréninkovych plani.

Vysledky cvicebnich programl potvrzuji pozitivni vliv air biku na zvySeni VOazpea,
minutové ventilace nebo pracovni kapacity (Fernandez & Pitetti, 1993; Hwang et al., 2019;
Pitetti & Tan, 1991). U kontinudlni prace by byl prokazan vliv na zlepSeni arterialni tuhosti
nebo rychlosti aortalni pulzové viny (Kim et al., 2017). Vyznamny vliv byl zaznamenan ve
smyslu sniZeni inzulinové rezistence a zlepSeni kardiovaskularni kondice (Hwang et al., 2016).
U kardiakt byl rovnéZ prokazan pozitivni vliv na kvalitu Zivota (Nyquist-Battie et al., 2007).
Nutné je doplnit, Ze ve vSech ptipadech se jednalo o zdravotné oslabené jedince a ze intervenéni
programy neobsahovaly kratké intervalové zatizeni.

Efekt HIFT v kombinaci s kratkym intervalovym zatizeni na air biku, resp.
kontinualnim cyklickym zatizenim stfedni intenzity byl pfedmétem provedené¢ho vyzkumu.
Vysledky potvrdily pozitivni ¢innost HIIT a SIT (sprint interval training) po 8 tydennim
programu na rozvoj silovych parametrii dolnich koncetin (Sokmen et al., 2018; Soylu et al.,
2021). Progres v sile byl zaznamenan i u bench pressu (ES=1,01, p=0,06), coz dokazuje, ze
jizda na air biku se podili na rozvoji také sily horni poloviny téla.

Ve studiich, které v intervenci pouzily air bike, byl interval prace 4 minuty, coz bylo
pouzito i1 v dalSich vyzkumech zamétenych na vytrvalostni sportovce (Stepto et al., 1999;
Sultana et al., 2019). V naSem vyzkumu byl pouzit protokol HIIT s intervaly 15-45 s, ktery
umoznoval vyssi vykon, resp. vyssi rychlost. Jizda na air biku je vice silovéjsi, proto se nabizi
pouziti SIT nebo HIIT s kratkymi intervaly. Zejména u SIT je velmi dilezité udrzovat spravnou
techniku, ¢ehoz Ize u air biku snadnéji dosdhnout.

Pro rozvoj kardiorespiracni zdatnosti byly jako uc¢inné shledany rtizné koncipované
programy HIIT a SIT s modalitami jako je b¢h, jizda na kole nebo veslovani (Batacan et al.,
2017; Rosenblat et al., 2020; Sultana et al., 2019). Na zaklad¢ vyrazného zlepseni VOapeak (0
10,62 %) u naseho vzorku, lze za G¢inny prostfedek oznacit také air bike. Nasledkem nékterych
SIT programu doslo k vyrazné mensimu zlepSeni (Cervantes et al., 2021). Nicméné¢ je dilezité
zdlraznit, ze krom¢ intervalového tréninku absolvovali nasi probandi také HIFT, coz miize

umocnit celkovy efekt.
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Vysledky prokéazaly, Ze rizné protokoly HIIT mohou vést ke zlepSeni VOazpeax a tedy ke
zlepSeni kardiorespiracni zdatnosti. Tuto skutecnost mohou ovlivnit riizné proménné: zlepSeni
silovych parametri, metabolicka flexibilita, zména slozeni svalovych vlaken, zlepSeni
respiracnich funkci, zlepseni psychické odolnosti viici fyzickému diskomfortu béhem cviceni,
lepsi efektivita pohybu (Callahan et al., 2021; Dolci et al., 2021; MacDougall et al., 1998). Je
obtizné urcit, které konkrétni faktory byly v tomto vyzkumu dominantni. Pravdépodobn¢ zde
pusobi vice faktorli ve vzajemné synergii.

Vychazime-li z dostupnych dat, je mozné navazat vyzkumnou ¢innosti orientovanou na
interven¢ni programy specifickych skupin (seniofi, obézni jedinci apod.). V oblasti HIFT by
bylo mozné sledovani efektivity programli obsahujici air bike na télesnou zdatnost,

management hmotnosti nebo dalsi vyznamné parametry zdravi.

Zdravotni aspekty

Nejen etické, ale také zdravotni hledisko je spojeno se zneuzivanim dopingovych latek
ve sportu. Ani CrossFitu se toto téma nevyhnulo a se zavedenim testovani atleti bylo zjisténo
vice pozitivnich nalezii. Kromé¢ jiz znamych substanci jako jsou anabolické steroidy se zacaly
objevovat latky nové. Mezi takové patii selektivni modulatory androgenniho receptoru
(SARM) a receptory aktivované proliferatory peroxizomt (PPARS). Proto bylo cilem vyzkumu
vytvofit seznam pozitivné testovanych atletti na CrossFit Games a blize piedstavit ucinky a
moznosti zneuziti zminiovanych latek.

Bylo zjisténo, Ze existuji desitky pozitivné testovanych piipadi a Ize ptedpokladat, ze
profesiondlni atleti pfedstavuji jen malou ¢ast z celkového mnozstvi uzivateli (de Hon et al.,
2015). Do problému zasahuje fakt, Ze jen velmi maly pocet zavodu pfistupuje k testovani
zavodnikl. Dlivodem je pravdépodobné financni naro¢nost a absence systémového ptistupu k
testovani. Je zapotiebi zdlraznit, Ze crossfitefi jsou testovani pouze béhem zavodu, nikoliv
nadhodné v prubehu roku.
energie pro svalovou praci (Fan et al., 2017). Tyto receptory také pravdépodobné zvyhodnuji
vyuziti aerobni glykolyzy, coz v kone¢ném dusledku vede ke zvySeni vytrvalostniho vykonu
(d’Angelo et al., 2019; Wang et al., 2004). CrossFit je pfizna¢ny podavadnim vysoce
intenzivnich vytrvalostnich vykonli v rozmezi 5-20 minut, coZ mize byt pomoci PPARS
ovlivnéno. Z pohledu zdravotnich rizik nebylo identifikovano mnoho negativ — pacienty je

dobfe tolerovan, nicméné vétsina vyzkumu vychazi z kratkodobého sledovani (d’ Angelo et al.,
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2019). Bohuzel zatim nevime, jaké jsou dlouhodobé efekty nebo nasledky naduzivéni, coz je
béznou praxi u dopovani (Vanberg & Atar, 2010).

Prokazalo se, ze SARM mohou po kratkodobé intervenci plisobit srovnatelné s externé
dodavanym testosteronem na rast svali nebo sily (Basaria et al., 2013). Zaroven je potieba
zminit, Ze existuje vice druhtit SARM a chybi dostatek validnich vyzkumt na lidech. Vyzkumy
naznacovaly, ze by SARM by mohly byt zajimavou alternativou pro anabolické steroidy ve
zdravotnictvi s mensi vedlejSimi G¢inky (Dalton et al., 2011). Praktické (nepublikované)
zkuSenosti uzivatelil po celém svété vSak vypovidaji o iplném opaku a vSe nasvédcuje tomu,
ze uzivani SARM muize mit dlouhodobé nasledky zasahujici predev§im endokrinni systém.

Ob¢ zminéné latky predstavovaly velky problém, protoze byly volné dostupné v e-
shopech. V takovych ptipadech je nutné pocitat s tim, ze znacna Cast takovych produktl
neobsahuje deklarované mnozstvi nebo samotnou latku (Van Wagoner et al., 2017). Podle
aktualni legislativy a zasaht policie v Ceské republice se tento stav vyznamné zlepsil, ale tyto
latky budou stale kolovat na ¢erném trhu.

HIFT je rozsifenym cvic¢ebni programem, ktery zacal byt vyuzivan i jinymi skupinami
nez dospelou pohybové aktivni populaci. Také proto vznikl koncept CrossFit Kids zaméfeny
na déti a mladez, ktery zachovava zakladni principy v podobé cviceni ve vysoké intenzité,
pouzivani komplexnich pohybi a velké variability ve skladbé cvikl, modalit a metod. Cilem
naseho vyzkumu bylo ovéfit funkcnost a efektivitu CrossFitu v bézné skolni télesné vychove.

Po intervenci trvajici 10 tydnii jsme zaznamenali tendenci ve zlepSeni urovné
motorickych schopnosti. U déti starSiho Skolniho véku se obvykle potvrzuje pozitivni efekt
cvi¢ebnich programti (Dobbins et al., 2013). V naSem vyzkumu byla naméfena srovnatelna
zlepSeni s kontrolni skupinou, nicméné je potieba zdlraznit, Ze program byl pfizptisoben realné
vyuce — CrossFit zabral 20-25 minut z kazdé¢ vyu€ovaci hodiny, proto aby byla zachovana
pestrost. Kdyby cvicebni program dostal vice prostoru, bylo by mozné¢ zaznamenat vétsi
zlepSeni, jak se ukazalo na adolescentech (Eather et al., 2016).

Ackoliv to nebylo védecky potvrzeno, CrossFit byl Zaky pfijiman pozitivné. Pro déti a
mladez se tak jednd o pestry, moderni a novy zptsob kondi¢niho cviceni, ktery mulze
pfedstavovat alternativu pro tradi¢ni pfistupy (Gipson et al., 2018). Nicméné se pfiklanime
k varianté, kdy je doplnén o aktivity s hernimi prvky, coz zvysuje ,,fun factor* hodin. Do redlné
vyuky bychom dale doporucili nepouzivat tak dlouhé bloky pro udrzeni motivace do cviceni.
V neposledni fadé se potvrdilo, Ze i se standardnim Skolnim vybavenim je mozné realizovat

CrossFit — bez Cinek, kardio strojii apod.
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Mezi specifické skupiny, které se vénuji HIFT, se fadi také téhotné Zeny. Pfestoze
existuji obecna doporuceni zahrnujici vybér pohybovych aktivit, predpisy v kontextu objemu a
intenzity silového i vytrvalostniho zatiZeni, nelze je snadno pienést na HIFT. Svou povahou se
fadi mezi ,,high-impact® aktivity, které by mély ptedstavovat zvySené riziko. Také proto je
nutné provadét vyzkum u t€hotnych Zen pro jasnou identifikaci rizik i benefitt.

Predmétem vyzkumu bylo podrobné sledovani t€hotné Zeny, kterd se vénovala HIFT na
vykonnostni tirovni, v priibéhu celého téhotenstvi. Zena absolvovala 3-4 tréninkové jednotky
tydné obsahujici cviky s vlastnim télem, externi zatézi i cyklické vytrvalostni aktivity, béhem
nichZ dosahovala TF nad 80 % TFmax. Tento rezim nemél negativni vliv na hodnoty variability
srde¢ni frekvence (SDNN), porod nebo zdravi plodu.

Casto se stavalo, Ze byla namé&fena hodnota TF piesahujici 90 % TFumax, coZ neodpovida
obecnym doporucenim (Santos-Rocha et al., 2019). Je potieba doplnit, Ze Zena byla instruovana
k udrzeni takové intenzity, kterd je ji komfortni. Zda se, Zze Zeny zvyklé na takovy typ zatiZeni,
mohou pokracovat ve velmi intenzivnim tréninku, aniz by to vedlo k negativnim dopadiim na
porod ¢i plod (Weaving, 2020). Potvrzuji to také dalsi studie, u kterych profesiondlni a
vykonnostné orientované Zeny vyrazné pievySovaly objem i intenzitu béznych doporuceni
(Clapp, 1990; Kardel, 2005).

Doporuceni pro silovy trénink se omezuje na pouziti therabandli nebo ¢inek do 10 kg
(Anderson et al., 2021; Santos-Rocha et al., 2019). Pro silové sportovkyné to predstavuje spise
zahtivaci aktivitu a maji tendenci cvicit s t¢z8i zatézi. I ve tfetim trimestru se Zena vénovala
olympijskému vzpirani a cvikiim ze silového trojboje s ¢inkou o hmotnosti 40-60 kg. Mohly by
panovat urc¢ité obavy ze zvySeného nitrobtisniho tlaku, které¢ by mohly ptedstavovat riziko pro
plod (Cai et al., 2020). Zatim vSak nebylo prokdzano, Ze by existovala jasna souvislost mezi
posilovanim a vy$$im rizikem pro plod. Je diilezité zdtraznit skutecnost, zZe nitrobfisni tlak pii
vzpirani (do 70 % 1 RM) dosahuje nizsich hodnot nez naptiklad pii béhu, piipadné skocich a
1ze jej srovnat s rychlou chlizi (Dietze-Hermosa et al., 2020; Gephart et al., 2018).

Mame vice diikazi o tom, ze u zdravych a pohybové aktivnich Zen nemaji aktivity s
vysokou zatézi nebo intenzitou zadny negativni vliv na pribeh t€hotenstvi nebo porod (Barakat
et al., 2015; Sigurdardottir et al., 2019). To prokazal i tento vyzkum — vaginalni porod bez
komplikaci, standardni gestacni v€k, Apgar skore 10, normélni hmotnost plodu. Zda se, Ze
jedinym typickym diisledkem pro Zeny, které jsou v t€hotenstvi fyzicky aktivni, mize byt nizsi
porodni hmotnost, coz vSak neni povazovano za Skodlivé (Kardel, 2005; Sigurdardottir et al.,
2019). Presto je vSak potieba zdiiraznit, ze se jednalo o pfipadovou studii a ze dals§i vyzkumna

¢innost je nezbytna pro potvrzeni zavéra v kontextu HIFT.
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Potvrdilo se, Ze Zeny praktikujici HIFT maji k této ¢innosti silny vztah a nechtéji se ji
vzdat ani v t8hotenstvi (Prewitt-White et al., 2018). Zeny si musi zachovat dileZité prvky svého
zivotniho stylu, protoze ovlivituji Groven celkového zdravi a well-being. Piesto je nutné
konzultovat vSechny postupy a cviceni s I1ékafem a tidit se jeho doporucenimi.

Pro navazujici vyzkumnou préci lze doporucit rozsiteni studii sledujici déti a mladez a
v ndvaznosti vytvaret doporuceni s pfenosem do redlné praxe. Déle by bylo piinosné
pokracovat v zamieni na t¢hotné Zeny ve smyslu HIFT programt a sledovani vlivu na prib¢h

téhotenstvi, porod a zdravi plodu.
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8 SOUHRN

body, které vychazeji ze zavéri provedenych vyzkumii.

Fitness piedstavuje specifické odvétvi, které dlouhodobé zaziva velké zmény ve vybéru
forem cviceni, cvicebnich pomicek nebo metod. Diky tomu se objevuji nova slova nebo
vznikaji nové konotace. Ukazalo se, ze HIFT, HIIT, kruhovy trénink, CrossFit, funkéni trénink
maji svébytné atributy. Diky tomu je mozné je dobfe rozlisit pfi jejich pouziti a nemélo by
dochazet k jejich zaméinovani.

Pro trénink CrossFitu je nutné urCit optimalni postupy pro idedlni rozvoj sily,
vytrvalosti, vykonu, rychlosti, pfesnosti a dal§ich specifickych (crossfitovych) vykont. V
urcitych aspektech je mozné zapojit do tréninku metodiku soubézného tréninku. Potvrzuje se
vsak, ze CrossFit je v mnoha ohledech sportem, ktery vyzaduje jedinecné tréninkové postupy,
pro které je pouze omezené mnozstvi informaci.

Ve srovnani s Wingate testem se ukazalo, ze primérny vykon (W) a kalorie souviseji s
anaerobni pracovni kapacitou, ktera je pro CrossFit dulezitd. Po Iminutovém testu na air biku
méli Gcastnici vyssi hladinu laktatu a v zavislosti na vys$si akumulaci doslo také k odlisSnému
vyvoji laktatové kiivky béhem pasivni klidové faze. Testovani hladiny laktatu a laktatové
kiivky ve spojeni s ujetymi kaloriemi se zd4 byt vhodnym prostfedkem pro analyzu aktualni
urovné anaerobniho systému.

Spojeni blizké infracervené spektroskopie a spirometrie se zd4 byt dobrou kombinaci
pro komplexni analyzu tréninkového (crossfitového) zatizeni. Potvrzuje se, zZe parametry z
obou méteni spolu souviseji a spole¢né s hodnotami srde¢ni frekvence vytvareji celkovy obraz
reakce organismu béhem testovani. Z vysledkl testovani je mozné velmi dobfe analyzovat
celkovou vykonnost sportovce a vycist fyziologickou odezvu na silové, vytrvalostni nebo
kombinované podnéty v CrossFitu. Tento test poskytuje dobrou zpétnou vazbu o odezve
organismu na zatizeni, coz lze dobfe vyuzit pro naslednou optimalizaci tréninku.

Nejlepsi Cesti crossfitefi vénuji znacné mnozstvi ¢asu tréninku (800-900 minut tydné).
Z vysledkti vyzkumu vyplyva, ze pro umisténi v ¢eském zebticku je velmi podstatny vykon
v olympijském vzpirani a zakladni silové vykony s velkou ¢inkou. Zavodnici maji mnohem
horsi piehled o svych vytrvalostnich nez o silovych vykonech.

Vysledky analyzy sportovct na CrossFit Games® ukazuji rozdil ve vykonnosti Zen a
muzt od 0,1 do 33,1 %. Nejvétsi rozdil byl v olympijském vzpirani (1 RM trh soupazny).

Podobné jako v jinych sportovnich disciplindch byly i zde zjistény rozdily ve vysledcich
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disciplin mezi pohlavimi. I pfes scaling dosahovali muzi obecné lepSich vysledki, coz je dano
pfedevsim jejich anatomickymi a fyziologickymi rozdily. Rozdily mezi vykony Zen a muza
jsou variabilni - Zeny doséahly lepSich vysledkt v jedné discipliné a v dalSich ctyfech byly
rozdily malé.

Air bike je rozsifenym ndastrojem pro kondi¢ni trénink a je vyuzivan také béZznou
populaci nebo specifickymi skupinami. Jeho pouziti je technicky pomérné jednoduché a
pohodlné. Lze jej doporucit pro testovani nespecifické aerobni a anaerobni vytrvalosti.
Zatézové testy ukazuji potencial pro dosazeni vysokych fyziologickych hodnot, které mohou
rozvijet kardiorespiracni zdatnost. Déle byla prokdzana jeho ucCinnost pifi pozitivhim
ovliviiovani parametri kardiovaskularniho systému. Zda se, ze jeho pouziti bude ideélni pro
HIIT nebo HIFT, a to bud’ samostatné, nebo v kombinaci s jinymi cviky.

Bylo prokazano, ze HIIT s vyuzitim air biku mize v rdmci 8tydenni intervence pozitivné
ovlivnit kardiorespiracni, silové a vytrvalostni parametry. Vyznamnym efektem souvisejicim s
vlastnostmi air biku je soucasné ovlivnéni silovych vykonli horni a dolni poloviny téla. Na
zaklad¢é vysledki vyzkumu lze jizdu na air biku doporucit jako vhodny ndastroj pro rozvoj
télesné zdatnosti a vykonnosti.

Na profesiondlnich sportovcich se potvrdilo, Ze 1ze identifikovat trend ve zneuzivani
zakdzanych latek. Mezi tyto substance patii SARM a PPARS. Diky ucinnosti, snadné
dostupnosti a relativné malym akutnim vedlej$im efektiim se staly rozsifenymi. Kromé etického
hlediska jsou zde Cetna zdravotni rizika, kterd by méla byt zdirazilovana. Problematika by se
m¢éla stat soucasti edukace sportovni obce.

Télesnd vychova nabizi moznost aplikace rtiznych pohybovych aktivit. CrossFit je
sportovni disciplinou, resp. jednoduchym cvicebnim programem, ktery se k tomuto ucelu
nabizi. Provedend intervence ukdzala, Ze takovy druh cviceni mize byt vhodnou soucasti
télesné vychovy. Z pohledu rozvoje vybranych parametrti télesné zdatnosti nebyla prokézana
vy$si ucinnost oproti standardni vyuce. Nutno dodat, Ze navrzend intervence méla specifika,
ktera mela simulovat béznou vyuku.

Cilem prezentované piipadové studie bylo poskytnout informace o uc¢inku HIFT u
téhotné Zeny. Jeji tréninkovy pldn zahrnoval olympijské vzpirani, gymnastiku, b&h atd.,
pfi¢emz narocnost byla nastavena na "téZkou az velmi téZkou". Tento rezim nemél zadné
negativni U¢inky na variabilitu srde¢ni frekvence (SDNN). T¢hotenstvi a porod probéhly
rovnéz bez komplikaci. S pfihlédnutim k limitacim vyzkumu muize byt optimalné nastaveny

HIFT vhodnou a bezpec¢nou aktivitou bez nezadoucich ucinkt na matku ¢i plod.
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9 ZAVER

Vznik nové sportovni oblasti predstavuje vyzvu pro védecko-vyzkumnou ¢innost. Aby
byla dand disciplina uznana za legitimni a také spolecensky respektovanou, je zapotiebi
ziskavat dostatecné mnozstvi relevantnich védecky podlozenych informaci. HIFT je stale jeste
mladou sportovni oblasti, kterd je na zacatku této cesty.

HIFT se stal pfitazlivou aktivitou, ktera nabizi intenzivni, pestré cviceni, uskuteciiuje se
v designové specifickém prostredi a je typicka silnym vztahem ke komunité. Ackoliv neni zndm
pfesny pocet praktikujicich, lze vychazet z poétu télocvien, které v Ceské republice vznikly
v poslednich 10 letech a tento pocet neni zanedbatelny. Nejednd se o kratkodoby trend a zda
se, ze HIFT se postupné etabloval v oblasti fitness a dostava se do povédomi $irsi (sportujici)
vetejnosti.

Tato habilitacni préce si kladla za cil pfedlozit dosavadni autorovu vyzkumnou ¢innost,
kterd se vztahuje k tématu HIFT. Protoze je HIFT ¢asto vniman pouze jako cvicebni systém,
byly popsany aspekty vysvétlujici odlisnosti od jinych metod cvifeni a zaroven vyzdvizeny
atributy, diky kterym jej mizeme oznacit za sportovni disciplinu. Jedna se o dulezity krok také
pro piistup k vyzkumu.

Prezentované c¢lanky zasahuji do rGznych kinantropologickych oblasti, proto jsou
rozdéleny do tematicky blizkych celkli. Byly uvedeny clanky souvisejici se sportovnim
vykonem, které zaroven pomahaji urcit jeho dulezité aspekty. Déle byly vybrany clanky
zabyvajici se air bikem, ktery ma v HIFT specifické vyuziti. V neposledni fad¢ byly pfipojeny

¢lanky zamétené na zdravotni aspekty a vyuziti HIFT ve Skolni TV.
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