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ABSTRAKT

CEPKOVA, Alena: Stav drzania tela Studentov univerzity a hodnotenie svalov trupu.
[Habilitaéna praca] /Alena Cepkova. Masarykova univerzita v Brne. Fakulta sportovnich
studii. Stupeni odbornej kvalifikacie: docent. Brno: FsPS MU, 2020.

Habilitaénéa praca (subor vedeckych prac) je suborom prac monotematického charakteru, v
ktorej prezentujeme vysledky vyskumov ziskanych pocas niekolkoro&ného sledovania
drzania tela v komparacii s telesnou zdatnostou atelesnym rozvojom a hodnotenim sily

svalov trupu.

Habilitaéni pracu sme vedecky podlozili ziskanymi vysledkami z viacerych vyskumov
hodnotenia drZania tela u $tudentov vysokej Skoly vo vztahu k telesnej zdatnosti a telesnému
rozvoju a testovania sily svalov trupu, ktoré su zakladom pre spravne drZanie tela, v ktorych

som bola ako hlavna riesitel’ka alebo spoluriesitelka.

Vopraci 1 a2 sme dospeli k poznatkom, Ze Studenti so spravnou postirou dosiahli lepsie
vysledky v testoch telesnej zdatnosti atelesného rozvoja ako S$tudentmi s nespravnou
postirou. V praci 3 sme sledovali rozdiely v drZani tela medzi $tudentmi a $tudentkami,
priCom sa potvrdili intersexudlne rozdiely, u oboch skupin sme zistili vyrazné predsunutie
hlavy. V praci 4 sme overovali testovanie sily svalov trupu pri rotaénom cvileni so zataZou.
Potvrdil sa ndm vyznam tohto testovania a jeho vyuzZitie predovSetkym pri Sportoch, kde sa
vyuZziva rotécia trupu, ako napriklad hokej, golf a tenis. Poznatky ziskané v predchadzajucich
vedeckych pracach zameranych na posturu a silu svalov trupu sme transformovali do prac 5
a 6, ktorych vysledkom bolo navrhnutie a zostrojenie variabilného diagnostického a/alebo
posiliiovacieho tréningového a/alebo rehabilitaéného zariadenia svalov trupu pre beZnd

populéciu ako aj pre trénovanych jedincov.

KIa¢ové slova: DrZzanie tela. Metédy hodnotenia drzania tela. Telesnd zdatnost. Telesny

rozvoj. Studenti. Sila svalov trupu.
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UVOD

Sucasné dynamicky sa meniace Zivotné podmienky vplyvaju na zvySenu adaptabilitu
¢loveka. ZvySuje sa neuropsychicka zataz, zniZuji sa naroky na pohyb a fyzicki namahu.
U Studentov vysokych 8kol je telesnd vychova v mnohych pripadoch jedinou pohybovou
aktivitou, ktoru realizuju, preto sa stretivame so skutoénostou, Ze unich vo velkej miere
absentuje aktivny pohyb. Ich pracovné zataZenie je vécSinou jednostranné a monoténne. St
to faktory, ktoré vyznamne ovplyviiuju kvalitu Zivota ¢loveka. Dochadza k zmene Zivotného
Stylu, ktory sa negativne odrdZa na ich zdravi. Hypokinéza, ktord je celosvetovym
fenoménom 21. storo€ia, ma negativny dopad na ich telesni a funkénu zdatnost’ a aj telesny
rozvoj. Vo velkej miere sa vyskytuji u 'udi bolesti chrbta, ktoré st okrem iného désledkom
aj sedavého spdsobu Zivota, nespravneho drzania tela v stoji, v sede, alebo pri réznych
¢innostiach.

Zéakladom spravneho drZania tela beZnej populécie a Sportovcov je spravne fungujuci
stred tela. Diagnostika sily svalov trupu nie je v slasnosti dostatoéne monitorovana
a povazujeme za potrebné sa s iou nad’alej podrobnejsie zaoberat. MozZno oCakavat’, Ze takyto
komplexny rozvoj sily svalov v oblasti trupu so spravne nastavenym protokolom zvysi
ucinnost’ tréningového programu Sportovcov, ako aj lie€by netrénovanych jedincov s
funk&énymi bolestami chrbta.

V prvej Casti prace sa venujeme teoretickému rozboru pohybovych aktivit Studentov,
drZaniu tela a svalom trupu. Ked’Ze sa jedna o sibor vedecky prac v nasledujucej &asti sa
zaoberame ciel'mi a metodikami jednotlivych vedeckych prac. V d’al$ej Casti predkladame
stihrn vysledkov a diskusiu k predkladanym vedeckym pracam. V praktickej ¢asti prinaSame
vysledky naSich niekol’koroénych vyskumov a nové poznatky z oblasti drZania tela vo vztahu
k telesnej zdatnosti a telesnému rozvoju, a taktiez vysledky v oblasti skimania sily svalov

trupu, ktoré méZu byt’ uzitoéné pre uditel'ov, trénerov a pre $irokd verejnost’.



1 VYCHODISKA PRACE

Na Strojnickej fakulte STU v Bratislave sa zaoberame uZ niekol’ko rokov hodnotenim
stavu telesnej zdatnosti a telesného rozvoja. Zo sedemroéného sledovania sme zistili pokles
parametrov telesného rozvoja atelesnej zdatnosti Studentov. Dotaznikovd metéda nam
odhalila prevahu sedavého spdsobu Zivota, s minimalnou pravidelnou pohybovou aktivitou.
Pri nastupe na $tudium vysokej $koly sa Studentom meni Zivotny §tyl a z aktivneho sa stava
skor pasivny. Tieto aspekty maji vyrazny vplyv na telesni zdatnost’ a taktieZ na drZanie
tela, dlhodobé monoténne ¢innosti st ¢asto ddvodom nielen bolesti chrbtice, ale v kone¢nom
dosledku zhorSenia celkovej kvality Zivota.  Tieto pozorovania nas doviedli k potrebe
hodnotenia telesnej zdatnosti, telesného rozvoja, ako aj drzania tela Studentov a hodnotenia

sily svalov trupu.

Problematikou drZania tela sa zaobera mnoho nasich a zahrani¢nych odbornikov ako
napriklad (Lanik, 1990; Labudova, 1992; Véle, 1995, 2006; Janda, 1996; Briigger, 1995;
Hromédkova, 1999; Vaieka & Dvofdk 1999, 2001; Guth et al., 1999, 2004; Tichy, 2000;
Vareka et al., 2001; Vareka, 2002; Kolat, 2002, 2007, 2009; Binovsky, 2003; Hodges, 2003;
Lewit, 2003; Hnizdil, 2005; Kanasova, 2005, 2006, 2015; Cermdk et al., 2008; Vaiekova &
Vateka, 2006; Kociova, 2008; Biskup, 2009; Hrcka, 2009; Preissova & Vlasdkova, 2009;
Stackeova, 2012; Nechvatalova & Haladova, 2013; Brenan, 2014; Mc Gill, 2015; Ruivo, 2016
a d’alsi).

TaktieZ sa mnoho vyskumnikov zaobera telesnou zdatnostou a telesnym rozvojom
(Moravec et al. 1966, 2002; Zapletalova 2002; Zapletalova et al., 2011; Havranova 2003;
Kor&ek 2003; Sulc et al. 2004; Simonek, 2005; Kuka&ka, 2011; Zvonata et al., 2011; Bobrik,
2012; Halmova, 2013; Liba & Bukova, 2012; Martens et al., 2012; Varela-Mato et al., 2012;
Morrell et al., 2013; Tibenskda & Medekova, 2013; Cepkova, 2015; Somorovsky
& Kyselovi¢ova, 2017 a d’alsi).

Nés zaujimala suvislost’ medzi telesnou zdatnost'ou, telesnym rozvojom a drZzanim
tela Studentov vysokej $koly, ktori patria do rannej dospelosti. Pouzili sme Matthiasov test na
hodnotenie drZania tela, ktory je vel'mi jednoduchy a generalizovany a uvedomujeme si, Ze
nebol tplne najvhodnejsi pre nds subor. UmozZnil ndm vSak pri vd€Som mnoZstve testovanych
suborov odseparovat’ $tudentov so ,,spravnou postirou“ a ,nespravnou posturou® a zarovern
u Studentov testovat’ telesnii zdatnost’ a telesny rozvoj. Test podla Matthiasa nevypoveda

podrobne o odchylkach od normy na jednotlivych Castiach tela, ako napriklad test podl'a
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Jaro%a — LomiCka. Ale prejav nespravnej postury zisteny Matthiasovym testom je dosledkom
nedostato¢ne rozvinutych svalov trupu, ktoré sme Ciastoéne zistovali v testoch telesnej
zdatnosti. Tieto poznatky nds priviedli k zameraniu pozornosti na testovanie a rozvoj sily
svalov trupu v suéasnosti nazyvané ,,core“. Nas zaujimalo overovanie testov sily svalov trupu
pri rotaénych pohyboch, vktorych nie je dostatok vedeckych poznatkov, ale aj v
predozadnom pohybe. Ziskané poznatky z hodnotenia drZania tela, testovania sily svalov
trupu a spolupraca so strojnymi inZiniermi boli podkladom zostrojenia prototypu zariadenia
na komplexny rozvoj sily svalov voblasti trupu aich diagnostiku, ktory je chraneny
patentom. Strojnicku fakultu STU v Bratislave navstevuju prevazne $tudenti, Studentky tvoria
necelych 15%. Tieto tiez nav$tevuji povinnu telesnii vychovu poas bakalarskeho stupiia
Stadia. Skupinu S$tudentiek, ktorda navstevovala hodiny povinnej telesnej vychovy so
zameranim na aerobik, sme podrobili testu drZania tela podl'a JaroSa — Lomicka, ktory je
ureny na podrobné odhalenie odchylok od normy na jednotlivych astiach tela, a porovnali
sme ju snezavislou skupinou S$tudentov, ktord nebola zaradend do Ziadneho iného
experimentu.

Vzhl'adom na to, Ze Studentky a Studenti navstevovali pravidelne telesnti vychovu len
1 x tyZdenne, nebolo moZné hodnotit’ mieru vplyvu pohybovych aktivit a pohybovych
programov na zmenu vybranych hodnotiacich faktorov. Vedecko-vyskumné ¢innost’ bola
podporena viacerymi grantovymi ulohami MSVVaS SR — VEGA a APVV (Agentura pre

vedu a vyskum), v ktorych som bola ako hlavny riesitel’ alebo spoluriesitel’.



1.1 Pohybové aktivity a Sport vo vzt'ahu k drzaniu tela

Jednym z najdéleZitejSich determinantov zdravia je pohybova aktivita. Pohyb by mal
byt prirodzenou sulastou Zivota avo velkej miere prispieva k zniZovaniu neinfek&nych
civilizaénych ochoreni. Statistické tidaje tudii Svetovej zdravotnickej organizacie (WHO
2017) o rizikovych faktoroch zdravia sved¢ia o tom, Ze fyzickd necinnost, alebo sedavy
spdsob Zivota patria k desiatim hlavnym pri¢indm Gmrti a poSkodeni zdravia. Podl'a Hainera
(2007) sedavy spdsob Zivota je dvojnasobnym rizikom vzniku kardiovaskularnych ochoreni,
cukrovky, obezity, zvy3uje riziko vzniku rakoviny hrubého ¢reva, vysokého krvného tlaku,
vedie k osteoporéze a spdsobuje depresie a stavy uzkosti. Je nepopieratelné, Ze pravidelna
pohybova aktivita vedie k upeviiovaniu zdravia, ¢im dochiddza k predchddzaniu az
eliminovaniu zdravotnych tazkosti. Preukézatel'ne zabraiiuje vzniku mnohych civiliza¢nych
ochoreni atak isto aj eliminuje narast celosvetového fenoménu 21. storo¢ia, ktorym je
hypokinéza (Sigmund & Sigmundova, 2011). Ako uvadza Somorovsky & Kyselovi¢ova
(2017) nedostatoénti pohybovu aktivitu rie$i 56% ¢lenskych Statov Svetovej zdravotnickej
organizacie (WHO 2017). Odborné $tudie dokumentuju, Ze tretina dospelej populécie nie je
dostatoéne pohybovo aktivna a viac ako 70 % adolescentov nespiita odporigania pohybovej
aktivity. Pri¢om Dishman et al. (2004) zarad'uji medzi pohybové aktivity aj pohyb v
zamestnani, prace v domécnosti, volnogasové aktivity, $port a planované cvi¢enia v ramci
fitness alebo pre zdravotné iely. Nejde teda len o $portové aktivity, ale o akykol'vek telesny
pohyb. Sport je iba jeho podskupinou.

Pohybové aktivity a pohybovy reZim vysokoskolékov je vo velkej miere ovplyvneny
roznymi ¢&initePmi, medzi ktoré patri zdravotny stav, pohybové skusenosti, hodnotova
orientacia, zaujmy a postoje, socilny status, profesia, prostredie a podobne (Liba & Bukova
2012). U $tudentov po nastupe na univerzitné §tudium prevazuje sedavy spdsob s velmi
nizkou dotaciou volnogasovych pohybovych aktivit (Kukacka, 2011; Bobrik, 2012; Cepkova
et al. 2016). Znizuje sa pohybova vykonnost mladeze (Moravec et al., 1966, 2002;
Zapletalova 2002, 2011). Tento trend potvrdzuje aj viacero autorov pri sledovani telesnej
zdatnosti vysokoskoldkov (Havranova 2003; Koréek 2003; Sulc et al., 2004). V3eobecne je
platné, e ubuda pohybovej aktivity vo vietkych vekovych kategoridch, ktoré nie st navySe
rovnomerne rozdelené pocas dita. TaktieZ chyba pohybova pestrost. Pohybova aktivita, aby
bola zdraviu prospe$n4, by optimalne mala prebiehat’ 3 aZ 4 x tyZdenne po dobu 30 az 45
minit pri intenzite zataZenia 60 aZ 80%, priom pohybova aktivita by sa mala zamerat’ na
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vytrvalostné cviéenia. Podl'a Zvonarta et al. (2011) dospeli presedia denne 8 hodin a pohybuju
sa v priemere 4 hodiny. Je to velky nepomer, ktory sa odraZza v zhorSeni telesnej zdatnosti.
Tibenska & Medekova (2013) zistili u Studentiek, Ze takmer tretina zo 147 opytanych sa
venovala viac ako 8 hodin denne sedavym aktivitdim, najvicSia Cast’ sedela 6 az 8 hodin
denne. VicSina z opytanych Studentiek sa venovala chodzi denne 2 az 3,5 hodiny. Martens et
al. (2012) zistil ze az 83% zo 70 $tudentov ma nizku pohybovu aktivitu. Morrell et al. (2013)
vo svojej Studii potvrdil, Ze vysokoskolski S$tudenti a Studentky s podpriemernou
kardiovaskularnou zdatnost'ou alebo nizkou pohybovou aktivitou maji vysSie riziko obezity.
Varela-Mato et al. (2012) uvadzaju, Ze u Spanielskych vysokoSkold€ok prevldda sedavy
spdsob Zivota.

Nedostatok pohybovych aktivit a prevladanie sedavého spdsobu u vysokoskolakov ma
za nasledok pretaZovanie rovnakych kibovych Struktir arovnakych svalovych skupin.
Dochéadza tak k celkovému zniZeniu proprioreceptivnej stimulacie, dosledkom &oho je
nedostatoéna stimuldcia centrdlneho nervového systému s poruchou riadenia. Pohybova
pasivita spOsobuje nedostatok informécii, ktoré prichddzaji do centrdlneho nervového
systému, ¢o sa podiel'a na vzniku chybnych pohybovych stereotypov a svalovych dysbalancii
(Molnarova, 2009). Podla Lewita (1996) hlavnymi pri¢inami svalovych dysbalancii je:

- hypokynéza, nedostato¢né zat'aZzovanie,

- chronické zat’aZzovanie nad hranicu dana svalovou kvalitou,

- asymetrické zataZovanie bez dostato¢nej kompenzacie,

- zmena pohybového stereotypu, napr. vplyvom urazu alebo ochorenia.

Podla Tichého (2000) dysbalancie vznikaju, ked’ je nerovnovédha medzi svalmi na
prednej a zadnej strane tela. Takuto dvojicu tvori jeden sval posturalny, so sklonom k tuhnutiu
a druhy fazicky, ktory méa sklon k ochabovaniu. Chrbtica je jednym funkénym celkom, kde
zmena stavu na jednej ¢asti ovplyvni ostatné ¢asti. Medzi vonkajsie faktory, ktoré ovplyviiuja
drzanie tela pari jednostranné zat'aZenie, statické pretaZovanie, nedostatok pohybu
a nevhodné pohybové aktivity (Tichy, 2000; Hoskov & Matouskova, 2012). Pozitivny vplyv
pohybovych aktivit na spravne drZanie tela potvrdilo viacero vyskumnikov. Ruivo et al.
(2016) zistili, Ze po vykonani posturdlnych korekénych cvi€eni v triedach preukazali lepSiu
pozitivnu intervenciu. Bolo naznacené, Ze realizacia praktickych cvi¢eni vo viacerych Skolach
je inteligentnou a u¢innou stratégiou na predchddzanie skorych nastupov posturdlnych
deformacii. Odporu¢aju zavedenie pravidelného cvi¢enia zameraného na spravne drZanie tela
2x do tyZdnia. Zavedenim tohto pristupu do $kol sa mdze pomdct’ detom rozvijat' néleZité
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posturdlne hygienické navyky uz v ranom veku. Takyto pristup moéZe predchadzat’ vzniku
bolesti chrbtice a funkénym poruchdm vo vys$Som veku .

U Studentov je velmi Casty jav predsunutia hlavy pri pohlade nadol na mobilny
telefon, ¢im vznika zvy$enie tlaku na krénu chrbticu, ¢o spdsobuje zvysené zat'aZenie aZ o 18
— 27 kg (Hansraj 2014). Postoj predsunutej hlavy zvySuje svalové napitie okolo hrudnej
chrbtice a obmedzuje jej rozsah pohybu, ¢o ma negativny dopad na hladky priebeh dychania
Han et al. (2016). Stadia Yanga & Haldemana (2018) poukazuje na asocidcie medzi
samovolne hlasenou bolestou v dolnej ¢asti chrbta a fyzickou ne€innostou vo vol'nom &ase,
sucasnym alebo byvalym fajéenim, si¢asnym alebo predchadzajicim pitim alkoholu, kratkym
trvanim spanku a obezitou. Cohen et al. (2016) vo svojej $tadii zistili, Ze ¢im je postura lep$ia
su aj kvalitnejsie kognitivne funkcie.

TaktieZ sa pozoruji rozdiely medzi pohlaviami. Intersexudlne rozdiely v zakriveni
chrbtice potvrdili Masharawi et al. (2010), ktory zistili, Ze Zeny mali v&¢$iu lumbélnu lordézu
ako muzi. Preukézalo sa, Ze sagitalne chrbtové zakrivenie je ovplyvnené pohlavim v désledku
genetickych, hormonélnych a environmentdlnych faktorov. Rozdiely v zakriveni chrbtice
medzi Zenami a muZmi méZeme pozorovat’ aj v §tudii Cepkova (2013), v ktorych sa potvrdila
vyraznejsia driekova lordéza u Zien a zva¢Sena hrudna kyféza u muzov.

Aj extrémne tréningové zataZenie v Sporte sa odraza v celkovom drzani tela. Vplyv
Sportového tréningu na tvar chrbtice potvrdilo viacero vyskumnikov. Uetake et al. (1998)
zistili, Ze Sprintéri, beZci, skokani, vrhadi, plavci, kulturisti a futbalisti mali vyraznejSie
zakrivenie chrbtice ako neSportovci. Taktiez Lichota et al. (2011) potvrdzuji vplyv
Sportového tréningu na tvar chrbtice. Zistili u volejbalistov a hadzanarov zviésenu hrudnu
kyf6zu. Wodecki et al. (2002) zistili vyraznej$iu lumbélnu lord6ézu a splostenti hrudnu kyf6zu
u futbalistoch ako u neSportovcov. Alricsson & Werner (2006) po 5 ro¢nom merani
s lyziarmi, zistili zvé¢Sovanie hrudnej kyfézy vplyvom tréningu, pri¢om nedo$lo k Ziadnej
zmene v driekovej lordéze. V studii Wojtys et al. (2000) sa potvrdilo, Ze u pravidelne
Sportujucich atlétov je vysSie riziko hrudnej kyf6zy ako u neSportujuci
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1.2 Drzanie tela

Drzanie tela (postiira) dozrieva pocas posturdlnej ontogenézy. So zrenim centrdlneho
nervového systému sa v zavislosti na optickej orientacii a emoc¢nej potrebe diet’ata do drZzania
tela automaticky zapajaju svaly v synergiach, ktoré su uloZené v mozgu ako matrice (su
geneticky dané). Tieto svalové sihry zaistuju (pri optimélnej funkcii systému) funk&na
centraciu jednotlivych kibov a umozituju morfologické dozrievanie skeletu. V Styroch rokoch
dietata je spolu s dozrievanim jeho centralneho nervového systému pre hrubi motoriku
dokoncena posturalna ontogenéza (Kolaf, 2002, 2007). Vafeka & Dvoiédk (2001) sa vo svojej
$tadii zaoberaju bio-psycho-socidlnym charakterom fenoménu drZania tela. DrZanie tela
jednotlivca moéZe byt ovplyvilované okrem moznych primarne patologickych pri¢in
(neurologickych, ortopedickych, internych) rdéznymi vplyvmi prostredia, ako aj napriklad
zamestnanim, $portom alebo médou. Drzanie tela je vyslednica uréitého tvaru chrbtice, najmé
prace posturalnych svalov, posturalnych reflexov a funkcie chrbtice. Spdsob drzania tela
je sulastou neverbdlnej komunikdcie a mnohokrat je moZné znej od¢itat’ psychické
rozpoloZenie jedinca. Je to dynamicky proces udrZujici telo vo vertikale. DrZanie tela ma dve
varianty: pohotovostné drZanie (stand by) - a orientované drZanie - (attitude). Vzpriamena
poloha nepatrne koli$e nielen pod vplyvom dynamického udrZiavania polohy, ale aj vplyvom
dychacich pohybov, ktoré ovplyviiuju postiru. Treba odliSovat’ vzpriamené spontdnne drZanie
tela od napriameného drZania tela, ktoré je volou vedome kontrolované. Spontanne
vzpriamené drZanie je programovo fixované a napriamené je vedome korigované (Véle,
2006). Je to sprievodny znak kazdej ¢innosti, pohybovy navyk, ktory vieme z velkej &asti
ovladat’ svojou volou. Drzanim tela oznaCujeme vzajomnu polohu jednotlivych &asti tela —
hlavy, trupu, koncatin, ktord sa prezentuje u jednotlivca ¢i uz v pokoji alebo pri kazdej
pohybovej ¢innosti. Ddlezity predpoklad a uréujice faktory drZania tela st:

o anatomicka stavba tela, jeho Casti (postava, proporcionalita &asti tela, chrbtica, vyvoj

kibov, svaly a pod.) a ich vzt'ah, spojenie, pohyblivost’, funk&nost,

o neurofyziologické a neuroregulatné mechanizmy (dostredivé a odstredivé nervové
drdhy, mozog, miecha, dotykové a zmyslové receptory, vnemy a pod.) ktoré
zabezpe&uju vytvaranie posturdlneho reflexu a posturdlneho pohybového stereotypu,
ktoré plnia a ovladaju posturélne funkcie:

e antigravitaénu,

e stabilizaénu,
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e Dbalan¢nq,
e aich koordindciu,

o celkova funké&na zdatnost’ organizmu (stupeii odolnosti a schopnost’ prispdsobovat’ sa
zat'’aZeniu, kondicia oporno-pohybovej ststavy, ¢innost’ vnatornych organov a
najmé dychacej sustavy),

o predstava o drzani tela, postoj k svojmu drZaniu tela,

o schopnost’ vyvinit' potrebné svalové napitie posturdlnych svalov a udrzat svalovi
rovnovéahu.

Stoj je poloha staticky naro¢nd, lebo taZisko je vysoko nad podloZzkou a oporné
plocha je mala. V vzpriamenom stoji hlava s o¢ami smeruji priamo vpred, horné konc&atiny
visia volne pozdi? tela s dlatiami dopredu a dolné konéatiny su vystreté vedl'a seba. V tomto
postaveni zvislé taZnice spustené stredom bedrovych kibov prebiehaju cez kolenné
a &lenkové kiby kolmo na opornti plochu a podlozku. Os vzpriameného tela ide kolmo proti
pOsobeniu gravitacie. Na udrziavani vzpriamenej polohy tela sa podiel'aju svalové skupiny,
pre ktoré je to ich hlavnou ¢innostou a nazyvame ich posturdlne svaly (Binovsky, 2003).
Vyznamna pre drZanie tela je celkova funkéna zdatnost’ organizmu, pri ktorom sa chrbtica
drzi vzpriamene, ale pritom ma zachované fyziologické dvojité esovité zakrivenie (kréna
lord6za, hrudna kyf6za, driekova lordéza, krizova kyféza) (Obr. 1), ramend st rozloZené do
stran, spustené dolu a vzad, lopatky priloZené k hrudniku. Svaly trupu a dolnych kon¢atin s v
trvalom napiti, ¢ize v izometrickom stahu. Podla zmeny taZiska tela sa meni aj aktivita
jednotlivych svalovych skupin. Pri pohl'ade zozadu je chrbtica rovnd, totoZna s osou tela a obe
polovice tela su symetrické (plecia, lopatky, boky s rovnako vysoko na pravej i na
lavej strane. Hrudnik je klenuty a zdvihnuty hore, hmotnost’ tela je viac na prednej
a vonkajsej Casti chodidiel. Pri pohl'ade zboku vertikélna os spdja uSny boltec s ramennym,
laktovym, stehnovym, kolenovym a &lenkovym kibom. Panva je mierne podsadend, brusna
stena je schovana za olovnicou, ktora vychddza z me€ovitého vybezku prsnej kosti (Obr. 1).
(Labudova & Thurzova, 1992; Binovsky, 2003; Guth, 2004; Cermék et al., 2008; Hrika,
2009).
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Obrazok 1 Stoj (Cermék et al., 2008)

Z energetického pohl'adu sa da charakterizovat’ spravne drzanie tela, ked’ pri statickej
zétazi lezi tazisko kazdého segmentu nad stredom oblasti, ktord mu slizi ako podporné béza,
ateda vyvaZenost systémov vyZaduje minimalnu aktivitu svalov (Véle, 2006). Podla
Brennana (2014) je drzanie tela vztah jednej alebo viacerych Casti tela k ostatnym. Ked’ je
vztah volny, spravne drZanie tela vznika prirodzene, ale ked’ je vzt'ah obmedzeny pre napiitie,
nespravne drzanie tela je neodvratitelné bez ohl'adu na polohu alebo poziciu, ktord sme si
osvojili. Lanik (1990) charakterizoval spravne drZanie tela tak, Ze taZisko pOsobi vyvaZene
na dolné koncatiny a tato sila je zachytena a eliminovana tlakom podlozky do néh. Briigger
(1995) charakterizuje vzpriamené drzZanie tela ako také drZanie, pri ktorom chrbtica funk&ne
vytvara dva lordotické tseky: thorako-lumbalnu lord6zu, ktora prebieha od os sacrum po Th5
a cervikokranidlne pretiahnutie, ktoré prebieha od Th5 smerom kranidlnym. DrZanie tela je
navyk, ktory sa utvara v priebehu Zivota. Ide o pracu cielavedomu, dlhodobu a zna¢ne
naro¢ni (Haladova & Nechvatalova 1997; Zanovitova et al., 2011; Kas¢dkova, 2006). Podla
Hnizdila et al. (2005) za nespravne drzanie tela sa povaZuje chabé (pasivne) drZanie,
charakteristické schulenou postavou, zvesenou hlavou vtiahnutou medzi ramend, gulatym
chrbtom a ochabnutym svalovym aparatom. Na definicii spravneho drZania tela sa autori
odbornych publikacii zhoduju, neexistuje vSak absolitna norma pre spravne drZanie tela,
pretoZe i v tomto pripade musime re$pektovat’ to, Ze kazdy ¢lovek je jedine¢ny (Preissova
& Vlasakova, 2009). Rychlikova (2004) hovori o takom stoji, pri ktorom st nohy rovno vedl'a
seba, kolena a bedra natiahnuté, panva v takej pozicii, aby sa taZisko trupu nachiddzalo nad
spojnicou stredov bedrovych kibov, ruky volne vedra tela, lopatky sa priloZené k hrudniku

a hlava je vzpriamena.

15



DrZanie tela ovplyvitluje mnoho dal§ich ¢&initelov, ako celkovy zdravotny stav,
genetické danosti, vek, unava, dizka spanku, ale aj nespravne volené pohybové aktivity, pri
ktorych sa neakceptuju vekové osobitosti deti a mlddeZe. V drZani tela sa odrdZa stav a
pohotovost’ celého organizmu so vietkymi zékonitostami, ktoré rozhodujii o schopnosti
Eloveka prisposobit’ sa Zivotnym podmienkam (Ciklaminiova, 1990; Guth e al, 1999).

Riadenie drZania tela a pohybu zostava podla Vojtu (2010) az do konca Zivota
nevedomym pochodom, automatické riadenie drZanie tela, je nevyhnutnym predpokladom pre
normalne fazické (cielene smerovani) hybnost. Ked sa u zdravého doj¢ata vo veku 4-6
tyzdfiov objavi prva snaha o vzpriamenie v polohe na bruchu, ma uz toto vzpriamenie vietky
prvky, ktoré su obsiahnuté aj v tych najvysSich lokomoéné prejavoch ¢loveka. K tymto
prvkom pohybu vpred patria prendSanie hmotnosti, vzpriamenie, riadenie rovnovéhy,
koordinovand zmena drZania tela, ktord sa prejavi vzdy globalne v celom tele. Podla
Hromédkovej et al. (1999) a Cerméka et al. (2008) je idedlny postoj taky, pri ktorom maji
byt nohy volne pri sebe, kolenné a bedrové kiby nenésilne natiahnuté, panva postavena tak,
aby hmotnost’ trupu bola vycentrovand nad spojnicou bedrovych kibov, chrbtica ma byt
plynulo zakrivend, ramend spustené dolu, lopatky naplocho priloZené k rebrdm a pritiahnuté
k chrbtici. Hlava ma byt postavena tak, Ze spojnica zvukovodu a dolného okraja o¢nice
prebieha vodorovne. Jednoznaéne ur¢it’ objektivnu normu, to znamena jediné spravne drZanie
tela, v8ak nie je moZné (Preissova & Vlasakova, 2009).

McGill (2015) poukazuje na to, ze chrbtica je najodolnejSia voci stresom
kazdodenného Zivota, ked’ je v neutrlnej polohe, to znamend, ked’ ma tri prirodzené krivky.
Medzi tie patri kréna lord6za, hrudna kyf6za a driekova lord6za. Je to vychodiskova pozicia
v ktorej je najmenej napnutd. Hlavnou funkciou chrbtice je udrzat’ vzpriamené postavenie
tela, vzdorovat’ gravitacii, ktord neustale posobi v smere zhora nadol, a zabezpecit' primerant
pohyblivost’ (Klenkova & Kazimir 2010).

Cermék et al. (2008) definuje drZanie tela ako Specificky spdsob rieSenia tilohy ako sa
vyrovnat’ s graviticiou a udrZat’ rovnovahu tela. DrZanie tela sa ukazuje ako ur€ité priestorové
usporiadanie jednotlivych pohybovych segmentov tela v staticky naroénych polohéch (stoj,
chodza, beh). Z hladiska riadenia opornej motoriky ide o realiziciu posturdlneho stereotypu,
ktory je ukazdého Eloveka silne individudlnou ¢&rtou. Podl'a Binovského (2003) kritériom
hodnotenia drZania tela nemoéZe byt len celkovy vzhlad ¢loveka, ale aj spdsob, ako sa
pohybovy systém za danych okolnosti vyrovnava zo statickymi narokmi vzpriamenej polohy
aako sulinkami graviticie, ktord vyrovnavaju posturdlne svaly. Zlyhavanie posturdlnych
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funkcii sa prejavuje ako odchylka drZania tela a oznafuje sa ako posturdlna chyba. Spravne
drZanie tela je sprievodnym javom telesného a duSevného zdravia, tak v detskej ako aj v
dospelej populacii. Kazdy jedinec mé vlastny stereotyp drZania tela, ktory je obrazom jeho
vonkajSieho a vnatorného prostredia, zodpoveda jeho telesnym a duSevnym vlastnostiam,
telesnej stavbe a stavu svalstva (Modrak, 2010; Labudova, 1992).

Podla Hamade et al. (2003) chybné drZanie tela treba povaZovat za zaliatok
rozvinutia degenerativnych stavov chrbtice, ktoré sa prejavuju v dospelosti vo forme bolesti
chrbta a mozného obmedzenia hybnosti.

Podla Kolafe et al. (2009) chapeme postiru ako aktivne drZanie pohybovych
segmentov tela proti pdsobeniu vonkaj$ich sil, zktorych ma v beZnom Zivote najva¢si
vyznam sila tiaZze. Postura je zadkladnou podmienkou pohybu a nie naopak. RozliSujeme
posturdlnu stabilitu, posturdlnu stabilizaciu a posturdlnu reaktibilitu. Posturdlna stabilita je
schopnost’ zaistit' také drZanie tela, aby nedoslo k neriadenému padu. Posturdlna stabilizacia
je aktivne (svalové) drZanie tela proti pdsobeniu vonkaj$ich sil riadené centralnym nervovym
systtmom. Bez koordinovanej svalovej aktivity by sa naSa kostra zritila. Pri kazdom
pohybe, ktory je naro¢ny na silové poOsobenie (zdvihanie, drZanie bremena), je vZdy
generovana kontrakéna svalova sila, ktora je potrebnad na prekonanie odporu. Tuto reakénu
stabiliza¢nu funkciu nazyvaju Kolaf et al. (2009) posturalnou reaktibilitou.

Experimentalne bolo zistené, Ze aktivacia branice, panvového dna, brusnych
a chrbtovych svalov predbieha pohybovi ¢innost’ hornych a dolnych konéatin. Podl'a Velého
(2006) je postira pokojova poloha tela vyznafujica sa uritym usporiadanim pohyblivych
segmentov. Ak mame umysel urobit’ nejaky pohyb, zmeni sa pokojova poloha na polohu
pohotovostnu, ktord prechddza tesne pred zamys$lanym pohybom do uéelovo orientovanej
polohy, zktorej zamyslany pohyb vychddza k pohybovému cielu. Postira je proces
udrZiavania polohy v stdle sa meniacom prostredi. Ako uvadza Vaieka (2002), k vykonaniu
optimélneho pohybu je nutné zaujat’ a udrzat’ optimélnu postiru — vzpriamené drZanie tela.
Postura vZdy vyzaduje spevnenie osového organu, teda trupu s krkom a hlavou. Vzpriamené
drZanie tela je odport¢ané jednak z pohladu ergonomického, t.j. pri beznych pohybovych
¢innostiach (domace prace, dvihanie bremien), ale aj pri cielenom cviCeni stabilizaénej
funkcie (Kociova, 2008). Briigger (1995) vychadza z predpokladu, Ze odchylky od
vzpriameného drZania tela predstavuji pre organizmus chybné, nefyziologické zataZenie.
Tzv. vzpriamené drZanie tela podla Briiggera (Kociovda, 2008) na modely troch ozubenych
kolies (Obr.2a), ktoré st vo vzadjomnom vztahu a reprezentuji 3 zékladné pohyby:
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1. klopenie panvy dopredu - nie anteverzia
2. zdvihnutie hrudnika
3. natiahnutie §ije a krku.

Obr. 2a) Pri napriameni chrbtice odpori¢a Briigger zdvihnutie hrudného kosa (Kociova,
2008) .

Obr. 2b) Kolaf sa snaZi o napriamenie Th chrbtice pri si€asnom maximélnom kaudalnom

postaveni hrudnika (Kolaf, 2007).

Postura nie je synonymom pre stoj na dvoch nohéch, ale je su¢ast’ napriklad sedu alebo len
zdvihnutia hlavy v 'ahu na bruchu, je nutnou su¢astou chédze a d’al§ich spdsobov aktivnej
lokomdcie. Postira je nielen na zac¢iatku a konci akéhokol'vek cieleného pohybu, ale je taktieZ
jeho stlastou a zdkladnou podmienkou (Vaieka et al., 2001). Podl'a Kociovej (2008) je
tazké stanovit’ hranicu ,,spravneho pohybového stereotypu® ako aj spravnej postury. Su totiZ

odrazom vnutorného vyvoja a aktudlneho emo¢ného a psychického stavu kazdého jedinca. Je
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vel'mi tazké jednoznalne stanovit’ kvalitu a hodnotiace kritéria postiry. Vé&Sina autorov pri
popise dobra alebo zld postira vychadza z definicie American Academy of Orthopaedic
Surgeons zroku 1947 (Biskup, 2009), ktora hovori, Ze dobrd postira je stav svalovej
a skeletdlnej rovnovahy, ktord chrani oporné S$truktiry tela proti poraneniu alebo
progresivnym deformitdm, bez ohladu na poziciu postiry (vzpriamend, leZiaca, nahrbend),
v ktorej tieto Struktiry pracuju alebo odpodivaji. Za takychto podmienok budi svaly
fungovat’ najefektivnejSie a optimédlne podmienky budi dané tiez hrudnym a bruSnym
organom. Nespravna postura je chybny vztah jednotlivych Easti tela, ktory ma za nésledok

zvySené napitie opornych Struktur, a kde je hor$ia rovnovaha tela nad opornou zakladiiou.

1.3 Drzanie tela v sede

Pri spravnom drZani tela v sede je panva v mieste taZiska podoprena v takej polohe,
aby sa trup s hlavou nachéadzal nad taziskom. Kolena st v pravom uhle, chodidla sa celou
plochou opieraju o zem. Trup by sa mal pri opreti podopierat’ pod lopatkami, zataZenie oboch
sedacich kosti je rovnomerné. Nepodporend panva achrbat sa drzia v spravnej polohe
stiahnutim bru$nych a sedacich svalov, chrbtovymi a zadnymi $ijovymi svalmi. Je doleZité si
uvedomit’, Ze pre spravne sedenie je ddleZitd vyska sedadla, sklon a umiestnenie operadla,
vyska stola (pracovnej plochy) a jeho vzdialenost’ od tela, ako aj osvetlenie (Hr¢ka, 2009).
Ideédlne je pouzivat stoli€ku, na ktorej sa da regulovat’ vyska sedadla aj opierky. Stucasné
podmienky v $kolach vo védé$ine neumozZiiuju prispdsobenie stolicky ani stola anatomickym
parametrom S$tudenta (Obr. 3). MdZe dochadzat’ k funkénym porucham, k zlym posturalnym
a pohybovym stereotypom. Dlhodobo nespravne sedenie sposobuje ochabovanie brusnych
a sedacich svalov, ¢o sposobuje , Ze sa neaktivuju ani vtedy ak je to potrebné. Nespravne
postavenie hlavy vedie k funkénym porucham krénej chrbtice, ktoré mézu vyvolavat’ bolesti
hlavy (Hr¢ka, 2009). Pri vzpriamenom sedeni je tlak na medzistavcové platni¢ky rozloZeny
rovnomerne. Pri nespravnom sedeni sa tlak prestiva na predni Cast medzistavcovych

platni¢iek, ¢o moZe mat’ za nasledok ich poskodenie.

S nespravnou ergondémiou pracoviska a dlhodobym jednostrannym zataZenim,
umiestnenim klédvesnice a my$i pribidaji priznaky unavy z pretazenia. Spravne sedenie pri
pocitati (Obr. 4) vychadza zo spravneho sedenia ako takého. NajCastejSie ochorenia

vznikajuce v dosledku nadmernej prace s poéitatom su bolesti chrbtice z pretaZenia, zépaly
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Sliach ruky, zapéstia a lakt’a a poSkodenia nervov, inervujtcich oblast’ ruky a prstov. K tymto
chorobam sa pridruzuju viaceré zdravotné tazkosti vyplyvajuce z dlhodobej prace v sede. V
doésledku nedostatoénej aktivity pri dlhodobom sedeni dochadza k oslabovaniu svalov, a tym
k zniZeniu fyzickej zdatnosti. Oslabené svaly potom neposkytuju dostatoénti ochranni
podporu kibom a chrbtici, &o je tie% jedna z pri&in rychlejieho nastupu degenerativnych
zmien kibov, ale i vii¢Sej nachylnosti k tirazom pohybového aparatu. Dalii prejav svalovych
zmien je rozvoj svalovej dysbalancie — skratenie a pretazenie hornych asti trapézovych
svalov, zdvihacov lopatky a prsnych svalov. Skracuji sa svaly na zadnej strane stehien a
ohybatov bedrovych kibov (Lemos et al., 2012). Doch4dza k oslabeniu brusnych a sedacich
svalov. Zmeny v diZke svalov mézu ovplyvnit postavenie panvy a nasledne i celej chrbtice
(Carregaro et al., 2007). Pravdepodobne najastejSimi dosledkami dlhodobého sedenia je
pretaZovanie mékkych tkaniv (svalov, $liach, vdzov a funk&éné poruchy chrbtice). V dosledku
zni¥enej aktivity dochadza k zvySovaniu hmotnosti s rizikom vzniku obezity. Dal$im

prejavom moZe byt zhorSenie zraku.

Sprivoe sedenie E ii

Vysoki maaipulatnd plocha

Obréazok 3 Spravne a nespravne sedenie (Janda & Gilbertova, 1982)

Obrazok 4 Spravne sedenie pri pocitai (In: http://www.skolachrbta.sk/zdraveacute-
sedenie.html)
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1.4 Sila svalov trupu

V stcasnosti sa velky doraz kladie na funkciu tzv. core pre stabilizaciu tela
aprodukciu sily vo vSetkych Sportovych aktivitdch. ,,Core* je opisovand ako skupina
abdominals (brusné svaly) vpredu, paraspinals (chrbtové svaly) a gluteas (sedacie svaly)
vzadu, diaphragm (branica) navrchu a svalstvo pelvic floor (panvové dno) a hip girdle
naspodu (Richardson et al., 1999). Akuthota et al. (2008) dopliiaju, e sa tam nachadza 29
parov svalov, ktoré pomahaju stabilizovat’ chrbticu, panvu a celi kineticki retaz pocas
funkénych pohybov. Bez tychto svalov by chrbtica bola mechanicky nestabilna so silami azZ
90 N, ¢o je zat'azenie ovela mensie ako hmotnost’ hornej Casti tela. Ked’ systém pracuje ako
celok, vysledkom je spravne rozdelenie sil a maximalna generacia s minimalnymi tlakovymi,
translaénymi, respektive st'ahovacimi silami na kiby kinetického refazca. Kibler et al., (2006)
definuja silu ,,core” ako silu svalov trupu, stabilita ,,core” znamena schopnost’ kontrolovat’
poziciu a pohyb trupu nad panvou a konéatinami na Ucely optimélnej produkcie, transferu
a kontroly sily a pohybu ku koneénému segmentu v komlexnom pohybovom ret’azci.

Podla Kolafa (2007) a Kociovej (2008) samotny termin ,.hlboky stabilizaény systém*
(HSS) oznatuje lokélne svaly chrbtice a funkénu stabilizaénti jednotku driekovej chrbtice.
HSS je len jeden, ale z hladiska kliniky, aj didaktiky ho m6Zeme rozdelit’ na viac oblasti.
Ked'Ze pre vlastny fyziologicky vyvoj chrbtice je zdsadné spoluprdca medzi ventrdlnou a
dorzélnou muskulatirou, mdZeme ju (anatomicky aj funkéne) rozdelit’ na oblasti:

a) krénej a hornej hrudnej chrbtice,

b) a oblast’ dolnej hrudnej a driekovej chrbtice.

V driekovej oblasti ma rozhodujuci vyznam sihra medzi:

1. extenzormi dolnej Th - L chrbtice, z ktorych podstatny vyznam maju mm. multifidi
(rozoklané svaly), ich oslabenie vedie k recidivujicej bolesti v L-S oblasti, a

2. flexormi, ktoré st tvorené funk&nou sihrou — synergiou branice, bru$nych svalov a svalov
panvového dna.

Kineziologicky vzor posturdlnej stabilizdcie chrbtice je integrovany do vSetkych
naSich pohybov. Naj¢astej§im problémom je insuficiencia prednej stabilizécie chrbtice a
naopak prevaha exten¢nej aktivity povrchovych svalov chrbtice.

Stabilizaény systém chrbtice tvoria svaly panvového dna, hlboké ohybace krku, §ijové
svaly, branica, povrchové i hlboké svaly chrbtice, ktoré spolu s brusnym svalstvom fixuju
chrbticu (Dobesova, 2002; Dyrova et al., 2008).
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Vyskum v oblasti $portu sa orientuje na posudzovanie ,,core” vykonnosti v Sporte.
Rozne $tudie dokazuju ulohu svalov trupu, ktoru zohravaju pri transfere momentov a hybnosti
cez kineticky retazec. Existuje dostatok dokazov, Ze jedinci s chronickou LBP a
sakroiliacovou bolestou vykazuju slabost’ sily ,.core (Hides et al.,1996; Hodges, 2003).
Dokonca aj $portovci na vysokej urovni prejavuji znamky ,,core” nestability, ¢o im mdze
sposobit’ poranenia svalov a kosti (Leeton et al., 2004; Kibler et al., 2006). V stcasnosti sa
sila svalov trupu posudzuje v zmysle toho, aki velku hmotnost moZno zdvihnuat, kolko
opakovani moZno vykonat’ a ako dlho sa moZno udrzat’ v neutralnej stabilnej pozicii (Kolber
& Beekhuizen 2007). Optimélna postura je klI'i€ova pri prevencii zraneni (Jacobs et al.,
2007). Tréningové programy zamerané na posilnenie ,.core“ sa podla niektorych $tudii
ukdzali byt neudinné v prevencii zraneni, alebo vo zvySeni sily a §portovo-Specificke;j
vykonnosti (Nadler et al., 2002; Steffen et al., 2008). Posudzovanie posturélnej stability je
naro¢nejSie ako meranie sily svalov trupu, nakolko vyzaduje zaradenie parametrov
koordin4cie a rovnovéhy. Por et al. (2018) hodnotili zmeny v rota¢nej sile trupu pri roznych
hmotnostiach a rychlostiach po pripravnych a stit'aznych obdobiach u hokejistoch, tenisovych
hraoch a kanoistoch. Subjekty vykonavali otd¢anie trupu na kazdu stranu s obojruénou
¢inkou s réznou hmotnostou (6, 10, 12, 16, 20, 22 a 26 kg) pred a po 6 tyzdilovom
pripravnom obdobi a 6 tyzdiiov konkurenéného obdobia. Vysledky ukazali, Ze priemerna sila
vo faze zrychlenia pri rotécii trupu sa vyznamne zvy$ila pri hmotnosti od 10 do 26 kg a alebo
od 6 do 26 kg po pripravnych a konkurenénych obdobiach u tenistoch u hokejistov po
pripravnom obdobi s hmotnost'ou viac ako 12 kg, ale po konkurenénom obdobi nedoslo
k Ziadnej vyznamnej zmene, podobne sa javila situdcia aj u kanoistov. Testovanim svalstva

trupu predovsetkym pri rotaciach sa zaobera Zemkova et al. (2019).

2 CIELE VYSKUMOV

Cielom prace bolo ziskat' aroz$irit poznatky o stave avztahu drZania tela a
telesného rozvoja atelesnej zdatnosti  Studentov Strojnickej fakulty STU v Bratislave
bakalérskeho $tadia, ktori navstevovali povinnu telesnt vychovu so §tandardnym zameranim.
Porovnat" drzanie tela Studentov so Studentkami a zistit' intersexudlne rozdiely. Ziskané
poznatky o hodnoteni drZania tela boli podkladom pre zameranie vyskumu na svalstvo trupu
»core“. Overovali sme testovanie sily svalov trupu pri rotaénych pohyboch. Vysledkom

dlhoro¢nej prace v hodnoteni drzania tela asily svalov trupu a spoluprice so strojnymi
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inZiniermi bolo vytvorenie prototypu zariadenia na hodnotenie a cvifenie svalov trupu.
Vychadzali sme z doterajSich teoretickych poznatkov o stave drzania tela, diagnostickych

met6d hodnotenia drZania tela a z vlastnych empirickych skisenosti a vyskumnych sledovani.

Ciel prace 1 a 2: Zistit stav drzania tela $tudentov Strojnickej fakulty diagnostickou metédou
podla Matthiasa. Zistit' stav telesného rozvoja atelesnej zdatnosti a vysledky porovnat

s drZanim tela.

Ciel' prace 3: Zistit' stav drZania tela Studentov a $tudentiek Strojnickej fakulty podla

diagnostickej metody Jaro$a — Lomicka.

Ciel' prace 4: Overit' spolahlivost novej metddy hodnotenia svalovej sily trupu pocas

rotaéného pohybu s lanom cez hornu kladku.

Ciel' prace 5: Zhotovit' prototyp, ktory je patentovany: ,,Variabilné diagnostické a/alebo

posiliiovacie tréningové a/alebo rehabilitaéné zariadenie svalov trupu®.

Ciel prace 6: Vytvorit' metodiku zhotovenia a dizajn pouzitia Variabilného diagnostického

a/alebo posiliiovacieho tréningového zariadenia pre hornu ¢ast’ tela.

3 METODIKA VYSKUMOV
3.1 Charakteristika siiborov

V praci 1 a 2: $tudenti BS SjF STU/1. roénik BS /n = 291/vek 20+0,5/,
Studenti BS SjF STU/2. roénik BS /n = 525/vek 21+0,5/,
studenti BS SjF STU/3. roénik BS /n = 204/ vek 22/.

V préci 3: $tudenti BS SjF STU/ n = 24 /vek 21,02 +0,76 / bez pravidelnej pohybovej aktivity,
studentky BS SjF STU/ n = 10/vek 20,07 + 0,47 / bez pravidelnej pohybovej
aktivity.

V préci 4: muzi / n =23/ vek 22,4 + 1,9 rokov, vySka 184,0 + 9,3 cm, hmotnost’ 79,6 + 12,2
kg/.

V préci 5 a 6: nebol hodnoteny Ziaden subor. Vyroba a testovanie prototypu.
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3.2 Metédy ziskavania vyskumnych adajov

V naSej vyskumnej praci sme pouZili nasledovné metddy ziskavania vyskumnych udajov:

Obsahovd analyza dokumentov
Metéda pouzZitd v kazdej praci aosobitne pri spracovavani habilitatnej préce.

Podrobne sme analyzovali dokumenty nas$ich i zahrani¢nych autorov.

Metdda merania

V préacach 2, 3 sme pouzili na zistovanie somatickych charakteristik meranie telesnej
vysky a hmotnosti tela, obvodové miery pasa a bokov, WHR, BMI. V praci 4 sme pouzili
Standardizované zariadenie FiTRO Dyne Prémium. Merania sa uskutoéiiovali za
Standardnych podmienok. V tychto pracach sme pouZili tieZ metédy merania drzania tela,

pri¢om sme pouZili metddy:
1: somatoskopickd metéda podl'a Matthiasa (Haladova & Nechvatalova 2003; Buckup, 2005)
/préaca 1, 2/.

2: somatoskopicka metdda podl'a Jaro$a — LomiCka (Vafekova & Vaieka, 2006; Hréka, 2009)
/préca 3/.

Metody testovania
1: UNIFITTEST (6-60) - test telesnej zdatnosti Mé&kota & Kovar (2003) /praca 1/.

2: test sily svalov trupu vykondvany rotaciou trupu o 90° s obojruénym uvuchopom
posiliovacieho lana vedeného cez hornu kladku, pricom sme pouzili zariadenie FiTRO Dyne
Prémium (Fi-TRONIC Slovakia), ktory je zaloZeny na presnom analégovom senzore rychlosti
s frekvenciou 100 Hz. /praca 4/.

3.3 Met6dy spracovania a vyhodnocovania

Ziskané udaje vnaSom vyskume sme spracovavali matematicko-Statistickymi
metédami. Okrem zadkladnych matematicko-$tatistickych metéd sme pouzili aritmeticky

priemer, smerodajni odchylku, maximélnu a minimalnu hodnotu, percenté.
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a) V praci 1, 2: Pre porovnanie siborov §tudentov sme pouzili t - test, v tabulkach
uvadzame hladiny $tatistickej vyznamnosti (*) p< 0,10, **p< 0,01. * p <0,05, n =

pocet $tudentov, ,,1* spravne drzanie tela, ,,0“ nespravne drZanie tela.

b) Vpraci 3: Statisticki vyznamnost rozdielov  zhlPadiska pohlavia medzi
jednotlivymi  dimenziami v teste Jarosa - Lomi¢ka sme hodnotili
neparametrickym Mann - Whitneyovym U — testom s hladinou vyznamnosti
p<0,01.

¢) V praci 4: analyza dat bola spracovand v $tatistickom programe SPSS Windows
verzia 18.0 (SPSS, Inc. Chicago, II.LUSA). Alfa hladina vyznamnosti bola

stanovena na p <0,05.

Pri interpretacii vysledkov prace sme vyuZivali logické metédy — analyzu, syntézu,
indukciu, dedukciu, kompardciu a zovSeobecitiovanie. VSetky vysledky st spracované
v prehl'adnych tabul'kach a prevazne v stipcovych grafoch pre prehladnejsie vyhodnocovanie
vysledkov.

4 VYSLEDKY VYSKUMOV A DISKUSIA

V prici 1 a 2 sme sa zamerali na hodnotenie vztahu telesnej zdatnosti, telesného rozvoja
adrzania tela $tudentov 1. aZ 3. roénika BS, ktori navitevovali hodiny povinnej telesnej
vychovy 1x tyZdenne. U Studentov sme na zaliatku semestra vyhodnotili na zéklade
Matthiasovho testu spravnu (1) alebo nespravnu postiuru (0). Nasledne sme u vsetkych
Studentov merali parametre telesného rozvoja (telesnu vysku, telesni hmotnost, obvod pasa
a obvod bokov) a zo zistenych parametrov sme vypo¢itali hodnoty BMI a WHR. V 2. a 3.
roéniku sme hodnotili % tuku pristrojom OMRON. Poslednou fizou testovania boli testy
telesnej zdatnosti UNIFITTEST (6-60). Z vyskumu boli vyradeni $tudenti — $portovci, ktori sa
aktivne venovali $portu okrem povinnej telesnej vychovy.

Celkovo sme otestovali 1020 $tudentov 1., 2. a 3. roénika BS. Z toho malo 752 $tudentov
spravnu postiru ,,1¢ a 268 $tudentov nespravnu postiru ,,0“. Studenti so spravnou postirou
dosiahli v priemere lep$ie vysledky v testoch telesnej zdatnosti (Tab. 2), najviac v teste skok
do dialky z miesta, kde v priemere dosiahli 216,53 cm, (p<0,05), v teste ¢lnkovy beh
dosiahli v priemere 52,53 prebehov (p<0,05) av teste zhyby dosiahli v priemere 6,607
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opakovani (p<0,05). VSetci $tudenti patrili podla hodnotenia UNIFITTESTU (6-60) do

kategoérie priemerny.

Tabul’ka 2 Priemerné hodnoty telesnej zdatnosti $tudentov 1. aZ 3. roénika BS so

nespravnou a spravnou posturou.

Nespravna
postura "'0,, Spravna postira
Testy telesnej zdatnosti n=268 "1,, n=752
S-L 30 s (opak.) 25,93 25,2
S-I 60 s (opak.) 42,44 42,28
SDM (cm) 209,9 216,53 p<0,05
CLB (po&et prebehov) 48,12 52,09 p<0,05
Zhyby (pocet opakovani) 5,33 6,607 p<0,05

V 1. ro¢niku dosiahlo 213 $tudentov postiru ,,1* a postiru ,,0“ 78 Studentov. Vo vsetkych
testoch dosiahli Studenti s posturou ,,1“ lepSie priemerné hodnoty, Statisticky vyznamny
rozdiel medzi $tudentmi s dobrou a zlou postirou sme zistili v teste ¢lnkovy beh (1,978%,
p<0,05) a v teste zhyby (3,042**, p<0,01) (Tab.3). Konstatujeme, Ze $tudenti s posturou ,,1
mali vyrazne lepSie aer6bnu vytrvalost’ a svalova silu/vytrvalost' hornej Casti tela. V 2.
ro¢niku s postirou ,,1“ bolo 407 Studentov as posturou ,,0“ 118 Studentov. Studenti
s postarou ,,1* dosiahli $tatisticky vyznamné rozdiely v v teste 'ah — sed 30 s priemernou
hodnotou 26,24 (2,809**, p<0,01), v teste skok do dial’ky z miesta v priemere dosiahli 218,6
cm (2,240%, p<0,05) av teste ¢lnkovy beh, dosiahli v priemere 51,55 prebehov (2,415%,
p<0,05) (Tab.4). Studenti v 2.ro&niku s postirou ,1“ mali vyrazne lepsiu svalovu
silu/vytrvalost’ bru$ného svalstva, explozivnu silu dolnych koncéatin a aerébna vytrvalost'.
U Studentov v 3. ro¢niku sme zistili vyrazny rozdiel u Studentov s posturou ,,1“ v teste skok
do dial’ky z miesta, kde dosiahli priemerné hodnoty 215,9 cm (2,372*, p<0,05) av teste
¢Inkovy beh, kde dosiahli priemernd hodnotu 50,19 prebehov (1,676(*), p<0,10) (Tab.5).
Studenti s dobrou postirou mali vyrazne lepsiu explozivnu silu dolnych kondatin a aerébnu
vytrvalost'.

Konstatujeme, Ze Studenti, ktori dosiahli lep$ie hodnoty v telesnej zdatnosti, mali aj lepSie
drZanie tela. MdZeme pozorovat’ postupné zhorSovanie vykonnosti v jednotlivych testoch so

zvySujucim sa ro¢nikom, vyraznejsie viak u Studentov s postirou ,,0“.. Zhor$enie Zivotného

26



Stylu pri nastupe na $tidium, najmé pohybova pasivita sa prejavujii na celkovej telesnej

zdatnosti.

Tabul’ka 3 Telesna zdatnost a postura u $tudentov 1.ro¢nika

Lah sed | Pah sed | skok do | ¢Inkovy

1.ro¢nik dial’ky beh

0/n=78 2526 (40,56 |209,8 [49,94 [3,760
1/n=213 2623 [43,38 [2151 |54,53 |6,077
t - test 1,636 [1,641 [1,506 [1,978* |3,042%*
p<0,05 _ p<0,01

Tabul’ka 4 Telesna zdatnost’ a postura u $tudentov 2.ro¢nika

Lah sed | Pah sed | skok do | ¢Inkovy

2.rocnik dial’ky zhyby
0/n=118 2491 43,09 (2129 47,82 5,855

1/ n=407 26,24 (42,37 |218,6 31,55 6,418
t - test 2,809%* 10,750 (2,240* |(2,415* |1,083

Tabul'ka 5 Telesna zdatnost a postura u Studentov 3.ro¢nika

LCah sed | I'ah sed | skok do | ¢Inkovy

3.ro¢nik 30s 60s dial’ky beh zhyby
0/ n=72 25,42 43,67 206,9 46,61 6,375

n=132 | 2531 | 4110 | 2159 | 5019 | 7328
t - test 0,149 | 1,996* | 2,372* | 1,676(*) | 1,099
p<0,05  p<0,05  p<0,10

Druhym vyskumnym ciel'om bolo hodnotenie postiry vo vztahu k telesnému rozvoju.
V uvode konstatujeme, Ze Studenti dosiahli v hodnoteni BMI a WHR optimalne hodnoty, to
znamena bez rizika kardiovaskuldrnych ochoreni. Studenti s posturou ,,1¢ dosiahli lepsie
hodnoty vo vé¢Sine nami sledovanych parametroch. V 1. ro&niku dosiahli $tudenti s postirou
»1“ (n = 213) lepSie hodnoty v TV, TH, BMI a obvode pasa ako $tudenti s postarou ,,0%.
Avsak vteste obvod bokov a WHR dosiahli horSie vysledky. V3etky bez 3tatistickej
vyznamnosti (Tab.5).  V druhom roéniku sme opit’ zistili lepsie vysledky u $tudentov
s posturou ,,1%, Statistickd vyznamnost’ sa ndm potvrdila len v TV (2,267*, p<0,05). Tak ako
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v prvom ro¢niku aj v druhom ro¢niku lep$ie priemerné hodnoty WHR dosiahli $tudenti
s postiirou ,,04 (Tab.6). Statisticky vyznamné rozdiely takmer vo vietkych testoch sme zistili
u Studentov 3. roénika. V TH dosiahli $tudenti s posturou ,,1* priemerni hodnotu 77,78 kg
(1,660(*), p<0,10), v BMI dosiahli priemernti hodnotu 23,42 (2,464*, p<0,05), v obvode pasa
81,36 (2,510*, p<0,05) a v obvode bokov 96,03 (2,817**,p<0,01) (Tab. 7). TaktieZ sa ndm
potvrdil predpoklad, Ze Studenti s posturou ,,1* dosiahli lepSie vysledky v hodnoteni telesného
rozvoja ato najvyraznejS§ie v 3. ro¢niku. MoZeme pozorovat postupné zhorSovanie
parametrov telesného rozvoja u $tudentov s poturou ,0“ od 1. po 3. ro¢nik. Naopak
u §tudentov s postirou ,,1“ st hodnoty telesného rozvoja vo vsetkych troch ro¢nikov

porovnatel'né.

Tabul’ka 5 Telesny rozvoj a postira u $tudentov 1.ro¢nika

Obvod
bokov WHR

96,12 0,847
96,79 0,849

0,596 0,286
- telesna vyska, TH — telesna hmotnost, BMI — Body Mass Index, WHR - Waist Hip Ratio

Obvod
pasa

1.ro¢nik

Tabul’ka 6 Telesny rozvoj a posttira u $tudentov 2.ro¢nika

Obvod Obvod
pasa bokov WHR | %TUKU

Tabulka 7 Telesny rozvoj a postura u $tudentov 3.ro¢nika

Obvod
Obv.pasa | bokov WHR | %TUKU

181,1 | 80,69 | 24,61 84,58 | 9890 | 0854 | 1421

Wl el e | Bie | et | nmar Lol

1,589 | 1,660(*) | 2,464* | 2,510% | 2,817** | 0,949 | 1,945(*)
p<0,10 p<0,05 p<0,05  p<0,01 p<0,10

3.ro¢nik
0/ n=72
1/ n=132
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Betsch et al. (2010) pouzili vo svojej Studii pri testovani 14-ro¢nych zdravych Sportovcov
modifikovanu verziu Matthias testu rasterstereografickym meracim zariadenim, kde zvySovali
postupne hmotnost’ na ramene v predpazeni. Zistili, Ze zvySenie zataze uz len o 5% z telesnej
hmotnosti  vyrazne preukaze odchylky v drzani tela aj uzdravych jedincov. Tu ista
modifikovani verziu Matthias testu pouzil Albertsen et al. (2018), ktorou testovali deti 10-
12 roéné zdravé deti. Metdda poskytuje spolahlivé udaje, ktoré sluZia na objektivizaciu
zmien postury zdravych deti a zistovanie posturdlnych nedostatkov. Je potrebné vyvinut’
dalSie usilie, aby sa preskimalo, ako moéze v¢asné odhalenie posturdlnych nedostatkov
pomoct’ zabranit’ bolesti chrbta u deti, dospievajucich a dospelych. Pedrycz et al. (2016)
hodnotili postiru 10-15 roénych deti Matthiasovym testom, kde zistili, u 29% deti zo
Sportovych tried posturdlne defekty v oblasti chrbta, mali hor§iu postiru ako deti zo
vSeobecnych tried, nakolko deti zo Sportovych tried mali monoténnu €innost’ a chybala im
pestrost’ pohybovych aktivit. Salminen (1984) hodnotil stivis Matthias testu s bolest’ami
chrbta, aviak tento suvis sa mu nepodarilo potvrdit. Studia Cudre-Mauroux et al. (2006)
zistili vztah bolesti chrbta deti a poruSenou funkénou stabilitou, ktorti hodnotili Matthias
testom. Tak isto Tauchman (2016) hodnotil deti 3.a 4. ro¢nika zakladnej $koly, kde zistil, Ze
az 83,1 % deti ma zI¢ drzanie tela. Keslova (2016) hodnotila deti predskolského veku, kde

zistila horsie drZanie tela u diev&at ako u chlapcov.

V prici 3 sme pri hodnoteni drZania tela $tudentov a $tudentick BS SjF testom Jaro$ -
Lomiéek zistili velké odchylky v predsunuti hlavy, vyraznej§ie u muZov (p <0,05).
V hodnoteni drZania ramien dosiahli horSie vysledky muZi ako Zeny (p<0,10). Pri hodnoteni
zakrivenia krénej chrbtice obe skupiny dosiahli priblizne rovnaké hodnoty, ktoré zodpovedali
priemeru. Zeny dosiahli v4&siu hibku driekového oblikka ako muZi (p<0,01). U muzov boli
zistené vicsie rozdiely vo vyske ramien ako u Zien (bez $tatistickejvyznamnosti). Sklon panvy
sa pribliZoval optimalnej hodnote. Sklon lopatiek bol u oboch skupin hodnoteny znamkou 2.
Hrudnik mali obe skupiny dobre klenuty. Statisticky vyznamny rozdiel (p < 0,01) v celkovom
hodnoteni drZania tela bol v prospech muZov, ktori dosiahli lepSie priemerné hodnoty.

Metdda hodnotenia Jaro§ — Lomicek je vel'mi podrobné a potvrdila ndm rozdiely v drZzani
tela medzi muZzmi a Zenami, ktord sa u viacerych autorov potvrdzuje, predovSetkym vo
zvéactSenej hyperlordéze u Zien a hyperkyf6ze u muzov. TaktieZ sa potvrdzuje suCasny jav
zvySeného predsunutia hlavy ako u Zien tak aj u muZov, ktory je zapriineny dlhodobou
pracou pri poéitati, pracou so smartfonmy a tabletmi v stoji aj v sede, priCom absentuje
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kompenzacia v podobe pravidelnych pohybovych aktivit. AvSak vd¢Sina vyskumnikov sa
zaobera drzanim tela deti mladSieho $kolského veku. Tauchman (2016) hodnotil drZanie tela
ziakov zakladnej $koly, u ktorych zistil najhorsie vysledky v drZani hlavy a krku. Kopecky
(2004) hodnotil 621 chlapcov a 581 diev¢at, zistil vo svojej §tudii lepSie drzanie tela u diev&at
ako u chlapcov. Pfidalova (1998) naopak zistila horSie drZanie tela u diev¢at. Vafekova &
Vaieka (2006) hodnotili 192 chlapcov a 183 dievéat vo veku 7 — 14 rokov. Vo svoje $tudii
zistili u dievéat lepSie drzanie tela ako u chlapcov ato predovSetkym v hrudniku, a taktieZ
zistili S$tatisticky vyznamne horSie drZanie tela pri somatotype C aD v porovnani so
somatotypom A a B. Je nutné si uvedomit’, Ze Studenti vysokej Skoly patria uZ do obdobia
ustileného vyvoja atak zistené odchylky je nutné korigovat cvifeniami, pravidelnou
pohybovou aktivitou, vhodnym sedenim, nosenim bremien. Su to jednoduché opatrenia, ktoré

je mozné aplikovat’ a tak predchadzat’ k zhorSovaniu drZania tela.

Vysledky vyskumov, boli podporené grantovymi ulohami VEGA MSVVaS$ SR, v ktorych
som bola hlavna riesitel’ka:

Projekt MSVVaS SR VEGA 1/0106/08 | 11 Odchylky drZania tela $tudentov v zavislosti
od profesijnych, motorickych a psychickych faktorov.

Projekt MSVVaS SR VEGA 1/0835/11 | 13 Halové veslovanie ako prostriedok zvy$enia

sily svalov trupu a zlep$enia drZania tela.

V prici 4 sme overovali citlivost novej metddy testovania sily a vytrvalosti svalstva
trupu pri rotaénom pohybe o 90° s obojruénym uchopom posiliiovacieho lana vedeného cez
horni kladku. Test sa vykondval na pravii aj lavia stranu s maximélnym usilim
v koncentrickej faze pri rotacii trupu o 90° a pomalym vratenim do vychodiskovej polohy,
pri¢om technika vykondvania cvi¢enia bola zamerana na spevnenie svalov ,,core®.

Test sa opakoval opit’ po 7 diloch. Sledovany stibor tvorilo 23 muZov, ktori sa
minimélne 4 roky venovali posiltiovacim tréningom. Ziadny zo stboru neindikoval bolesti
chrbtice ani v driekovej Casti. Ako sa ofakavalo, nezistili sa Ziadne vyznamné rozdiely
v priemernych hodnotdch sily medzi dominantnou a nedominatnou stranou pri vietkych
hmotnostiach. Z toho ddvodu sa pouZili priemerné hodnoty lepSieho testu na kazdej strane.
Zistili sme, Ze priemerné hodnoty vykonu boli vy$sie pri niZ§ich hmotnostiach a pri vyssich
klesal. Existovali vSak vyznamné individudlne rozdiely nielen v priemernej sile pri vysSich
hmotnostiach, ale aj v jej maximalnych hodnotach. Vé&¢Sina dosiahla maximélne hodnoty
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pocas cviCenia priblizne 75% 1RM (462, 2+ 57,4 W, n = 11), zatial’ ¢o pre ostatnych to bolo
67 % 1RM (327 + 49,7 WW, n=7) a 83 % 1RM (524,0 + 63,2 W, n = 5). Test vytrvalosti
svalstva trupu sa vykonal pri stanovenom po¢te opakovani 20 pri roznych vahach, namiesto
vykonavania opakovani aZ do vyCerpania. Pri pouZiti niZ§ich hmotnosti (<40 kg) nebol
signifikantny rozdiel medzi po¢iatoénym a koneénym opakovanim cvifenia a neboli zistené
vyrazné rozdiely medzi jednotlivcami. Naopak pri vyssich hmotnostiach (> 40 kg) bol tento
rozdiel signifikantny, pri vy$§ich hmotnostiach >50 kg zasa neboli probandi schopni dokon¢it’
20 opakovani. Pri hodnotach 40 kg, 45 kg a 50 kg probandi dokonéili 20 opakovani a zistili
sa vyznamné rozdiely medzi pociatoénym a kone¢nym opakovanim (13,9%, p = 0,025;
10.2%, p = 0,036 a 13,8%, p = 0,028). Koeficient reliability bol 0,90 pri vSetkych vahach, ¢o
dokazuje vysoku citlivost’ rozdielov v skupine, ako pri teste sily, tak aj vytrvalosti. Testovanie
maximalnej sily avytrvalosti svalstva trupu na zariadeni sobojruénym uchopom
posiliiovacieho lana vedeného cez horni kladku je spolahlivou metédou pre aktivnych
Sportovcov, predovSetkym tych, ktori pouzivaji v $porte roticiu, ako su golfisti, hokejisti,

tenisti.

Vysledky vyskumov boli podporené grantovou tlohou APVV SR, v ktorych som bola
spoluriesitel’kou :

Projekt APVV SR, SK-CZ-2013-0131,2015 Inovécia metdd posudzovania stability
postoja a trupu k zlepSeniu vykonnosti a prevencii zraneni.

Projekt APVV SR SK-SRB-0023-09, 2010-2011 Svalovy vykon pri silovom tréningu
v nestabilnych podmienkach: VyuZitie v $porte a rehabilitacii., Slovensko-Srbska vedecka a

vyskumné spolupraca.

Vpraci S a6 sme na ziklade poznatkov o stave techniky a sti€asnych poznatkov
diagnostiky sily svalov trupu vyvinuli Gsilie na vyvoj nového manudlneho, pripadne aj
poc¢itatom riadeného zariadenia umoZiiujuceho funkénu diagnostiku sily svalov trupu.
Umoziiuje posudit’ aktudlny stav jedinca, na zaklade ktorého je mozné vytvorit’ individudlny
tréningovy program. Zariadenie umoziiuje pohyb trupu v definovanych smeroch, jeho rozsah
a nastavenie poZadovanej odporovej sily. Jedinenostou zariadenia je cvienie nielen
v predozadnej a bo€nej rovine, ale predovSetkym umoziiuje roticiu trupu. Konstrukcia
variabilného diagnostického a/alebo posiliiovacieho tréningového a rehabilitaéného zariadenia

svalov trupu nachiddza vyuzitelnost v aplikdciach, ako s rehabilitatné cvifenia po
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zraneniach, rehabilitatné dlhodobé cvilenia telesne postihnutych l'udi, tréningové cvi¢enia
Sportovcov arekreatné cviCenia, atieZ v aplikdciach na posudzovanie sily svalov trupu

arozvoja svalov trupu.

Vysledky vyskumov boli podporené grantovou ulohou APVV SR, kde som bola
spoluriesitel’kou :

Projekt APVV-15-0704  Viacdielny tréningovy posiliiovaci systém trupu pre
Sportovcov a netrénovanych jedincov s funkénymi bolest’ami chrbta.

Na tréningové zariadenie sme ziskali patent, ktory bol udeleny kolektivu autorov:

S00S, Lubomir - ZEMKOVA, Erika - CEPKOVA, Alena - STEFANKA, Marek -
JELEN, Michal. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo
rehabilitainé zariadenie svalov trupu : patentovy spis & 288578. Banskd Bystrica Urad
priemyselného vlastnictva SR 2018. 25 s.

ZAVERY A ODPORUCANIA

Za dolezitu skuto€nost’ v naSich pracach povaZujeme fakt, Ze pouZitim Standardnych
metodik hodnotenia telesnej zdatnosti, telesného rozvoja a drZania tela sme zistili relevantné
udaje o vplyve Zivotného Stylu vysokoskoldkov na ich zdravie. Pri hodnoteni postiry
jednoduch$im testovanim velkého suboru $tudentov, akym je Matthias, mali vo vé¢Sine
Studenti spravnu postiru. Statisticky vyznamne sa nam potvrdilo, Ze $tudenti s lep$imi
vysledkami v testoch telesnej zdatnosti, ako aj telesného rozvoja mali aj dobru posturu.
Taktiez m6Zeme konstatovat,, Ze u u $tudentov s postirou ,,1“ nedoslo k vyraznym zmenam
v parametroch telesnej zdatnosti a telesného rozvoja pocas troch rokov §tidia akou Studentov
s posttirou ,,0“, kde sme zaznamenali vyraznejSie zhorSenie v uvedenych parametroch so
zvySujucim sa roénikom. Ziskali sme objektivne udaje, ktoré sme d’alej analyzovali a su
podkladom pre porovnavania pre dalSie vedecké S§tidie. Prinosom pre Sportovi
kinantropol6égiu mdZe byt potvrdenie doposial zndmych a nachddzanie novych vedeckych
poznatkov. Vysledky vyskumu dokumentuju potrebu hodnotenia drZania tela vysokoskoldkov
a je Ziaduce vysledky implementovat’ do pohybovych aktivit a individudlnych pohybovych
programov zameranych na odstranenie nespravneho drZania tela a s tym stvisiace bolesti
chrbtice. Poznatky aplikovat’ do pohybovych programov pre S$tudentov so zdravotnym
oslabenim, ktorych Coraz viac pribida. Analyza vysledkov preukazala potrebu tohto
hodnotenia. Podrobnej$ie hodnotenie podla JaroSa — Lomi¢ka ndm preukazalo velké
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odchylky od spravneho drzania tela v oblasti krénej chrbtice ako u Studentov aj u Studentiek.
Pre d’alSie sledovania odporu¢ame vedecky skimat aj efekty r6znych pohybovych aktivit s
cielom zmiernenia aZ odstranenia svalovej dysbalancie, zlepSenia drZania tela a eliminécie
bolesti chrbtice. Predpokladom sprédvnej postiry st pevné svaly trupu tzv. ,core®.
V stcasnosti sa pozornost’ venuje testovaniu, cvieniu tychto svalov. Preto testovanie novej
metddy hodnotenia sily svalov trupu pri rotacii, ktoré je mozné pouzivat’ pre Sportovcov ako
aj beZznu populaciu, povazujeme za velmi vyznamné a prospe$né. Poznatky z uvedenych
vyskumnych merani boli zdkladom pri tvorbe myslienky zostrojenia prototypu tréningového
posiltiovacieho systému trupu, ktory sa moéZe pouZivat v predozadnom smere a hlavne
vyznamné je jeho pouZivanie pri rotacii trupu. Je uréeny pre 'udi v Sportovej praxi pri cvi€eni
a testovani ale aj v rehabilitacii Sportovcov a I'udi s bolest'ami v driekovej Casti chrbtice ako aj

beznej populacie pri prevencii bolesti chrbtice s cielom posilnenia svalov trupu.

PredloZenym stuborom sme sa snaZili prispiet’ k roz$ireniu poznatkov v tejto oblasti.
Verime, Ze i napriek viacerym limitujucim faktorom, ktoré ndm neumoZnili v maximalnej
miere zovSeobecitiovat' ziskané vysledky, Ze stbor prac rozsiri poznatkovi bazu v danej
problematike a stane sa urfitym vychodiskom pre sledovania obdobného charakteru

v buducnosti.
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5 POSTURA VE VZTAHU K TELESNE ZDATNOSTI
STUDENTU UNIVERZITY
Alena Cepkové , Martin Zvonar

Autorka v pfispévku hodnoti stav postury ve vztahu k télesné zdatnosti
studenti univerzity. Navzdory k jejich minimalni dotaci pohybového
zatizeni a prevazné sedavého zaméstnani dochazi u studentli béhem studia k
c4stecnému zhorSovani postury. Studenti se spravnou posturou ,,1“ méli
lepsi hodnoty télesné zdatnosti nez studenti s nespravnou posturou ,0%.
Télesna zdatnost studentii je podle UNIFITTESTU (6-60) hodnocena jako
priméma. Lze pozorovat, 7e se zvysujicim se ro¢nikem dochazi k

zhorsovani hodnot v motorickych testech.

Dynamika zmén Ve zpusobu Zivota zvy$uje naroky na socialni
adaptabilitu cloveéka ke zménénym a ménicim se sivotnim podminkam.
Zvysuje se neuropsychicka zatéz, zmensuji se naroky na pohyb a fyzickou
namahu. PievaZuje sedavy zptsob yivota. Do toho patii i studium na vysoké
gkole. Dlouhodobym pietézovanim statickych svalii s pievazné tonickou
funkci a zanedbavanim svali s prevazné fazickou funkci dochéazi k
typickému rozvoji svalové dysbalance, kterd je klicova z hlediska postury a
je podnétem funk¢nich zmén.

Nékteré studie dokonce uvadeji, ze vyskyt funkénich zmén se u
dnesnich déti a mladeze vyskytuje az v 80 %! (Fisher, 2003). Télesna
vychova je v mnoha pripadech jedinou oblasti, ktera ptisobi v pribéhu studia
na jejich télesny rozvoj. Prostiednictvim sportovni Cinnosti mubzeme

ovliviiovat osvojovani si ndvyku spravného drZeni téla — postury.
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Riizni autofi uvadi rizné definice postury, vzptimeného drzeni téla. Z
toho vyplyva, ze je to pojem dost &iroky, proto neni jeho definice
jednoducha. Podle Gutha (2004) posturou oznacujeme viechny motorické
schopnosti ¢lovéka, jejichz cilem je udrzovani polohy. Pojmem drzeni téla
chapeme vzéjemnou polohu koncetin, trupu a hlavy v postojich, polohach
nebo pii ¢innosti. Z biomechanického hlediska Ize za optimalni drzeni téla
povazovat takové, pfi némz te7isté hlavnich segmentii téla primo na sebe
navazuji (kazdy segment je vyvézeny nad nejblizSim niz3im), takze soucet
sil, narusujici rovnovahu v jednotlivych kostnich spojenich, je minimalni
(Hr&ka, 2009).

Pfi negativnich navycich mohou vznikat riizné zdravotni problémy —
bolest hlavy, nechutenstvi, dychaci obtize, tlak v bise apod. Vzpfimené
drzeni téla je pro ¢lovéka typickym projevem a reprezentuje celou jeho
osobnost.

Hodnoceni stavu télesné zdatnosti studentil je ddleZitou soucésti z
hlediska komplexniho rozvoje studenta. Dikazem jsou o tom rizné
vyzkumné prace (Honz 2010; 7idek 2010; Zigka 2010), ve kterych autofi
hodnoti tiroven télesného rozvoje vékové kategorie vysokoskolaku. Podobné
Bukovi a kol. (2008) a Palovicova (2001) se ve svém vyzkumu zajimaly o
vztah a postoj studentd k pohybovym aktivitam, ale aj télesnou zdatnosti
studenti a studentek vysoké skoly.

Pohybové aktivita méni jednotlivce z pasivné ptihlizejictho na
aktivniho ucastnika, ¢imZ se zvySuje jeho sebedtivéra. Timto zplisobem ma
kazdy moznost aktivniho piiznivého ovliviiovani vlastniho mentélniho a

fyzického zdravi, tim i kvality Zivota.
ciL

Ukézat posturu ve vztahu k télesné zdatnosti studentii univerzity.
Vysledky uvedené v tomto piispévku jsou soucéasti feseni grantové
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vyzkumné VEGA ¢. 1/08358/11: ,Halové veslovani jako prostiedek zvyseni

sily svalt trupu a zlep3eni drZeni téla.”

Ukoly

1. Vytvoieni a srealizovani testové baterie hodnoceni postury a
télesné zdatnosti.

2. Zpracovania vyhodnoceni udaju.

METODIKA

Objektem zkoumani byl soubor edukanti 1. az 3. ro¢niku SjF STU
Bratislava povinné vybérové télesné vychovy. V 1. ro¢niku jsme otestovali
291 studenti, v 2. ro¢niku 525 a ve 3. rocniku 204. Testovani se odehrévalo
v hodinéch povinné vybérové télesné vychovy, vzdy na zatatku semestru.
Obsahem vyuky byl fotbal, florbal, kondi¢ni posilovani, basketbal, stolni
tenis a fresbee. Posturu jsme zjistovali testem podle Matthiasa. Edukanty
jsme pozadali, aby zaujali nasledujici polohu téla:

Vzpiimeny postoj s mirné rozkrocenyma nohama na $ifku ramen, horni
koncetiny drzet v predpazeni, hlava v prodlouZeni trupu. Po jedné minuté
jsme hodnotili drzeni tsla. Cislem ,,1* jsme hodnotili spravné drzeni téla a
0 nespravné drzeni téla podle obr. 28.

Na vyhodnoceni t&lesné zdatnosti jsme pouzili baterii UNIFITTEST (6-
60) (M¢&kota, Smith, 1995). Vybrali jsme tyto testy: Leh-sed za 30 s a za 60
s, skok do dalky z mista, shyby na hrazd¢ a béh s 20 metrovymi useky.
Zjisténé udaje jsme zpracovali statisticky a podrobili je vécné a logické
analyze. Pro porovnani jednotlivych soubori jsme pouzili t-test. V tabulkach
uvadime hladiny statistické vyznamnosti: (*)p<0,10, ** p<0,01, * p<0,05.n
= pocet studentd, ,,0° nespravné drzeni téla, ,,1¢ spravné drzeni téla.
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Spatné drZeni téla:

Zvyraznéna jsou fyziologicka zakfiveni patefe:

- hrudni hyperkyféza (vyrazné ohnuti dozadu postihuje téméf celou
pater),

- plocha zada anebo kyfoza,

- odstavajici lopatky,

- asymetrie postaveni ramennich pletenci.

Obr. 28 Test podle Mattiase

VYSLEDKY

Na zakladé nagich vysledkii lze konstatovat, Ze vétsina studentii prvniho
roéniku (tj. 73 %) mélo spravnou posturu. Ve druhém ro¢niku mélo
spravnou posturu 78 % studentt a ve 3. ro¢niku bylo zjisténa u 65%
studenti spravna postura (Obr. 29).

Lze Fict, 7e i pres sedavy zpusob Zivota maji studenti SjF STU v

prevazné mife spravnou posturu.
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Podet Studentov

Postura

| @ Nespravna postura |

no" 78 118
f - e s — 4 - —_ - - .!", -
i < ! i
| Spravn'?leostu ra 213 407
Obr. 29 Pomér spravné a nespravné postury po rocnicich

1.ro¢énik

2.roénik | 3.rocnik f

132

Tab. 28 Télesna zdatnost u studentii 1.ro¢niku s nesprévnou posturou ,,0%

n=78 S-I 30s S-I 60s SDDM CLB Shyby
aritm.pr 25,26 40,56 209,8 49,94 3,760
smer.od. 4,207 8,267 25,61 15,68 3,455
median 25,0 40,0 212,0 50,0 3,0
min. 16,0 26,0 135,0 22,0 0,0
max. 39,0 56,0 260,0 82,0 11,0
varrozp. |23,0 30,0 125,0 60,0 11,0
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Tab. 29 T&lesn4 zdatnost u studentii 1.ro¢niku se spravnou posturou ™ oy

n=213 S-L 30s S-L 60s SDDM CLB Shyby
aritm.pr 26,23 43,38 215,1 54,53 6,077
smer.od. | 4,596 7,441 21,25 18,18 3,351
median 26,0 44,0 217,0 52,0 5,0
min. 13,0 24,0 114,0 16,0 0,0
max. 40,0 63,0 284,0 125,0 18,0
varrozp. |27,0 39,0 170,0 109,0 18,0
Testované t-testem pro nezavislé vybéry
totest  |1636 1641|1506 |1978* 3,042%*
p<0,05 p<0,01

Studenti 1. ro¢niku se spravnou posturou dosahli v primérnych

hodnotéch lepsi vysledky ve vsech motorickych testech. Vyrazné v behu,
kde dosahli hodnotu 54,53 piebéhii (p<0,05) a ve shybech dosahli hodnotu 6

opakovani (p<0,01). V obou skupinach pozorujeme ve vSech testech vyrazné

varia¢ni rozpéti. Tato skutednost ndm dokazuje, ze jsou velké rozdily mezi

studenty v télesné zdatnosti. (tab. 30 a tab. 31).

98




Tab. 30 Télesn zdatnost u studentii 2. ro¢niku s nespravnou posturou

6
”0 ¢

n=118 S-I'30s |S-L60s |SDDM CLB Shyby
aritmpr | 24,91 43,09 212,9 47,82 5,855
smer.od. 4,793 8,227 27,15 14,19 4,075
median | 25,0 43,5 215,0 48,0 6,0
min. 15,0 28,0 130,0 16,0 0,0
max. 39,0 66,0 273,0 86,0 20,0
var.rozp. 24,0 38,0 143,0 70,0 20,0

Tab. 31 T&lesna zdatnost u studentii 2.roéniku se spravnou posturou ,,1“

n=407 S-L 30s S-L 60s SDDM CLB Shyby
aritm.pr 26,24 42,37 218,6 51,55 6,418
smer.od. | 4,457 7,300 23,68 14,90 4,043
median 26,0 42,0 220,0 50,0 6,0
min. 5,0 22,0 135,0 16,0 0,0
max. 66,0 64,0 279,0 110,0 23,0
varrozp. |61,0 42,0 144,0 94,0 23,0
Testované t-testem pre nezavislé vybéry
t-tgst 5 2,809%* 0,750 | 2,240* 2,415* 1,083
p<0,01 p<0,05 p<0,05
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P#i porovnéani nespravné ,,0 a spravné ,,1“ postury u studentii ve 2.

roéniku jsme zjistili, ze studenti se sprdvnou posturou dosahli ve vsech

motorickych testech lep$i primémeé hodnoty. Vyrazné v testu sed-leh za 30
s, kde dosahli hodnotu 26,24 opakovani (p<0,01). V testé skoku z mista
doséhli primérnou hodnotu 218,6 cm (p<0,05) a v béhu dosahli primérnou
hodnotu 51,55 pieb&ht (p<0,05).

Tab. 32 Télesna zdatnost u studentii 3. rocniku s nespravnou posturou

»0%

n=72 S-I 30s S-L 60s SDDM CLB Shyby
aritm.pr 25,42 43,67 206,9 46,61 6,375
smer.od. 4,389 10,256 2591 13,47 4,539
median 25,0 43,0 210,0 50,0 3,9
min. 16,0 25,0 105,0 17,0 0,0
max. 38,0 97,0 245,0 87,0 20,0
varrozp. |22,0 72,0 140,0 70,0 20,0
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Tab. 33 Télesna zdatnost u studentii 3. ro¢niku se spravnou posturou

gl
n=131 S-I’30s |S-60s |SDDM CLB Shyby
aritmpr | 25,31 41,10 215,9 50,19 7,328
smer.od. | 4,909 7,840 25,87 15,12 6,543
median 25,0 40,0 219,0 49,0 6,0
min. 14,0 25,0 150,0 20,0 0,0
max. 46,0 64,0 290,0 95,0 60,0
varrozp. | 32,0 39,0 140,0 75,0 60,0
Testované t-testem pro nezavislé vybeéry
t m_n - 0,149 1,996* 2,372% 1,676(*) 1,099

p<0,05 p<0,05 p<0,10

U studenti 3. ro¢niku jsrﬁe zjistili, ze skupina ,,0* doséhla lepsi hodnoty

v testu leh-sed za 30 s a vyrazné lepsi v testu leh-sed za 60 s, kde studenti
doséhli primémé hodnoty 43,67 opakovani (p<0,05). V testech skok z
mista, béh a shyby uz doséhli vyrazné horsi hodnoty. Skupina ,,1* doséhla
v testu skok z mista vy3si primémé hodnoty 215,9 cm (p<0,05) jako ,,0“
Vtestu bsh doshla skupina ,1¢ primémou hodnotu 50,19 prebéhi

(p<0,10), vyrazn¢ vy3si jako skupina 0%
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ASSESS THE STATE OF POSTURE, PHYSICAL FITNESS
AND MENTAL HEALTH OF STUDENT OF THE UNIVERSITY

Alena Cepkova

Department of Physical Education and Sport, Fakulty of Mechanical Engineering, Slovak Technical University.
Bratislava

Abstract

The paper is to present the state of posture college students and their physical fitness and mental health.The hours of
compulsory physical education are an important factor in influencing the quality of human life - student university. Very
important to confirm the positive impact of physical activity on the current mental state, which encourages students to
play an active approach to the sport and raise awareness of their own health and indirectly to improving physical fitness.
Students with better posture were more resistant to stress and mental stress, they were more balanced.

Key words: Mattias test, UNIFITTEST (60-60). CMS

Introduction

Dynamics of changes in the way of life increases the demand for social adaptability of humans to the changed and
changing living conditions. To such belongs the transition to university studies. Increases the psychological stress, reduce
the demand for movement and physical exertion. Predominant sedentary lifestyle. For university students dominated
activities focused on education, in order to acquiring knowledge in specialized fields. Physical education is in many cases
the only area that is active during the study of their physical development. Assessment of the state of physical development,
physical fitness of students is an important part in terms of comprehensive development of students. The proof is on the
various research works ( Cepkova 2008, Zidek 2009), in which the authors evaluate the dynamic level of physical fitness
and physical development of university at age group. Equally important is the evaluation of students’ posture. Through
physical education and sports activities can also influence the acquisition of habituation correct posture. When negative
habits can develop various health problems - headaches, loss of appetite, difficulty breathing, abdominal pressure in the
belly and below. The upright posture is a typical manifestation of man and represents his whole personality. And reflects
the state of emergency throughout the body to adapt to living conditions. Posture is the result of a particular shape of the
spine, particularly the work of postural muscles, postural reflexes and function of the spine.

Objective
The paper is to present the state of posture college students and their physical fitness and mental health.

Methodology

Object of investigation was a students from FME STU Bratislava. Overall, we were 4 measurements: A - first at the
beginning of the 2.semester academics year 2008/09, the number of students was n = 320, B - a second measurement was
performed in |. semester next academic year, the number of students was n = 238, C - third measurement was performed
at the beginning of the second semester academic year 2009/2010, where the number of students was n = 267 and the last
was performed in D - 4. Measurement in 1.semester acyyear 2010/2011 n = 194. Testing conducted on the hour of physical
education, at the beginning of the semester. Content of the physical education was football, hockey, fitness enhancing,
basketball, table tennis, fresbee.

Clap prowess, we have searched UNIFITTEST (Mekota, Smith, 1995). Dynamic strength of the legs - jumping from
place, to determine the dynamic power of hip-abdominal muscles, we used light set for 30s and 60s., arm strength we
tested by the pull-ups on horizontal bar. Endurance capacity was evaluated during the shuttle run. Good posture, we
have searched by Matthias test (Fig. 1). Students was asked to take the following posture: standing erect with slightly
you legs shoulder width apart, arms held inforward, head in the trunk extension. A fter one minute, we evaluated posture.
Number 1, we evaluated the correct posture and 0 incorrect posture according to Fig.l. Observed data were processed
statistically and undergo substantive and logical analysis. For comparison of individual files, we used t-test. The tabl |
levels of statistical significance: (*¥) p <0.10, ** p <0.01, * p <0.05, n = number of students, 0 = incorrect posture, | = good
posture. A group of students were first and 2" class, B = 2 class and 3 class, C = first and 2™ class and D = 2 class and 3
class. On each hour PE we tested the current mental state (CMS).
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Results

Figure 1. Test by Mattias

Posture is the result of a particular shape of the spine, particularly the work of postural muscles, postural reflexes and
function of the spine. Is an inherent feature of all activities and of itself is an activity, exercise habits, which we largely
control our will. Test by Mattias (Fig. 1), we evaluated students’ posture in which prevailing sedentary lifestyle focused
mainly on the study. Is there some wrong habits in posture. Nevertheless, we found that most students have good posture.

Even assuming that the assessment by Mattias reveal deficiencies, which can be detected at a more detailed assessment of

posture by other methods such as under Jaro§- Lomnicka and others. Table 1 gives us a detailed review and distribution
of students at each test and the individual grades in the right (1) and incorrect posture (0). We can say that in almost all

Table 1. Posture and physical fitness

| o | oow || e | e | e | Ue | G | S| R
place
A ro. 0 n=53 181,0 76,98 23,49 80,89 94,62 0,85 2574 2114 49,40
A frod. 1 n=122 1814 76,88 23,34 82,25 96,43 085 26,61 216,9 51,78
tetest 0,376 0,045 0,246 0,823 1,234 015 1,243 1,275 0914
A2rot. 0 n=42 184,5 79,50 2331 82,00 96,52 085 25,10 2141 49,43
A2rok. 1 n=103 1817 7903 23,91 84,92 98,18 0.87 26,53 216,6 50,25
t-test 2188" | 0206 1,089 | 1823() | 1094 092 | 1,861() 0,592 0,292
B 2ro&, 0 n=29 180.4 7819 23,99 82,31 95,97 0,86 25,31 4421 | 210,22 48,28 6.69
B 2ro&, 1=119 1817 77,38 2343 81,61 95,18 0,86 26,39 4252 276 54,41 707
t-test 0,966 0,264 0,627 039 0,507 013 1,31 1,12 1,382 1,848(") 044
B 3ro. 0 n=35 1821 80,86 24,36 82,09 97,74 0,84 25.74 1.9 211,2 50,20 7,09
B 3ro. 1 n=55 184,2 79,00 23,30 80,64 95,35 0,85 26,56 40,89 218,1 55.56 7,07
t-test 1,383 0,758 1,586 0,82 1,424 0,60 0.94 0,64 1,261 1,852() 0,02
C froé. 0 n=25 184,7 83,64 24,44 82,92 99,28 083 24,24 40,56 206,3 51,08 3,76
C 1roé. 1 n=g1 181,9 76,98 23,25 82,15 97,26 0,84 2573 43,38 2127 58,22 6,08
t-test 1,863() | 2173 1,426 035 1,149 1,01 1,37 1,64 1,024 1,621 3,042
C2rok. 0n=32 187,0 83,78 23,86 86,81 100,47 0,86 24,66 41,94 2085 43,16 5,03
C2rokt. 1 n=119 181,3 7776 23,67 82,24 96.19 0,86 26,08 42,06 2209 48,05 6.38
t-test 4485 | 2827~ | 0357 | 2817 | 327 072 1,59 0,08 2,301 2,146° | 1,742()
D 2ro&. 0 n=15 1774 76,47 24,22 8313 | 974667 | 085 24,13 43,40 2220 52,40 6,00 12,91
D 2roé. 1 n=66 18212 | 7944 2376 84,21 | 982727 | 086 25,80 42,67 2195 54,70 5,32 12,09
t-test 2,452 0,862 0,494 0,42 0,386 0,16 0,97 0,36 0,374 0,630 0.60 0,54
D 3roé. 0 n=37 18016 | 8054 | 24,8579 | 86,95 100,0 0,87 25,11 4532 | 20289 4322 570 14,21
D 3rok. 1 n=76 181,64 769 23,50 81,88 | 965263 | 085 24,41 4,25 | 21436 46,30 7,51 1211
t-tost 1109 1454 | 1931() | 2,803 | 2,803" | 1,875(') | 0683 2,004 | 2100* 1,065 1,28 1,045()
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measurements, we found that students with better posture (1) also had better values than the physical development of
students with poor posture (0). Only in some indicators of the opposite situation. The measurements in A 2 class we found
that students with good posture (1) had significantly greater circumferential extent p <0.10. In most cases the students
the correct posture (1) lower than with poor posture (0), significantly in A 2 class, p <0.01 C Iclass p <0.10 and C 2 class
p <0.01 and 1 Students with (1) have less value in the most peripheral rates in C1 and C 2 class p <0.01, which also had
significantly lower weight with students (1) as (0) p <0.01. We found that in most measurements of students with correct
posture to achieve better results in motor tests than students with poor posture. The most significant differences can be
seen in A 2 class S-30s for L p <0.10, in B 2 class, in B 3 class p <0.10 and C 2 class shuttle run p <0.05. The jump from
the place were significantly more students with (1) and especially in C 2 class and D 3 class p <0.05. Pull-ups in the
test were significantly better student with an attitude (1) the measurement of C | class p <0.01 and C 2class p <0.10.For
assessment of physical fitness test battery was used UNIFITTEST (60-60):

1. explosive power unit capacity - Jump from place. We have found that student achievement in all three measurements
of nearly the same average value. In A reached 215.5 cm, in B reached 215.9 ¢m in C reached 215.4 cm and in D
reached 214.5 cm. There were no statistically significant change between each measurement. According to the standard
5-point UNIFITTEST (21-60), FME students evaluated in this test than the average. Significant difference to the
detriment of our students, we found among our probands and university students in C zechoslovakia, 1986 (Kolar,
Mekota, Sorm, 1989), which reached an average value in the long jump 231.55 cm. (Table 2).

2. Endurance capacity power unit in the abdominal area - Lie-sit for 30s and 60s. Lie-sit in the 60s we started to evaluate
the second measurement (B). In the test lie-sit 30s, we found significant changes between measurements, without
statistical significance. The measured and found to average 26.24 repeats, 26.20 in B, C in D 24.99 and 25.61 times.
In the test lie-sit 60s, the average value 42.26 B, C in D 42.68 and 42.36 times. According to the standard 5-point
UNIFITTESTU (21-60), FME students evaluated in this test than the average. In this test, reached the same level as
students Palacky Univesity (Mekota, 1991-unpublished), who achieved an average 42.54 repeted/60s. (Table 2).

3. aerobic endurance ability was tested during the endurance shuttle run. We found that the average overrun sections,
the individual terms differ significantly. And when measuring the mean overrun sections 50.58, we found the largest
number of overrun sections - 53.31 - in C, the decrease took place at 51.21 and 49.04 D, the lowest overrun sections.
(Table 3).

4. power arm - Pull-ups. This test was launched from the second measurement. Found average values in B were 7
reps, in C the number of repetitions decreased to 5.8 and in D were 6 repetitions. According to the standard 5-point
UNIFITTESTU (21-60), FME students evaluated in B than average. In C and D compared to those among below
average. Students Czechoslovak universities, 1986 (Kolar. Mekota, Sorm, 1989). reached an average of 6.66 repetitions,
which is under UNIFITTEST value classified as substandard. (Table3).

Table 2. Physical fitness

Lie-sit30s Lie-sit60s Jump from place
A B c D A B c D A B c D
aritm.pr 26,24 26,20 25,61 24,99 42,26 42,36 42,68 2155 2159 2154 2145
smer.od. 4,26 4,00 4,64 5,50 7,33 7,79 8,81 24,94 2576 26,49 25,61
median 26,0 27,0 26,0 25,0 41,0 42,0 42,0 217,0 219,0 220,0 217,0
min. 15,0 14,0 5,0 14 22,0 22,0 25 135,0 136,0 114,0 105
max. 39,0 38,0 40,0 66 61,0 66,0 97 284,0 290,0 2730 279
var.rozp. 24,0 240 35,0 52 39.0 44,0 72 149,0 154,0 169,0 174
t-test 0,110 1,515 1,308 0,387 0,141 0,411 0,161 0,224 0,342

Table 3. Physical fitness

Schuttie-run Pull-ups
A B c D A B c D
aritm.pr 50,58 53,31 51,21 49,04 7,025 5,869 6,304
smer.od. 15,61 15,22 16,30 15,34 4,104 3735 6,009
median 50,0 50,0 50,0 48,0 70 50 50
min. 16.0 16,0 20,0 17 0.0 0,0 0
max. 99,0 110,0 1250 95 20,0 23,0 60
var.rozp. 83,0 94,0 105,0 78 20,0 23,0 60
t-test : 2,062" 1,489 1,448 3,315"*| 0,956
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In assessing current psychological states. we found that most student, more than 80%, had an hour before a negative
current mental condition. This means that they were no mood, sad, nothing they did not want and only 20% had almost
before an hour TV cheerful, active. After hours up to 67% of students are marked curent mental state (CMS) as excellent,
happy, cheerful, with vigor and only 20% are marked CMS as sad, tired. These results show us that hours of physical
education have a positive effect on students’ current mental state. Games on the Physical Education reduced stress and
mental fatigue. Good mental well-being can affect the quality of education.

Table 4. Curent mental state

(%) 100,0
90,0
80,0
70,0
60.0
50,0
40,0
30,0
20,0
10.0

0.0
0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% |100%

Dafter | 250 | 256 | 22,1 | 37,6 | 43,4 | 36,7 | 554 | 44,6 | 49,9 56,3 | 67,4
Bbefore | 75,0 | 74,4 | 77,9 62,4 | 56,6 | 63,3446 554 |50,1|437 326

Conclusion

For everyone, it is important to maintain good posture and continuously improve the exercise habits of a lifetime.
Education on proper posture is to be understood not only as a process of keeping the resting position, but as education
and raised capacity to deal with physical tasks of daily life at school, at home, at work (sit, lie, learn, run, jump, draw,
cook, etc. ). Based on the results we can conclude that for most students FME STU we found incorrect posture. Despite
the prevailing sedentary students, when there is a study of low demands on the body, leading to hypokinesy. The
threshold energy is expected to fall right in activities under 4.1 kJ.min-1 (Mekota, Cuberek, 2007). Physical activity to
them in most cases, guaranteed school physical education. FME STU students prefer mostly games - football, hockey,
basketball, fresbee and bodybuilding. Individual measurements are documented, that during the study to students with
no significant changes in tests. We found that students belong to a group of people, with almost no risk cardiovascular
diseases and diseases resulting from obesity. The 5-point standard lie-set60s was 40 to 42 repetitions, Jjumping from
place to achieve an average of 215 cm in pull-ups made from 5 to 7 bends. Probands were specific sample of students with
mostly psychological employment. Their professional focus does not require general or special physical training, motor
development fitness. It is realizing the importance of each individual’s daily physical activity for health is important. You
Just mandatory physical education in college, where physical education teachers have the possibility and also role and
motivates students to learn to regular physical activity. This study also confirmed by various authors (Palovicova, J, 2001,
Bukova, A.2008).We can talk about health-oriented physical activity for students. This means that their current status in
college does not get worse, but that was its maintenance. In conclusion. the hours of compulsory physical education are
an important factor in influencing the quality of human life - student university. Very important to confirm the positive
impact of physical activity on the current mental state, which encourages students to play an active approach to the sport
and raise awareness of their own health and indirectly to improving physical fitness. Students with better posture were
more resistant to stress and mental stress, they were more balanced.
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ABSTRACT

The aim of the contribution was to determine the state of posture among students of
the 1* year of university. For the evaluation a posture test devised by Jaro$ and Lomicek
(1957) was used. The stated somatoscope test allowed a detailed evaluation in the individual
parts of the spine and parts of the body, with the methodics not being demanding on material
equipment, time or evaluation procedure. For a more objective evaluation of the students we
measured their BMI (body mass index) somatometric indicators.

The age of the male students was ~ 21.2+- 0.76 years and the female students were
aged 20.7+- 0.47. The average value of the BMI index was 23.07 kg/m” for the males, and
20.76 kg/m? for the females. The students belonged to the group of people with almost no risk
of cardiovascular diseases or illnesses resulting from obesity.

In the evaluation of posture we found great deviations from the standard (0°-10) in
forward bending of the head (HL) both for the females (22°) and for the males (24.88°). The
difference between the males and the females was statistically significant (2.88°) (p<0.05). In
shoulder posture (SP) the females achieved on average 11.9° and the males 14.83°. The
difference between the males and the females (2.93°) was statistically significant (p<0.10) and
the values were designated as average (mark 3). The females had average measured values of
spinal curvature (CHK) 5.9cm, and among the males we measured 5.38cm, which
corresponded to a mark of 3. The depth of the curve in the middle part of the spine (MS) was
for the females 5.85cm and for the males, 3.85cm. The difference was 2cm to the detriment of
the females, which was statistically significant (p<0.01). The posture of the spine in
the frontal level was very good, without significant deviations for either the males or the

females. We found more significant defects when evaluating the height of the shoulders (HS).

32



Acta Universitatis Matthiae Belii, Physical Education and Sport * Vol. VII * No.2/2015

The difference between the right and the left shoulder for the males was 2.17cm, and for the
females 1.90cm in favour of the left shoulder, which was higher. As regards the slope of the
pelvis (SP) we found 32.50° for the females and for the males, 31.96°. According to the Jaros-
Lomicek table, grade 2 is assigned to the angle up to 35°. The optimal value for pelvic slope
is 30°. In evaluating the slope of the shoulder blades (SHS) we found a value of 2.10° among
the females, and for the males an average value of 2.0°. For up to 5° shoulder blades slope,
the evaluation is a mark of 2. The correct slope of the shoulder blades is 0°. In both the
females and the males we found normal vaulted chests.

In the overall evaluation we found average values, which means body posture with
partial deviations from the correct posture in the individual parts. The statistically significant
difference (p<0.01) is in the posture between the males and the females, with the males
achieving better average posture values. Our results are of a sectional character without a
causal analysis of the individual indicators.

KEY WORDS: Test according to Jaros and Lomicek, posture, BMI,

INTRODUCTION

The definition of posture has been addressed by several authors, which makes it
obvious that the concept has a very wide meaning, and its definition is not simple. Externally,
posture is manifested as a certain spatial arrangement of the individual parts of the body in
static positions (e.g. standing) but it retains the characteristic features even when the body is
in motion, for example in walking or other movement activities. (Hrcka, 2009). According to
Guth (2004) posture or the individual’s posture system designates all the person’s motor
abilities whose purpose is to maintain position. Under the concept posture we understand the
mutual positioning of the limbs, the trunk and the head - in stance, in positions and during
activity. Long-term straining of the muscles with a mostly tonic function and neglect of the
muscles with a mostly phasal function leads to the typical development of muscular
imbalance, which is crucial from the standpoint of posture and is the backdrop for the
occurrence of functional changes. Some studies have even stated that the appearance of
functional changes in contemporary children and youth occurs in up to 80 %! (Fisher, 2003).
Physical education is in many cases the only activity which has an effect on physical
development during school years. By means of physical and sport activities we can also
influence the gaining of the habit of correct posture. Posture, the holding of the body, is not
only important from the health standpoint, but also socially. According to Corbin at al, (2009)

posture is an important factor of non-verbal communication during first contact which
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corresponds to certain personality traits of the individual. Economic factors also play an
important role. Roche et al. (2007) found in their long-term study that cheap individual
sustained therapeutic activities as part of prevention are more effective than costly
convalescent programs in the healing of acute back pain. Many authors (Mayer, 1978,
Labudova 1992, Medekova et al 1993, Kanasova. 2011) have addressed the concept of
posture and evaluations of posture, but primarily with elementary school children. There is a
great lack of information on the state of university students as well as on the methods of
evaluation of posture, which would be useful for the diagnosing in universities. We believe
that it is important, especially in today’s hypo-kinetic times, to monitor university students’
posture and, through movement exercises during physical education lessons, to focus on the
prevention of the occurrence of acute back pain as a result of incorrect posture and muscular
imbalance.

About 80% of the population in the 25-60 age category have experienced back pain
during their life, but some studies (Zhu, 2007) have indicated that young people also have
these problems. Most frequently, pain occurs in the lumbar or cervical part of the spine. The
reason often lies in improper ways of walking and sitting (bad posture, inappropriate positions
at the work-table in the home or outside it) and incorrect ways of carrying loads (bags) or
unsuitable types of sustained repetitive movement (digging in the garden, continuous posture
in constraining positions, etc.).

AIM
The aim of the contribution is to identify the condition of the posture of university

students.

TASKS

1. Use of the posture evaluation test battery according to the test of Jaros- Lomicek.
2. Measuring of the BMI somatic indicators.
3. Processing and evaluating the data.

METHODOLOGY AND PROCEDURE

The subject of the investigation was a group of 24 males and 10 females from the first
year at Faculty of Mechanical Engineering, Slovak University of Technology, Bratislava,
who had compulsory physical education lessons, with optional disciplines. . Testing took
place during the physical education lessons, always at the beginning of the class. The students

were chosen at random from football, floorball and aerobics classes. We ascertained their
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posture on the basis of the Jaro$ and Lomicek test (1957). The experimenter measured the
subject (individual tested) from a distance of roughly 1 m, with the arms slightly bent in front
of them ( forearms crossed) and the centre of a protractor was placed according to the
description. The experimenter was assisted by a helper who held the loosened plumb line
according to instructions. The plumb line determining the vertical axis had always to hang
freely.

The measuring was carried out on all the subjects by one person so the same criteria
would apply throughout. The controller could also record the measurement data from time to
time. The males stripped to the waist for the measuring, while the females wore tight T-shirts.

From the point of view of complexity and accuracy of measurement, this was the
most suitable evaluation method.

Evaluation was focused on:

L. head and neck posture (HP)

1L shoulder posture (SP)

III.  spine slope (anteroposterioric plane) (SP)
IV.  back slope (anteroposterioric plane) (BS)
V. spine course at frontal plane (SPF)

VI.  height of shoulders (HS)

VIL. pelvic slope (PS)

VIII. shoulder-blade slope (SBS)

IX. chest (CH)

For measuring were needed a protractor (circular with 360° scale), to which two straps
are fixed, one attached to the protractor and the second moveable, a wooden triangle, a plumb
line with a cord, chalk, and a pencil (Fig.1). The individual measurements are evaluated in
degrees or in centimetres. The scales of values are in point form.

pohvblivé amienko

=N\

pravitko

olovnitka

Fig. 1 The needs to measure
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For diagnostics of body development we used the values of physical height and
weight, and the circumference of the waist and hips. On the basis of the measured values we
calculated the BMI index. We processed the data statistically and carried out objective and
logical analyses. For comparison of the individual sets we used the non-parametric Mann-
Whitney U-test. In the tables we presented the levels of statistical significance: (*)p<0,10, **
p<0,01, * p<0,05.

RESULTS
The average age of male students was 21 years and 20 years in female students. Based

on the values measured in the experiment we can state that the BMI values were 23.07 kg/m2
in males, with 20.76 in females (Table 1). According to the 5-grade scale the measured values
can be considered normal (20 — 25 kg/m2). Our measurements have shown that the average
BMI values of our students did not exceed the limits of overweight/obesity. In adults, BMI
overweight value is greater than 25kg/m2, while BMI obesity value is greater than 30 kg/m2.

Table 1 BMI

Males n=24 Females n=10

Age (years) 21,2+-0,76 20,7+-0,47

Height (cm) 1,81+-0,04  |1,70+0,06
Weight (kg) 78,00+-836 | 60,00+-2,42 |
'BMI (kg.m2) 23,07+-2,56 | 20,76+-1,92

The evaluation of the spine according to the Jaros-Lomicek test is quite detailed and allows
discovering faults in the body posture in particular parts of the spine.

We found great deviations from the standard (0°-10°) in head bending forward (H)
both in females (22°), and males (24,88°). The difference (2,88°) between the males and
females was statistically significant. A similar difference (2,39°) to the detriment of males
was discovered by Hr&ka (2011). They were assigned a grade 4 according to the Jaros-
Lomicek test representing the worst value of the 4-scale classification. The cervical part of the
spine is considerably moveable and is statically stressed by the weight of the head. Its strain
results from the forward head inclination (when working on the computer, studying etc.).
This leads to an overloading of the neck and back muscles, as well as the shoulder girdle, very

often causing headaches. In evaluating the posture of shoulders (SH), the value 0° expresses
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the correct body posture. Females achieved on average 11,9° and males 14,83°. The
difference between the males and females (2.93°) is statistically significant. We assigned
grade 3 to the posture of shoulders in both females and males. Hréka (2011) found lower
values: an angle of 8.06° in males and 6.79° in females. We evaluated the curvature of the
spine in the front-posterior level in two areas: in the cervical (C) and the lumbar (L) parts of
the spine. According to Jaro§-Lomicek, correct body posture means that the cervical part of
the spine is located 3-3,5 cm and the lumbar part 3-4 cm from the exercise pad. Every cm in
a positive or negative direction is assigned one grade worse mark (Stépnicka, 1977). The
average values of the curvature of the cervical spine were 5,9 cm in females and 5,38 cm in
males. The individuals tested achieved the values of the curvature of the cervical spine that
correspond on average to grade 3. Hrcka (2011) measured an average value of the curvature
of the cervical spine 6.73 cm. The deviation of the curve in the lumbar part was 5.85cm in
females and 3.85 in males. The difference was 2 cm, which was statistically significant. The
curvature of the spine at the frontal plane (FL) with the correct body posture can be compared
to a vertical line (grade 1). The value of deviation is evaluated from grades one to four. We
did not record any significant deviations from the standard in the tested group. All of these
students were evaluated grade 1. We can conclude that the spinal posture at the frontal level is
very good. The most frequent location of disorders in the thoratical part of the spine is in the
joints connecting them with the ribs and the junction to the cervical and the lumbar parts of
the spine. The functional disorder results from the stress and muscle imbalance of the
shortened m. pectoralis major and the weakened low stabilizers of the shoulder blades, as well
as the low and middle parts of m. trapezius, m. serratus anterior, m. rhomboideus. The lumbar
part of the spine and the sacral bone undergo the greatest static stress. . The functional
disorder is caused by a muscle imbalance between the abdominal and gluteus muscles on the
one hand and the spine muscles and flexors of the leg on the other.

When evaluating the level of shoulders (SL) within the correct body posture, the
shoulders have to be in equal height and their contours should be equalized. Different level of
shoulders relates to scoliotic curvature of the spine. The difference between right and left
shoulders in males and females within our group was approximately the same: 2cm on
average, in favour of the left shoulder — which was higher . This deviation corresponded to
the grade 3. Other research results confirm our findings. We discovered the inclination of
pelvis (PI) 32.50° in females and 31.96° in males. According to the chart by Jaros-Lomicek,
35° angle is evaluated by grade 2. The optimal value of the inclination of the pelvis angle is

30° - this is the angle of the back area of the sacral bone with the vertical axis. We discovered
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the value 2.10° in females and 2.0° average value in males when evaluating the inclination of
shoulder blades (SBI). The inclination of shoulder blades up to 5° is evaluated by the grade 2.
The correct inclination angle of the shoulder blades is 0°, it means the inner edges of the
shoulder blades are positioned in parallel. We can say that the students had slight deviation
from the correct posture of the shoulder blades. Greater differences have been found in the
group of males.

The final evaluation parameter is the shape of the thorax (TS) which was defined by
Bartosik and col. (1994). We found normal thorax both in females and males; well-vaulted,
with the thoratical spine slightly kyphotic, so that its tip meets the centroidal axis led from
the nape. The thorax axis is vertical, while the shoulders are directed accurately to the sides.
According to the evaluation, we assigned them grade 1. The thorax evaluation scale has 4
grades. Summing up the points from the particular evaluation parameters we have found that
females achieved on average 22.80 points, while males got fewer points, namely 20.29 points

on average. We discovered statistically significant difference between males and females.

Table 2 Values of the test by Jaro$-Lomiéek — females

Females | Hin® | SHin° | Cin Lin | FLin [SLin| Plin® | SBIin® TS Total

. em | cm | cm points

Aritm.av. | 22,00 | 11,90 | 590 | 585 | 0,07 | 1,90 | 32,50 2,10 1,20 | 22,80

Direction | 3,46 1,29 1,74 | 091 | 0,15 | 0,57 2,32 0,99 0,42 2,34
of dev.

Median 21,0 12,0 575 | 575 | 0,0 2,0 32,0 2,5 1,0 23,0
Min. 19 10 4 5 0 1 30 1 1 20
Max. 30 14 10 8 0,4 3 37 3 2 27

Var.range 11 4 6 3 0,4 2 7 2 1 7
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Table 3 Values of the test by Jaro§-Lomicek — males

Males Hin° [ SHin° | Nin Win | FLin|SLin | Plin® | SBlin® TS Total
cm cm cm cm points

Aritm.av | 24,88 | 14,83 | 538 3,85 | 0,12 | 2,17 | 31,96 2,00 1,33 | 20,29

Direction | 3,60 4,37 1,13 1,60 | 0,26 | 0,64 1,92 0,93 0,56 2,29
of dev.

Median 25 15 5,25 3,25 0 2 31,5 2 1 20
Min. 19 9 315 2 0 1 30 1 1 17
Max. 35 25 8 7 1 B 36 4 3 26

Var.range 16 16 4,5 5 1 3 6 3 2 9

U-test | 2,255* | 1,671(*) | 0,745 | 3,025** | 0,214 1,083 | 1,023 | 0,338 | 0,566 | 2,780**

CONCLUSION

In our report we used the somatometry methodology of evaluation of the spine shape
according to Jaros-Lomicek (1957). This methodology evaluates particular parts of the body
in details and does not require complicated material equipment. It is important to execute the
evaluation by the same examiners to avoid considerable measuring deviations. Regular
physical activity in students with higher stress was done by the activity within the
compulsorily optional physical training once a week. The physical training activities affect the
improved appearance, condition, the body fat control. The regular physical activities bring the
health benefits in future, like lower risk of the muscle injuries, reduction of the spine pain
risk, fast recovery after exhausting work, high working effectiveness and increased ability to
cope with stress. Walking from and to school was one of their other physical activities. But, in
their opinion, they spend a good part of the day sitting due to the studies. As a result, we
hypothesized that their body posture would deteriorate. We discovered more significant
defects only in the different levels of the shoulders and the shoulder blades resulting in
bulging abdomens. In contradiction to our hypothesis, we found almost perfect body posture
in female students. The discovered deviations from the standard, which defines the correct
body posture, might be caused by the sedentary nature of their daily activities , incorrect
body posture when sitting at the computer and during lectures, an improper carrying of bags

and other equipment, as well as insufficient regular physical activity, apart from compulsory
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physical training once a week. We agree with Kolaf (2007) that in a civilized society it is

utterly irresponsible not to encourage young people to develop correct body posture and leave

it on the nature. In conclusion, it is necessary to state that up till now there are no other

research works available that evaluate body posture in adults. The only research works

published relate to groups of 11-12 years old children. However, our results have a profile

character, without undertaking causal analysis of particular coefficients.
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HODNOTENIE DRZANIA TELA STUDENTOV VYSOKEJ SKOLY

SUHRN

Cielom prispevku bolo zistit’ stav drzania tela u Studentov l.ro¢nika vysokej Skoly.
Na hodnotenie bol pouzity test hodnotenia drZania tela podla Jarosa a Lomicka (1957).
Uvedeny somatoskopicky test ndam umozZiiuje podrobné hodnotenie v jednotlivych Casti
chrbtice a ¢asti tela, pricom metodika nie je ndro¢na na materidlne vybavenie, Cas a metodiku
hodnotenia. Pre objektivnejdie hodnotenie sme u studentov zmerali somatometrické
ukazovatele BMI. Vek studentov bol21,2+-0,76 rokov a Studentiek 20,7+-0,47rokov.
Priemerné hodnoty indexu BMI boli u Studentov 23,07 kg/m’ a u studentiek 20,76 kg/m’
Studenti patrili do skupiny Fudi stakmer Ziadnym rizikom kardiovaskularnych chorob
a chordb vyplyvajucich z obezity.

Pri hodnoteni drZania tela sme zistili velké odchylky od normy (0°-10) v predklone
hlavy (HL) ako u Zien (22°) aj u muZov (24,88°). Rozdiel (2,88°) medzi muzmi a Zenami bol
Statisticky signifikantny (p<0,05). V drzani ramien (RA) Zeny dosahovali v priemere 11,9° a
muzi 14.83°. Rozdiel medzi muzmi a Zenami (2,93°) bol statisticky signifikantny (p<0,10)
a hodnoty sa ozna¢uju ako priemerné (znamka 3). Zeny mali priemerné namerané hodnoty

zakrivenia krénej chrbtice (CHK) 5,9cm au muzov sme namerali 5,38cm, ¢o zodpovedalo
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znamke 3. Hibka oblika v driekovej Casti chrbtice (CHD) bola u zien 5,85cm au muZov
3,85cm. Rozdiel bol 2cm v neprospech Zien, o bolo Statisticky signifikantné (p<0,01).
Drzanie chrbtice v rovine frontalnej bolo umuzov aj uzien velmi dobré, bez vyraznych
odchyliek. Vyraznejsie nedostatky sme zistili pri hodnoteni vysky ramien (VR). Rozdiel
medzi pravym alavym ramenom bol umuZov 2,17cm a Zien 1,90cm v prospech lavého
ramena, ktoré bolo vysSie. Sklon panvy (SP) sme u Zien zistili 32,50° a u muzov 31,96°. Do
35° podla tabul'ky Jaro$a-Lomi¢ka je znamka 2. Optimélna hodnota sklonu panvy je 30°. Pri
hodnoteni sklonu lopatieck (LO) sme zistili u Zien hodnotu 2,10° a u muzov priemernii
hodnotu 2,0°. Do 5° sklonu lopatiek je hodnotenie zndmkou 2. Spravny sklon lopatiek je 0°.
U Zien aj u muZov sme zistili normalny hrudnik, dobre klenuty.

V celkovom hodnoteni sme zistili priemerné hodnoty, to znamen4 drzanie tela, ktoré
mé v jednotlivych castiach ¢iastoéné odchylky od spravneho drzania tela. Statisticky
signifikantny rozdiel (p<0,01) je v drzani tela medzi muzmi a Zenami, pri¢om celkovo lepsie
priemerné hodnoty drzania tela dosiahli muzi. Nase vysledky maju prierezovy charakter bez

kauzalnej analyzy jednotlivych ukazovatelov.

KEUCOVE SLOVA: Test podl'a Jaroska a Lomicka, drzanie tela, BMI,
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ABSTRACT

_emkova, E Cepkova, A, Uvacek, M, and $00s, L. A novel
method for assessing muscle power during the standing cable
rood chop exercise. J Strength Cond Res 31(8): 2246-2254,
017-The study estimates the repeatability and sensitivity of
a novel method for assessing (a) the maximal power during the
“‘anding cable wood chop exercise with different weights and (b)
-eenduranoeofd'oecommuecleaAgmupof%ﬁtmenper-
Enned(a)maxh\aleffonsinglerepeﬁtionsofmeswadingcable
woodchopexercisewimwoighuincmashgstepwiaeuptol
ipetition maximum (IRM)ar\d(b)asetMQOrapetitionsatapre-
viously established weight at which maximal power was achieved.
Reedtsd\owedthatmeanpowefduringmmandingcablewood
10p exercise is a reliable parameter, with intraclass correlation
coefficient values above 0.90 for all weights tested. It was also
shown to be a sensitive parameter able to discriminate within-
oup differences in the maximal power and endurance of core
~~Jscles. Substantial individual differences were found in mean
power, especially at higher weights, and in the maximal power
hieved at about 75% of 1RM (4622 = 574 W, n = 11),
‘% of 1RM (327.2 = 49.7 W, n = 7), and 83% of 1RM
(624.0 = 83.2W,n-5).Altheseweights,therewerealso
thdiﬂmbetweenthehiﬁalmdmefmalmpeﬁtbns
_the wood chop exercise (13.9%, p = 0.025; 10.2%, p=0.036;
and 13.8%, p = 0.028, respectively). These findings indicate that
! :luationoltfumaximalpomrandendmofthecore
'scles during the standing cable wood chop exercise on

2 weight stack machine is a reliable method and sensitive to
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INTRODUCTION

iven the importance of core strength in athletic

performance, its assessment should be consid-

ered an integral part of functional diagnostics.

Above all, such testing should differentiate
between athletes with different demands on the power and
endurance of their trunk muscles and provide relevant infor-
mation on the efficiency of sport-specific training (e.g., in
rowing, canoeing, wrestling, judo, karate, golf).

Traditionally, these tests include isometric measures of
endurance and isokinetic measures of strength and work
(3,5,15,19). Furthermore, there are isoinertial tests such as
those of trunk flexor endurance recommended by the Amer-
ican College of Sports Medicine and the National Strength
and Conditioning Association. Most current field tests eval-
uate the endurance (e.g. trunk flexor and extensor endur-
ance tests and lateral bridge test) rather than the strength
and power component of trunk muscles.

Trunk rotation endurance is supposed be more important
than strength alone in the prevention and treatment of low
back pain. This has been documented by a study of Lindsay
and Horton (14) who found significantly less endurance in
the nondominant direction (the follow-through of the golf
swing) in golfers with low back pain than in a healthy group.
McGill et al. (18) reported that poor trunk muscular endur-
ance, and aberrant flexor/extensor endurance ratios, corre-
lates with a history of low back injury. Spinal extensor
endurance has also been shown to correlate with decreases
in injury risk for the low back (23).

However, the strength and power component of trunk
muscles may better mimic the demands imposed by sports.
Usually, single repetitions of a particular exercise with
increasing weights stepwise up to the 1 repetition maximum
(IRM) are performed to obtain individual force-velocity and
power-velocity curves or to analyze power- and velocity-
weight lifted relationship. It is known that with increasing
weights there is a decrease in velocity in the concentric
phase of lifting. Contrary to this, power increases from lower
weights, reaches a peak, and then toward higher weights,
decreases again. Such an optimal velocity, that is, the one
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allowing the production of the greatest power, depends on
ratio of fast and slow twitch muscle fibers (27); thus, it may
_be hardly changed with training. However, the optimal
weight at which maximal power is achieved increases signif-
icantly after the training. Moreover, the maximal power ob-
tained from the testing procedure consisting of maximal
effort single repetitions with increasing weights is less com-
plicated and hence a more practical alternative for the
assessment of strength capabilities than the traditional
1RM approach.
Alternatively, this weight may serve as the one used for
endurance power tests. Monitoring power in a set of
' a determined number of repetitions performed with maximal
effort in the concentric phase enables the quantification of
fatigue in a way similar to other endurance tests. Peak power
and mean power from entire set and the fatigue index
(calculated as the ratio of the decrease in power from the
peak to the lowest values and the peak power) are the most
used parameters of strength endurance.

Yet, there are only few studies that have evaluated
muscular strength and endurance during trunk flexion and
extension motions (10,16,21,25.29). Typically. isokinetic ma-
~ chines (7,8,20) or electromyography (9,17,22) are used to
measure strength characteristics during axial rotation move-
ments. However, when using an isokinetic dynamometer
with a torso rotation attachment, no significant differences
in peak torque were found within or between groups of
healthy individuals who do not play golf and those who
are highly skilled at the sport (14). The authors also reported
no significant difference in the endurance of trunk muscles
between the healthy elite golfers and the non-golfing con-
trols. Similarly, Suter and Lindsay (26) were unable to show
any significant differences in the static holding times or
a decline in the electromyography median frequency
between low-handicap golfers with low back pain and
healthy, age-matched controls who did not golf.

The limitation of these measurements is that torso
rotation performed while sitting on the chair with straps
around the back and legs provides artificial movement
patterns. Additionally, most of the custom-made equipments
are relatively expensive and not portable for use on the
sporting field. To avoid these drawbacks, one can use
a system that allows monitoring of basic biomechanical
parameters during rotational movement of the trunk. So far,
the study of Andre et al. (1) determined the test-retest reli-
ability of the kinetic rotational characteristics of the pulley
trainer when performing a rotational exercise of the axial
skeleton in the transverse plane while sitting on a box. The
authors found that a pulley system and an external dyna-
mometer can be used together as a reliable research tool to
assess rotational power. Although such a test is suitable for
canoeing, for example, for many other sports, such as hockey
or tennis, rotational movement performed during standing
would be a more specific alternative. As athletes prefer free
weights or weight exercise machines to improve the strength

of their trunk muscles, the testing should be as close as
possible to the movement used during training or competi-
tion. Presumably, the test adapted from the wood chop exer-
cise may provide conditions similar to those imposed in
many sports involving trunk rotation (baseball, golf, karate,
etc.). However, the methodological issues associated with
such testing have not been investigated yet. Such rotational
movement allowing more involvement of the lower body
may be less confined to the trunk, which in turn should
increase the movement variability and influence the
reliability.

Therefore, 3 specific research questions were addressed in
the present study: (a) Is the reliability of data obtained from
the standing cable wood chop exercise acceptable for its use
in the evaluation of rotational power? (b) Are there
individual differences in mean power during the standing
cable wood chop exercise? If so, at which weight are these
differences most pronounced? (c) Is endurance power test
sensitive for distinguishing among healthy fit individuals
with different levels of maximal power production? \We
hypothesized that the power produced during the standing
cable wood chop exercise would be a reliable parameter able
also to discriminate within-group differences. Verification of
this hypothesis was accomplished by the estimation of the
repeatability and sensitivity of a novel method for assessing
the maximal power during the standing cable wood chop
exercise with different weights and the endurance of the core
muscles.

METHODS

Experimental Approach to the Problem

This study adopted a fully controlled research design with
repeated measurements on 2 separate occasions 1 week
apart. Our first interest was to estimate the repeatability of
a novel method for assessing the mean power during
a standing cable wood chop exercise. Then, we conducted
experiments with aims to determine the maximal value of
mean power using maximal effort single repetitions of the
standing cable wood chop exercise with increasing weights
and to evaluate the endurance of the core muscles during
a set of a determined number of repetitions performed at
a previously established weight at which maximal power was
achieved. To do this, young fit men performed maximal
effort single repetitions of the standing cable wood chop
exercise with weights increasing stepwise up to 1RM, and
a set of 20 repetitions at a previously established weight at
which maximal power was achieved. A FiTRO Dyne
Premium system based on precise analogue velocity sensor
with sampling rate of 100 Hz was used to monitor basic
biomechanical parameters involved in the exercise. During
both exercises, mean values of power were analyzed.

Subjects
A group of 23 fit men (age 22.4 * 1.9 years, height 184.0 =
93 cm, and weight 79.6 * 122 kg) volunteered to
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participate in the study. All of them had at last 4 years of
experience with resistance training, including exercises to
strengthen the trunk muscles. They provided information
on their physical activity, health status, and history of neu-
rological and musculoskeletal disorders or injuries. No sub-
ject had experienced low back pain for less than 12 months
before the study. Individuals who had previously undergone
surgery or other medically invasive procedures for low back
pain were excluded from participation in the study. They
were asked to avoid any strenuous exercises during the
study. All of them were informed of the procedures and the
main purpose of the study and gave their written informed
consent. The procedures presented were in accordance with
the ethical standards on human experimentation stated in
compliance with the Declaration of Helsinki and approved
by the head of the Institute where testing was carried out.

Procedures

Subjects were exposed to a familiarization session during
which the technique of the standing cable wood chop
exercise was explained and trial sets were carried out. They
performed slow practice repetitions of trunk rotation to
become accustomed with the desired movement. Afterward
they underwent trunk rotation strength and endurance
testing. Both tests were carried out mid-morning. The
testing procedure and time of day were identical for all
subjects. The same experienced researchers conducted the
measurements during testing sessions.

After the warm-up, subjects performed 2 repetitions (1
repetition at a higher weight) of the standing cable wood
chop exercise with a stepwise increase in the weight up to
1RM. Their task was to rotate their torso forcefully until they
reached a 90° rotation and then to slowly return to the
starting position facing the weight stack machine. The test
was then repeated for the opposite side of the body. The
right torso rotation for a right-handed participant was cate-
gorized as the “dominant” rotation, whereas the left rotation
was referred as the, “nondominant” rotation and vice versa
for a left-handed participant. To estimate the repeatability of
this strength test for trunk muscles, the test was undergone
again 7 days after the initial testing session.

On the second test day, they performed the standing cable
wood chop exercise at the previously established weight at
which maximal power was achieved until a determined
number of repetitions were completed. Subjects were
instructed to perform repetitions with maximal effort in
the concentric phase. Emphasis was placed on the proper
position of the body during the exercise. They stood with
their feet wider than shoulder width apart and toes slightly
pointed outward while grasping the handle with both hands.
They rotated the body from the right (or the left) toward the
opposite side until the hands reached the end position in
front of the body. They were asked to keep the elbows close
to the body. They had to engage their abdominal/core
muscles to stiffen the torso and stabilize the spine.
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Particularly in the endurance test, they had to kept their
mid-section tense through the whole set. A laboratory
assistant made sure that subjects remained upright through-
out the movement and that their head, chest, and torso were
aligned over their hips.

Basic biomechanical parameters during both tests were
monitored by means of the FITRO Dyne Premium (Fi-
TRONIC, Slovakia). For this system, Jennings et al. (4) re-
ported intraclass correlation coefficients (ICCs) of 0.97 (95%
confidence interval [CI], 0.95-0.98) for maximal power dur-
ing squat jumps and 0.97 (95% CI, 0.95-0.98) for biceps curls
with the limits of agreement of —17 = 96 W and 0.11 *
13.90 W, respectively. A study by Zemkova et al. (31)
showed ICC and SEM% values in the range 0.97-0.98 and
7.6-7.7%, respectively, for mean power in the entire concen-
tric phase of lifting, 0.96-0.98 and 9.1-9.6%, respectively, for
mean power in the acceleration phase, and 0.94-0.97 and
9.2-10.0%, respectively, for peak power during bench presses
with weights of 40, 60, and 80% IRM. In particular, for
rotational power, the intraclass correlation coeficients were
0.97 (at 9% of body weight), 0.94 (at 12% of body weight),
and 0.95 (at 15% of body weight). When participants were
separated by gender, similar ICC values were found (1).
Thus, rotational exercises performed while seated on a box
and holding the handle with both arms extended in front of
the body can be considered to be a reliable research tool for
assessing rotational power.

The system consists of a sensor unit based on a precise
encoder mechanically coupled with a reel. While pulling the
tether (connected by means of small hook to a barbell axis)
out, the reel rotates and measures velocity. The rewinding of
the reel is guaranteed by a string producing force of about 2
N. Signals from the sensor unit are conveyed to the PC by
means of a USB cable. The system operates on Newton's law
of universal gravitation (force equals mass multiplied by the
gravitational constant) and Newton's law of motion (force
equals mass multiplied by acceleration). Instant force while
moving a barbell of a given mass in the vertical direction is
calculated as a sum of the gravitational force (mass multi-
plied by gravitational constant) and the acceleration force
(mass multiplied by acceleration). The acceleration of verti-
cal movements (positive or negative) is obtained by the der-
ivation of vertical velocity, measured by a highly precise
device, mechanically coupled with the weight stack
machine. Power is calculated as a product of the force and
the velocity, and the actual position by the integral over the
velocity. In both tests, mean values of power were analyzed.
The device was placed on the floor and attached to the
weights of the exercise machine by a nylon tether. Partici-
pants performed the wood chop exercise while pulling on
a nylon tether of the device (Figure 1).

Statistical Analyses
Data analyses were performed using the statistical program
SPSS for Windows version 18.0 (SPSS, Inc., Chicago, IL,
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USA). Ordinary statistical methods including average and
8D were used. Because the reliability of power during vari-
ous resistance exercises, including a trunk rotational exercise,
was provided, data analysis was limited to the estimation of
the repeatability of power measurements during the standing
cable wood chop exercise with different weights. Repeated
measures of the analysis of variance (day X load) with
Tukey's post hoc analyses were used to determine the differ-
ences in power output. The alpha level for significance was
set a priori at p < 0.05. The ICC values were calculated
using the model 2,1 with 95% confidence intervals. A value
above 0.80 was considered acceptable. In the endurance
test, a paired #test was used to determine the statistical
significance of differences in power during initial and final
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TasLe 1. Intraclass correlation coefficients, model 2,1 (95% confidence interval), and p values for mean power during
the standing cable wood chop exercise with different weights.”

repetitions of the standing cable wood chop exercise with
different weights; p < 0.05 was considered significant.

As no significant differences in peak torque in strength
testing or in total work in rotational endurance testing
between dominant and nondominant rotations were found
in healthy golfers, control group, and golfers with low back
pain (14), we assumed no side-to-side differences in power
output in healthy, fit adults. Nevertheless, a paired #test was
used to determine the statistical significance of the differ-
ences between power output during the standing cable wood
chop exercise on the left and the right sides. The criterion
level for significance was set at p < 0.05. Lindsay and Horton
(14) also showed a moderate correlation between body
weight and peak torque that supports the findings of Newton

A T

. Standing cable wood chop exercise with Session 1 Session 2

4 different weights (kg) Mean power (W)  Mean power (W) ICC (95% Cl) p

w20 255.6 + 404 275.6 * 423 0.96 (0.94~0.97) 0.678

w25 208.7 * 46.8 310.7 + 471 0.97 (0.95-0.98) 0.690

s 30 330.1 + 61.1 348.1 + 53.3 0.96 (0.94-0.97) 0.638
35 370.8 + 54.2 397.6 + 55.2 0.96 (0.94-0.97) 0.644
40 4229 + 58.0 451.1 * 59.8 0.95 (0.93-0.97) 0.619
45 431.6 = 60.9 4615 * 615 0.94 (0.91-0.95) 0.623
50 410.5 * 58.1 440.6 = 60.5 0.93 (0.91-0.95) 0.566
55 366.5 * 61.2 400.8 + 63.4 0.93 (0.91-0.94) 0.578

*ICC = intraclass correlation coefficient; Cl = confidence interval.
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Mean power (W)

- E¥B88E 2

20 25 30 35

40 45 50 55

Weight (kg)

Average of —o— 7 participants —0— 11 participants —a— 5 participants

et al. (20), suggesting that rotational strength and endurance
data can be presented in absolute terms (not normalized)
when making between-subject comparisons.

RESULTS

As expected, there were no significant differences in the
mean power between the dominant and nondominant sides
of rotation with all weights used. Therefore, average values
of better trial on each side were used for analysis. Analysis of
variance showed no significant differences in mean power
during the standing cable wood chop exercise with all
weights used between the 2 testing sessions. The ICC values
were above 0.90 (Table 1), which is comparable with those
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obtained for rotational power during the exercise where par-
ticipants were seated on a box and held the handle with both
arms extended in front of their body (1).

Further analysis showed that mean power increased from
lower weights, reached a peak, and then, toward higher
weights, decreased again (Figure 2). However, there were
substantial individual differences not only in mean power,
especially at higher weights, but also in its maximal values.
For most participants, the maximal values of mean power
during the standing cable wood chop exercise were achieved
at about 75% of 1IRM (4622 + 574 W, n = 11), whereas for
others, it was at 67% of IRM (3272 + 49.7 W, » = 7) or at
83% of 1IRM (524.0 = 632 W, » = 5).
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40

Figure 4. Masimal and minimal values of mean powet during the standing cable wood chopexercise perfommed in

The trunk endurance test was performed for a determined
number of repetitions instead of performing repetitions until
exhaustion. This is because fatigue during the final repeti-
tions of the standing cable wood chop exercise impaired the
ability to produce power more profoundly at lower than at
higher weights. It is probably due to a greater number of
repetitions with lower than higher weights (Figure 3). This
resulted in conflicting effects of fatigue occurring at the end
of the repeated wood chop exercise with different weights
and different numbers of repetitions. As setting the appro-
priate weight and number of repetitions is one of the critical
issues of trunk endurance testing, using a predetermined set
of 20 repetitions for this purpose has been shown to be
a better approach.

The rationale for this procedure may be corroborated by
significant differences between the initial and the final repeti-
tions of the standing cable wood chop exercise with higher
weights (240 kg), whereas with lower weights (<40 kg), sub-
Jects were able to produce similar power throughout the set of
20 repetitions (Figure 4). Moreover, there were no significant
within-group differences when using lower weights, indicating
that this method is not sensitive enough to discriminate
between individuals with different levels of trunk muscle
endurance. Contrary to this, when a weight of 250 kg was
used, most subjects were not able to complete the entire set of
20 repetitions. The weight at which maximal power was
achieved should be thereafter used for the trunk endurance
test (i.e, 40, 45, and 50 kg). When subjects performed the test
with these weights (e.g, 40 kg was used for subjects who
achieved the maximal values of power at 40 kg), they were
able to complete, on average, 20 repetitions. At these weights.
significant differences between the initial and the final repeti-
tions of the wood chop exercise were found (13.9%, p=0.025;
10.2%, p = 0.036; and 13.8%, p = 0.028, respectively).

Weight (kg)
O Initial repetitions © Last repetitions

45

DiscussioN

It has been found that mean power produced during the
standing cable wood chop exercise is a reliable parameter
able to discriminate within-group differences. These findings
are in agreement with the previous study by Andre et al. (1),
which reported ICC values above 0.90 for rotational power
measured during motion of the torso with arms extended in
front of the body while sitting on a box. Contrary to this,
subjects in the present study performed trunk rotations in
standing position while keeping the elbows close to the
body. We obtained maximal values of mean power from
the testing procedure consisting of maximal effort single rep-
etitions with increasing weights. This may represent a more
specific and hence more appropriate alternative than the
traditional 1RM approach. Such assessment of rotational
power in the form of standing cable wood chop exercise
may be applied in sports requiring the production of maxi-
mal force over a short period and in fitness-oriented training
involving core exercises.

Core exercises incorporated into strength and power
training regimens require bilateral agonist-antagonist coac-
tivation to produce movement and stabilize the spine. When
the trunk muscles must be co-activated to stabilize the spine,
that exercise is by definition a core stability exercise (11).
Core stability is the ability of the lumbopelvic-hip structures
and musculature to withstand compressive forces on the
spine and return the body to equilibrium after perturbation
(30). Factors such as the endurance, strength, power, and
coordination of the abdominal, hip, and spine musculature
are important components of core stability. The result of the
study of Keogh et al. (6) suggests that similar to strength,
core stability exhibits relatively high levels of task specificity.
The implication of this is that once some initial conditioning
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of the core musculature is obtained, core stability training
should be as specific as other aspects of the conditioning
program if functional performance is to be improved. It
could be argued that one way to achieve this would be the
use of functional total body exercises that mimic in some
respects actual movements that are routinely performed by
the athletes in their sports. These total body exercises may
also be used to assess functional core stability. The challenge
remains as to what aspects of performance in these total
body tasks would be assessed and how this would be quan-
tified in an objective manner.

Selecting a single appropriate test to fully evaluate core
stability is difficult, given the complex interaction of the
lumbopelvic-hip structures and musculature. A number of
static single-joint core stability measures and ratios were
unable to distinguish resistance-trained subjects with high and
low strength and power levels or to evaluate the efficiency of
training involving complex dynamic core exercises.

Thus, there was a need to develop new, sport-specific tests
evaluating rotational power of the trunk. It was especially
important to develop tests that require little or no equipment
and hence are inexpensive and fast to administer. Most
current tests evaluate the endurance (e.g., trunk flexor and
extensor endurance tests and the lateral bridge test) rather
than the strength and power component of core stability.
Given that rotational power is a better predictor of sport
performance, tests that measure this component of the core
may be more useful, especially because they may better
mimic the demands imposed by sports.

The value of this novel method for assessing muscle
power during the standing cable wood chop exercise is that
it simulates movement that occurs in many sports, for
instance, swinging a bat or stick or throwing while twisting
the torso (baseball, basketball, cricket, golf, hockey, tennis,
soccer, etc.). The difference is mainly the velocity of the
trunk movement and the unloading or loading conditions
under which it is being performed.

Core strength does have a significant effect on an athlete’s
ability to create and transfer forces to the extremities (24). It
is obvious that the effective execution of the tennis stroke or
golf swing not only requires rapid movement of the extrem-
ities but also substantial rotational power and/or velocity of
the trunk muscles. Trunk extensors, flexors, rotators, and
lateral bend agonists are active throughout the stroke in
baseball and tennis as well as the golf swing. Watkins et al.
(28) measured muscle activity in the erector spinae, abdom-
inal oblique, and rectus abdominis. These authors found that
all trunk muscles were relatively active during the accelera-
tion phase of the golf swing with the trail-side abdominal
oblique muscles showing the highest level of activity.
~ Because of the muscular demands of sports, such as tennis,
golf, ice-hockey, etc., testing should include the assessment
of power over the entire motion of the trunk and in its
acceleration and deceleration phase. The diagnostic system
used in the present study allows assessment of peak power
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and mean power in the entire concentric phase and in its
acceleration segment.

Although for some athletes the rotational power may
represent a sport-specific pattern (e.g., a karate stroke), for
others it may be the strength endurance of trunk muscles
that is important for their athletic performance (e.g., canoe
slalom). In sports requiring repetitive trunk rotations, it is
therefore important to evaluate muscular endurance. Assess-
ing the mean power in a set of a predetermined number of
repetitions at a previously established weight enables the
quantification of the effect of fatigue on core performance.
This may be expressed as a decline of power values from the
initial to the final repetitions. The weight at which maximal
power is achieved has been found appropriate for the
endurance test of the trunk muscles.

Given the relative importance of the trunk muscles in
these sports, particularly in generating powerful trunk
rotations, repetitive play and practice might contribute to
the enhancement of the rotational power and endurance of
the trunk muscles. However, the asymmetric pattern of
trunk rotation during the tennis stroke or golf swing may
cause side-to-side imbalances in rotational strength and
endurance. These potential imbalances may contribute to
an increased susceptibility to developing low back pain.
Indeed, our preliminary study showed higher values of mean
velocity in the acceleration phase of trunk rotation in the
dominant than nondominant side in golfers and tennis
players, suggesting that this parameter may be considered
specific to asymmetric loading of trunk rotation (32).

The findings of these studies support the view that tests
that enable the assessment of the rotational power and
endurance of the trunk muscles during complex dynamic
tasks are needed. So far, a variety of core stability tests have
been developed for use in both clinical and research settings
(2,12,13). Despite this, data are scarce regarding trunk rota-
tion strength and endurance capabilities in athletes and in
the general population. According to Kumar (7), the scarcity
of data for trunk rotation is directly attributable to the lack of
suitable, accurate, standardized, and affordable devices to
carry out such measurements.

Furthermore, the problematic reliability and validity of
current diagnostic methods for evaluating the strength of the
trunk muscles limits their practical application. To our
knowledge, this study is the first to examine the test-retest
reliability and sensitivity of the maximal power and endur-
ance of core muscles during the standing cable wood chop
exercise on a weight stack machine. This study also dealt
with methodological issues associated with such testing. The
testing protocol should consist of 2 trials (one at higher
weights) on each side of rotation with weights increasing
stepwise up to 1RM. A practice trial is recx
measurement to become familiar with' the &
exercise and to attenuate the it
For the endurance test of the

should be performed with the
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at which maximal values of power were achieved. Assess-
ment of the maximal power and endurance of the trunk
muscles in this way may represent a more specific and
therefore more appropriate alternative for athletes practic-
ing core exercises with free weights or on weight stack
machines as part of their training routine or competition. It
can be effectively used by strength and conditioning
practitioners in evaluating the power performance during
the rotational movement of the trunk. However, further
studies are needed to establish normative data by measur-
ing trunk rotational power and muscular endurance in
healthy individuals and age-matched athletes in relevant
sports. Collection of these data would permit comparisons
between individuals with different demands on the core
musculature and possible side-to-side imbalances because
of the asymmetric nature of sport-specific movements (e.g.,
tennis stroke and golf swing).

PRACTICAL APPLICATIONS

Evaluation of the maximal power and endurance of core
muscles during the standing cable wood chop exercise on
a weight stack machine is both a reliable method and sensitive
to differences among physically active individuals. Mean power
during the standing cable wood chop exercise is a reliable
parameter with ICC values above 0.90 at all weights tested. It is
also a sensitive parameter able to discriminate within-group
differences in the maximal values of mean power and the
endurance of core muscles. Substantial individual differences
are observed in the mean power produced, especially at higher
weights, and in its maximal values achieved at about 75, 67, and
83% of 1RM. At these weights, significant differences between
the initial and the final repetitions of the wood chop exercise
can also be found. Therefore, this method of assessing (a)
maximal power using maximal effort single repetitions of the
standing cable wood chop exercise with increasing weights
and (b) the endurance of the core muscles using a set of
a predetermined number of repetitions performed at a pre-
viously established weight at which maximal power was
achieved may be used in functional performance testing,
namely, for athletes who require the production of rotational
power during training or competition (e.g., tennis players, ice-
hockey players, and canoeists).

To date, no study has documented either the intersession
test consistency or the sensitivity of power measurement
during the standing cable wood chop exercise on a weight
stack machine. We estimated the test-retest reliability of
rotational power when performing a standing cable wood
chop exercise with different weights. We also established the
methodology for assessing the maximal power and endurance
of core muscles. Taking into account the individual differences
in maximal values of mean power during the standing cable
wood chop exercise with stepwise-increasing weights, and in
the decline of the mean power during the trunk endurance test,
this method may be considered to be a suitable and practical
alternative for sport-specific and fitness-oriented testing.
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Oblast’ techniky

Vynélez sa tyka konstruk&ného riedenia variabilného diagnostického a/alebo posilitovacieho tréningového
a/alebo rehabilitainého zariadenia svalov trupu. Vynalez patri do oblasti diagnostickej techniky, diagnostic-
kych a posiliiovacich tréningovych/rehabilitatnych zariadent.

Doterajsi stav techniky

Délezitost funkcie tzv. core pre stabiliziciu tela a produkciu sily vo v3etkych $portovych aktivitach zata-
la byt vysoko uznévanou. ,,Core* je opisovana ako skupina abdominals vpredu, paraspinals a gluteals vzadu,
diaphragm navrchu a svalstvo pelvic floor a hip girdle naspodu (Richardson a kol., 1999). Zatial’ &o vyraz si-
la ,,core® znamend silu tychto svalov, stabilita ,,core“ znamena schopnost kontrolovat’ poziciu a pohyb trupu
nad panvou a kon¢atinami na cely optimalnej produkcie, transferu a kontroly sily a pohybu ku kone¢nému
segmentu v komplexnom pohybovom refazci (Kibler a kol., 2006).

Napriek rozifrenému pouZivaniu je vyskum ohl'adne stabilizacie a sily svalov v oblasti trupu nedostatoc-
ny. Propagovany bol preventivny program ako forma rehabilitécie a ako program na zvySenie vykonnosti
po réznych spindlnych a kostrosvalovych poraneniach. Vedecké dokazy o \i¢innosti ,,core® tréningu na zvy-
Senie Sportovej vykonnosti alebo prevencie a rehabilitdcie réznych spindlnych a kostrosvalovych poranenf s
viak nedostato&né a protichodné. Je to najmd v désledku nedostatku Standardného systému diagnostiky spi-
nélnej stability a sily svalov v oblasti trupu.

Sutasné diagnostické met6dy zahfiiaji strukturélne a/alebo vykonnostné posudzovanie, ¢o mdZe alebo
nemusi zahfiiat’ elektromyogram prisludnych svalov a svalovych skupin.

Lekéri &asto vyuzivaju Strukturdine posudzovanie pre pacientov s bolestami alebo zotavujicich sa po
zraneniach. Napriklad pri klinickom vySetreni pacientov s bolestami dolnej &asti chrbta je $tandardom posu-
dzovanie rozsahu pohybu a spinalnej stability, po ktorom nasleduje radiologické vy3etrenie. Opakovatelnost,
senzitivita a ¥pecificita tychto meranf je viak nedostatodna. Lekéri sa stretdvaju s problémami opakovane
diagnostikovat’ spindlnu nestabilitu pomocou manuélneho posudzovania rozsahu pohybu trupu a segmental-
neho pohybu (Binkley a kol., 1995; Hicks a kol., 2003). Navyse, takéto manuélne posudzovanie neodzrkad-
Puje segmentélny spindlny pohyb in vivo (Landel a kol., 2008). Zatial' €0 magnetick4 rezonancia je doleZity
diagnosticky néstroj na identifikaciu anatomickych stvislosti bolesti dolnej &asti chrbta, niekedy zlyhéva
v diferenciacii medzi tymi so spindlnymi abnormalitami a bolestami dolnej &asti chrbta od tych bez bolesti
dolnej &asti chrbta (Iwai a kol., 2004; Okada a kol., 2007). Strukturalne posudzovanie sa vo vieobecnosti po-
uziva pri diagnostike zranenia, takZe jeho uZito&nost’ pri posudzovani zdravych Sportovcov je limitovana.

Vykonnostné posudzovanie sily svalov v oblasti trupu je rutinou v $portovej medicine pre jej vyznam pri
zisovani rozsahu zranenia a sledovani predoperatného a poopera&ného procesu, ako aj z dévodu jej prog-
nostickej hodnoty rizika zranenia (Flory a kol., 1993; Ireland a kol., 2003; Nadler a kol., 2000, 2001). Vi&si-
na stasnych testov posudzuje silu alebo vytrvalost paravertebralnych svalov. Kym na posudzovanie sily sa
pouzivaju izometrické a izokinetické dynamometre, testy vytrvalosti su vyluéne vykonévané v izometrickom
rezime do zlyhania v danej tilohe (Flory a kol., 1993; McGill a kol., 1999). Izometrické testy vytrvalosti za-
hriiajii Biering-Serensen test lumbérnej extenzie (Biering- Serensen, 1984) a ,flexor a side bridge* vytrva-

lostné testy (McGill, 2001). Propagované boli aj isoinertial testy, akymi su terénne testy vytrvalosti flexorov
trupu (Baechle a kol., 2008). Navrhované boli aj nové testy spinalnej stability, ktoré koreluju s tradi¢nymi
meraniami, ako je ,,front abdominal power test* Cowleyho a Swensena (2008). Tento test, spolu s vybranymi
antropometrickymi d4tami, méZe byt pouZity na zistenie izokinetickej sily svalov trupu (Cowley a kol.,
2009). Je viak nepravdepodobné, Ze charakteristika spinalnej stability pouZitim jednoduchych testov zachyti
kPagovii Glohu tychto svalov po&as pohybovej &innosti. Nizka korelacia medzi testami izokinetickej sily sva-
lov trupu a izometrickou vytrvalostou svalov trupu skuto&ne naznaluje, Ze tieto testy posudzuju rozdielne
aspekty funkcii tzv. core (Latikka a kol., 1995; Nesser a kol., 2008). Okrem toho, externa validita tychto tes-
tov k pohybovym tloh4m nie je jednoznatna. Zatial &o niektori autori zistili vyznamny vztah medzi mera-
niami spinélnej stability a $portovou vykonnostou (Nesser a kol., 2008; Sato a Mokha, 2009), in nie (Schi-
bek a kol., 2001; Stanton a kol., 2004; Tse a kol., 2005). Preto su potrebné nové komplexné testy na posu-
dzovanie viacerych aspektov funkcif tzv. core, ktoré by mali vzfah k pohybovym ulohdm.

Dalgie indtrumentalne testy vyuZivaji posudzovanie nervovo- svalovej kontroly tzv. core, ako napr. Glohy
skladajiice sa z premiestnenia trupu &i vypustenia zévaZia (Reeves a kol., 2006; Silfies a kol., 2007). Uloha
premiestnenia trupu vyZaduje, aby sa jedinec aktivne alebo pasivne naklonil dozadu do neutrélnej spindlnej
pozicie nasledovanej po vopred definovanom premiestnent. Uloha vypustenie zévaZia si vyZaduje, aby jedi-
nec vykonal izometricki kontrakciu svalov trupu vopred definovanou intenzitou proti vonkaj$iemu zataZe-
niu, ktoré je nasledne uvolnené a hodnoti sa velkost’ premiestnenia trupu. MoZno pouZit elektromyografiu
na postdenie on-off aktivacie svalov trupu po uvolneni zévaZia. Vyraznejsie zmeny EMG aktivity svalov
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v oblasti trupu po uvolneni zdvaia moZno pozorovat u 3portovcov po poraneniach dolnej asti chrbta (Cho-
lewicki a kol., 2002). Navy3e, chyby v presnosti névratu do poZadovanej polohy a velkost' rozsahu posunu
trupu pri uvolneni zéva¥ia predikuje zranenia dolnych kon&atin u $portovkyi, nie viak u Sportovcov (Zazu-
lak a kol., 2007). Zatial o tieto testy s ur&itostou maji prognosticki hodnotu rizika zranenia, ich vztah k pa-
rametrom 3portovej vykonnosti u zdravych portovcov nie je zndmy. Existuje vela spoFahlivych testov na
posudzovanie funkcif tzv. core, treba viak edte experimentélne overit’ ich validitu. Vela vSeobecnych testov
na posudzovanie funkcif tzv. core zahfiia meranie sily v izometrickom a izokinetickom reZime a izometrické
testy vytrvalosti. Tieto testy sa ukézali ako spolahlivé pri velkom podte populécie a s relativne jednoduché
na administraciu (prehl'adova $tudia Willson a kol., 2005). Ziaden jednoduchy test nemdZe byt pouZity pre
celu populaciu a testy by mali byt vyberané na zaklade poZiadaviek danej pohybovej ulohy. Potrebné su tieZ
nové validné testy spinalnej stability, ktoré by posudzovali viaceré aspekty jej funkcif a vysoko korelovali
s pohybovou tlohou.

Vyskum v oblasti §portu sa orientuje najm4 na posudzovanie tzv. core vykonnosti v Sporte. Vzt'ah medzi
silou svalov v oblasti trupu a kon&atin bol dokumentovany pri roznych Sportovo-3pecifickych ulohéch, ako
napr. hody nad hlavou v bejzbale, idery forhend a bekhend v tenise, pri bicyklovani a réznych formach zdvi-
hania vo vzpierani (Abt a kol., 2007; Aguinaldo a kol., 2007; Brown a Abani, 1985; Cholewicki a VanVliet,
2002; Ellenbecker a Roetert, 2004; Stodden a kol., 2001; Thelen a kol., 1996). Tieto Studie zd6raziiuju Glohu
svalov v oblasti trupu, ktort zohravaju pri transfere momentov a hybnosti cez kineticky retazec pocas $por-
tového vykonu. Chyby v akejkolvek &asti kinetického retazca mézu viest' k deformovanej vykonnosti alebo
zraneniu. Napriklad Gnava svalov v oblasti trupu pred zataZenim na bicyklovom ergometri maximélnym usi-
lim mdZe zmenit kinematiku dolnych kondatin, & méZe zvysit' pravdepodobnost zranenia (Abt a kol.,
2007). Toto pod¥iarkuje déleZitost rovnomerného zataZovania vSetkych Casti kinetického retazca, ktoré tre-
ba brat’ do tvahy pri plénovani tréningovych programov na rozdiel od tréningov sily svalov trupu izolovane,
kde charakter a rozsah aktivacie svalov je pravdepodobne rozdielny ako po&as pohybovej tlohy. Preto musia
byt brané do tvahy faktory, ako postiira, externé sily, rychlost pohybu a tinava. Vel'a $tudii uvadza, Ze opti-
malna spinalna stabilita je kPa&ova pri prevencii zranenf, nakol'ko zhorSena spindlna stabilita preindikuje zra-
nenie. Zhor¥en4 spindlna stabilita, ktora je zvy&ajne definovana ako oslabené svalstvo v ¥pecifickej skupine
svalov trupu (napr. hip abduction), je predikciou zranenia predného skrizeného vizu, bolesti atellofemoral,
iliotibial band syndrému, bolesti dolnej &asti chrbta a nesprévnej kinematiky pri dopade (napr. knee valgus)
(Fredericson a kol., 2000; Ireland a kol., 2003; Jacobs a kol., 2007; Leetun a kol., 2004; Nadler a kol., 2000,
2001; Pollard a kol., 2007). Zatial’ &o tieto ¥tidie podporuju zaradenie tzv. core tréningovych programov na
prevenciu zraneni, nepredpokladaju, Ze zlepia aj vykonnost. Takéto tréningové programy sa dokonca ukéaza-
li net&inné v prevencii zraneni alebo vo zvySent sily a Sportovo-3pecifickej vykonnosti (Nadler a kol., 2002;
Steffen a kol., 2008). Preto, ked’ sa posudzuje tloha sily svalstva trupu poCas pohybovych uloh, je dbleZité
brat’ do uvahy poZiadavky vietkych kibov a svalov v kinetickom retazci zahfitajuce vzdialenejie aj tie bliz-
Sie k trupu. Je nepravdepodobné, Ze jeden kib alebo sval pracujiici v izol4cii by prispel k poklesu vykonnosti
alebo k zvy3eniu rizika zranenia.

V stiasnosti sa sila svalov trupu posudzuje v zmysle toho, akii velki hmotnost’ moZno zdvihnut, kolko
opakovani moZno vykonat' alebo ako dlho sa mozno udrZat’ v neutrilnej stabilnej pozicii (Faries a Greenwo-
od, 2007). Posudzovanie spinalne;j stability je nirotnejiie ako meranie sily svalov trupu, nakolko vyZaduje
zaradenie parametrov koordinacie a rovnovéhy. Jednym z prikladov testovania stability je vypad. Vypad je
dynamicky pohyb, pri ktorom sa vykondva dlhy krok vpred s pokréenim kolena a dotykom druhého kolena
o zem. Chrbtica by mala udrZiavat’ vzpriameni poziciu bez naklafiania panvy alebo ramien, prednd noha je
priamo pod kolenom a kon&atina sa nevychyl'uje ani vpravo ani vlavo. Vykonanie tohto cviku bez vychyliek
vyzaduje, aby hlboké svaly trupu kontrolovali chrbticu, panvu a bedr4 pri zdvihani hmotnosti tela. Prikladom
naro¢nejiieho testovania spinélnej stability je “clean and jerk”. Toto vyZaduje velku silu svalov trupu, sprav-
nu spinalnu synchronizaciu pri zdvihani postupne zvySujiicej sa hmotnosti. Inym prikladom je udrZiavanie
chrbtice a trupu v stabilnej polohe v sede alebo v stoji na nestabilnej podlozke, ako je ,,gym ball“ alebo ,,ba-
lance board* pri si¢asnom zdvihani hmotnosti rukami alebo nohami.

Nizka spolahlivost’ a senzitivita si¢asnych diagnostickych metéd posudzujicich silu svalov dolnej &asti
chrbta obmedzuje ich vyuZitie v praxi. Dal3ou nevyhodou je, Ze suasné metédy sa nezameriavaji na hlavné
stabilizatory chrbtice a to ani napriek skuto&nosti, Ze Studie ukézali, Ze najdoleZitej3ie stabilizatory su Speci-
fické danej Glohe.

Na zéklade stavu techniky bolo vyvinuté dsilie na vyvoj nového manuélneho, pripadne aj poitatom ria-
deného, zariadenia umoZiiujiceho funk&nu diagnostiku spindlnej stability a sily svalov trupu. Umoznilo by sa
tym posudit’ aktudlny stav jedinca, na zéklade ktorého by bolo moZné vytvorit' individuélny tréningovy prog-
ram. Zariadenie by umoZiiovalo pohyb trupu v definovanych smeroch (v stoji, sede a F'ahu), jeho rozsah, ako
aj nastavenie pozadovanej odporove;j sily. Vysledkom tohto tsilia je d’alej opisované variabilné diagnostické
a/alebo posiliiovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu podl'a tohto vynélezu.
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Podstata vyndlezu

Uvedené nedostatky st odstranené variabilnym diagnostickym a/alebo posiliiovacim tréningovym a/alebo
rehabilitatnym zariadenim svalov trupu podla tohto vynalezu. Podstata vyndlezu spo¢fva v tom, Ze sa sklad4
zo ststavy nosnych ty&ovych prvkov so vsadenym multifunkénym kibom zény hlavy, so vsadenym multi-
funkénym kibom zény trupu, so vsadenym multifunkénym kibom dolnych konZatin z6ny stehien a z6ny
predkolenia alebo dvoma jednoduchymi rota¢nymi kibmi doInych kon&atin v zéne stehien a zéne predkole-
nia. Pritom jeden nosny ty&ovy prvok zény hlavy je vybaveny opornym segmentom hlavy. Aspoti jeden nos-
ny tyovy prvok zény trupu je vybaveny opornym segmentom trupu. Aspoil jeden nosny ty&ovy prvok zény
stehien a zony predkolenia si vybavené aspofi po jednom opornom stehennom segmente a aspoi jednom
opornom segmente predkolenia. Pripadne dva nosné ty&ové prvky zony stehien a zény predkolenia st vyba-
vené dvoma opornymi stehennymi segmentmi a dvoma opornymi segmentmi predkolenia. Oporny segment
hlavy, aspoti jeden oporny segment trupu, oporné stehenné segmenty a oporné segmenty predkolenia su vy-
bavené popruhmi na prichytenie osoby. Na cvitenie v sede je nutné, aby bola zéna stehien vybavend prvymi
a druhymi stabilizadnymi sklopnymi/vyklopnymi prvkami. Realizacia mdZze byt takéd, Ze multifunkEny kib
z6ny trupu alebo oporné stehenné segmenty sti vybavené prvymi stabilizaénymi sklopnymi/vyklopnymi prv-
kami a multifunk&ny kib dolnych konatin zény stehien alebo oporné segmenty predkolenia si vybavené
druhymi stabilizatnymi sklopnymi/vyklopnymi prvkami.

Je dané variabilnost’ konstrukcie zariadenia v tom, Ze medzi multifunkénym kibom zény hlavy a multi-
funkénym kibom z6ny trupu je usporiadané sistava jednoduchych rotatnych kibov navzajom prepojenych
nosnymi ty€ovymi prvkami zony trupu vybavenymi opornym segmentmi trupu. Okrajové nosné tylové prv-
ky z6ny trupu nadvizuji na multifunk&ny kib z6ény hlavy a multifunk&ny kib z6ny stehien. Na cviky v sede
st prvé stabilizané sklopné/vyklopné prvky a druhé stabilizatné sklopné/vyklopné prvky vyklopné do verti-
kélnej polohy. Na cviky v stoji si prvé stabilizaéné sklopné/vyklopné prvky a druhé stabilizalné sklop-
né/vyklopné prvky vyklopné do horizontélnej polohy. Na cviky v I'ahu st prvé stabilizatné sklopné/vyklopné
prvky a druhé stabilizalné sklopné/vyklopné prvky sklopné do roviny opornych segmentov stehien. Je zosta-
va cvikov, kde obe dolné kontatiny vykondvaji rovnaky spolo&ny pohyb. Potom oporné segmenty stehien
a/alebo oporné segmenty predkolenia st volitelne spriahnuté spojovacim prvkom. Je zostava cvikov, kde
kazd4 doln4 kon&atina vykondva samostatny pohyb, resp. len jedna dolna kongatina vykonéva pohyb. Potom
oporné segmenty stehien a/alebo oporné segmenty predkolenia su kinematicky nezavislé.

Multifunkény kib hlavy zény hlavy a multifunkény kib z6ny trupu je vykyvny v osi ,x“ v osi ,y* a je
oto&ny v osi ,,z* a obsahuje prestaviteny rezim. Multifunk&ny klb dolnych kongatin zény stehien je vykyvny
v osi ,x“. Alternativne, multifunk&ny kib dolnych kongatin z6ny stehien je deleny alebo zdvojeny a obsahuje
indexovaci mechanizmus na kinematické spriahnutie opornych segmentov stehien a/alebo opornych segmen-
tov predkolenia. Vetky multifunkZné kiby obsahuju prestavitelny brzdiaci mechanizmus, kde parametrom
prestavenia je odporové sila. Aby bola zéna stehien pri sedeni na zariadeni bezpe¢nd, tak multifunkeny kib
dolnych konZatin z6ny stehien je vybaveny dvoma nosnymi prie¢nymi ty€ovymi prvkami a taktieZ multi-
funkény kib zény trupu je vybaveny dvoma nosnymi prie¢nymi ty€ovymi prvkami. V jednom variante su
nosné prie¢ne ?'éové prvky vybavené prvymi a druhymi stabilizatnymi sklopnymi/vyklopnymi prvkami.
Multifunk&ny kib z6ény trupu je variabilny v konstrukii, pretoze mdZe byt deleny alebo zdvojeny. Variabil-
nost zariadenia je aj v tom, Ze nosné ty&ové prvky so vsadenym multifunkénym kibom z6ny hlavy a/alebo so
vsadenym multifunk&nym kfbom zény trupu, a/alebo so vsadenym multifunkénym kfbom dolnych kon&atin
stehennej zony st di#kovo prestaviterné. Iny konstrukZny variant spofva v tom, Ze na multifunk&ny kib zény
trupu nadvizuji dva nosné prie¢ne tyfové prvky pre zénu stehien s dvoma jednoduchymi rotaénymi kibmi
s nosnymi ty¢ovymi prvkami na prichytenie opornych stehennych segmentov, na ktoré nadvizuji d'aldie dva
jednoduché rotatné kiby s nosnymi tyovymi prvkami na prichytenie opornych segmentov predkolenia.
Je moZné, aby jednoduché rota&né kiby boli vybavené prestavite'nymi brzdiacimi mechanizmami, kde para-
metrom prestavenia je odporova sila. Dalsi iny konstruk&ny variant spoZiva v tom, Ze na dva jednoduché ro-
taéné kiby zény stehien a/alebo na dva nosné ty¢ové prvky zény stehien nadvézuju dva oddelené nosné
prie¢ne ty&ové prvky s indexovacim prvkom na ich spriahnutie. Dal3{ iny konstruk&ny variant spo&iva v tom,
%e oporny segment hlavy a/alebo aspoil jeden oporny segment trupu, a/alebo oporné stehenné segmenty,
a/alebo oporné segmenty predkolenia su dizkovo prestavitelné.

Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitainé zariadenie svalov trupu
podra vytvoreného vyndlezu méze byt sofistikované aZ do takej miery, Ze oporny segment hlavy, aspoii je-
den oporny segment trupu, oporné stehenné segmenty a/alebo oporné segmenty predkolenia, a/alebo nosné
tySové prvky, a/alebo multifunkény kib zény hlavy, a/alebo multifunkény kib zény trupu, a/alebo multi-
funké&ny kib doInych kon&atin zény stehien, a/alebo jednoduché rotatné kiby v stehennej zéne, a/alebo v zéne
trupu, si vybavené snima¢mi tlaku a/alebo ohybu s drétovym alebo bezdrétovym datovym prenosovym ve-
denim k vyhodnocovaciemu modulu a/alebo k modulu nastavenia parametrov, a/alebo k monitorovaciemu
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Vyhody variabilného diagnostického a/alebo posiliiovacieho tréningového a/alebo rehabilita¢ného- zaria-
denia svalov trupu podFa vytvoreného vynélezu si zjavné z u¢inkov, ktorymi sa prejavuje navonok. Podstat-
nou vyhodou zariadenia g fakt, Y¢ umoziiuje Fahké nastavenie do poZadovanej polohy, Siroku 3kélu cvikov
v stoji, v sede a v Fahu. Dalej umoZiluje jednoducho nastavit’ odporovii silu v jednotlivych &astiach zariade-
nia. TaktieZ je dana moZnost’ prispdsobenia velkosti jednotlivych &asti zariadenia vzhl'adom na velkost' pos-
tavy osoby, ktor4 vykonava cviky. Pritom zariadenie je prenosné, v kufrfkovom prevedent a je Pahko sklado-

vatelné. Vyrobené je z l'ahkych a na dotyk prijemnych materidlov.

Prehl’ad obrizkov na vykresoch

Na prilozenych vykresoch je zndzornené variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo
rehabilitatné zariadenie svalov trupu podla vynélezu a jeho funkZné konfiguracie. Na obr. 1a je zndzorneny
predklon hlavy. Na obr. 1b je zndzornena konfigurécia zariadenia na predklon hlavy v stoji a v sede. Na obr.
Ic je znazornené konfiguracia zariadenia na predklon hlavy v Pahu. Na obr. 2a je znazorneny zéklon hlavy.
Na obr. 2b je znédzornené konfigurécia zariadenia na zéklon hlavy v stoji a v sede. Na obr. 3a je znadzorneny
aklon hlavy. Na obr. 3b je znazornené konfigurécia zariadenia na uklon hlavy v stoji a v sede. Na obr. 3¢ je
mazomené konfigurdcia zariadenia na rotéciu hlavy v stoji a v sede. Na obr. 4a je zndzormneny predklon tru-
pu. Na obr. 4b je znazornené konfiguracia zariadenia na predklon trupu v stoji a v sede. Na obr. 4¢ je znézor-
nena konfiguracia zariadenia na predklon trupu v Fahu. Na obr. 5a je znazorneny zéklon trupu. Na obr. 5b je
mazornena konfiguracia zariadenia na zéklon trupu v stoji a v sede. Na obr. Sc je zndzornend konfigurécia
zariadenia zaklonu trupu z Pahu na bruchu. Na obr. 6 je znazornené konfigurécia zariadenia na uklon trupu
v stoji a v sede. Na obr. 7a je znazornend rotécia trupu. Na obr. 7b je znédzornend konfiguracia zariadenia
na rotaciu trupu v stoji a v sede. Na obr. 8a je znézornend Sikma rotcia trupu. Na obr. 8b je znizornené kon-
figuracia zariadenia na $ikmi rotéciu trupu v stoji a v sede. Na obr. 8¢ je znézornené konfigurécia zariadenia
na $ikmu rotéciu trupu v Pahu. Na obr. 9a je zndzornené prednoZovanie. Na obr. 9b je zné4zornené konfigura-
cia zariadenia na prednoZovanie v stoji. Na obr. 9¢ je znazornen4 konfiguracia zariadenia na prednoZovanie
v Fahu. Na obr. 10a je znizomnené zanoZovanie. Na obr. 10b je znazornené konfigurécia zariadenia na zano-
2ovanie v stoji. Na obr. 10c je zndzornend konfiguracia zariadenia na zanoZovanie v ahu. Na obr. 11a je
mazomené predkopévanie. Na obr. 11b je zndzomnené konfiguracia zariadenia na predkopévanie v stoji a
v sede. Na obr. 11c je zndzornena konfiguréacia zariadenia na predkopévanie v l'ahu. Na obr. 12a je znézorne-
né zakopévanie. Na obr. 12b je zndzornend konfiguracia zariadenia na zakopévanie v stoji a v sede.
Na obr. 12¢ je znazornena konfiguracia zariadenia na zakopavanie v ahu. Na obr. 13 je zné4zorneny zloZeny
stav variabilného diagnostického a/alebo posiliiovacieho tréningového a/alebo rehabilitatného zariadenia
svalov trupu podl'a technického rieSenia. Na obr. 14 je zndzornené rozloZena konstrukcia variabilného dia-
gnostického a/alebo posiliiovacieho tréningového a/alebo rehabilitaného zariadenia svalov trupu podla vy-
nalezu so $tyrmi jednoduchymi kibmi v zéne dolnych kongatin. Na obr. 15 je zn4zornena rozloZena kon-
strukcia variabilného diagnostického a/alebo posilitovacieho tréningového a/alebo rehabilitatného zariadenia
svalov trupu podla vynélezu s delenymi multifunkénymi kibmi v zéne trupu a dolnych kon¢atin.

Priklady uskuto&nenia vynalezu

Jednotlivé uskuto&nenia vynalezu su predstavované na ilustraciu a nie ako obmedzenia technickych rieSe-
ni. Odbornici poznajici stav techniky najdu alebo budu schopni zistit' s pouZitim nie viac ako rutinného ex-
perimentovania mnoho ekvivalentov k 3pecifickym uskutogneniam vynalezu. Aj takéto ekvivalenty budu pat-
rit do rozsahu nasledujucich nérokov. Odbornikom poznajiicim stav techniky nemdZe robit’ problém opti-
malne navrhnat’ konstrukcie, preto tieto znaky neboli detailne rieSené.

Priklad 1

V tomto priklade konkrétneho uskutotnenia predmetu vynélezu je opisand principidlna zédkladna zostava
variabilného diagnostického a/alebo posiliiovacieho tréningového a rehabilitatného zariadenia svalov trupu
mazornend na obr. 1b a 1c. Z prikladu je zrejma moZnost realizacie cvikov v stoji, v sede a v Fahu. Poloha
zariadenia v stoji a v sede je zabezpetena stabilizaénymi sklopnymi/vyklopnymi prvkami 9 a 10. V kazdej
polohe je cvitiaca osoba indexovanad popruhmi 14. Nosné tyCové prvky 1 ako aj oporné prvky vietkych zén
st dizkovo prestavitelné podFa telesnej vy¥ky a dizky dolnych kongatin a trupu cvitiacej osoby. Variabilné
diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu sa skladé zo sus-
tavy Siestich nosnych ty¢ovych prvkov 1 so vsadenym multifunk&nym kibom 2 z6ny A hlavy, so vsadenym
multifunkénym kibom 3 zény B trupu, so vsadenym multifunk&énym kibom 4 dolnych kongatin zény C ste-
hien a zény D predkolenia. Pritom jeden nosny tyéovy prvok 1 zény A hlavy je vybaveny jednym opornym
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segmentom 3 hlavy. Tri nosné ty&ové prvky 1 zény B trupu su vybavené troma opornymi segmentmi 6 trupu.
Jeden nosny ty&ovy prvok 1 zény C stehien a jeden nosny tyCovy prvok 1 zény D predkolenia st vybavené
po dvoch opornych stehennych segmentoch 7 a po dvoch opornych segmentoch 8 predkolenia. Zéna C ste-
hien je vybavena prvymi a druhymi stabilizadnymi sklopnymi/vyklopnymi prvkami 9, 10. Realizécia je taka,
%e multifunkény kib 3 zény B trupu je vybaveny prvymi stabilizadnymi sklopnymi/vyklopnymi prvkami 9
a multifunkény kib 4 dolnych kongatin zény C stehien je vybaveny druhymi stabilizatnymi sklopny-
mi/vyklopnymi prvkami 10. Medzi multifunkénym kibom 2 zény A hlavy a multifunk&nym kibom 3 zény B
trupu je usporiadand sustava dvoch jednoduchych rota¢nych kibov 12 navzajom prepojenych nosnymi ty&o-
vymi prvkami 1 zény B trupu vybavenymi opornym segmentmi 6 trupu. Okrajové nosné tyové prvky 1 z6ény
B trupu nadvizuji na multifunkény kib 2 zény A hlavy a multifunk&ny kib 3 z6ény C stehien.

Multifunkeny kib 2 hlavy zény A hlavy a multifunkény kib 3 zény B trupu je vykyvny v osi ,x“ v 0si .y
a je oto&ny v osi ,z“ @ umoZiiuje prestavitelny rezim. Multifunkény kib 4 dolnych koncatin z6ny C stehien je
vykyvny v osi ,.x“. Multifunk&né kiby obsahuji prestavitelny brzdiaci mechanizmus, kde parametrom pre-
stavenia je odporova sila. Multifunk&ny kib 4 dolnych kon&atin zény C stehien je vybaveny dvoma nosnymi
prie¢nymi ty&ovymi prvkami 11 a taktieZ multifunk&ny kib 3 zény B trupu je vybaveny dvoma nosnymi
prie¢nymi tyCovymi prvkami 11.

Priklad 2

V tomto priklade konkrétneho uskuto&nenia predmetu vynalezu je opisané zostava variabilného diagnos-
tického a/alebo posiliiovacieho tréningového a rehabilitatného zariadenia svalov trupu pre $ikmu rotéciu tru-
pu podla obr. 15. Sklad4 sa zo ststavy siedmich nosnych ty&ovych prvkov 1 so vsadenym multifunkénym
kibom 2 zény A hlavy, so vsadenym multifunkénym kibom 3 zény B trupu, so vsadenym multifunk&nym ki-
bom 4 dolnych konZatin zény C stehien a zony D predkolenia. Pritom jeden nosny ty&ovy prvok 1 zény A
hlavy je vybaveny jednym opornym segmentom 3 hlavy. Dva nosné ty€ové prvky 1 zény B trupu si vybave-
né dvoma opornymi segmentmi 6 trupu. Dva nosné tytové prvky 1 zény C stehien su vybavené po dvoch
opornych stehennych segmentoch 7 a dva nosné tyové prvky 1 zény D predkolenia st vybavené po dvoch
opornych segmentoch 8 predkolenia. Oporny segment 5 hlavy, dva oporné segmenty 6 trupu, dva oporné ste-
henné segmenty 7 a dva oporné segmenty 8 predkolenia su vybavené popruhmi 14 na prichytenie osoby. Z6-
na C stehien je vybavena prvymi a druhymi stabiliza&nymi sklopnymi/vyklopnymi prvkami 9, 10. Medzi
multifunkénym kibom 2 zény A hlavy a multifunkinym kibom 3 zény B trupu je usporiadany jeden jedno-
duchy rotaény kib 12 napojeny na nosné tytové prvky 1 zény B trupu.

Multifunkény kib 3 zény B trupu je vybaveny indexovacim prvkom 13 na spriahnutie jeho dvoch kon-
Struk&nych Casti. Aj multifunk&ny kib 4 dolnych kon¢atin z6ny C stehien je vybaveny indexovacfm prvkom
13 na spriahnutie jeho dvoch kondtruk&nych &asti. Multifunkeny kib 3 z6ény B trupu a multifunkeny kib 4
dolnych kon&atin zény C stehien je vybaveny dvoma nosnymi prie¢nymi ty&ovymi prvkami 11. Ostatné kon-
strukéné detaily si uZ obsiahnuté v priklade 1.

Priklad 3

V tomto priklade konkrétneho uskuto&nenia predmetu vynélezu je opisané jedna optimalna zostava varia-
bilného diagnostického a/alebo posiliiovacieho tréningového a rehabilitainého zariadenia svalov trupu
na $ikmu rotaciu trupu podrla obr. 14. Sklad4 sa zo ststavy dsmich nosnych ty¥ovych prvkov 1 so vsadenym
multifunk&énym kibom 2 zény A hlavy, so vsadenym multifunk&nym kibom 3 zény B trupu, so vsadenym
multifunkénym kibom 4 dolnych kondatin z6ény C stehien a zény D predkolenia dovolujicim rotany pohyb,
ku ktorému st cez dva nosné priene tylové prvky 11 pridruZené dva jednoduché rotatné kiby 12 dolnych
kondatin v zéne C stehien a dva jednoduché rotatné kiby 12 dolnych konéatin zéne D predkolenia. Pritom
kazdy nosny ty&ovy prvok 1 zény C stehien je vybaveny jednym opornym stehennym segmentom 7 a kazdy
nosny ty&ovy prvok 1 zoény D predkolenia je vybaveny jednym opornym segmentom 8 predkolenia. Oporné
stehenné segmenty 7 a oporné segmenty 8 predkolenia st volitene spriahnuté spojovacim prvkom 15. Dva
nosné ty&ové prvky 1 zény D predkolenia st vybaven¢ s indexovacim prvkom 13 na ich spriahnutie.

Variabilné diagnostické a/alebo posiliiovacie tréningoveé a/alebo rehabilitatné zariadenie svalov trupu
podra vytvoreného vynélezu je sofistikované aZ do takej miery, Ze oporny segment 5 hlavy, aspoil jeden
oporny segment 6 trupu, oporné stehenné segmenty 7 a/alebo oporné segmenty 8 predkolenia, a/alebo nosné
tyové prvky 1, a/alebo multifunkeny kib 2 zény A hlavy, a/alebo multifunkény kib 3 z6ény B trupu, a/alebo
multifunkény kib 4 dolnych kon&atin zény C stehien, a/alebo jednoduché rotaZné kiby 12 v zéne C stehien,
a/alebo v z6ne B trupu v najréznejsich kombinéci4ch st vybavené snima¢mi tlaku a/alebo ohybu s drétovym
alebo bezdrtovym détovym prenosovym vedenim k vyhodnocovaciemu modulu a/alebo k modulu nastave-
nia parametrov, a/alebo k monitorovaciemu modulu. Ostatné kon3trukéné detaily st uZ obsiahnuté v priklade
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Priemyselnéa vyuZitel’nost’

Konstrukcia variabilného diagnostického a/alebo posiltiovacieho tréningového a rehabilitatného zariade-
nia svalov trupu podl'a vynélezu nachddza vyuZitelnost' v aplikacidch, ako st rehabilita¥né cvidenia po zra-
peniach, rehabilitaéné dlhodobé cvikenia telesne postihnutych 'udi, tréningové cvidenia portovcov a rekre-
atné cvienia a v aplikacisch na posudzovanie sily svalov trupu a rozvoja sily svalov trupu.
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PATENTOVE NAROKY

1. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu,
vyznalujhce sa t § m, Zesaskladazo ststavy nosnych tyovych prvkov (1) so vsadenym mul-
tifunk&nym kibom (2) zény (a) hlavy, so vsadenym multifunk&nym kibom (3) z6ny (B) trupu a so vsadenym
multifunk&énym kibom (4) dolnych kon¢atin zény (C) stehien a zény (D) predkolenia a/alebo dvoma jednodu-
chymi rotatnymi kibmi (12) v zéne (C) stehien a dvoma jednoduchymi rotatnymi kibmi (12) v zéne (D)
predkolenia, pri¢om jeden nosny ty&ovy prvok (1) zény (A) hlavy je vybaveny opornym segmentom (5) hla-
vy, aspofi jeden nosny ty&ovy prvok (1) zény (B) trupu je vybaveny opornym segmentom (6) trupu a aspofi
jeden nosny ty€ovy prvok (1) zény (C) stehien a zény (D) predkolenia st vybavené aspoii po jednom opor-
nom stehennom segmente (7) a aspoil jednom opornom segmente (8) predkolenia; pri¢om oporny segment
(5) hlavy, aspoil jeden oporny segment (6) trupu, aspoi jeden oporny stehenny segment (7) a aspoft jeden
oporny segment (8) predkolenia si vybavené popruhmi (14); pri¢om zéna (B) trupu je vybavena prvymi
a druhymi stabiliza¢nymi sklopnymi/vyklopnymi prvkami (9, 10).

2. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitaéné zariadenie svalov trupu
podla ndroku 1, vyzna Cujlice sa tym, %e medzi multifunk&nym kibom (2) zény (A) hlavy
a multifunk&nym kibom (3) zény (B) trupu je usporiadana sustava jednoduchych rotainych kibov (12) navza-
jom prepojenych nosnymi ty&ovymi prvkami (1) zény (B) trupu vybavenymi opornymi segmentmi (6) trupu,
pri¢om okrajové nosné ty&ové prvky (1) zény (B) trupu nadvizuji na multifunkény kib (2) zény (A) hlavy
a multifunkény kib (3) zény (B) trupu.

3. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitaéné zariadenie svalov trupu
podla narokov 1a22, vyzna ujice sa tym, Ze prvé stabilizatné sklopné/vyklopné prvky )
a druhé stabilizatné sklopné/vyklopné prvky (10) st vyklopné do vertikélnej polohy alebo do horizontélnej
polohy a st vzdy sklopné do roviny opornych stehennych segmentov (7).

4. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitaéné zariadenie svalov trupu
podra aspoii jedného z narokov 1223, vyznalujice sa tym, Ze oporné stehenné segmenty
(7) a/alebo oporné segmenty (8) predkolenia st volitePne spriahnuté spojovacim prvkom (15).

5. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitaéné zariadenie svalov trupu
podFa aspoil jedného z narokov 1a23, vyznalujiuce sa tym, Zzeoporné stehenné segmenty
(7) a/alebo oporné segmenty (8) predkolenia st kinematicky nezéavislé.

6. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitané zariadenie svalov trupu
podra aspoti jedného z narokov 1 a2 5, vyznalujice sa tym, Zze multifunkény kib (2) zény
(A) hlavy a multifunk&ny kib (3) zény (B) trupu je vykyvny v osi ,X“ v osi ,,y* a je ototny v osi ,2" a obsa-
huje prestaviteny brzdiaci mechanizmus.

7. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu
podra aspoil jedného z nérokov 1 az5, vyznatujuce sa tym, Ze multifunké&ny kib (4) dolnych
kon&atin zény (C) stehien a zény (D) predkolenia je vykyvny v osi ,x“ a obsahuje prestavitelny brzdiaci me-
chanizmus.

8. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitaéné zariadenie svalov trupu
podra aspoii jedného z narokov 1225, vyznatujice sa tym, Ze multifunkény kib dolnych
kon&atin (4) zény (C) stehien a zény (D) predkolenia je deleny alebo zdvojeny a obsahuje indexovaci mecha-
nizmus (13) na kinematické spriahnutie opornych stehennych segmentov (7) a/alebo opornych segmentov (8)
predkolenia.

9. Variabilné diagnostické a/alebo posilitovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu
podra aspoii jedného z nérokov1a2z8, vyznafujiuce sa tym, Ze multifunk&ny kib (4) dolnych
kon&atin zény (C) stehien je vybaveny dvoma nosnymi prie¢nymi ty&ovymi prvkami (11).

10. Variabilné diagnostické a/alebo posiltiovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu
podFa aspoti jedného z narokov 1 az5, vyznalujice sa tym, Z%e multifunkény kib (3) zény
(B) trupu je deleny alebo zdvojeny a obsahuje indexovaci mechanizmus (13).

11. Variabilné diagnostické a/alebo posiliovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu
podra aspoii jedného z nérokov 12210, vyznalujace sa tym, Z2e multifunkény kib (3) zény
(B) trupu je vybaveny dvoma nosnymi prieénymi ty¢ovymi prvkami (11).

12. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu
podra aspoti jedného z nérokov1az1l, vyznalujhce sa tym, Ze multifunkeny kib (3) zény

(B) trupu alebo oporné stehenné segmenty (7) sa vybavené prvymi stabilizaénymi sklopnymi/vyklopnymi :

prvkami (9) a multifunk&ny kib (4) dolnych kon&atin z6ény (C) stehien alebo oporné stehenné segmenty (7) st
vybavené druhymi stabilizaénymi sklopnymi/vyklopnymi prvkami (10).

13. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitatné zariadenie svalov trupu
podra aspoi jedného z narokov 9, 11a 12, vyznaujice sa tym, Ze nosné prietne tytové
prvky (11) sa vybavené prvymi a druhymi stabiliza&nymi sklopnymi/vyklopnymi prvkami (9, 10).
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14. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitadné zariadenie svalov trupu
podla aspoii jedného z narokov 1 aZz 13, vyzna tujhce sa tym, Zenosné tylové prvky (1)
so vsadenym multifunk&nym kibom (2) z6ny (A) hlavy a/alebo so vsadenym multifunkénym kibom (3) zény
(B) trupu, a/alebo so vsadenym multifunkenym kibom (4) dolnych konéatin zény (C) stehien, a/alebo zony
(D) predkolenia su dizkovo prestavitelné.

15. Variabilné diagnostické a/alebo posilitovacie tréningové a/alebo rehabilitadné zariadenie svalov trupu
podla aspon jedného z narokov 1 a2 14, vyznalujlce sa ty m, Zenamultifunkiny kib (3) z6-
ny (B) trupu nadvizuju dva nosné priegne tytové prvky (11) pre zénu (C) stehien s dvoma jednoduchymi ro-
tatnymi kibmi (13) s nosnymi ty¢ovymi prvkami (1) na prichytenie opornych stehennych segmentov @,
na ktoré nadvizuji d'al§ie dva jednoduché rotatné kiby (12) s nosnymi ty€ovymi prvkami (1) na prichytenie
oporych segmentov (8) predkolenia.

16. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitadné zariadenie svalov trupu
podTa aspoii jedného z narokov 1 aZ 15, vyznalujlice sa tym, Zena dva jednoduché rotatné
kiby (12) zény (C) stehien a/alebo na dva nosné tyCové prvky (1) zény (C) stehien nadvézuju dva oddelené
nosné prietne ty€ové prvky (11) s indexovacim prvkom (13).

17. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitadné zariadenie svalov trupu
podrla aspoti jedného z nérokov 1 a2 16, vyzna tujice sa tym, Zeoporny segment (5) hlavy
aalebo aspoit jeden oporny segment (6) trupu, a/alebo oporné stehenné segmenty (7), a/alebo oporné seg-
menty (8) predkolenia st dlzkovo prestavitené.

18. Variabilné diagnostické a/alebo posiliiovacie tréningové a/alebo rehabilitainé zariadenie svalov trupu
podra aspoti jedného z narokov 1 a2 17, vyzna Cujice sa tym, Zeopornysegment (5) hlavy,
aspoit jeden oporny segment (6) trupu, oporné stehenné segmenty (7) a/alebo oporné segmenty (8) predkole-
aia. a/alebo nosné ty&ové prvky (1), a/alebo multifunkeny kib (2) zény (A) hlavy, a/alebo multifunkeny kib
(3) zény (B) trupu, a/alebo multifunkény kib (4) dolnych kongatin z6ny (C) stehien, a/alebo jednoduché kiby
(12) v zéne (C) stehien a/alebo v zéne (B) trupu, su vybavené snima&mi tlaku a/alebo ohybu s drotovym ale-
bo bezdrotovym détovym prenosovym vedenim k vyhodnocovaciemu modulu a/alebo k modulu nastavenia
parametrov, a/alebo k monitorovaciemu modulu.

16 vykresov
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Préca 6

So0§, . & Cepkova, A. (2019). Variable diagnostic and/or strengthening training equipment
for the upper-body muscles. Human Systems Engineering and Design : proceedings of the 1st
international conference on Human Systems Engineering and Design : Future Trendy and
Applications. 1. vyd. Cham : Springer Nature Switzerland, 891-897. ISBN 978-3-030-02052-
1. V databaze: SCOPUS: 2-s2.0-85055805005.
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Abstract. The aim of this paper is to describe the development and design of
testing. training and strengthening equipment for the upper-body muscles. This
involves a light, modular and portable device that is constructed of high
endurance yet light materials. The paper’s authors have submitted a utility
model application and patent application for the new progressive design training
device. The basic constructional element is a combination of support elements
made of plastics parts and supporting - elements made of aluminum alloys,
magnesium and titanium light alloys. as well as of compacted composites based
on these materials. From the standpoint of construction. the most demanding
task is to design and measure the strength of the working joints of the equip-
ment’s individual parts. One specific demand for the design of the device is that
all its defined functions (direction. angle size, torque moment, resistance force)
must be adjustable in both manual and remote regimes. At the same time
evaluation and archiving of pre-set data must be ensured. Retrospective diag-
nostics through data collection must also be looked at — with an evaluation of
cach movement (graph + curves. torque over time...) while the option of add-
ing further sensors must also be provided. In the paper is described a proposal
for the first stage in the equipment’s development and for athletes and untrained
individuals the testing of the intelligent joint that is at the heart of the whole
device.

Keywords: Strengthening Training - Diagnostic - Rehabilitation Equipment
Upper-body muscles

1 Introduction

On the market there exists whole range of training devices that make possible the
strengthening of individual muscles and limbs in various combinations. [1-4). These
devices do not however regularly allow for strengthening and monitoring the upper-
body system for athletes and untrained individuals with functional backache. On the
basis of an analysis of existing equipment carried out and the state of the technology,
we can reliably state that at the present time a mobile modular upper-body system
device for both athletes and untrained individuals is not available.

& Springer Nature Switzerland AG 2019
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Accordingly there arose the demand to create such a device that would allow a
functional diagnosis of spinal stability and upper-body muscle strength. We have
submitted a utility model application and a patent application. At present, the collection
of authors, Soo0g, Lubomir. Zemkova, Erika - Cepkova. Alena - Stefanka, Marek and
Jelen, Michal has been awarded Utility Model no.7147 with the title “Variable Diag-
nostic and/or Strengthening Training and/or Rehabilitation Equipment for the Upper-
Body Muscles”, and we expect the granting of a patent in a short time.

The device allows movement of the torso in defined direction (standing, sitting and
lying position). its range as well as adjusting the required weight. The device will be
able to assess the current state of the subject on which it will be possible to create an
individual training program. Advantages of the variable diagnostic and/or work-out
training and/or rehabilitation device for torso muscles according to the created engi-
neering solutions are apparent from the effects which are reflected externally.

1.1 Describe of Training and/or Rehabilitation Equipment

Fundamental of the technical solution is that the device consists of a set of supporting
beams marked 1 for recessed multifunctional joint marked 2 in the heads zone A, with
recessed multifunction joint marked 3 in the torso zone B, with recessed multifunc-
tional joint marked 4 in the legs — thighs of zone C and tibia of zone D or two simple
rotary joints marked 5 for the lower extremities in thighs zone C and shins zone D.

The material for construction of the supporting beams will be based on aluminum
and magnesium. Beams will be attached to the supporting segments (sliding mounts).
Part of the beams will be integrated mechanism enabling force action on individual
parts of the body while allowing scope bending and twisting individual parts of the
body. We assume that these structural elements will be ensured with relatively simple
kinematics on the principle of spring mechanisms (whether by means of wound
springs, coil springs, rubber expanders, etc.).

Much more demanding will be the development and manufacturing of multifunc-
tional joint mechanisms of which there will be at least two different design solutions.
While the neck as well as the hip joint will need 3 degrees of freedom. An important
aspect will be the resolving of the lock position in each axis as well as the setting of
action force, and loosening the joint mechanisms for folding of the device and
preparation for transport (Fig. 2).

As shown in Fig. 3. the device can be used as a variable diagnostic and/or fitness
training and/or rehabilitation device for torso muscles in sitting position. while the
stabilizing, folding supporting elements P on Fig. 1. will serve as legs. The device will
be designed so that it will be possible to change the distance between the abutments of
the segments under physiological distortions of an individual.

Throughout the process of designing and producing variants, we assume usage of
materials based on plastics, aluminum and magnesium alloys and composite materials
such as aluminum foam, foamed plastics. The aim of the realization team is to create a
device that will dispose properties. such as sufficient rigidity while maintaining a low
weight. In the design and manufacture of individual components assume the use of
classical methods of machining and processing of semi-products, as well as use of CNC
technology, vacuum forming and the use of 3D printers. Through the design process of
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the device, software modules for calculating and sizing of individual parts will be used.
Part of the solution will be a stress analysis and verification of the functionality of the
various joints and supporting segments for their lifecycle. Based on experience and
after operational tests on a group of individuals. we will modify the drawing docu-
mentation and the final production documentation will be created.

2 Ideological Design of the Structure

It is a lightweight, modular and portable device. which is made of high strength but
lightweight materials [5-7]. The supporting structure is a combination of the support
part elements made of plastics and support parts - elements made of light alloys based
on aluminum, magnesium and titanium, as well as foaming composites based on the
mentioned materials. In terms of structure the most challenging task will be the design
and working joints strength dimensioning of the device parts. The whole process of
construction will be divided into following stages:

Detining the desired range of forces. torques and the strength of the device parts,
Design of the kinematics simulation of the desired motion of device parts, defining
degrees of freedom and a collision situations design,

e Requirements definition and design of operational joints kinematics of device parts.
Strength calculation of device parts strength calculation of the entire device,

o Structural design solutions assemblies’ modular construction device for strength-
ening muscles in the torso area,

e Detail reports and design of production drawings of the individual assemblies.

2.1 Made of Prototype

The actual production of the device includes planning, technical preparation of pro-
duction, technology design and production of assemblies of the modular device for
strengthening of muscles in the torso area.

Planning fully follows the output from the design and its role is to procure material
and place of manufacture based on technological capabilities and predispositions
proposed manufacturers. Output of the technology will be precisely defined the desired
technological process. Together with the requirements for the design and precise
manufacturing will form the basis for the assignment of public procurement?

Production is the determining and transparent interaction part of the whole process
of design. stress analysis, planning and design of the technology.

2.2 Methodology

The point of this section is the methodology of measuring and testing the technical and
functional characteristics of the device according to the status of an individual, under
which it will be possible to create individual training program. The methodology will
include individual training procedures for adult healthy subjects, for individuals with
physical weakening and individuals with disabilities. The methodology will include
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strengthening exercises and stretching exercises for each part of the torso with respect
to the individual and degree of physical weakness. This allows specific classification of
devices with the settings of resistance. The methodology will be specified for the three
basic parts: head, torso, legs.

2.3 Testing Technical Parameters

The content of this phase of the project is to test the technical and functional parameters
of the manufactured equipment for strengthening muscles in the torso area. The main
testing will be:

e Testing of the functional characteristics of the device - motor skills and movement
kinematics,

o Strength testing of the device - power and torque load,
Variability of the device,

e The output of this phase will be documentation for long-term testing and suggestion
for necessary adjustments.

2.4 Testing of Students

The core of this section is to verify the proposed methodology established training
procedures for students of physical education at Faculty of Mechanical Engineering.
Testing will take place during the winter semester 2018/19 and it will be attended by
students of Ist and 2nd year of bachelor’s degree. At the beginning of the test, students
will be informed with the course of testing and it will involve only healthy pro-bands.
They will form two separate groups - women and men. The results will be recorded in
the protocol.

2.5 Device Modification

The following stage involves results from the previous stages. Based on the results of
functional, strength and “operational” testing will be started again to a qualitatively
higher level. which is the result of acquired knowledge.

The aim is to repeat:
Analysis and finalization of device kinematics, simulation of the motion of the
device parts, define degrees of freedom.
Final draft of joint kinematics of working joint of the device parts,

e Another strength calculation of the individual parts and general construction of the
device.

e Engineering design of configuration and adjustments to production documentation.
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3 Conclusion

Cuirently we have made working joints and we finished produce simple testing stand,
[9] for to test this working joint, Fig. 5. The first working joint was made due to the
complexity on the 3 D printer. Fig. 4. Because of the simplicity and difficulty of
production, this test device was made to test just one working joint. The first joint tests
confirm the functionality and correctness of the design.

Fig. 4. Working joints

Fig. 5. Testing stand

Acknowledgments. Analyses and measurements in this test were funded from the project
APVYV No.APVV-15-0704. Split-Core Trainer Strengthening System for athletes and untrained
individuals with functional back pain. The heading should be treated as a 3" Jevel heading and
should not be assigned a number.
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