Anthony C. Hackney

Lietuvos kiino kultairos akademijos
Garbés daktaras

Doctor of Honour at the Lithuanian Academy of
Physical Education

Lietuvos kuno kulttros akademijos Senato posédzio,

ivykusio 2008 m. birzelio 27 d. (protokolo Nr. 10),

Nutarimas (Regulation)
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daktaro varda Siaurés Karolinos universiteto profesoriui Anthony C. Hackney.

Senato pirmininkas

Senato sekretorius

A. C. Hackney — JAV Siaurés Karolinos universiteto
profesorius, garsus pasaulinio lygio mokslininkas sporto
biomedicinos srityje. Jo moksliniy tyrimy kryptis —
endokrininés sistemos ir metabolizmo adaptacija prie
fiziniy kraviy ir aplinkos poveikio. A. C. Hackney
publikavo daugiau kaip

135 mokslinius straipsnius
tarptautiniuose mokslo
zurnaluose, skaité per 90
praneSimy tarptautinése
mokslo konferencijose,
iSleido 11 vadovéliy ar

ju daliy, yra tokiy garsiy
mokslo draugijuy kaip
Amerikos sporto medicinos
kolegija, Kembridzo
fiziologijos draugija narys,
taip pat 10 moksliniy
zurnaly redkolegijos narys.
Prof. A. C. Hackney aktyviai
dalyvauja plétojant sporto
moksla Baltijos Salyse. Jis
nuolat atvyksta ir skaito
paskaitas doktorantams
Lenkijos ir Estijos (Tartu)
universitetuose.

Profesorius A. C. Hackney
1997—1998 mokslo metais pirmasis ir kol kas
vienintelis i garsiy uzsienio sporto mokslininky
iStisus mokslo metus dirbo kaip vizituojantis
profesorius tuometinio Lietuvos kino kultiros
instituto Fiziologijos ir biochemijos katedroje. Jis
désté sporto ir fiziniy pratimy fiziologijos, taip pat
sporto endokrinologijos dalykus bakalauro, magistro
ir doktoranttros lygiy studentams. Profesorius
A. C. Hackney padéjo organizuoti ir kartu vykdé
bendrus veiksniy, lemianciy Zzmogaus fizinj pajéguma,
tyrimus, padovanojo naujausios sporto fiziologijos
literatairos, konsultavo moksliniy tyrimy klausimais
biomedicinos krypties mokslininkus ir doktorantus.

Nuo 1998 m. iki dabar prof. A. C. Hackney yra
LKKA leidZziamo mokslinio zZurnalo ,,Ugdymas.
Ktno kultara. Sportas” Redaktoriy kolegijos narys,
publikavo mokslinius straipsnius Siame ir kituose
Lietuvos zurnaluose.

e. doc. p. A. Stanislovaitis

doc. dr. A. Grunovas

A. C. Hackney is a full professor at the University
of North Carolina (USA), a recognised researcher
all over the world in the field of Sports
Biomedicine. His research is focused on the
adaptation of endocrine system to the influence
of physical loads and
environmental impact.
He has published more
than 135 articles in peer
reviewed international
journals, presented his
research results at more
than 90 international
conferences, and he is the
author or co-author of 11
textbooks. A. C. Hackney
is a member of such world-
famous scientific societies
as American College of
Sports Medicine and the
Physiological Society

at the University of
Cambridge, as well as a
member of the editorial
boards of 10 international
research journals.
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Prof. A. C. Hackney has
contributed to sports science development in the
Baltic States. He regularly comes to give lectures at
the universities in Poland and Estonia (Tartu). He
was the first and yet the only visiting professor who
came and taught at the Department of Physiology
and Biochemistry of the Lithuanian Institute (now
Academy) of Physical Education for the whole
year (1997—1998). He gave lectures in Sports and
Exercise Physiology and Sports Endocrinology for
bachelor, master and doctoral students, helped in
organising and conducting research in the field of
Human Performance testing and other fields in
Biomedicine.

Since 1998 professor A. C. Hackney has been a
member of the Editorial Board of the scientific
journal “Education. Physical Training. Sport”, and
he has published research articles in this and other
Lithuanian journals.




Ora gyvenime ir praeitis, ir ateitis,

Ir dideli darbai, ir didelés svajones...

Laimingas tas, Kas moka atvira Sirdim

Gyvenimg praeiti ir myléti Zmones.

Genovaité Irtmoniené

Ilgameté zurnalo ,,Ugdymas. Ktano kultara.
Sportas® redaktoré, Lietuvos kiino kulttiros
akademijos Leidybos centro direktoré

Sveikiname gerbiama Jubiliate grazios sukakties
proga. Tegu auksinis ruduo nuspalvina Jasy
gyvenimg graziausiomis spalvomis, o busimieji
metai lai bina praéjusiy brandus ir ilgas tesinys.

Redaktoriy kolegija

Genovaité Irtmoniené

Experienced Editor of the journal “Education.
Physical Training. Sport”, Director of the
Publishing Center at the Lithuanian Academy of
Physical Education.

We congratulate our dear Celebrant on her
wonderful Anniversary. Let the golden autumn
colour Your life with the most beautiful colours,
and the coming years may be the mature and long
follow-up of Your previous years.

Editorial Board
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PAAUGLIV IR SUAUGUSIUJU GEBEJIMAS VALINGAI
AKTYVUOTI KETURGALV] SLAUNIES RAUMEN]
ATLIEKANT IZOMETRIN] KRUV]

Julija Andrejeva, Vytautas Streckis, Rasa Baceviciené, Kristina Visagurskiené,
Giedrius Gorianovas, Irena-Nijolé¢ Vitkiené, Lina Cecinaité
Lietuvos kiino kultiros akademija, Kaunas, Lietuva

Julija Andrejeva. Lietuvos kiino kultiiros akademijos doktoranté. Moksliniy tyrimy kryptys — motorinés sistemos centrinio ir periferinio
nuovargio bei atsigavimo kaitos priklausomybé nuo lyties, fizinio kriivio; iSsétine sklerozé, reabilitacija.

SANTRAUKA

Nuovargis — tai laikinas raumeny darbingumo sumazéjimas atliekant fizinj kritvi ir po jo (Babault et al., 2006). Vaiky
ir suaugusiyjy nuovargio poreiskis po fizinio kritvio skirtingas: vaikai nuvargsta maziau nei suaugusieji (Kanehisa et
al., 1995; Ratel et al., 2003). Mokslininkai nustaté, kad centrinis nuovargis veikia periferini nuovargi (Kent-Brown,
Le Blanc, 1999; Gandevia, 2001). Jauny ir suaugusiy asmeny valingos raumeny aktyvacijos tyrimai parodé, kad ji
nepriklauso nuo amziaus (Connelly et al., 1999), taciau aktyvacijos lygis maksimalaus raumeny valingo susitraukimo
metu skiriasi (Bilodeau et al., 2001).

Tyrimo tikslas — nustatyti ir palyginti paaugliy, suaugusiyjy blauzdos tiesiamyjy raumeny valingq aktyvacijq atlie-
kant 2 minuciy izometrinj kriivj.

Buvo tiriami sveiki aktyviai nesportuojantys paaugliai (n = 9; amziaus vidurkis 13,6 = 0,5 m.; tigis 164,2 £ 11,0 cm;
svoris 50,6 + 9,4 kg), kurie 2 kartus per savaite lanké kiino kultiros pamokas, ir nesportuojantys suaugusieji (n = 8;
amziaus vidurkis 21,5 = 1,9 m.; iagis 173,5 + 6,9 cm; svoris 65,9 £ 7,8 kg). Tyrimo metu buvo matuojama paaugliy
ir suaugusiyjy raumeny maksimalioji valinga jéga atliekant 2 minuciy izometrinj kritvi ir kas 30 sekundziy atpalai-
duojant raumeny. Jégos rodikliai buvo registruojami (N-m).

Visais elektrostimuliavimo dazniais sukelta raumeny jéga ir MV.J buvo didesné suaugusiyjy nei paaugliy (p < 0,01).
Paaugliy raumeny valinga aktyvacija statistiskai patikimai (p < 0,01) mazesné pries kriivi nei suaugusiyjy. Suau-
gusiyjy ir paaugliy raumeny valingos aktyvacijos rodikliai skyrési viso 2 min izometrinio kritvio metu. Suaugusiyjy
valinga aktyvacija kritvio pabaigoje sieké 51,7% , paaugliy — 41% pradinés reiksmés.

Isvada: atliekant 2 min maksimalaus intensyvumo izometring kritvi, paaugliy valingos raumeny aktyvacijos rodikliai
yra mazesni nei Suaugusiyjy.

RaktaZodZiai: valinga aktyvacija, elektrostimuliavimas, griauciy raumenys, nuovargis.

[VADAS

uovargis daznai vertinamas kaip raumeny

jégos sumazéjimas, atsirandantis fizinio

darbo arba fiziniy pratimy metu (Babault
et al., 2006). Norédami nustatyti dvi galimas skir-
tingas nuovargio priezastis ir skirtumus tarp ju,
mokslininkai (Bigland-Ritchie et al., 1983; Kent-
Brown, 1999) isskyré periferinio ir centrinio nuo-
vargio terminus. Centrinis nuovargis pasireiskia
motoriniuose aksonuose ir lemia motoriniy vienety
aktyvacijos sumazéjima, o periferinis —lokali-

zuojasi pa¢iame raumenyje (Babault et al., 20006).
Mokslininkai taip pat nustaté, kad centrinis nuo-
vargis veikia periferini (Kent-Brown, 1999; Gan-
devia, 2001). Be minéty centrinio ir periferinio
nuovargio atsiradimo priezas¢iy griauciy raumeny
jégos ir nuovargio poreiski lemia darbo pobudis,
intensyvumas, trukmé, rezimas, poilsis (Skurvy-
das, 1997). Nustatyta, kad vaikai fizinio krivio
metu nuvargsta maziau nei suaugusieji (Kanehisa
et al., 1995; Ratel et al., 2003).
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Zmonés skiriasi gebéjimu aktyvuoti raumenis
fizinio darbo metu. Nustatyta (Bilodeau, 2006),
kad §is gebéjimas daznai pablogéja ilgalaikio in-
tensyvaus raumeny susitraukimo metu. Visgi néra
pakankamai aiSku, kas lemia §i raumeny aktyva-
cijos maz¢jima. Maksimalioji valinga raumeny
aktyvacija galima daugelyje sveiky suaugusiy
zmoniy griau¢iy raumenyse (Allen et al., 1995).
Mokslininkai pateikia nevienodus duomenis, kaip
valinga raumeny aktyvacija pasireiskia tarp skir-
tingo amziaus zmoniy: vieni mano, kad valingos
raumeny aktyvacijos rodikliai nepriklauso nuo
amziaus (Connelly et al., 1999), kiti teigia, kad
vyresnio amziaus ir jauny asmeny valingos rau-
meny aktyvacijos lygis maksimalaus valingo su-
sitraukimo metu skiriasi (Bilodeau et al., 2001).
Ar valingos raumeny aktyvacijos poky¢iai fizinio
darbo metu priklauso nuo tiriamuyju amziaus bei
lyties, taip pat néra aisku.

Tyrimo tikslas — nustatyti ir palyginti paau-
gliy, suaugusiyjy blauzdos tiesiamuyjuy raumeny
valingos aktyvacijos rodiklius 2 minuciy maksi-
malaus izometrinio kriivio metu.

TYRIMO ORGANIZAVIMAS IR
METODIKA

Tiriamieji. Buvo tiriami 8 suaugusieji ir 9
paaugliai. Leidimas atlikti tyrimg gautas Kau-
no medicinos universiteto Bioetikos komitete
(2006 04 21 d. BE-2-22). Pateikus tyrimo proto-
kola ir i8aisSkinus apie galima rizika bei tyrimo
nauda, paaugliai ir suaugusieji rastiskai patvirtino
sutikima dalyvauti tyrime. Leidimg paaugliams
dalyvauti tyrime rastiskai patvirtino ju tévai. Tirti
paaugliai buvo i§ vienos Kauno miesto mokyklos.
Suaugg tiriamieji — Kiino kultiros akademijos
nesportuojantys studentai. N¢é vienas i$ tiriamyjy
profesionaliai nesportavo. Tiriamyjy amziaus,
digio, kiino masés rodikliai pateikti 1 lenteléje.

Dinamometro nustatymas ir padéties su-
reguliavimas. [zometriné blauzdos tiesiamyjy
raumeny jéga buvo matuojama izokinetiniu dina-
mometru (Biodex Medical System 3, New York).
Tiriamajam tiesiai sédint dinamometro kédéje
desiné koja iStiesiama ir nustatomas 0° kampas,
paskui blauzda sulenkiama 60° kampu ir uzfiksuo-

jama. Kojai esant 60° lenkimo kampu, matuojama
izometriné maksimalioji valinga ir nevalinga jéga.
Dinamometras nustatytas pagal anksCiau aprasyta
tyrima (Streckis ir kt., 2007). Elektros stimulia-
vimo jranga ir procediira tokia pati kaip ir kity
tyrimy metu (Ratkevicius ir kt., 1995, 1998). Ti-
riamyjy jautrumas raumeny elektros stimuliavimui
kiekviena karta jvertintas individualiai.

Tyrimo eiga. Prie§ dieng tiriamieji supazindin-
ti su tyrimo procediira — jy raumenys kas 30 s bus
stimuliuojami 5 vienetiniais elektros impulsais.
Véliau kas 2 min 3 kartus tiriamasis turés atlikti
maksimaly valinga raumeny susitraukima, kurio
metu bus nustatoma maksimalioji valinga jéga
(MVJ). Kiekvienam tiriamajam buvo parenkama
individuali elektrostimuliavimo jtampa, kurios
sukelta nevalinga raumeny susitraukimo jeéga lygi
50—98% MV reikSmés.

Eksperimento dieng tiriamasis atlikdavo pra-
manksta (5 min myné veloergometra 60—70 W
galingumu; pulso daznis — 110—150 tv. / min)
ir buvo sodinamas i specialig kédg. Tada uzdeda-
mi ant artimojo ir tolimojo keturgalvio §launies
raumens daliy stimuliavimo elektrodai. Tiriamojo
keturgalvio Slaunies raumens nevalinga jéga buvo
nustatoma stimuliuojant raumenj elektra 1, 10,
20, 50 ir 100 Hz dazniu (2 lent.). Stimuliavimo
trukmé — 1 s. Poilsio trukmé tarp stimuliavimo
dazniy — 2—3 s. Véliau 3 kartus kas dvi minutes
buvo atliekamas 5 s MVJ kriivis. Norint nustatyti
valingos aktyvacijos lygi, maksimaliojo valingo
susitraukimo 3-ia sekundg¢ papildomai raumuo
dirginamas 250 ms trukmés 100 Hz elektrostimu-
liavimo impulsy serija, t. y. atlieckamas tetaninis
testas (TT 100 Hz). TT 100 Hz pakartotas prag¢jus
1—2 s po maksimalaus valingo raumeny susitrau-
kimo ir pailséjus 5 min tyrimas baigtas 2 minuciy
izometriniu kraviu (Streckis et al., 2007).

Dviejy minu¢iy izometrinis krivis. Tiriamasis
atliko 2 min trukmés maksimaly valingg izometrini
raumeny susitraukima, kai des§iné blauzda fiksuo-
ta 60° kampu. Tipiné suaugusiyjy ir vaiky susi-
traukimo kreivé izometrinio kriivio mety parodyta
1 pav. Blauzdos tiesiamyjy raumeny MVJ reikSmés
skai¢iuotos mazdaug 14, 29, 45, 59, 74, 89, 104,
119 sekundg. Kriivio metu kas 30 s raumuo papil-
domai buvo dirginamas TT 100 Hz impulsu (30,

1 lentelé. Paaugliy ir suaugusiyjy Tiriamieji Paaugliai Suaugusieji

amZiaus, Gigio ir kiilno masés rodi- o

kliai (X +S) Rodikliai n=9) (n=38)
Amzius, m. 133+1,2 22,1424
Ugis, cm 163,4 + 6,7 176,3 7.3
Kiuno masé, kg 44,5+ 10,7 70,5+7,0
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2 lentelé. Blauzdos tiesiamyjy raumeny nevalingos ir valingos jégos pradinés reik§més, valingos aktyvacijos (X £8) rodikliai

Jéga .
TT 100 Hz Valinga
1 Hz, N'm | 10 Hz, N'm | 20 Hz, N'm | 50 Hz, N'm | 100 Hz, N'm Nem > | MVJ,N'm | aktyvacija,
Tiriamiejk %
Suaugusieji | 18,7+3,6 | 523+9,8 | 144,0+12,9 | 1842+17,7 | 1952+ 18,5 | 153,8+39,8 | 236,2+ 12,8 | 90,6 +3,4
Paaugliai 129+43 | 30,2+7,1 | 70,6+ 12,7 | 111,54+ 14,7 | 122,8 + 13,4 | 928+ 159 | 137,7+ 15,6 | 82,1+£6,3
p <0,05 <0,05 <0,05 <0,05 <0,05 <0,05 <0,05 <0,05

Pastaba. * — p < 0,05 patikimas grupiy rodikliy skirtumas.

60, 90, 120 s). Paskui raumuo atpalaiduojamas ir
TT 100 Hz dazniu pakartotas 1—2 s po MVJ, t.y.
mazdaug 31, 61, 91, 121 sekundg. Valingos aktyva-
cijos lygiui jvertinti naudota formulé:

valinga aktyvacija (%) = 100 (1 =TT fterptas impulsas / T komrolinis):

¢ia TT s — iterpto impulso dydis 2 min maksimalaus
valingo susitraukimo metu, TT o — kontrolinio im-
pulso dydis, pasiektas antra kriivio minut¢ atpalaiduotame
raumenyje.

Matematiné statistika. Apskaiciuotas ari-
tmetinis vidurkis (X)), standartinis nuokrypis (S).
Duomenys apskaiciuoti taikant Studento (t) kriteri-
ju. Skirtumas laikomas statistiskai reikSmingu, kai
p < 0,05. Skaiciavimas atliktas naudojant statistini
SPSS 11 programinj paketa.

REZULTATAI

Nevalinga jéga ir valinga aktyvacija. Blauz-
dos tiesiamyjy raumeny nevalingos ir valingos
jégos pradinés reik§més ir valingos aktyvacijos
rodikliai taikant elektrostimuliavima pateikti 2
lenteléje. Blauzdos tiesiamyjy raumeny jégos ro-
dikliai esant visiems stimuliavimo dazniams abie-

jose tiriamyjy grupése skiriasi statistiskai patiki-
mai (p < 0,001). Visy elektrostimuliavimo dazniy
sukelta jéga ir MVJ buvo didesné suaugusiyjy nei
paaugliu (p <0,01). Suaugusiyjy MVJ pasieké
236,2 £ 12,8 N'm, paaugliy — 137,7 £ 15,6 N-m.
Paaugliy valinga raumeny aktyvacija (82,1 + 6,3%)
statistiSkai patikimai (p < 0,01) buvo mazesné nei
suaugusiuju (90,6 = 3,4%).

MVJ-2 minudiy izometrinio kriivio metu.
Paaugliy ir suaugusiyjy blauzdos tiesiamyjy rau-
meny maksimaliosios valingos jégos rodikliy pro-
centinés reikSmés atlickant 2 min izometrinj kriivi
pateiktos 2 pav. Dvieju minuéiu izometrinio kri-
vio pradzioje (t. y. 14 sekundg) suaugusieji pasieké
83%, paaugliai — 75% pradinés MVJ (p < 0,05,
lyginant grupiy rodiklius). Mazéjimo tendencija
pastebima 89 sekundg. Véliau statistiSkai reiks-
mingo skirtumo tarp grupiy rodikliy nepastebéta.
Abiejy grupiy tiriamyjy MVJ kriivio metu reiks-
mingai sumazejo (p < 0,001).

Valinga aktyvacija 2 minudiy izometrinio
krivio metu. Paaugliy ir suaugusiyju blauzdos
tiesiamyjy raumeny valingos aktyvacijos rodikliai
atliekant 2 min izometrini kriivi pateikti 3 pav.
Pragjus 30 s nuo dviejy minuciy izometrinio kri-

‘ ------ Suaugusiyjy Paaugliy ‘

MVJ, Nem

1 pav. Suaugusiojo ir paauglio tipiné MVJ
kreivé papildomai dirginant raumenj
250 ms trukmés 100 Hz (TT 100 Hz) elek-
trostimuliavimo impulsy serija 2 minuciy
izometrinio kriivio metu

0 6

12 18 24 30 35 41 47

Laikas, s

53 59 65 71 77 83 89 95

100 106 112 118
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2 pav. Paaugliy ir suaugusiyjy blauzdos
tiesiamyjy raumeny maksimaliosios valin- 100 — O Paaugliy M Suaugusiyjy
gos jégos procentinés reikSmés atliekant 2 .
minudiy izometrinj krivi (X £ S) 90 - #*
sk
80 1 #
70 - *
X 60 A
i
E 50 4
40
30 4
20
10
Pastaba. * — p < 0,05 patikimas skirtumas, 0
lyginant su pradine reik§me; # — p < 0,05
patikimas grupiy rodikliy skirtumas. 14 29 44 59 74 89 104 119
Laikas, s
3 pav. Paaugliy ir suaugusiyjy blauzdos tiesia- - —
myjy raumeny valinga aktyvacija atliekant 100 - O— Paaugliy B Suaugusiyjy
2 minuc¢iy izometrinj kravj (X +S)
75
X
-4
g 50
2
,_\am
< *
on
g
S 254 . *
Pastaba. * — p < 0,05 patikimas skirtumas,
lyginant su pradine reik§me; # — p < 0,05 0
patikimas grupiy rodikliy skirtumas. 30 60 90 120
Laikas, s

vio pradzios, paaugliy valingos raumeny aktyva-
cijos rodikliai statistiSkai patikimai buvo mazesni
(53,1%) negu suaugusiyju (69,4%) (p < 0,05).
Suaugusiyjy ir paaugliy valingos aktyvacijos rodi-
kliy skirtumas pastebimas per visa 2 min raumeny
susitraukimo laika. Suaugusiyjy MVJ izometrinio
kruvio pabaigoje sieké 51,7%, paaugliy — 41%
pradinés reikSmes.

REZULTATU APTARIMAS

Tyrimo tikslas buvo nustatyti paaugliy ir su-
augusiyju blauzdos tiesiamyjy raumeny valingos
aktyvacijos rodiklius, maksimaliaja valinga jéga
2 minuc¢iy maksimalaus izometrinio krivio metu
bei palyginti, kaip skiriasi paaugliy ir suaugusiyjy
valingos raumeny aktyvacijos rodikliai. Tyrimo
rezultatai atskleidé, kad paaugliy ir suaugusiyjy
valingos raumeny jégos rodikliai skiriasi. Paau-
gliy valingos raumeny aktyvacijos rodikliai yra
mazesni. Kity tyrimy metu nustatyta, kad maksi-

maliaja valinga raumeny aktyvacija pasiekia tik
suaugusieji (Kent-Brown, Le Blanc, 1996; Gan-
devia et al., 2001). Taip pat Zinoma, kad atlikdami
maksimalius valingus susitraukimus suaugusieji
pasiekia 85—100% griauciy raumeny maksima-
liosios valingos aktyvacijos (Kent-Brown, 1999;
Gandevia, 2001).

Dviejy minuc¢iy maksimalus izometrinis kriivis
reikalauja iSlaikyti maksimalia valinga raumeny
aktyvacija ilga laiko tarpa. Tokios veiklos metu
atsiranda raumeny veikla silpninantys veiksniai,
kurie dazniausiai susij¢ su nuovargiu, o §is gali
rastis keliose nervy ir raumeny sistemuy vietose
(Gandevia, 2001).

Kai kuriy tyrimy (Kanehisa et al., 1995; Hun-
ter et al., 2004; Martin et al., 2004; Streckis et
al., 2005) duomenimis, vaiky nuovargio lygis
mazesnis nei suaugusiyjuy, kai jie atlieka kartotini
fizini kriivi, o maksimalaus valingo susitraukimo
trukmé priklauso nuo progresuojancio centrinio
nuovargio. Atlikto tyrimo rezultatai parodé, kad
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paaugliy ir suaugusiyjy atsparumas nuovargiui
nesiskiria.

Bet koks atlickamas darbas dél centriniy ir pe-
riferiniy nuovargio atsiradimo mechanizmy veikia
valinga raumeny aktyvacija. Vaiky ir suaugusiujy
valingos aktyvacijos poveikis centriniam nuovar-
giui kriivio metu skiriasi (Blimkie et al., 1990;
Stackhouse et al., 2005). Geb¢jimas aktyvuoti
griau¢iy raumenis izometrinio kriivio metu gali
veikti ir periferini nuovargj atliekant tokio pobi-

dzio kruvi (Gandevia, 2001). Todél suaugusiyjy ir
paaugliu raumeny jéga izometrinio kriivio metu
gali mazéti tiek dél centrinio, tiek dél periferinio
nuovargio.

ISVADA

Atliekant 2 minu¢iy maksimalaus intensyvumo
izometrinj kriivi, paaugliy valingos raumeny akty-
vacijos rodikliai yra mazesni nei suaugusiyjuy.

LITERATURA

Allen, G. M., Gandevia, S. C., McKenzie, D. K. (1995).
Realiability of measurments of muscle strength and vo-
luntary activation using twitch interpolation. Muscle and
Nerve, 18, 593—600.

Babault, N., Desbrosses, K., Fabre, M. S., Michaut, A.,
Pousson, M. (2006). Neuromuscular fatigue development
during maximal concentric and isometric knee extensions.
Journal of Applied Physiology, 100, 780—785.

Bigland-Ritchie, B., Johansson, R., Lippold, O. C. J.,
Smith, S., Woods, J. J. (1983). Changes in motoneurone
firing rates during sustained maximal voluntary contracti-
ons. Journal of Physiology (London), 340, 335—346.

Bilodeau, M. M., Erb, D., Nichols, J. M., Joiner, K. L.,
Weeks, J. B. (2006). Fatigue of elbow flexor muscles in
younger and older adults. Muscle and Nerve, 24, 98—
106.

Blimkie, C. J. R., Sale, D. G., Bar-Or, O. (1990). Volunta-
ry strength, evoked twitch contractile properties and motor
unit activation of knee extensors in obese and non-obese
adolescent males. European Journal of Applied Physiolo-
gy, 61, 313—318.

Connelly, D. M., Rice, C. L., Vandervoort, A. A. (1999).
Motor unit firing rates and contractile properties in tibialis
anterior of young and old men. Journal of Applied Physio-
logy, 87, 843—852.

Gandevia, S. C. (2001). Spinal and supraspinal factors in
human muscle fatigue. Physiology Review, 81, 1725—
1789.

Hunter, S. K., Critchlow, A, Shin, I. S., Enoka, R. M.
(2004). Men are more fatigable than strength-matched
women when performing intermittent submaximal con-
tractions. European Journal of Applied Physiology, 96,
2125—2132.

Kanehisa, H., Okuyama, H., Ikegawa, S., Fukunaga, T.
(1995). Fatigability during repetitive maximal knee exten-
sions in 14-year-old boys. European Journal of Applied
Physiology and Occupational Physiology, 72, 170—174.

Kent-Brown, J. A. (1999). Central and peripheral con-
tributions to muscle fatigue in humans during sustained
maximal effort. European Journal of Applied Physiology,
80, 57—63.

Kent-Brown, J. A., Le Blanc, R. (1996). Quantitation of
central activation failure during maximal voluntary con-
tractions in humans. Muscle and Nerve, 19, 861—869.

Martin, R. J. F.,, Dore, E., Twisk, J. et al. (2004). Longitu-
dinal changes of maximal short-term peak power in girls
and boys during growth. Medicine and Science in Sports
and Exercise, 36, 498—503.

Ratel, S., Lazaar, N., Williams, C. A., Bedu, M., Duché, P.
(2003). Age differences in human skeletal muscle fatigue
during high-intensity intermittent exercise. Acta Paedia-
trica, 92 (11), 1248—1254.

Ratkevicius, A., Skurvydas, A., Lexell, J. (1995). Subma-
ximal-exercise-induced impairment of human muscle to
develop and maintain force at low frequencies of electrical
stimulation. European Journal of Applied Physiology, 70,
294—300.

Ratkevicius, A., Skurvydas, A., Quistorff, B., Povilo-
nis, E., Lexell, J. (1998). Effects of contraction duration on
low-frequency fatigue in repetitive voluntary and exercise-
induced exercise of human quadriceps muscle. European
Journal of Applied Physiology, 77, 462—468.

Skurvydas, A. (1997). Griauciy raumeny veiklos mecha-
nizmy teoriné analizé. Sporto mokslas, 1, 12—16.

Stackhouse, S. K., Binder-Macleod, S. A., Lee, S. C.
(2005). Voluntary muscle activation, contractile proper-
ties, and fatigability in children with and without cerebral
palsy. Muscle and Nerve, 31, 594—601.

Streckis, V., Skurvydas, A., Ratkevicius, A. (2007). Chil-
dren are more susceptible to central fatigue than adults.
Muscle and Nerve, 36 (3), 35—63.

Streckis, V., Skurvydas, A., Ratkevicius, A. (2005). Twel-
ve- to thirteen- year-old boys are more resistant to low-
frequency fatigue than young men. Pediatric Exercise
Science, 17, 399—409.

Streckis, V., Skurvydas, A., Zachovajevas, P. ir kt. (2007).
Intensyvios ir iprastinés reabilitacijos poveikis blauzdos
tiesiamyju raumeny jégai atlikus priekinio kryzminio
rai§¢io rekonstruojamaja operacija. Medicina, 43 (1),
51—59.



10 Julija Andrejeva, Vytautas Streckis, Rasa Baceviciené, Kristina Visagurskiené, Giedrius Gorianovas, Irena-Nijolé Vitkiené, Lina Cecinaité

ADOLESCENTS AND ADULTS’ ABILITY OF VOLUNTARY
ACTIVATION OF QUADRICEPS MUSCLE APPLYING ISOMETRIC
LOAD

Julija Andrejeva, Vytautas Streckis, Rasa Bacevitien¢, Kristina Visagurskieng,
Giedrius Gorianovas, Irena-Nijolé¢ Vitkiené, Lina Cecinaité
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

Fatigue can be defined as the decline in muscle performance during and after repetitive contractions
and is generally considered to arise via two main mechanisms. Central fatigue arises proximal to the motor
axons and leads to reductions of motor unit activation. Peripheral fatigue is located within the muscle itself
(Babault et al., 2006). Children often show a lower fatigue level during different workload appliance than
adults (Kanehisa et al., 1995; Ratel et al., 2003). Research shows that central fatigue has an significant impact
to the periferial fatigue (Kent-Brown, 1999; Gandevia, 2001).

Research aim was to asses and compare adolescents and adults’ voluntary activation of shin
extensors.

Healthy adolescents were assessed (n =9, age 13.6 + 0.5 years, height 164.2 £ 11.0 cm, weight
50.6 + 9.4 kg). They were not engaged in active sport, but twice a week they participated in physical education
lessons. Adults were not engaged in sports as well (n = 8, age 21.5 + 1.9 years, height 173.5 + 6.9 cm, weight
65.9 £ 7.8 kg). In our research, maximal voluntary activation levels were assessed for all research subjects by
applying 2 min isometric workload, with every 30 s muscle relaxation. Muscle power indexes were measured
in (N'm), and all received data were recorded on a computer.

Evoked contraction force and MVC were higher in adults than adolescents (p < 0.0). Baseline abilities
of voluntary activation of quadriceps muscle and that during 2 min isometric contraction were lower in
adolescents than in adults. Voluntary activation at the end of isometric contraction was 41 and 52% in
adolescents and adults, respectively.

Our research results showed lower voluntary activation level among adolescents applying 2 min
isometric workload at maximal intensity compared to adults.

Keywords: voluntary activation, electro stimulation, skeletal muscles, fatigue.
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TEMPO POVEIKIS KETURVIECIU VALCIU IRKLAVIMO
VEIKSMINGUMUI

Algirdas Bingelis, Kazimieras Pukénas, Sigita-Marija Zdanaviciené
Lietuvos kiino kultiros akademija, Kaunas, Lietuva

Algirdas Bingelis. Docentas technikos moksly daktaras. Informatikos ir kalby katedros docentas. Moksliniy tyrimy kryptis — zZmogaus
judesiy ir fiziniy geb¢jimy biomechanika.

SANTRAUKA

Keturvieciy akademiniy valciy tyrimas siejamas su ankstesniais autoriy darbais, skirtais vienvieciy ir dvivieciy val-
¢iy irklavimo ekonomiskumo, lemiamo vertikalaus supimo, matematiniam modeliavimui. Literatiiroje nesutinkama
laisvojo vertikalaus supimo, kuri sukelia vertikaliis jégos impulsai | sédynéle kiekvieno yrio metu, poveikio analizés
duomeny. Gestantis laisvas vertikalus supimas lemia vidutinj grimziés prieaugi, kartu ir drékinamo valties pavirsiaus
ploto dydj, dél to didéja valties grimzlés prieaugis greitéjant irklavimo tempui, didéja vandens pasipriesinimo jéga.

Tyrimo tikslas — apskaiciuoti jvairiy modeliy (siauresniy — 8650 ir platesniy — 8750) keturvieciy (4x/-) valciy
irklavimo veiksmingumo rodiklius, lemiamus valties komplekso laisvojo vertikalaus supimo, ir nustatyti jy priklauso-
mybe nuo kai kuriy valties korpuso parametry ir irkluotojy vertikalaus poveikio i sédynéle stiprumo esant skirtingam
irklavimo tempui. I§ teoriniy bréziniy nustatyti realiy akademiniy valciy parametrai, reikalingi irklavimo veiksmin-
gumui apskaiciuoti. Matematinio modeliavimo metodu apskaiciuotas laisvojo vertikalaus supimo sukeltas grimzlés
prieaugis ir nustatytas irklavimo veiksmingumo kitimo priklausomumas nuo irklavimo tempo, valties komplekso
masés ir vertikalaus supimo stiprumo.

Analizuojant gautus duomenis nustatyta, kad vertikalaus supimo koeficientas mazai priklauso nuo komplekso masés.
8750 modelio valties, kurios drékinamo pavirsiaus plotas yra didesnis nei 8650 modelio valties, vandens pasipriesini-
mo jéga, proporcingai drékinamo ploto dydziui, yra 4,5% mazesné. Vidutinés grimzlés prieaugio didZiausia teigiama
reiksmé (blogiausios sqlygos) didesné 8650 modelio valciai. Didéjant irklavimo tempui iki 44,5 ir 47 yriy per minute
(atitinkamai 8750 ir 8650 modelio valtims), grimzlés prieaugio reiksmés pasidaro lygios nuliui. Tempui toliau didéjant,
vidutinés grimzlés prieaugio reikSmés pasidaro neigiamos, ir tai gerina traukio sqlygas. Tolesnis tempo didinimas
veiksmingesnis 8650 modelio valciai. Duomenys apie vidutini grimzlés prieaugi traukio metu (nepriklausomai nuo
tempo) sudaro prielaidas paveikiau atlikti trauki. Zinant apie vidutinés grimzlés prieaugio kitimq, galima rinktis
tokias tempo reiksmes, kai vidutiné grimzlé yra mazesné. Galima teigti, kad laisvasis vertikalus supimas lemia irkla-
vimo veiksmingumo kitimq, priklausomq nuo tempo. Tai tikslinga vertinti analizuojant veiksnius, lemiancius didelio
meistriskumo irkluotojy irklavimo technikq.

RaktaZodZiai: vertikalus supimas, irklavimo veiksmingumas, tempas.

[VADAS

nkstesnieji autoriy darbai susieti su vien-

vieCiy ir dvivieéiy akademiniy valéiy ir-

klavimo ekonomiS$kumo, lemiamo verti-

kalaus supimo, matematiniu modeliavimu. Ketur-

vie€iy valciy tyrimas siejamas su analogisku dar

vienos valciy klasés irklavimo ekonomiSkumo
(veiksmingumo) vertinimu.

Teoriniam akademinio irklavimo proceso ma-

tematiniam modeliavimui, biomechaniniy, fizio-

loginiy ir fizikiniy veiksniy analizei skirta nema-

zai darby (Lazauskas, 1997; Abrahamsen, 2001;
Baudouin, Hawkins, 2002 ir kt.). Ta¢iau $iy darby
autoriai apsiriboja pagrindiniy biomechaniniy bei
fiziologiniy veiksniy, lemianciy irklavimo veiks-
minguma, analize. Keturvietéms valtims skirtas ma-
tematinis modelis (Abrahamsen, 2001) yra per daug
ribotas net esant didelei Sios klasés valciy jvairovei.
Nagrinéjant val¢iy jvairove nepateiktas keturvietés
pavyzdys (Lazauskas, 1998). Modeliuojant irkla-
vimo procesa sunku ivertinti visus veiksnius, todél



12

Algirdas Bingelis, Kazimieras Pukénas, Sigita Marija Zdanaviciené

atmetami maziau turintys itakos. Vertinant pagrin-
dines veikiancias jégas atmetamos vertikaliai vei-
kianCios jégos teigiant, kad jos gali turéti nedideli
poveiki. Tai poveikiai, susij¢ su vertikaliais valties
judesiais. Tyréjai (Baudouin, Hawkins, 2002) teigia,
kad vertikalus supimas irklavimo veiksmingumui
didelio poveikio neturi, nes priverstinis vertikalus
supimas, susije¢s su irklavimo tempu, nekeicia vidu-
tinés grimzlés dydzio.

Tyréjas V. Kleshnev (1999), apdorodamas ir-
kluotoju testavimo rezultatus, nustaté, kad irkla-
vimo veiksmingumas mazéja didéjant tempui.
Irklavimo (valties) veiksmingumas nusakomas
traukio galingumo ir vandens pasiprie§inimo ga-
lingumo santykiu. Didéjant tempui, vandens pa-
siprieSinimas didéja. Tikro teorinio paaiskinimo
nepateikiama. V. Kleshnev (2006) kreipia ypatinga
démesi i didelio meistriSkumo irkluotojy, auksto
rango varzybuy prizininky, rezultaty skirtumus,
todél nagrinéja veiksnius, turin¢ius vienety ar pro-
centy daliy poveiki. Veiksmingumo mazéjima jis
taip pat aiSkina bangy pasipriesinimo kitimu, esant
kiliniam valties supimui tempo dazniui.

Literatiiroje nesutinkama uzuominy apie lais-
vojo vertikalaus supimo egzistavima. [Sorinis supi-
mo vaizdas nublanksta pries$ ispidingus irkluotoju
judesius, tod¢l pastebéti ji sunku. Laisvojo verti-
kalaus supimo reiskini A. Bingelis ir J. DaniSe-
vi¢ius (1994) pastebéjo nagrinédami kity autoriy
uzregistruota priverstini kilini valc¢iy supima. Ji
sukelia valti veikiantys vertikallis jégos impulsai
i sedynéle kiekvieno yrio metu. Gestantis laisvasis
vertikalus supimas lemia vidutini grimzlés prie-
augi, tuo paciu drékinamo valties pavirsiaus ploto
dydi. Didéjant tempui, grimzlés priecaugis did¢ja,
todél didéja vandens pasiprie§inimo jéga.

Rungtyniaujant didelio meistriSkumo lygia-
ver¢iams varzovams, pergale gali lemti sekundés
dalys, todél tikslinga {vertinti visus irklavimo pro-
cesa lemiancius veiksnius, ne tik pagrindinius.

Tyrimo tikslas — apskaiciuoti akademiniy
keturvieciy (4x/-) ivairiu modeliy valéiy irkla-
vimo veiksmingumo rodiklius, lemiamus valties
komplekso laisvojo vertikalaus supimo, nustatyti
veiksmingumo rodikliy priklausomybe nuo kai
kuriy valties korpuso parametry ir irkluotojy ver-
tikalaus poveikio { sédyn¢lg stiprumo, palyginti
tarpusavyje valtis ir jy galimybes, pateikti reko-
mendacijas irklavimo veiksmingumui didinti.

Tyrimo metu sprendziami uzdaviniai:

e [S teoriniy bréziniy nustatyti realiy akademi-
niy keturvie¢iy valiy parametrus, reikalin-
gus irklavimo veiksmingumui apskaiciuoti.

e Matematinio modeliavimo metodu pagal
valciy kompleksy ir irkluotoju duomenis ap-
skaiciuoti laisvojo vertikalaus supimo sukel-
ta grimzlés prieaugi.

e [5 vandens pasipriesinimo prieaugio rodikliy
nustatyti irklavimo veiksmingumo kitimo
priklausomuma nuo tempo, valties komplek-
so masés ir vertikalaus poveikio stiprumo.

e Nustatyti salygas, mazinancias ranky nuo-
vargi.

TYRIMO METODAI IR
ORGANIZAVIMAS

Irklavimo veiksmingumo kitimo priklauso-
mumas nuo tempo SF (SF = 60/ T,) grindziamas
veikiancios sédynélg tam tikra laikotarpi ¢, ver-
tikalios krypties jégos F (t) impulso /I sukelto
laisvojo gestancio valties vertikalaus supimo
tvertinimu. DidZziausios jégos F,,, vertikalus po-
veikis i sédynélg véluoja laiko trukme ¢, traukio
jégos Fy (t) trukmés ¢, impulso pradzios atzvilgiu
(1 pav.).

Toks supimas sukelia grimzlés T'C (z) ir valties
drékinamo pavirSiaus ploto S pricaugi AS. Tai di-
dina vandens pasiprie$inimo jéga.

1 pav. Traukio jégos F), (?) ir vertikalaus poveikio Foflt)
i sédynéle jégos F (1) sasajos
Fgl2)
mg

Tz

Iy
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——4x7802 —®—4x8650 —4—4x8750

200

2 pav. Val¢iy grimzlés T priklausomybé nuo valties
komplekso masés m

190
180
170 ~
160
150
140

T, mm

110

—
130
T

100

——4x7802 —®—4x8650 —4—4x8750

6,5 7

3 pav. Val¢iy drékinamo pavirsiaus ploto S priklau-
somybé nuo valties komplekso masés m

460
m, kg

480 500

Sudétinga vertikalaus poveikio jégos impulso
forma apskaiciuojant aproksimuojama lauzte pagal
iSraiska:

k
Fo()=Y a,(t—T Ju(t-7,), (1)
=0

¢ia k — lauztés atkarpy skaicius;
j — lauztés lazio tasko laiko momento eilés numeris;
7, — laiko ¢ reikSmé j-ame lauztés taske;
a,— koeficientas [a; = (Fg., — Fg) / (tj,, — 1) — (Fg—Fg.,) /
(G- 750
Fg— jégos F (t) reikSmés laiko momentais 7, ir u (¢t — ;) —
vienetiné funkcija (u =0, kai t <7 ;u =1, kai t 2 7).

Grimzlés prieaugio { (#) matemating iSrais-
ka, gaunama iSsprendus antros eilés diferencing
lygti (Bingelis ir Danisevicius, 1994), aprasancia
valties laisvaji vertikaly supima, lemiama traukio
pabaigoje vertikalios krypties jégos F (¢) pagal
vienkartinio impulso poveikio (1) formulg.

Dydzio C (?) reikSmé gaunama pagal visoms
val¢iy klaséms tinkancia (2) formule:

1¢ t—7, 2v n’
H=—>»a ult—r, —— -
£ = Y ,)< = ,74{ T

¢ia m — valties komplekso (valties, irkly ir ekipazo) masé;
# — laisvojo supimo kampinis daznis (5 =2n/[2,5AT 1)
(Cemenos-Tsn-1llanckuit u ap., 1969);

v — supimo slopimo koeficientas;

@ — supimo kampinis daznis jvertinant slopima (w ° = #’

—v);

J» k, v, oy — jéga F, (¢) (1) formuléje apraSomi parametrai.
Valties komplekso nusistovéjes po penkto yrio

laisvojo vertikalaus supimo procesas aprasomas

matematiniu reiskiniu (Bingelis, DaniSevicius,

1994):

Cz(t)zzu[t_(i_l)Tz]Q [t-(G—-DT,], (3)

¢ia {5 (1) — suminis grimzlés prieaugis;

i — yrio eilés numeris;

u (t—(i—1) T,) — vienetiné funkcija (u=0,kai < (i—1) 7T,
iru=1,kait>G-1)T);

{(t—(i—1) T,)— grimzlés priecaugio kitimas veikiant vien-
kartiniam jégos F (t) impulsui /g nuo laiko momento ¢ >
(i-1DT,

2 2
e VT )COS|:a)(t — z'/_) + arctgnzv}}> 5 (2)
v
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4 pav. Val€iy vertikalaus supimo slopimo koefi-
ciento v priklausomybé nuo valties komplekso ——4x7802 —®—4x8650 —&—4x 8750
maseés m 29
D — — ————
A
2,5 %f £
23
=21
= ) = - -
19
17
1,5 ; ; ; ; ; ; ‘ ‘ ‘ ‘
300 320 340 360 380 400 420 440 460 480 500
m, kg
5 pav. Val¢iy drékinamo pavirsiaus ploto S priklau-
R . . ——4 %7802 —=—4x8650 +4X8750‘
somybé nuo grimzlés T
6,5
6 //‘A /.
NEA . /
w
54
45 ; ; ; ‘ ‘
110 130 150 170 190 210
T, mm
Vidutinis grimzIés prieaugis yrio metu: SF reikSméms galima iSreiksti veiksmingumo
B 1 koeficientu:
&= J' & (1), (4) EK (SF)=S/[S+ AS (SF)] (8)
4 0

Vidutinis grimzlés prieaugis traukio metu:
_ 1 ™
$p=—x[¢s(0)dr. (5)
In 9
Vidutinis grimzlés prieaugis uzkélio metu:

Coy = —x [ i (©)

1
T,—t

Valties dré¢kinamo pavirSiaus ploto S prieaugis
AS, atsirades dél grimzlés prieaugio C ,, nusako-
mas iSraiSka:

D

AS=Bg C,, (7)

¢ia By, — valties drékinamo pavirsiaus ploto S priklausomy-
bés nuo grimzlés T proporcingumo koeficientas.

Vandens pasipriesinimo jéga proporcinga dré-
kinamo pavirsiaus plotui. Todé¢l laisvojo verti-
kalaus supimo poveikio kitima jvairioms tempo

Esant vienodam vandens pasiprieSinimui, vidu-
tinio valties greicio v, (kai yra vertikalus supimas)
ir v, (kai néra vertikalaus supimo) santykis arba
taip iSreikStas veiksmingumo koeficientas:

EK,(SF)=v_/v,=+/S/[S+AS(SF)] (9)

apibiidina vertikalaus poveikio i sédynéle po-
veiki valties komplekso vidutiniam greiciui.

Tyrimams panaudoti Eksperimentinio konstra-
vimo centro ,,Latvijas laivas‘ projektuoty ir gamin-
ty keturvieciy akademiniy valéiy (modeliai 7802,
8650 ir 8750, analogiski firmos Empacher mode-
liams) teoriniai bréziniai. Pagal teorinius brézinius
trapeciju metodu (Cerka, 1997) nustatytos valéiy
rodikliy priklausomybé¢s, siejancios apkrova — val-
ties komplekso (valties, irkly ekipazo) maseg m, val-
ties grimzlg 7, drékinamo pavirsiaus plota S ir pagal
Salkajevo grafikus vertikalaus supimo slopimo ko-
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.. . K 1 lentelé. (10), (11), (12) ir (13)
Regresijos lygties Valtis regresijos lygéiy koeficienty
Numeris | Koeficientas | 8650 8750 reikSmés
10 Az, 49,144 46,998
B 0,2845 0,2439
1 As,, 2,553 2,6962
Bg, 0,006641 0,006876
12 A, 2,1066 2,5059
B, —0,000291 0,000446
13 Agr 1,4057 1,3703
Bgr 0,023342 0,02802
6 pav. Skai¢iavimams naudojamas jégos F
Fg“} E (?) pavidalas
Fsmax 52
Fs1 Fs
0,5 Fsmax 3
Fsg
Fsa
Fso Fs6
TD f.l fz 1,'3 ?.'4 TEI 1'6 t
g
Is

eficientus v (CemenoB-Tsu-1llanckuii u np., 1969).
Valciy rodikliai apskai¢iuojami valties komplekso
masés m ribose nuo 332 iki 492 kg. [ masg¢ m ieina
keturiy irkluotoju vienodos masés m, ribose nuo 65
iki 105 kg. Valciy rodikliy priklausomybé grafiskai
pavaizduota 2, 3, 4 ir 5 pav.

Val¢iy 7802 ir 8750 duomenys panasis. Valties
8650 duomenys skiriasi nuo minéty val¢iy duome-
ny, nes ji apie 10 procenty siauresné. Todél esant
vienodai apkrovai jos grimzlé didesné. Tolesniam
nagrinéjimui paliekame tik skirtingas valtis 8650 ir
8750. Remiantis tiesine regresine analize, $iy valciy
grimzlés T (determinacijos koef. 7* = 0,999), dré-
kinamojo pavirsiaus ploto S (determinacijos koef.
r*>0,997), vertikalaus supimo slopimo koeficienty
v (determinacijos koef. > > 0,8) priklausomybé nuo
val¢iy kompleksy masés m ir drékinamo pavirSiaus
ploto S (determinacijos koef. 7* > 0,997) priklauso-
mumas nuo grimzlés 7, aprasoma (10), (11), (12) ir
(13) regresijos lygtimis, kuriy koeficienty reikSmes
pateiktos 1 lentel¢je.

T=A, + By,m (10)
S=Ag, + Bg,m (11)
V = Axm + BVlTlm (12)

S=Ag + BT (13)

Skai¢iuojant yrio T, traukio ¢, ir uzkélio ¢,,
laikotarpiy grimzlés prieaugius, esant skirtin-
gam tempui, ivertinama traukio 7,, impulso /;
vélinimo ¢,, vertikalios jégos F(?) didziausios
reik§meés Fg,,, ir jégos veikimo trukmés ¢q pri-
klausomybé¢ nuo tempo SF. Tuo tikslu naudojami
16—60 1 / min tempo ribose testuoty 48 irkluotoju
84 rezultaty kompleksai. Ju pagrindu gautos jégu
ir laiko parametry priklausomybés nuo tempo tie-
sinés regresijos lygciy pavidalu:

t,=-0,0083 SF+1,0173  sur’=02762,  (14)
t,=-0,0055 SF +0,7196 sur’=02016,  (15)
t;=-0,008 SF+0,7766  sur*=02074,  (16)
Fou = 19,79 SF+257  sur'=0,1443. (17

Traukio jégos F), (1) impulsas vaizduojamas
sinusoidés teigiamu pusperiodziu: amplitudé £,
atitinka laiko momenta 0,5 ¢,. Irklo kampas traukio
metu kinta nuo 30 iki 120 laipsniy nepriklausomai
nuo tempo.

Skaiciuojant realius grimzlés prieaugio dy-
dzius pagal (2) formulg¢ naudojamas jégos F (?)
pavidalas, pavaizduotas 6 pav. Todél (1) formuléje
k = 6. Atskiry lauztés tasky laiko ir amplitudés pa-
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2 lentelé. Jégos F(t) laiko ir
amplitudés santykis Laiko momentai Ty T, T, Ty T, Ts T
7 pav. — laiko duomenys, s 0,012 0,036 0,066 0,132 0,208 0,34
Atkarpos trukme, s 0,035 ¢ | 0,106 ¢, | 0,194z, | 0,388 ¢ 0,612 ¢ 1t
7 pav. — amplitudeé, N 865 1730 865 156 393 0
Amplitudés santykis 0,5 Forax | Fomax | 055 Fgmax | 0,09 Fo 10,227 Fg | O
7 pav. Irkluotojo jégos Fg(t) pavidalas 2000
(Zr. 2 lent.)
1800
1600 /\\
1400 / \
1200
% 1000 \
& 800 [/ \\
600 /
400 / /-\
200 N
0 T T T T T \\% T 1
0 0,05 0,1 0,15 02 025 03 035 04
t,s
rametrai nurodyti 2 lentel¢je laiko ir amplitudziy gz
santykiy pavidalu. Dydziai gauti remiantis apie ¢ =0,225SF-3,7673 (8750 332 kg) 1)
100 irkluotojy jégos F (t) matavimo ir ju vidurki- 27 =0,209 SF-3,5014 (8750 412kg) (22)
nimo biidu. Kadangi vidurkinis pavidalas pasirodé Z =0,1982 SF-3,3189 (8750 492kg) (23)

artimas zinomo olimpinio prizininko jégos Fy ()
pavidalui, jo duomenys (7 pav.) priimti ,,standar-
tu® ir panaudoti skaiCiuojant. Laiko ir amplitudés
santykiai iSlaikomi pastoviis pagal 2 lentelg kintant
patiems dydziams ¢ ir Fi,,, pagal (16) ir (17) for-
mules priklausomai nuo tempo.

Didinant ar mazinant vertikalaus poveikio
amplitude proporcingai kinta grimzlés prieaugio
dydis pagal (2) formulg.

REZULTATAI

Irklavimo tempo ribose nuo 21 iki 50 1 / min
apskaiciuoti yrio 7, traukio ¢, ir uzkélio ¢,, laiko-
tarpiy vidutinés grimzlés prieaugiy rezultatai pa-
teikti 8, 9 ir 10 pav. Rezultatai vaizduojami valtis
8650 ir 8750 apibuidinanciomis triju masés dydziy
(332, 412 ir 492 kg) kreiviy Seimomis.

Vidutinis grimzlés prieaugis yrio metu gali
biti apraSytas tiesinés regresijos (+* = 0,999) lyg-
timis:

Gz — 02504 SF— 42251 (8650 332 kg) (18)
Cs - 0,2357 SF-3,9473 (8650 412 kg) (19)
Cs - 0,2244 SF—3,7569 (8650 492 kg) (20)

Vertikalaus poveikio stiprumas jvertintas ap-
skaic¢iuojant vidutinio grimzlés prieaugio dydi yrio
metu keiciant jéga F(?) ribose nuo 50 iki 150%
(11 pav.). Panasus proporcingumas gaunamas ap-
skaic¢iuojant vidutinius grimzlés prieaugius traukio
ir uzkeélio metu. Jy priklausomybiy pavidalas pa-
nasus i pavaizduotus 9 ir 10 pav.

REZULTATU APTARIMAS

Siauresnés valties 8650 statine grimzleé (2 pav.)
priklausomai nuo valties komplekso masés (332;
412 ir 492 kg) yra 143,6; 166,4 ir 189,1 mm bei
10,9; 11,4 ir 11,7% didesné negu platesnés valties
8750 (128; 147,5 ir 167 mm). Todél laisvojo ver-
tikalaus supimo daznis atitinkamai valties 8650
(6,63; 6,16 ir 5,78 Hz) yra maZesnis negu valties
8750 (7,03; 6,54 ir 6,15 Hz). Slopimo koeficientas
mazai priklauso nuo maseés (4 pav.), taCiau siaures-
nés valties 8650 vidutiniskai yra 1,987 1 /s, o val-
ties 8750 vidutiniskai yra 2,69 1 / s (skiriasi 35,2%).
Todél valties 8750 supimas slopsta grei¢iau.

Siauresnés valties 8650 drékinamo pavirSiaus
plotas (4,758; 5,289 ir 5,82 m?) priklausomai nuo
masés yra mazesnis negu valties 8750 (4,979;
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8 pav. Vidutinio grimzlés prieaugio yrio metu pri-

== =80650332kg ——8650412kg — — 8650492 kg . . PP .
______ $750 332 ke §750412kg - - —- 8750 492 kg klausomybé nuo valties komplekso masés ir irklavimo
tempo
94
8 R
] L -
g 7 =
g 6 S
N __-‘_/,/ -
kJ.‘ 5 - - = — -
= L=
2 L
=z ==
3 =
2 4
1 4
0 : : : : : )
20 25 30 35 40 45 50
SF, 1/ min
- - -8650332kg ——8650412kg  — — 8650 492 kg 9 pav. Vidutinio grimzlés prieaugio traukio metu pri-
------- 8750332kg ——8750412kg  ——-—-8750492kg klausomybé nuo valties komplekso masés ir irklavimo
4 tempo
34
24
14
g
Eﬁ 0
S0
< -
~ 5
34
4 4
-5-
SF, 1/ min
- 8650332 ke 8650412kg  — — 8650 492 ke IO.pav. Vldllt.llllo grlm.zles prieaugio uzklelfo .metu
_______ 8750332k ——8750412kg - - - 8750492 kg priklausomybé nuo valties komplekso masés ir irkla-
vimo tempo
20 A
18 4
~, 7.
16
s f
g s
N
(=)
Y
k)
>
‘
20 25 30 35 40 45 50
SF. 1/ min
<= - 8650 05 FS () —— 8650 FS (1) — 8650 15FS (1) 11 pav. Vidutinio grimzlés prieaugio yrio metu pri-
....... 8750 0,5 FS () —— 8750 FS (1) ———--8750 1,5FS (1) klausomybé nuo vertikalaus poveikio stiprumo ribose
12 1 _ | 05—1,5Fs(»
~
-
- -
0 -
-~ -
o7
g3 =
g PR
N s
. 6 e
= -7 -
> o2
. -~ ////
! -
~_ - L=t T
- - Le st
-z PR
2T = PP T E
0 T T T T T
20 25 30 35 40 45 50
SF, 1/ min
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12 pav. Veiksmingumo koeficiento, lemiamo
vidutinio grimzlés prieaugio kitimu yrio " - 18650332 kg 8650 412 kg — —8650492kg
metu, priklausomybé nuo tempo | [ ¢ 8750 332 kg — 8750412 kg ———-8750492 kg
1
0,99
v, 0,98 A
m
0,97 A
0,96 ‘ ‘ ‘ ‘ ‘ =
20 25 30 35 40 45 50
SF, 1/ min
13 pav. Veiksmingumo koeficiento, lemiamo
vidutinio grei¢io kitimo, priklausomybé -7 - 8050332 ke 8050412kg  — — 8650 492 kg
muo tempo | L 8750332kg ——8750412kg —---8750492 kg
1 -
0,99
Z
% 098
097
0,96 T T T T T 1
20 25 30 35 40 45 50
SF, 1 / min
14‘11213"- Valt:.s lrkl:wlmo veiksmingumo O Porinio irklo A Pavienio irklo EKs 8650 412 kg
priiiausomybe nuo tempo - = = Poly. (Porinio irklo) Poly. (Pavienio irklo)
99
98,8
xX
4 98,6
£
g 984 -
g
£ 982 A
i
2 98
g
£ 97,8 1
Z 976
S 974
s
97,2 1
97 T T T T T T
15 20 25 30 35 40 45 50
Tempas, 1 / min

5,529 ir 6,079 m?). Todé¢l valties 8650 vandens
pasipriesinimo jéga, proporcingai drékinamo ploto
dydziui, mazesné 4,5%.

Vidutinés grimzlés prieaugio traukio metu
reik§mé priklauso nuo valties parametry, valties
komplekso masés ir irklavimo tempo. Teigiamas

vidutinés grimzlés priecaugio (9 pav.) didziausia
reikSmé (blogiausios salygos) didesné siauresnei
valciai 8650 apie 0,7 mm negu platesnei 8750, nors
Siuos dydzius atitinkancios tempo reik§més mazai
skiriasi (35,7 ir 36 1 / min). Didéjant tempui (nuo
tempo su didziausia grimzlés prieaugio reikSme),
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grimzIlés prieaugis mazéja. Valties 8650 ir valties
8750 vidutinés grimzlés prieaugio reikSmés lygios
nuliui, esant tempui 44,5 ir 47 1 / min atitinkamai.
Toliau didéjant tempui, vidutinés grimzlés pricaugiy
reikSmés gauna neigiama Zenkla, gerindamos trau-
kio salygas. Tolesnis tempo didinimas veiksminges-
nis siauresnei valciai. Toks dél laisvojo vertikalaus
supimo kintantis vidutinis grimzlés prieaugis trau-
kio metu neproporcingai tempo dydziui gali buti
panaudotas paveikiau atlikti trauki. Tyréjai Y. Liu
ir kt. (1996), tirdami irkluotoju nuovargi, nustaté,
kad rankos grei¢iau nuvargsta negu kojos. Todél
rekomenduoja tausoti rankas. Daugiausia rankos
pavargsta traukio metu. Todél Zinant apie nepropor-
cinga tempui vidutinés grimzlés prieaugio kitima
galima rinktis tokias tempo reikSmes, kai vidutiné
grimzl¢é yra mazesné (9 pav.).

Vidutinis grimzlés prieaugis uzkélio metu pri-
klausomai nuo tempo didéja (10 pav.). Didéjimas
stipréja tempui vir§ijus 35 1 / min reik§mg. Taciau
Sioje fazéje rankos praktiskai nedalyvauja.

Didinant vertikaly poveiki i sédynéle vidutinis
grimzlés prieaugis proporcingai did¢ja (11 pav.),
tuo mazindamas irklavimo veiksminguma. Toks
poveikis skirtumo tarp irklavimo veiksmingumo
beveik nekeicia. Kei¢iant vertikalios jégos dydi ri-
bose 0,5—1,5 F(t) ir tempa ribose 30—50 1 / min
veiksmingumo koeficientas £K dél vandens pa-
siprieSinimo kinta 0,5—1,5%, o veiksmingumo
koeficientas £K, dé¢l greicio beveik du kartus ma-
zesnis negu EKj.

Kintant valties komplekso masei + 80 kg
atzvilgiu vidutinés masés 412 kg tempo ribose
30—50 1 / min veiksmingumo koeficientas EKj
dél vandens pasiprieSinimo kinta 0,18—0,65%, o

veiksmingumo koeficientas EK dél greicio beveik
du kartus mazesnis negu EKj.

Miisy teoriskai apskaiciuoto pagal (8) formule
valties 8650 (412 kg) veiksmingumo koeficiento
sutapimas patenkinamas (14 pav.), lyginant su
praktiniy statistikos duomeny apdorojimo rezul-
tatais (Kleshnev, 1999). Todél galima teigti, kad
laisvojo vertikalaus supimo egzistavimas gali biiti
irklavimo veiksmingumo kitimo nuo tempo prie-
zastimi. Tai tikslinga vertinti analizuojant veiks-
nius, lemiancius didelio meistriSkumo irkluotoju
irklavimo technika.

ISVADOS

1. Siauresnés valties drékinamas pavirSiaus plotas
mazesnis, todél jos irklavimo veiksmingumas
didesnis dél mazesnio vandens pasipriesinimo.

2. Laisvojo vertikalaus supimo poziiliriu mazes-
né valties komplekso masé blogina irklavimo
veiksminguma.

3. Stiprinant vertikaly poveiki i sédynéle irklavi-
mo veiksmingumas proporcingai mazéja.

4. Irklavimo veiksmingumas mazéja
0,1% / (1 / min), jei vidutiné irkluotojo masé
85 kg.

5. Laisvojo vertikalaus supimo teorija pagristas
irklavimo veiksmingumo kitimas nuo tempo
praktiskai atitinka kity tyréjy eksperimentinius
duomenis.

6. Rekomendacija tausoti rankas irklavimo metu
gali buti siejama su irklavimo tempo parinki-
mu, zinant vidutinio grimzlés prieaugio mazé-
jimo galimybes traukio metu.

LITERATURA

Abrahamsen, A. (2001). Rowing Model for a Four. May 18.
Prieiga internetu: http://online.redwoods.cc.ca.us/instruct/dar-
nold/deproj/Sp01/Al/Rowingpaper_s.pdf

Baudouin, A., Hawkins, D. (2002). A biomechanical re-
view of factors affecting rowing performance. British
Journal of Sports Medicine, 36, 396—402.

Bingelis, A., DaniSevicius, J. (1994). Teorinis akademi-
nio irklavimo tempo tyrimas. Sporto mokslo zinios, 1,
19—30.

Cerka, J. (1997). Laivo teorija. Klaipéda: KU.

Kleshnev, V. (1999). Propulsive efficiency of rowing. In
Proceedings of the XVII International Symposium on Bi-
omechanics in Sports (pp. 224—228). Western Australia,
Perth: Cowan University. Prieiga internetu: ruina.tam.
cornell.edu/research/topics/locomotion_and_robotics/pa-
pers/oar_efficiency.pdf

Kleshnev, V. (2006). Rowing Biomechanics Newsletter.
Volume 6 No 67 October. Prieiga internetu: http://www.

biorow.com/RBN_en_2006_files/2006RowBiomNews10.
pdf

Lazauskas, L. (1997). A Performance Prediction Model
for Rowing Races. Department of Applied Mathematics,
University of Adelaide, Technical Report: L9702. Prieiga
per interneta: http://www.maths.adelaide.edu.au/Applied/
llazausk/hydro/rowing/stroke/stroke.htm.

Lazauskas, L. (1998). Rowing Shell Drag Comparisons.
Department of Applied Mathematics, University of Ade-
laide, Technical Report: L9701. Prieiga internetu: http://
www.cyberiad.net/library/rowing/real/realrow.htm

Liu, Y., Lormes, W., Opitz-Gress, A. et al. (1996). Are
the arm muscles prior to the leg muscles to be fatigued
in rowing? Medicine and Science in Exercise and Sports,
28 (5), Supplement abstract 306.

CemenoB-Tsn-1llanckuii, B. B., bnarosemenckuii, C. H.,
XomommmuH, A. H. (1969). Kauka xopabns. Jleannrpan:
CynocTtpoeHue.



20 Algirdas Bingelis, Kazimieras Pukénas, Sigita Marija Zdanaviciené

THE INFLUENCE OF STROKE RATE ON THE EFFICIENCY OF
ROWING QUADRUPLE SCULLING BOATS

Algirdas Bingelis, Kazimieras Pukénas, Sigita Marija Zdanaviciené
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

The study of academic quadruple sculling boats was associated with the previous studies by the authors
on the mathematical modeling of the economy of single and double sculling boats influenced by vertical
oscilation. There are no data in the scientific literature about the analysis of impact of free vertical oscilation
which is achieved by vertical power impulses to the seat during each stroke. The decaying vertical oscillation
influences the average growth of the draught, and thus the area of the wetted surface increases resulting in
the growth of the boat draught when the stroke rate and the force of water resistance increase.

The aim of the study was to estimate the rowing efficiency indices of quadruple sculling boats (4x/-) of
different models (narrower — 8650, and wider — 8750) which were influenced by the factor of free vertical
oscilation of the boat complex, and to establish the dependence of efficiency indices on certain parameters
of the hull and the strength of rowers’ vertical impact on the seat under the conditions of different rowing
rate. The parameters of concrete academic boats necessary to estimate the rowing efficiency were established
according to theoretical schemes. Applying the method of mathematical modeling we calculated the growth
of the draught which was caused by the free vertical oscilation and established the change in the rowing
efficiency depending on the rowing rate, the mass of the boat complex, and the amplitude of the vertical
impact on the seat.

The analysis of the obtained results indicated that the coefficient of the vertical oscilation did not
depend much on the mass of the boat complex. The water resistance force of the 8750 model boat, which is
proportional to the magnitude of the wetted area and the wetted surface of which is greater compared to that
of 8650 model, was less by 4.5%. The highest positive value of the average growth of the draught (worst
conditions) was greater for the 8650 model. With the increase of the rowing rate up to 44.5 and 47 strokes
per minute for the 8750 and 8650 models respectively, the values of the growth of the draught equaled
zero. When the rate continued to increase, the values of the growth of the draught became negative, and
the draging conditions improved. The further increase in the rate was more effective for the 8650 model.
The data about the average growth of the gauge during the drag (irrespective of the rate) preconditioned
the more effective drag. Being aware of the change in the average growth of the draught we can choose the
rate values when the average draught is lower. We suggest that free vertical oscilation impacts the change
in the efficiency of rowing depending on the rate. It is expedient to evaluate the factors which impact the
rowing technique of elite rowers.

Keywords: vertical oscilation, rowing efficiency, rate.
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IVAIRIOS SPECIALIZACIJOS ELITO DVIRATININKIU
FIZINIO ISSIVYSTYMO, FIZINIO IR FUNKCINIO
PAJEGUMO PAGRINDINES YPATYBES

Riita Dadeliené, Kazys MilaSius, Linas Tubelis, Juozas Skernevicius
Vilniaus pedagoginis universitetas, Vilnius, Lietuva

Riita Dadeliené. Biomedicinos moksly daktaré. Vilniaus pedagoginio universiteto Kiino kulttiros teorijos katedros docenté. Moksliniy tyrimy
kryptis — fizinis aktyvumas, organizmo adaptacija.

SANTRAUKA

Tyrimo tikslas — atskleisti elito dviratininkiy, pasiekusiy dideliy sportiniy rezultaty skirtingose dviraciy sporto rung-
tyse, pagrindines fizinio issivystymo, fizinio ir funkcinio pajégumo ypatybes.

Per 2006—2007 mety treniruociy ciklq istirtos 4 Lietuvos olimpinés dviraciy sporto rinktinés kandidatés, kurios ren-
gési pagal programq ,, Pekinas-2008 . Sportininké A — sprinteré, pasiekusi dideliy laiméjimy pasaulio cempionatuose
ir olimpinése zaidynése, rungtyje, kurioje pergale lemé 10—15 s trukmés anaerobinio alaktatinio galingumo darbas.
Sportininkeé B dalyvavo pasaulio taurés etapuose ir pasaulio cempionatuose pagal BMX varzyby programq. Rungties
trukmé — 30—50 s, energijos gamyboje vyrauja anaerobinés alaktatinés ir glikolitinés reakcijos. Sportininké C rengeé-
si ir dalyvavo pasaulio taurés etapuose, iskovojo prizine vietq pasaulio jaunimo cempionate, tapo 3 km persekiojimo
rungties treko dviraciy pasaulio taurés laimétoja. Rungties trukmé 3,5—4 min, energetikos pagrindq sudaro misrios
anaerobinés ir aerobinés reakcijos. Sportininké D — plento tarptautiniy varzyby nugalétoja, pasaulio cempioné ir
prizininké. VarZyby rungties trukmé tarp 1—4 h, energijos gamyboje vyrauja aerobinés reakcijos.

Nustatéme pagrindinius fizinio issivystymo rodiklius, raumeny ir riebaly mase, raumeny riebaly masés indeksq
(RRMI). Tirtas raumeny galingumas jvairiose energijos gamybos zonose: vienkartinio raumeny susitraukimo galin-
gumas (VRSG), anaerobinis alaktatinis raumeny galingumas (AARG) (laiptine ergometrija), specialusis anaerobinis
alaktatinis galingumas (10 s maksimaliy pastangy veloergometriniu testu), misrius anaerobinis alaktatinis ir gliko-
litinis galingumas (30 s trukmeés Vingeito testu). Nustatyta laktato koncentracija kraujyje po Sio testo. Nustatytas
kraujotakos sistemos funkcinis pajégumas, paprastos psichomotorinés reakcijos laikas, judesiy daznis per 10 s.
Tyrimai atlikti pagal J. Skerneviciaus ir kt. (2004) metodikq.

Tyrimai parodeé, kad dviratininkés, kuriy varzybiné veikla trumpesné negu 4 min, yra didelés raumeny masés, kurioje
gali susikaupti didelis kiekis energiniy medziagy ir greitq jy vartojimq skatinanciy fermenty, todél tokiam darbo
rezimui parengty raumeny masés ugdymas yra prielaida pasiekti dideliy sportiniy rezultaty.

Elito dviratininkiy, kuriy varzybinés veiklos trukmé skirtinga, energijos gamyboje vyraujant anaerobinéms reakcijoms,

suolio aukstis, VRSG, AARG, 10 ir 30 s specialusis raumeny galingumas skiriasi mazai, taciau kraujotakos sistemos
Sfunkciniai rodikliai daug geresni sportininkés, kurios varzybiné veikla trunka iki 4 min.

Elito dviratininkes, kurios varzybinés veiklos metu svarbiausios energijos gamyboje yra aerobinés reakcijos, raume-
ny masé nedidelé, raumeny galingumas neilgo darbo metu yra mazas, bet kraujotakos sistemos funkcinio pajégumo
rodikliai labai dideli ir gali biiti modelinémis charakteristikomis rengiant didelio meistriskumo dviratininkes, taip pat
kity sporto Saky atstoves, kuriy varzybinés veiklos metu energijos gamyboje vyrauja aerobinés reakcijos.

RaktaZodZiai: fizinis issivystymas, fizinis ir funkcinis pajégumas, varzybiné veikla.

[VADAS

agal darbo trukme ir jo intensyvuma dviraciy
sporto rungciy jvairové labai didelé. Varzy-
bos vyksta treke, plente, ivairiose vietovése
ir specialiai irengtose sudétingose trasose. Rungtys
trunka nuo keliolikos sekundziy iki keleto valanduy.
Kiekviena skirtinga rungtis i$ sportininky pareika-
lauja specifiniy fiziniy ir funkciniy galiy, kurias
lemia jgimtos genotipinés adaptacijos ypatybés

(Neumann, 1992; Gayagay ir kt., 1998; Williams
et al., 2000; Thompson et al., 2006). Rengiant dvi-
ratininkus taip pat didelg reikSmg turi specialiyju
fiziniy kriiviy, taikomy pratybose, priemonés, me-
todai, intensyvumas, trukme, atsigavimo eiga, grei-
tosios ir ilgalaikés fenotipinés adaptacijos reiskiniai
(Meepcon, 1986; Ilnatonos, 2004). Kita vertus,
ivairiy rung¢iy dviratininky judesiy biomechani-



22

Rata Dadeliené, Kazys Milasius, Linas Tubelis, Juozas Skernevicius

nés ypatybés labai mazai skiriasi (Burke, 1988).
Dviraciy sporto moksliniai tyrimai gana iSplétoti
(Raslanas, 2001; Gabrys, Szmatlan-Gabrys, 2002;
Stasiulis, An¢lauskas, 2003; Milasius ir kt., 2003,
2005), taciau atskiry specifiniy rung¢iy dviratinin-
kiy rengimo ir ju fiziniy bei funkciniy galiy, iSskirti-
niy ypatybiy analizés dar nepakanka (Tubelis ir kt.,
2007). Sporto mokslui svarbu i$skirti pagrindines
elito dviratininkiy, pasiekusiy labai dideli meis-
triSkuma jvairiose rungtyse, fizinio iS§sivystymo,
fizinio ir funkcinio pajégumo ypatybes (Jeukendrup
et al., 2006). Darome hipoteting prielaida, kad at-
likus atskiry rungc€iy elito dviratininkiy tyrimus
iSryskeés pagrindiniai fizinio i$sivystymo, fiziniy
galiy, funkcinio pajégumo specifinés ypatybés.
Tai svarbi moksliné problema, kuria iSnagrinéjus
galima tikétis s€ékmingesnés dviratininkiy atrankos
pagal atskiras rungtis. Tai turi padéti kryptingiau
rengti didelio meistriSkumo konkrecios rungties
dviratininkes.

Tyrimo tikslas — atskleisti elito dviratininkiy,
pasiekusiy dideliy sportiniy rezultaty skirtingose
dviraciy sporto rungtyse, pagrindines fizinio i$si-
vystymo, fizinio ir funkcinio pajégumo ypatybes.

TYRIMO ORGANIZAVIMAS IR
METODAI

Per 2006—2007 m. treniruoCiy cikla tyréme
keturias Lietuvos olimpinés rinktinés kandidates,
kurios rengési pagal programa ,,Pekinas-2008*.
Sportininké A — sprinteré, pasiekusi dideliy lai-
méjimy pasaulio ¢empionatuose ir olimpinése
zaidynése, rungtyse, kuriose vyravo 10—15 s tru-
kmés darbo anaerobinis alaktatinis galingumas.

Sportininké B dalyvavo pasaulio taurés etapuo-
se ir pasaulio cempionatuose pagal BMX varzyby
programa. Rungties trukmé — 30—50 s, energijos
gamyboje vyrauja anaerobinés alaktatinés ir gliko-
litinés reakcijos.

Sportininké C rengési ir dalyvavo treko dvi-
ra¢iy pasaulio taurés etapuose, iSkovojo prizing
vieta pasaulio jaunimo Cempionate, tapo 3 km
persekiojimo rungties pasaulio taurés laimétoja.
Rungties trukmé 3,5—4 min, sportininkés energi-
jos gamybos pagrinda sudaro misrios anaerobinés
ir aerobinés reakcijos.

Sportininké D — plento dviraciy tarptautiniy
varzyby nugalétoja, pasaulio Cempion¢ ir prizinin-
ké. Varzyby rungties trukmé tarp 1 4 h, energijos
gamyboje vyrauja aerobinés reakcijos.

Tyrimo metu nustatyti pagrindiniai fizinio is-
sivystymo rodikliai: igis, kiino masé, kiino masés

indeksas (KMI), plastaky jéga, gyvybinis plauciy
tiris (GPT), raumeny ir riebaly masé bei raume-
ny riebaly masés indeksas (RRMI) (Juocevicius,
Guobys, 1985). Taip pat nustatytas Suolio auks-
tis atsispiriant abiejomis kojomis, atsispyrimo
laikas, vienkartinis raumeny susitraukimo ga-
lingumas (VRSG) (Bosco et al., 1983), anaero-
binis alaktatinis raumeny galingumas (AARG)
(laiptine ergometrija) (Margaria et al., 1966). Spe-
cialiajam anaerobiniam alaktatiniam galingumui
tvertinti buvo taikytas 10 s maksimaliy pastangu
veloergometrinis testas, miSriam anaerobiniam
alaktatiniam ir glikolitiniam galingumui nustaty-
ti — 30 s maksimaliy pastangy Vingeito testas,
laktato koncentracija nustatyta paémus krauja
po 3 min poilsio. Fizinis kruvis atliktas Svedu
firmos ,,Monark-894E* veloergometru. Kraujota-
kos sistemos funkcinj pajégumas tirtas nustatant
kraujospiidi, kai tiriamoji sédi, pulso dazni (PD)
po 5 min guléjimo, ortostatinio méginio metu, re-
akcija 1 standartinj fizini kravi (30 atsitipimy per
45 s) ir atsigavimo eiga per 60 s. Hemoglobino
koncentracija kraujyje nustatyta ,,Hemo Cue 201
analizatoriumi, hematokritas (Ht) — minifotome-
tru ,,MF 5020%. Psichomotorinés funkcijos buvo
vertinamos nustatant paprastos psichomotorinés
reakcijos laika, t. y. kaip tiriamoji reaguoja i regos
dirgiklj ir minimaliy plastakos judesiy daznj per
10 s. Tyrimai atlikti pagal J. Skerneviciaus ir kt.
(2004) metodika.

REZULTATAI

Analizuojant fizinio i$sivystymo duomenis
(1 lent.) matyti, kad tirty A, B ir D dviratininkiy
agis beveik nesiskyre, tik C dviratininké buvo
5 cm didesné uz kitas. Bendroji kiino ir raume-
ny masé A, B ir C dviratininkiy skyrési nedaug.
Taciau D dviratininkés bendroji kiino ir raumeny
masé buvo maza. Visy tiriamyjy riebaly masés
rodikliai — 6,2 ir 10,9 kg. Mazu KMI rodikliu
i§siskyré D sportininké, jos plastaky jéga taip pat
buvo daug mazesné negu kity dviratininkiy. Suolio
aukstis ir atsispyrimo trukmeé A, B, C dviratininkiy
skyrési nedaug, o D dviratininkés sie rodikliai
buvo kur kas mazesni (2 lent.). Tiek absoliutis,
tiek santykiniai VRSG ir AARG rodikliai pirmuy
trijy sportininkiy skyrési nedaug, D dviratininkés
jie buvo daug mazesni, jos PRL rodiklis buvo
didziausias, centrinés nervy sistemos paslanku-
mas — maziausias.

Absoliutus specialusis anaerobinis alaktatinis
raumeny galingumas 10 s minant veloergometra
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1 lentelé. Skirtingos specia-

Rodikliai (Joi i Plastak :
ocrt Ug.ls Kun'() KMI, .éai akq Raumeny Rleba.lq lizacijos dviratininkiy fizi-
StOVlnt, mase, ke / mz Jega, Kg GPT, 1 masé. k mase, RRMI nio iésivystymo, raumeny
Dviratininkés cm kg & D K » X8 kg ir riebaly masés santykio
tyrimo duomeny lygina-
A 169,0 70,0 24,1 47 | 47 5,4 38,1 9,4 4,03 | moji charakteristika
B 169,0 70,0 25,0 45 | 42 5,2 36,8 6,8 5,41 Pastaba. KMI — kiino ma-
C 174,5 66,5 21,2 42 | 44 4,8 38,5 7,8 4,85 | sés indeksas; GPT — gy-
vybinis plauciy taris;
D 168,0 54,7 17,9 36 | 34 4,6 28,5 6,2 4,60 | RRMI — riebaly raumeny
maseés indeksas.
Rodikliai Atsispyri- VRSG AARG 2 lentelé. Skirtingos spe-
Maks. Suolis J.d., | cializacijos dviratininkiy
> | mo laikas PRL, ms ’
cm > ’ k./10s| vienkartinio raumeny
Dviratininkés mls W | W/kg| W | W/kg susitraukimo galingu-
mo (VRSG), anaerobinio
A 47 184 1738 25,00 1170 16,90 177 80 alaktatinio raumeny ga-
B 39 146 | 1784 | 2549 | 1132 1618 | 170 | 79 | 'insumo (AARG), psicho-
motorinés reakcijos laiko
C 48 173 1790 | 27,16 | 1092 | 16,57 188 78 (PRL), judesiy daZnio per
10 s tyrimy duomenys
D 37 233 849 15,57 | 700 | 12,84 210 65
. K 3 lentelé. Skirtingos spe-
Rodikliai Galingumas, W cializacijos dviratininkiy
10s 30s La, mmol /1 Hb, g /1 Ht, % | anaerobinio alaktatinio,
Dviratininke miSraus anaerobinio
viratininkes vid. W/ kg vid. W/ kg alaktatinio ir glikolitinio
A 970 | 1385 | 674 | 9.64 14,0 142 46 | galingumo, kraujo bio-
cheminiy tyrimy duome-
B 921 13,20 630 9,20 12,8 131 44 ny lyginamoji charakte-
ristika
C 931 14,64 696 10,88 15,4 155 51
D 530 9,80 415 7,70 7,8 149 38
Rodikliai PD Kriivio (tv. / mi R . 4 lentelé. Skirtingos spe-
odiidiat po kriivio (tv. / min) Kraujospudis ra- cializacijos dviratininkiy
RI A D i karto | 15s | 30s | 455 | 60 s mybés buisenoje, | firdies ritmo duomenys
Dviratininkés mm Hg ram.yl?éje, ortostfntinio
méginio metu, atliekant
A 2,8 52 60 111 96 88 76 72 110/70 standartinj fizinj kravj ir
B 16 | 44 | 80 | 125 | 92 | 84 | 68 | 56 115/70 restitucijos laikotarpiu,
atsigaunant 1 min duo-
C 0,0 48 76 101 76 72 60 56 110/70 meny lyginamoji charak-
teristika
D -1,6 | 44 46 95 68 60 52 48 105/70

pirmy trijy sportininkiy buvo tarp 921 ir 970 W,
didziausias — A dviratininkés. D dviratininkeés Sis
rodiklis buvo lygus 530 W. Biidamos gero pareng-
tumo, pirmos trys dviratininkés demonstravo gana
dideli santykini anaerobini alaktatini raumeny
galinguma, kuris sieké 13,20—14,64 W / kg, tuo
tarpu D dviratininkés — tik 9,8 W / kg. Absoliu-
tus misSrus anaerobinis alaktatinis ir glikolitinis
galingumas pirmy trijy sportininkiy skyrési ma-
zai ir sieké 630—696 W, D dviratininkés — tik
415 W. Pirmy triju sportininkiy santykinio ga-
lingumo rodikliy sklaida didesné (nuo 9,20 iki
10,88 W/ kg). D dviratininké nuo jy atsiliko dau-

Pastaba. A — pulso daznis
gulint; D — pulso daznis
stovint, kai pulsas stabili-
Zuojasi.

giau (7,7 W / kg), nors jos kiino masé buvo kur
kas mazesné negu kity trijuy dviratininkiy (3 lent.).
Laktato koncentracija kraujyje, paimtame praéjus
3 min po 30 s fizinio kriivio maksimaliomis pa-
stangomis, pirmy trijy sportininkiy skyrési nedaug
ir sieké 12,8—15,4 mmol / 1. D sportininkés gliko-
litiniy reakcijy aktyvumas buvo nedidelis, laktato
koncentracija — 7,8 mmol / 1.

Analizuojant kraujotakos funkcinius rodiklius
(4 lent.) matyti, kad visy tirty sportininkiy sisto-
linio kraujospudzio rodikliai skyrési mazai. PD
rodikliai gulint visy tirty dviratininkiy skyrési
mazai ir sieké 44—52 tv. / min, taciau PD stovint
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labai skyrési. Labai mazai { ortostatini mégini
reagavo D dviratininke, jos PD padaznéjo tik
2 tv. / min. Daugiausia PD padaznéjo B dvirati-
ninkés — 36 tv. / min. Po standartinio fizinio kra-
vio jos pulso daznis padidéjo 81 tv. / min ir buvo
lygus 125 tv. / min. Kity triju sportininkiy pulso
daznio padidé¢jimas reaguojant { §i fizinj kriivi
buvo panasus — 51—59 tv. / min. Maziausias PD
po krtivio buvo D sportininkés — tik 95 tv. / min,
greiciausiai ji ir atsigavo — per 60 s, o skirtumas
tarp PD gulint pries kriivi ir pragjus 60 s po jo —
tik 4 tv. / min. Didziausias §is skirtumas buvo A
dviratininkés ir sudaré 20 tv. / min. Dviratininkés
C sis skirtumas — 8 tv. / min, B — 12 tv. / min.
Rufjé indeksas (RI), parodantis kraujotakos sis-
temos funkcini pajéguma, maziausias buvo D
sportininkés (plento dviratininkeés) (—1,6 s. v.),
Siek tiek didesnis C sportininkés (0,0 s. v.). BMX
dviraciy rungti kultivuojancios dviratininkés RI
buvo 1,6 s. v., o treko sprinterés — 2,8 s. v.
Hemoglobino koncentracija C dviratinin-
kés kraujyje buvo didziausia — 155 g/ 1, jos
kraujo hematokritas buvo didelis — 51%. Kity
sportininkiy hemoglobino koncentracija sieké
fiziologinés normos ribas, o kraujo heamatokritas
nevirsijo sporto praktikoje leistiny riby.

REZULTATU APTARIMAS

Atliktas tyrimas atskleidé, kad jvairios speci-
alizacijos dviratininkés, kuriy varzybinés veiklos
laiko intervalai yra labai skirtingi, ir mechaninés
energijos gamyboje vyrauja skirtingi mechaniz-
mai, turi i$skirtinj fizinio iSsivystymo, galingumo
ir funkcinio pajégumo ypatybiy. Tai i$ dalies su-
tampa su L. Tubelio ir kt. (2007) autoriy tyrimy
iSvadomis ir gali biiti paaiskinama pagrindiniais
zmogaus adaptacijos prie fizinés veiklos désniais
(Meepcon, 1986; I1maronos, 1988, 2004).

Dviratininkés, kuriy varzybinéje veikloje
energijos gamyboje vyrauja anaerobinés arba
misrios anaerobinés aerobinés reakcijos, turi
didelg raumeny mas¢ — kuo ji didesné vykstant
adaptacijai, tuo daugiau kaupiasi tokiy energiniy
medziagy kaip kreatinfosfatas, glikogenas ir re-
akcijose dalyvaujantys fermentai (BoxkoB u np.,
2000; Gailitinien¢, Milasius, 2001). Tyrimais jro-
dyta, kad dviratininkiy raumeny masé glaudziai
koreliuoja su VRSG, AARG, specialiuoju anae-
robiniu alaktatiniu ir glikolitiniu galingumu (Tu-
belis ir kt., 2007). Taigi yra pagrindo teigti, kad
dviratininkéms, kultivuojan¢ioms tokias rungtis,
kuriy darbo trukmé siekia 4 min, didelius sporti-

nius pasiekimus lemia tam tikry raumeny masé.
Jos ugdymas specialiais pratimais turi sudaryti
didele pratybu dali. Galima daryti prielaida, kad
dviratininkéms siekiant dideliy sportiniy rezul-
taty tokiose rungtyse, kuriy energetikos pagrin-
da sudaro aerobinés reakcijos, ekonomiskesnis
darbas biina tada, kai raumeny masé néra labai
iSugdyta, bet tokiu atveju anaerobiné alaktatiné
ir glikolitiné energijos gamyba néra didelé, o
kraujotakos sistemos funkcinis pajégumas labai
didelis (Jeukendrup ir kt., 2006). Dviratinin-
kiy, kuriy varzybiné veikla trumpa, kraujota-
kos sistemos funkcija parodantys rodikliai yra
gana auksti. Tai rodo, kad ir juy rengimo vyksme
atlieckama daug fizinio krivio aerobinio ugdymo
zonoje (Schmidt, 1998). Vadovaujantis Meersono
(1986) adaptacijos désniu, galima manyti, kad
tai gali turéti neigiamos jtakos raumeny greituju
skaiduly ugdymui. Tyrimas atskleidé, kad elito
dviratininkés, kurios varzybinéje veikloje vyrauja
aerobinés reakcijos, kraujotakos sistemos funkci-
niai rodikliai yra labai dideli, retai uzfiksuojami
sporto mokslo tyrimy (Skernevicius ir kt., 2004).
Ypa¢ maza §iy dviratininkiy PD reakcija i stan-
dartini fizini kravj ir greitas atsigavimas po jo.
Esant gana didelei hemoglobino koncentracijai
kraujyje, mazas kraujo hematokritas sudaré pa-
lankias salygas kraujotakai.

ISVADOS

1. Dviratininkiy, kuriy varzybiné veikla trunka
maziau negu 4 min, raumeny masé didelé, or-
ganizme gali susikaupti didelis kiekis energiniy
medziagy ir ju vartojima skatinanc¢iy fermenty,
todél tokiam darbo rezimui parengty raumeny
masés ugdymas yra prielaida dideliems sporti-
niams rezultatams pasiekti.

2. Elito dviratininkiy, kuriy varzybinés veiklos
trukmé skirtinga ir energijos gamyboje vyrauja
anaerobinés reakcijos, Suolio aukstis, VRSG,
AARG, 10 ir 30 s specialusis galingumas ski-
riasi mazai, taciau kraujotakos sistemos funkci-
niai rodikliai daug geresni tos sportininkés, ku-
rios varzybiné veikla trunka apie 3 min 40 s.

3. Elito dviratininkés, kurios varzybinés veiklos
metu energijos gamyboje vyrauja aerobinés
reakcijos, nustatyti tokie esminiai skirtumai:
raumeny masé nedidelé, raumeny galingumas
mazos trukmés darbo metu yra nedidelis, krau-
jotakos sistemos funkcinio pajégumo rodikliai
labai dideli.



IVAIRIOS SPECIALIZACIJOS ELITO DVIRATININKIU FIZINIO ISSIVYSTYMO, FIZINIO IR FUNKCINIO PAIEGUMO PAGRINDINES YPATYBES 25

LITERATURA

Bosco, C., Komi, P., Tihanyj, J., Fekete, C., Apor, P.
(1983). Mechanical power test and fiber composition of

human leg extensor muscles. European Journal of Applied
Physiology, 51, 129—135.

Burke, E., Newsom, M. M. (1988). Medical and Scien-
tific Aspects of Cycling. Champaign: Human Kinetics
Publichers.

Gabrys, T., Szmatlan-Gabrys, U. (2002). Labaratory met-
hods in diagnostics of cyclists’ anaerobic capacity. Sporto
mokslas, 1 (27), 32—35.

Gailitiniené, A., Milasius, K. (2001). Sporto biochemija.
Vilnius: LSIC.

Gayagay, Yu, B., Hambly, B. et al. (1998). Elite endurance
athletes and the ACEI allele — the role of genes in atletic
performance. Human Genetics, 103, 48—50.

Jeukendrup, A. E., Craig, N. P., Hawley, J. A. (2006). The
biomechanics of world class cycling. Journal of Science
and Medicine in Sport, 3 (4), 414—453.

JuoceviCius, A., Guobys, H. (1985). Reumatinémis ligomis
serganciy fizinio pajégumo ir reabilitacijos potencialo
kompleksinis vertinimas. Vilnius.

Margaria, R., Aghemo, P., Rovelli, E. (1966) Measurement
of muscular power (anaerobic) in man. Journal of Applied
Physiology, 21, 1662—1664.

Milasius, K., Jakimavicius, A., Steponavicius, K., Sla-
vuckiené, R. (2005). Treko dviratininkés S. K. fiziniy ir
funkciniy galiy kaita olimpiniu rengimo ciklu. Sporto
mokslas, 2 (40), 46—51.

Milasius, K., Steponavicius, K., Vilkas, A. (2003). Lietu-
vos didelio meistriSkumo dviratininky fiziniy ir funkciniy

galiy kaita metiniu treniruotés ciklu. Sporto mokslas,
2 (32), 29—32.

Neumann, G. (1992). Specific issues in individual sport
cycling. In R. J. Shepard and P. Q. Astrand (Eds), Endu-
rance in Sport. New York. P. 582—596.

Raslanas, A. (2001). Lietuvos didelio meistriskumo sporti-
ninky rengimo sistema: habil. darbas. Vilnius: VPU.
Schmidt, A. (1988). Handbook of competitive cycling.
Aachen: Meyer and Meyer Sport.

Skernevicius, J., Raslanas, A., Dadeliené, R. (2004) Sporto
mokslo tyrimy metodologija. Vilnius.

Stasiulis, A., Anc¢lauskas, R. (2003). Dviratininky aero-
binio pajégumo kaita metiniu treniruo¢iy ciklu. Sporto
mokslas, 4 (34), 60—64.

Thompson, W. R., Binder-Macleod, S. A. (2006). Associan
of genetic factors with selected measures of physical per-
formance. Physical Therapy, 86, 585—591.

Tubelis, L., Milasius, K., Dadelien¢, R. (2007). Dviratinin-
kiy specialyji parengtuma salygojantys veiksniai. Sporto
mokslas, 1 (47), 57—62.

Williams, A. G., Dhamrait, S. S., Wootton, P. T. et al.
(2004). Bradykine receptor gene variant and human phy-
sical performance. Journal of Applied Physiology, 96,
938—942.

Bonkos, H. U., Hecen, D. H., Ocunenxo, A. A., Kop-
cyH, C. H. (2000). buoxumus mvluieunoti 0esmenbHOCHU.
Kues: Onumnuiickas iureparypa.

Meepcon, @. D. (1986). OcHOBHBIC 3aKOHOMEPHOCTH
WHAUBHAYAIbHOU anantanuu. B kH. Qusuonoeus adan-
mayuonnvix npoyeccos. Mockaa. C. 10—76.

IInatonos, B. H. (1988). Aoanmayus 6 cnopme. Kues.

ITnaronos, B. H. (2004). Cucmema noocomosxku cnopm-
cmenos 6 onumnutickom cnopme. Kues.

KEY FEATURES OF PHYSICAL DEVELOPMENT, PHYSICAL AND
FUNCTIONAL CAPACITY OF ELITE FEMALE CYCLISTS OF
DIFFERENT SPECIALISATION

Rita Dadeliené, Kazys Milasius, Linas Tubelis, Juozas Skernevicius
Vilnius Pedagogical University, Vilnius, Lithuania

ABSTRACT

The aim of the study was to reveal the most characteristic features of physical development, physical and
functional capacity of elite female cyclists who have achieved high results in different cycling events.
In the training cycle of 2006 / 2007 four female candidates for Lithuanian Olympic Team training

according to the programme ‘Pekinas-2008° (Beijing-2008) were researched. Athlete A was a sprinter,
who achieved high results in the events of World Championships and Olympic Games, where wining is
conditioned by anaerobic alactatic capacity during the period of 10—15 seconds. Athlete B demonstrated
high performance in different Stages of World Cup and BMX World Championships. The duration of the
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event was 30—50 seconds and alactatic-glycolytic reactions prevailed in the process of energy generation.
Athlete C trained for and competed in a number of Stages of World Cup, won a prize place in World Youth
Championship and became the winner of a 3 km pursuit race of World Cup. The duration of the event was
3.5—4 minutes and the process of energy generation was based on mixed anaerobic and aerobic reactions.
Athlete D was a winner of international road races, a world champion and a prize woman. The competition
event lasted from 1 to 4 hours with aerobic reactions prevailing in energy generation.

The key indices determining physical development, muscle and fat mass as well as muscle and fat mass
index were assessed. The following types of muscle performance power at different zones of energy generation
were measured: single muscular contraction power (SMCP), anaerobic alactatic muscular power (AAMP)
(gradual ergometry), special anaerobic alactatic power (10-second maximum intensity veloergometric test)
and mixed anaerobic alactatic glycolytic power (30-second Wingate test). The concentration of lactate was
assessed after this test. During this research the functional capacity of circulatory system, simple psychomotor
reaction time and frequency of motions in 10 seconds were measured as well. The tests were conducted
applying methodologies described by J. Skernevicius et al. (2004).

The results of the research revealed that the cyclists, whose competitive activities lasted shorter than
4 min, gained an increased muscle mass, which enabled an accumulation of huge volume of energy substances
as well as ferments facilitating their assimilation. Therefore, the development of the mass of muscles for
such work regime is considered to be a precondition for high-performance achievements.

Though the research in the jump height, SMCP, AAMP, 10-second and 30-second special power of
elite high performance female cyclists with different competitive activity duration and anaerobic reactions
prevailing in it did not reveal any significant difference, the functional indices of circulatory system of
female cyclists, whose competitive activities lasted about 3 min 40 sec under influence of aerobic reactions,
were considerably better.

The elite female cyclist whose energy generation during competitive activity was based on aerobic
reaction, gained a relatively small muscle mass, muscular power during short-time work was low but
functional capacity indices of her circulatory system were extremely high and it may serve as model
characteristics for training high performance female cyclists. The data acquired may be also of use for training
female athletes of other sports, whose competitive activity is based on aerobic reaction in the process of
energy generation.

Keywords: cycling, physical development, physical and functional capacity, competitive activities
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THE INFLUENCE OF COORDINATION TRAINING ON THE
INDEX LEVEL OF COORDINATION MOTOR ABILITIES IN
GRECO-ROMAN WRESTLERS AGED 13—14

Dariusz Gierczuk, Jerzy Sadowski
Jozef Pitsudski Academy of Physical Education in Warsaw, Warsaw, Poland

Dariusz Gierczuk. PhD in Social Sciences, Physical education. Research worker of Sport Theory Research Institute in the Faculty of Physical
Education in Biata Podlaska. Research interests — sport training optimization in wrestling, especially concerning the control and development
of movement coordination abilities.

ABSTRACT

Wrestling belongs to the group of sports disciplines with complex movement activities in which an essential role is
played by coordination motor abilities (CMA). A high level of coordination improvement since the earliest years po-
sitively influences the process of learning new movements as well as enables to make a more effective use of technical
and tactical skills during a sports fight. Therefore, the formation of coordination abilities since the earliest years is
the condition of training young wrestlers effectively.

The aim of this study was to show the influence of coordination training on the changes in coordination motor abilities
(CMA) in Greco-Roman wrestlers aged 13—14.

Boys practising Greco-Roman wrestling (n = 32) in the Student Sports Club UKS “Dwdjka” in Radom took part in
the research. They were divided into two groups that were at the same sports level: the experimental one (n = 16)
and the control one (n = 16). As for those groups, no significant differences concerning somatic features (body mass,
height and slenderness indices) were noticed at the beginning and at the end of the experiment, which excluded the
influence of puberty on the obtained experiment results.

Seven CMA (kinesthetic differentiation, rhythmization, time-space orientation, movement combining, motor adjus-
tment, speed of reaction, balance) were evaluated on the basis of 14 indices. For that reason sports-motor tests of
various authors were applied. The tests were first checked in the context of reliability and accuracy.

The basic research method was a six-month pedagogical experiment. It involved implementing a larger number of means of
different coordination complexity (low, medium, high) in the training of the experimental group. The control group took part
only in the classical wrestling training. The experiment included 84 training sessions. The applied means equally influenced
all examined coordination abilities. The total volume of such exercises in the whole experiment was 180 minutes per each
examined ability. Moreover, special coordination exercises in the form of circuit training as well as coordination wrestling
games and plays were applied once a week. The total work volume in both groups was the same.

It was observed that sportsmen undergoing coordination training obtained higher values of the examined indices
of CMA than those from the control group (p < 0.05). The highest significant increase was noted in the case of
rhythmization, maintaining body balance and motor adjustment. The increase ranged from 12.6% to 27.5%. The
lowest increase was noticed in the case of movement combining, kinesthetic differentiation and time-space orientation.
In this case the increase ranged between 4.7% and 7.3%. Statistically significant differences in CMA between the
experimental and the control group were observed after the experiment (p < 0.05).

The obtained research results make it possible to draw the following conclusions:

1. The increase in the volume of varied complexity coordination exercises in the training of wrestlers contributed to a
considerable improvement in the level of CMA, i. e. by 11.4% on average, whereas in the group performing traditional
training the improvement was only by 3%.

2. The gain score of coordination abilities in wrestlers aged 13—14 was the biggest in the case of the following CMA:
rhythmization (19.1%), body balance (17.3%,), motor adjustment (15.1%,) and speed of reaction (11.3%,). The smallest gain
score was noticed in movement combining (4.7%,), kinesthetic differentiation (4.9%) and time-space orientation (7.1%).
3. After the experiment there occurred significant differences in the level of most indices of CMA in the experimental
and control group, which shows that there may exist considerable reserves in the area of CMA. Autonomous coordi-
nation training ought to become an essential part of the process of training in wrestling.

Keywords: Greco-Roman wrestling, coordination training, coordination motor abilities.

INTRODUCTION

oordination motor abilities (CMA) are Ljach, 1995; Raczek et al., 2002). A high level
particularly important at initial stages of of coordination improvement since the earliest
the sports development of a competitor years makes it possible to make use of technical
(Zimmermann, Nicklisch, 1981; Raczek, 1989; and tactical skills during a sports competition in



28

Dariusz Gierczuk, Jerzy Sadowski

an effective way (Szczepanik, 1993; Ljach, 1995;
Sadovski, 2003; Starosta, 2003; Gierczuk, 2004).
A well-formed basis of CMA in young sportsmen
is maintained at a later age and is an important
reason for faster and more accurate teaching of
other, more difficult movement tasks (Raczek et
al., 2002). A stressed formation of CMA since the
earliest years in such a complex sports discipline
as wrestling is an absolute must.

The aim of the study was to evaluate the influ-
ence of a 6-month coordination training of CMA
in Greco-Roman wrestlers aged 13—14.

MATERIAL AND METHODS

The study was performed on 32 young boys
practising Greco-Roman wrestling in the Student
Sports Club UKS “Dwojka” in Radom, where they
had been training on average for 6 hours per week
for the past 1.5 years. They were 13—14 years old
(M =13.6; SD=0.51).

The subjects were randomly assigned to one of
the two groups: the experimental one (n = 16) and
the control one (n = 16). In each group there were
wrestlers at a similar level of sports advancement
which was identified on the basis of two criteria:
a rank evaluation of technical — coordination
preparation made by the coach, and a total rank
evaluation of coordination praparation of wrestlers
obtained on the basis of sports-motor tests. The
wrestlers were also assessed with regard to soma-
tic features (body mass, height and slenderness in-
dices). This assessment took place at the beginning
and at the end of the experiment. The two groups
were equal at the beginning of the study.

Seven CMA were assessed on the basis of 14
indices. It was done with the use of sports-motor
tests elaborated by various authors (Mynarski,
2000; Raczek et al., 2002) and by the authors of
this study (Sadowski et al., 2003). The tests had
been checked with regard to reliability and accu-
racy (Sadowski et al., 2003).

Kinesthetic differentiation was evaluated on the
basis of “long jump performed at 50% of maximal
capabilities”. Rhythmization was assessed with
the help of performing and differentiating the
rhythm of “the exercise of 5 cycles” as well as
performing and differentiating the rhythm of
“rhythmic jumps on Johnson—Matheny board”.
Time-space orientation was evaluated with “aimed
jumps” and “the run towards colourful balls”.
Movement combining was assessed with “the
movement of a gymnastic baton” and “standing

long jump with and without swings”. Body balance
was measured with “standing with calves raised”
and “turns on an inverted gymnastic bench”. Speed
of reaction was evaluated with “grabbing Ditrich’s
stick”, whereas motor adjustment was assessed
on the basis of “standing long jump forwards
and backwards” as well as “the run forwards and
backwards 3 x 10 m”.

The basic research method was a pedagogi-
cal experiment (pre-test — post-test randomized
groups design) which lasted for six months. A
special coordination programme was an indepen-
dent variable. This programme was carried out by
the subjects from the experimental group, and not
by those from the control group. In the first part
of the experiment (three months) low complexity
coordination exercises were applied. According to
experts, the complexity of implemented exercises
was equal to 1—2 points at a five-point scale. The
exercises, the complexity of which was equal to
3—5 points at the scale were used during the se-
cond part of the experiment (the next three mont-
hs). Both parts of experiments included 84 training
sessions (3 sessions per week).

In the introductory part of a training session
the wrestlers performed special coordination
exercises. The total volume of such exercises in
the whole experiment was 180 minutes per each
examined ability. During the first training session
the development of body balance and rhythmization
were emphasized. During the second session an
emphasis was laid on the speed of reaction and time-
space orientation, whereas the third one involved
kinesthetic differentiation, motor adjustment and
movement combining. Moreover, once a week
special coordination programme in the form of a
circuit training as well as wrestling games and plays
of coordination character were implemented. The
circuit consisted of seven stages. Only special means
that equally influenced all examined coordination
abilities were applied. At every stage there were six
stands designed to work on particular coordination
abilities (12 minutes per each one). The coordination
complexity of exercises in the circuit increased at
the following stations. The duration of games and
plays in training sessions was between 30 and 45
minutes. The volume of training work was equal in
both groups.

The data obtained were processed applying
basic statistical methods. Arithmetic means (M),
standard deviation (SD) and variability index (V)
were calculated. To describe the significance of
differences between results before and after the ex-



THE INFLUENCE OF COORDINATION TRAINING ON THE INDEX LEVEL OF COORDINATION MOTOR ABILITIES IN GRECO-ROMAN WRESTLERS AGED 13—14

29

periment, the t-Student test for dependent and in-
dependent groups was used. The level of p < 0.05
was considered significant.

RESULTS

Changes concerning the level of CMA in
wrestlers of both experimental and control group
are presented in Table 1.

Drawing on the data collected, it may be infer-
red that in the experimental group there occurred a
differential and in most cases statistically signifi-
cant increase in the level of CMA indices. Out of
fourteen examined indices, the increase at the level
of p <0.01 was noticed in twelve cases and it was
between 27.5% and 4.7%, whereas at the level of
p <0.05 it reached the value of 16.1% (Fig. 1).

The biggest improvement was observed in tests
examining rhythmization, i.e. in the index “the
exercise of five cycles’ — imitating the rhythm
(0.11 s), “rhythmic jumps on Johnson — Matheny
board” — differentiating the rhythm (0.09 s), in
the tests examining body balance, both static —
“standing with calves raised” (2.2 s), and dyna-
mic — “turns on an inverted gymnastic bench”
(0.68 n) as well as in the indices evaluating motor
adjustment, i. e. “standing long jump forwards
and backwards” (8.8%) and “the run forwards and
backwards 3 x 10 m” (9.8%).

The lowest increase in the level of CMA was
noted in the case of movement combining, in the test
of “the movement of a gymnastic baton” (0.67 s)
and “standing long jump with and without a swing”
(3.6%). A low increase (3.5%) was also noticed in

Table 1. Changes in the level of CMA in Greco-Roman wrestlers aged 13—14 after the pedagogical experiment

s Experimental group Control group

L
COORDINATION ABILITY §§ (n =16) (n=16)

Test (index) % s Pre-test Post-test Pre-test Post-test
= differences differences
M | SD | V M | SD | V M |SD |V M | SD |V

Kinesthetic differentiation
1. Standing long jump at 50% % | 698 |1.76 | 2.5 | 73.3 | 1.69| 2.3 | 3.5%% | 704 | 22 | 3.1 | 71.8 | 2.37| 3.3 1.4%%*
of maximal capabilities
Rhythmization
2. Test of 5 cycles — rhythm s 0.4 |0.14 350 029 | 0.11 | 37.9 | 0.11** | 0.43 | 0.19 | 44.2| 0.39 | 0.15| 385 | 0.04
imitation
3. Test of 5 cycles — rhythm s | 035] 0.1 |28.6] 031 [0.08]258| 0.04 0.39 | 0.14 | 359 | 0.36 | 0.11 | 30.6 | 0.03
differentiation
4. Rhythmic jumps on s | 0311]0.07[22.6| 026 | 0.1 |385| 0.05% | 046 |0.15|32.6| 0.44 | 0.17 |38.6| 0.02
Johnson—Matheny board —
rhythm imitation
5. Rhythmic jumps on s | 042 ]0.11]26.2] 033 |0.11 |33.3| 0.09** | 0.44 | 0.14 | 31.8 | 0.41 | 0.15|36.6| 0.03
Johnson—Matheny board —
rhythm differentiation
Time-space orientation
6. Aimed jumps % | 788 | 3.51| 4.5 | 842 |3.04| 3.6 | S4** | 798 |3.64| 4.6 | 81.1 |475| 5.9 1.3
7. Run towards colorful balls s 1406092 | 6.5 |13.03|027| 2.1 | 1.03** |1534|1.19| 7.8 | 15.19]| 098 | 6.5 0.15
Movement combining
8. Movement of a gymnastic s | 14341057 | 3.0 [13.671096| 7.0 | 0.67** | 14.54]|0.77 | 5.3 | 14.44|0.64| 4.4 0.1
baton
9. Standing long jump withand | % | 76.0 | 1.9 | 2.5 | 79.6 | 2.12 | 2.7 | 3.6** | 77.1 | 2.55| 3.3 | 77.9 |2.03 | 2.6 0.8
without a swing
Body balance
10. Turns on an inverted gym- n | 538 ] 0.7 |13.0] 6.06 | 0.83 | 13.7 | 0.68** | 519 | 0.85|16.4 | 522 | 0.63 | 12.1 0.03
nastic bench
11. Standing with calves raised | s |[10.06 | 1.71 | 17.0 | 12.26| 1.94 | 15.8 | 2.2** |11.37|2.22|19.5|11.52|2.19|19.0| -0.15
Speed of reaction
12. Grabbing Ditrich’s stick cm | 18.07|2.37|13.1|16.03|1.26 | 7.8 | 2.04%* | 17.89|2.04 | 11.4 |17.34|1.64| 9.5 | 0.55*%
Motor adjustment
13. Standing long jump for- % | 541 | 1.29| 24 | 629 |2.09| 33 | 88** | 558 [5.07| 9.1 | 58.6 [5.62| 9.6 | 2.8**
wards and backwards
14. Run forwards and back- % | 71.1 | 1.95| 2.7 | 80.9 |2.08 | 2.6 | 9.8** | 699 |233| 33 | 73.1 [3.42| 4.7 | 3.2**
wards 3 x 10 m

Note: * — statistically significant difference p < 0.05; ** — p < 0.01.
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Fig. 1. The increase in the level of CMA in

30-
the experimental group in Greco-Roman

wrestlers after the experiment
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Note: * — statistically significant difference
p <0.05; ** — p <0.01.
Fig. 2. The increase in the level of CMA
in the control group in Greco-Roman
wrestlers after the experiment
=
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Note: * — statistically significant difference

p <0.05; ** — p <0.01.
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the index evaluating kinesthetic differentiation, i.e.
in “long jump performed at 50% of maximal ca-
pabilities”. A relatively low increase in relation to
other CMA was also observed in the tests assessing
time-space orientation, where in “aimed jumps” the
improvement value reached 5.4%, and in “the run
towards colorful balls” it was 1.03 s (Table 1).

In the case of “the exercise of 5 cycles” test —
rhythm differentiation, the improvement (0.04 s) tur-
ned out to be statistically insignificant (p > 0.05).

In the control group four significant increases
were observed. They were noticed in both tests
for motor adjustment, i. e. “standing long jump
forwards and backwards” (2.8%) and “the run
forwards and backwards 3 x 10 m” (3.2%), as well
as in the test assessing kinesthetic differentiati-
on — “long jump performed at 50% of maximal
capabilities” (1.4%) and in “grabbing Ditrich’s
stick” (0.55 cm) which measures speed of reaction.
In the remaining tests the increase was not statis-
tically significant (p > 0.05) (Table 1).

As for the tests, an average increase obtained
in the following results was expressed by means of

absolute values (%) in the experimental group: ki-
nesthetic differentiation — 4.9%; rhythmization —
19.1%; time-space orientation — 7.1%; movement
combining — 4.7%; body balance — 17.3%; speed
of reaction — 11.3% and motor adjustment —
15.1% (fig. 1). In the control group the values rea-
ched the following levels: 2%; 7.1%; 1.3%; 0.8%;
1%; 3.1% and 4.9% (Fig. 2).

As we can see in Figure 1, an increased iden-
tical volume of exercises forming CMA led to a
diversified growth. Rhythmization, balance and
motor adjustment were most susceptible to a special
coordination training, whereas movement com-
bining, kinesthetic differentiation and time-space
orientation were the least prone.

Average increase differences between the
experimental group and the control groups after
the experiment produced the following values:
balance — 16.3%; rhythmization — 12.1%; motor
adjustment — 10.3%; speed of reaction — 8.2%;
time-space orientation — 5.8%; movement
combining — 3.9%; kinesthetic differentiation —
2.9%.
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Table 2. Differences

E Wrestlers aged in the level of CMA
- 13—14 between the experi-
COORDINATION ABILITY g mental‘and control
Tt e b e
g | Pre-test | Post-test| ;n4 after the peda-
= gogical experiment
Kinesthetic differentiation
1. Standing long jump at 50% of maximal capabilities % 0.6 1.5
Rhythmization
2. Test of 5 cycles — rhythm imitation s 0.03 0.1*
3. Test of 5 cycles — rhythm differentiation s 0.04 0.05
4. Rhythmic jumps on Johnson — Matheny board — rhythm imitation s 0.15* 0.28**
5. Rhythmic jumps on Johnson — Matheny board — rhythm differentiation s 0.02 0.08
Time-space orientation
6. Aimed jumps % 1 3.1*
7. Run towards colourful balls s 1.28%* | 2.16%**
Movement combining
8. Movement of a gymnastic baton s 0.2 0.77*
9. Standing long jump with and without a swing % 1.1 1.7%%
Body balance
10. Turns on an inverted gymnastic bench n 0.19 0.84% | Note: * — statis-
11. Standing with calves raised 1.31% 0.74%** tically significant
Speed of reaction difference p < 0.05;
12. Grabbing Ditrich’s stick ecm | 0.18 1.31% | ™ —p<0.0L
Motor adjustment
13. Standing long jump forwards and backwards % 1.7 4.3%*
14. Run forwards and backwards 3 x 10 m % 1.2 7.8%*

Summing up, it ought to be mentioned that in
the experimental group the increase in CMA was
11.4% on average, whereas in the control group it
was 3% (p < 0.05).

The data concerning group differences in
wrestlers aged 13—14 before and after the peda-
gogical experiment were presented in Table 2.

The differences between the experimental
group and the control group before introducing
special coordination programme were in most
cases statistically insignificant. The only ex-
ception occurred in “the run towards colorful
balls”, where the difference was 1.28 s (p < 0.01),
in imitating the rhythm of “rhythmic jumps on
Johnson — Matheny board”, where the differen-
ce was 0.15s (p <0.05) and in “standing with
calves raised”, where the difference was 1.31 s
(p <0.05).

As for the differences concerning the increase
in CMA between both groups of wrestlers, in most
cases they turned out to be statistically significant
for the benefit of those who took part in a special
coordination programme. It led to the occurrence of
significant differences between the means of both
groups. After applying the special coordination
programme, statistically significant differences ap-
peared in ten indices, including four at the level of

significance p < 0.05, i. e. in the rhythm imitation
of “the test of 5 cycles” (0.1 s), in “aimed jumps”
(3.1%), “the movement of a gymnastic baton”
(0.77 s), “grabbing Ditrich’s stick” (1.31 cm) and
in six tests at the level of p <0.01, i. e. “standing
long jump forwards and backwards” (4.3%), “the
run forwards and backwards 3 x 10 m” (7.8%),
in rhythm imitation of “rhythmic jumps on John-
son — Matheny board” (0.28 s), “the run towards
colourful balls” (2.16 s), “standing long jump with
and without a swing” (1.7%) and in “standing with
calves raised” (0.74 s).

DISCUSSION

The experiment and result analysis confirmed
that special coordination training positively influ-
enced the examined CMA. The results obtained
are consistent with the data of many authors exa-
mining the effectiveness of special coordination
preparation training (Starosta et al., 1983; Raczek,
1989; Szczepanik, 1993; Ljach, 1995; Raczek et
al., 2002; Sadovski, 2003; Starosta, 2003). They
point to the importance of oriented coordination
training in the system of training wrestlers.

It was confirmed that coordination complexity
of exercises influences the dynamics of an increase
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in CMA. Wrestlers from the experimental group
improved their CMA more than competitors from
the control group. It was also noticed that more
considerable complexity of coordination exerci-
ses led to a differentiated increase in CMA. The
highest adaptability concerning oriented coordina-
tion stimulation was noticeable in rhythmization,
balance and motor adjustment, whereas movement
combining, kinesthetic differentiation and time-
space orientation were less adaptable.

There may be many reasons for this difference.
For instance, strong genetic conditioning of
particular CMA could be one of the causes (Szopa
et al., 1985; Mleczko, 1991; Raczek et al., 2002).
Taking into consideration the importance of genetic
factors in the susceptibility of CMA to training,
the literature data are not unequivocal (Szopa et
al., 1985; Mleczko, 1991; Raczek et al., 2002).
Because of that, the results obtained may only be
partly consistent with the data of other authors
(Szopa et al., 1985; Mleczko, 1991).

Among wrestlers there also exists a considerable
individual differentiation, which may be borne out
by a high value of variability coefficient. Individual
differentiation revealed in the research may probably
be treated as potential reserves which could be used
in the following stages of training.

The experiment results prove that special coor-
dination training ought to be an integral part of a

training process. Coordination preparation training,
often called coordination training, should have its
own autonomic aims and tasks that follow general
training aims in many sports disciplines, particular-
ly in those of a complex movement structure.

The obtained research results make it possible
to draw the following conclusions:

1. The increase in the volume of varied complexity
coordination exercises in the training of wrestlers
contributed to a considerable improvement in
the level of CMA, i. e. by 11.4% on average,
whereas in the group performing traditional
training the improvement was only by 3%.

2. The gain score of coordination abilities in
wrestlers aged 13—14 was the biggest in the case
of the following CMA: rhythmization (19.1%),
body balance (17.3%), motor adjustment (15.1%)
and speed of reaction (11.3%). The smallest
gain score was noticed in movement combining
(4.7%), kinesthetic differentiation (4.9%) and
time-space orientation (7.1%).

3. After the experiment there occurred significant
differences in the level of most indices of CMA
in the experimental and control group, which
shows there may exist considerable reserves
in the area of CMA. Autonomous coordination
training ought to become an essential part of
the process of training in wrestling.
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KOORDINACIJOS LAVINIMO POVEIKIS 13—14 METU GRAIKU-
ROMENU IMTYNININKU KOORDINACINIU MOTORINIU
GEBEJIMU RODIKLIAMS

Dariusz Gierczuk, Jerzy Sadowski
Varsuvos Jozefo Pilsudskio kitno kultiiros akademija, Varsuva, Lenkija

SANTRAUKA

Imtynés — sudétingy judesiy sporto Saka, ir ¢ia labai svarbiis motoriniai gebéjimai (KMG). Ryskus
koordinacijos pageréjimas nuo pirmy treniruo¢iy mety teigiamai veikia naujy judesiy mokymasi, leidzia
geriau panaudoti techninius ir taktinius igiidzius sportinéje kovoje. D¢l to koordinaciniy geb¢jimy ugdymas
nuo pirmy treniruo¢iy mety yra biitina jaunyjy imtynininky treniravimosi salyga.

Tyrimo tikslas — parodyti, kaip koordinacijos lavinimas veikia 13—14 mety graiky-romény imtynininky
koordinaciniy motoriniy gebéjimuy pokycius.

Tiriamieji — atsitiktinai atrinkti 13—14 mety graiky-romény imtynininkai (n = 32), besitreniruojantys
studenty sporto klube UKS ,,Dwoika®. Jie buvo padalyti i dvi tokio paties sportinio lygio grupes:
eksperimenting (n = 16) ir kontroling (n = 16). Berniuky somatiniai rodikliai (kino masé, tigis, licknumas)
Siose grupése reikSmingai nesiskyré nei eksperimento pradzioje, nei pabaigoje, dél to galima buvo atmesti
lytinés brandos poveikij eksperimento rezultatams.

14 rodikliy buvo vertinta 7 KMG (kinestetiné diferenciacija, orientacija laike ir erdvéje, judesiu
jungimas, motorinis prisiderinimas, reakcijos greitis ir pusiausvyra). Tuo tikslu buvo naudojami ivairiy
autoriy parengti sportiniai motoriniai testai. Pirmiausia patikrinome $iy testy patikimuma ir tiksluma.

Pagrindinis tyrimo metodas — SeSiy ménesiy trukmés pedagoginis eksperimentas. Jo metu
eksperimentinéje grupéje buvo taikoma daug ivairaus sudétingumo (mazo, vidutinio ir didelio) koordinacijos
lavinimo priemoniy. Kontroliné grupé buvo treniruojama tik klasikiniais metodais. Eksperimentui skirtos 84
treniruotés. Taikomos priemonés vienodai lavino visas tiriamas koordinacijos savybes. Bendra tokiy pratimy
suma viso eksperimento metu — 180 minuciy, skirty kiekvienai tiriamai savybei lavinti. Be to, karta per
savaitg¢ buvo taikomi grandininiai koordinacijos pratimai ir koordinaciniai imtyniy zaidimai. Bendras darbo
kriivis abiejose grupése buvo vienodas.

Pastebéta, kad tiriami KMG rodikliai eksperimentinéje grupéje buvo didesni, lyginant su kontroline grupe
(p <0,05). ReikSmingiausias padidéjimas (nuo 12,6 iki 27,5%) pastebétas tiriant ritmiSkuma, pusiausvyros
iSlaikyma ir motorini prisiderinima. Maziausiai pakito judesiy jungimas, kinestetiné¢ diferenciacija ir
orientacija laike bei erdvéje (nuo 4,7 iki 7,3%). Po eksperimento eksperimentinés ir kontrolinés grupiy KMG
rodikliai skyrési statistiskai patikimai (p < 0,05).

Tyrimo rezultatai leidzia daryti Sias iSvadas:

1. Daugiau jvairaus sudétingumo koordinacijos pratimy per treniruotes reikSmingai pagerino imtynininky
KMG rodiklius (vidutinisSkai 11,4%), o per tradicines treniruotes Sie rodikliai pageréjo tik 3%.

2. Labiausiai pageréjo Sie 13—14 mety imtynininky KMG rodikliai: ritmiskumas (19,1%), ktino
pusiausvyra (17,3%), motorinis prisiderinimas (15,1%) ir reakcijos greitis (11,3%). Maziausias pageréjimas
pastebétas Siy rodikliy: judesiy jungimo (4,7%), kinestetinés diferenciacijos (4,9%) ir orientacijoje laike bei
erdvéje (7,1%).

3. ReikSmingas eksperimentinés ir kontrolinés grupés KMG rodikliy skirtumas rodo, kad yra dar
daug lavinimo koordinacijos rezervy. Autonominis koordinacijos ugdymas turéty biiti svarbiausia imtyniy
treniruoc¢iy dalimi.

RaktaZodzZiai: graiky-romény imtynés, koordinacijos lavinimas, koordinaciniai motoriniai geb¢jimai.
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CORTISOL, STRESS AND ADAPTATION DURING EXERCISE
TRAINING
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Anthony C. Hackney. PhD in Biomedical Sciences. Director of Applied Physiology Laboratory, Department of Exercise and Sport Science,
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ABSTRACT

Cortisol is a corticosteroid hormone produced by the zona fasciculata of the adrenal cortex in the adrenal gland.
It plays vital roles in the body's defense mechanisms when dealing with stress, as well as being important in blood
glucose regulation. Regrettably, misconceptions regarding the actions of this hormone have been created around the
sports and exercise arena. For example, cortisol most often is viewed as having a counter-productive role in exercise
that can lead to a mal-adaptation to the exercise training process, due to the catabolic nature of this hormone with
respect to protein turnover. Therefore, the intent of this article is to present an overview and to offer commentary on
the necessary and critically important functions of cortisol during exercise, and in the adaptation process associated
with exercise training. This is being done to specifically correct several of the misconceptions and misunderstandings
that are portrayed within some literature (in particular on the Internet) regarding endocrine responses to exercise
and exercise training.

Keywords: Endocrine, hormones, glucocorticoids, sports.

INTRODUCTION

tress has been a topic of study for over 100

years. It is well accepted that the paramount

early leader in such study was Hans Selye.
Classic observations and studies by Selye during
the early part of the last century lead to the deve-
lopment of the “General Adaptation Syndrome”
theory of stress response (Selye, 1950). This theo-
ry proposes an intimate involvement of the adrenal
gland, specifically the cortex, in the adaptation
and mal-adaptation process to all forms of stress.
Exercise and the exercise training process are
classified as a stress to the human body (Hackney,
2006). Specifically, for sedentary individuals,
exercise is a distress (negative), but as the body
accommodates and adapts, exercise transitions to a

eustress (positive) (Selye, 1950; Viru, 1976; Hac-
kney, 2006). Selye viewed the adrenal cortex res-
ponse (i. e., in humans the primary adrenal cortex
hormone is the glucocorticoid cortisol) as critical
to the positive adaptation to stress. Regrettably,
in recent years some researchers in the exercise
sciences, as well as some sports enthusiasts, have
proposed that cortisol has a counter-productive
role in exercise and can lead to a mal-adaptation
to the exercise training process, due to the catabo-
lic nature of this hormone with respect to protein
turnover (Dohm, 1986). Most certainly cortisol has
catabolic actions in the human body; however, in
many respects these actions can be beneficial and
productive in the response to the stress of exercise
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and exercise training (Viru A., Viru M., 2004). The
view by some exercise specialists that increases in
cortisol can lead to a predominance of catabolism
in the body which results in undesirable aspects
within the adaptation of athletes in sports training
is an over-simplification of the hormonal roles-
actions of cortisol. This simplified and incomplete
notion regarding the role-action of cortisol during
exercise training has even resulted in the develo-
pment of nutritional-pharmaceutical supplements
and dietary strategies which attempt to suppress
cortisol levels at rest and in response to exercise
(Duclos et al., 2007; Viru A., Viru M, 2001, 2004).
Such actions may in fact actually compromise the
ability of select physiological systems to respond
and adapt to the stress of exercise.

A. Viru and M. Viru (2004) report that this
misconception of the role of cortisol seems rooted
in the research focusing upon the testosterone/
cortisol ratio and how it changes in response to
exercise training. In the 1980s, Adlercreutz and
associates were the first to focus attention on the
testosterone/cortisol ratio, proposing its use as an
indication of excessive stress in athletes during
their training (Adlercreutz et al., 1986). These
authors actually suggested the use of the ratio ba-
sed upon free testosterone, not total testosterone,
to cortisol. This latter fact seems to have been
lost to some researchers who have calculated the
ratio using the alternative testosterone value (Kui-
pers, Keizer, 1988; Viru A., Viru M., 2001, 2004).
Adlercreutz proposed that a free testosterone/corti-
sol ratio relative decrease of more than 30% (or an
absolute decrease to the 0.35:107 level or below)
would be critical. Changes of this magnitude were
projected as reflective of an extreme imbalance in
the anabolic (represented hormonally by testoste-
rone levels) and catabolic status of the body due
to an excessive stress level from exercise training.
Interestingly, Adlercreutz et al. were studying
“overreaching training”, and not “overtraining”
per se but the use of the ratio has been extensive-
ly applied with respect to the latter form. For an
excellent discussion on the distinction between
overreaching training and overtraining, the reader
is directed to the review article by H. Kuipers and
H. A. Kiezer (1988).

The intent of this article is to present an over-
view and to offer commentary on the necessary
and critically important functions of cortisol in
exercise, and in the adaptation process associa-
ted with exercise training. This is being done to
specifically correct several of the misconceptions

and misunderstandings that are portrayed within
some literature (in particular on the Internet) re-
garding endocrine responses to exercise and exer-
cise training. For the purpose of organization, this
manuscript has been structured into four sections:
(a) explanation of the physiological actions of
cortisol; (b) brief overview of the cortisol response
during exercise; (c) essential aspects of the cortisol
response to exercise at rest-recovery, during exer-
cise; and (d) excessive responses and exercise.

PHYSIOLOGICAL ACTIONS OF
CORTISOL

The hormone cortisol is a steroid hormone
(IUPAC systematic name; 11, 17, 21-trihydroxy-
(11-beta)-pregn-4-ene-3, 20-dione [/[UPAC websi-
te, 2008]) produced by the zona fasciculata of the
adrenal cortex in the adrenal gland. It is one of the
hormones that are referred to as a glucocorticoid.
In humans the other glucocorticoid produced is
corticosterone, which is relatively weak in its
actions. The name glucocorticoid derives from
early research interpretations that these hormones
were involved primarily with glucose metabolism.
Cortisol plays such a role physiologically by sti-
mulating several processes that are instrumental
to increasing and / or maintaining blood glucose
(i. e., euglycemia) (Bender, 1993; Brooks et al.,
2005; Tortora, Derrickson, 2006). These processes
include:

e Stimulation of gluconeogenesis particularly
in hepatic tissue. This pathway results in the
synthesis of glucose from non-carbohydrate
substrates such as amino acids and glycerol
from triglyceride breakdown.

e Enhancing the expression of enzymes invol-
ved in the gluconeogenesis pathway is a key
metabolic function of glucocorticoids.

e Mobilization of amino acids from extra-he-
patic tissues: These serve as substrates for
gluconeogenesis (see later discussion on the
free amino acid pool).

e Inhibition of glucose uptake in muscle and
adipocytes as a glucose and glycogen sparing
action.

e Stimulation of lipolysis in adipocytes. The
hydrolysis of triglycerides and the resulting
fatty acid release provide substrate for the
production of energy via the Beta-oxidation
pathway in tissues like muscle. Again, this
provides a means by which to reduce and
spare glucose utilization.
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Glucocorticoids are also known to be potent
anti-inflammatory and immunosuppressive agents.
These actions, however, are typically far more
robust in effect when glucocorticoids are adminis-
tered at pharmacological dosage levels, as opposed
to the levels seen in the normal physiologic range
(Tortora, Derrickson, 2006). As a consequence,
glucocorticoids are widely used as drugs to treat
inflammatory conditions such as arthritis and der-
matitis, and as an adjuvant therapy for autoimmune
diseases. Excessive glucocorticoid levels resulting
from either endogenous or exogenous sources have
effects on many physiological systems; including
inhibition of bone formation, suppression of cal-
cium absorption, delayed wound healing, muscle
weakness, increased risk of infection, and negative
psycho-neurological impacts (Tortora, Derrickson,
2006; Duclos et al., 2007).

The regulation of cortisol (and other glucocor-
ticoid) levels in the blood involves a straight-for-
ward negative feedback-based system. In response
to a stimulus (e.g., stress, such as hypoglycemia),
the hypothalamus secretes corticotropin releasing
hormone (CRH). In turn, CRH stimulates the rele-
ase of adrenocorticotropic hormone (ACTH) from
the anterior pituitary, which stimulates the release
of cortisol from the adrenal cortex (Tortora, Der-
rickson, 2006). Elevated circulating cortisol levels
signal the anterior pituitary to decrease ACTH
secretion. Conversely, increased levels of ACTH
and/or cortisol can also signal the hypothalamus
to decrease CRH secretion. This interconnected
feedback loop of regulation is referred to as the
hypothalamic-pituitary-adrenocortical (HPA) axis
and is illustrated in Figure 1. Additionally, cyto-
kine agents such as interleukin-6 (IL-6) have been
linked to stimulating HPA responses and promo-
ting increases in circulating cortisol (Ostrowski
et al., 1999; Steensberg et al., 2003); this seems
especially the case for IL-6 emanating from ske-
letal muscle (Ostrowski et al., 1999; Steensberg et
al., 2003; Viru A., Viru M., 2004).

Brief Overview of the Cortisol Response to
Exercise. The intent of this section is to provide
only a brief overview and summary of the cor-
tisol responses to exercise. For a more in-depth
discussion of this topic the reader is directed to
references M. Kjaer (1992) and R. G. McMurray
and A. C. Hackney (2000).

During short-term exercise such as an incre-
mental maximal oxygen uptake (VO,,,,) test, the
blood level of cortisol increases in proportion to
exercise intensity once the workload is above a

critical threshold (50—60% VO,,,,,) (Viru, 1992;
McMurray, Hackney, 2000). This threshold inten-
sity does however increase slightly as an indivi-
dual becomes more exercise trained. Thus at the
same absolute exercise intensity, the cortisol res-
ponse may be lower following an exercise training
program. During supra-maximal exercise, the cor-
tisol response can be extremely pronounced, but
this increase may not be displayed until recovery
from the activity, due to the short duration of such
activity (Viru, 1976; Kjaer, 1992; Hackney, 2006).
During sub-maximal exercise, cortisol responses
are more variable and are influenced by several
external factors. If the sub-maximal exercise is
below the critical threshold intensity then cortisol
levels may not increase above resting levels, or
they may actually become reduced (Hill et al.,
2008). If such low intensity exercise is prolonged
enough in duration, levels may gradually increase
over time above resting values. If the sub-maximal
exercise is above the critical threshold intensi-
ty, then cortisol levels will initially increase and
subsequently plateau, provided the exercise is
steady-state (Viru, 1992; McMurray, Hackney,
2000; Viru et al., 2001). The level of the plateau
is proportional to the intensity of the exercise
conducted, but if the exercise is prolonged enough
in duration, hormone levels will gradually begin
to increase again over time (Viru, 1976; Viru et

Stress e.g.,
Hypoglycemia

Hypothalamus

Anterior
Pituitary

Adrenal
Cortex

Target Tissues

Note. e.g. = for example.

Figure 1. Hypothalamic-pituitary-adrenal (HPA) axis responsible
for regulating the levels of cortisol in the blood
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al., 1994). Consumption of a low carbohydrate
diet for several days can augment the subsequent
cortisol response to sub-maximal exercise (Galbo,
1983; Kjaer, 1992). Furthermore, ambient environ-
mental temperatures can dramatically influence
the cortisol response to sub-maximal exercise.
Extremely hot or cold temperatures can augment
the cortisol response to an exercise session (Gal-
bo, 1983; McMurray, Hackney, 2000). Finally the
more exercise trained a person, typically the more
blunted the cortisol response to nearly any level of
sub-maximal exercise condition (Viru, 1976; Viru,
1992; Viru et al., 2001).

ESSENTIAL ASPECTS OF THE
CORTISOL RESPONSE TO
EXERCISE

I. At Rest and during Recovery from Exerci-
se. The background information above on the phy-
siologic actions of cortisol illustrate when released
in normal amounts, cortisol (like other glucocor-
ticoid agents) has widespread actions which help
restore homeostasis of the body after exposure to a
stress such as exercise. Most certainly the metabo-
lic influence of cortisol does involve activation of
catabolic processes and anti-anabolic actions at the
cellular level in many tissues of the body (Bender,
1993). However, these actions are critical to the
promotion of protein synthesis which is necessary
for the adaptation process in response to a stressful
situation (Dohm, 1986; Bender, 1993; Viru et al.,
1994; Brooks et al., 2005). For example, these
actions lead to a significant increase in the free
amino acid pool. Damaged or disrupted protein
structures are degraded and their constituent amino
acids are placed in the fluids of cells and tissues
(Dohm, 1986; Booth, Thomasson, 1991; Brooks
et al., 2005). These free amino acids are available
as recyclable components or “building blocks” for
the synthesis of new proteins, and an expansion
of the pool advances this action. Cellular control
of protein synthesis essentially occurs at three
levels; pre-translation (transcription), translation,
and post-translation (Booth, Thomasson, 1991;
Tortora, Derrickson, 2006). The impact of cortisol
upon the free amino acid pool is influential at the
translation level, which consists of constructing
and adjusting the number of protein molecules
necessary to the need or demand of cells (Booth,
Thomasson, 1991; Bender, 1993). Such actions
and influences in combination with anabolic en-
docrine agents can result in enhanced enzymatic

and structural proteins in a variety of tissues; i. e.,
an adaptation response, in which a prime target is
skeletal muscle tissue. The ability of the human
body to undergo an adaptation in shape, size or
characteristic when subjected to a stress exceeding
a particular prior “normal” level is referred to as
the property of “plasticity” (Brooks et al., 2005).
Table summarizes and illustrates aspects of the
body’s ability to perform a remarkable degree of
plasticity in response to exercise training — this is
especially true within skeletal muscle tissue (i. e.,
myo-plasticity). Figure 2 is a schematic illustration
representative of the proposed model for factors
that influence the myo-plasticity in human ske-
letal muscle (Brooks et al., 2005). The hormonal
inter-play of such endocrine factors as glucocor-
ticoids (cortisol) and anabolic hormones (insulin,
testosterone, and insulin-like growth factor 1) are
critical and necessary to bring about and maximize
the myo-plasticity response in skeletal muscle in
response to exercise training (Sheffield-Moore,
Urban, 2004).

II. During Exercise. The increases in cortisol
seen during exercise are critical to the control and
regulation of energy metabolism and thus exercise
performance capacity (Viru, 1976; Viru, 1992;
Viru et al., 1994; Viru A., Viru M., 2004). This
point is well documented in human studies, but
is eloquently illustrated in animal-based studies
where cortisol responses can be either mitigated
through removal of the adrenal gland, or mo-
dulated through pharmaceutical implants (it is
important to note the principal and most potent
glucocorticoid in rodents is corticosterone). For

Table. Examples of select, critical physiological changes occurring
with exercise training (see Brooks et al., 2005)

T Glycolytic enzyme activity within skeletal muscle
T Oxidative enzyme activity within skeletal muscle
T Mitochondria density within skeletal muscle
T Skeletal muscle fiber cross-sectional area
T Anabolic hormonal receptors number
T Hormonal receptor sensitivity
T Maximal oxygen uptake capacity
T Cardiac Output
T Stroke Volume
T Skeletal Muscle strength capacity
T Skeletal Muscle endurance capacity

{ Depot body fat stores

Note. T — denotes increase; I — denotes decrease.
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Figure 2. Schematic representation of
the plasticity model of adaptation and || Endocrine Nutrition Exercise Exercise
the critical components which influence System @ | Practices Training Training
skeletal muscle myo-plasticity (modified (hormones) (status) Intensity Volume
from Brooks et al., 2005) \
Genotype Training | 4 ——— | Injury
Dosage
\ Muscular
Protein < Cellular | _____ Protein
Synthesis Environment » Degradation
Phenotype \
Inhibit ———p Display | 3" | Muscular
Stimulus > Performance

example, T. L. Sellers et al. (1988) demonstrated
in adrenalectomized rats that the absence of a
glucocorticoid response during prolonged exercise
resulted in a more rapid onset of fatigue and mus-
cular exhaustion. During exercise, such adrenalec-
tomized rats also displayed suppressed muscle and
hepatic alanine-aminotransferase activity (a key
enzyme in protein metabolism function) as well
as reduced urea production and elimination (Viru,
Eller, 1976; Viru et al., 1994). Furthermore, due to
an overall decrease in hepatic gluconeogenic ca-
pacity, glucose output is reduced in such animals,
thus leading to hypoglycemia during exercise,
which is a potent cause of fatigue (Gorski et al.,
1987). Duclos et al. eloquently demonstrated that
by modifying glucocorticoid levels in rats (i.e.,
implants), there was a direct and positive dose
response effect upon prolonged exercise capacity
(Duclos et al., 2007).

An important role of glucocorticoids is the
induction of the enzymes associated with cate-
cholamine production, principally the synthesis of
phenyl-ethanolamine-N-methyl transferase. This
enzyme catalyzes the methylation of norepinep-
hrine to epinephrine (Pohorecky, Wurtman, 1971).
Animal research supports that the absence of a
glucocorticoid response during exercise results in
suppressed catecholamine levels throughout exer-
cise which causes a compromised regulation of
several critical physiologic systems (Matlina et al.,
1978). There also appears to be a reciprocal effect
between the catecholamine and cortisol interacti-
ons. Evidence demonstrates that by blocking the
actions of the catecholamines (adrenergic receptor
blockage), there is suppression of cortisol release

(Pohorecky, Wurtman, 1971). Viru and associates
showed such blockage in humans suppresses the
cortisol response to strenuous exercise, signifi-
cantly compromising exercise performance (Viru
et al., 2007).

Besides direct actions, glucocorticoids can
exert permissive and supportive effects on some
metabolic events occurring during exercise. For
example, glucocorticoids appear to influence the
calcium fluxes in cells and can have inhibitory ac-
tion on the synthesis of cAMP-phosphodiesterase
(Viru A., Viru M., 2004). These actions in-turn
promote a greater metabolic action for epinep-
hrine, leading to and accentuating the fatty acid
release from adipocytes and accelerating lipolysis
during exercise (Malig et al., 1966; Struck, Tipton,
1974; Gorski et al., 1987; McMurray, Hackney,
2005). Additionally during exercise, Na+, K+
pump enzyme (ATPase) activity is increased in the
sarcolemma of muscle; i. e., allowing increased
rates of membrane depolarization-repolarization
(Clausen, 1986). The elevations in cortisol levels
during exercise promotes epinephrine formation,
thus activating Na+, K+ pumps (see above) (Kor-
ge, Roosson, 1975; Clausen, 1986).

Even though the catabolic actions of cortisol
lead to an expanded free amino acid pool, evidence
suggest that enhanced contractile activity such as
in exercise may actually defend muscle tissue
from an exaggerated level of catabolism and
spare some skeletal proteins from degradation
(Hickson, Davis, 1981; Seene, Viru, 1982;
Dohm, 1986; Varrick et al., 1992). Furthermore,
R. C. Hickson et al. (1984) demonstrated that
during exercise training, the affinity of muscle
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androgen receptors for glucocorticoids decreases.
This in turn allows testosterone to facilitate
receptor action and thus reduces glucocorticoid
catabolic action. It is important to note that at the
receptor level, a competition can exist between
structurally alike hormones (such as testosterone
and cortisol) for binding sites on receptors. The
competition between cortisol and testosterone for
glucocorticoid-binding sites is a determinant of
the anti-catabolic action of testosterone and the
anti-anabolic action of cortisol (Mayer, Rosen,
1977).

II1. Excessive Responses and Exercise. Most
certainly cortisol and the other glucocorticoids have
deleterious effects on the body when excessive
levels are reached (Hickson, Davis, 1981; Tortora,
Derrickson, 2006). Some of the greatest elevations
of cortisol are seen in the medical condition known
as Cushing’s Syndrome (Daly, Hackney, 2005;
Tortora, Derrickson, 2006). Patients with this
condition experience many of the health problems
(negative physiological changes) mentioned
earlier which are promoted by excessive levels
of cortisol. Some individuals have speculated
that exercise results in a hypercortisolemic state,
either as a transient occurrence due to acute
exercise or chronically due to overtraining, and
this state can induce some of these deleterious
physiological effects in athletes (Viru A., Viru M.,
2004). However, M. Duclos et al. (2007) noted in
a recent review article that there is no evidence
to support such claims in normally trained or
even overtrained athletes. Furthermore, W. Daly
and A. C. Hackney (2005) compared the levels
of cortisol in response to intensive prolonged
exercise to those found in Cushing’s Syndrome
patients. The levels in the Cushing’s patients far
exceeded any of those found in the individuals who
exercised. Even patients with anxiety disorders
or excessive psychological stress are found to

have cortisol levels that typically exceed those
found in response to exercise (Boa et al., 2008).
Additionally, A. C. Hackney and A. Viru (1999) as
well as W. Kern et al. (1995) have demonstrated
that in response to transient elevations in cortisol
during daytime exercise, there is a substantial and
persistent nocturnal suppression in the hormone
levels.

CONCLUSIONS

Glucocorticoids, specifically cortisol, are con-
sidered stress response hormones, which in an
overly simplified view, are often portrayed as
being entirely negative in their influence on phy-
siological function. The glucocorticoids are in
fact vital hormones in the normal physiological
functioning of humans and are necessary in dea-
ling with different stress challenges to the body.
With respect to exercise, they play an important
regulatory role in metabolic responses. Additio-
nally, the regulation of protein turnover during
the recovery from exercise, which is instrumental
to the myo-plasticity response of skeletal muscle
in training, is dependent upon appropriate glu-
cocorticoid actions. In other words, cortisol and
the other glucocorticoids are not the “bad guys”
of exercise endocrinology as some have made
them out to be. Researchers, athletes and sports
coaches need to be aware and conscious of the
critical nature of glucocorticoids to normal health
and development, especially relative to exercise
training adaptations.
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KORTIZOLIS, STRESAS IR ORGANIZMO ADAPTACIJA PER
TRENIRUOTES

Antony C. Hackney, Claudio Battaglini, Elizabeth S. Evans
Siaurés Karolinos universitetas, JAV

SANTRAUKA

Kortizolis yra kortisteroidinis hormonas, kurj gamina antinks¢iy zievés zona fasciculata (pluo§tiné
zona) antinksc¢iy liaukoje. Jis atlieka gyvybiSkai svarbia mechanizmy gynybing funkcija tada, kai
tenka jveikti stresa, taip pat jis regulivoja gliukozés kieki kraujyje. Labai gaila, bet sporto srityje Sio
hormono veikla yra klaidingai suprantama. Pavyzdziui, daznai manoma, kad kortizolis neigiamai veikia
mankstinantis, ir dél Sio hormono katabolinés prigimties, turint omeny baltymu kaita, per treniruotes
organizmas sunkiai adaptuojasi. Sio straipsnio tikslas — apzvelgti ir i§siaiskinti, kokias nepaprastai
svarbias funkcijas kortizolis atlieka per treniruotes ir adaptacijos metu, taip pat bandyta paneigti keleta
konkreciy klaidingy sampraty ir nuomoniy, pateikiamy kai kuriuose literatiiros Saltiniuose (ypac internete)
apie endokrinines organizmo reakcijas treniruojantis.

RaktaZodziai: hormonai, gliukokortikosteroidai, sportas.
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SKAUSMO, SLAUNIES RAUMENU JEGOS, PUSIAUSVYROS
RODIKLIU KAITA IR KINEZITERAPIJOS POVEIKIS
SERGANT KELIO SANARIO OSTEOARTRITU

Vilma JuodZbaliené', Tomas Darbutas®, Grazina Krutulyté', Vaidas Mickevi¢ius’
Lietuvos kiino kultiiros akademija’, V[ Kauno slaugos ligoniné’, Kauno technikos kolegija’, Kaunas,
Lietuva

Vilma JuodZzbaliené. Biomedicinos moksly daktaré. Lietuvos kiino kultiiros akademijos Kineziterapijos katedros lektoré. Moksliniy tyrimy
kryptis — jvairiy amziaus tarpsniy zmoniy pusiausvyros ir psichomotorinés reakcijos ypatumai.

SANTRAUKA

Slaunies keturgalvio raumens jégos mazéjimas senstant daznai susijes su osteoartritu (OA) ir pasireiskia dél pazeisto
sqnario skausmo (Steultjens et al., 2001; Dawson, Slovik, 2006). Antra vertus, mokslininkai (Slemenda et al., 1997)
teigia, kad slaunies keturgalvio raumens jégos mazéjimas gali biiti etiologiniu OA vystymosi veiksniu. Todél raumens
jégos pokycius labai svarbu jvertinti OA formavimosi pradzioje.

Tyrimo tikslas — nustatyti skausmo, Slaunies raumeny jégos ir pusiausvyros rodiklius bei jégos ir pusiausvyros lavi-
nimo galimybes sergant kelio sqnario OA.

Buvo tiriami 67—75 mety amzZiaus asmenys (n = 20), kuriems radiologiskai nustatytas abiejy keliy sqnariy antros
stadijos OA. Pries kineziterapijq, po 4 ir 8 savaiciy skirtingy kineziterapijos programy buvo istirta tiriamyjy pu-
siausvyra Bergo pusiausvyros skale, Slaunies raumeny jéga — dinamometrijos metodu, skausmas — skaitmenine
skausmo skale. Norint objektyviai {vertinti tiriamyjy, serganciy keliy sqnariy OA, pusiausvyros ir slaunies raumeny
Jjégos rodiklius buvo tiriama ir to paties amziaus asmeny (n = 20), kuriems nenustatyti OA poZymiai, pusiausvyra ir
raumeny jéga.

Tiriamieji, kuriems nustatytas OA, buvo suskirstyti j dvi grupes: I grupei (n = 10; 5 moterys ir 5 vyrai) 1—4 savaites
taikyta transkutaninis elektrinis nervo stimuliavimas (TENS) (10 d.) ir fiziniai pratimai, 5—8 savaites — fiziniai
pratimai ir sqnariy mobilizacija; Il grupei (n = 10; 5 moterys ir 5 vyrai) 1—4 savaites taikyta TENS (10 d.), fiziniai
pratimai ir sqnariy mobilizacija, 5—38 savaites — fiziniai pratimai ir sqnariy mobilizacija.

Tyrimo rezultatai parodeé, kad kuo anksciau pradedama taikyti sqnariy mobilizacija, TENS ir fiziniai pratimai kartu,
tuo greitesniy ir geresniy rezultaty pasiekiama lavinant serganciyjy OA pusiausvyrq ir Slaunies raumeny jégq. Taikant
TENS, sqnariy mobilizacijq ir fizinius pratimus, OA serganciy asmeny keliy sqnariy skausmas reiksmingai sumazéjo,
pusiausvyra pageréjo, o Slaunies raumeny jéga padidéjo. Taikant skirtingas kineziterapijos programas, tiriamyjy
blauzdos tiesiamyjy ir lenkiamyjy raumeny jéga didéja, taciau jégos pusiausvyros sutrikimas islieka ir gali lemti
skirtingq serganciyjy osteoartritu bei sveikyjy asmeny gebéjimq islaikyti pusiausvyrq.

RaktaZodZiai: osteoartritas, skausmas, Slaunies raumeny jéga, pusiausvyra, sqnariy mobilizacija.

[VADAS

enstant ir kintant judéjimo, atramos sis-

temai, paveikiami sanariai: kinta sanariy

kremzle, mazéja jos elastingumas, storis,
mazéja sanarinio skyscio (Veckiene, 2004), nu-
silpsta raumenys, sutrinka eisena ir pusiausvyra
(Lemme, 2003).

Viena i$ labiausiai paplitusiy judéjimo ir atra-
mos sistemos reumatiniy ligy yra osteoartritas. Jis
diagnozuojamas 75% visy artrity atveju (Radzii-
nieng, 2006).

Osteoartritas (OA) — tai mechaniniy ir bio-
loginiy veiksniy nulemti kremzlés ir pokremz-
linio kaulo morfologiniai, biocheminiai, mo-
lekuliniai, biomechaniniai pakitimai, kliniskai
pasireiSkiantys sanario skausmu, skausmingumu
¢iuopiant, judesiy ribotumu, krepitacija, sanario
deformacija, protarpiais — patinimu, skyscio
susikaupimu sanaryje, jvairaus laipsnio vietiniu
uzdegimu (Bjordal et al., 2001; Kalesinskas,
Petrulis, 2005).
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D¢l degeneraciniy sanario pokyc¢iy kinta rais-
¢iy elastingumas, mazéja raumenu jéga, sanariai
praranda stabiluma (Imboden et al., 2004).

Sergant kelio sanario OA, daznai pastebimas
raumeny jégos mazéjimas. Slaunies keturgalvio
raumens jégos maz¢jimas senstant daznai susijgs
su OA ir pasireisSkia dél pazeisto sanario skausmo
(Steultjens et al., 2001; Dawson, Slovik, 2006).
Kita vertus, daugelis mokslininky (Slemenda
et al., 1997) teigia, kad Slaunies keturgalvio
raumens jégos mazéjimas gali biiti etiologiniu
OA vystymosi veiksniu. Todél raumeny jégos
pokycius labai svarbu jvertinti OA formavimosi
pradzioje.

Esant pradinéms OA stadijoms, mokslininkai
ir gydytojai praktikai pirmiausia pataria stiprinti
Slaunies keturgalvi raumenj ir lavinti bendraja
aerobing iStverme (Imboden et al., 2004).

Pusiausvyra yra glaudziai susijusi su raumeny
jéga ir yra ypac¢ svarbi pagyvenusiems Zzmonéms,
sergantiems kelio sanario OA. Mokslininkai teigia:
kuo blauzdos ir pédos judesius atliekantys raume-
nys stipresni, tuo geresné dinaminé pusiausvyra
(Jadelis et al., 2001).

Taciau kyla klausimas, kaip kinta pusiausvy-
ros, Slaunies raumeny jégos ir skausmo rodikliy
santykis taikant jvairias galimas kineziterapijos
priemones, ir kurias i§ ju bei kuriuo metu taikant
yra pasickiamas didziausias teigiamas poveikis.

Tyrimo tikslas: nustatyti skausmo, slaunies
raumeny jégos ir pusiausvyros rodiklius bei jégos
ir pusiausvyros lavinimo galimybes sergant kelio
sgnario osteoartritu.

Objektas: asmeny, serganciy antros stadijos
abiejy keliu sanariy osteoartritu, pusiausvyra, Slau-
nies raumeny jéga, keliy sanariy skausmas.

Hipotezé: manome, kad didziausia teigiama
poveiki keliy sanariy skausmui, $launies raumeny
jégai ir pusiausvyrai, sergant osteoartritu, turi
ankstyvas sanariy mobilizacijos, transkutaninio
elektrinio nervo stimuliavimo (TENS) bei fizi-
niy pratimy taikymas kartu. Taikant aktyvius ir
pasyvius kineziterapijos metodus atskirai, povei-
kis pusiausvyrai, §launies raumeny jégai ir keliy
sanariy skausmui turéty biti mazesnis arba visai
nepasireiksti.

TYRIMO METODAI IR
ORGANIZAVIMAS

Buvo tiriama 20 asmeny, serganciy abieju
keliy sanariy OA. Visiems tiriamiesiems buvo
radiologiSkai nustatyti keliy sanariy pakitimai,

budingi antrai OA stadijai (Kalesinskas, Petrulis,
2005; Ding et al., 2006). Tiriamyjy amziaus vidur-
kis — 71,3 + 3,72 mety. Tiriamieji suskirstyti i dvi
grupes: I grupé (n = 10; 5 moterys ir 5 vyrai), I
grupé (n = 10; 5 moterys ir 5 vyrai).

Norint objektyviai jvertinti tiriamyjy, serganciy
abiejy keliy sanariy OA, pusiausvyros ir $launies
raumeny jégos rodiklius, buvo tiriama ir to paties
amziaus asmeny (n = 20), kuriems nenustatyti OA
pozymiai, pusiausvyra ir raumeny jéga. Minéti
dydziai palyginti tarpusavyje.

Tirti savanoriai, prie§ tai informuoti apie bi-
simg tyrima ir gauty duomeny anonimiskuma.
Nora dalyvauti tyrime jie patvirtino rastu. Nebuvo
tirlami asmenys, patyr¢ galvos smegeny insulta,
sergantys Parkinsono liga, i$sétine skleroze, po
klubo ar kelio sanario endoprotezavimo, patyre
ivairius luzius, tie, kuriy regos neimanoma kore-
guoti akiniais, kuriems nustatytas keliy sanariu
nestabilumas.

Pusiausvyros tyrimo metodika. Tiriant stati-
ng ir dinaming pusiausvyra buvo naudojama Bergo
pusiausvyros vertinimo skalé (Shumway-Cook,
Woollacott, 2001). Skale sudaré 14 uzduociy, ku-
riy kiekviena vertinta nuo 0 iki 4 baly. 0 baly — ti-
riamasis neatlieka uzduoties, 4 balai — tiriamasis
atlicka uzduoti be priekaisty. ISvada apie tiriamojo
pusiausvyra daroma pagal surinkty baly kiekj juos
sumuojant:

e 0—20 — judéjimas su veziméliu;

e 21—40 — judéjimas su pagalba;

® 41—56 — nepriklausomas judéjimas.

Dinamometrija. Statin¢ Slaunies raumeny
jéga tirta dinamometrijos metodu. Blauzdos tiesia-
muyjy ir lenkiamyjy raumeny jéga buvo matuojama
elektroniniu rankiniu dinamometru (Lafayette,
Pro-Med Products, Atlanta) tiriamajam uzimant
standartines padétis ir iSreiskiant jégos vertg kilo-
gramais (Reese, 2005).

Skausmo vertinimas. Skausmui vertinti buvo
naudojama skaitmeniné skausmo skalé. Vertinta
nuo 0 (kai skausmo visiskai néra) iki 10 baly (ne-
pakeliamas skausmas).

Tyrimo eiga. IStyrus abiejy grupiy tiriamyjy
pusiausvyra, §launies raumeny jéga ir skausma,
buvo pradétas 8 savaiéiy kineziterapijos kursas.
Kineziterapija taikyta kas antra dieng, tris kartus
per savaite, 18 viso — 24 procedtros. TENS tai-
kyta 10 dieny, viena karta per diena, stimuliavimo
daznis — 100 Hz, 20 min (Law, Cheing, 2004): I
grupei 1—4 savaites taikyta TENS (10 d.) ir fizi-
niai pratimai, 5—=8 savaites — fiziniai pratimai
ir sanariy mobilizacija; II grupei 1—4 savaites
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taikyta TENS (10 d.), fiziniai pratimai ir sanariy
mobilizacija, 5—8 savaites fiziniai pratimai ir
sanariy mobilizacija.

Asmenys, kuriems nenustatyti OA pozymiai,
kineziterapijos procediirose nedalyvavo.

Pagrindinés kineziterapijos procediros metu
buvo taikomi pusiausvyra lavinantys pratimai,
kelio sanario mobilizacija (Kaltenborn, 2006).
Skausmas buvo vertintas prie§ ir po 10 TENS
procediiry. Pusiausvyra ir §launies raumeny jéga
vertinta pries kineziterapija, po 4 ir 8 savaiciy.

Matematiné statistika. Statistiniy duomeny
analizé atlikta naudojant SPSS 12.0 for Windows
statistini paketa. Tiriamiesiems pozymiams jver-
tinti buvo apskaiciuojami aritmetiniai vidurkiai,
standartinis nuokrypis ir vidurkio reprezentaciné
paklaida. Nepriklausomy ir priklausomy imciu
vidurkiy skirtumo reikSmingumas apskaiciuoja-
mas pagal Studento ¢ ir Vilkoksono kriterijus,
pries tai patikrinus hipotez¢ apie dydziy norma-
lyji skirstinj. Koreliacija tarp tiriamyjy pozymiy,
priklausomy kintamuyjuy tirta panaudojant Pirsono
koreliacijos koeficienta. Apskaiciuotas koreliaci-
jos koeficiento patikimumas. Skirtumas su galima
paklaida, mazesne nei 0,05, buvo vertinamas
kaip statistiSkai reikSmingas. Rezultatai pateikti
nurodant pozymio vidurki ir standartini nuokrypi,
o paveiksluose — vidurkj ir vidurkio reprezenta-
cing paklaida.

REZULTATAI

Tyrimo rezultatai parodé, kad tiek I, tiek II
grupés tiriamyjy pusiausvyra po 4 ir 8 savai-
¢iy statistiskai reikSmingai pageréjo: 1 grupe-
je — nuo 38,25+ 1,05 iki 41,13 £ 1 ir 44,13 + 1
baly (p <0,01), II grupéje — nuo 29,5 + 1,3

iki 36,36 + 1,2 ir 40,13 £ 0,97 baly (p <0,01)
(1 pav.).

Per 1—4 savaite | grupés statinés ir dina-
minés pusiausvyros rodikliai pageréjo 5%, per
4—S8 savaite — 6%, II grupés — 12%, per 4—38
savait¢ — 7%. II grupés pusiausvyros rodikliai po
8 savaiciy kineziterapijos procediiry kito labiau nei
I grupés (2 pav.).

Viso tyrimo metu buvo pastebimas blauzdos
tiesiamyjy raumeny jégos didéjimas. Taikant
TENS ir fizinius pratimus I grupéje bei TENS,
fizinius pratimus ir sanariy mobilizacija II grupéje,
po 4 savaiciy blauzdos tiesiamyjy raumeny jéga
statistiSkai reik§mingai padidéjo: atitinkamai nuo
12,03 + 3,25 kg iki 12,76 + 3,13 kg (p <0,01) ir
nuo 15,59 + 3,68 kg iki 16,58 + 3,71 kg (p < 0,01)
(3 pav.).

Po 8 savaiciy buvo pastebimos tos pacios
blauzdos tiesiamyjy raumeny jégos rodikliy kaitos
tendencijos. I grupés blauzdos tiesiamyju raumeny
jéga padidéjo iki 13,8 £3,15kg (p <0,01), 1T
grupés — iki 17,05 + 3,61 kg (p < 0,01) (3 pav.).

Analogiskai kito ir abiejy grupiy tiriamyjy
blauzdos lenkiamuyjy raumeny jéga: I grupéje po 4
savaiCiy jéga statistiSkai reikSmingai pageréjo nuo
8,77 £2,15 kg iki 9,31 +2,47 kg (p <0,01), po 8
savai¢iy — nuo 9,31 + 2,47 kg iki 10,15 + 2,62 kg
(p <0,01); II grupéje — po 4 savaiciy raumeny jéga
padidéjo nuo 12,54 + 3,65 kg iki 13,83 + 3,74 kg
(p <0,01), po 8 savai¢iy — nuo 13,83 = 3,74 kg
iki 14,3 £ 3,82 kg (p <0,01) (2 pav.).

Analizuojant procentais iSreikStus blauzdos
tiesiamyju ir lenkiamyjy raumeny jégos rodiklius
pastebéta, kad Il grupés tiriamyju blauzdos
lenkiamyjy raumeny jéga kito rySkiau nei blauzdos
tiesiamyjy. I grupés tiriamyjy $launies raumeny jéga
rySkiau kito 1—4 savaitg (blauzdos tiesiamuyjy —

1 pav. Pusiausvyros rodikliai pries§ Kinezi-
terapijos procediiras, po 4 ir 8 savaiciy

Sveiky asmeny pusiausvyra

‘ —— [ grupes  —&— II grupes ‘

55,06+ 0,8

60 7

5

<

Na)

o

=S

P

2z

=9}
Pastaba. KT — kineziterapija; * — p < 0,01, 295
lyginant rodiklius pries KT, po 4 ir po 8 sa- ’
vaiciy; ** — p < 0,01, lyginant I ir II grupés
atitinkamus dydzius. 20

Prie§ KT

Po 4 sav. Po 8 sav.
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Slaunies raumeny jéga, kg

Sveiky asmeny blauzdos tiesiamyjy raumeny jéga
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90 -
%0 79
68 & 72
70 A 65
60 - 53
= 50
g
§ 40
[=%)
30
20
10
0
Pries KT Po 4 sav. Po 8 sav.
—&— I grupés blauzdos tiesiamuyjy r. —— | grupés blauzdos lenkiamujy r.
—— 1II grupés blauzdos tiesiamuyjy r. --X-- 1I grupés blauzdos lenkiamyjy r.
24 A

22,94+32 ke

Pries KT Po 4 sav.

Po 8 sav.

80

70 A

60 -

50 A

40 -

Procentai

30 4

20 4

B Priecs KT OPo4sav. OP

0 8 sav.

7 14

68
60
52

44

72

69

63

47

I grupés 1T grupés

Blauzdos tiesiamyjy raumeny

I grupes

1T grupés

Blauzdos lenkiamyjy raumeny

nuo 68 iki 72%, blauzdos lenkiamyjy — nuo 63 iki
69%) nei 4—38 savaite (blauzdos tiesiamyjy — nuo
72 iki 74%, blauzdos lenkiamyjy — nuo 69 iki

72%) (4 pav.).

I ir IT grupés tiriamieji, pasinaudodami skait-

2 pav. Pusiausvyros rodikliai, iSreiksti pro-
centais prie§ Kineziterapijos procediiras,
po 4 ir 8 savaiciy

Pastaba. KT — kineziterapija.

3 pav. Slaunies raumeny jégos rodikliai
pries kineziterapijos procediras, po 4 ir
8 savaiciy

Pastaba. KT — kineziterapija; * —p < 0,01,
lyginant rodiklius pries KT, po 4 ir 8 savai-
Ciy; ** — p <0,01, lyginant I ir II grupés
atitinkamus dydzius.

4 pav. Slaunies raumeny jégos rodikliai,
iSreikSti procentais prie§ Kkineziterapijos
procediiras, po 4 ir 8 savaiciy

Pastaba. KT — kineziterapija.

cediiras skausma apibrézé kaip Siek tiek didesni
nei silpna. Po 10 dieny TENS taikymo paste-
béti teigiami rezultatai (5 pav.). I grupés tiria-

muyju keliy sanariy skausmas sumazéjo statistis-

menine skausmo skale, prie§ kineziterapijos pro-

kai reik§mingai — nuo 3,3 + 0,82 iki 1,6 £ 0,52



46

Vilma Juodzbaliené, Tomas Darbutas, GraZina Krutulyté, Vaidas Mickevicius

5 pav. Skausmo rodikliai prie§ transkutani- - -
nj elektrinj nervo stimuliavimg ir po jo ‘ D1 grupés O grupés
4 .
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Pastaba. TENS — transkutaninis elektrinis
nervo stimuliavimas; ** — p < 0,01. 0
Pries TENS Po 10 dieny

baly (p <0,01), Il grupés — nuo 3,4 + 0,69 iki
1,4 £ 0,52 baly (p <0,01).

Nustatytas labai silpnas statisti§kai reik§min-
gas rySys tarp Il grupés tiriamyjy $launies raumeny
jégos ir pusiausvyros rodikliy (r=0,13; p <0,01).
RySys tarp II grupés tiriamyjy pusiausvyros ir
skausmo rodikliy yra atvirkscias, silpnas ir statis-
tiskai nereikSmingas (r = —0,4; p > 0,05). II grupés
Slaunies raumeny jégos ir skausmo rodikliy rysys
taip pat yra atvirkscias ir labai silpnas (r =—0,09;
p > 0,05). Visi I grupés koreliacijos koeficientai
rodo labai silpna ir silpna, taciau statistiskai ne-
reikSminga ry$i tarp tirty pozymiy.

REZULTATU APTARIMAS

[Sanalizavus tyrimo duomenis nustatyta, kad
I grupéje 1—4 savaite taikant TENS ir fizinius
pratimus pusiausvyra geréjo. 5—=8 savaite pradéjus
taikyti sanariy mobilizacija, pusiausvyra ger¢jo,
kaip ir 1—4 savaite, kai sanariy mobilizacija ne-
buvo taikoma. Tuo tarpu II grupéje, kai sanariy
mobilizacija buvo taikoma nuo pat kineziterapi-
jos procediiry pradzios, pusiausvyra 1—4 savaite
geréjo sparciau. 5—8 savait¢ — maziau nei 1—4
savaite, bet daugiau nei I grupg¢je.

Remiantis M. C. Hall ir bendraautoriy (2006)
atliktais tyrimais, sergant OA, keliy sanariy
skausmas veikia pusiausvyra. Taciau B. S. Hassan
ir kt. (2002) nustaté, kad kelio sanario skausmas
pusiausvyrai neturi jokio poveikio. Mes mano-
me, kad II grupés tiriamyju sparty pusiausvyros
geréjima galima sieti ir su TENS, ir su sana-
riy mobilizacijos poveikiu, nes TENS paveikiai
malsina skausma, o sanariy mobilizacija padeda
atgauti normalius artrokinematinius judesius ir

pusiausvyros valdyme dalyvauja daugiau proprio-
receptoriy. Miisy nuomone, geréjanti pagyvenu-
sio amziaus tiriamyjy pusiausvyra didina asmens
funkcing nepriklausomybe kasdienéje veikloje,
apsitarnaujant.

Tiriamyjy $launies raumeny jéga didéjo tai-
kant skirtingas kineziterapijos programas, taciau |
grupés, kuriai 4 savaites buvo taikyta tik TENS ir
fiziniai pratimai, Slaunies raumeny jéga didéjo ne-
daug, o II grupés, kuriai nuo tyrimo pradzios buvo
taikyta TENS, fiziniai pratimai ir sanariy mobiliza-
cija, Slaunies raumeny jéga didéjo sparciau.

Taigi kartu su fiziniais pratimais taikant sa-
nariy mobilizacija ir TENS, Slaunies raumeny
jéga didéjo sparciau ir galima teigti, kad tokia
kineziterapijos programa labiau veikia raumeny
jégos pokycius sergant OA. Atsizvelgiant | 11
grupés tyrimo rezultatus, sanariy mobilizacijos
paveikumas pastebimas jau 1—4 savaite, o to-
lesnis ir véliau pradétas sanariy mobilizacijos
taikymas nelemia tokio paties §launies raumeny
jégos padidéjimo.

I grupés tiriamiesiems §i programa buvo tai-
koma tik 5—8 savaite, ir §launies raumeny jéga
padidéjo daugiau nei per pirmas 4 savaites, kai
buvo taikoma tik TENS ir fiziniai pratimai. Mano-
me, kad kuo anksciau bus pradéta taikyti sanariy
mobilizacija, sergant kelio sanario OA, tuo geres-
niy ir greitesniy rezultaty bus pasiekta stiprinant
Slaunies raumenis.

K. Bennell, R. Hinman (2005) nustaté, kad
blauzdos tiesiamyjy raumeny jéga ir kelio sana-
rio OA vystymasis ypac susije. Jei tiriamajam
diagnozuotas kelio sanario OA, ir raumenys yra
silpni, tai tik pagreitina ligos padariniy — eise-
nos, pusiausvyros sutrikimy — progresavima, o
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Slaunies keturgalvio raumens stiprinimas stabdo
Siuos procesus. Atlikto tyrimo rezultatai leidzia
manyti, kad skausmo malSinimo budai, sanariy
mobilizacija ir pusiausvyros lavinimas pagerino
ne tik pusiausvyra, bet sustiprino blauzdos tiesia-
muosius ir lenkiamuosius raumenis.

Tiriant asmeny, serganciy kelio sanario OA,
Slaunies raumeny jégos pusiausvyra buvo nu-
statyta, kad blauzdos tiesiamyjy raumeny jéga
yra didesné, lyginant su blauzdos lenkiamuyju
raumeny.

T. Hortobagyi ir kt. (2005), i§tyre jauny svei-
ky zmoniy blauzdos lenkiamuyjy ir tiesiamyjy rau-
meny jégos pusiausvyra, nustaté, kad antagonisty
jégos skirtumas buvo labai mazas, pagyvenusiy
zmoniy, nesiskundzianciy keliy sanariy proble-
momis, — didesnis, o serganciy keliy OA — di-
dziausias.

Atlikto tyrimo rezultatai patvirtina T. Horto-
bagyi ir bendraautoriy (2005) iS§vadas, nes tyri-
mo pradzioje nustatytas blauzdos tiesiamyjy ir
lenkiamyjy raumeny jégos skirtumas isliko ir po
skirtingy kineziterapijos programy. Tai galéjo
lemti aisky serganciyjuy OA ir sveiky asmeny pu-
siausvyros rodikliy skirtuma, kuris maz¢ja taikant
kineziterapijos procediiras.

Tiriant asmenis, sergancius keliy OA ir anali-
zuojant skausmo poveiki pusiausvyrai, propriore-
cepcijai ir $launies keturgalvio raumens jégai buvo
nustatyta, kad skausmas veikia raumeny jéga ir
pusiausvyra, o propriorecepcija — kiti veiksniai
(Hall et al., 2006).

P. P. Law teigimu (2004), taikant TENS, ser-
ganciyjy OA keliy sanariy skausmas sumazéja jau
po deSimties dieny, tuo paciu didéja kelio sanario
judesiy amplitudé.

Tyrimo metu taikyta TENS ir keliy sanariy
mobilizacija, kuriai budingas nuskausminamasis
poveikis, per 10 dieny statistiskai reikSmingai pa-
gerina tiriamyjy savijauta, taciau visiskai skausmo
nenumalS§ina.

G. L. Cheing ir C. W. Hui-Chan (2004) tyrimy
duomenimis nustatyta, kad taikant kineziterapija
ir TENS viena ménesi (penkis kartus per savaite)
tirlamyjy savijauta pageréja: didéja raumeny jéga,
eisena darosi taisyklingesné.

Manome, kad tirtiems asmenims po tyrimo i$-
liekanti silpna keliy sanariy skausma galéjo lemti
per mazas TENS procediiry skaicius.

Kai kuriy autoriy duomenimis, taikant tik
¢jima ar fizinius pratimus, skausmas nesumazéja,
ir tai trukdo tolesniam bei spartesniam rezultaty
geréjimui (Evcik, Sonel, 2002). Tyrimais nusta-

tyta, kad SesSiy savaiciy fiziniy pratimy progra-
ma, taikyta vidutinio amziaus zmonéms, ser-
gantiems kelio sanario OA, teigiamy rezultaty
nedavé — skausmas nesumazéjo (Thorstentsson
et al., 2005). Todél tyrimo metu fiziniai pratimai
buvo taikomi ilgiau ir derinti su kitais kinezite-
rapijos metodais.

K. L. Bennel ir kiti (2005) jrodé, kad fiziotera-
pija ir placebas duoda tuos pacius rezultatus ser-
gant kelio sanario OA, tac¢iau mes taikéme TENS,
siekdami garantuoto rezultato.

Tyrimo rezultaty koreliacijos koeficientai nero-
do skausmo ir raumeny jégos, pusiausvyros sasaju.
Kaip minéjome, B. S. Hassan ir kt. (2002) taip pat
nustaté, kad kelio sanario skausmas pusiausvyros
neveikia.

Sergant kelio sanario OA, pradinése stadijose
skausmas atsiranda tik judesio metu, tod¢l tikeé-
tina, kad labiausiai veikia dinaming pusiausvyra,
o ne pusiausvyra apskritai. Siems teiginiams
patvirtinti reikéty iSsamesniy tyrimy diferenci-
juojant pusiausvyros riisis ir pasirenkant didesneg
tirlamyju imti. Labai silpna Il grupés tiriamuju
Slaunies raumeny jégos ir pusiausvyros rysi ga-
léjo lemti tai, kad pusiausvyrai, pasak K. Jadelis
ir kt. (2001), ypac svarbi blauzdos ir pédos rau-
meny jéga.

Atlikus rezultaty analizeg, galima teigti, kad
iSkelta hipotezé pasitvirtino. Labiausiai pusiaus-
vyra, Slaunies raumeny jéga ir skausma veikia
ankstyvas sanariy mobilizacijos, TENS bei fiziniy
pratimy taikymas kartu, o taikant aktyvius ir pasy-
vius kineziterapijos metodus atskirai tiriamus arba
vertinamus rodiklius veikia maziau.

ISVADOS

1. Kuo anksc¢iau pradedama taikyti sanariy mo-
bilizacija, TENS ir fiziniai pratimai kartu, tuo
greitesniy ir geresniy rezultaty pasiekiama la-
vinant sergan¢iyjy osteoartritu pusiausvyrg ir
Slaunies raumeny jéga.

2. Taikant TENS, sanariy mobilizacija ir fizinius
pratimus, osteoartritu serganciy asmeny keliy
sanariy skausmas reik§mingai sumazéjo, pu-
siausvyra ir §launies raumeny jéga pagerejo.

3. Taikant skirtingas kineziterapijos programas,
tiriamyju blauzdos tiesiamyjy ir lenkiamyjuy
raumeny jéga didéja, taciau jégos pusiausvyros
sutrikimas islieka ir gali lemti skirtinga sergan-
¢iuju osteoartritu ir sveiky asmeny gebéjima
iSlaikyti pusiausvyra.
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EFFECT OF PHYSIOTHERAPY ON CHANGES IN PAIN,
THIGH MUSCLE STRENGTH AND BALANCE IN KNEE
OSTEOARTHRITIS

Vilma JuodZbaliené', Tomas Darbutas®, Grazina Krutulyté', Vaidas Mickevi¢ius’
Lithuanian Academy of Physical Education’, Kaunas Nursing Hospital’,
Kaunas Technical College’, Kaunas, Lithuania

ABSTRACT

The decrease of strength of quadriceps femoris is often related to osteoarthritis (OA) and appears in
relation to the pain of involved joint (Steultjens et al., 2001; Dawson, Slovik, 2006). Then the researchers
(Slemenda et al., 1997) maintain that the decrease of strength of quadriceps femoris may be the etiological
factor of OA. Therefore it is important to assess the changes of muscle strength in the beginning of OA
development.

The aim of the research was to establish changes of pain, thigh muscle strength, balance and training
possibilities in knee OA. 20 subjects (age: 67—75 yr) with second stage of knee OA participated in the
study. Static and dynamic balance, thigh muscle strength, pain were established applying Berg balance scale,
dynamometry and numerical pain scale before different physiotherapy programs and after 4, 8 weeks.

The static and dynamic balance, thigh muscle strength and pain of healthy subjects of the same age
(n =20) were established with the purpose of objective evaluation of OA influence on above mentioned
parameters.

Group I (n = 10; 5 males, 5 females): transcutaneous electrical nerve stimulation (TENS) (10 days) and
physical exercises were applied from the first to the fourth week, physical exercises and joint mobilization
were applied from the fifth to the eight week. Group II (n = 10; 5 males, 5 females): TENS, physical exercises
and joint mobilization were applied from the first to the fourth week, physical exercises and joint mobilization
were applied from the fifth to the eight week.

The results of the study showed that early application of joint mobilization, TENS and physical exercises
together determined faster and better results of balance and thigh strength development in knee OA. The
knee pain reduced, balance and thigh muscle strength increased significantly after application of TENS,
joint mobilization and physical exercises. Evident correlation between knee pain, thigh muscle strength and
balance was not established. Different physiotherapy programs increased the strength of knee flexors and
extensors though strength balance disorder remained. Strength balance disorder determined the difference
between balance parameters of healthy subjects and subjects with knee OA.

Keywords: osteoarthritis, pain, thigh muscle strength, balance, joint mobilization.
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HIPERTERMIJOS POVEIKIS MOTERU GRIAUCIU
RAUMENU NUOVARGIUI IR ATSIGAVIMUI

Ieva LukoSiaité-Stanikiiniené', Marius Brazaitis', Albertas Skurvydas',
Laura Daniusevi¢iiité"?, Soneta Ivanoné', Kazys Vadopalas', Kazimieras Pukénas'
Lietuvos kiino kultiiros akademija’, Kauno technologijos universitetas’, Kaunas, Lietuva

Ieva Lukosiuté-Stanikiiniené. Biologijos moksly magistré. Lietuvos kiino kultiiros akademijos biomedicinos moksly krypties doktorante.
Moksliniy tyrimy kryptis — raumeny fiziologija: aklimatizacijos poveikis raumeny funkcijai.

SANTRAUKA

Tyrimo tikslas — nustatyti hipertermijos poveiki motery raumeny nuovargiui ir atsigavimui, raumenj stimuliuojant
ivairiais dazniais. Tiriamosios — sveikos fiziskai aktyvios moterys (n = 6). Jy amzius — 22,2 + 3,4 m., kitno masé —
63,93 + 6,74 kg, tigis — 167,6 = 7,2 cm. Buvo atliekami du tyrimai — kontrolinis ir eksperimentinis. Eksperimentinis
tyrimas nuo kontrolinio skyrési tuo, kad jo metu vietoj pramankstos buvo pasyviai sukeliama hipertermija (tiriamosios
sédédamos 45 min laiké kojas siltoje vonioje, kurios vandens temperatira — 44 + 1°C). Islipusios is vonios, ne véliau
kaip po 5 minuciy, tiriamosios buvo sodinamos j specialiq dinamometro kéde ir atliko 2 min trukmés maksimaly
valingq izometrinj raumeny, susitraukimq (MVJ-2 min). Pries kritvi ir praéjus 15 ir 300 sekundziy po jo buvo atlie-
kamas kontrolinis testavimas (raumuo stimulivojamas 1, 10, 20, 50, 100 Hz elektros impulsais (stimuliacijos trukmé
1 s)ir TT 100 Hz (stimuliacijos trukmé 250 ms, daznis 100 Hz)). Registruotas raumeny nevalingo susitraukimo jégos
momentas ir TT 100 Hz sukelto raumeny susitraukimo atsipalaidavimo iki pusés jégos trukmeé.

Sukélus hipertermijq, rektaliné kiino temperatiira vidutiniskai padidéjo 2,08 = 0,24°C (p < 0,05), raumeny vidiné
temperatiira (3 cm gylyje) — 2,99 + 0,29°C (p < 0,05). Hipertermijos eksperimento metu tiriamosios vidutiniskai
neteko 0,4 = 0,07 kg, ir tai sudaré 0,62 + 0,13% kiino svorio. ISanalizavus fiziologinj Silumos streso indeksq (10 baly
sistema) nustatyta, kad tiriamosios hipertermijos metu patyré labai didelj fiziologinj stresq — 8,85 = 1,13 baly.
Pagrindinés tyrimo isvados: 1) hipertermija pagerina trumpalaiki nevalingq raumeny, susitraukimaq; lokaliai pasil-
dzius raumenis (pvz., kai jy temperatiira padidéja apie 3°C) ypac padidéja raumeny susitraukimo greitis ir galingumas,
nes padidéjusi temperatiira skatina greitesnj ATP, KP ir glikogeno panaudojimq; 2) hipertermija padidina raumeny
nuovargio dydj, atliekant ilgalaikius fizinius pratimus; 3) didesnis nevalingos jégos momento rodikliy padidéjimas
hipertermijos metu pastebétas raumenj stimulivojant dideliais dazniais.

Apibendrinant tyrimo rezultatus galima teigti, kad hipertermijos metu kylantis nuovargis gali atsirasti dél dviejy
pagrindiniy priezasciy — raumeny lokaliy ir centrinés nervy sistemos pokyciy.

RaktaZodZiai: hipertermija, centrinis nuovargis, izometriniai pratimai.

[VADAS

ipertermija padidina fiziologing kiino

itampa, o tokiomis salygomis atliekant

ilgos trukmés nenutritkstamus fizinius
pratimus stipriai sumazéja fizinis pajégumas ir
trukme iki nuovargio (Galloway, Maughan, 1997).
De¢l fizinés veiklos atsiradgs nuovargis, manoma,
tiesiogiai susije¢s su fizinio pajégumo apribojimais,
esanciais griauciy raumenyse arba nervy sistemoje
(RatkeviCius et al., 1998). Hipertermijos sukelia-
mo nuovargio mechanizmas iki galo néra suprastas

(Morrison et al., 2004). Nustatyta, kad nuovargio
atsiradimas tiesiogiai susijgs su Serdinés tempe-
ratliros padidé¢jimu iki kritinés ribos — 39,5°C,
t. y. kai pastebimas neuroraumeninés aktyvacijos
sumazejimas (Nybo, Nielson, 2001).

Kai paralelinio K. Vadopalo (2007) ir ben-
draautoriy tyrimo metu buvo taikoma tokia pati
raumeny pasyvaus Sildymo metodika ir panaSus
tyrimo protokolas, tirlamosioms buvo nustatyta hi-
pertermija, kuri padidino merginy centrini nuovar-
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gi atliekant dviejy minuciy maksimaly izometrini
krtivi. Nepavyko aptikti daugiau tyrimy, kuriais
biity analizuotas hipertermijos poveikis motery
raumeny nuovargiui ir atsigavimui, jo priklauso-
mumas nuo stimuliavimo daznio. S. S. Cheung
(2007) pastebéjo, kad vienas svarbiausiy ateities
tyrimy aspekty, tiriant hipertermijos poveikij cen-
triniam ir raumeny nuovargiui, yra testavimas ir
vertinimas lyties pozitriu. Tyrimo tikslas — nusta-
tyti hipertermijos poveiki motery raumeny nuovar-
giui ir atsigavimui, raumenj stimuliuojant jvairiais
dazniais.

TYRIMO METODAI

Tiriamosios — sveikos fiziskai aktyvios mo-
terys (n = 6). Ju amzius — 22,2 + 3,4 m., kiino
masé — 63,93 + 6,74 kg, tgis — 167,6 = 7,2 cm.
Tiriamosios buvo supazindintos su tyrimo tiks-
lais, procediira ir galimais nepatogumais. Nora
dalyvauti tyrime jos patvirtino rastu. Tyrimas
atliktas laikantis 1975 m. Helsinkio deklaracijoje
priimty principy dél eksperimenty su Zmonémis
etikos. Tyrimo protokolas aptartas ir patvirtintas
Kauno regioniniame biomedicininiy tyrimy etikos
komitete (Protokolo Nr. 130/2005; Leidimo Nr.
BE-2-54).

Dinamometro nustatymas ir padéties su-
reguliavimas. [zometriné blauzdos tiesiamy-
ju raumeny jéga vertinta naudojant izokinetini
dinamometra (Biodex Medical System 3, New
York). Tiriamosios buvo sodinamos i dinamome-
tro irenginio kéde, testuojama desiné koja. Prie
dinamometro pritvirtinamas papildomas blauzdos
tvirtinimo jtaisas. Kelio anatominé sanario a$is
nustatoma ir sulyginama su dinamometro dinami-
nés apkrovos mazgo asimi. Nustatoma visa kelio
sanario amplitudé (iStiesus 0° ir sulenkus blauzda
115° kampu). Mazinant viso kiino inercinj svyravi-
ma, tirlamoji apjuosiama peciy, liemens ir $launies
dirzais. Blauzda jtvirtinama dirzu vir§ kulnakaulio
gumburo ties apatiniu trecdaliu, koja fiksuojama
per kelio sanarj 90°ir 60° kampu, pasveriama tada,
kai ji fiksuota 72° £+ 5° kampu (veikia gravitaciné
sunkio jéga). Valdymo skyde pasirenkamas izome-
trinis rezimas. Registravome raumeny nevalingo
susitraukimo jégos momenta ir TT 100 Hz sukelto
raumeny susitraukimo atsipalaidavimo iki pusés
jégos trukmg.

Eksperimento eiga. Eksperimentas pirma
karta buvo apraSytas K. Vadopalo ir bendraautoriy
(2007). Pries eksperimenta atliktas zvalgomasis
tyrimas, kurio metu tiriamieji turéjo priprasti prie

laboratorijos aplinkos salyguy ir pasimokyti atlikti
didziausio valingo izometrinio susitraukimo kriivi.
Ne anksciau kaip po savaités tiriamieji, atrinkti at-
sitiktiniu biidu, atliko kontrolinj ir eksperimentini
tyrima. Eksperimentinis tyrimas nuo kontrolinio
skyrési tuo, kad jo metu vietoj pramankstos buvo
pasyviai sukeliama hipertermija.

Taikant pasyvaus Sildymo metodika, tiria-
mosios, atvykusios i laboratorija, 30 min ramiai
sédédavo jprastinés temperatiiros kambaryje (20—
22°C), paskui matuojama jy rektaliné temperatiira.
Véliau atliekamas kontrolinis MVJ matavimas,
t. y. darant 2 min pertrauka atlikti trys maksimaltis
valingi raumeny susitraukimai, kai blauzda per
kelio sanarj tiesiama fiksuotu 120° kampu (rau-
meny susitraukimo trukmé 5 s). Mazdaug 2—3
$iy susitraukimy sekundg keturgalvis §launies
raumuo buvo stimuliuojamas 100 Hz daznio ir
250 ms trukmes elektriniy impulsy serija. Paskui
taikytas pasyvus kojy Sildymas, i$ karto po $ildy-
mo matuojama rektaliné temperatiira. ISlipusios i$
vonios, ne véliau kaip po 5 minuciy, tiriamosios
buvo sodinamas i specialia dinamometro kédg ir
atliko 2 min trukmés maksimaly valinga izome-
trini raumeny susitraukima (MVJ-2 min). Praéjus
15 ir 300 sekundziu po kriivio, atliktas kontrolinis
testavimas. Krivio metu tiriamosios vilkéjo Silta
ilga sporting apranga, buvo uzsidéjusios pirties
kepurg (hipertermijai islaikyti eksperimentiniy
tyrimy metu). Abieju eksperimenty pabaigoje buvo
matuojama rektaliné temperattra (hipertermijai
kontroliuoti).

Kontrolinio tyrimo metu tiriamosios po nein-
tensyvios pramankstos — 10 min bégimo (pulso
daznis — 110—130 tv. / min) — buvo sodinamos
1 specialig izokinetinio dinamometro kédg ir atliko
testavima pagal ta pati protokola, tik be pasyvaus
raumeny $ildymo.

Pasyvaus Sildymo metodika. Tiriamosios
sédédamos 45 min kojas laiké §iltoje vonioje, ku-
rios vandens temperatiira — 44 + 1°C, kambario
temperatiira 20—24°C. Sildymo metu jos negaléjo
vartoti jokiy gérimuy ar naudoti dirbtinio vésinimo
irenginiy. Sildymo pabaigoje testuojamo raumens
temperatira 3 cm gylyje padidéja ~ 2,7°C (Ra-
manauskiené ir kt., 2006). Vandens temperatiira
buvo matuojama vandens termometru, o patal-
pos — oro termometru. Tiriamosios prie§ tyrima ir
po jo nuogos ir nusisluosciusios buvo pasveriamos
elektroninémis svarstyklémis (7anita TBF 300,
JAV). Tiriamyju svorio skirtumas rodo skysciu
kieki, kurio jos neteko. Tiriamosios tarp svérimy
negaléjo Slapintis ir vartoti skysciy.
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Rektalinés temperatiiros matavimo metodi-
ka. Rektalin¢ temperattira buvo matuojama zondu,
apvilktu silikonine guma su imontuotu termodavi-
kliu (Ellab, tipas Rectal probe, Danija). Tiriamoji
pries pasyvy Sildyma ir po jo isikisSdavo zonda su
termodavikliu { iSeinamaja anga (laikas — 10 s,
gylis — 12 cm) (Proulx et al., 2003).

Vidinés raumeny temperatiiros matavimo
metodika. Vidiné raumeny temperatiira matuo-
jama adatiniu termometru (MKA, Ellab, Hvidov-
re, Denmark). Kontroliné raumeny temperatira
matuojama jduriant 3 cm gylyje i Soninji platyji
Slaunies raumeni (vastus lateralis), vidurini jo
tre¢dali Sone nuo §launikaulio. Raumeny tempe-
ratliros matavimo procedira pakartojama i$ karto
po pasyvaus Sildymo.

Sirdies ir kraujagysliy sistemos biisenos
vertinimas. Pasyvaus §ildymo metu Sirdies su-
sitraukimy daznis buvo registruojamas pulso
matuokliu (Polar 625 x, Suomija) 5 sekundziy
intervalais.

Fiziologinio streso (Silumos) indekso (FSI)
matavimo metodika. FSI buvo apskai¢iuotas
pagal formulg (Moran, et al., 1998):

VF SI= 5(:Frekm1inét_ Texatine ov) X (39,5 = Tregqatine 0 ) +
(SSD,—SSD ) x (180 —SSD ),

&ia T,upaine o it SSD , — pradiniai matavimai;
T.riaiine AT SSD , — pasikartojantys matavimai per
tam tikra laika.

FSI vertinimas: streso néra arba labai mazas
(0—2 balai), zemas (3—4 balai), vidutinis (5—6
balai), aukstas (7—S8 balai) ir labai aukstas (9—10
baly).

Matematiné statistika. Buvo apskaiciuojami
rodikliy aritmetiniai vidurkiai ir standartiniai nuo-
krypiai. Analizuojamy rodikliy kaita priklausomai
nuo raumens temperatiiros ir laiko kaitos buvo

analizuojama taikant dvieju veiksniy dispersing
analize¢. Skirtumas statistiSkai reikSmingas, kai
p <0,05.

REZULTATAI

Sukélus hipertermija, rektaliné kiino tem-
peratira vidutiniSkai padidéjo 2,08 + 0,24°C
(p <0,05), raumeny vidiné temperatira (3 cm
gylyje) — 2,99 + 0,29°C (p < 0,05). Hipertermijos
eksperimento metu tiriamosios vidutiniskai nete-
ko 0,4 + 0,07 kg, ir tai sudaré 0,62 + 0,13% ktino
svorio. ISanalizavus fiziologini Silumos streso in-
deksa (10 baly sistema) nustatyta, kad tiriamosios
hipertermijos metu patyré labai didelj fiziologini
stresqa — 8,85 + 1,13 baly.

Hipertermijos metu stimuliuojant raumeni
skirtingo daznio elektriniais impulsais, nevalingos
jégos momentas buvo padidéjgs, lyginant su kon-
troliniais matavimais (1 pav.). Taciau pastarasis
skirtumas nereikSmingas (p > 0,05). Ryskiausias
jégos momento padidéjimas nustatytas raumeni
stimuliuojant dideliais dazniais (50 ir 100 Hz,)
maziausias — stimuliuojant mazais dazniais (1,
10 ir 20 Hz) (stimuliavimo trukmé — 1 sekundé¢).
Atsigavimo metu, pragjus 15 (A 15) ir 300 (A 300)
sekundziy po MVJ-2 min, buvo nustatytas reiks-
mingai sumaz¢j¢s nevalingos jégos momentas, ly-
ginant su rodikliais pries kriivi (p < 0,001). Gautas
rezultatas nepriklausé nuo stimuliavimo daznio ar
hipertermijos biisenos (p > 0,05).

Panasiis rezultatai gauti ir tada, kai raumuo
buvo stimuliuojamas 100 Hz daznio ir 250 ms
trukmeés elektriniy impulsy serijos (TT 100 Hz)
(2 pav.).

Hipertermijos tyrimo metu apskaiciavus
TT 100 Hz raumeny atsipalaidavimo iki pusés jé-

1 pav. Kelio tiesiamyjy raumeny jéga, su-

—o— Kontrol. — 0
—— Kontrol. — A 15
—o— Kontrol. — A 300

—— Hiper. — 0
—— Hiper. — A 15
—e— Hiper. — A 300

I 1

kelta skirtingy elektriniy impulsy serijos
(1, 10, 20, 50 ir 100 Hz)
180 ~
160 -
140 -
=
2‘ 120 -
£ 100 1
g
M
S
Pastaba. Stimuliavimo trukmé — 1 sekunde. |2 4, |
Matavimai atlikti kontrolinio (Kontrol.) ir hi-
pertermijos (Hiper.) eksperimento metu, pries 20 4
kraivi (0) ir pragjus 15 (A 15) bei 300 (A 300) 0
sekundziy po jo. 0 10

20 30 40 50 60 70 80 90 100
Stimuliavimo daznis, Hz
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B Kontrolinis O Hipertermija

160

140 4

120 A

100 -

80 1

60 -

TT 100 Hz jéga, N-m

40 4

20 -

2 pav. Kelio tiesiamyjy raumeny jéga, su-
kelta 100 Hz daZnio ir 250 ms trukmés
elektriniy impulsy serijos (TT 100 Hz)

Pastaba. Matavimai atlikti kontrolinio (K) ir
hipertermijos (H) eksperimento metu, pries
kravi (0) ir pragjus 15 (A 15) bei 300 (A 300)
sekundziy po jo.

0 Al5
Matavimai

A 300

250 ~ B Kontrolinis O Hipertermija

200 -

150 4

—_

[=3

(=]
L

W
(=]
L

Raumeny atsipalaidavimo iki pusés jégos
trukmé, ms

3 pav. Kelio tiesiamyjy raumeny jégos,
sukeltos 100 Hz daZnio ir 250 ms trukmés
elektriniy impulsy serijos (TT 100 Hz),
atsipalaidavimo iki pusés jégos trukmé

Pastaba. Matavimai atlikti kontrolinio (K) ir
hipertermijos (H) eksperimento metu, prie$
kravi (0) ir pragjus 15 (A 15) bei 300 (A 300)

sekundziy po jo.

0 A 15
Matavimai

A 300

gos trukme nustatyta, kad prie$ kravi ir po jo pra-
¢jus 300 s raumuo atsipalaidavo greiciau, lyginant
su kontrolinio matavimo rodikliais (3 pav.). TaCiau
pragjus 15 s po kriivio raumeny atsipalaidavimo
trukmé pailgéjo. Atlikus dvieju veiksniy dispersing
analize¢ nustatyta, kad analizuojamy TT 100 Hz
raumeny atsipalaidavimo iki pusés jégos trukmés
rodikliy pokytis priklausé nuo laiko (p < 0,001)
bei saveikos tarp laiko ir bisenos (p = 0,03), o
skirtinga biisena (kontroliné vs hipertermija) rezul-
taty skirtumo reik§mingai nepaveiké (p > 0,05).

REZULTATU APTARIMAS

Pagrindinis Sio tyrimo tikslas buvo nustatyti
hipertermijos poveiki motery raumeny nuovargiui
ir atsigavimui, raumeni stimuliuojant jvairiais
dazniais.

Atlikus tyrima galima daryti Sias iSvadas:
1) hipertermija pagerina trumpalaiki nevalinga
raumeny susitraukima; 2) hipertermija padidina

raumeny nuovargio dydi atliekant ilgalaikius
fizinius pratimus; 3) didesnis hipertermijos metu
nustatytas nevalingos jégos momento padidéji-
mas pastebétas raumenj stimuliuojant dideliais
dazniais.

Gana netiketi tyrimo rezultatai — hipertermija,
kurios metu pasireiské centrinis nuovargis (Vado-
palas et al., 2007), pagerino trumpalaiki nevalinga
raumeny susitraukima, ir Sis pokytis nepriklausé
nuo stimuliavimo daznio. Galima daryti prielaida,
kad pastarasis raumeny susitraukimo pageréjimas
yra labiau veikiamas lokaliy priezasciy nei centri-
nio nuovargio. Manome, kad trumpalaiké nevalin-
ga raumeny jéga padidéjo dél lokalaus raumeny
pasildymo (pvz., kai raumeny temperatiira padidé-
ja apie 3°C, ypac padidéja raumeny susitraukimo
greitis ir galingumas). Padidéjusi temperatiira
skatina greitesni ATP, KP ir glikogeno panaudo-
jima, padidéja ATP hidrolizés, miozino ATP-azés
aktyvumo ir Ca®* pernesimo priklausomybé (Rall,
Woledge, 1990). Padidinus raumeny temperatiira



54 leva Lukogiaté-Stanikaniené, Marius Brazaitis, Albertas Skurvydas, Laura Daniuseviciaté, Soneta Ivanoné, Kazys Vadopalas, Kazimieras Pukénas

2,7°C, reikSmingai padidéja raumeny nevalingo
susitraukimo jéga, atsipalaidavimo greitis, o mak-
simalioji valinga jéga islieka nepakitusi (Bruzas ir
kt., 2003), padidéja Suolio aukstis (Kandratavicius
ir kt., 2003).

Tyrimo metu, praéjus 15 sekundziy po kriivio,
buvo nustatytas raumeny atsipalaidavimo greicio
sumaz¢jimas. Manome, kad atsirado metabolinis
nuovargis. Energijos apripinimas, metabolitai ir
Silumos atidavimas yra pagrindiniai jéga limituo-
jantys veiksniai (Enoka, Stuart, 1992). Atliekant
dinaminius fizinius pratimus, anaerobinés gliuko-
lizés greitis adenozintrifosfatas hidrolizés metu
stipriai priklauso nuo temperatiiros svyravimy
(Ferretti et al., 1992). Raumeny temperatiiros
kilimas turéty padidinti substraty panaudojima ir
Sitaip padidinti metabolity kaupimasj. Gali biti,
kad toks vidulastelinés terpés partig§téjimas lemia
susijungusiy skersiniy tilteliy mazéjima, o ju su-
mavimo rezultatas — absoliucios jégos mazéjimas

(Enoka, Stuart, 1992). H. Westerblad ir kt. (1998)
nustaté, kad pH mazéjimo dél H' koncentracijos
did¢jimo poveikis jégai mazéja tada, kai tem-
peratira didéja. Nustatyta, kad pH sumazéjimas
gali tris kartus labiau sumazinti absoliucia jéga,
esant 12°C nei esant 32°C temperatiirai (Wester-
blad et al., 1998). Pasildytame raumenyje ATP
poreikis gerokai padidéja (Thornley et al., 2003).
ATP suvartojimo ir reikalingumo padidéjimas yra
susijes su padidéjusia metabolity koncentracija i$
suintensyvéjusios ATP hidrolizés (Thorney et al.,
2003), nes pasildytas raumuo grei¢iau nuvargsta
(Brazaitis ir kt., 2004).

ISVADOS

Apibendrinant tyrimo rezultatus galima teigti,
kad hipertermijos metu nuovargis atsiranda dél
dvieju pagrindiniy priezas¢iy — raumeny lokaliy
ir centrinés nervy sistemos pokyciy.
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IMPACT OF HYPERTHERMIA ON SKELETAL MUSCLE FATIGUE
AND RECOVERY OF FEMALES

Ieva LukoSiiité-Stanikiiniené', Marius Brazaitis', Albertas Skurvydas',
Laura Daniusevi¢itité"?, Soneta Ivanoné', Kazys Vadopalas', Kazimieras Pukénas'
Lithuanian Academy of Physical Education’, Kaunas University of Technology’,
Kaunas, Lithuania

ABSTRACT

Research aim was to establish impact of hyperthermia on women’s muscle fatigue and recovery upon
muscle stimulation with various frequencies. The study group were healthy and physically active women
(n = 6). Their age was 22.2 + 3.4 years, body mass — 63.93 £ 6.74 kg, height — 167.6 = 7.2 cm. There were
two studies performed — the control study and the experimental study. The experimental study differed from
the control one because during it hyperthermia was passively induced instead of warm-up (the study group
kept feet in the warm bath with water, the temperature of which was 44 + 1°C, sitting for 45 minutes). After
the bath but no later than within 5 minutes the participants were asked to sit on a special dynamometer chair
and perform a two-minute maximal voluntary isometric muscle contraction (MVJ-2 min). The control test
was performed prior to the load and 15 and 300 s after the load (the muscle was stimulated by electrical
impulses — 1, 10, 20, 50, 100 Hz (duration of stimulation — 1 s) and TT 100 Hz (duration of stimulation —
250 ms, frequency — 100 Hz)). Involuntary muscle contraction force momentum was registered as well as
duration of half relaxation of TT 100 Hz induced muscle contraction.

After passive heating, the rectal temperature increased 2.08 = 0.24°C (p < 0.05) on average, the internal
muscle temperature increased (3 cm deep) 2.99 £ 0.29°C (p < 0.05). The subject lost 0.4 = 0.07 kg on average
during the hyperthermia experiment, and it made 0.62 + 0.13% of the body mass. Physiological stress index
(10 point system) shows that subjects underwent very high physiological stress — 8.85 £ 1.13.

The main conclusions of the research: 1) hyperthermia improves momentary involuntary muscle
contraction; it is considered, that the rate and capacity of muscle contraction increase after local heating,
because of higher temperature forces using of ATP, KP and glycogen; 2) hyperthermia increases muscle
fatigue upon performing sustained physical exercises; 3) greater increase in involuntary force momentum
determined during hyperthermia occurred during the high-frequency muscle stimulation rather than during
the one of low-frequency.

Generally our study showed that fatigue after hyperthermia was increased by two main determinants —
the local changes of muscle and the changes in central nervous system.

Keywords: hyperthermia, central fatigue, isometric exercises.
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LIETUVOS JAUNIMO RINKTINES ZAIDEJU FIZINIS
ISSIVYSTYMAS, JO YPATUMAI IR KAITA

Riitenis Paulauskas
Vilniaus pedagoginis universitetas, Vilnius, Lietuva

Riitenis Paulauskas. Biomedicinos moksly daktaras. Vilniaus pedagoginio universiteto Sporto metodikos katedros docentas. Moksliniy tyrimy
kryptis — jaunyjy krep$ininky rengimas ir juy organizmo adaptacija prie fiziniy kraiviy.

SANTRAUKA

Didéjanti konkurencija tarp zaidéjy, ypac tarp jauny, skatina trenerius dométis ne tik taktiniu, techniniu rengimu, bet
ir sportininky fizinio vystymosi raida, adaptacijos prie fiziniy kriviy ypatumais. Daugelis autoriy yra istyre, kad nors
Jjaunieji sportininkai savo fizine branda dar atsilieka nuo suaugusiyjy, taciau kai kuriy organizmo funkcinés galimybés
siekia didelio meistriskumo sportininky lygj. ZaidZiant krepsinj, sportinj rezultatq daznai lemia fizinés ypatybes, taciau
itgio, kiino ir raumeny masées rodikliai taip pat labai svarbiis. Tyrimu noréta issiaiskinti, kaip reguliariai krepsini
zaidzianciy jaunuoliy fizinio issivystymo rodikliai kinta per ketverius metus.

Tyrimo tikslas — istirti geriausiy 16—19 m. Lietuvos krepsininky — kandidaty i Salies rinktine — fizinio issivystymo
kaitos rodiklius ir palyginti juos su to paties amziaus nesportuojanciyjy.

Tirti jaunieji krepsininkai (n = 14), atstovave jvairaus amziaus Lietuvos rinktinéms. Zaidéjus tyréme ketverius metus
is eilés — nuo 16 iki 19 mety amziaus. Tyrimai atlikti kiekvieny mety vasarq rengiantis Europos ir pasaulio cempio-
natams. Tyrimo metu nustatéme: 1) aigi, ugi sédint, siekimo stovint rezultatus, 2) kiino mase, kitno masés indeksq
(KMI); 3) plastaky statinés jégos rodiklius, 4) gyvybini plauciy tiri (GPT); 5) riebaly ir raumeny mase, jy indeksq
(RRMI).

Tyrimo rezultatai apdoroti matematinés statistikos metodais.

Nustatyta, kad Lietuvos jvairaus amziaus krepsinio rinktinés zaidéjy ugis yra kur kas didesnis uz nesportuojanciyjy.
Taigi atranka i Siq sporto Sakq yra specifiné. Tirty jaunyjy krepsininky kiino masé vidutiniskai 10 kg didesné uz ne-
sportuojanciyjy, taciau augimo tempai panasits.

Atlikti tyrimai leidZia manyti, kad krepsinj ZaidZianc¢iy jaunuoliy plastaky statinés jégos rodikliai yra nepakankami.
Palyginus 16 ir 17 m. zaidéjy jégos rodiklius su to paties amziaus nesportuojanciyjy matyti, kad vidutiniai krepSininky
rodikliai blogesni.

Labiausiai raumeny masé ir statiné jéga didéjo nuo 18 mety amziaus. Manome, kad tam turéjo jtakos tiek fizinis
kravis, tiek augimo fiziologiniai désningumai.

RaktaZodZiai: iigis, kino masé, riebaly ir raumeny masé, statiné jéga.

[VADAS

aunyjy krepsininky rengimas Lietuvoje yra
sistemingas ir organizuotas pedagoginis pro-
cesas. Daugelyje Salies miesty ir rajony veikia
specializuotos sporto mokyklos, vykdomos moks-
leiviy varzybos, formuojamos jvairaus amziaus
nacionalinés rinktinés. Didéjanti konkurencija tarp
zaidéjy, ypac tarp jauny, skatina trenerius dométis
ne tik taktiniu, techniniu rengimu, bet ir sportinin-
ky fizinio vystymosi raida, adaptacijos prie fiziniy
kriiviy ypatumais.
Daugelis autoriy yra iStyre, kad nors jaunieji
sportininkai savo fizine branda dar atsilieka nuo

suaugusiyju, taciau kai kuriy organizmo funkcinés
galimybés siekia didelio meistriSkumo sportinin-
ku lygi (LaSien¢ ir kt., 1994; Katzmarzyk et al.,
2003; Eisenmann et al., 2005). Sportas ir fizinis
aktyvumas nelabai veikia somatinius tigio ir kino
masés rodiklius (Janz et al., 2000; Paulauskas ir
kt., 2005; Matton et al., 2007), taciau kaip fizinio
i§sivystymo rodiklius veikia reguliarios krepsSinio
pratybos tyrinéta nepakankamai.

Zaidziant krepsini, sportinj rezultata daznai
lemia fizinés ypatybés, taciau tigio, kiino ir raume-
ny maseés rodikliai taip pat labai svarbiis. Tyrimu
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noréta iSsiaiskinti, kaip kinta reguliariai krepsini
zaidzian€iy jaunuoliy fizinio i$sivystymo rodikliai
per ketverius metus.

Tyrimo tikslas — istirti geriausiy 16—19 m.
Lietuvos krepsSininky — kandidaty i Sio amziaus
Salies rinktines — fizinio i$sivystymo kaitos ro-
diklius ir palyginti juos su to paties amziaus ne-
sportuojanciyju.

Tiriamieji. Tirti 16—19 m. krepsininkai (n = 14),
atstovave jvairaus amziaus Lietuvos rinktinéms.

TYRIMO ORGANIZAVIMAS IR
METODAI

Zaidéjus tyréme ketverius metus i$ eilés — nuo

16 iki 19 mety amziaus. Tyrimai vyko keturis kar-
tus — kiekvieny mety vasarg rengiantis Europos ir
pasaulio ¢empionatams. Jaunyju kreps$ininky fizi-
nis i$sivystymas tirtas naudojant antropometrijos
metoda (Skernevicius ir kt., 2004). Nustatyta:

1. Ugis, iigis sédint, auk$¢iausio tasko siekimo
stovint rezultatai.
Kiino masé, kiino masés indeksas (KMI).
Plastaky statinés jégos rodikliai.
Gyvybinis plauciy tiris (GPT).
Riebaly ir raumeny masé, jos indeksas (RRMI)
(Juocevicius, Guobys, 1985).
Tyrimo rezultatai apdoroti matematinés sta-
tistikos metodais: apskai¢iuotas aritmetinis vi-
durkis (X)), standartinis nuokrypis (S). Pateiktas
didziausias ir maziausias rodiklis. ApskaiCiuotas
aritmetiniy vidurkiy skirtumo patikimumas taikant

kv

dispersinés analizés (ANOVA) metoda ir nustacius
F kriteriju. Atskiry pozymiy sasaja jvertinta atlie-
kant tiesinés koreliacijos (Pirsono) tyrima.

REZULTATAI

Tirti specifinés grupés jaunuoliy — krepS$inin-
ku — augimo tempai per ketverius metus. Lyginant
16 m. krep$ininky (n = 14) Gigi su to paties am-
ziaus nesportuojanéiuju (Eurofitas, 2002), matyti
didelis rodikliy skirtumas X = 12,1 cm (p < 0,05)
(1 pav., 1, 2 lent.). Tyrimo laikotarpiu uzfiksuota
zaidéjy tigio did¢jimo tendencija. Didesni augimo
tempai pastebéti per pirmuosius dvejus tyrimo
metus. Ketvirto tyrimo metu vidutinis komandos
tirlamyjy tgis sieké 197,29 + 7,03 cm.

JAV atlikti to paties amziaus nesportuojanciy
jaunuoliy tyrimai parodé (Malina, Bouchard,
1991), kad ju tigis X = 15,5 cm mazesnis uz tirty
Lietuvos jaunuju kreps$ininky (1 pav.), taciau nuo
16 iki 18 mety amziaus augimo tempai yra to-
kie patys — X =4 cm. Kaip specifiskai svarby
krepSininkams fizinio i$sivystymo rodiklj tyréme
galtiniy ilgj, iSmatuodami siekimo ranka auksti
ir tgi sédint. Akivaizdu, kad galiiniy ilgis leidzia
zaidéjui buiti pranaSesniam pries§ varzova. Atsiran-
da galimybé sugauti ir mesti kamuolj i§ auksciau.
Per dvejus metus (nuo 16 iki 17 m.) siekimo ranka
vidutiniai rodikliai padidéjo 6,91 cm (p > 0,45),
tgis sédint — 3,33 cm (p < 0,01).

Didéjant tigiui, auga ir kiino masé, todél tirty
Lietuvos jaunyju krepsininky vidutiniai kiino masés
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1 lentelé. Tirty 16—19 m. Lietuvos jaunyjy krepsininky fizinio iSsivystymo rodikliy kaita

PRTI o Ugis | Siekimas | Kiino Jéga, ki .
TiriammBOdlkllal Rod. Usis, sédgint, stovint, | masé, KMIZ -t GPT, 1 Rieb., | Raum., RRMI
A cm kg / m D K kg kg
amZius cm cm kg
X 193,33 | 98,92 | 249,92 | 77,58 | 20,85 | 42,33 | 37,50 | 5,30 | 7,66 | 41,27 | 5,55
I S 6,46 3,46 10,62 8,73 1,87 6,68 | 5,88 | 0,77 1,99 5,24 0,32
16 m. Min. | 187 93 233 65 18,1 30 28 36 | 53 | 345 | 426
Maks. | 207,5 105 271 96 23,5 56 54 6,5 10,6 52,1 6,91
X 195,82 | 100,73 | 254,45 | 81,77 | 21,32 | 39,36 | 34,36 | 5,59 | 830 | 43,65 | 5,36
II S 7,13 2,30 11,64 6,85 1,20 827 | 7,79 | 044 1,51 4,62 0,79
17 m. Min. | 186,5 | 94,5 240 73,5 19 28 28 4,5 6,1 36,1 | 445
Maks. | 207,5 104 273 96 23,08 56 56 6,2 10,6 52,1 6,58
X 197,17 | 102,25 | 256,83 | 86,50 | 22,19 | 43,33 | 38,25 | 5,71 9,24 | 48,23 | 5,34
1 S | 618 | 201 | 981 | 900 | 1,78 | 580 | 579 | 049 | 214 | 574 | 087
18 m. Min. 190 98 244 74 19,3 32 30 4,6 6,01 33,9 4,57
Maks. | 209 106 275 106,5 25 50 48 6,4 13,3 60,9 6,93
X 197,29 | 102,46 | 257,33 | 90,88 | 23,44 | 52,92 | 50,75 | 5,76 | 9,56 | 49,43 | 5,26
v S 7,03 3,40 9,05 7,21 1,58 7,69 | 393 | 043 1,86 7,31 0,84
19 m. Min. | 190 | 91,5 245 80,5 | 21,1 46 42 5 74 | 314 | 401
Maks. | 210 | 104,5 276 104,5 | 262 70 55 64 | 13,1 | 60,1 | 6,76
2 lentelé. Tirty Lietuvos krepS$ininky fizinio i§sivystymo atskiry tyrimy patikimumo rodikliai
Rodikliai . Ugis, .Ug.is Sie.k ’ Kﬁn'o KMI Jéga, kg GPT, | Rieb., | Raum.,
Patikimumas sédint, | stovint, | mase, ) RRMI
Tyrimai cm em em kg kg /m D K 1 1 kg
- F 032 | 1,33 | 058 | 037 | 001 | 006 | 024 | 046 | 0,01 | 040 | 0,07
P 0,58 | 0,26 | 045 | 0,55 | 0,93 | 0,80 | 0,63 | 0,50 | 0,97 | 053 | 0,79
_— F 128 | 692 | 1,99 | 1,98 | 149 | 1,47 | 0,99 | 091 | 125 | 6,63 | 0,04
P 027 | 0,01 | 0,18 | 0,17 | 024 | 024 | 0,33 | 035 | 029 | 0,02 | 0,84
IV F 1,21 | 0,79 1,16 | 11,18 | 9,18 | 17,82 | 12,30 | 1,85 | 2,56 7,09 | 0,001
P 0,28 | 0,38 0,29 | 0,004 | 0,01 | 0,001 | 0,001 | 0,19 | 0,12 0,01 0,97
TI—III F 0,24 | 2,28 0,28 1,98 1,84 1,79 1,87 | 0,36 | 1,46 4,38 0,03
P 0,63 | 0,15 0,6 0,17 0,19 0,19 | 0,18 | 0,55 | 0,24 0,04 0,95
IV F 0,25 | 0,04 0,05 9,59 | 12,88 | 16,57 | 17,80 | 0,85 | 3,13 5,04 0,09
P 0,62 | 0,82 0,82 | 0,005 | 0,001 | 0,001 | 0,001 | 0,37 | 0,09 0,03 0,76
IV F 0,02 | 2,47 0,11 1,72 3,31 11,87 | 13,8 | 0,08 | 0,15 0,20 0,06
P 0,96 | 0,13 0,75 0,2 0,08 | 0,002 | 0,001 | 0,79 | 0,17 0,66 0,81

rodikliai smarkiai skiriasi nuo nesportuojanciyjy.
Nustatyta, kad tirty jaunuciy (16 m.) vidutinis
kiino masés rodiklis siekia 77,58 = 8,73 kg ir
vidutiniskai yra 10 kg didesnis (p < 0,005) uz
nesportuojanciy to paties amziaus Lietuvos ir
JAV jaunuoliy rodiklius (Strong et al., 2005)
(1 pav.). Tyrimo laikotarpiu krepSininky kiino
masé padidéjo — X = 13,3 kg (p < 0,004).

Kino masés indeksas (KMI), kaip ir kiino
masé, kiekvienais metais didéjo, taciau tempai
nebuvo vienodi. Tai susij¢ ir su figio, ir su kiino
masés rodikliy kaita. Per pirma tyrimy etapa KMI
vidutinés didéjimo tendencijos sieké tik 0,43, o per
visa tyrimg — 2,59 vienety (p < 0,01).

Fiziometrinius fizinio i§sivystymo rodiklius
gali paveikti fizinés pratybos (Trost et al., 2002;

Thompson et al., 2003; Marshall et al., 2004).
Tirti krepSininkai reguliariai sportavo 8 kartus per
savaite. Ar tai lémé raumeny statinés jégos padi-
déjima, 1§ dalies galéjo atsakyti atliktas tyrimas.
Jau tyrimo pradzioje 16 m. krepSininky rodikliai
buvo mazesni uz to paties amziaus nesportuojan-
¢iyju (2 pav.). 16 m. krepSininky tiek deSinés, tiek
kairés plastakos vidutiné jéga per metus ne tik
nepadidé¢jo, bet netgi turéjo tendencija mazéti. Kai
tuo tarpu Lietuvos nesportuojanciy to paties am-
ziaus moksleiviy plastaky jégos rodikliai Siek tiek
didéjo. Nuo 18 m. amziaus uzfiksuotas didziausias
krepSininky jégos rodikliy padidé¢jimas. Per vie-
nerius metus deSinés plaStakos jéga vidutiniskai
didéjo 9,59 (p < 0,002) kg, kairés — net 12,5 kg
(p <0,001).
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2 pav. Tirty Lietuvos krepsininky ir nesportuojanciy-
ju plastaky statinés jégos rodikliy palyginimas

3 pav. Tirty Lietuvos krepsSininky KMI ir RRMI

(r =-0,692), GPT ir uigio sédint (r = 0,570) vidutiniy
rodikliy koreliaciniai rySiai
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Ne tik augimo tempai, bet ir fiziniai pratimai ska-
tina gyvybinio plauciy tiirio (GPT) didé¢jima (John-
son, Nelson, 1986). Tai leidzia vertinti ir kvépavimo
sistemos funkcini pajéguma. Tirty krepSininky GPT
rodikliai per ketverius metus kito nedaug. Tyrimo
pabaigoje vidutinis rodiklis sieké 5,76 = 0,43 1.

Akivaizdu, kad did¢jant Gigiui ir kiino masei
riebaly raumeny masé taip pat padidéjo. Tiriamy-
ju augimo tempai nebuvo vienodi. Riebaly masé
labiausiai padidé¢jo, kai tiriamieji buvo 17 ir 18
mety amziaus — X = 0,94 kg (p > 0,24), o per
visg tyrimo laikotarpi — X = 1,9 kg (p > 0,12).

Tyrimo metu uzfiksuotas rySkus raumeny ma-
sés padidéjimas. Per ketverius metus Sis rodiklis
vidutiniskai padidéjo 8,24 kg (p <0,01) ir sieké

49,43 + 7,31 kg, o didziausias raumeny maseés
prieaugis uzfiksuotas laikotarpiu tarp antro ir tre-
¢io tyrimo X = 4,8 kg (p < 0,04).

Riebaly ir raumeny masés indeksas (RRMI)
per ketverius metus nepakito. 16 m. krepSininky
rodiklis vidutiniskai sieké 5,55 + 0,82 vienety.

REZULTATU APTARIMAS

Ugio kaitai fizinis aktyvumas didesnio po-
veikio neturi, taciau atliktas tyrimas parod¢, kad
1 ivairaus amziaus Lietuvos jaunimo rinktines
patenka jaunuoliai, aukStesni uz nesportuojanciuo-
sius. Palyginus tirty krepsininky, JAV ir Lietuvos
to paties amziaus moksleiviy rodiklius matyti,
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kad nors nesportuojanciyjy igis yra mazesnis,
taciau nuo 16 iki 18 mety augimo tempai visy yra
panasis. Tirty Lietuvos devyniolikameciy rinkti-
né drauge su JAV bendraamziais varzési pasaulio
¢empionate. Amerikie¢iy komandos zaidéjy vidu-
tinis Ggio rodiklis sieké 194,6 cm — vidutiniskai
2,7 cm jie buvo mazesni uz tirtus lietuvius. Nors
Lietuvos rinktinés zaidéjy vidutinis tigio rodiklis
buvo didesnis, pasiekti rezultatai blogesni uz JAV.
Tai rodo, kad Gigis yra privalumas tik pasiekus gera
fizinj ir techninj parengtumo lygi.

Akivaizdu, kad tarp figio ir kiino masés yra
koreliacinis rySys (r = 0,583). Visgi daugelis au-
toriy teigia, kad fizinés pratybos didina raumeny
masg, bet mazina riebalus (Malina, 1997; Trost et
al., 2002; Marshall et al., 2004). Sio tyrimo metu
nustatyta, kad krepSininky kino masé didesné uz
nesportuojanciyjy, o riebaly ir raumeny masés
santykis — optimalus. IStyrus statisting duomenu
priklausomybe¢ matyti, kad kiino masés indeksas
turi atvirkstini ry$i su riebaly ir raumeny masés
indeksu. Taigi kuo didesnis RRMI rodiklis, tuo
mazesnis KMI (3 pav.). Taip pat egzistuoja gyvy-
binio plauciy tiirio ir Gigio sédint rodikliy tarpusa-
vio rysys (r = 0,570).

Per ketverius metus raumeny masé ir jéga
didéjo skirtingais tempais. Didziausias raumeny
masés prieaugis uzfiksuotas per antrg tyrimy etapa,
o plastaky statiné jéga labiausiai didéjo per trecia.
Tai rodo, kad hipertrofinés raumeny savybés buvo
iSugdytos anksciau, o funkcinés galios padidéjo

po mety. Jaunyju krepsininkuy, kity autoriy atlikti
to paties amziaus irkluotojy ir dviratininky fizinio
i8sivystymo tyrimai parodé (Dadeliene, MilaSius,
2004) labai dideli (r = 0,986) kiino ir raumeny
masés rodikliy koreliacinj rysi.

Atlikti tyrimai leido jvertinti specifinés grupés
jaunuoliy, geriausiy 16—19 m. krepS$ininky, kurie
atstovavo Lietuvai Europos ir pasaulio cempiona-
tuose, fizinio iSsivystymo ypatumus bei ju kaita
dél fizinio krivio ir augimo poveikio.

ISVADOS

1. Lietuvos 16 m. krepSinio rinktinés zaidéjy tigis
vidutiniskai 15,5 cm didesnis uz nesportuojan-
¢iy bendraamziy. Tacdiau jy augimo tempai nuo
16 iki 18 mety yra beveik vienodi. Tai rodo, kad
atranka i Sia sporto Saka yra specifiné.

2. Tirty jaunyjy krepsininky kiino masé vidutinis-
kai 10 kg didesné uz nesportuojanciyjuy, taciau
augimo tempai panasus.

3. Atlikti tyrimai leidZia manyti, kad krepsini Zai-
dzianciy jaunuoliy plastaky statinés jégos rodi-
kliai yra nepakankami. Palyginus 16 ir 17 m.
zaidéjy ir to paties amziaus nesportuojanciyjy
rodiklius matyti, kad krepSininky vidutiniai ro-
dikliai blogesni.

4. Raumeny masé sparciai augo nuo 17 mety, o
raumeny statiné jéga smarkiai didéjo nuo 18-os.
Manytume, kad tam turéjo itakos ir fizinis kri-
vis, ir fiziologiniai augimo désningumai.
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PHYSICAL DEVELOPMENT OF THE LITHUANIAN NATIONAL
TEAM YOUNG BASKETBALL PLAYERS, ITS PECULIARITIES
AND DEVELOPMENT

Riitenis Paulauskas
Vilnius Pedagogical University, Vilnius, Lithuania

ABSTRACT

The preparation of young basketball players is a well-organised pedagogical process in Lithuania.
Basketball schools educate boys and girls from 7 to 18 years, organize competitions for different age
groups, train players for the national teams. Annually growing competition between young basketball players
necessitates not only to care about the tactical and technical qualities but also to improve their physical
abilities and to evaluate their level.

The research question of this study was: how regular training affects physical development indices in
the period of four years.

The aim of the current study was to investigate the physical development of the best young (16—19
year old) basketball players and to compare it with their not exercising contemporaries.

We studied the candidates of various age (n = 14) to the Lithuanian junior national team. Our examination
was held for four subsequent years — from 16 to 19 years old. The studies were carried out every summer
during the preparation for the European and world championships. We investigated the: 1) standing height,
sitting height, standing long reach; 2) body mass, body mass index; 3) dynamometry; 4) vital volume of
lungs; 5) muscle and fat mass proportions.

The data were processed applying methods of mathematic statistics. We estimated that standing height
of 16 year old basketball players was significantly bigger than of not exercising youngsters. The average
difference in results was 15.5 cm. However, the increase rate at this age was the same. It shows that the
selection of persons for the basketball practice is specific.

The body mass of the basketball players was 10 kg bigger on average than of not exercising contemporaries,
but their growth rate was the similar.

Our examination showed that dynamometrical indices of active basketball players were not sufficient.
The comparison of the static muscle power of basketball players with not exercising youngsters showed
worse results. We estimated that the biggest growth of muscle mass and power was found at the age of 18
years and more. It was associated with their physical activity and the rate of maturation.

Keywords: physical activity, height, body mass, power, fat mass.
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DEGUONIES [SISOTINIMO KAITA RAUMENYSE
ATLIEKANT KVEPAVIMO PRATIMUS

Kristina Poderyté, Biruté Miseckaité, Albinas Griunovas, Jonas Poderys,
Eugenijus Trinkiinas
Lietuvos kiino kultitros akademija, Kaunas, Lietuva

Kristina Poderyté. Biomedicinos moksly magistré. Lietuvos kino kultiros akademijos Kineziologijos laboratorijos jaunesnioji mokslo
darbuotoja. Moksliniy tyrimy kryptis — zmogaus sveikatos ir darbingumo gerinimas.

SANTRAUKA

Tyrimo tikslas — nustatyti deguonies jsisotinimo kaitos raumenyse, periferinés kraujotakos ir Sirdies funkciniy ro-
dikliy kaitos ypatybes atliekant kvépavimo pratimus. Pirmo tyrimo metu 11 tiriamyjy (sportuojantys asmenys) atliko
du maksimalius kvépavimo sulaikymus darydami penkiy minuciy pertraukq tarp jy, o antro tyrimo metu — kvépavi-
mo pratimq jungdami 20 s trukmés hiperventiliacijas su submaksimalios trukmés kvépavimo sulaikymais po gilaus
thvépimo. Tyrimo metu buvo registruojama 12 EKG standartiniy derivacijy, Korotkovo metodu kairés rankos zasto
srityje buvo matuojamas arterinis kraujo spaudimas. Arterinés kraujotakos intensyvumas blauzdoje buvo registruo-
Jjamas veninés okliuzinés pletizmografijos metodu. Deguonies isisotinimo kaita blauzdos raumenyje buvo vertinama
neinvaziniu artimosios infraraudonosios spektroskopijos biidu (Hutchinson Technology device, Model 325).

Sulaikant kvépavimq iki negaléjimo antro kartojamo kvépavimo sulaikymo metu visi tiriamieji ilgiau sulaikydavo
kvépavimaq, labiau padidédavo diastolinis kraujo spaudimas. Sulaikant kvépavimq arterinés kraujotakos intensyvumas
reiksmingai sumazédavo, o atsigavimo fazéje arterinés kraujotakos kaita priminé reaktyvinés hiperemijos ar podar-
binés hiperemijos ypatybes. Deguonies isisotinimas raumens audinyje reiksmingai sumazédavo kiekvieno kvépavimo
sulaikymo metu. Kvépavimo pratimas sukelia reiksmingus Sirdies funkciniy rodikliy, kartu ir periferinés kraujotakos,
StO, svyravimus: dél periferiniy kraujagysliy vazokonstrikcijos didéja sistolinio ir diastolinio bei pulsinio arterinio
kraujo spaudimo reiksmés; mazéja raumeny arterinés kraujotakos intensyvumas ir deguonies sisotinimas raumenyse.
Deguonies isisotinimo kaita raumenyse, atliekant kvépavimo sulaikymo méginius ir kvépavimo pratimaq, atkartoja
periferinés kraujotakos ypatybes.

RaktaZodZiai: sirdies ir kraujagysliy sistema, raumeny kraujotaka, deguonies sisotinimas, kvépavimo pratimai.

[VADAS

ineziologai, kiino kultiiros mokytojai, tre-
neriai ir kiti specialistai sveikatai stiprinti,
sportuojanc¢iojo funkciniam parengtumui
gerinti be fiziniy pratimy taiko ir kitus iSorinius
poveikius bei ju derinius. Viena i$ tokiy pakanka-
mai efektyviy poveikio priemoniy yra kvépavimo
pratimai (Jasiukevi¢iené, Vasiliauskas, 1998; Si-
dlauskien¢, 2005; Pendergast et al., 2006; Wylega-
la et al., 2007). Kvépavimas yra refleksinis, kartu

ir valingas veiksmas, todél samoningai kaitaliojant
kvépavimo intensyvuma ir kvépavimo sulaikyma,
galima paveikti organizmo vegetacines funkcijas.

Sirdies ir kraujagysliy sistema yra viena reiks-
mingiausiy visoje greitosios ir 1étosios adapta-
cijos prie fiziniy kriviy mechanizmy grandinéje
(Shephard, 1987; Skirius, 2005; Vainoras ir kt.,
2005; Poderys ir kt., 2007). Sirdies ir kraujagysliy
sistemos funkcinio parengtumo gerinimas svarbus
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didelio meistriSkumo sportininky ir sveikata stipri-
nanciy asmeny pratybose. LKKA Kineziologijos
laboratorijos magistrantai ir doktorantai atliko
kvépavimo pratimy taikymo kartu su fiziniais
pratimais tyrimus, kuriy metu nustaté, kad fiziniy
pratimy veiksmingumas reikSmingai padidéjo, kai
pratybose kartu su fiziniu kraviu buvo taikomi ir
kvépavimo pratimai (Sidlauskiené, 2005; Poderys
ir kt., 2007). Be daugelio zinomy ir aprasyty kvé-
pavimo pratimy poveikio svarbu iSsamiau pazinti
Sirdies ir kraujagysliy sistemos funkciniy rodikliuy
kaitos ypatybes atliekant kvépavimo sulaikymo
pratimus. Néra tyrimy, kuriais blity nustatytos
periferinés kraujotakos ir deguonies isisotinimo
raumens audinyje, atliekant jvairius kvépavimo
pratimus, kaitos ypatybés. Tyrimo tikslas — nusta-
tyti deguonies isisotinimo kaitos raumenyse, pe-
riferinés kraujotakos ir Sirdies funkciniy rodikliy
kaitos ypatybes, atliekant kvépavimo pratimus.

TYRIMO METODIKA

Buvo tiriama 11 savanoriu studenty, visi jie
sportuojantys asmenys — lengvaatleciai bégikai,
besitreniruojantys trumpuyju ir vidutiniy nuotoliy
bégimo rungtyse. Vieng dieng prie$ tyrimg jie
nesitreniravo, t. y. ils€josi.

IS viso buvo atlikti du tyrimai darant 10 min
pertrauka tarp ju. Pirmo tyrimo metu respondentai
atliko du maksimalius kvépavimo sulaikymus, da-
rydami penkiy minuciy pertrauka tarp ju. Antro ty-
rimo metu jie daré viena i$ kvépavimo pratimy, re-
komenduojamy sportininkams ir sveikata stiprinan-
tiems asmenims. Jo metu aktyvus kvépavimas, t. y.
hiperventiliacija (10 greity vienas po kito sekanciy
tkvépimy ir iskvépimy) kaitaliojamas su kvépavimo
sulaikymais. Po hiperventiliacijos tiriamasis giliai
ikvépdavo ir sulaikydavo kvépavima kiek galima
ilgiau. Paskui v¢l taikyta hiperventiliacija, t. y. pra-
sidédavo naujas kvépavimo pratimo ciklas. I§ viso
tiriamieji atliko keturis tokius kvépavimo ciklus.
Pratimo schema parodyta pirmame paveiksle.

Sirdies funkciniams rodikliams vertinti buvo
naudojama EKG analizés sistema ,,Kaunas—kri-
vis“. SinchroniSkai registruota 12 standartiniy de-
rivacijy elektrokardiograma (EKG) ir analizuojami
$ie rodikliai: irdies susitraukimy daznis (SSD), JT
intervalo trukmé ir vertinamas adaptacijos grei¢io
rodiklis, t.y. kaip JT ir RR intervaly kaitos skirtu-
mas iSreikstas procentais. Korotkovo metodu kairés
rankos Zasto srityje buvo matuojamas arterinis
kraujo spaudimas (AKS). Arterinés kraujotakos
intensyvumas blauzdoje buvo registruojamas veni-
nés okliuzinés pletizmografijos metodu. Deguonies
suvartojimo kaita (StO,) blauzdos raumenyje buvo
vertinama neinvaziniu artimosios infraraudonosios
spektroskopijos biidu, naudojant fotojutikli (Hut-
chinson Technology device, Model 325). Jutiklis
buvo tvirtinamas ant blauzdos dvilypio raumens
medialinés galvos (m. vastus medialis). StO, buvo
registruojama nenutriikstamai (suvidurkinti ma-
tavimo duomenys pateikiami prietaiso ekrane ir
registruojami kas 2,5 s) viso tyrimo metu ir pirmas
dvi atsigavimo minutes po kvépavimo sulaikymo ar
kvépavimo pratimo.

REZULTATAI

Tyrimo rezultatai parodé¢, kad atliekant kvé-
pavimo sulaikymus iki negaléjimo antro karto-
tinio kvépavimo sulaikymo metu visi tiriamieji
kvépavima sulaikydavo ilgiau. Jeigu pirma karta
sulaikydami kvépavima tiriamieji po gilaus jkvé-
pimo galéjo kvépavimo sulaikyma testi viduti-
niskai 69,1 + 6,4 s, tai antro kartojimo metu —
77,9 £ 5,8 s. Visi tiriamieji be iSimties antro kvé-
pavimo sulaikymo metu reik§mingai padidino
kvépavimo sulaikymo trukmeg.

Antrame paveiksle pateikta SSD kaita tyri-
mo metu. Ramybés metu SSD vidutiniskai sické
69,0 = 2,1 tv. / min. Atliekant kvépavimo sulai-
kymus, SSD turé¢jo stipriai isreiksta tendencija
mazéti. Pirmo kvépavimo sulaikymo metu SSD

Kveépavimo sulaikymas

I$vépimas — jkvépimas

t t t
I | I

Kvépavimo ciklas

Kvépavimo sulaikymas
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1 pav. Kvépavimo pratimo atlikimo schema
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sumazéjo vidutiniskai iki 42,5 + 2,4tv. / min, o
antro — iki 43,5 £ 2,0 tv. / min.

Sulaikius kvépavima, reikSmingai pailge-
davo elektrokardiogramos JT intervalo trukmeé
(p <0,05), todél vertinamas adaptacijos grei¢io ro-
diklis tur¢jo stipriai iSreikSta mazéjimo tendencija.
Sio rodiklio kaita parodyta tre¢iame paveiksle.

Kvépavimo sulaikymai reik§mingai keité AKS
rodiklius: didéjo ir sistolinio, ir diastolinio spaudi-
mo reikSmeés (4 pav.). Antro kartotinio kvépavimo
sulaikymo metu labiau padidéjo diastolinis kraujo
spaudimas — iki 99,0 £ 6,2 (p < 0,05). Sistolinis

AKS antro kvépavimo sulaikymo metu taip pat
padid¢jo kiek daugiau nei atliekant pirma, taciau
statistiskai reik§mingo skirtumo tarp uzregistruo-
ty didziausiy sistolinio AKS reik§miy nebuvo
(p > 0,05).

Penktame paveiksle parodyta blauzdos rau-
meny arterinés kraujotakos ir StO, kaitos ypatybés
atliekant kvépavimo sulaikymo méginius. Ramy-
bés biisenoje arterinés kraujotakos intensyvumas
blauzdoje (pratekancio kraujo kiekis) vidutinis-
kai sieké 3,2 + 0,5 ml/ min / 100 cm®. Atliekant
kvépavimo sulaikymus arterinés kraujotakos in-
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Raumeny kraujotakos intensyvumo kaita

5 pav. Pratekancio kraujo kiekio blauzdoje ir de-
guonies jsisotinimo (StO,) blauzdos raumenyse
kaita atliekant kvépavimo sulaikymo pratima
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tensyvumas reikSmingai sumazédavo (p < 0,05),
o atsigavimo fazéje arterinés kraujotakos kaita
priminé reaktyvinés hipereminos ar podarbinés
hiperemijos ypatybes, t. y. pradzioje — padidéjo,
o paskui — sumazéjo. Didziausias pratekancio
kraujo kiekio padidé¢jimas buvo uzregistruotas
atsigavimo po pirmo kvépavimo sulaikymo mégi-
nio — iki 5,4 £ 0,7 ml / min / 100 cm® (p < 0,05).
Penktame paveiksle greta raumenuy kraujotakos
kaitos kreivées pateikta ir StO, kaitos kreive aiSkiai
rodo, kad StO, kaita Siek tiek véluodama atkartojo
arterinés kraujotakos intensyvumo pokyc¢ius.
Atliekant kvépavimo pratima, blauzdos rau-
meny arterinés kraujotakos intensyvumo kaita
(6 pav.) reikSmingai (p < 0,05) padidédavo dau-
giau nei du kartus, lyginant su uzregistruota ramy-
bés biisenoje: 2,7 + 0,5 ml / min / 100 cm® — ra-
mybeés ir 4,1 + 0,6 ml / min / 100 cm® — pirmosios
hiperventiliacijos pradzioje. Pirmo registravimo
metu po aktyvios plauciy hiperventiliacijos buvo
uzregistruotas dar didesnis pratekancio kraujo
kiekis — 5,9 + 0,9 ml / min / 100 cm’. Toliau tiria-
majam sulaikius kvépavima, arterinés kraujotakos
intensyvumas pradédavo greitai mazéti ir suma-
zédavo netgi iki mazesniy reik§miy nei uzregis-
truotos ramybés biisenoje. Tokio paties pobtidzio

arterinés kraujotakos intensyvumo svyravimai
buvo uzregistruoti ir per kitas kvépavimo pratimo
fazes — pratekancio kraujo kiekio didé¢jimas dél
hiperventiliacjos ir mazéjimas sulaikius kvépa-
vimg. Maziausias raumeny kraujotakos pokytis
pastebétas per trecig pratimo cikla, t. y. dél trecios
hiperventiliacijos.

Aktyvios plauciy hiperventiliacijos metu
StO, reikSmingai didédavo, o sulaikius kvépavi-
ma — mazédavo. Lygiai taip pat, kaip ir raumeny
kraujotakos kaitos, maziausias StO, pokytis buvo
pastebétas per trecia pratimo cikla, t. y. dél trecios
hiperventiliacijos. StO, kaita atkartojo arterinés
kraujotakos intensyvumo pokycius (Zr. 6 pav.).
Siame paveiksle pateikty periferinés kraujotakos
ir StO, kaitos sugretinimas rodo, kad yra nedidelio
laipsnio StO, kaitos vélavimas, lyginant su perife-
rinés kraujotakos intensyvumo kaita — r = 061—
r=0,91 (p <0,05). Vertinant atskiry tiriamyjy
uzregistruotus raumeny kraujotakos ir StO, kaitos
duomenis, koreliaciné analizé parode, kad tarp
$iy rodikliy kaitos buvo stipri teigiama korelia-
cija, siekianti r = 062—r = 0,93 ribas (p < 0,05).
Lygiai taip pat buvo nustatyta teigiama, tik Siek
tick mazesné koreliacija, kai buvo palyginami
kraujotakos intensyvumo ir StO, rodikliai, uzre-
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gistruoti vienu matavimu, t. y. 15 s véliau (ribos:
r=053—r=0,86; p <0,05).

REZULTATU APTARIMAS

Vadovaudamiesi organizmo funkcijy vienovés
principu, $iuo tyrimu aiskinomés, kaip kvépavi-
mo sulaikymas veikia reikSmingiausius Sirdies ir
kraujagysliy sistemos funkcinius rodiklius. Ty-
rimo rezultatai parodé, kad sulaikius kvépavima
retéjo Sirdies susitraukimy daznis, dél periferiniy
kraujagysliy vazokonstrikcijos didéjo sistolinio
ir diastolinio bei pulsinio AKS reik§meés, mazéjo
raumeny arterinés kraujotakos intensyvumas. Vi-
sus Siuos Sirdies ir kraujagysliy sistemos funkciniy
rodikliu poky¢ius galima paaiskinti tik remiantis
kity mokslininky teiginiais apie kraujotakos re-
guliavimo mechanizmy vienovg, t. y. Siais dviem
reik§mingais principais. Pirma, né vienas i§ dau-
gybés reguliavimo mechanizmy neveikia atskirai,
o tik sinergiskai saveikaudami. Antra, beveik visi
mechanizmai tiesiogiai kaip kity reguliavimo me-
chanizmy sudétiné dalis arba pastaryjy jautrumui
veikia: a) Sirdies darbo kokybe; b) bendraji pe-

riferinj pasipriesinima; c) kraujagysliy baseino
talpa; d) kraujo tuirj ir t arplasteliniy skys¢iy kieki
(Shephard, 1987; Schmidt, Thews, 1996; Kévelai-
tis ir kt., 1999). Kadangi mes vertinome greitosios
adaptacijos reakcijas | kvépavimo méginius, tai
ilgalaikiai kraujotakos reguliavimo mechaniz-
mai neturéjo reikSmingos itakos, nes ju funkcijos
prasideda tik dirgikliui veikiant ilgiau nei kelias
valandas (Sonetti et al., 2001). Taigi ir anksCiau
iSvardyty keturiy kraujo tirio ir tarplasteliniy
skysciy kiekio pokyc¢iy nebuvo galima tikeétis.
Sirdies raumuo susitraukia dél spontaniskos
depoliarizacijos Sirdies ritmo vedlio lasteliy, esan-
¢iy sinusiniame mazge, ir veikimo potencialo skli-
dimo laidzigja sistema bei raumens skaidulomis
(Zemaityte, 1997). Ritminé §irdies veikla gali biiti
moduliuojama tiesioginiu biidu per Sirdies lasteliy
energing sistema, per ivairiy pakopy receptoriniy
strukttry funkcija, per autonominés nervy sistemos
grandziy ar ju saveikos funkcionavima periferiniu ir
centriniu lygiu, per centrinés nervy sistemos modu-
liuojamaji poveiki ir hormoninés sistemos poveiki
Siam procesui (Shephard, 1987; Schmidt, Thews,
1996; Zemaityte, 1997). Atlikto tyrimo metu SSD
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reik§mingai mazéjo, kai buvo atlieckami kvépavimo
sulaikymai. Reik§minga SSD pokyti, atliekant kvé-
pavimo sulaikymus, yra uzregistrave daug tyréju
(Sherman et al., 1980; Sonetti et al., 2001; Guenette
et al., 2006; Wylegala et al., 2007), taciau daugiausia
juos tyringjo povandeninio sporto atstovai (Pender-
gast et al., 2006; Wylegala et al., 2007). Sirdis gali
buti refleksiskai paveikta i jvairiy organy, ypac i$
interoreceptoriy. Kaip zinoma, aortos lanke yra daug
presoreceptoriuy, i$ kuriy i centra eina n. depressor.
Fiziologai nurodo, kad presoreceptoriai veikia SSD
kaita — kuo didesnis kraujospudis aortoje, tuo sti-
priau dirginami aortos presoreceptoriai. Impulsai
i§ n. depressor veikia n. vagi centra jaudinami, o
simpatinj Sirdies centra — slopindami (Shephard,
1987; Schmidt, Thews, 1996).

Nervini kraujospiidzio reguliavima atlieka ref-
leksiniai mechanizmai (Schmidt, Thews, 1996;
Kevelaitis ir kt., 1999). Manome, kad kaip ir kve-
pavimo, taip ir misy taikyto kvépavimo pratimo
atlikimo metu labai svarbiis ne tik plauciu, bet ir
karotidinio sinuso receptoriai, torakalinés aortos
presoreceptoriai. Tus¢iyjy veny ziocCiy srityje esan-
tys receptoriai, padidéjus kraujospiidziui, siuncia
impulsus, slopinancius parasimpatinés ir skatinan-
¢ius simpatinés nervy sistemos tonusa, tuo paciu ir
kraujospiidi.

Sio tyrimo rezultatai parodé, kad kvépavimo
sulaikymai sukélé labai rySkius Sirdies ir krau-
jagysliy sistemos funkciniy rodikliy svyravimus.
Vertinant tyrimo rezultaty praktiSkuma galima
pazyméti, kad kvépavimo pratimai reikSmingai
keicia Sirdies ir kraujagysliy funkcinius rodiklius,
todél yra tinkama priemoné, papildanti fiziniuy po-
veikio priemoniy arsenala, naudojama sprendziant
sveikatos stiprinimo ir net sportinés treniruotés
veiksmingumo didinimo problemas.

Abiejy tyrimy rezultatai parod¢, kad StO, kaita
raumenyse, atliekant kvépavimo sulaikymo mégi-

nius ir kvépavimo pratima, atkartojo periferinés
kraujotakos ypatybes. Neabejojama, kad visoje
deguonies tiekimo raumenims grandingje svarbus
yra kraujotakos intensyvumas, funkcionuojanciy
kapiliary kiekis ir su juo susijes kraujagysliy pralai-
dumas, taip pat ir deguonies difuzijos per kapiliary
membrang greitis (Katz et al., 2000; Polle et al.,
2007). Taigi intralastelinis dalinis deguonies slégis
gali biiti laikomas tam tikru saturacijos laipsniu,
atitinkanc¢iu deguonies vartojimo kinetines ypaty-
bes (Polle, Jones, 2007). Tyrimo metu neinvaziniu
artimosios infraraudonosios spektroskopijos budu
registruojama StO, kaita buvo susijusi su raumeny
arterinés kraujotakos kaita ir parodé kraujotakos
intensyvumo ir deguonies pristatymo greicio po-
veiki Siam rodikliui. Nedidelio laipsnio StO, kaitos
vélavimas, lyginant su kraujotakos kaita, taip pat
gali biti paaiSkinamas deguonies vartojimo kineti-
némis ypatybémis. Raumeny kraujotakos didéjimas
yra santykiskai greitas procesas ir daugeliu atvejy
virsija esama poreiki. Kraujotaka pradeda inten-
syvéti i§ karto vos tik pradéjus pratima, kai tuo
tarpu apie 15 s nuo pratimo pradzios dar nematyti
akivaizdaus deguonies ekstrakcijos i§ kraujo padi-
déjimo (Grassi et al., 1996; Beekvelt et al., 2001;
Hughson, 2007).

ISVADOS

1. Kvépavimo sulaikymai sukelia reikSmingus Sir-
dies ir kraujagysliy sistemos funkciniy rodikliy
svyravimus: dél periferiniy kraujagysliuy vazo-
konstrikcijos didéja sistolinio ir diastolinio bei
pulsinio arterinio kraujo spaudimo reik§meés;
mazéja raumeny arterinés kraujotakos intensy-
vumas ir deguonies isisotinimas raumenyse.

2. Deguonies isisotinimo kaita raumenyse, atlie-
kant kvépavimo pratima, atkartoja periferinés
kraujotakos ypatybes.
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CARDIOVASCULAR CHANGES DURING THE BREATHING
EXERCISE

Kristina Poderyté, Biruté Miseckaité, Albinas Griinovas, Jonas Poderys, Eugenijus Trinkiinas
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

The task of this study was to assess the features in changes of oxygen desaturation in muscular tissue,
muscular blood flow changes and of cardiac indices while performing the breathing exercises. During the
first investigation 11 healthy subjects underwent two stops in breathing up to maximal duration with five
minutes between them and during the second investigation — four cycles of breathing exercise combining
the hyperventilation and breathing stops after inspiration up to submaximal duration. Changes in systemic
arterial blood pressure, arterial blood flow in calf-measured by venous occlusion plethysmography, oxygen
desaturation-measured by near-infrared spectroscopy (Hutchinson Technology device, Model 325) and
cardiac changes — 12 lead ECG indices were analyzed.

Results obtained during the study showed that all the participants of the study were able to perform longer
breathing stops during the second trial, and greater rise of diastolic blood pressure was observed. Breathing
stops made an influence on various cardiovascular changes, even in calf muscle blood flow intensity and
oxygen desaturation in muscular tissue as well. We found a significant decrease in arterial blood flow in a calf
during the apnoe and the character of changes in muscle blood flow after the breath stops was similar to the
phenomenon of reactive hyperemia or post exercise hyperemia. The oxygen desaturation in muscle decreased
significantly at each breathing stop. The breathing exercise caused significant changes of cardiac indices and
changes in blood flow intensity and oxygen desaturation in muscular tissue. The vasoconstriction of vessels
caused a significant rise of diastolic and systolic blood pressures, changes in muscular blood flow intensity
and oxygen desaturation. The kinetics of oxygen desaturation in muscular tissue reiterated the peculiarities of
peripheral blood flow.

Keywords: cardiovascular system, muscular blood flow, oxygen desaturation, breathing exercise.
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ABSTRACT

Special Olympics have grown and became the largest worldwide provider of sport opportunities for individuals with
intellectual disabilities. In addition, Special Olympics sport programs participation is associated with improved
physical fitness and motor skills as well as increased self-esteem, self-confidence, social competence and positive
self-perceptions. But there is still limited research regarding sport participation motivation in Special Olympics, so
the aim of the study was to identify why individuals with intellectual disabilities have joined and continue to parti-
cipate in Special Olympics program.

This study evaluated sport participation motivation of 102 (60 males and 42 females) SO athletes aged 12 to 16 years
(mean age 14.12, SD = 1.47). The sampling design was purposive in that participants had to meet criteria of mental
retardation, to come from the same Kaunas region, and to participate in sport for 1—2 hours twice a week for a
minimum 6 months. To measure sport motivation were used the Sport Motivation Scale (SMS) (Pelletier et al., 1995).
The Lithuanian validation of this modified sport motivation scale (SMS) for persons with mild mental retardation
was done by Sajute (2002).

The results showed that Special Olympics sport participants expressed significantly greater identified regulation level
(extrinsic motivation) than intrinsic motivation, and the mean score of external regulation (extrinsic motivation) was
higher compared to intrinsic motivation. Results showed the most motivating factors for participants was winning
ribbons and medals, fun, being pretty skilled and spend time with friends. While sport participation motives of athle-
tes with intellectual disabilities varied, they were not so different between genders. No significant differences were
found between genders. Our study supported the use of self-determination theory for the evaluation of motivation for
participation in Special Olympics sport programs.

Keywords: intellectual disabilities, sport participation, extrinsic and external motivation.

INTRODUCTION

ince its inception in 1968, the Special Olym- tion seems to be beneficial to these individuals

pics program has grown and become the lar-

gest worldwide provider of sport opportu-
nities for individuals with intellectual disabilities.
The Special Olympics and its method of encou-
raging the intellectually disabled to participate in
sports has seen the best results so far. The physical
activity along with support, rewards, and interac-

and their families. In addition, Special Olympics
sport programs participation is associated with
improved physical fitness and motor skills as well
as increased self-esteem, self-confidence, social
competence and positive self-perceptions (Farell et
al., 2004; Castango, 2001; Dykens, Cohen, 1996;
Riggen, Ulrich, 1993). The investigations reported
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above were more related to the benefits of Special
Olympics sport programs, and only a few resear-
chers were interested in studies on specific motiva-
tional aspects of participation in sport for persons
with intellectual disabilities (Shapiro, 2003).

Descriptive research has found that persons
with and without disabilities have similar motives
to participate in sport including improving sport
skills, attaining goals, enjoying competitions,
being part of a team, being with friends and fami-
ly, having fun and receiving recognition for sport
accomplishments (Farrell et al., 2004; Shapiro,
2003). But persons with intellectual disabilities
have different cognitive abilities and perceptions
about ability. As a result, their reasons for partici-
pation in sport may vary from other populations.

Self-determination theory (Deci, Ryan, 1985,
Ryan, Deci, 2000a) is a useful theoretical frame-
work for understanding varying levels of motivation
for activity engagement. It addresses conditions
of intrinsic and extrinsic motivation and has been
used to study motivated behavior in the educational
setting and sport. To summarize and organize the
self-determination theory, R. J. Vallerand (1997)
developed the Hierarchical Model of Intrinsic and
Extrinsic Motivation. The model indicates that
social factors influence able-bodied athletes’ per-
ceptions of autonomy, competence, and relatedness,
which in turn determine their motivation (intrinsic
or extrinsic), and then the motivation leads to con-
sequences. This model is useful in the fact that it
allows researchers to review existing sport research
on both the determinants and the consequences of
intrinsic and extrinsic motivation (Vallerand, Lo-
sier, 1999). Several studies examined the patterns
of motivation using the Self-determination theo-
ry in the field of physical activity research. They
examined participation in physical activity (Wang,
Biddle, 2001), physical education and sport for
youth (Ntoumanis, 2001), and adult participation
in sport (Vlachopoulos et al., 2000).

Individuals with intellectual disabilities are
often encouraged to perform behaviors through
the use of extrinsic rewards (Cohen, 1986), which
according to the Self-determination Theory lead
in spontaneous activity. Activities perceived to be
less inherently interesting may need to be exter-
nally prompted in the beginning stages of partici-
pation. Individuals are likely to initiate to continue
such behaviors if they are reinforced with extrinsic
rewards or if the tasks are valued by significant ot-
hers with whom they feel related or would like to
feel related. Special Olympics athletes can choose

to participate in different sports from one season
to the next and from one year to another suggesti-
ng that the sport itself may influence an athlete’s
participation motives (Shapiro, 2003).

There is still limited research regarding sport
participation motivation in Special Olympics, be-
cause of that the aim of the study was to identify
why individuals with intellectual disabilities joi-
ned and continue to participate in Special Olympi-
cs program. We designed a study and directed our
investigation to the following research questions:
Why do athletes participate in Special Olympics?
What kind of sport motivation dominates?

METHODS

Participants of this study included 102 Special
Olympics athletes between 12—16 years of age
(M age = 14.12, years, SD = 1.47) (60 males, 42
females). The sampling design was purposive in
that participants had to meet criteria of mental
retardation, to come from the same Kaunas region
and to participate their sport for 1—2 hours twice
a week for a minimum 6 months. Specific informa-
tion concerning assessment test or IQ scores was
not made available. Parents or guardians of the
participants signed the forms generated by Special
Olympics Lithuania indicating their approval for
their child to participate in the research study.

To measure sport motivation, we used the Sport
Motivation Scale (SMS) (Pelletier et al., 1995).
The scale is one of the tools most often used in
research and practice concerning motivation for
sport in children and adolescents. The Lithuanian
validation of this modified sport motivation scale
(SMS) for persons with mild mental retardation
was done by Sajute (2002). A 16-item, 4-factor
abridged version of the full SMS was administered
to SO athletes. The modified abridged version of
the Scale consists of four sub-scales that measure
the three types of motivation (intrinsic, extrinsic
and amotivation). Athletes were asked to res-
pond to items for each subscale which followed
the statement “I participate in sport because...”.
Example items are “I want to have fun” (Intrinsic
Motivation), “my parents want me to participate”
(External Motivation), and “I really don’t know
why” (Amotivation). The items were rated on a
3-point scale, ranging from not true (1) to true (3).
The simple rating was selected due the abilities
of participants to understand the statements as
well as the concepts “true”, “slightly true” or “not
true”. Cronbach’s a was used to assess internal
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1 2 3 4 Table 1. Data on Sport
SMS factors Motivation Type and
Total sample (n = 102) Pearson’s Correlation
. for Sport Motivation
Internal motivation (IM) 0.0548 0.2612 —0.1140 Scale (SMS) Subsca-
M =7.49* SD=1.11 les
M (M) p=0.584 p =0.008 p=0254
Identified regulation (IR) - 0.2345 0.1530
M =8.05*%, SD = 1.88 0.018 0.125
p=0. p=U
M(R) - Note. * — significant
External regulation (ER) -—-- —0.2728 differences p <0.05
M =17.83,SD =1.29 between M (IR) and M
M (ER) p = 0.006 (IM); ** — significant
Amotivation (A) differences p <0.05
— — - between M (A) and M
M =2.62*%, SD = 2.04 (IM), M (IR), M (ER).
M (@A)

consistency of the SMS and test- retest (Thomas,
Nelson, 1996) for reliability of the scale. The ove-
rall reliability score for the SMS instrument was
0.74. Reliability scores are considered adequate
when values are > 0.70. Athletes (n = 30) were
tested two times within two weeks. Test — retest
reliability for each item of the scale ranged from
0.86 to 0.94.

Statistical analysis was conducted using STA-
TISTICA for Windows version 6.0. Descriptive
statistics (mean scores and standard deviations)
was computed for the total sample and the ¢ test
was used to determine differences in motivation of
participation. Pearson’s correlation coefficient (7)
was used to evaluate the relationship between the
types of motivation.

RESULTS

The average scores of each motivation subs-
cale of total sample and correlation analysis of
each variable of SMS scale are shown in Table
1. Data analysis showed the highest score of to-
tal sample for participation in Special Olympics
sport program received identified regulation (IR)
(M = 8.05, SD = 1.88). To test for motivation types
differences, participants’ mean scores of the subs-
cales were compared and significant differences
were found. Participants reported higher IR than
intrinsic motivation (IM) (¢ =2.6528, p =0.009)
and amotivation (AM) score was significantly
lower (t=22.5619, p<0.01) in comparison to
other motivation types (see Table 1). In addition,
Pearson’s correlation coefficient for total sample
resulted in a poor significant correlation of 0.24—
0.26 between IM and external regulation (ER)
and between IR and ER (see Table 1). Statistical
analysis computed a poor significant correlation of
0.27 between AM and ER.

The average scores of the total sample along the
rank — order list for each item of SMS scale are
shown in Table 2. The item “I want to win ribbons
and medals” received the highest rating (M = 2.98,
SD = 0.20). This item describes ER (extrinsic mo-
tivation). The following items, representing IM in
ranking, were “I am interested in sport” (M =2.93,
SD =0.29) and “I want to have fun” (M =2.91,
SD = 0.38) followed by items describing IR (ex-
trinsic motivation) — “I want to be pretty skilled”
(M =291, SD = 0.35) “and “I want to meet friends”
(M =2.77, SD = 0.51) (see Table 2).

Descriptive statistics of the results for boys
and girls with intellectual disabilities showed the
highest score received identified regulation (IR)
(respectively M =8.17, SD = 1.03 and M = 7.88,
SD = 1.21). Boys with intellectual disabilities re-
ported significantly higher IR than IM (¢ = 3.2105,
p=0.002) and AM score was significantly lo-
wer (¢ =17.9355, p =0.000) compared the other
motivation types. The statistical analysis of the
results of girls with intellectual disabilities sho-
wed that only the AM score was significantly
lower (¢ =13.9255, p =0.000) compared to other
motivation types. Data analysis showed the simi-
lar mean scores of IM, IR and ER between the
results of boys and girls. Spearman’s correlation
coefficient analysis for females resulted in the si-
gnificant correlation of 0.47 between ER and IR.
Any significant relations between types of sport
participation motivation were not found within the
results of the males.

In the statistical analysis for gender differen-
ces, male and female participants’ mean scores
were compared and significant differences were
not found between the groups though girls repor-
ted slightly higher IM and AM than boys. The
item “I want to win ribbons and medals” (which
describes ER) received the highest rating between
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Table 2. Data on Sport

Motivation According Participants

to the Gender (n=102) Males (n = 60) Females (n = 42)
I participate in sport because... | M SD ‘ Rank | M ‘ SD ‘ Rank | M ‘ SD ‘ Rank
Internal motivation
I want to have fun 291 | 0.38 3 298 | 0.13 2 2.81 | 0.55 5
I like the excitement 2.25 | 093 10 220 | 0.95 10 2.31 | 0.90 10
I am interested in sport 293 | 0.29 298 | 0.13 2 2.86 | 0.42
I think that sport is great 2.78 | 0.59 2.75 | 0.63 5 2.83 | 0.54 4
Identified regulation
I want to learn new skills 2.69 | 0.56 8 272 | 0.56 8 2.64 | 0.58 9
I want to stay in a good shape 245 | 0.77 9 243 | 0.77 9 248 | 0.77 8
I want to meet friends 2.77 | 0.51 5 278 | 0.49 4 2.76 | 0.53 7
I want to be pretty skilled 291 | 0.35 3 293 | 031 3 2.88 | 0.40 2
External regulation
My parents want me to participate | 2.22 | 0.94 11 2.08 | 0.98 11 240 | 0.86 9
I like my coach 2.73 | 0.66 7 268 | 0.72 7 2.79 | 0.56 6
I feel important and popular 2.76 | 0.63 6 273 | 0.66 6 2.81 | 0.59 5
I want to win ribbons and medals | 2.98 | 0.20 1 3.00 | 0.00 1 295 | 0.31 1
Amotivation
I had to do something 1.51 | 0.78 12 142 | 0.72 13 1.64 | 0.85 11
I think it’s boring activity 1.39 | 0.66 14 1.35 | 0.66 14 1.45 | 0.67 12
I am wasting my time 1.33 | 0.59 15 1.25 | 0.54 15 1.45 | 0.63 12
I really don’t know why 1.44 | 0.70 13 1.45 | 0.75 12 1.43 | 0.63 14

boys and girls with intellectual disabilities (respec-
tively M = 2.0, SD = 0.00 for boys and M = 2.95,
SD =0.31 for girls, (see Table 2) followed by
items “I want to have fun” and “I am interested
in sport” (which describes IM) as well as “I want
to be pretty skilled” (which describes IR) (see
Table 2). Statistical analysis for gender differen-
ces in separate items of boys and girls showed no
significant differences between the groups.

DISCUSSION

The primary purpose of this study was to test
participation motivation in Special Olympics sport
programs based on the Self-determination theory
(Deci, Ryan, 1985; Ryan, Deci, 2000 a, b) in which
motivation can be classified into intrinsic motivation
(fun, learning new skills), consisting of identified
regulations (friendship, good relations with coaches)
and external regulations (winning medals or rib-
bons), as well as amotivation (boring, wasting time).
The results showed that Special Olympics sport
participants expressed significantly greater identified
regulation level (extrinsic motivation) than intrinsic
motivation, and the mean score of external regula-
tion (extrinsic motivation) was higher compared to

intrinsic motivation. Athletes who manifest external
regulations are likely to have higher intrinsic moti-
vation for participation in Special Olympics sport
programs. But the computed correlation coefficient
presented in Table 1 did not permit to make definite
conclusions regarding links between motivation
types because the Pearson’s correlation coefficient
was low. Statistical analysis of the results showed
that amotivation of sport participation received
significantly less scores in comparison to the other
motivation types investigated as well as the signifi-
cant relationship between amotivation and external
regulation. These results could be treated as amoti-
vation being the state of lacking an intention to act,
because according to R. M. Ryan and E. L. Deci
(2000 a) it is results from not valuing the activity,
not feeling competent to do it or not believing it will
yield a desired outcome.

According to the Self-determination theory,
differences in the types of extrinsic motivation are
associated with different experiences and outcomes
(Ryan, Deci, 2000 b). For example, R. M. Ryan and
J. P. Connell (1989) noted that the more students
were externally motivated the less they showed
interest, value, and effort toward achievement and
the more they tended to disown responsibility for
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negative outcomes, blaming others. The results of
the study partly support these statements, but on the
contrary, our results showed that identified regulati-
on was associated with more interest and enjoyment
for participants involved in Special Olympics sport
programs for 5 and more years. R. M. Ryan and
E. L. Deci (2000 b) pointed that extrinsically mo-
tivated behaviors are not typically interesting, the
primary reason for the persons to perform such acti-
ons is because the behaviors are prompted, modeled
or valued by significant others to whom they feel
(or want to feel) attached or related. This suggests
that relatedness, the need to feel belongingness and
connectedness with others, is centrally important
for internalization. On the other hand, the relative
internalization of extrinsically motivated activities
is also a function of perceived competence. Persons
are more likely to adopt activities relevant social
group value when they feel efficacious with respect
to those activities. That is in agreement with our
results. Participants in Special Olympics sport pro-
grams indicated that meeting friends (being in soci-
al group) was an important reason for participation
in sport. The other literature sources supports our
results reviewing that many individuals participate
in physical activity because they need to relate to
and be friends with other people, and because they
want to feel accepted by a social milieu (Weiss,
Duncan, 1992; Weiss, Ebbeck, 1993). Therefore,
sport activity provides ample opportunities for indi-
viduals with MR to interact with others (tcammates
and opponents), learn new sport skills together, and
strive for individual and team achievement.
Despite the fact that extrinsic motivation domi-
nated for participation in Special Olympics sport
programs, the participants of the study indicated
intrinsic motivation also as an important factor for
sport participation. These results could be supported
by the statements of the Self-determination theory
(Ryan, Deci, 2000 a) that distinction between dif-
ferent types of motivation is based on the different
reasons or goals that encourage an action. Intrinsic
motivation refers to doing something interesting
or enjoyable (as our results indicate) and extrinsic
motivation refers to doing something because it
leads to a separable outcome (winning medals or
ribbons). But these results could be considerably
more controversial. For example, extrinsic rewards
can undermine intrinsic motivation. It could be
interpreted in terms of rewards facilitating a more
external perceived locus of causality, and confirmed
that all expected tangible rewards made contingent

on task performance and undermine intrinsic mo-
tivation.

L. M. Wankel and P. S. J. Kreisel (1985) repor-
ted that although able-bodied youth sport partici-
pants ranked intrinsic factors such as improving
skills and personal accomplishment as important
to enjoyment, extrinsically oriented factors such
as winning and receiving rewards were also found
to be important. Similar results were reported
in this study. Analysis of separate motives sho-
wed that individuals with intellectual disabilities
most highly rated motives for participation in
Special Olympics sport programs were winning
ribbons and medals (external regulation, extrin-
sic motivation), having fun and being interested
in sport (intrinsic motivation), notwithstanding
that identified regulation (extrinsic motivations)
was significantly higher than intrinsic motivation
and less higher than external regulation extrinsic
motivation. This similarity of the results shows a
possibility to compare sport motivation of persons
with MR with able-bodied sport motivation. This
confirms F. M. Brasile et al. (1991) study claiming
that there were more similarities than differences
among those with and without disabilities in terms
of incentives of participation in sport.

The principles of Special Olympics require those
athletes who participate in regional games receive a
medal or ribbon. According to D. R. Shapiro (2003),
athletes with MR give prominence to winning rib-
bons and medals. This is similar to our results pre-
sented in Table 2. Individuals with MR tend to be
specific in their thinking, making tangible rewards
like ribbons and medals more important than intrin-
sic rewards. On the other hand, this extrinsic motive
can be related to the attitude of coaches. Coaches
have the most regular contact with Special Olympics
athletes, which make them a unique and valuable
source for increasing motivation for participation in
sport. But for some coaches according to L. Paulaus-
kaite (2003) good appreciation in competitive sport
environment is very important, because they tell
athletes with MR to win a medal during participation
in various sport competitions.

Special Olympics athletes indicated fun as
one of the most important motives for participa-
tion. This finding is similar to the results of other
researchers, positing that enjoyment is derived
from achievement behavior which is intrinsically
motivating and provides perception of competence
and self-determination (Deci, Ryan, 1985).

A secondary purpose of this study was to exa-
mine differences between males and females with
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MR in participation in sport programs. In the
scientific literature differences were found be-
tween males and females in sport participation
motivation (Ashford et al., 1993; Ebbeck et al.,
1995; Koivula, 1999). Women rated the Achieve-
ment Orientation and Extrinsic Factors to be more
important than men. Men were more motivated
than women to participate in sport activities for
mastery and performance (Ashford et al., 1993).
In our study no differences between males and
females were found.

CONCLUSION

Summing up, athletes participated in Special
Olympics sport programs for their own enjoyment,
for the social purposes and for the competitions.
While sport participation motives of athletes with

intellectual disabilities varied, they were not so
different between genders. Our study supported the
benefits of using Self-determination theory for the
evaluation of motivation for participation in Special
Olympics sport programs. However, to enhance
motivation for individuals with disabilities, scholars
and practitioners in the area of adapted physical
activity and sport should strive to establish mastery
oriented motivational climate, which nurtures task
oriented individuals to increase their perceived
competence, intrinsic motivation, physical activity
adherence, and decrease attrition. Further research
should focus on the influence of additional social
factors such as peer and parental influence on the
motivation of athletes with intellectual disabilities.
Finally, cognitive outcomes such as levels of atten-
tion and learning could also be measured.
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SUTRIKUSIO INTELEKTO ATLETU SPORTAVIMO MOTY VACIJA

Jiraté Pozériené, Riita Adomaitiené, Vida Ostaseviciené,
Diana Réklaitiené, Inga Kragniené
Lietuvos kiino kultiros akademija, Kaunas, Lietuva

SANTRAUKA

Specialioji olimpiada yra tarptautiné organizacija, suteikianti sutrikusio intelekto asmenims galimybg
mokytis, dziaugtis ir save realizuoti individualiame ir komandiniame sporte. Tyrin¢jant Specialiosios
olimpiados sporto programas, didziausias démesys buvo kreipiamas | mokslinius tyrimus fizinio pajégumo
ir motoriniy jgiidziy geréjimo, saves vertinimo, socialinés kompetencijos ir saves suvokimo srityse. Tyrimo
metu siekta nustatyti sutrikusio intelekto atlety sportavimo motyvacija.

Buvo tiriami 102 (60 vaikinai ir 42 merginos) 12—16 mety amziaus specialiosios olimpiados atletai
(amziaus vidurkis 14,12 m., SD = 1,47). Tiriamyjy imtis tiksliné. Tiriamieji parinkti taikant Siuos kriterijus —
turéti intelekto sutrikimy, gyventi Kauno apskrityje ir dalyvauti specialiosios olimpiados sporto programoje
ne maziau kaip 6 ménesius po 1—2 valandas du kartus per savaitg. Sporto motyvacijai nustatyti naudota
modifikuota Sporto motyvacijos skalé (Pelletier et al., 1995).

Tyrimo rezultatai parodé, kad Specialiosios olimpiados atlety, dalyvaujanc¢iu sporto programoje,
identifikuoto reguliavimo lygis (iSoriné motyvacija) kur kas didesnis negu vidiné motyvacija. Visgi iSorinio
reguliavimo lygis (iSoriné¢ motyvacija) nedaug skyrési nuo tiriamyjy vidinés motyvacijos. [vairiy prizy ir
medaliy laiméjimas, sportavimo dziaugsmas, igiidziy jgavimas ir laisvalaikio praleidimas su draugais —
dazniausi sportavima motyvuojantys veiksniai. Nors sutrikusio intelekto atlety sportavimo motyvai yra
ivairiis, statistiSkai reik§minguy S$ios motyvacijos skirtumy priklausomai nuo lyties nepastebéta. Atliktas
tyrimas parodé, kad vertinant sutrikusio intelekto asmeny sportavimo motyvacijos tipus galima naudoti
pagrindines apsisprendimo teorijos doktrinas.

RaktaZodziai: sutrikes intelektas, sportavimas, iSorin¢ ir vidiné motyvacija.
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DVIRATININKU SIRDIES SUSITRAUKIMU
DAZNIO PRIKLAUSOMYBE NUO GALIOS SUKANT
VELOERGOMETRA SKIRTINGU TEMPU

Arvydas Stasiulis, Gintautas Volungevicius
Lietuvos kiino kultiiros akademija, Kaunas, Lietuva

Arvydas Stasiulis. Profesorius biomedicinos moksly daktaras. Lietuvos kiino kultiros akademijos Taikomosios fiziologijos ir kineziterapijos
katedros vedéjas. Moksliniy tyrimy kryptis — sportininky aerobinio pajégumo tyrimas.

SANTRAUKA

Tyrimo tikslas — palyginti dviratininky Sirdies susitraukimy daznio (SSD) priklausomybe nuo galios sukant
veloergometrq skirtingu tempu.

15 didelio meistriskumo dviratininky vyry (amzius — 23,0 (1,41) m., agis — 1,77 (0,04) m, svoris — 66,3 (7,1) kg)
., Monark 834E “ (Svedija) veloergometru tris kartus atsitiktine tvarka atliko kas minute didinamq kritvi. Pedaly sukimo
tempas — 60, 80 arba 100 apsuky per minute. SSD registruotas viso kriivio ir atsigavimo metu naudojant telemetring
SSD matuokli Polar S810i (Polar, Suomija). Buvo analizuojama vidutiniy SSD reiksmiy per paskutines 10 kiekvieno
kritvio sekundziy priklausomybé nuo darbo galios, surandamas SSD nuokrypio taskas (SSDy,) bei ji atitinkancios
SSD ir darbo galios reiksmés.

Nustatyta, kad SSD,,; mazéjo atliekant didinamo krivio testq didesniu tempu, tuo tarpu SSD reikimés pasiekus Siq
galiq buvo labai panasios ir nuo pedaly sukimo tempo nepriklausé. Didziausias didinamo kritvio metu pasiektas
galingumas nesiskyré, o maksimalus SSD buvo maziausias sukant pedalus 60 aps. / min tempu. SSD procentinis
dydis (% nuo maksimalaus) pasiekus SSD,; taip pat buvo panasus ir sieké apie 86% maksimalaus. SSD dirbant
submaksimaliu galingumu visada buvo maziausias sukant pedalus 60 aps. / min tempu. Kaip rodo tiesinés regresijos
koeficientai, SSD prieaugio tempai didéjant kriviui tiesinéje SSD ir galios priklausomumo dalyje nesiskyré sukant
pedalus skirtingu tempu.

Taigi pedaly sukimo tempas neturi poveikio dviratininky SSD reikiméms ties SSD,;, atliekant nuosekliai didinamq
krivi veloergometru, taciau didéjant pedaly sukimo tempui didéja ir SSD reiksmés submaksimalaus ir net maksimalaus
intensyvumo aerobinio kritvio metu, todél galia ties SSDy, sumazéja. Tai gali biti susije su miokardo funkcijos
reguliavimo pokyciais pasiekus pakankamai dideli susitraukimy daznj.

RaktaZodZiai: sirdies susitraukimy daznis, Sirdies susitraukimy daznio nuokrypio taskas, pedaly sukimo tempas,
didinamo kritvio testas.

[VADAS
\4

irdies susitraukimy daznis (SSD) yra vienas
informatyviausiuy rodikliuy nustatant fizinio
kriivio poveiki sportininko organizmui ir
reakcija i judesiy daznuma bei galia. Dviratininky
tyrimo rezultatai dél skirtingy protokoly gausos
daznai btna nepatikimi (Faria et al., 2005). Stoko-
jama specialiy tyrimuy, analizuojanciy dviratininky
rezultaty ir neadekvataus Sirdies darbo rysj. Reike-

ty atlikti ir tokiy tyrimuy, kuriais biity iSsiaiskinta,
ar Sirdies darbas, o gal O, suvartojimas apriboja
dviratininky rezultatus, esant tokiam intensyviam
darbui, kokj atlicka profesionallis dviratininkai
(Faria et al., 2005).

Sirdies susitraukimy daznio (SSD) priklau-
somyb¢ nuo fizinio kriivio galios néra visiSkai
tiesiné. SSD prieaugis nuosekliai didinamo krii-
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vio pabaigoje paprastai sulétéja (Wahlund et al.,
1948; Brooke et al., 1968; Conconi et al., 1982;
Hofmann et al., 1994). Kriivis, vir§ kurio SSD
priklausomybé nuo galios pasikeic¢ia, vadinamas
SSD nuokrypio tasku (SSDy;) (Bodner, Rhodes,
2000). Jis paprastai pasireiskia SSD padid¢jus iki
88—94% nuo maksimalaus ((Bodner, Rhodes,
2000). SSD,; biidingas daugeliui asmenuy, atlie-
kanc¢iy nuosekliai didinama fizini kravi, tarp ju ir
dviratininkams (Lucia et al., 1999, 2002).
Nustatyta, kad deguonies suvartojimo, Sirdies
ir kraujagysliu sistemos funkciniu rodikliy reiks-
més veloergometrinio kriivio metu priklauso nuo
pedaly sukimo tempo (Moore et al., 2008). Vieni
autoriai nustaté, kad sukant veloergometra greites-
niu tempu, bet ta padia galia, SSD bina didesnis
(Moore et al., 2008), kiti nepasteb¢jo reikSmingo
pedaly sukimo tempo poveikio SSD atliekant
skirtingo (Chavarren, Calbet, 1999) ar 30 min pa-
stovaus intensyvumo kriivi (Lepers et al., 2001).
Taigi duomenys apie pedaly sukimo tempo poveiki
SSD yra priestaringi. Néra tyrimy, kuriy metu biity
nagrinéta, kaip pedaly sukimo tempas veikia galia

ir SSD ties SSD, atlickant nuosekliai didinama
kriivi veloergometru.

Sio tyrimo tikslas — palyginti dviratininky
SSD priklausomybe nuo galios sukant veloergo-
metro pedalus skirtingu tempu.

TYRIMO METODIKA

Tiriamieji. 15 didelio meistrisSkumo dvirati-
ninky vyry sutiko bati tiriami. Jy vidutinis am-
zius — 23,0 (1,41) m., tgis — 1,77 (0,04) m, svo-
ris — 66,3 (7,1) kg. Kad pratybos biity lengvesnés,
testavimo iSvakarése tiriamyjy buvo prasoma tes-
tavimo dieng visiSkai nesimankstinti ir nevalgyti
maziausiai dvi valandas prie§ tyrimus. Atskiri
testavimai vyko panasiu paros metu, o tarp ju buvo
ne mazesné kaip dviejuy dieny pertrauka.

Nenutriikstamo pakopomis didinamo Kkrii-
vio testas. Kiekvienas tiriamasis ,,Monark 834E*
(Svedija) veloergometru tris kartus atsitiktine
tvarka atliko kas minut¢ didinama kruvi. Pedaly
sukimo tempas — 60, 80 arba 100 apsuky per
minute. Po vienos minutés darbo, esant nuliniam
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Len‘tel.éi.SSD ir gs;lli.os. Sukimo tempas

rodikliai (kvadratiniai . 60 aps. / min 80 aps. / min 100 aps. / min

nuokrypiai) veloergome- | Rodiklis

trinio nuosekliai didina- [ SSD nuokrypio taskas, W 260,9 + 49,2 2553 +32,1 248,7 + 28,9*

mo kriivio metu, sukant _

pedalus skirtingu tempu | Santykinis SSD nuokrypio taskas, W / kg 3,92 +£0,55 3,85+£0,31 3,76 £0,30*
SSD pasiekus nuokrypio tadka, tv. / min 168,1 + 8,2 168,7+7,1 166,9 + 10,3
SSD pasiekus nuokrypio taska, % nuo maks. 87,3+2.7 85.6+2.0 86.4+29
Didziausias pasiektas galingumas, W 388,7 £ 38,0 384,9+£32,0 388,0 £35,5
Didziausias pasiektas galingumas, W / kg 5,90 £0,63 5,84 +£0,58 5,88 +£0,54
Maksimalus SSD, tv. / min 193,4+5,9 197,0 £ 6,7 197,4 £7,5%
SSD 1 min po kriivio, k. / min 160,1 +9,4 174,8 £10,2* 163,2£9,0* #
SSD 1 min po krivio, % nuo maks. 82,8 £22.8 88,7 £4,0* 82,9 £22.8*% #
SSD 5 min po kriivio, tv. / min 111,0+9,6 1109+ 11,2 110,8 +£9,8

Pastaba. * — p < 0,05, |SSD 5 min po darbo, % nuo maks. 57,3+£3.8 56,3+5,6 56,1 +£42

lyginant su 60 aps. / min;

#— p<0,05, lyginant su |a 89,7 +20,7 90,1 £ 15,8 96,7 = 18,7* #

80 aps. / min; a ir b atitin-

kamai — $SD priklauso- |b 0,300 + 0,049 0,310+ 0,061 0,290 + 0,046

mybés nuo galios tiesing | - -

dalj aproksimuojancios | SSD, kai krivis 150 W 134,5+ 15,6 136,6 + 10,5 140,7 + 14,3*

tiesinés regresijos lygties [x S

laisvasis narys ir regresijos SSD, kai kravis 200 W 149,5v14,3 152,1+10,1 155,3+13,2*

koeficientas. $SD, kai kraivis 250 W 1644+ 134 | 167,6=105 | 169,9+ 12,6%

smagracio pasiprieSinimui, buvo nustatomas pra- REZULTATAI

dinis 90, 104 ar 100 W kraivis, kuris toliau kas mi-
nute buvo didinamas 30, 24 ar 30 W (atitinkamai
minant pedalus 60, 80 arba 100 aps. / min tempu).
Testas buvo tgsiamas tol, kol tiriamieji nebepajég-
davo testi krivio reikiamu tempu.

SSD registravimas ir analizé. SSD buvo
registruojamas viso kriivio ir atsigavimo metu
naudojant telemetrini SSD matuokli Polar S810i
(Polar, Suomija). Véliau uzregistruoti duomenys
buvo perkeliami | kompiuterio programa ,,Polar
performance* ir ,,Microsoft Excel*. Analizuota vi-
dutiniy SSD reik§miy per paskutines 10 kiekvieno
kriivio sekundziy priklausomybé nuo darbo galios.
Tuo tikslu SSD reik§més buvo pavaizduojamos
grafiskai kaip darbo galios funkcija, duomenys
glodinami taikant 3 eilés daugialaipsne funkcija,
per tiesing priklausomybés dalj bréziama tiesé (pri-
taikius tiesing funkcija) ir surandamas SSDy bei ji
atitinkan¢ios SSD, darbo galios reik§més (1 pav.).
Pagal tiesinés regresijos lygti buvo apskai¢iuoja-
mos SSD reik§més kintant darbo galiai nuo 100 iki
225 W, norint palyginti SSD reikimes, kai galia ta
pati, bet skirtingas pedaly sukimo tempas.

Matematiné statistika. Buvo apskaiciuojami
duomeny vidurkiai ir standartiniai nuokrypiai.
Rodikliy reik§més sukant pedalus skirtingy tempu
palygintos Studento ¢ kriteriju taikant priklauso-
moms imtims. Pasirinktas statistinio reikSmingu-
mo lygmuo — p < 0,05.

Kaip rodo lentelés duomenys, SSDy; mazéjo
atliekant didinamo kriivio testa didesniu tempu, tuo
tarpu SSD reik§més pasiekus $ig galia buvo labai
panasios ir nuo pedaly sukimo tempo nepriklause.
Didziausias didinamo kriivio metu pasiektas galingu-
mas nesiskyré, o maksimalus SSD buvo maZiausias
sukant pedalus 60 aps. / min tempu. SSD procentinis
dydis (% nuo maksimalaus) pasiekus SSDy; taip pat
buvo panasus ir sieké apie 86% maksimalaus. SSD
dirbant submaksimaliu galingumu visada buvo ma-
ziausias sukant pedalus 60 aps. / min tempu (2 pav.).
Kaip rodo tiesinés regresijos koeficientai, SSD prie-
augio tempai didéjant kriiviui tiesingje SSD ir galios
priklausomumo dalyje, nesiskyré sukant pedalus
skirtingu daznumu (zr. lent.).

REZULTATU APTARIMAS

Siuo tyrimu nustatyta, kad atliekant nuosekliai
didinama kriivi veloergometru pedaly sukimo tem-
pas neturi poveikio SSD reik§méms ties SSDy,
ta¢iau didéjant tempui didéja ir SSD reikdmés
submaksimalaus ir net maksimalaus intensyvumo
aerobinio kriivio metu, todél galia ties SSDy;
sumazeja.

Tyrimo duomenys patvirtino, kad SSDy; at-
lieckant nuosekliai didinama fizini kravi budin-
gas ir dviratininkams (Lucia et al., 1999, 2002).
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J. L. Moore su bendraautoriais (2008) pastebéjo,
kad sukant pedalus greitesniu tempu SSD padidéja
esant submaksimaliam darbo galingumui (Moore
et al., 2008). Tiesa, kiti autoriai nepastebéjo reiks-
mingo pedaly sukimo tempo poveikio SSD atlie-
kant skirtingo (Chavarren, Calbet, 1999) ar 30 min
pastovaus intensyvumo kriivi (Lepers et al., 2001).
Manoma, kad esant didesniam pedaly sukimo tem-
pui dé¢l padidéjusio deguonies poreikio padidéja ir
minutés kraujo tiris, kurj savo ruoztu padidina is-
auges sistolinis kraujo tiris dél padidéjusio veninio
kraujo pritekéjimo, t. y. geresnio griauciy raumeny
siurblio funkcionavimo sukant pedalus didesniu
tempu (Gotshall et al., 1996). Visgi tikétina, kad mi-
nutes kraujo tiiris labiau arba tiek pat padidéja ir dél
SSD prieaugio. Tai parodé dviratininku, dirbanéiy
submaksimalia galia, kraujotakos tyrimo duomenys
(Moore et al., 2008). [domu tai, kad SSDy; nesikei-
&ia nepaisant SSD ir galios santykio pokygio, t. y.
SSDy; pasireiskia esant panasiam absoliugiam ir
santykiniam SSD. Galima manyti, kad §io nuokry-
pio tasko poreiskis priklauso nuo didinamo kriivio
metu pasiekto SSD, kuris daugelio asmeny siekia
88—94% maksimalaus (Bodner, Rhodes, 2000).
F. Conconi ir kt. (Conconi et al., 1982, 1996) is-
kélé prielaida, kad suaktyvéjus anaerobinei ATP

resintezei palengvéja oksihemoglobino disociacija,
deél to kraujotakos veiksmingumas padidéja, ir tai
sumazina didesnio SSD poreiki. Deja, cituojami
autoriai savo prielaida grindé tuo, kad SSD,; daz-
nai sutampa su anaerobiniu slenksciu, nors tai dar
neirodo $iy fenomeny priezastinio rysio. Neseniai
atliktas tyrimas parodé, kad SSDy; labiau susijes
su hiperkalemija, biidinga pasiekus toki darbo in-
tensyvuma (Lucia et al., 2002). Yra duomeny, kad
SSD,; gali bati susijes su miokardo funkcija pasie-
kus pakankamai didelj kriivio intensyvuma ir labai
padidéjus SSD (Pokan et al., 1993, 1999; Hofman
et al., 1994; Foster et al., 1999). Manome, kad gauti
duomenys labiausiai atitinka $ia hipoteze, nes SSD
dydis, o ne kriivio intensyvumas yra svarbesnis
SSDy; poreiskiui.

ISVADA

Pedaly sukimo tempas neturi poveikio dvi-
ratininky SSD reik§méms ties SSDy; atliekant
nuosekliai didinama kriivi veloergometru, taciau
didéjant tempui didéja ir SSD reik§més submaksi-
malaus ir net maksimalaus intensyvumo aerobinio
kriivio metu, todél galia ties SSDy; sumazéja.
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RELATIONSHIP BETWEEN HEART RATE AND POWER IN
CYCLISTS PEDALLING WITH DIFFERENT CADENCE

Arvydas Stasiulis, Gintautas Volungevicius
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

The aim of this study was to compare the relationship between heart rate (HR) and power during the
test on a cycle ergometry with increasing load test with different pedalling cadence in cyclists.

15 cyclists with high level of performance (age

23.0 (1.41) years, height — 1.77 (0.04) m, weight —

66.3 (7.1) kg) performed a test on the ,,Monark 834E* (Sweden) cycle ergometer with the load increasing
every minute. On different testing days the cadence was 60, 80 or 100 rpm. HR was recorded continuously
using Polar S810i (Polar, Finland) HR monitor. The relationship between average HR during the last 10 s
of each workload and the power was analysed and HR deflection point was determined.

The results showed that HR deflection point decreased with increasing pedalling cadence, but HR
values at this point remained unchanged and did not depend on pedalling cadence. Peak power during the
increasing load test was also similar at all cadencies. Maximal HR was significantly higher at cadency
100 rpm. Relative HR values (expressed in percent of maximal values) were not significantly different at
the cadencies performed and were approximately 86% of maximal HR. HR at submaximal work intensities
was lowest at cadence of 60 rpm.

In conclusion, the HR at HR deflection point is not influenced by pedalling cadence during the cycle
ergometry test with increasing load, but HR values at submaximal and maximal aerobic intensities increase
with increasing pedalling cadence, so the power at HR deflection point decreases. This may be associated
with the changes of myocardial function regulation when the subject’s HR reaches a certain high level.

Keywords: heart rate, heart rate deflection point, pedalling cadence, increasing load test.
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ANALYSIS OF THE KINESIOLOGY OF SKATE SKIING
AND ROLLER SKIING

JiFi Suchy, Bronislav Kra¢mar
Charles University in Prague, Prague, Czech Republic

Jifi Suchy. PhD in Kinanthropology. Assistant at the Department of Didactics of Sport, Faculty of Physical Education and Sport, Charles
University in Prague. Research interests — endurance sports, sport training.

ABSTRACT

The peak of human locomotive ontogenesis is unsupported bipedal walking. We can assume that the patterns for
locomotion in sport correspond to the patterns for walking. In this study the coordination of motion in six selected
key muscle groups and one control group was observed during the use of cross-country skis with ski-poles on snow
(free form, skating), and compared with the coordination using roller skis with poles on asphalt. The comparison
was carried out skating up a slight slope. Intraindividual analysis of these forms of locomotion was based on surface
electromyography (EMG) synchronized with digital video recorded in vivo on site. The data acquired were evaluated
by calculating the area under the EMG curve recorded for each muscle under observation. The probability values
acquired in this way roughly show the activation and work of the monitored muscle. An ordering of local maximums
within a given step cycle was established in order to judge the coordination of motion.

The measured data confirmed the phenomenon of triple extension in the lower limbs as well as the phenomenon of
pelvic stabilisation in the frontal plane in the single-support position. This stabilisation is ensured by the musculus
gluteus medius, which was the only muscle measured to show a different ordering of local EMG curve maximums
(timing) when comparing the whole cycle of skiing locomotion on asphalt and on snow. The peaks of activity for this
muscle were localised outside the activity peaks of the musculus latissimus dorsi, which is considered the deciding
muscle for locomotion realised through the shoulder girdle, but which also performs a stabilising function. Thus both
muscles alternate in ensuring stability.

The results of the pilot study described demonstrate sufficient kinesiological correspondence between locomotion on
skis and on roller skis with poles to confirm the suitability of regular use of roller skis as a specific training instru-
ment for skiing.

Keywords: human locomotion, electromyography, skating on cross-country skis and on roller skis.

INTRODUCTION

n the course of the postural and locomotive
ontogenesis of man, there is a functional ma-
turing of the locomotive system in cranial and
caudal development. In locomotion, the shoulder
girdle is initially engaged, followed by the pelvic
girdle. The combination of the functional maturing
of the pelvic girdle and the acral part of the lower
limb — the leg — facilitates standing upright and
bipedal walking. The hand develops in preparati-

on for its future grasping function. The shoulder
girdle does not lose its locomotive function, but,
as Vojta demonstrates (Vojta, Peters, 1995), that
function merely becomes secondary to the prima-
ry functions of manipulation and grasping (Véle,
2006).

The forms of locomotion in civilised man are
primarily reduced to walking and standing upright,
and infrequently running. Walking is a locomotive
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activity that is directly facilitated solely by the
pelvic girdle (its relation to the point of support),
with a complementary balancing motion of the
upper limbs. We find the shoulder girdle direc-
tly engaged in locomotion in selected sporting
activities — climbing an artificial wall, paddling
a canoe, the use of poles in cross-country skiing
(skating and the classic technique), Nordic wal-
king, and in swimming, in the front crawl and the
backstroke (Kra¢mar, 2002).

To determine the postural muscles, Janda et
al. (1996) sought the typical hominid posture or
movement. He formulated bipedal walking for
the pelvic girdle. The locomotive model of the
pelvic girdle does not correspond to the locomo-
tive model of man’s closest biological relatives,
the primates and the apes, where we do not find
the perfect capacity to stand upright for bipedal
locomotion (Vackové, 2004; Vancata, 1996). Fully
upright bipedal walking is therefore specific to the
human species.

Véle (2006) lists manipulation and grasping
as the typical functions of the shoulder girdle.
We tried to find an equivalent for the locomotive
function of the shoulder girdle (i.e. for a function
that is atypical in ordinary life). We designated the
progress of motion during Vojta’s reflexive craw-
ling as a typically human locomotive movement
in the shoulder girdle (Kra¢mar, 2001; Vackova,
2004).

In terms of ontogeny, we find certain similari-
ties and differences between walking and skating
on cross-country skis. The main difference is the
engagement of the muscle groups for the work of
the upper limbs during skating on cross-country
skis; it is as though the skier has returned to qua-
drupedality by creating a place of support for the
upper limbs. We anticipate muscular coordination
in the shoulder girdle, which has its equivalent in
the ontogenetic forms of human locomotion (Voj-
ta, Peters, 1995). However, we see the quadrupedal
character of locomotion as having specific features
resulting from the vertical posture of the body, in-
ducing the function of the body’s stability system.
That stability system was not activated for the ho-
rizontal posture of the body in the early stages of
hominid locomotive ontogenesis (Schmalhausen,
1968; Véle, 2006).

Gliding posture and push.

The gliding posture on skis naturally does not
provide the sensation of postural stability. The
stereotype of walking is reinforced daily, on firm
surfaces, where the tarsus ‘grasps’, is supported

Figure 1. Trajectory of the median across the support base while
standing on one leg (according to Kapandji)

by and deflects from a firm and stable place of
support. In ordinary life, man avoids gliding. In
gaining optimal postural stability while gliding
on one ski, the forces acting on the skier (with an
advanced technique) become balanced, and postu-
ral stability increases to the point that it resembles
the sensation of standing at rest on a firm (i.e.
non-slip) surface.

1. Vareka (2004) demonstrated the localisation
of the trajectory of the median across the support
base when standing on one leg. He alternately ap-
plied a load to the front and rear parts of the foot,
thereby simulating the dynamics of walking. He
elaborated a static, three-point model of the foot
according to A. J. Kapandji (1987) — Figure 1.

The trajectory of the median across the support
base copies that three-point model. When the foot
makes contact with a firm base, support begins
at the heel, continues along the outer edge of the
foot, there is then pronation, and in the course of
the step the push moves forwards to the medial
edge of the tarsus and finishes with the toes. That
progress of support is substantiated by the struc-
ture of the foot. We find the most massive bone
structure on the heel. The most massive bones in
the toes are the medial metatarsi and the phalanges
of the hallux. The push then proceeds from the
sole of the foot at the heel, along its outer edge,
and as it moves forward it shifts to the inner side
of the foot, which corresponds to the progress
of support and pushing when skating on cross-
country skis. Standing on one foot and the push
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from the inner side of the foot during skating on
cross-country skis therefore have features that are
defined in the ontogeny of postural stability. Main-
taining posture on the sole of the foot and its inner
edge also corresponds to the bipedal arrangement
of the lower limbs in the frontal plane. In postural
instability while standing, the base is extended,
and the weight of the body is transferred to the
inner edges of the feet. When novices skate on
cross-country skis, we see that they cannot keep
the skis flat while gliding, and proceed on the in-
ner edges of the skis.

For reasons of stability, the most demanding
technique for skating on cross-county skis, single-
poling skating, was chosen for monitoring. For
each pole there is one push by one lower limb.
The interval between two pushes with the right
leg, i.e. one step with the left leg, one step with the
right leg and two poles with the arms working in
synchrony, was defined as one motion cycle.

The choice of single-poling skating for mo-
nitoring was not random. Training in skating on
cross-county skis begins with single-poling ska-
ting (Gnad, Psotova, 2005). The present compe-
titive form of that skating technique is used to an
ever-greater extent.

METHODS

Skating on cross-country skis and skating on
roller skis with poles were chosen for monitoring
locomotion through the pelvic girdle. Electromyo-
graphic (EMG) measurement was carried out in the
field; we do not have any reports of similar field
monitoring in the Czech Republic or abroad.

The subject is a top league competitive cross-
country skier. He has trained and competed in
cross-country skiing for 15 years, he is 29 years of
age, with no medical complications. We worked on
the assumption that the kinesiology of his locomo-
tive motion on cross-country skis is in accordance
with the principles of human motor ontogenesis.
If that were not so, the long-term performance
of that locomotive activity would have led to the
stressing and pathology of the structures involved.
That claim is supported by the fact that the su-
bject has never suffered serious injury throughout
his career in sport, despite the high volume and
intensity of training (approximately 700—1 000
hours of training in his annual training cycle). A
kinesiological analysis did not reveal any patholo-
gical changes that could have been caused by his
sporting activities.

Measuring was conducted without any chan-
ge to the sensitivity of the channels recording
EMG potentials. There was a difference between
both sets of measurements in the density of sam-
pling during that recording, which resulted in a
difference in the smoothness of the curves for
both sets of measurements (details are available
from the authors). Surface electromyography was
carried out on six accessible muscles involved
in engaging the pelvic girdle and lower limbs
in locomotion (for reasons of space, the exact
localisation is in a periodical available from the
authors), and one muscle was monitored as the
marker for evidence of engagement in the crossed
locomotive pattern:

1. m. gluteus maximus dx.
gluteus medius dx.
tibialis anterior dx.
quadriceps femoris dx, vastus medialis
adductor longus dx.
gastrocnemius dx., cap. medialis
latissimus dorsi sin.

M. latissimus dorsi, as the only contralateral
muscle, was monitored for its possible engagement
in the quadrupedal crossed locomotive pattern. It
represents the muscle group on the rear side of the
torso. It begins at the humerus (sin), continuing
through the processi spinosi and the m. fasciae
latae (dx.), m. gluteus maximus (dx.), m. biceps
femoris (dx.) to the fibula.

The timing of the inception and decline of
EMG potentials was monitored, which helped to
create a kinesiological chart of motion, a kind of
‘coordination map’.

A portable KAZES measuring instrument (de-
veloped at the Charles University in Prague, Fa-
culty of Physical Education and Sport) was used,
with seven channels for recording EMG potentials,
and one working channel for synchronising the vi-
deo recording. The weight of the instrument, with
batteries and including a belt bag fastened around
the waist of the research subject, was 1.4 kg. Sen-
sitivity regulation is 0.05—2 mV, the adjustable
measurement duration was 5 seconds — 4 mi-
nutes 50 seconds. Following the completion of a
series of 1—7 measurements, a record from the
instrument’s internal memory was transferred to
a laptop, processed by the KAZES software and
exported into the latest version of Microsoft Excel.
There was also a synchronised video recording. In
the analysis there was an attempt to achieve the
highest level of regularity in the EMG potentials
recorded.

N s e
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The research subject’s equipment consisted of
Rollerski Jesenik roller skis, Salomon SNS bin-
dings and boots, Fischer skis, and Salomon Pilot
bindings and boots. For both tests we used Swix
poles with PCC handles and Velcro fasteners.

In evaluating the results, the emphasis was
placed on the timing of the inception and decline
of EMG potentials for the muscles monitored. Mo-
nitoring was intraindividual. Measurements were
taken for the same sportsman at an interval of two
months. Before the first session on roller skis on
October 19, 2007, the research subject had had no
significant specific training. Training for the winter
season (running, cycling, weight training) included
roller skiing, with a weekly training session of ap-
proximately 90 minutes. By the time of the session
on skis on December 21, 2007, the subject had com-
pleted approximately 900 training kilometres on
snow, focusing on the regeneration of his technique
and developing special aerobic capacities.

Specific features of the locomotive activity
monitored

The start and end of the cycle monitored, i.e.
a double step, is defined as the moment at which
the pushing foot (here the right foot) leaves the
ground.

The muscles, which are only engaged laterally,
work only once during each cycle — m. gluteus
medius (dx). and m. gastrocnemius (dx) — positi-
ons 1 and 10. The positions are shown in figures 4
and 4. M. gluteus maximus (dx). and m. latissimus
dorsi (sin)., m. adductor longus (dx)., abd m. vas-
tus medialis (dx). are muscles that facilitate both
steps by the lower limb, and have two significant
peaks during the cycle monitored — positions 1,
6 and 10.

RESULTS

Figure 2 shows the process during skating on
snow; Figure 3 shows the timing of the muscles
monitored. The different positions in Figure 2 are
numbered 1—11, and are also shown in Figure 3.
Skating on roller skis is presented in the same way
in Figures 4 and 5.

For the purposes of simplicity, one ‘step’ with
the lower right limb is analysed, i.e. from the mo-
ment the right foot leaves the ground to the same
moment in the following cycle, positions 1 and 11.
For reasons of the phasic shift in the activity of
certain muscles, the related parts of the auxiliary
steps are also depicted.

The nature of single-poling skating results in
poling before the push by the lower limb. Poling is
represented by the contralateral m. latissimus dorsi
(sin) — positions 4 and 9. It is part of the muscle
group on the rear side of the torso.

The sequence for the activation of the muscles
monitored is as follows: m latissimus dorsi (sin.) is
activated before position 1, followed by m. gluteus
maximus (dx.) just before position 1, almost simul-
taneously with m. vastus medialis (dx.) — position
1. The wave of activation to complete the push
continues to m. gastrocnemius (dx.) — position 1.
We simultaneously observe a decline in the activity
of m. tibialis anterior (dx.) — positions 1 and 11,
which allows the leg a position for tarsal flexion
(i.e. the push). We find here then the phenomenon
of the triple extension of the joints of the pushing
(right) lower limb. That phenomenon is present

JiSu skating 1-1
SKATING ON CROSS-COUNTRY SKIS 1-1
1. | 1 DOUBLE STEP - RIGHT FOOT |
m.glut.max.dx.

2

m.glut.med. dx.

m-.tlbialis ant. dx.

adatd AA man | dhamois Dt adaul | bl s

4,
m.vastus med.dx. ' I I I

5.
m.add.longus dx.

.JM\A _)\"MWM
6. m.

gastrocnemius dx.,
cap.med.

7. m.latiss.dorsi dx. sin.

Figure 3. Timing of the monitored muscles (on cross-country
skis)
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SKATING ON ROLLER SKIS 1-1 HSH E2

1 DOUBLE STEP-
: - RIGHT FOOT _,

m.glut.max.dx.

m.glut.med.dx. [

m.tibialis ant. dx.

o _ab. . & Se.. =S

m.vastus med.dx.

m.add.longus dx.

v W . /'\r\)\,\f\,m

m.gastrocnemius

cap.med. u"". ‘ I

m.latiss.dorsi sin.

A A

Figure 5. Timing of the monitored muscles (on roller skis)

in the locomotion of the majority of quadrupedal
tetrapods (Romer, 1966; Shubin, Alberch, 1986;
Young, 1981), and is phylogenetically conditioned.
There is then the activation of m. adductor longus
(dx.) — position 2 , which adducts the lower limb
to the standing limb for effective gliding on one
leg. M. adductor longus (dx.) is clearly activated
while travelling on the other, i.e. the left, ski. It
works almost symmetrically during travelling on
each ski — positions 2, 3, 7, 11.

M. gluteus maximus (dx.) also displays a se-
cond significant peak — position 7.

That shows the entire pelvis in retroversion
during the completion of the push. The unequal
distances between the peaks in the activation of
that muscle (the position before 1, 7, 10) during al-

ternating extension in the pelvis on the side of the
pushing and gliding leg illustrate the slight rotation
of the pelvis around a vertical axis, always towards
the gliding ski. A reversed shift on the other side
can be expected for the contralateral m. gluteus
maximus sin, which was not measured.

The second peak for the activation of m. glu-
teus maximus (dx.) is not part of the triple exten-
sion — position 7. The simultaneous activation of
the ipsilateral m. tibialis anterior (dx.) corresponds
to the position of the standing leg in the gliding
posture,where the position of the knee and an-
kle joints (position 7) does not correspond to the
phenomenon of triple extension. Here the muscle
supports the retroversion of the pelvis during the
push with the second lower limb (i.e. the require-
ment to move both hips forward at the completion
of the push). A variable that was not monitored,
and which could influence the function of m. ti-
bialis anterior (dx.), could be the use of different
bindings during the measurements for roller skis
and on snow. There is a slight difference in the
way SNS and Pilot bindings influence the motion
in the ankle joint in the sense of dorsal and tarsal
flexion.

The contralateral m. latissimus dorsi (sin.) also
has a two-peak activation cycle — the positions
before 1, 4 and 9, when its engagement in the
muscle group facilitates poling during the push
of each lower limb. In comparison with the acti-
vation of m. gluteus maximus (dx.), the peaks for
its activation are regular. That corresponds to the
optimal direction for the vector for poling, with
arms and poles moving forwards in the direction
of travel. The different placing of the peak activa-
tion of m. adductor longus (dx.) — positions 2, 7
and 11 — has a cause similar to that of m. gluteus
maximus (dx.). It works following the push — po-
sitions 1 and 10, when it helps return the lower
limb from abduction to adduction, and the second
peak is when it works on the standing (gliding)
lower limb to maintain the gliding posture on one
leg — position 7.

The activation of m. gluteus medius (dx.) rises
and peaks at the moment of the push. The push is
depicted as the peak activation of m. gluteus ma-
ximus (dx.) — the position before 1 and 10.

A further comparison of the activation of the
muscles monitored during skating on snow and
skating on roller skis reveals that the timing of
the inception and completion of the activation of
the muscles monitored is identical in both types
of sport.
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DISCUSSION

The validity of the results is derived from the
nature of the research project — a case study. The
shortcomings of this kind of research are ameli-
orated by the selection of the research subject, a
competitive skier with a relatively stable advanced
technique that has been assessed by experts over
a five-year period.

A variable that was not monitored, and which
could influence the function of m. tibialis anterior
(dx.), could be the use of different bindings during
the measurements for roller skis and on snow. The-
re is a slight difference in the way SNS and Pilot
bindings influence the motion in the ankle joint in
the sense of dorsal and tarsal flexion.

In one place — the activation of m. gluteus
medius (dx.) — the ‘coordination maps’ of both
types of skating monitored diverge: positions 2
and 11 in Figure 3, and the position before 1 and
10 in Figure 5. Moreover, in skating on snow we
find another activity peak — the position between
7 and 8 in Figure 3. On snow, the dominant activi-
ty peak is shifted further in time than when skating
on roller skis. M. gluteus medius (dx.) maintains
the stability of the pelvis in the frontal plane, so
that the future pushing leg does not descend to the
ground prematurely — the position before 1 — 3.
On snow, where the variability of the ground is
somewhat greater than on asphalt, that control of
the stability of the pelvis is evidently longer and
more emphatic. The longer control of the position
of the pelvis may correspond to the greater coor-
dination of the motion of the sportsman following
the completion of 900 kilometres of training on
snow. M. gluteus medius (dx.) helps to control the

more fluid placing of the ski on the snow in the
direction of the future glide of the ski. In that way,
the ski does not descend to the ground.

CONCLUSION

Field EMG monitoring has allowed the co-
ordination of the human motion monitored to be
objectified and specified in vivo. The outcome of
that measuring is a ‘coordination map’, or a kine-
siology of motion in the technique of an advanced
cross-country skier. For skating on skis, the phe-
nomenon of the triple extension of the pushing
lower limb was described, and the stabilisation
effect of m. gluteus medius was discovered for the
pelvic region. The timing described between the
muscle group and the muscles of the pelvis and
lower limb are an indicator for a description of
an effective technique for skate skiing. They are
simultaneously evidence of the nature of the work
of the monitored part of the locomotive system in
quadrupedal locomotion. Evidence of that is the
timing of activation from m. latissimus dorsi (sin.)
to m. gastrocnemius (dx.).

The sole difference in the coordination of mo-
tion between skating on snow and on roller skis
was discovered in the timing of the engagement
of m. gluteus medius. Only a different methodol-
ogy in a subsequent measuring session, excluding
the one variable not monitored, can determine the
cause of that phenomenon. Either that is a specific
aspect of both activities monitored, or the change
is influenced by the completion of substantial
training between the two sessions.

This research is supported by GAUK112/2006
and MSM0021620864.
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SLYDIMO LENKTYNINEMIS SLIDEMIS IR RIEDSLIDEMIS
KINEZIOLOGIJOS YPATYBIU ANALIZE

Jiri Suchy, Bronislav Kra¢mar
Prahos Karlo universitetas, Praha, Cekija

SANTRAUKA

Zmogaus judéjimo ontogenezés kulminacinis tagkas yra vaiki¢iojimas ant dviejuy koju be atramos. Galima
manyti, kad judéjimas sportuojant atitinka vaik$¢iojimo modelj. Sio tyrimo metu buvo stebima judesiy
koordinacija analizuojant SeSiy svarbiausiy raumeny grupiy darba tiriamiesiems slystant lenktyninémis
slidémis su lazdomis (laisvuoju ¢iuozimo stiliumi), o rezultatai palyginti su koordinacijos rodikliais riedant
riedslidémis su lazdomis ant asfalto. Tyrimas atliktas sportininkams slystant { nedidele ikalng. Kiekvieno
asmens jud¢jimas buvo analizuojamas naudojantis elektromiografija (EMG) ir skaitmeniniais vaizdo jrasais,
uzfiksuotais natiiralioje aplinkoje. Gauti duomenys jvertinti apskaiciuojant plota po kiekvieno stebimo
raumens EMG kreive. Tokiu biidu gauti patikimumo rodikliai rodo tiriamojo raumens aktyvuma ir darba.
Maksimaliy reikSmiy i§sidéstymas per vieno zingsnio cikla leido ivertinti judesiy koordinacija.

Gauti matavimai patvirtino koju raumeny trejopo itempimo ir dubens stabilumo priekinéje plokstumoje
vienatraminés padéties reiskini. Si stabiluma garantuoja i¥matuotas musculus gluteus medius, rodantis kitoki
maksimaliy reik§miy iSsidéstyma EMG kreivéje, lyginant visus slidininky judesius ant asfalto ir ant sniego.
Sio raumens aktyvumo didZiausi rodikliai buvo nustatyti uz musculus latissimus dorsi aktyvumo kulminaciniy
tasky, todél galima manyti, kad $is raumuo lemia judéjimo kokybe ir atlieka stabilizavimo funkcija. Sitaip
kaitaliodamiesi abu raumenys garantuoja stabiluma.

Sio tyrimo rezultatai parodé, kad judesiy slystant slidémis ir riedslidémis su lazdomis kineziologijos
ypatybés yra panaSios. Vadinasi, riedslides galima reguliariai naudoti kaip specifing slidinéjimo pratybu
priemong.

RaktaZodziai: Zmogaus judéjimas, elektromiografija, slydimas lenktyninémis slidémis ir ried-
slidémis.
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5—6 KLASIU MOKINIU NEFORMALUJ] FIZIN] UGDYMA
LEMIANTYS VEIKSNIAI

Asta Sarkauskiené, Eugenija Adaskevitiené
Klaipédos universitetas, Klaipéda, Lietuva

Asta Sarkauskiené. Socialiniy mokslu (edukologijos) doktoranté. Klaipédos universiteto Kiino kultiiros katedros asistenté. Moksliniy tyrimy
kryptis — neformalusis vaiky fizinis ugdymas.

SANTRAUKA

Modernizuojant svietimo sistemq Lietuvoje ir siekiant bendry Europos Sqjungos uzsibrézty tiksly ypatinga vieta tenka
mokiniy neformaliajam Svietimui. Valstybinése Svietimo strategijos 2003—2012 mety nuostatose numatoma plétoti
neformalyji ugdymaq, kad biity uztikrinta vaiky ugdymo kokybe.

Tyrimo tikslas — nustatyti veiksnius, lemiancius 5—6 klasiy mokiniy (jaunyjy paaugliy) dalyvavimq neformaliajame
fiziniame ugdyme.

Tyrimas buvo vykdomas 2007 m. geguzés meén. Apklausos metu naudotos 4 risiy anketos.

1. Mokiniams, kurie nedalyvauja neformaliajame fiziniame ugdyme.

2. Mokiniams, kurie dalyvauja neformaliajame fiziniame ugdyme:

® bendrojo lavinimo mokyklose,

e neformaliojo Svietimo institucijose (sporto mokyklose ir centruose, sporto klubuose, turizmo centruose, jaunimo
laisvalaikio centruose ir kt.);

e ir bendrojo lavinimo mokyklose, ir kitose neformaliojo Svietimo institucijose.

Tyrimo rezultatai gauti anoniminés anketinés apklausos metodu apklausus Sesiy bendrojo lavinimo mokykly, esanciy
{vairiose Lietuvos vietose ir skirtingy dydziy miestuose (Vilniuje, Klaipédoje, Alytuje, Silutéje, Gargzduose), 672
Jaunuosius paauglius.

Tyrimu nustatyta, kad neformaliajame fiziniame ugdyme dalyvauja maziau nei pusé (41,7%) 5—6 klasiy mokiniy:
mokykloje — 5,7%, uz mokyklos riby — 16,9% ir apie penktadalis jaunyjy paaugliy lanko sporto biirelius ir mokykloje,
ir kitose neformaliojo ugdymo istaigose. Norinciy dalyvauti neformaliojo fizinio ugdymo veikloje mokykloje buvo 9,6%
maziau negu norinciy testi treniruotes kitose neformaliojo fizinio ugdymo jstaigose (y* = 17,563, p < 0,005).

Literatiiros Saltiniy analizé ir atlikto tyrimo rezultatai parodé, kad jaunyjy paaugliy sportinés veiklos pasirinkimui
{takos turi jvairis veiksniai. Nustatyta, kad 5—6 klasiy mokiniy pasirinkimq dalyvauti neformaliajame fiziniame
ugdyme labiausiai lemia motyvaciniai veiksniai — noras biiti stipriu ir sveiku (68,3%) bei saviraiskos (savireali-
zacijos) poreikis — tikéjimas realizuoti savo gebéjimus (38,4%). Sie duomenys sutampa su kity autoriy (Zuoziené,
1998, Blauzdys, Jasiunas, 2000, Cid, 2002; Bagdoniené, Blauzdys, 2005) gautaisiais. Svarbiis ir socialiniai veiksniai:
draugy jtaka, treneriy, mokytojy bei tévy skatinimas.

Pagrindine nedalyvavimo neformaliajame fiziniame ugdyme priezastimi apie pusé respondenty (54,4%) nurodé laiko
tritkumaq. Dalis mokiniy (13,9%) teigé, kad jie nedalyvauja sioje veikloje, nes nemégsta sportuoti.

RaktaZodZiai: neformalusis fizinis ugdymas, neformalyji fizini ugdymaq lemiantys veiksniai, ankstyvoji paauglysteé.

[VADAS

ykstant globalizacijos procesams, inte-
gruojantis mokslo, technologijy, kulti-
ros, socialinéms dimensijoms, mokinys
turi biiti pajégus savarankiskai ir kartu su kitais
spresti savo, visuomenés gyvenimo problemas, vi-
saverciai dalyvauti vykstanciuose procesuose, biiti
pasirenggs sparciai kintancio pasaulio i$Stikiams.
Tam biitini esminiai Lietuvos Svietimo sistemos
poky¢iai, kurie padéty didinti Svietimo sistemos

veiksminguma, iSplésti Svietimo prieinamuma,
uztikrinti europinius standartus ir Siuolaikinés
Lietuvos visuomenés poreikius atitinkancia Svie-
timo kokybeg (Dél Valstybinés svietimo strategijos
2003—2012 mety nuostaty, 2003).
Modernizuojant §vietimo sistema Lietuvoje
ir siekiant bendry Europos Sajungos uzsibrézty
tiksly ypatinga vieta tenka mokiniy neformalia-
jam Svietimui. Tac¢iau iki 2002 mety neformalusis
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vaiky Svietimas nebuvo aiskiai apibréztas. Daz-
niausiai jis buvo ivardijamas kaip viena i$§ nau-
jai atsiradusiu darbo su jaunimu sric¢iu. Lietuvos
Respublikos Svietimo jstatymo pakeitimo istatyme
(2003) iki tol buvusi ,,papildomojo ugdymo* savo-
ka papildyta ir apibrézta kaip neformalusis vaiky
Svietimas. Neformaliojo vaiky Svietimo koncepci-
joje (Dél neformaliojo vaiky Svietimo koncepcijos
patvirtinimo, 2005) suformuluotas tikslas — ,,per
kompetencijy ugdyma formuoti asmenj, sugebanti
tapti aktyviu visuomenés nariu, s€ékmingai veikti
visuomengje, padéti tenkinti pazinimo, lavinimosi
ir saviraiSkos poreikius®.

Ivairius neformaliojo Svietimo klausimus na-
grin¢jo tiek uzsienio, tiek Lietuvos mokslininkai.
D. Festeu, B. Humberstone (2006) pabrézia, kad
neformalusis Svietimas turi biti sutelktas { ugdyma
ir mokymasi, pabréziant socialini konteksta, ziniy
naudinguma ir asmenybés augimo tikslus, sociali-
nius pokycius ir integracija i visuomeng. L. Siurala
(2007) kaip pagrindini neformaliojo Svietimo uz-
davini nurodo vaiky ir jaunimo ugdyma atsakin-
gais pilieCiais bei geb&jima rasti ir i§saugoti darba.
V. Jankauskas (2008) pazymi, kad neformaliojo
Svietimo tikslas — parengti vaika sékmingai gy-
venti nuolat besikei¢iancioje visuomenéje, ugdyti
asmeninius gebéjimus, visuomeninj aktyvuma, kad
tapty visaverte, kuirybiska asmenybe.

Neformalusis vaiky ugdymas, kaip reikSminga
pedagoginé problema, Lietuvos mokslininky na-
grinéta {vairiais aspektais. Turiningo laisvalaikio
svarba pagrindé I. Ramaneckiené (1998), M. Bar-
kauskaité (2001), B. Bitinas (2004), Z. Bajoriiinas
(2004). Papildomojo ugdymo reikSme¢ asmenybés
socializacijai tyrin¢jo L. Jovaisa (1995), J. Vaitke-
vi¢ius (1998), turinj ir formas nagrinéjo S. Dap-
kiené (1998), S. Dzenuskaité (1991), J. Ratkus
(2000), mikro ir makroaplinkos itaka asmeny-
bés raidai, jos vertybiniy nuostaty formavimuisi
atskleidé L. JovaiSa (1995), E. Adaskeviciené
(2004), V. Aramaviciaté (2005), P. Tamosauskas
(2006) ir kt. S. Sukys ir A. Bagdonas (2007) nu-
staté moksleiviy sportavimo ir fizinio aktyvumo
sasajas su socialiniais ekonominiais veiksniais.
R. Maureen ir Ph. D. Weiss (2000), I. Smalinskai-
té (2002), N. Lipscombe ir kt. (2002), L. F. Cid
(2002) tyré ivairaus amziaus mokiniy dalyvavimo
ir nedalyvavimo sportinéje veikloje motyvus.

Visgi dar stokojama tyrimy, atskleidzianciy
jaunyju paaugliy neformalyji fizini ugdyma le-
miancius veiksnius. Tai suponuoja §io straipsnio
mokslini naujuma ir leidzia formuluoti moksli-
ng problema: kokie veiksniai lemia 5—6 klasiy

mokiniy neformaliojo fizinio ugdymo veiklos
pasirinkima?

Tyrimo objektas — veiksniai, lemiantys 5—6
klasiy mokiniy (jaunyjy paaugliy) dalyvavima
neformaliajame fiziniame ugdyme.

Tikslas — nustatyti veiksnius, lemiancius
5—6 klasiy mokiniy (jaunyjy paaugliy) dalyvavi-
ma neformaliajame fiziniame ugdyme.

Metodai:

1. Mokslinés literatiiros analizé.

2. Anketiné apklausa.

3. Statistiné analizé: procentiné grafiné analize,
chi kvadrato () testas.

Tyrimo organizavimas. Tyrimas buvo vykdo-
mas 2007 m. geguzés ménesi. Jame dalyvavo Se-
Sios bendrojo lavinimo mokyklos, esancios ivairio-
se Lietuvos vietose ir skirtingy dydziy miestuose:
Vilniuje, Klaipédoje, Alytuje, Silutéje, Gargzduo-
se. Anoniminés anketinés apklausos metodu buvo
apklausti 672 5—6 klasiy mokiniai.

Atlikus neformaliojo fizinio ugdymo teoring
analizg, buvo parengtos anketos. Klausimyna su-
daré 3 dalys: I dalis (6 klausimai) skirta informaci-
jai apie respondenta; II dalis (10 klausimy) — apie
jaunyjy paaugliy neformalyji fizini ugdyma(si); 111
dalis (6 klausimai) — apie juy laisvalaiki.

Kad klausimai ir atsakymy variantai biity tiks-
lingai iSdéstyti, respondentams suprantami ir ju
nevarginty, buvo sudarytos 4 rasiy anketos:

1. Mokiniams, kurie nedalyvauja neformaliajame
fiziniame ugdyme.

2. Mokiniams, kurie dalyvauja neformaliajame
fiziniame ugdyme:

e bendrojo lavinimo mokyklose;

e neformaliojo $vietimo institucijose (sporto
mokyklose ir centruose sporto klubuose, tu-
rizmo centruose, jaunimo laisvalaikio cen-
truose ir kt.);

e ir bendrojo lavinimo mokyklose, ir kitose ne-
formaliojo Svietimo institucijose.

Visy ankety I ir III dalies klausimai buvo tie

patys, o II dalies — skirtingi, nes buvo orientuoti
konkreciai tikslinei respondenty grupei.

TYRIMO REZULTATAI

Nustatyta, kad i§ viso neformaliajame fizinia-
me ugdyme dalyvauja 41,7% jaunyju paaugliu.
Nors bendrojo lavinimo mokyklose organizuojami
neformaliojo fizinio ugdymo uZzsiémimai, taciau
juos lanko tik 5,7% respondenty. Beveik tris kartus
daugiau (16,9%) 5—6 klasiy mokiniy dalyvau-
ja kity instituciju organizuojamoje neformaliojo
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Lentelé. 5—6 klasiy

mokiniy dalyvavima Mokiniy 2 e e e
neformaliajame fizinia- pasiskirstymas | Mokykloje ir | Tik mo- | Tik uZ mo- Visy * kr.lt?rl]us r
me ugdyme lemiantys uz jos riby | kykloje | kyklos riby | mokiniy patikimumo
veiksniai (%) lygmuo (p)
Veiksniai
Motyvaciniai
Nori biiti stiprus ir sveikas 78,0 60,5 66,4 68,3 6,16
p <0,05
Tikisi realizuoti savo gebéjimus 40,2 39,5 354 38,4 0,61
p>0,05
Nori, kad labiau gerbty draugai 1,6 5,3 1,8 29 2,02
p> 0,05
Socialiniai
Lanko draugai 9.4 7,9 9,7 9,0 0,12
p>0,05
Patinka trenerio / mokytojo 10,2 5,3 9,7 8,4 0,89
asmenybe p> 0,05
Skatina tévai sportuoti 79 0 10,6 6,2 4,40
p>0,05
Skatina treneris / mokytojas 1,6 10,5 0 4.0 15,30
sportuoti p <0,001
Kita 7,9 13,2 29,2 16,8 19,56
p <0,001

fizinio ugdymo veikloje. Penktadalis mokiniy
(19,1%) dalyvauja ir bendrojo lavinimo mokykly,
ir dar papildomai kity institucijy organizuojamo-
je neformaliojo fizinio ugdymo veikloje (sporto
mokyklose, sporto klubuose, turizmo centruose,
jaunimo laisvalaikio centruose ir kt.).

Mokslininkai teigia, kad vaikams augant ju fi-
zinis aktyvumas turi tendencija mazéti (Trost et al.,
2002; Sukys, Bagdonas, 2007; Verstraete et al.,
2007). Tyrimu siekéme nustatyti jaunyjy paaugliy
dalyvavimo neformaliajame fiziniame ugdyme kai-
ta. Nors paauglystés amziaus tarpsniu mokiniai yra
fiziskai aktyvis, visgi akivaizdziai mazéja mokiniy,
dalyvaujanc¢iy neformaliajame fiziniame ugdyme,
skai¢ius. Nustatyta, kad neformaliajame fiziniame
ugdyme nedalyvavo 37,7% 5 klasiy mokiniy, o 6
klasése tokiy buvo 62,3% (x* = 15,048; p < 0,005).
Reik$mingas skirtumas nustatytas ir lyties aspektu:
organizuoty sporto pratyby po pamokuy nelankeé
43,1% berniuky ir 56,9% mergaiciy (y* = 37,58;
p <0,001).

Daugiau kaip pusé mokiniy (68,8%), kurie
lanké sporto uzsiémimus uz mokyklos riby, pareis-
ké, kad jie noréty lankyti juos ir ateityje. Taciau
norinc¢iy toliau lankyti sporto burelius mokykloje
buvo 9,6% maziau negu norinéiy testi treniruo-
tes kitose neformaliojo fizinio ugdymo istaigose
(¢’ =17,563; p < 0,005).

Tyrimu nustatyta, kad mokiniy dalyvavima
neformaliajame fiziniame ugdyme labiausiai lemia

motyvaciniai veiksniai. Noras biiti stipriu ir sveiku
svarbiausia yra mokiniams, kurie sportuoja ne tik
savo mokykloje, bet ir uz jos riby (78,0%). Sis
motyvas maziau svarbus sportuojantiems kitose
neformaliojo fizinio ugdymo institucijose (66,4%)
ir lankantiems sporto biirelius mokykloje (60,5%)
(x*=6,162; p<0,05) (zr. lent.). Kitas svarbus
veiksnys, kuris skatina paauglius sportuoti yra mo-
kiniy noras realizuoti savo gebé&jimus: §j veiksni
ivardijo 38,4% respondenty (p > 0,05).

Mokinius dalyvauti neformaliajame fiziniame
ugdyme skatina ne tik motyvaciniai, bet ir socia-
liniai veiksniai. 9,0% respondenty nurod¢, kad jie
dalyvauja neformaliojo fizinio ugdymo veikloje
todél, kad Sia veikla yra pasirinke ju draugai. Dalj
respondenty (6,1%) dalyvauti neformaliojo fizinio
ugdymo veikloje paskatino tévai ir treneriai arba
mokytojai (4,0%). Nustatytas reikSmingas skirtu-
mas tarp grupiy (x> = 15,30; p <0,001): mokytojo
skatinimas dalyvauti neformaliojo fizinio ugdymo
veikloje labiausiai tur¢jo itakos paaugliams, kurie
lanko sporto biirelius mokykloje (10,5%), ir visai
neturéjo itakos mokiniams, sportuojantiems uz
mokyklos riby.

Trenerio ir mokytojo asmenybé taip pat turi
itakos paaugliy laisvalaikio praleidimo formos
pasirinkimui. 10,2% paaugliy, kurie sportuoja ir
mokykloje, ir uz jos riby, bei 9,3% sportuojanciy
vien tik kitose ugdymo jistaigose teigé besitreni-
ruojantys todél, kad juy treneris yra labai geras.



5—6 KLASIU MOKINIU NEFORMALUJ| FIZIN] UGDYMA LEMIANTYS VEIKSNIAI

91

—O— Mokykloje ir uz jos riby =——&=Tik mokykloje
—®— Nelanko

"""" A--Tik uz mokyklos riby

70

1 pav. Tévy poZiiirio j vaiky dalyvavima neforma-
liajame fiziniame ugdyme procentinis skirstinys

60 A

., AL \

Nemégsti sportuoti

Nebelieka laiko

Mokykloje néra tokio biirelio

Nepriima, nes esi fiziSkai silpnas

Kompleksuoji dél savo iSvaizdos

Nepatinka treneris / mokytojas

Kita

- Lt
£ 40 £
3
<4
&30
20
10
0
Vercia Skatina Sitlo Jiems Nenori, kad
dalyvauti dalyvauti apsispresti nertipi dalyvaugiau
13,9

2 pav. Jaunyjy paaugliy nedalyvavimo neformalia-
jame Svietime prieZastys (%)

544

0 10 20 30

Procentai

40

50 60

Labai gero mokytojo ar trenerio

Grazios sporto salés ir daug sportinio
inventoriaus

Idomesnés veikos

Kad kiti sportuojantys nesiSaipyty

Nedalyvauju ir nedalyvausiu

Kita

3 pav. Jaunyjy paaugliy atsakymy j klausima Ko
reikéty, kad Tu dalyvautum neformaliajame fizinia-
me ugdyme? procentinis skirstinys

549

0 10 20 30
Procentai

40

50 60

Kiano kultiiros mokytojo asmenybé turéjo jtakos
ugdytiniy laisvalaikio praleidimo formos pasirin-
kimui tiktai 5,3% respondentams.

Bandéme i$siaiskinti ir tévy poziiiri i mokiniy
dalyvavima neformaliajame fiziniame ugdyme
(1 pav.). Beveik pusé respondenty nurodé, kad
tévai jiems sitilo apsisprgsti patiems (48,4%), o
maziau nei pusé (41,1%) skatina dalyvauti nefor-

maliojo fizinio ugdymo veikloje. Nustatytas esmi-
nis skirtumas tarp grupiy (> = 71,752; p < 0,001):
labiausiai tévy yra skatinami tie mokiniai, kurie
dalyvauja neformaliajame fiziniame ugdyme mo-
kykloje ir uz jos riby (54,7%). Lankanciy sporto
burelius vien tik mokykloje ar vien uz jos riby
atsakymai buvo panasis: beveik pusé tévy skatina
dalyvauti, kita pusé — siiilo apsispregsti patiems.
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Taciau ir 20,7% mokiniy, kurie nedalyvauja po-
pamokingje sportinéje veikloje, taip pat teigé, kad
juos tévai skatina papildomai sportuoti, neapsiri-
boti vien kiino kultiros pamokomis, taciau dél tam
tikry priezasciy jie to nedaro.

Tyrimu atskleidéme priezastis, trukdancias
jauniesiems paaugliams dalyvauti neformaliajame
fiziniame ugdyme (2 pav.). 54,4% mokiniy nurodg¢,
kad jie negali sportuoti, nes nebelieka laiko, 13,9%
tiesiog nemégsta sporto, 11,0% respondenty teige,
kad ju mokykloje néra tokio sporto biirelio, kurj jie
noréty lankyti. Kadangi daugiau kaip pusé moki-
niy nurodé, kad jiems nepakanka laiko sportuoti,
paanalizavome ju dalyvavima neformaliajame
Svietime. Nustatyta, kad daugiau nei pusé¢ moki-
niy (57,2%), kurie nedalyvauja neformaliajame
fiziniame ugdyme, i$ viso nedalyvauja ir neforma-
liajame Svietime.

Bandéme nustatyti, ko reikéty, kad paaugliai da-
lyvauty neformaliajame fiziniame ugdyme. 54,9%
respondenty nurodé, kad jie noréty idomesnés vei-
klos, 18,7% tiriamyjy svarbu, kad i$ ju nesiSaipyty
kiti sportuojantys asmenys ir 15,1% pageidavo
labai gero mokytojo ar trenerio. Taciau net 13,1%
pazymejo, kad sporto biirelio nelanko ir nelankys
nenurodydami jokios priezasties (3 pav.).

REZULTATU APTARIMAS

Tyrimu nustatyta, kad neformaliajame fizinia-
me ugdyme dalyvauja maziau nei pusé (41,7%)
5—6 klasiy mokiniy. Kity mokslininky tyrimai
rodo, kad popamokingje sportinéje veikloje daly-
vauja apie 30,0—56,3% jaunyju paaugliy. 2002 m.
Kino kulttros ir sporto departamento (KKSD)
inicijuotu tyrimu ,,.Lietuvos 7—80 mety amziaus
gyventoju pozitris i kiino kulttiros pratybas ir da-
lyvavimas jose* (2002) buvo apklausti 1143 7—18
mety mokiniai ir nustatyta, kad organizuotas sporto
pratybas po pamoky lanko daugiau mokiniy, t.y.
56,33%. Panasiis duomenys gauti ir 2003 m. Svie-
timo ir mokslo ministerijos (SMM) ,,Popamokinés
veiklos veiksmingumo® (2003) tyrimu. Nustatyta,
kad sporto biirelius lanko 55,0% mokiniy ir jie yra
vieni i$ populiariausiy bei aktyviai lankomy mo-
kykloje ir uz jos riby. Taciau kiti autoriai pateikia
mazesnj dalyvaujanc¢iy neformaliojo fizinio ug-
dymo veikloje mokiniy skai¢iy: D. Mockeviciené
(2002) nustaté, kad po pamokuy organizuotas spor-
to pratybas lanko 45,9% mokiniy, M. Barkauskaité
(2004) — 30,0%. Minéto KKSD tyrimo ,,Lietuvos
7—380 mety amziaus gyventojy poziiris i kiino
kultiros pratybas ir dalyvavimas jose* duomeni-

mis, net 44,1% lanko pratybas sporto mokymo
istaigose ir 25,5% — papildomojo fizinio ugdymo
biirelius mokykloje.

Literatiiros Saltiniy analiz¢é atskleidé, kad jauny-
ju paaugliy fizini aktyvuma lemia jvairs aplinkos
veiksniai. Atkreiptinas démesys { tai, kad negalime
i§skirti vieno veiksnio, nes paprastai veikia visas
kompleksas tarpusavyje susijusiu. V. Volbekiené
ir kt. (2007) teigia, kad ,,naujausiais tyrimy duo-
menimis, fizinio pasyvumo ir aktyvumo kilmé yra
nulemta biologiskai®“. Daugelio autoriy (Levickie-
né, Kardelis, 1999; Nevil, 2006; Sukys, Bagdonas,
2007) ir institucijy (KKSD, SMM) inicijuoty socio-
loginiy tyrimy duomenimis, berniukai yra fiziskai
aktyvesni ir jie dazniau renkasi jvairius sporto bii-
relius. Miisy tyrimu taip pat nustatyta, kad berniuky
statistiSkai reikSmingai (x> = 37,58; p < 0,001) dau-
giau nei mergaiciy dalyvauja neformaliojo fizinio
ugdymo veikloje.

Dalyvavima neformaliajame fiziniame ugdyme
labiausiai lemia motyvaciniai veiksniai, t. y. vidiné
motyvacija — noras biti stipriu ir sveiku (68,3%)
bei saviraiskos (savirealizacijos) poreikis — tiké-
jimas realizuoti savo gebéjimus (38,4%). Sie duo-
menys sutampa su kity autoriy (Zuoziené, 1998;
Blauzdys, Jasitinas, 2000; Bagdoniené, Blauzdys,
2005) gautaisiais. Tuo tarpu 2002 metais KKSD
tyrimu nustatyta, kad didziosios dalies (72,6%)
mokiniy pagrindiniai mankstinimosi ir sportavimo
motyvai yra noras tobulinti savo fizines galias,
gerinti sveikata, didinti darbinguma.

Kity saliy tyréjai (Maureen, Weiss, 2000; Lips-
combe et al., 2002; Turman, 2007) i$skiria sociali-
nés aplinkos — tévuy, treneriy ir bendraamziy jtaka
skatinant vaiky fizini aktyvuma. L. P. Cid (2002)
nurodo, kad treneriai, Seima ir draugai yra svarbiis,
bet maziau turi jtakos jaunyjy paaugliy sportinés
veiklos pasirinkimui. Tyrimu nustatéme, kad Lie-
tuvos paaugliams socialiniai veiksniai (draugy
itaka, treneriy, mokytojy ir tévy skatinimas) taip
pat turi jtakos, taciau jie néra pagrindiniai.

Anot J. E. Bois ir kt. (2005), yra stiprus rySys
tarp tévy nuomonés, ju elgsenos ir vaiky fizinio ak-
tyvumo lygio. Misy tyrimu taip pat nustatyta, kad
net pusé respondenty, kurie dalyvauja neformaliojo
fizinio ugdymo veikloje, ir toliau tévy yra skatinami
joje dalyvauti. Tik penktadalis nedalyvaujanciy spor-
tinéje veikloje mokiniy teigia, kad juos tévai skatina
dalyvauti popamokinéje sportinéje veikloje.

Svarbiausia nedalyvavimo neformaliajame fi-
ziniame ugdyme priezastimi moksleiviai nurodeé
laiko stoka (54,4%) ir tai, kad jie nemégsta sportuoti
(13,9%). Lyginant Siuos respondenty atsakymus su
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kity tyréju duomenimis matyti, kad priezastys pana-
Sios: KKSD tyrimo metu (2002) moksleiviai taip pat
nurod¢, kad nedalyvauja popamokinéje sportinéje
veikloje, nes domisi kitomis laisvalaikio praleidimo
formomis ir tai, kad jiems trukdo didelis mokymosi
kriivis. Beveik trecdalis prisipazino, kad sportuoti
neturi noro, stokoja energijos ir valios. Svietimo ir
mokslo ministerijos 2003 metais inicijuotu tyrimu
»Popamokinés veiklos veiksmingumas* buvo nusta-
tyta, kad pagrindiné nedalyvavimo organizuotoje po-
pamokinéje veikloje priezastis yra laiko trikumas.

ISVADOS

1. Neformaliajame fiziniame ugdyme dalyvauja
maziau nei pusé (41,7%) Lietuvos jaunuyju pa-
augliy. Daugiau moksleiviy sportuoja kitose

neformaliojo ugdymo istaigose nei bendrojo la-
vinimo mokyklos organizuotoje popamokingje
sportinéje veikloje.

2. 5—=6 klasiy mokiniy pasirinkima dalyvauti ne-
formaliajame fiziniame ugdyme labiausiai lemia
motyvaciniai veiksniai, t. y. vidiné motyvaci-
ja — noras buti stipriu ir sveiku bei saviraiskos
poreikis — tikéjimas realizuoti savo geb¢jimus.
Maziau svarbiis yra socialiniai veiksniai: drau-
gu itaka ir treneriy, mokytojy, tévu skatinimas.
Itakos turi ir biologiniai veiksniai (mokiniy ly-
tis).

3. Pagrindine nedalyvavimo neformaliajame fi-
ziniame ugdyme priezastimi apie pusé respon-
denty (54,36%) nurodé laiko truikuma. Dalis
mokiniy (13,9%) teige, kad jie nedalyvauja Sio-
je veikloje, nes nemégsta sportuoti.
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FACTORS DETERMINING 5™ —6"™ FORM PUPILS’ NON-FORMAL
PHYSICAL EDUCATION

Asta Sarkauskiené, Eugenija Adaskevitiené
Klaipéda University, Klaipéda, Lithuania

ABSTRACT

In the process of the modernization of the educational system in Lithuania and achieving the common goals
of the European Union, non-formal education takes a special place. Regulations of the National Education Strategy
for the years 2003—2012 foresee development of non-formal education, aiming at the high quality of children’s
education.

The aim of the research was to identify the factors determining the 5Sth—6th form pupils’ (junior adolescents)
participation non-formal physical education.

The research was carried out in May, 2007. Questionnaires of four types were used for this purpose. They
were intended for the pupils who do not participate in after-school physical activities and who: 1) participate only
in after-school physical activities; 2) do not participate in after-school physical activities, but attend sports clubs;
3) participate in both: after-school and other physical activities.

The data were gathered with the help of anonymous questionnaires which were filled in by 672 junior adolescents
from six secondary schools in different towns of Lithuania (Vilnius, Klaipeda, Alytus, Silute, Gargzdai).

It was established that less than one half (41.7%) of the 5™"—6™ formers participated in the non-formal physical
education, where: 5.7% of them participated in after-school physical activities, 16.9% — in after-school physical
activities and approximately one fifth of the adolescents participated in both. There were 9.6% fewer pupils who
were going to attend after-school physical activities in the near future than those who wanted to continue attending
physical activities in other institutions (y* = 17.563; p < 0.005).

Analysis of the literature sources and our research have shown that the choice of physical activities by junior
adolescents is influenced by different factors where one main factor cannot be excluded as a whole complex of
interdependent factors condition it. It was established that the choice of 5®"—6™ formers’ participation in physical
activities was mainly determined by their intrinsic motivation — the wish to be strong and healthy (68.3%) and the
need of self-expression — the hope to implement the skills (38.4%). These data concur with the research results
of other authors (Zuoziene, 1998; Blauzdys, Jasiunas, 2000; Cid, 2002; Bagdoniene, Blauzdys, 2005). Social
factors are important as well: influence of friends, encouragement by the coach / teacher and parents, although
these are not the main factors.

The main reason for not participating in non-formal physical education for one half of the respondents (54.4%)
was the lack of time. Some of the pupils (13.9%) claimed that they did not take part in those activities because
they did not like to do sport.

Keywords: non-formal physical education, factors determining non-formal physical education, early
adolescence.
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SKIRTINGO AMZIAUS IR MEISTRISKUMO LIETUVOS
JAUNUJU DVIRATININKU AEROBINIS PAJEGUMAS

Gintautas Volungevi€ius, Arvydas Stasiulis, Pranas Mockus
Lietuvos kiino kultiros akademija, Kaunas, Lietuva

Gintautas Volungevi¢ius. Biomedicinos moksly magistras. Lietuvos kiino kultiros akademijos Taikomosios fiziologijos ir kineziterapijos
katedros biomedicinos moksly doktorantas. Moksliniy tyrimy kryptis — jaunyjy dviratininky aerobinio pajégumo tyrimas.

SANTRAUKA

Is nuosekliai didinamo kriivio metu pastebimy kvépavimo ir dujy apykaitos, laktato kaupimosi slenkscio (LKS), di-
dziausios darbo galios (N,,,), maksimaliojo deguonies suvartojimo (VO,,,.), darbo veiksmingumo, maksimalios La
koncentracijos dirbant pastoviosios biiklés sqlygomis, I tipo raumeny skaiduly procento vastus lateralis raumenyje
rodikliy galima prognozuoti dviratininky varzyby rezultatus (Mujika, Padilla, 2001).

Elito plento dviratininkai yra skirtingy antropometriniy duomeny (Swain et al., 1987), taciau visy jy aerobiniai
rodikliai auksti: maksimalusis darbo galingumas siekia 370—570 W, VO.,,,.. — nuo 4,4 iki 6,4 [ / min, o galingumas
pasiekus LKS — nuo 300 iki 500 W (Padilla et al., 1999, Lucia et al., 2000). Literatiiroje Sykstu duomeny apie jau-
nesnio amziaus dviratininky aerobinio pajégumo rodiklius ir jy kaitq per treniruotes.

Tyrimo tikslas — palyginti jaunuciy ir jaunimo grupiy dviratininky aerobinio pajégumo rodiklius atliekant nuose-
kliai didinamgq krivi veloergometru, kai pedalai sukami plento lenktynéms budingu 90 aps. / min (Lucia et al., 2001)
dazniu. Buvo tiriami astuoni 15—16 m. jaunuciy grupés (treniravimosi stazas 2—3 m.) ir astuoni 19—23 m. jaunimo
grupés (treniravimosi stazas 5—38 m.) dviratininkai. Norint nustatyti aerobinj pajégumaq, tiriamasis po pramankstos
veloergometru ,, Ergoline * atliko nenutritkstamq kas 5 s nuosekliai po 2 W didinamq kritvi. Viso tyrimo ir atsigavimo
metu naudojant nesiojamq jrangq ,, Oxycon Mobile  (Jaeger, Vokietija) buvo registruojami dujy apykaitos rodikliai
ir Sirdies susitraukimy daznis, véliau pagal jy kaitq priklausomai nuo kritvio nustatomi aerobinio pajégumo rodikliai.
Jaunimo grupés dviratininky absoliucios VO,,,,., ventiliaciniy slenksciy, didziausios darbo galios, submaksimalios
plauciy ventiliacijos rodikliai buvo reiksmingai didesni negu jaunuciy grupéje. Santykiniai aerobinio pajégumo
rodikliai (VO,,,, ventiliaciniai slenksciai vienam kiino masés kg), submaksimalios ir maksimalios SSD reiksmés,
darbo veloergometru veiksmingumas buvo panasiis skirtingose amziaus grupése. Tyrimo rezultatai rodo, kad atliekant
nuosekliai didinamgq fizinj krivi veloergometru vyresniy ir didesnio meistriSkumo jaunyjy dviratininky geresni tik
absoliucius aerobinés galios rodikliai.

RaktaZodZiai: maksimalusis deguonies suvartojimas, ventiliaciniai slenksciai, aerobinis pajégumas, jaunyjy dvira-
tininky amzius.

[VADAS

§ nuosekliai didinamo kriivio metu pastebimy
kvépavimo ir dujy apykaitos, laktato kau-
pimosi slenkscio (LKS), didziausios darbo
galios (N,,,,), maksimaliojo deguonies suvartoji-
mo (VO,,,..), darbo veiksmingumo, maksimalios
La koncentracijos dirbant pastoviosios biiklés
salygomis, taip pat I tipo raumeny skaiduly pro-
cento vastus lateralis raumenyje rodikliy galima

prognozuoti dviratininky varzyby rezultatus (Mu-
jika, Padilla, 2001). Elito plento dviratininkai yra
skirtingy antropometriniy duomeny (Swain et al.,
1987), taciau visy ju aerobiniai rodikliai auksti:
maksimalusis galingumas siekia 370—570 W,
VO,,..« — nuo 4,4 iki 6,4 1/ min, o galingumas
pasiekus LKS — 300 iki 500 W (Padilla et al.,
1999; Lucia et al., 2000). A. Lucia ir kt. (2001 a)
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Giro d’ltalia, Tour de France ir Vuelta a Espana
didziyjy daugiadieniy lenktyniy metu pastebéjo,
kad profesionalai galéjo islaikyti darbo intensy-
vuma, artimg antram ventiliaciniam slenksc¢iui
(VeS2) arba deguonies suvartojima, lygy 90% nuo
VO,,..» apie 60 min. Aukstas VeS2 yra svarbus
dviratininkui, lenktyniaujan¢iam kalnuose, nes
tenai 30—60 min reikia dirbti VeS2 arba LKS
artimu intensyvumu (Lucia et al., 1998). Ko gero,
dél to labiausiai skiriasi geriausiy mégéjuy ir elito
dviratininky submaksimaliis aerobinio pajégumo
rodikliai, ypac prie VeS2, nors VO,,,,, yra panasis
(Lucia et al., 1998). Viena profesionaly komanda
paprastai sudaro skirtingos specializacijos dvi-
ratininkai, kurie salygiSkai skirstomi { lygumu,
kalny, laiko lenktyniy specialistus, finiSo meistrus
ir universalus (Mujika, Padilla, 2001). Tai lemia
dviratininky antropometriniy, fiziologiniy ir kiino
masés rodikliy santykis. Pazymétina, kad atskirose
lenktynése gerai lenktyniaujantys dviratininkai
geba puikiai vaziuoti lygumy ir kalny trasose, taip
pat individualiose bendrojo starto bei komandinése
lenktynése (Mujika, Padilla, 2001). Per asmenines
laiko lenktynes (ALL) darbo galingumas, artimas
LKS, siekia 400—420 W (trumpesnése ALL), o
ilgesnése jis artimas individualiam laktatiniam
slenks¢iui (LS) ir siekia 370—390 W. Pulso daz-
nis (PD) biina aukstas, bet pastovus. Grupinése
lenktynése elito dviratininkai iveikia 200 km ir
daugiau, todél darbo intensyvumas biina dar ma-
zesnis: lygumoje vidutiniskai jis siekia 210 W,
kalnuose — 270 W (Lucia et al., 2000).

Tyrimu su jaunesnio amziaus dviratininkais
pasaulyje (Tsunawake et al., 1993) ir Lietuvo-
je atlikta nedaug. Syks$tu duomeny apie jaunyjy
dviratininky aerobinio pajégumo rodiklius sukant
pedalus skirtingu dazniu. Jeigu elito dviratininkai
daznesni pedaly sukima gali kompensuoti didesne
galia (pasirinkdami didesng pavarg), tai 13—14 m.
(vaiky), 15—16 m. (jaunuciy), 17—18 m. (jau-
niy) dviratininky varzybose didziausios pavaros
yra draudziamos. Todél rezultatus Siose amziaus
grupése dazniausiai lemia geresnis aerobinis pa-
jégumas, esant didesniam pedaly sukimo dazniui.
Jaunimo (19—23 m.) grupés ir elito dviratininkai
gali vaziuoti bet kuria pavara. Varzybinés veiklos
tyrimai (Lucia et al., 2001 b) rodo, kad plento
lenktynése sportininkai vidutiniskai pedalus suka
90 aps. / min, treko lenktynése — 110 aps. / min
ir tik iveikdami kalnuotus plento lenktyniy nuo-
tolius pasirenka pedaly sukimo dazni, artima
70 aps. / min. Misy tyrimas leisty iSaiskinti kie-
kvieno dviratininko rezultata ribojan¢ius aerobinio

pajégumo rodiklius, i$skirti rungti, kuriai sporti-
ninkas labiausiai tinka. Tai padéty tiksliau vykdyti
gabiuy sportininky atranka, orientuoti dviratininkus
pasirenkant sporting specializacija, prognozuoti
konkreciy sportininky rengimo kryptis siekiant
geriausiy sportiniy rezultaty.

Tyrimo tikslas — palyginti jaunuciy ir jau-
nimo grupiy dviratininky aerobinio pajégumo
rodiklius atlickant nuosekliai didinama kriivi velo-
ergometru, kai pedalai sukami plento lenktynéms
biidingu 90 aps. / min dazniu.

TYRIMO METODIKA

Tiriamieji. Buvo tiriami aStuoni 15—16 m.
jaunuciy grupés (treniravimosi stazas 2—3 m.)
dviratininkai (amzius — 15,5 = 0,5 m., Ggis —
175 £ 6,2 cm, kiino masé — 63,6 £ 10,7 kg) ir
astuoni 19—23 m. jaunimo grupés (treniravi-
mosi stazas 5—8 m.) dviratininkai (amzius —
19,0 £ 1,1 m., tagis — 184,9 + 4,2 cm, kiino
masé¢ — 75,3 £ 3,6 kg).

Nuosekliai didinamo Kkriivio testas (NDK).
Norint nustatyti aecrobini pajéguma, tiriamasis
po pramankstos veloergometru ,,Ergoline® atliko
nenutrikstama kas 5 s nuosekliai po 2 W didina-
ma kriivi. Kriivis buvo atlieckamas sukant pedalus
90 £+ 2 aps. / min dazniu. Pradinis 20 W kravis
buvo didinamas tol, kol dviratininkas nebegebéjo
iSlaikyti reikiamo daznio ar dél nuovargio atsisa-
kydavo testi testa. Tada tiriamasis 5 min ilséjosi
gulédamas.

Kraujo laktato koncentracijos nustatymas.
Kapiliarinio kraujo méginiai buvo imami i§ pirsto
pra¢jus 5 ir 20 min po NDK. Laktato koncentracija
buvo nustatoma naudojant ,,Accutrend Lactate*
(Vokietija) analizatoriy.

Dujy apykaitos registravimas ir analizé. Viso
tyrimo ir atsigavimo metu naudojant neSiojama
iranga ,,Oxycon Mobile* (Jaeger, Vokietija) buvo
registruojami dujy apykaitos rodikliai: deguonies
suvartojimas (VO,), anglies dioksido iSskyrimo
greitis (VCO,), kvépavimo daznis, kvépavimo tii-
ris ir plauciy ventiliacija (Ve). IS ju véliau buvo
apskaiciuojami i§vestiniai rodikliai, reikalingi ven-
tiliaciniams slenks¢iams nustatyti: ventiliaciniai O,
ir CO, ekvivalentai, kvépavimo koeficientas. Pirmu
ventiliaciniu slenks¢iu (VeS1) buvo laikomas darbo
intensyvumas, virs kurio atlieckant NDK pradédavo
didéti ventiliacinis O, ekvivalentas, o VeS2 — dar-
bo intensyvumas, vir§ kurio atliekant NDK pradé-
davo didéti ventiliacinis CO, ekvivalentas, taip pat
dar labiau pagreitédavo ventiliacinio O, ekvivalento
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prieaugis. VO,,,,. buvo laikomas didziausias NDK
metu per 15 s pasiektas VO,. Santykinis VO,,,..
buvo apskai¢iuojamas absoliuty rodikli 1 / min pa-
dalijus i8 tiriamojo kiino masés. Taip pat buvo anali-
zuojami absoliutis ir santykiniai (% nuo didziausiy)
Ve, VO, ir SSD rodikliai. Pastarasis rodiklis buvo
registruojamas naudojant pulso matuokli su atmin-
timi Polar §810 (Suomija).

Tyrimo organizavimas. Tyrimai atlikti LKKA
Sporto fiziologijos laboratorijoje. Kiekvienas ti-
riamasis prie§ NDK testa atlikdavo pramanksta
(10 min krivi 50 W galingumu). Paskui uzdéjus
SSD ir dujy apykaitos registravimo jranga buvo
atlickamas NDK, po kurio tiriamasis gulédavo
5 min. Pragjus 5 ir 20 min po NDK, buvo imamas
kapiliarinis kraujas i$ pirsto laktato koncentracijai
nustatyti.

Matematiné statistika. Buvo apskaiciuojami
duomeny aritmetiniai vidurkiai ir standartiniai

nuokrypiai. Tiriamyjy grupiy duomenys buvo
palyginami taikant neparametrinius metodus.
Statistiniy hipoteziy patikimumui nustatyti pasi-
rinktas p < 0,05 lygmuo. Apskai¢iavimai atlikti
naudojantis kompiuterinémis programomis ,,Mi-
crosoft Excel* ir ,,Statistika for Windows*.

REZULTATAI

Tyrimo rezultatai pateikti lentel¢je.

Jaunimo grupés dviratininky ventiliaciniy
slenksciy ir didziausios testo metu pasiektos galios
absoliucios reik§més buvo statistiskai reikSmingai
didesnés negu jaunuciy (1 pav.).

Santykinés §iy rodikliy reik§més tarp grupiu
nesiskyré (2 pav.).

Maksimalios ir submaksimalios SSD reik§més
taip pat buvo panasios abiejose dviratininky am-
ziaus grupese (3 pav.).

Tiriamieji Jaunimas Jaunudiai t]e.n?el?' Nenutrakstamo nuose-
iai didinamo veloergometrinio

Rodikliai Vidurkis St. nuokr. Vidurkis St. nuokr. | kriivio rodikliai
Amzius, m. 19,14 1,17 15,75 1,04
Ugis, cm 184,43 3,83 175,75 6,09
Svoris, kg 75,29 5,13 63,75 10,99
1 ventiliacinis slenkstis, W 243,43 36,44 180,75 55,32
2 ventiliacinis slenkstis, W / kg 3,22 0,35 2,84 0,87
Ventiliacija (VeS1), 1/ min 66,29 10,50 56,21 15,21
SSD (VeS1), tv. / min 155,24 8,49 149,08 20,17
SSD (VeS1) % nuo maks., tv. / min 78,39 2,63 76,82 7,31
0,VeS1, 1/ min 3,21 0,34 2,62 0,60
0, VeS8, % VO, 63,50 7,71 62,53 12,11
Veiksmingumas ties VeS1, ml/ W 9,87 0,71 9,75 1,19
2 ventiliacinis slenkstis, W 340,43 53,95 280,13 58,48
2 ventiliacinis slenkstis, W / kg 4,51 0,58 4,43 0,89
Ventiliacija (VeS2), 1 / min 98,05 21,80 93,79 23,70
SSD (VeS2), tv. / min 178,38 9,22 179,00 8,99
SSD (VeS2) % nuo maks., tv. / min 90,25 3,37 92,57 3,35
0, VeS2, 1/ min 4,11 0,62 3,62 0,61
0, VeS2, % VO, 81,09 11,39 86,70 8,77
Veiksmingumas ties VeS2, ml/ W 9,01 2,40 8,49 2,93
VO,,.., |/ min 5,07 0,40 4,18 0,55
VO, ml/ kg / min 67,45 6,44 66,42 8,15
SSD,,,., tv. / min 197,57 6,41 193,56 11,57
VE, .., 1 / min 171,17 13,79 145,56 39,94
KD,,..» k. / min 52,76 8,55 55,96 10,55
Didziausia galia, W 448,21 25,83 349,13 60,76
Didziausia galia, W / kg 5,97 0,43 5,50 0,60
0, — pulsas maksimalus 26,61 2,33 22,14 2,58
0O, — pulsas maksimalus / m? 12,99 2,19 12,52 1,44
Maks. kvépavimo koeficientas 1,25 0,12 1,22 0,09
Laktatas po 5 min, mmol / 1 11,47 3,31 11,74 4,73
Laktatas po 20 min, mmol / | 5,56 2,54 4,35 2,69
Laktatas po 20 min, % 49,92 19,47 39,64 22,63
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1 pav. Skirtingo amzZiaus ir meistriSkumo
dviratininky absoliutiis aerobinio pajégumo OJaunimo  OJaunuciy
rodikliai p=0,0117
500
450 - p=00117 I
400 [
350 A I
=0,0117
B p
= 300 4
S T 44821
250 A
[ 340,43 349,13
200 7 280,13
24343
150 1 180,75
100
VeS1 VeS2 Didziausia galia
2 pav. Skirtingo amZiaus ir meistriSkumo Olaunimo O Jaunud
dviratininky santykiniai aerobinio pajégumo 4
rodikliai 7 p=0,092
6 p=0674 I
2 5 T
= p=0,123
)
g 4 5,97
© 5,50
T 451 | 443
3 i
327
2,84
2
VeSI VeS2 Didziausia galia
3 pav. Skirtingo amziaus ir meistriSkumo dvi- DJaunimo O Jaunudiy
ratininky SSD rodikliai nuosekliai didinamo
veloergometrinio kriivio metu 250 -
p=0,483
p=1,000
p=0,888
200 - T T
T T
£ 150 A T
El
z
g 100 - 197,6
A 178.4 | 179,0 | 1936
155.2 | 1491
50 A
0
SSD (VeS1) SSD (VeS2) SSDmax

Plauciy ventiliacijos maksimalios ir submak-
simalios reik§més buvo didesnés jaunimo grupéje,
nors statistiskai reik§mingai skyrési tik plauciy
ventiliacijos rodikliai ties VeS1 (4 pav.). Absoliu-
¢ios maksimaliojo deguonies suvartojimo reikSmés
buvo reikSmingai didesnés jaunimo grupéje, o san-
tykinés nesiskyré (5 ir 6 pav.). Darbo veloergome-

tru mechaninis veiksmingumas buvo panasus tir-
tose grupése (7 pav.), kraujo laktato koncentracija
po kriivio taip pat nesiskyré (8 pav.). Deguonies
suvartojimas ties VeS1 ir VeS2, iSreikstas procen-
tais nuo VO,,,,,, statistiSkai reikmingai nesiskyré,
nors §is rodiklis ties VeS2 buvo didesnis jaunuciy

grupéje (9 pav.).
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p=0,017

56,21

p=0326

98,05 93,79

4 pav. Skirtingo amZiaus ir meistriSkumo dvi-
ratininky plaucdiy ventiliacijos rodikliai nuose-

p=0,123 kliai didinamo veloergometrinio kriivio metu

17117

145,56

VeS1

VeS2

Ve max

VO, ml/ kg / min

80 1

75 1

70 4

65 1

60

554

50

O Jaunimo

O Jaunudiy

p=0483

67,45

5 pav. Skirtingo amzZiaus ir meistriSkumo dvi-
ratininky santykinis VO,,,,,

66,42

6,00

5,00

4,00

3,00

VOsax |/ min

2,00

1,00

0,00

p=00117

6 pav. SKkirtingo amZiaus ir meistriSkumo dvi-
ratininky absoliutus VO,,,,.

4,18

Jaunimo

Jaunuciy

REZULTATU APTARIMAS

Siuo tyrimu nustatéme jaunuéiy ir jaunimo
grupés Lietuvos jaunuyjy dviratininky fiziologi-
nius skirtumus, kurie pasireiskia atlieckant NDK
veloergometru laboratorinémis salygomis. Svar-

biausias skirtumas tarp skirtingo meistriSkumo ir
amziaus dviratininky buvo pastebimas, lyginant
absoliucius aerobinio pajégumo rodiklius. Tarp
aukstesniy, sunkesniy ir vyresniy bei daugiau mety
sportavusiy jaunimo grupés dviratininky nustaty-
tas didesnis absoliutus VO didesni absoliutiis

2max>»



100

Gintautas Volungevicius, Arvydas Stasiulis, Pranas Mockus

7 pav. Skirtingo amzZiaus ir meistriSkumo dvira- - —
tininky darbo veiksmingumo rodikliai ‘ DJaunimo Ol Jaunudiy
14 -
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Z 124 [
E
4101 1 T
g
=
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g 8 1
g
<
2 61
=3
R 9,87 9,75
] . > 9,01
g 4 ; 8,49
2 i
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8 pav. Skirtingo amzZiaus ir meistriSkumo dvira- Dlaunimo Ol Jaunuciy
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5
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0
5 min 20 min
9 pav. Skirtingo amziaus ir meistriSkumo dvi- - -
ratininky santykinis maksimalusis deguonies BJaunimo O Jaunuéiy
suvartojimas ties pirmu ir antru ventiliaciniu
slenks¢iu 120 1
p=0,207
100 -
p=0,888 T i
5 80
&
o
> T T
X 60
)
]
>
S 40
63,50 62,53 81,09 86,70
20 +
0
VeSl1 VeS2

ventiliaciniai slenks¢iai, testo metu jie pasieké
didesng absoliucia galia ir ju plauciy ventiliacija
buvo didesné. Palyginus minétuosius rodiklius
ktino masés atzvilgiu, skirtumas tarp grupiy nebe-
buvo statistiSkai reikSmingas.

Literatiiroje neaptikome tyrimy, kuriy metu
biity palyginami skirtingo amziaus jaunuju dvi-
ratininky fiziologiniai rodikliai. A. Lucia ir kt.

(Lucia et al., 1998) palygino geriausiy mégéju
ir elito dviratininky fiziologinius rodiklius at-
lickant NDK testa. Jie taip pat nepastebéjo ae-
robinio pajégumo rodikliy skirtumo tarp grupiuy,
tacCiau geriausiy elito dviratininky ventiliacinio
slenkscio rodikliai buvo didesni, iSreiskus ju
dydi procentais nuo VO,, .. Misy tyrimo mi-
néti rodikliai skirtingo amziaus ir meistriSkumo
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jaunyju dviratininky grupése nesiskyré, nors
jaunesniyjy grupé€je Sis rodiklis buvo pastebimas
didesnis ties antru ventiliaciniu slenksc¢iu. Ly-
ginant minétame straipsnyje pateiktus ir miisy
gautus aerobinio pajégumo rodiklius matyti, kad
abiejuy amziaus grupiy Lietuvos jaunieji dvirati-
ninkai atsilieka santykiniais VO,,,, , 0 jaunuciy
grupés dviratininkai — ir absoliuciais VO,,,,,
rodikliais. Miisy dviratininky rodikliai mazesni
uz daugelyje tyrimu nustatytas geriausiy dvira-
tininky santykines VO,,,, reikSmes, kurios sie-
kia 70—80 ml / kg / min (Burke, 1980; Mujika,
Padilla, 2001; Saltin, Astrand, 1967). Minétu
A. Lucia ir kt. (1998) tyrimu nustatytos kur kas
didesnés plauciy ventiliacijos ties antru ventilia-
ciniu slenksciu ir didziausios plauciy ventiliacijos
NDK metu reik§més negu misy tirty dviratinin-
kuy. Tiesa, miisy vyresniu dviratininky minéto
rodiklio reik§més buvo panaSios kaip geriausiy
A. Lucia tirty mégéju. Taigi ryskéja svarbiausi
NDK metu pastebimi ir su meistriSkumu su-
sij¢ rodikliai: auksti absoliutlis ir santykiniai

VO,,.., labai dideli plauciy ventiliacijos rodikliai,
ypac dirbant ties antru ventiliaciniu slenksc¢iu
ir maksimaliu aerobiniu intensyvumu, didesnés
santykinés deguonies suvartojimo reik§més pasie-
kus ventiliacinius slenks¢ius. Miisy tyrimo metu
pastebétas absoliutaus VO,,,,, skirtumas jaunuy
dviratininky amziaus grupése yra daugiau kie-
kybinio pobudzio, t. y. ji Iémé didesné absoliuti
vyresniy dviratininky kiino masé, bet kokybinis
raumeny gebéjimas vartoti deguoni kriivio metu,
matyt, nesiskiria.

ISVADA

Atliekant nuosekliai didinama fizinj kravj ve-
loergometru, vyresniy ir didesnio meistriSkumo
jaunyjy dviratininky absoliutlis aerobinés galios
rodikliai (absoliuc¢ios VO,,,, ir absoliuc¢ios ven-
tiliaciniy slenksc¢iy reik§més) yra geresni. San-
tykiniai aerobinio pajégumo rodikliai (padalyti
i§ kiino masés) yra panasiis jaunuciy ir jaunimo
dviratininky grupése.
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AEROBIC CAPACITY OF LITHUANIAN YOUNG CYCLISTS OF
DIFFERENT AGE AND PERFORMANCE LEVEL

Gintautas Volungevicius, Arvydas Stasiulis, Pranas Mockus
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

The aim of the study was to compare aerobic capacity of young Lithuanian cyclists of different age and
performance level by means of increasing cycling exercise with cadence of 90 rpm. (Lucia et al., 2001). Eight
15—16 year old (training experience — 2—3 years) and eight 19—23 year old (training experience — 5—8
years) cyclists participated in the study. They performed increasing ramp cycling exercise until voluntary
eqaustion on the cycle ergometer “Ergoline”. Gas exchange parameters and the heart rate were continuously
recorded using a portable analyser ,,Oxycon Mobile* (Jaeger, Germany), aerobic capacity parameters were
determined later. Absolute values of maximum oxygen uptake (VO,,.,), ventilatory thresholds, peak test
power, pulmonary ventilation were significantly higher in the older group. However, relative VO,max and
ventilatory threshold values (expressed per kg of body mass) as well as work efficiency and HR values were
not significantly different between the groups investigated. The results showed that the only advantage of
the older group and their better performance during increasing cycling was associated with the parameters
of higher absolute aerobic capacity.

Keywords: maximum oxygen uptake, ventilatory threshold, aerobic capacity, age of young cyclists.
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JUOSMENS IR DUBENS SRITIES PROPRIOCEPCIJOS
VERTINIMAS

Vidmantas Zaveckas, Alfonsas Vainoras, Algé Daunoraviciené
Kauno medicinos universitetas, Kaunas, Lietuva

Vidmantas Zaveckas. Visuomenés sveikatos magistras. Kauno medicinos universiteto Kineziologijos ir sporto medicinos katedros asistentas.
Moksliniy tyrimy kryptis — biopsichosocialinis 1étinio skausmo modelis, nugaros skausmas, segmentinio stuburo nestabilumo diferenciné
diagnostika.

SANTRAUKA

Tyrimo tikslas — jvertinti apatinés nugaros dalies skausmq patirianciy ir sveiky asmeny juosmens ir dubens pro-
priocepcijos ypatumus.

Tirti 38 asmenys. Tiriamqjq grupe sudaré 12 asmeny, besiskundzianciy apatinés nugaros dalies skausmu. Pagal
medicinine diagnoze 45% besiskundzianciy turéjo radikulopatijq, 55% — disko isvarzq. Kontroline grupe sudaré
26 skausmo nejauciantys sveiki asmenys. Skausmq patirianciy ir sveiky asmeny propriocepcijai vertinti frontalioje
ir sagitalioje plokstumoje, tiriamiesiems esant atmerktomis ir uzmerktomis akimis, buvo naudota kompiuterizuota
platforma ,,LIBRA* (93 /42 / CEE, 2002). Skirtumas tarp testavimo rezultaty, tiriamiesiems esant atmerktomis ir
uzmerktomis akimis, buvo laikomas propriocepcijos nepakankamumu.

Apatinés nugaros dalies skausmo pagal vaizdinés analogijos skale (VAS, mm) vidurkis sieké 6,3 + 1,3.

Skausmq apatinéje nugaros dalyje patirianciy asmeny juosmens ir dubens propriocepcijos {vertinimas frontalioje ir
sagitalioje plokstumoje, tiriamiesiems esant atmerktomis akimis, buvo geresnis nei uzsimerkus (p < 0,05). Frontalioje
plokstumoje rezultaty skirtumas didesnis kaip pusantro karto, sagitalioje — du kartus.

Sveiky asmeny juosmens ir dubens propriocepcijos {vertinimo palyginimas frontalioje plokStumoje, tiriamiesiems
esant atmerktomis ir uzmerktomis akimis, statistiSkai patikimai nesiskyré (p > 0,05). Reiksmingo skirtumo nenustatyta
ir sagitalioje plokstumoje.

Skausmq apatinéje nugaros dalyje patirianciy asmeny juosmens ir dubens srities propriocepcijos nepakankamumas
frontalioje plokstumoje beveik tris kartus, o sagitalioje — daugiau kaip du kartus didesnis nei sveiky asmeny.

Atlikus tyrimq galima teigti, kad asmeny, patirianciy apatinés nugaros dalies skausmaq, propriocepcijos rezultatai
frontalioje ir sagitalioje plokstumoje, tiriamiesiems esant uzsimerkus blogesni nei atsimerkus. Sveiky, nejaucianciy
skausmo asmeny juosmens ir dubens srities propriocepcijos rezultatai, tiriamiesiems esant atmerktomis ir uzmerktomis
akimis, frontalioje ir sagitalioje plokstumoje nesiskyre.

Tarp asmeny, patirianciy apatinés nugaros dalies skausmaq, nustatytas kur kas didesnis propriocepcijos nepakanka-
mumas frontalioje ir sagitalioje plokstumose nei tarp sveiky asmeny.

RaktaZodZiai: skausmas, apatiné nugaros dalis, propriocepcija, vertinimas.

[VADAS

ropriocepcijos kaip sensomotorinés sis-
temos silpnosios grandies ir kinestezijos
pojucio lavinimas uzima svarbig vieta nu-
garos skausmo reabilitacijos metu (O’Sullivan et
al., 1997). Visgi nugaros propriocepcijos vertini-
mas iki Siol lieka diskutuotinas, nes tyrimy metu
naudojama skirtinga iranga ir metodika, sudétinga
surinkti homogeniska imti. Sunku palyginti ir
skirtingy tyrimy rezultatus (Riemann et al., 2002).

Kai kuriy autoriy duomenimis (Newcomer et al.,
2000), néra statistiskai reikSmingo juosmens ir du-
bens srities propriocepcijos rezultaty skirtumo tarp
skausma patirianciy ir nepatirian¢iy asmeny.

Egzistuoja trys pagrindiniai propriocepcijos
vertinimo metodai (Riemann et al., 2002) — sana-
rio padéties jutimo (statestezijos), judesio jutimo
(kinestezijos) ir raumeny isitempimo intensyvumo
jutimo vertinimai.
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Pastaruoju metu sparciai populiaréja states-
tezijos vertinimo metodas sprendziant apatinés
nugaros dalies propriocepcijos problematika. Ver-
tinamas padéties atkartojimo tikslumas, t.y. kaip
tiksliai tiriamasis geba grizti | prading padéti. Tes-
tuojant Sia metodika, tiriamieji juda maksimalia
judesio amplitude (iki fiziologinés ribos), taciau
kasdieniame gyvenime didziaja laiko dali juos-
mens judesiy amplitudé yra daug mazesné. Taigi
statestezijos jutimas gali biti vertinamas aktyviai
ir pasyviai, taip pat uzimant atviras bei uzdaras
ktino kinematiniy grandziy padétis. Juosmeningés
stuburo dalies padéti tiriamieji tiksliau atkarto-
ja stovédami nei sédédami ar biidami keturpésti
(Ryan, 1994).

Kiti propriocepcijos vertinimo metodai, skir-
ti, pavyzdziui, ¢iurnos propriocepcijai vertinti,
naudoja stabilia posturometring platforma, kai
tiriamasis stovi viena koja (Isakov, Mizrahi, 1997)
ant nestabilios platformos (Ryan, 1994), islaiko
pusiausvyra stovédamas atmerktomis ir uzmerk-
tomis akimis (Perrin et al., 1997). Kiekvienas §iy
vertinimo metody turi savo trikumy — nepasalina
regéjimo ir vestibulinio aparato poveikio, dél ypac
mazo atramos ploto nesudaro salyguy staiga netekti
pusiausvyros, taip pat dél kity sanariy galimos
raumeny kontrolés poveikio tiriamam segmentui
(Boyle, Negus, 1998).

Sio tyrimo metu naudojamos metodikos nau-
jumas tas, kad juosmens ir dubens propriocepcija
atskirai vertinama sagitalioje ir frontalioje ploks-
tumoje.

Pasirinkta propriocepcijos vertinimo metodika,
naudojant elektroning nestabilia propriocepcijos
vertinimo ir lavinimo platforma su programine
iranga, Lietuvoje taikoma pirma karta. Kity Saliy
publikuojamy duomeny apie Sios irangos naudo-
jima rasti nepavyko.

Tyrimo tikslas — {vertinti apatinés nugaros
dalies skausma patirianc¢iy ir sveiky asmeny juos-
mens ir dubens srities propriocepcijos ypatumus.

METODIKA

Visi tiriamieji (38 vyrai ir moterys) buvo su-
skirstyti | dvi grupes:

1. Tiriamosios grupés (n = 12) nariy amziaus vi-
durkis 40 mety. Kiino masés indekso vidurkis
24,2 kg / m*. Skirstinys pagal lyti — 4 vyrai ir
8 moterys. Grupg sudaré asmenys, besiskun-
dziantys apatinés nugaros dalies skausmu.

2. Kontrolinés grupés (n = 26) nariy amziaus vi-
durkis 35 metai. Kiino masés indekso vidurkis:

20 kg / m*. Skirstinys pagal lyti — 8 vyrai ir 18
motery. Grupe sudaré asmenys, nesiskundzian-
tys apatinés nugaros dalies skausmu.

Skausmo intensyvumas tiriamojoje grupéje
vertintas naudojant vaizdinés analogijos skalg
(VAS, mm). Tiriamyjy buvo prasoma jvertinti
skausmo intensyvuma esamu momentu ir pazy-
méti tai specialioje liniuotéje. Kitoje, nemato-
moje liniuotés pus€je centimetriné juostelé rodo
skaiting skausmo intensyvumo reikSme¢ milimetry
tikslumu. Sis metodas yra tinkamas naudoti ver-
tinant skausma moksliniy tyrimuy metu (Quinn,
1999).

Tiriamuyjy ir sveiky asmeny propriocepcijai
vertinti naudota elektroniné nestabili propriocepci-
jos vertinimo ir lavinimo platforma su programine
iranga ,,LIBRA“ (Italija, 2002, 93 /42 / CEE),
kurios techniné charakteristika tokia:

e judéjimo amplitudé: —15, +15 laipsniy;

e maksimali matavimo paklaida: 0,2 laipsniu.

Vertinant juosmens ir dubens srities proprio-
cepcija, tiriamieji uzémé sédima padéti, nes taip
nebejauciamas apatiniy galiniy kinematinés gran-
dies poveikis, kuris ypac¢ padidéja stovint Siek tiek
sulenktomis kojomis (Allison, Fukushima, 2003).
Stovéjimas visiskai tiesiomis kojomis yra sunkiai
kontroliuojamas testavimo metu, todél tiriamieji,
uzimdami $ia padéti, taip pat nebuvo testuojami
norint visi§kai standartizuoti visy tiriamuyjy pra-
dines salygas.

Testavimas truko 1 minute: 30 sekundziy ti-
riamiesiems esant atmerktomis akimis ir 30 se-
kundziy — uZsimerkus. Vertinta propriocepcija
frontalioje ir sagitalioje plokStumoje. Vertinimo
matavimo vienetai — santykiniai dydziai (balai).
Suminio vertinimo intervalas — nuo 0 iki 100
baly. Suminis vertinimo balas apskai¢iuojamas
pagal programinéje jrangoje esantj algoritma,
palyginus kairés ir deSinés kiino pusés nuokrypio
nuo vidurinés linijos rezultatus. Suminio vertinimo
balo interpretacija: zemesnis suminio vertinimo
balas rodo geresng propriocepcija.

Pagal ,,Tarptauting funkcionavimo, neigalumo
ir sveikatos klasifikacija* (2004) propriocepcija
yra priskiriama jutimo funkcijy ir skausmo gru-
pei. Propriocepcija — tai kiino daliy savitarpio
iSsidéstymo jutimo funkcijos, apimancios sta-
testezija (padéties jutima) ir kinestezija (judesio
jutima) (Riemann et al., 2002). Sio tyrimo metu
nagrinéjamas statestezijos funkcijos skirtumas tarp
tiriamojo busenos atmerktomis ir uzmerktomis
akimis. Sis skirtumas vadinamas propriocepcijos
nepakankamumu.
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Analizuojant tyrimo rezultatus, naudotasi MS
EXCEL paketu. Pasirinkus klaidos tikimybe (p)
0,05 (5%), buvo formuluojamos hipotezés apie
pokyc¢iy (A) lygybe priklausomy ir nepriklausomy
im¢iy atvejais.

Priklausomy imciy (lyginami atskiros grupés
rezultatai, tiriamiesiems esant atmerktomis ir uz-
merktomis akimis):

H,: atmerktomis akimis = uzmerktomis akimis;
p=>0,05;
H,: atmerktomis akimis # uzmerktomis akimis;
p <0,05.
Nepriklausomy imciy (lyginami tiriamuyjuy gru-
piu rezultatai):
H,: A frontalioje plokStumoje = A frontalin¢je
plokstumoje; p > 0,05;
H,: A sagitalioje plokStumoje # A sagitalioje
plokstumoje; p < 0,05,
¢ia A — skirtumas tarp rezultaty frontalioje arba sagitalioje
plokstumoje, tiriamiesiems esant atmerktomis ir uzmerktomis
akimis.

Jei H, hipotezé priimama, tai tarp A fronta-
lioje ir A sagitalioje plokstumoje néra statistiskai
reikSmingo skirtumo (p > 0,05). Jei H, hipoteze
atmetama, priimama H, hipotez¢, ir skirtumas tarp
A frontalioje plokStumoje ir A sagitalioje plokstu-
moje yra statistisSkai reikSmingas (p < 0,05).

TYRIMO REZULTATAI

Tiriamyjy apatinés nugaros dalies skausmo
pagal VAS (mm) vidurkis sieké 6,3 £+ 1,3.

Palyginome tiriamyju, apatinéje nugaros dalyje
patirian¢iy skausma, ir kontrolinés grupés — ne-
jaucianciy skausmo liemens ir dubens proprio-
cepcijos frontalioje ir sagitalioje plokStumose
testavimo rezultatus, jiems esant atmerktomis ir
uzmerktomis akimis (zr. lent.).

Tarp sveiky kontrolinés grupés asmeny nebuvo
nustatyta statistiSkai reikSmingo rezultaty skir-
tumo, tiriamiesiems esant atmerktomis akimis ir
uzsimerkus. Tuo tarpu palyginus tiriamyjy grupés
atitinkamus rezultatus, pastebétas statistiSkai pa-

tikimas skirtumas (p < 0,05). Propriocepcija fron-
talioje plokStumoje, tiriamosios grupés nariams
esant atmerktomis akimis, daugiau kaip pusantro
(1,66), o sagitalioje plokstumoje — du kartus ge-
resné nei uzmerktomis akimis.

Tarp tiriamosios ir kontrolinés grupés judesiy
rezultaty frontalioje plokStumoje pastebétas pro-
priocepcijos nepakankamumo skirtumas (balais) yra
statistiSkai reikSmingas (1 pav.). Patirian¢iy skaus-
ma propriocepcijos nepakankamumas buvo beveik
tris kartus (2,9) didesnis nei kontrolinés grupés.

Nustatytas tiriamosios ir kontrolinés grupés
rezultaty sagitalioje plok§tumoje propriocepcijos
nepakankamumo skirtumas (balais) statistiskai
patikimas (2 pav.). Skausma patirianc¢iy asmeny
propriocepcijos nepakankamumas buvo didesnis
nei kontrolinés grupés daugiau nei du kartus
(2,2).

REZULTATU APTARIMAS

Juosmens ir dubens srities propriocepcijos
vertinimo tyrimai rodo, kad propriocepcijos nepa-
kankamumas gali atsirasti dél skausmo, traumos
arba degeneraciniy stuburo pokyc¢iy (Koumantakis
et al., 2002).

Kai kuriy autoriy duomenimis, propriocepcijos
nepakankamumas, pasireiskiantis kaip sutrikgs ar
nepakankamas aferentinés informacijos perdavi-
mas i§ proprioceptoriy i centring nervy sistema
(CNS), labiau atsiskleidzia testuojant aktyvius
judesius maksimalios amplitudés viduriniame
trecdalyje (Gardner-Morse et al., 1995). Taip yra
dél to, kad informacija i§ proprioceptoriy labiau-
siai lemia blitent mazos amplitudés neutralios
padéties judesiy kontrole, kuomet aferentacija dar
nejsitraukia i§ pasyvios stuburg stabilizuojancios
sistemos (raisciy).

Lenteléje pateikti duomenys rodo, koks aki-
vaizdus propriocepcijos skirtumas, tiriamiesiems
esant uzmerktomis akimis, lyginant su atmerkto-
mis, apatin¢je nugaros dalyje skausma patirianciy
asmeny. A. Radebold (2001), tyringjgs laikysenos
kontrolg, tiriamiesiems sédint ant nestabilios plat-

Lentel¢. Juosmens ir dubens pro-

R . . Atmerktomis | UZzmerktomis | Reik§mingumo . .. L .
Grupé Judesio plokStuma .. . priocepcijos frontalioje ir sagi-
akimis akimis lygmuo talioje plokStumoje rezultatai
Frontali 93+18 155+ 13 <0.05 tiriamajam esant atmerktomis ir
Tiriamoji i i ’ i p=b uzmerktomis akimis (aritmetinis
Sagitali 54+1.0 107+1.5 p<0,05 vidurkis ir jo vidutiné kvadratiné

paklaida (X + SEM))
Frontali 24+ 1,1 45+1.2 p=0,05

Kontroliné 4 ) o o

Sagitali 26413 49+16 p>0,05 Pastaba. Didesnis skai¢ius reiskia
’ ’ ’ ’ — blogesng propriocepcija.
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1 pav. Juosmens ir dubens propriocepcijos
nepakankamumo rezultatai frontalioje
ploks$tumoje

10,0 7
9,0 1
8,0 1

7,0

6,0
5,0

4,0

Suminis vertinimas, balai

3,0

2,0 A

1,0

e
i
e

0,0

Tiriamosios gr. (n = 12)

Kontrolinés gr. (n = 26) Skirtumas (p < 0,05)

Vidurkis

6,3 2,2 4,1

2 pav. Juosmens ir dubens propriocepcijos

10,0
nepakankamumo rezultatai sagitalioje

plokstumoje 9,0 -
8,0
7,0

6,0

5,0

4,0

Suminis vertinimas, balai

3,0
2,0

1,0 1

0,0

Tiriamosios gr. (n = 12)

Kontrolinés gr. (n = 26) Skirtumas (p < 0,05)

‘ Vidurkis

53

2,4 2,9

formos atmerktomis ir uzmerktomis akimis, taip
pat teigia, kad daug prastesni rezultatai uzregis-
truoti tarp skausma patirian¢iy tiriamyjy. Suma-
z¢jus griztamajam rysiui dél regos analizatoriaus
nebuvimo, blogéja laikysenos dinaminé kontrole,
nes reikSmingai pailgéja liemens raumeny atsako
laikas (latentinis laikotarpis) i staigy jégos poky-
ti (Byl, Sinnoft, 1991; Magnusson et al., 1996;
Wilder et al., 1996; Mientjes, Frank, 1999). Taigi
atliekant dinamings laikysenos kontrolés reikalau-
jancias uzduotis ir esant nepakankamam informa-
cijos srautui i$§ regos analizatoriaus, perkraunama
ir taip deél skausmo sutrikdyta propriocepciné sis-
tema (Luoto et al., 1999).

1 ir 2 pav. pavaizduoti rezultatai patvirtina kity
autoriy panasius duomenis, kad nugaros skausma
patirian¢iy asmeny propriocepcija yra prastesné
nei sveiky, nejaucianciy skausmo (O’Sullivan et
al., 1997, 2003; Brumagne et al., 2004; Descarre-
aux et al., 2005).

Anks¢iau minéta reikSmingai didesni nugaros
skausma patirianc¢iy asmeny propriocepcijos nepa-
kankamuma galéty paaiskinti elektromiografiniai
tyrimai. Kai kurie i$ ju rodo didesni juosmens ir
dubens srities raumeny itempimo laipsni, lyginant
su skausmo nepatirianc¢iuy asmeny (Flor et al.,
1990; Sihvonen et al., 1991; Flor, Birkbaumer,
1994). Taigi padidéjusi raumeny jtampa veikia
propriocepcija, juosmens ir dubens srities jude-
siy valdyma (Gill, Callaghan, 1998; Matre et al.,
1998; Zedka et al., 1999).

Rezultatus sunku palyginti su kity autoriy
gautaisiais, nes buvo taikyta skirtinga vertinimo
metodika.

Kai kuriy autoriy duomenimis (Henry et al.,
2006), nugaros skausmas lemia judesio stereoti-
po sutrikimus, pablogéjusia juosmens ir dubens
raumeny kontrolg. Todél geresnis juosmens ir
dubens judesiy valdymo supratimas ir kiekybinis
ivertinimas leisty adekvaciau stebéti atsigavimo
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procesa ir biity galima individualiau parinkti at-
gaunamasias priemones tiems asmenims, kurie
skundziasi skausmu apatinéje nugaros dalyje. Tai
ypac¢ aktualu prognozuojant sportininky apatinés
nugaros dalies traumy atsiradima ir stebint atsi-
gavima po ju.

ISVADOS

1. Vertinant juosmens ir dubens srities propriocep-
cija, tikslinga atlikti testavima, tiriamiesiems
esant atmerktomis ir uzmerktomis akimis.

2. Asmeny, skausma patirianciy apatin€je nu-

garos dalyje, propriocepcija frontalioje ir
sagitalioje plokStumoje, tiriamiesiems esant
uzsimerkus, buvo blogesné nei atsimerkus.
Nejaucian¢iy skausmo asmeny juosmens ir
dubens srities propriocepcijos rezultatai, tiria-
miesiems esant atmerktomis ir uzmerktomis
akimis, frontalioje ir sagitalioje plok§tumose
nesiskyré.

3. Apatin¢je nugaros dalyje skausma patirianciy
tirlamyjy juosmens ir dubens srities proprio-
cepcijos nepakankamumas tiek frontalioje, tiek
sagitalioje plokStumose buvo reikSmingai di-
desnis nei nejaucianciy skausmo.

LITERATURA

Allison, G. T., Fukushima, S. (2003). Estimating three-
dimensional spinal repositioning error: The impact of
range, posture and number of trials. Spine, 28 (22), 2510—
2516.

Boyle, J., Negus, V. (1998). Joint position sense in the
recurrently sprained ankle. Australian Journal of Physiot-
herpy, 44, 159—163.

Brumagne, S., Cordo, P., Verschueren, S. (2004). Proprio-
ceptive weighting changes in persons with low back pain
and elderly persons during upright standing. Neuroscience
Letter, 366 (1), 63—66.

Byl, N., Sinnott, P. L. (1991). Variations in balance and
body sway in middle-aged adults. Subjects with healthy
backs compared with subjects with low-back dysfunction.
Spine, 16, 325—330.

Descarreaux, M., Blouin, J. S., Teasdale, N. (2005). Repo-
sitioning accuracy and movement parameters in low back

pain subjects and healthy control subjects. European Spine
Journal, 14 (2), 185—191.

Flor, H., Birkbaumer, N. (1994). Acquisition of chronic
pain: Psychophysiological mechanisms. American Pain
Society Journal, 3, 119—127.

Flor, H., Birkbaumer, N., Turk, D. C. (1990). The psycho-
biology of chronic pain. Advances in Behavioral Research
and Therapy, 12, 47—384.

Gardner-Morse, M. G., Stokes, I. A. F., Laible, L. P.
(1995). Role of muscles in lumbar spine stability in ma-
ximum extensor efforts. Journal of Orthophedic Resource,
13, 802—808.

Gill, K. P., Callaghan, M. J. (1998). The measurement of
lumbar proprioception in individuals with and without low
back pain. Spine, 23, 371—377.

Henry, S. M., Hitt, J. R., Jones, S. L., Bunn, J. Y. (2006).
Decreased limits of stability in response to postural per-

turbations in subjects with low back pain. Clinical Biome-
chanics, 21 (9), 881—892.

Isakov, E., Mizrahi, J. (1997). Is balance impaired by
recurrent sprained ankle? British Journal of Sports Medi-
cine, 31, 65—67.

Koumantakis, G. A., Winstanley, J., Oldham, J. A. (2002).
Thoracolumbar proprioception in individuals with and
without low back pain: Intratester reliability, clinical
applicability and validity. Journal of Orthopedic Sports
Physical Therapy, 32 (7), 27—35.

Luoto, S., Taimela, S., Hurri, H. (1999). Mechanisms
explaining the association between low back trouble and
deficits in information processing. A controlled study with
follow-up. Spine, 24, 255—261.

Magnusson, M. L., Aleksiev, A., Wilder, D. G. (1996).
Unexpected load and asymmetric posture as etiologic fac-
tors in low back pain. Europe Spine Journal, 5, 23—35.

Matre, D. A., Sinkjaer, T., Svensson, P. (1998). Experi-
mental muscle pain increases the human stretch reflex.
Pain, 75, 331—339.

Mientjes, M. 1., Frank, J. S. (1999). Balance in chronic
back pain patients compared to healthy people under
various conditions in upright standing. Clinical Biome-
chanics, 14, 710—716.

Newcomer, K., Laskowski, E. R., Yu, B., Larson, D. R.,
An, K. N. (2000). Repositioning error in low back pain.
Comparing trunk repositioning error in subjects with
chronic low back pain and control subjects. Spine, 25 (2),
245—250.

O’Sullivan, P. B., Burnett, A., Floyd, A. N. et al. (2003).
Lumbar repositioning deficit in a specific low back pain
population. Spine, 28 (10), 1074—1079.

O’Sullivan, P. B., Twomey, L., Allison, G. (1997). Eva-
luation of specific stabilising exercise in the treatment
of chronic low back pain with radiological diagnosis
of spondylolysis and spondylolisthesis. Spine, 15 (24),
2959—2967.

Perrin, P. P, Benet, M. C., Perrin, C. A., Durupt, D. (1997).
Ankle trauma significantly impairs posture control: A stu-
dy in basketball players and controls. Internal Journal of
Sports Medicine, 18, 387—392.

Quinn, R. N. (1999). Assessment of pain. Pain, 10,
1315.

Radebold, A. (2001). Impaired postural control of the
lumbar spine is associated with delayed muscle response
times in patients with chronic idiopathic low back pain.
Spine, 26 (7), 724—730.

Riemann, B. L., Myers, J. B., Lephart, S. M. (2002).
Sensorimotor system measurement techniques. Journal of
Athletic Training, 37 (1), 85—98.

Ryan, L. (1994). Mechanical stability, muscle strength and
proprioception in the functionally unstable ankle. Austra-
lian Journal of Physiotherapy, 40, 41—47.

Sihvonen, T., Partanen, J., Hanninen, O. (1991). Electric



108

Vidmantas Zaveckas, Alfonsas Vainoras, Algé Daunoraviciené

behavior of low back muscles during lumbar pelvic rthythm
in low back pain patients and healthy controls. Journal of
Physical Medicine and Rehabilitation, 72, 1080—1087.

Tarptautiné funkcionavimo, negalumo ir sveikatos klasifi-
kacija. (2004). PSO, Zeneva. Albinas Bagdonas. Vertimas

Wilder, D. G., Aleksiev, A. R., Magnusson, M. L. (1996).
Muscular response to sudden load. A tool to evaluate fati-
gue and rehabilitation. Spine, 21, 2628—2639.

Zedka, M., Prochazka, A., Knight, B. (1999). Voluntary
and reflex control of human back muscles during induced

18 angly k. Jutimo funkcijos ir skausmas. Vilnius: VU spe-  pain. Journal of Physiology, 520, 591—604.

cialiosios psichologijos laboratorija. P. 75—83.

ASSESSMENT OF PROPRIOCEPTION OF LUMBOPELVIC AREA

Vidmantas Zaveckas, Alfonsas Vainoras, Algé Daunoraviciené
Kaunas University of Medicine, Kaunas, Lithuania

ABSTRACT

The aim of the present research was to assess peculiarities of proprioception of lumbopelvic area in
patients with low back pain and healthy control subjects.

Research participants were 38 persons: 12 of them were patients with low back pain and 26 were control
subjects. 45% of patients had diagnosis of radiculophaty and 55% had disc herniation. Pain intensity was
assessed using the Visual Analog Scale (VAS). Proprioception of the of lumbo — pelvic area was evaluated in
frontal and sagital planes with open and closed eyes separately, using high-tech proprioceptive wobble board
»LIBRA* (93 /42 / CEE, 2002). The difference between the results of the proprioception tests performed
with open and close eyes was treated as proprioceptive deficiency.

The findings of the research showed that low back pain intensity was 6.3 + 1.3 by VAS (visual analog
scale).

The lumbopelvic proprioception of persons with low back pain in sagital and frontal planes with close
eyes was worse than with open eyes (p < 0.05). In frontal plane the difference was greater than one and half,
in sagital — two times.

The lumbopelvic proprioception of healthy subjects in sagital and frontal planes with open and close
eyes was without significant changes (p > 0.05).

The lumbopelvic proprioception deficiency of patients with low back pain in frontal plane was three
time greater and in sagital plane — two time greater than in healthy subjects.

We can draw a conclusion that the lumbopelvic proprioception of healthy subjects in sagital and frontal
planes with opened and closed eyes was without significant changes. The lumbopelvic proprioception of
persons with low back pain in sagital and frontal planes with close eyes was worse than with open eyes.

Persons with low back pain had significantly higher proprioceptive deficiency in frontal and sagital
planes than the control subjects without pain.

Keywords: pain, low back, proprioception, assessment.
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REIKALAVIMAI AUTORIAMS

1. BENDROJI INFORMACIJA

Zurnale spausdinami originalis straipsniai, kurie nebuvo skelbti kituose mokslo leidiniuose (i§skyrus konfe-
rencijy teziy leidiniuose). Mokslo publikacijoje skelbiama medziaga turi biiti nauja, teisinga, tiksli (eksperi-
mento duomenis galima pakartoti, jie turi biiti jvertinti), aiskiai ir logiSkai ianalizuota bei aptarta. Pageidau-
tina, kad publikacijos medziaga jau biity nagrinéta mokslinése konferencijose ar seminaruose.

Originaliy straipsniy apimtis — iki 10, apzvalginiy — iki 20 puslapiy. Autoriai, norintys spausdinti apzval-
ginius straipsnius, ju anotacijg turi i§ anksto suderinti su redaktoriy kolegija.

Straipsniai skelbiami lietuviy arba angly kalba su i§samiomis santraukomis lietuviy ir angly kalbomis.

Straipsniai recenzuojami. Kiekvieng straipsnj recenzuoja du redaktoriy kolegijos nariai arba jy parinkti re-
cenzentai.

Autorius (recenzentas) gali turéti slaptos recenzijos teisg. Dél to jis ispé€ja vyriausiaji redaktoriy laiske, at-
siystame kartu su straipsniu (recenzija).
Du rankras¢io egzemplioriai ir diskelis siun¢iami zurnalo ,,Ugdymas. Kiino kultiira. Sportas® redaktoriy
kolegijos atsakingajai sekretorei Siuo adresu:

Zurnalo ,,Ugdymas. Kiino kultiira. Sportas atsakingajai sekretorei Daliai Mickevi¢ienei

Lietuvos kiino kultoros akademija, Sporto g. 6, LT-44221 Kaunas

Zinios apie visus straipsnio autorius — trumpas curriculum vitae. Autoriaus adresas, elektroninis adresas,
faksas, telefonas.

Gaunami straipsniai registruojami. Straipsnio gavimo pastu data nustatoma pagal Kauno pasto zymeklj.

2. STRAIPSNIO STRUKTUROS REIKALAVIMAI

Titulinis lapas.

Santrauka (ne maziau kaip 2000 spaudos Zenkly, t. y. visas puslapis) lietuviy ir angly kalba. Santraukose
svarbu atskleisti moksling problema, jos aktualuma, tyrimo tikslus, uzdavinius, metodus, pateikti pagrindinius
tyrimo duomenis, ju aptarima (lyginant su kity autoriy tyrimy duomenimis), iSvadas.

Raktazodziai. 3—S5 informatyviis Zodziai ar frazés.

Ivadiné dalis. Joje nurodoma tyrimo problema, jos iStirtumo laipsnis, sprendimo naujumo argumentacija
(teoriniy darby), pazymimi svarbiausi tos srities mokslo darbai, tyrimo tikslas, objektas.

Tyrimo metodai. Sioje dalyje turi biiti pagristas konkre¢ios metodikos pasirinkimas. Jei taikomi tyrimo
metodai néra labai paplitg ar pripazinti, reikia nurodyti priezastis, skatinusias juos pasirinkti. Aprasomi origi-
nal@is metodai arba pateikiamos nuorodos | literatiiroje aprasytus standartinius metodus, nurodoma aparatiira
(jei ji naudojama). Tyrimo metodai ir organizavimas turi buti aiskiai ir logiskai iSdéstyti. Straipsnyje neturi
buti informacijos, pazeidziancios tiriamy asmeny anonimiskuma.

Tyrimo rezultatai. Tyrimo rezultatai turi buti pateikiami nuosekliai ir logiskai (pageidautina pateikti ne
daugiau kaip 3—4 lenteles ar 4—S5 paveikslus), pazymimas jy statistinis patikimumas.

Tyrimo rezultaty aptarimas. Sioje dalyje pateikiamos tik autoriaus tyrimu rezultatais paremtos i§vados.
Tyrimo rezultatai ir iSvados lyginami su kity autoriy skelbtais atradimais, {vertinami jy tapatumai ir skirtu-
mai. Reikia vengti kartoti tuos faktus, kurie pateikti tyrimy rezultaty dalyje. ISvados turi biiti formuluojamos
aiskiai ir logiskai, vengiant tus¢iazodziavimo.

Padéka. Dékojama asmenims arba institucijoms, padéjusiems atlikti tyrimus. Nurodomos organizacijos ar
fondai, finansave tyrimus (jei tokie buvo).

Literatura. Cituojami tik publikuoti mokslo straipsniai (i§imtis — apginty disertacijy rankrasciai). | sarasa
itraukiami tik tie Saltiniai, { kuriuos yra nuorodos straipsnio tekste. Pageidautina nurodyti ne daugiau kaip 30
Saltiniy.
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3.1

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3. STRAIPSNIO [FORMINIMO REIKALAVIMAI

Straipsnio tekstas turi bati i$spausdintas kompiuteriu vienoje standartinio (210 x 297 mm) formato balto
popieriaus lapo puséje, intervalas tarp eiluc¢iy 6 mm (1,5 intervalo), Srifto dydis 12 pt. Parastés: kairéje ir de-
Sinéje — 2 cm, virSuje — 2 cm, apacioje — 1,5 cm. Puslapiai numeruojami virSutiniame deSiniajame kraste,
pradedant tituliniu puslapiu, kuris pazymimas pirmu numeriu (1).

Straipsnis turi biiti suredaguotas, spausdintas tekstas patikrintas. Pageidautina, kad autoriai vartoty tik
standartinius sutrumpinimus bei simbolius. Nestandartinius galima vartoti tik pateikus ju apibrézimus toje
straipsnio vietoje, kur jie jraSyti pirma karta. Visi matavimy rezultatai pateikiami tarptautinés SI vienety
sistemos dydziais. Straipsnio tekste visi skaiciai iki deSimt imtinai raSomi zodziais, didesni — arabiskais
skaitmenimis.

Tituliniame straipsnio puslapyje pateikiama: a) trumpas ir informatyvus straipsnio pavadinimas; b) autoriy
vardai ir pavardés; c) institucijos bei jos padalinio, kuriame atliktas darbas, pavadinimas ir adresas; d) au-
toriaus, atsakingo uz korespondencija, susijusia su pateiktu straipsniu, vardas, pavardé, adresas, telefono
(fakso) numeris, elektroninio pasto numeris. Jei autorius nori turéti slaptos recenzijos teisg, pridedamas an-
tras titulinis lapas, kuriame nurodomas tik straipsnio pavadinimas. Tituliniame lape turi biiti visy straipsnio
autoriy parasai.

Santraukos lietuviy ir angly (rusy) kalbomis pateikiamos atskiruose lapuose. Tame paciame lape surasomi
raktazodziai.

Lentelé turi turéti eilés numerj (numeruojama ta tvarka, kuria pateikiamos nuorodos tekste) bei trumpa antras-
tg. Visi paaiskinimai turi biiti straipsnio tekste arba trumpame prierase, iSspausdintame po lentele. Lentelése
vartojami simboliai ir sutrumpinimai turi sutapti su vartojamais tekste. Lentelés vieta tekste turi buiti nurodyta
kairéje parastéje (piestuku).

Paveikslai suzymimi eilés tvarka arabiskais skaitmenimis. Pavadinimas raSomas po paveikslu, pirmiausia
pazymint paveikslo eilés numerj, pvz.: 1 pav. Paveikslo vieta tekste turi biiti nurodyta kairéje parastéje (pies-
tuku).

Literatiiros sarase Saltiniai nenumeruojami ir vardijami abécélés tvarka pagal pirmojo autoriaus pavardg.
Pirma vardijami Saltiniai lotyniskais raSmenimis, paskui — rusiskais.

Pateikiant zurnalo (mokslo darby) straipsni, turi biiti nurodoma: a) autoriy pavardés ir vardy inicialai (po
pavardés); b) zurnalo iSleidimo metai; c) tikslus straipsnio pavadinimas; d) pilnas Zurnalo pavadinimas; e)
zurnalo tomas, numeris; f) atitinkami puslapiy numeriai. Jeigu straipsnio autoriy daugiau kaip penki, patei-
kiamos tik pirmy trijy pavardés priduriant ,,ir kt.*.

Aprasant knyga, taip pat pateikiamas knygos skyriaus pavadinimas ir jo autorius, knygos leidéjas (institucija,
miestas).

Jeigu to paties autoriaus, ty paciy mety Saltiniai yra keli, bitina literatiiros sarase ir straipsnio tekste prie mety
pazymeéti raides, pvz.: 1990 a, 1990 b ir t. t.
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1. GENERAL INFORMATION

All papers submitted to the journal should contain original research not previously published (except abs-
tracts, preliminary report or in a thesis). The material published in the journal should be new, true to fact
and precise. The methods and procedures of the experiment should be identified in sufficient detail to allow
other investigators to reproduce the results. It is desirable that the material to be published should have been
discussed previously at conferences or seminars.

Original articles — manuscripts up to 10 printed pages, review articles — manuscripts up to 20 printed pages.
Review articles describe current topics of importance, primarily, though not always they are submitted by
invitation. Individuals who wish to write a review article should correspond with the Editors regarding the
appropriateness of the proposed topic and submit a synopsis of their proposed review before undertaking
preparation of the manuscript.

Articles will be published in the Lithuanian or English languages with comprehensive resumes in English and
Lithuanian.

All papers, including invited articles, undergo the regular review process by at least two members of the
Editorial Board or by expert reviewers selected by the Editorial Board.

The author (reviewer) has the option of the blind review. In this case the author should indicate this in his
letter of submission to the Editor-in-Chief. This letter is sent along with the article (review).

Two copies of the manuscript and floppy disk should be submitted to the Executive Secretary of the journal
to the following address:

Dalia Mickeviciené, Executive Secretary of the journal “Education. Physical Training. Sport”
Lithuanian Academy of Physical Education
Sporto str. 6, LT-44221, Kaunas, LITHUANIA

Data about all the authors of the article — short Curriculum Vitae. The adress, e-mail, fax and phone of the
author.

All papers received are registered. The date of receipt by post is established according to the postmark of the
Kaunas post-office.

2. REQUIREMENTS SET FOR THE STRUCTURE OF THE ARTICLE

The title page.

The abstract (not less than 2000 print marks, i.e. the complete page) in English or (and) Lithuanian. It is important
to reveal the scientific problem, its topicality, the aims of the research, its objectives, methods, to provide major
data of the research, its discussion (in comparison with the research data of other authors) and conclusions.

Keywords: from 3 to 5 informative words and / or phrases which do not repeat themselves in the title of the
article.

The introductory part. It should contain a clear statement of the problem of the investigation, the extent of
its solution, the new arguments for its solution (for theoretical papers), most important papers on the subject,
the purpose of the study and the object of the study.

The methods of the investigation. In this part the methods of the investigation should be stated. If the methods
of the investigation used are not well known and widely recognised the reasons for the choice of a particular
method should be stated. References should be given for all non-standard methods used. The methods, apparatus
and procedure should be identified in sufficient detail. Appropriate statistical analysis should be performed based
upon the experimental design carried out. Do not include information that will identify human subjects.

Results of the study. Findings of the study should be presented logically in the text, tables (not exceeding 3
or 4), or figures (not exceeding 4 or 5). The statistical significance of the findings when appropriate should
be denoted.

Discussion of the results of the study. The discussion section should emphasise the original and important
features of the study, and should avoid repeating all the data presented within the results section. Incorporate
within the discussion the significance of the findings, and relationship(s) and relevance to published observa-
tions. Authors should provide conclusions that are supported by their data. The conclusions provided should
be formulated clearly and logically avoiding excessive verbiage.
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Acknowledgements. Authors are required to state on the Acknowledgement Page all funding sources, and
the names of companies, manufacturers, or outside organizations providing technical or equipment support
(in the case such a support had been provided).

References. Only published material (with the exception of dissertations) and sources referred to in the text
of the article should be included in the list of references. As a general rule, there should not be more than 30
references for original investigations.

3. REQUIREMENTS FOR THE PREPARATION OF MANUSCRIPTS

Manuscripts must be typed on white standard paper no larger than 210 x 297 mm with the interval between
lines 6 mm (1,5 line spaced), with a character size at 12 points, with 2 cm margins on the left and on the right,
with a 2 cm margin at the top and a 1,5 cm margin at the bottom of the page. Pages are numbered in the upper
right-hand corner beginning with the title page numbered as page 1.

The manuscript should be brief, clear and grammatically correct. The typed text should be carefully checked
for errors. It is recommended that only standard abbreviation and symbols be used. All abbreviations should
be explained in parentheses after the full written-out version of what they stand for on their first occurrence in
the text. Non-standard special abbreviations and symbols need only to be defined at first mention. The results
of all measuring and symbols for all physical units should be those of the System International (S.I) Units.
In the text of the article all numbers up to ten are to be written in words and all numbers starting from eleven
on — in Arabic figures. Be sure that all references and all tables and figures are cited within the text.

The title page should contain: a) a short and informative title of the article; b) the first names and family
names of the authors; c) the name and the address of the institution and the department where the work has
been done; d) the name, address, phone and fax number, E-mail number, etc. of the author to whom cor-
respondence should be sent. If a blind review is requested a second title page that contains only the title is
needed. The title page should be signed by all authors of the article.

Resumes in the Lithuanian and English languages are supplied on separate sheets of paper. This sheet also
should contain keywords.

Every table should have a short subtitle with a sequential number given above the table (the tables are numbered
in the same sequence as that of references given in the text). All explanations should be in the text of the article
or in a short footnote added to the table. The symbols and abbreviations given in the tables should coincide with
the ones used in the text. The location of the table should be indicated in the left-hand margin.

All figures are to be numbered consecutively giving the sequential number in Arabic numerals, e.g., Figure
1. The location of the figure should be indicated in the left-hand margin of the manuscript.

References should be listed in alphabetical order taking account of the first author.

For journal articles the following information should be included: a) author names (surnames followed by
initials), b) the date of publication, c) the title of the article with the same spellings and accent marks as in
the original, d) the journal title, e) the volume number, f) inclusive page numbers. When five or more authors
are named, list only the first three adding “et al.”.

In the case when there are several references of the same author published at the same year, they must be
marked by letters, e. g. 1990 a, 1990 b, etc. in the list of references and in the article, too.

For books the chapter title, chapter authors, editors of the book, publisher’s name and location should be also
included. Examples of the correct format are as follows:
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