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AUTONOMIC NERVOUS SYSTEM ACTIVITY
AND HEART RATE VARIABILITY IN OBESITY

Tussana Jaruchart

Faculty of Education, Naresuan University

Received: 21 May 2019 / Revised: 13 January 2020 / Accepted: 16 July 2020

Obesity is an excess of body fat,
generally, caused by an energy imbalance
between calories consumed and calories
expended, which can lead to a cause of
noncommunicable diseases, especially cardio-
vascular diseases (hypertension, heart disease,
and stroke) diabetes, musculoskeletal disorders,
some cancers, Alzheimer’'s disease, and
dementia. Individuals with obesity has a high
risk of premature death when compared with
underweight. There is evidence that increased
waist hip ratio, as an indicator of visceral
adiposity, was significantly associated with
malfunction of autonomic activity in obesity.
Notably, This is an imbalance of sympathetic
and parasympathetic activity, in favor of
an increase in sympathetic or a decrease
in parasympathetic activity. This results in
deteriorations in cardiovascular health of

obesity.

Heart rate variability (HRV) is a non-invasive
tool for assessment and prediction of the future
health. In clinical settings, heart rate variability
can be used as a marker to reflect the cardiac
modulation of the autonomic nervous system
in patients with obesity. The analysis and
assessment of HRV includes time-domain
parameters and frequency-domain parameters
analysis. Recently, there is evident indicating
that obesity—related malfunction of autonomic
activity can be improved by weight reduction,
nutritional consumption, and regular exercise,
leading loading to improve sympathetic and

parasympathetic activity in obesity.

Key Words: Obesity / Malfunction of auto-

nomic nervous system / Heart rate variability
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Tsmd2u (Obesity)

Tandu Wunmziisamesinsssaaysanu
lasfuiauUnfivesnniiuly SesdowaFesogonm
wasifuihdedseiiiialsalifndeda S 1
wu lsavlauazviannidan (Cardiovascular
disease) £17iiu Lsrrnsiilaiings (Hypertension)
Tsavala (Heart disease) liaviapmidanaNsd
(Stroke) 15ANY1U (Diabetes) lafiiAnaRnUn
maaﬂi:@mm:ﬂﬁ’]mﬁa (Musculoskeletal disorders)
wazlsAnziSuentn anfiiu u:ﬁmi‘iaqmgn
nziSaun Nzi5eSeld wziSsangnvann ueLSed
nz139qthd szisla wazaziSodldtvn) uenanil
Fafinsfnsdisnesiuin Tsadusdawansznuse
15719 UTBYTEUUYSE R IMEIUNa1e  (Central
nervous system; CNS) TuanpsduvaINI9h
wifiguanudnaNdnla (Cognitive function)
wsnaniisenuilsadiudanuduiusiuauie
Unfinvicuudssamagwtnau (O'Brien, Hinder,
Callaghan, Feldman, 2017) 819 lsadalzies
(Alzheimer’s disease) LLa:n’YJ::ﬂNa\‘JLﬁIE]N
(Dementia) Iﬂwé’ngmmsﬁnmwudﬁ réjj‘i?irflu
Tsngufiannidsssanisidiulsadalswasunts
2 L‘vhLﬁaLﬂ%‘ﬂmﬁﬂuﬁmﬁﬁﬁﬁmﬁnﬁamﬁ (Anstey,
Cherbuin, Budge, Young, 2011; O’Brien, Hinder,
Callaghan, Feldman, 2017) INNIFI1TIVDY
adAnsaunsialan (World Health Organization;
WHO) wu3n Tudl 2016 finusn ﬂ‘s:mniﬁﬁmq
3NN 18 Tlanduruninndy 650 §uau
Wulsediu nande s 13 wesifudves
Uizmninzjuﬁmukﬂa”au Fodoiiu 11 wWasifud
Tutszmnsany uaz 15 wWasifudludseannvds
weanand Sewuin Lﬁn'ﬁﬁmﬂyﬁﬂiﬂ 5 T U
41 Frwaufdulsaduiuienty Tasyszang

1'7iLfluiiﬂa”'msﬂammﬁﬂﬁﬁmmnnhﬁjﬁﬁﬁmﬂfﬂ
ﬁwniﬁmmgm (Underweight) (WHO, 2018)

smauarileaduivihliinlsadu (Causes
and factor of obesity)

lsnduinananmauasiadenasdszns
lapflaaman A anuliangazeandseu
(Energy imbalance) 3xvinawdsanuiisenalésy
31013 (Calories consumed) LLATWANIU
fisneneldly (Calories expended) vnu3laa
gmsIniunInsEndsuTasswneians
LWINAT WA IUD DTN ULAEN19HAINTIN
NNY %v‘fﬂﬁwﬁ’amuﬁaLtﬂaa%LwdwﬁugﬂLﬁu
seandudodolotuuaziindulsadn Ghouse,
Barwal, and Wattamwar, 2016; Miller, 2019)
smi adelasiulusienms Sanudasmandenu
Tumsifvazanlasndiwesea Wafinsuslnremns
inniiulduazazinsyassnsaloiudaszeanan
Tasateazaassanlsvioasiimiinfidansnsiuas
vasluanansziunedann Midend exhlnlend
(Adipokines) %‘adawaﬁiaszuuau@ﬂuimmﬂ
wazluanaliaugazesmsimnanylasuiazi
lﬂgﬂﬂiLﬂﬁﬂuttﬂaauaamaaLﬁatﬁalmﬁu ANNAALNG
PaamsnalziuuenINs N AU Ia i
dasrludonudy Fodsunaninvavasilnlal
fuardewaliiiianendanniliiedeeiulsadu
168néie wu mazﬁa&iammanqwémaaﬁugﬁu
(Insulin resistance) (Lee et al., 2012; Ghouse
et al., 2016)

v daasmsnelsadau ldun nsuslaa
pmsfilimasaugelasanizlofuuaznisd
Aanssanneriaiadaulnisnietias (WHO,
2018) 81t mqﬁmnﬁuﬁﬂﬁﬁmsmemtywa“’amu
Hrag Jadpmeiugnssy mnweutsu gm’iﬂama
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flardiunindu  ANLANANNISINARIHATHS
ANLANA NN NATUBNALSE NOLTBNT NNMBSEIN
meuazndd M wandanile lTosulusone
LazlATIRF 199 IMEANRAD NSNS
Tagnugndeindunigse n19z1aniseen
My MIsanmasMe B i sHRATWEN
padimeiianuauga  Javuneannwinten
MINFN WL INADNANG souslaiiiadanisenn
ey asilidinseendsnetdaeas Ay
Wuthe msdutheanuelse wu lalulnsesd
Wlsenmefinswiwargwasaudias e
Mepsualuazdnla ANNLASEA ANNAIIR TiTD
ANLAS I ewalfin1sUsTaAs M TNNT U
(Ghouse, Barwal, and Wattamwar, 2016 ;
Phongphibool, 2013) uaﬂmﬂf‘: il’\‘lﬁmmma\‘i
(Secondary causes) AufivihliAnlsadnlFisuiu
Tiun o1 uazlsameszuusenl$isfignaiuns
nManddlapssuudszam enfiu lalumansia
(Hypothalamus) faxlfianey (Pituitary gland)
Tnse86 (Thyroid gland) wazsanviainla (Adrenal
gland) (Kaila and Raman, 2008)
mmL‘ﬁﬂaLﬁ'mﬁ’umimuquﬁmﬁnﬁﬁoL'fJu
feddniezdnlunsregivlsasulalasiani:
NDINARVBIINNY (Homeostasis) LAZWOANTIU
nM3sulsEmMuemg Sefianuieadesiuaasiyy
wWilnduazarsdodszam (Neurotransmitter)
MTOUUBNLAYITULYSE R MEIUNa  1agAIy
AaUnAvasdIuAI il (Feeding signals)
vsaanpadutiadenivesnsiielsadu il
vsanuiiseslalumandia (Hypothalamic) w3e
anfaien 1uAREE (Arcuate nucleus) Uasiuanpd
(Brain stem) vi3afhAfpa unseia loAMSE

(Nucleus tractus solitaris) UudAaMNLALITDINU

woinIsy sawlivie warn1ImeuRUBISRlUNR
mumsﬁﬂﬂﬁja'ﬁm: (Afferent) LAZN1INAIRN
afur (Efferent) wiiplufeAuasasLaza oL
fautane (Peripheral organs) atiulginiu
u%nmﬁﬁmwﬁﬁﬂﬁ’zgﬁiamimuquﬁmﬁnﬁa
Bnive Lﬁaﬁﬂizaﬁmﬁag’[uaﬁgtaw eI RHROEAY
Tus-saflawailurasiu (Pro-opiomelanocortin)
AfianuAeadasiuainasinamisfianasdae
duillswylng e (Neuropeptide Y) wazazlni
(Agouti) aziiEadasiunsiinwgAinssneane1vng
saBenamsifizesesslauane fenzdudans
1ud sruumadinueng fuseu sulasiy uazsy
ﬁmwL%ﬂmﬁ’umiﬁﬁmamaﬁ'wnwmj'uﬁu
Tapnszusszammiaiidumeligedineg (vagal

o @ '

afferent neuron) HUUIAMNEIALADNITAIVA

@ q

auqawé’amu“[uiwmﬂ fudyIulTEaIMIN
drutatpazyintinfinaususerasrsuNTaE AN
WFNUATINEENT0 IS (Miller, 2019)
msusziilsaiu (Assessment of obesity)
nawiitieNsFum sz iulsadn Taun
siluianie (Body mass index; BMI) Fefuan
NGAT vhmming mheduilansy) / quge
hedhunns) nadwsildimbedu Alansuiuns
Fothunaiinasguanadmiulduunimmin
sosswmeluglvaiifongdious 20 Tuly Tnenfiu
myausnalasuiiasaslusenmeiovun (Total
body fat) sratiu miﬂiuﬁuﬁmﬁn‘mmﬂiucﬁﬁ
Hulsadudeiaiseidodia fo Usualosu
Tugaeiies (Visceral fat) w3alasfudiaglafiomis
(Subcutaneous fat) liaansadunaanld §wsu
wnairasdriianany avdnsaundelanldimiualy
fo Adwiindaneluzig 18.5-24.9, 25.0-29.9
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Fuunuazedlén dmindng (Normal weight)
vwmidniiu (Overweight) Wazdiu (Obese)
ANNAIAU (WHO, 2018)

ptalsfinn  neuREiNIaNIBYBIBIANT
auelaniisoldsansasuunlsasndulszanns
widaldegamanzay asnanuwan1Nes
wWasiualasiluswnme uazesdsznautasiona
(Deurenberg et al., 2002 ; Low, Chin, Ma, Heng,
and Deurenberg-Yap, 2009; Jitnarin et al,
2011) B9ANTIENINLTEmAdianIfnElsadu
(International Association for Study of Obesity)
LRLBIANTTENINIUSEImNARULSAEIU (International
Obesity Task Force; IOTF) F9lgiiaupinausioinil
mammfm%’uﬂ‘s:mmmLﬁﬂﬁumummgmmm
wsus MU AR LSRN (Regional Office
for the Western Pacific; WPRO) laarinnuaan
gastlananeluing 18.5-22.9, 23.0-24.9 ULy
¥3031NNT1 25 Alansainns® s uunuased
191 dhmdnung davinidu wasdu mssey
(Jitnarin et al, 2011) &unsUszifiulsadu
Twiéiniifleng 5-19 Tifldifustnenterans azliinem
wanINsinsdenssuiulauesesdnsaundelan
(Bibiloni, Pons, and Tur, 2013) LLatmmﬁﬁﬁﬂN
danldsmiuieGsuuas gulne Toun nadssdu
TagSpuiisuauinusisnedenisiasuiivle
2p9Linlng 918 1 Ju-19 U duunauina
P99NTNEUNETE  NTENTNEABITUFT WA, 2542
(No-in, 2017 ; WHO, 2018)

el mafulsadufinnusuiusiunisiia
ﬁmuLﬁﬂaﬁanWiLﬁmnq’ummil,mmuaan (Metabolic
syndrome) liluyarafifaunaiduseuien (Waist
circumference) LNsNTY WuAD qﬂﬂa’mﬂﬁﬁ

FUIALRUTDULDININATY 102 LBURANAT (40 117)

wasvidefiiTuAEUIOLIDININNTY 88 LEURANAT
(35 117) (Kaila and Raman, 2008) Tumsiazuin
WusauendudinedanniedmsunmsTausunu
lostuluzaeiias (Visceral adiposity) Fauizadad
Aun1sndalys-duinanumas lelalasl (Pro-
inflammatory cytokines) Tiiusuniiszasnans
ﬁwLﬁmma:ﬁaﬁanﬁiaanqwémadﬁugﬁu (Insulin
resistance) UAZNFUBINTINUNUBAN NAIAD
maintuzessinalaslutosios asdewae
mMIfinduneesyFuduAaSaIAL-6 (interleukin-6;
IL-6) yawes walasda unawes-woa (Tumour
necrosis factor-alpha; TNF-0) wasd-Suanim 1ussu
(C-reactive protein) LAraNITLAUDLAIWIUARY
(Adiponectin) LazBuLABasAIAU-10 (interleukin-10)
FaduwslFiAnmssniausndu LLNZ‘ﬁ’]\lUQ‘ﬂTJZ
?Tar;iammanqm%aaﬁugﬁuLtazmsgtylﬁwﬁﬁﬁ
madLﬁaqwﬁawaaﬂLﬁaﬂ (Endothelial dysfunction)
uAAduNGNaINTINUNLBAN WU UaTnIL
vaanldaauadldaldl (Kaila and Raman, 2008)
Taaanzadsbrndadiusauioidasausslnn
fuvddensilaslugosiosnn fseendi il
Fuiuslasasefun1599IUTBIS L ULUTER
FUW VAN LR FNAUSNNAUANSINTUDBIIELY
Uszammisiduwmaniialalugindulsadou
(Mujeeb, 2018) Tap§fifulsaduuazfmdnsu
JpULDIFBTAUALINN (Waist-hip ratio; WHR)
goffu ) ﬁjﬁﬁﬁﬁﬂLﬁﬂdgjdﬁiﬂﬂﬂitﬁmﬂaﬁuﬁmﬂnﬁ
Tumsieuesssuuilanasviaaniian 508
flanuidesan1sfedanldunndu Fowuldin
qﬂﬂanéuﬁﬁi:wﬂizmmﬁm\nmﬁnﬁﬁﬂmumnﬁu
WATSUUYTERIMWITIBUNUNANNINIUTID R
AIELAANAAINATT UBNIINANARIUTDULDIRD
sovaslnnazisdladolasulutesioondn detufiu
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@

fudssdunnindatinaaniandanusnius
funsriuzesssuulss s maludaniala lugd
Wulsadudniie (Yadav, et al, 2017)

n15¥19uTResEULYsTa AR U@ luiidu
Tsadau (Function of autonomic nervous
system in obesity)
Tuttaqiugilifulsadruddmuiisanniu
lan dadulsaiineliiinnziuthesuhllg
maflulseilauazvaaaden @u MITIRANNNY
sovna (Glucose intolerance) AETUABNA
anad (Impaired glucose intolerance) Nz lvsiu
Twienge (Dyslipidemia) Tsawmvuzilaii 2
Tsaanudulaings waznzlaney Tuginiu
Tsaduil dewusedn ﬁmsgm;lﬁwﬁwﬁmaﬁwu
Useamdnlud® (Autonomic nervous system
dysfunction) Fofunmswasuulasasszuulszam
FalusAiAedpstunendiidiavadsadu aanso
wilgidu 2 Yszidu Tdud 1) dwinfianniiu
vl sgiewifisesszuuyseamanludi
wasiimnuigdasiunswasuudasnislvaio
PBILADALALNITWINANYBINNT BORiNANEEY
sansdulsamedusilanazvaanion wasly
Yszifiudl 2) nsfinnsieuzessruudszam
FNWUNAN %owulﬁﬁwaamLﬁamﬁayju%nmﬂﬁﬁmﬁa
warle Fefanudulylgienisiinanuidese
msidulsamesiurilauaznasaidaniuiieniu
TaunehssaaUfusimns  (Selective leptin
resistance) m’szwqmmﬂwm:uauwé’u (Obstruc-
tive sleep apnea syndrome) m’s:ﬁug&u’lul,ﬁamgo
(Hyperinsulinemia) LALNITRARNYDITEAULNTAU
(Low ghrelin levels) a1aidunalnadeyiivinli
FN19ANNITTIU 09T UUYTE R M BNNNAN
Tugndulsadu ilosfpszuudszamanlul®

ﬁmmﬁﬂﬁmﬁiamiv‘hwﬁwﬁwé’niaﬂumimuQu
nsuslaaeimis Fefimnaiuadissiuduaiu
AINBN (Satiety signals) wazm3ldnaseu fetis
n’riv‘iwmmaﬁzuum:mwé’miuﬁﬁﬁ\laiauqa W01
sonalrimnERNTULE (Guarino, et al., 2017)
Tunsifinn1avieuzesssuuYssam3nnman
LAZNTRARITOIT LU H MW BN AT
fanuiadeeiunendassinerzesnisiianiig
WAFUAATINE (Arrhythmias) kaznMesilang
JUNWAY (Sudden cardiac death) (Rajalakshmi
et al, 2012) wuazlunnduiu lsadwiaunsa
n‘s:éjuTﬁLﬁmmiL‘Uﬁwuﬂmmsvﬁmumaﬁzm
Ui:mw%uwwmﬁnLﬁaﬁwmimuqumiﬁmﬁwﬁ
ya9vlanasnanniienaldiuiy adnvlsiniu
myamhmingasasatslinswisundases
NIWINAIDIILARE NIV WU T UUYTEaM
Salushagule (Guarino et al., 2017)
\ionanfvdmindoesuysd dudududs

al

fignauaulaeszuus1svgazesineiduden

=

F9U3enauAle 1) NMIUTUANNAD (Appetite) LIRS
ANNBN (Satiety) waz 2) nIUsumslduazng
fraandenuluiiofolotu Tmﬂizwﬁﬁa@aﬁ
ﬂaﬂﬁw%’nmﬁmﬂfnﬁﬂﬁmﬁLLa:ﬂaﬂi”ud’zyty”nm
ﬁaa&amndauﬂmﬂLLé’qd\ﬂUﬂ’aszunﬂszmwmunma
%"\‘1Lfluﬁﬁﬁ'zymﬁmﬁagaﬁﬂﬁlﬁmmimu@Nﬁmﬁfn
e T N e T e Toesdanusulans
ﬁLﬁmﬁmﬁummuqawﬁdmu fansauualeidu
ﬁm;tywmnwﬁnizv‘mwzg’u U N1TUINYDY
NILWIEDIYNT (Gastric distension) LLazN1UaBE
goslaulun1aidueivis Fodunadunduain
MstaranTaMNSHATMIUIUAMNEN fudyan
ManIeyszazs (U eUAY (Leptin) LasBuTau
(Insulin) ﬁum’m‘lumsmn@uﬁmﬁnﬁaLLa:Lf‘IaLE‘ia
lasfufonun MIMNUTBITTLULIE R MUAZMS
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muquﬁmﬂfnLLumsz:5uﬁwun13§u§ﬂawu5uﬁu
eANITUVINDBINTLINILDINIT  LAaLN1TUaDY
goslalumaiiusmsiierimiilunisauew
n'miaﬂu,az@mﬁumimmiﬁ%’uﬁﬁzmuL%’ﬁlﬁ
FniamItuAAsuENYNTEBNAINNTEINNE (Gastric
emptying) F9ifunaannnisidanszuatseam
1IN (Guarino et al., 2017)
Tunsawguimindadndnliinfnugu
SAUN1INANNEINNTOVRIENDILALLANIEEIU
gaglalunansiafiisawuiulsadiu  (O’Brien
et al., 2017) BoimrhilieduwgAngsn denlsve
waznInaususdnludAiunnillge ez
(Afferent) uazn1sviavaINafensiialdsiuanns
s aUlaY SruudssamaUnae a0y
futany wazateizaneg Tusene @l diu
fudou suladu meduemis wazndmile
5auﬁmmLﬁmﬂ”mﬁ’umiauqawﬁomu Toenszus
Uszamuazgaslauane Tz donannazieda
F0IUTWEIIUTBITNBTIN S U1 TauAaY
nstiey dayawmanisuldun masundenu ms
THwdou waznswW I WENuargna LU
CHEN BTl Tumimuquﬁﬂummﬁmmi
P93 9MeiARerlF M iansemsLisone
sansh Ul uazdrsaendssuasiremaluzing
wmﬁiwmagnﬁwﬁmmsﬁwLiﬂwé’amu Foriu
mmﬁﬂﬂnﬁ‘*ﬂmmiﬁmfhﬁdaéﬁyzmmLLaz%'u*’il’aga
ypdaNaviviuiladudrdresnisiialsndiu
NMNgANTINNIFVYTEMUBINTARAUNA
(Eating disorders) (Miller, 2019) WpAnIIN
N13AIVANDIMTLAE MR AN T NS TY
ANNULSUSWTRI RS IMSWiuaasla fensAnm
289 INELBR (Peschel et al, 2016) fiwu i
lsaydudis el (Bulimia nervosa) w3sln
dvrafirANuLdsUTIuTeRTINMSHUIBIILE

H19Auligs (High frequency; HF) Tuszéiugs
FetiettensvhauzsssTULUsT T Bammin
fanntu Turnzidanudgefimanmadtugidu
Tsadu (Vishrutha and Lyall, 2019) n3aiiif
woAnssuMsNuNNAulY (Overeat) NNINTEHU
NNDTNAITOIANMNLASEA (Young et al., 2017)

Tugidulsadruaziinnsaanisieuses
Fumeaunauaraudaislufiunisaian
augawdssiansld wazmssundesu Tasns
TUNUMANLNLEAN Seuvdseam wheaaslau
uanmﬂ%wu\lﬁmn’iumjuQﬁﬁﬁmmﬂmﬂnﬁma
WNUNUDAN  LHU Qﬁl,ﬂuiiﬂé’auua”q FNEINNTD
wuldTugfifulsandadn (Anorexia nervosa)
WRZISALYIUEIY NSYIUTBITEULLSEEM
NiafAsuuseluTasamzlunguiindulsadan
WRZLMNU ezuaadiiiudunnzunsndou fe
Uaplseamaniay LLaznwsﬁnLauﬁLﬁﬂ%ﬂuﬂﬁ
Fhilsadutl owaznszaslfieszuutszammia
uaglalmandi@ld uonanil Asvaguiisilusome
lour nglaa lnsndizeslsd sasluu uaclalalad
1’7"1L1J§ﬂuLLﬂaalﬂTuﬂﬁLﬂuEﬂﬁ'su%ddwasiamigtyLﬁﬂ
WM sviuasemelun TR wENIU
WRZNIHNAAWATI UGS Tinsasuulas
PBINTIVINIUDDIFIUNAN LAUAYU LAaTNIITNHIU
LLu’J%uiz‘*n’h\‘iLﬁamLataum (Blood-brain barrier)
NasnasaNMIREUEUBFRA Y IUNMITUEMIENIN
Tusramelufieneiiugadludn Foduwaiilifise
Qﬁl,‘flui’mﬁ’m (Anthony et al., 2006; Bruning
et al., 2000; Jordan et al., 2010; Kentish et al.,
2012; Naznin et al, 2015; Vinik et al., 2003;
Waise et al, 2015; Williams, and Elmquist,
2012)

UM TNIUTDITLVUUTERMURE M IAILAN
dhinuuuszszamsemsdmasnuLaz I8



184 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

Wit Wé’\‘muﬁgnLﬁud’ﬁawé’n%agﬁmtﬁmﬁa
lagfufey (White adipose tissue; WAT) nnald
N5Y9UTBIBUTRY %‘mﬁmmnmim:éjumm
srunUsEamBnwman wenend sruuseam
Fuwundnanafisnslndsnuui sl
shana (Brown adipose tissue; BAT) #aunsvhils
NANTELIUNTINAALALURDENRINIUANNTDUDDY
Fmadiasenediasnistasanmsfivslnadinly
(Thermogenesis) ¥3aLNNSIHNANIUNUTELY
Wlauazvaanidan Feifunisvineiusesssuy
Us:mmﬁgnmuqﬂmmaﬂﬁu ABLVIANAAINETD
msfidmindannausenaldsnefisnsheu
P95rvulseamBannin Fedunsneuausns
Aothminga sy dadunsusunalnlunisis
n3lFndsuTasImezusin iiaasasuls
iﬁanﬁﬂﬁﬁmﬁnné’u\lﬂgamwLﬁuﬁmmﬂuayj
Aountin wazfanwudiadn nsvieIuiinaniiu
Wuszeziiamuiueesssuudseanduniinin
auifumalithminissnnTudy wesnanmsan
AMNFINTOUMTHAULARDI S EWANULABNY
N13AIVANAINT  (Down-regulation) INLUAN
arasluiztines (B-adrenoceptors) Tunig
ATINUDIN  MINAANITVNIUDDNTEUUYTERIN
Fuwninas Neziiunisdisandnsinisnanuas
UaDEWAIUANNTOUDBITNNY LA TIUTNAR
WRIUDBII 9Nl FRT (Guarino et al., 2017)

AN UYSUSIUDDIA RTINS U IRRLR
’(uﬁﬁtﬂﬂiﬂé’?u (Heart rate variability in
obesity)

INAMNNAUNAVDINITNINIUDDITS VY
Uszamdnlusmluiiiulsedou Samuanalisuga
PDINITNNNIUDDITEVVUTERINBUNUNANURE

W B mani narensFnsseud Tunis
wWasuwlaimsvimiiiiesssuuyssamsnlusia
Mnan  ’1xsaUseiiudienisieziaining
wUTUIUDRIFATINTIAUD BT LA LA LRE LGN
ANNLUTUTIUDITRT NS HUTRT e fiAanay
TuQﬁLﬂuBﬂa”au FWAUNVIMNY UARENFNDINT
WUNUBAN (Adam et al, 2017) asVipudonis
euessrusEanBunmanidudndnuas
ﬁﬁm%wamu@Nmiﬁmﬁﬂﬁmmﬁﬂa (Rajalakshmi
et al, 2012) lallafinenguyanailuiifinng
Andnfinigunuainuiniufinuienisvieuses
sruvlsramaalusTRfiAsuwdacly a1nmsfnm
Tufl 2020 518973 WIATiBeRsISUaTinY
dminifu nieduseiy arfidhsnsidunes
ﬁ'ﬂagaﬂﬁu ANAMNULUTUTIUDDIBATINTLAUDD
wlazasmaniuassdandmiag WiaSeudieuiy
WA INUNG Fanaaléin msvheu
29952 UUUsEamMRluTRraImsnluaTIsamsn
wWasuuadldmuaduiaaniy twing uay
mimLmuaaﬁmaongiﬂmaamimﬁaué?amsﬁ
(Husin et al., 2020)
AMNLUTUTIURITAIINTLHUTRIR e
Hunsiisuntasrasdnsnmadiuzasialadiia
PINNTRURIUDDNTWIIRNIEATNDATINILAUDDI
Wlausarads Fedudiiasfiouieanuanngn
gaslalunisusudsdesaunisalineg uas
fansnnaurusdldatensidadaiiilinns
aan13ailé (Rajendra et al, 2006) Anva §diou
TNANNENARTBINITINIUTERINTEUUYTER M
FUWINAN AT TEUUUIETMNITIBUNINANAIEL
(Task Force of the European Society of
Cardiology and the North America Society of
Pacing and Electrophysiology, 1996) sratfu
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AT uTasdaMsueslaiitegmiun
T lunsdszifiunemsvieuzesszuulszam
dalud@nmlalunguiioe  (Karmali, Sciusco,
May, and Ackland, 2017) Famsuszgndlilume

(%
a wva o

VEUHTRTY  ANNLYIUTIUDBIDRTINSIAUD DY
Wiladuusiunisnensainzilanedundu
mstszfiumavhauesilauasiaanidan Sediu
mstasiunisidedinannlserlanarviasniion
(Vishrutha and Lyall, 2019) sandedeldlunns
Uszifiunnzifuiheneunusdndls  (Dong.
2016) ﬁaﬂtmf‘:ﬁmmﬂﬁiw ANNLUIUTUBIERI
maduzasilafiusieinedanm (Biomarker)
Wﬁ\‘lﬁﬂj"lﬂﬂi:LﬁuLLﬂtWEJ’]ﬂiﬂjQ?lﬂWWIuE]U’]ﬂm\l@]'
(Young and Benton, 2018) lasiladendniidona
famnNLUIUTIuTBYsATINMTSiuzeeala Liun
3ruvUseamMARlusR  warszuunelafiadenali
A1ANNLLUT LTI ATIMI DB la sy
Wevmeladnas Lﬁmmmnﬁmim:ﬁumiﬁwmu
P095sUlIEE MM BN IIMAN duiladudus
lourd o1y e wwwie (uii-uienines;
Beta-blockers uaziaatfun s1satua udanines;
Calcium channel blockers) ﬂ’ﬁguqvﬁ' LOANDEnA
uls5wand (Baroreflex) NSAIUANY NN
(Thermoregulation) 88514U 1A TBINTUBUYIEL
NIDNMAINIY LALAIINIATYA (Manimmanakorn
et al., 2018; Rajendra et al., 2006)
p89lsfinn  AnNdNRuSTEnInelsadu
AuANNLUTUTIUTBITRT NS UTBIILR lULAN
LLat@’imysj’a\lsjmzam%’ﬂ fivaensAneisenu

. @
A o

9N UDDITL VU T NBUWUNANNNN
FURNINTY  wazyheuantiaas ALANL
NIRANIINWIUTDITE VUL I MWITNBNNUNAN
(Rajalakshmi et al., 2012) {ulylddn sezia

Fiiulsasuiudwasioszfunsieuaessyuy
YszamBnwndn leenmsidulsaduegneniuu
a::ﬁﬂﬂg’msamm‘sﬁwmumaﬁ:wﬂ‘s:mm"&ﬂuﬁﬁ
davine dufle UENIINAZAANMITNIIUDEITLUL
UTEAMMWITBUWINANRILED TIRANITNINIUDDY
FeUUUTEEMBNNIMANDNGIY (Yadav et al., 2017)
§UNTIATIRANNLLTUIIUTDITRIINITLHU
gawilalufgeongiiiulsadu. wud figied
NNINNUDBII L VU TE R MW BUNUNAN LA
FunmAnfiduiusiusgronnfunas wlsiuns
ﬁumqﬁmnﬁummﬁwﬁu NaNAD NMINNIUDDY
FEUUUIL MW BNNUNANIZAAUBDUAY LATEU
Uitm‘wfmmmﬁn%ﬁwmmn%ﬂu@gamq
(Yadav et al, 2017) Tuil 2019 fAnsAns31EU
5\1mmLmiﬂsaummé’mwmilﬁummﬁﬂﬂuﬁﬁLﬂu
Tsadmdn  n3anasreInNLlTUTIUBIERT
mIusasladuiusiunsindusasNIslasiu
Tavnalus e Taswumaeusssssunlsyam
é’miuﬂ'ﬁ‘ﬁ'ﬂmﬂﬂﬁlﬂu@ﬁﬁﬂ%mmﬁaLE‘ia\lmﬁu
Tumiiiesnn (Triggiani et al., 2019) iHuLfeniu
fAnsdAnuluiilifulsaduaulneilidianssu
NN (Physical inactivity) Wu31 ANLU5159U
2898R5IN5Lu09 a7 AT LR E BT A
(Time domain parameters of HRV) ﬁﬂ'ﬁﬁha\‘l
f1uANLYUINDBIFRIIN T FuD a9 e
AT RFIBANNETAIANEAT (Low frequency)
Lm:a’i’mmumammmmﬁﬁwiammﬁga (LF/HF
ratio) agiuitﬁugd FaUeEBomsfinnITIe
2093 vudsramBuwuninduiiuiladuadny
2a9IMIuiiRaUnAzeess vl e e mSalush
(Autonomic dysfunction) LﬁaLﬂ%ﬂmﬁﬂuﬁmﬁﬁﬁ
ARpiNIaN1BUNA (Saechee et al., 2019)
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a Cd ar w
MINATITAANANLLTUTIUTDIBATINTLAU
p9vala (Analysis of heart rate variability)
NIAATILIANMNLUTUTIUDDITATINTLEU
pavialagnihanldlunensjufiieyssifi
UseAnSmwnsviauzasila wennsnilsn saud
U1 AUNITVINIUTDIT LUV A ME A LU AG8
*%'\‘1Lflui'ﬁmiﬂi:Lﬁuﬁisjﬁmiﬁwqﬂnsmﬁ[mﬁﬂﬂ
Tusrene (Noninvasive technique) MINATIZHL
Jufugyuuunsdssfiuntienisnansmhlygiudgn
[ U v U 1 a € v ]
dhilsadwule suldun 1) msdwseigiezanan

(Time-domain parameters) LR 2) MINATIEH
A NE (Frequency-domain analysis) (Mirescu,
et al, 2017) FofimAerziuazyssidudol

1) MINATLHAFWEWIAT  (Time-domain
analysis) \fuismsaiiuySuna acldsneg
Fouaalums i 1 Sesnansatieiienazmarieu
29932V MERLUTALS (Delaney et al., 2002;
Manimmanakorn, et al., 2018; Rajendra et al,
2006; Young and Benton, 2018)

A5 9N 1 MIAUATZHFIBEIIA (Time-domain analysis)

RERIGE]

NSATUIUAN

ANYINE

1. SDNN
(The standard deviation of

normal-to-normal R-R (NN)

AneluuNIngg U (Standard

[
@

AMgeIuENIUSIUgIN AR

deviation) #lFa1nn133ndnsn
MIduasilanasn 24 lug

. ' & a _ aa al =
intervals) (VUELTUNRRIUIM %98
Millisecond; ms)
2. RMSSD 370 (Root) TavALaReYaY LNBRINISVINIUDDITEUUUTE RN

(The root mean square

a A o °

successive difference of §j
intervals) a8l

ANHNLANANDAY NN intervals

WITIBUWIUNAN

MedRniuanmaesny (vuleduy

A %38 Millisecond; ms)

3. NN50
(The number of NN intervals

differing by >50 ms)

PUIUATEY NN intervals
NFefuNINNI 50 daRui
(mieduduiug)

YIBTINISINUDBITEULYSEE M
WINBNWINAN wegedn1uan
THudawangiioy

4. pNN50
(The proportion of differences
between adjacent normal
interbeat intervals that are
>50 ms)

dasuag NN50 ¥n3628
PUATBY NN intervals

YIBTINITVINUDBITEULYSEE ™M
WITIBUWIUNAN

nvun (riedu %)
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Tunstszdiutl seiniewisfmesisnts
WumunuuanAianuLlssiuzeednsIn1sieu
289%la Liui SDNN uaz RMSSD wn@1 SDNN
A1 e HA1 RMSSD warA1nuulsUsuney
fnsnsudiuzasialasasiny asviaufenisineny
PO LU a MBI nAnfinnTu snauiasnain
AMazanuiuihefidenarassuulse R manluga
(Manimmanakorn et al, 2018) a#1alsAmu
FUWNIANENTINIUT MIdTeiuANNLLTUTIU
PagdnTMaiuzaslaseinsinssiigaan
FumsTasmemuudstsuluszosdu (Short-term)
WarsanaimANLUTUTILYassRTINTHuTes

v €

Wlant1e9as  FedmnnduRusiunN1svineu

NTEUVUILRMWITTNWUNGAN (Delaney et al.,
2002)

2) MIPAIATIBANNG (Frequency-domain
parameters) \{uASMTildFanasfiumendinaans
Tunsienedt leeflsndwneisieidnnnes
siansa Lauda (Power spectral density) fived
fan19ve eI ULY T A MSRlUTRI NN LY
29ANATEINTHUTDIIALE (Delaney et al.
2002; Manimmanakorn et al., 2018; Mirescu
et al, 2017; Task Force of the European
Society of Cardiology and the North America
Society of Pacing and Electrophysiology, 1996)
Fapngf 2

AN 2 NIVINUDBITEUUUSE R IMERlURINNNITULNTINAINDTDINSLEUDBITLe

ANYINE

NMMSUUARA

wfmes 229ANE (F5ad)
1. aulige (High 0.15-0.40
frequency; HF) s Iuiafiund®

7138 Millisecond; ms?)

LIBTINSYIIIUDRITE UL

UILEMWITIBUNINAN

o AANNDFITU
> UUUITERINWIG-

FUWINANTTINTUNINTU

0.04-0.15
e dufiafdund?

2. AMNER (Low
frequency; LF)

738 Millisecond; ms?)

LIBTINFYIINTUDRITE UL

UszammdunIman

o ANANNAFITU
> An5vineueesTuL
YILEMAIBUNINGAN

LRSWITIBUWINAN

0.0033-0.04
e duiafiuni

3. ANNDTTAUMININ
(Very low

frequency; VLF) 39 Millisecond; ms?)

Aa

ﬁa%ﬁamimuquqmwgu
(Thermoregulation)

NI NIUDDNTELULTUTU-
uasdlamudu (Renin-
angiotensin system) FRtVIaN]
MINIUDNTEUVUTE M
W BawmAniidanasts
smmsiiuaainla

(Heart rate)

o Foyadslidifuiidilawidn
Fudhalaidpaiinnsuinnld

Tunsudana
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A1999 2 MIYNUTRITE LU E M RLUSRINNNTULNZE A NNETRINTWIUTRITRR (5B)

wfimes #9AND (1E5A%)

ANYINE

NMMSUUARA

4. FAaUTDIEN -
ANNdAde
mmﬁga
(LF/HF ratio)

VBt NTNARTENIN
JLUVYTERMBNNILNAN
LREWITIBUWINGN

. é’ﬂdaumammﬁﬁmgo
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Abstract

Scapular dyskinesis, an altered position
and kinematics of the scapula, can lead to
abnormal movement of upper extremity and
increase the incident of shoulder injury.

Objective: To investigate muscle activity
of Trapezius muscle in individuals with scapular
dyskinesis during above-shoulder level task.

Methods: Twenty-eight participants, aged
between 20-22 years, were divided into two
groups. A scapular dyskinesis group (n=14)
and control group (n=14). Surface electro-
myography (SEMG) was used to monitor upper
trapezius (UT) and lower trapezius (LT) muscle
activities. Participants performed a maximum
voluntary isometric contraction (MVIC) and
above-shoulder level task. SEMG was recorded
during above-shoulder level task at 0, 10, 60,
120 and 10 sec after finishing the task. These

EMGs were normalized and presented as

%MVIC. A mixed ANOVA was used to analyze
the differences of the %MVIC within and
between groups.

Results: In comparision of the % MVIC
at 0 and 120 sec, only the %MVIC of upper
trapezius muscle in scapular dyskinesis group
showed a significant difference (p <0.05). In
addition, the %MVIC of lower trapezius in
control group was significantly greater than
that of scapular dyskinesis group (p <0.05).

Conclusion: The current study demon-
strated that the lower trapezius muscle activity
in scapular dyskinesis group was significant
difference compared to the control group and
the upper trapezius muscle activity was

significantly higher over time.

Key Words: Scapular dyskinesis/ Electro-

myography/ Above -shoulder level task
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LIA 8.278 0.000* 0.648 0.531
mﬁu*L’Jm 0.661 0.621 1.810 1.73

°_ w

* uanANaENNTBEAUNINEDR (p<0.05)
A1397 3 WawSeuisud %MVIC 289
ndaonsfiBuasuuussnitangs Scapular
dyskinesis AUNGNAILAN WUIINGNAIWANTNNT
Feuzeendiionsfidossuouninndn
Nau Scapular dyskinesis Tumnﬁaanm webaiwy
ANuAnseiy TusnisfidlaSoudisud %MvIC
yosndanilensfiuasiudn wodnguaiuas
fimavhanuzesndandonsiBeaaiuaannni

A199N 3 uaAvAIRRLATEUTEUUNIATFIULEY %MVIC

AIUAN QU LIRIENG

A o

ngx Scapular dyskinesis peiNdTBEANIEHR
Tunnaireiian (p <0.05)
9
LAsLNDITIUITBUAT %MVIC TDIULARY
NANLRITIN Q. Audin 0 fu Judin 120
wuddisandsiilensnidoasiuuy Tungs
Scapular dyskinesis intu A8AMNLANGNTUY

° w a

DUWNUBRIAUN DA (p <0.05) 289AT %MVIC

PINRINLBNI NI BUTFIVVULAY

v 31' - [}
NAMNLUDNINWIBRFIIUDU

v &’ - [} i
ARNHNLUDNINWIBLFTIUAS

N8y scapular . Nay scapular NENAILAN
NAaNAIUAN
A1 dyskinesis (" 14") p-value dyskinesis (n = 14)  p-value
n =

(n = 14) (n = 14)

X S.D. X S.D. X S.D. X S.D.
3u’1ﬁﬁ 0 724 451 1166 7.37 .067 279 220 531 3.61 .034*
3u1ﬁ17'i 10 8.37 505 1189 7.84 170 215 1.43 528 3.23 .025*
3u’1ﬁﬁ 60 9183 523 1228 7.71 217 2.03 124 512 250 .000*
3u1ﬁ17'i 120 1018 521 1357 7.01 159 1.92 1.09 6.01 3.24 .000*
Mﬁdéus’\lﬂﬂ’]’iﬂﬂﬂﬂu 10 Ju 813 531 1112 7.09 217 243 160 519 3.01 .005*
Wisufisusenineiund 0.03* 1.19 356 139

i 0 ffu 120

v o

* uaAnANaENNTEEAUNINEDR (p<0.05)



204 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

Al 1BNaN13IY

NNTITBANHWLINGN Scapular dyski-
nesis An1svhviuzaanaiiensidosauuu
Wisuifieuszning w 3unfiil 0 Audundid 120
Lﬁuﬁuaﬂnﬁﬁﬂﬁwﬁmmmﬁﬁ (p=0.03) Turuedi
néaiansmEBsuseiinaiheliuansneiu
WowSsufeuszning w uadiil 0 Audund
i 120 munéjumuquﬁmiﬁmmmaaniﬁmLﬁa
R EraE UL A liNLANLAN ATy
WaSeuifieuszning o Sundiil 0 Audundii 120

WewSpuifsundmilensfiGeadiunu
URTRIUNIITENINNGNNL I fifvengaile
nfieasiuasiniu fimeheuiiuanseiu
sevninnguegeiduddynealif (p<0.05) Tu‘v;n
Fram wilpaissnanmsseuussasandie
nifiBoaausluiil Scapular dyskinesis
(Huang, 2015); (Huang, 2016) #sf{iiil Scapular
dyskinesis #il@a Inferior angle az#iln Medial
border Tuzuzin Inferior medial border 789
nazgnazn azfiuumaindaulynagiudng
(Lateral) sauulUn@ way Inferior angle 184
m:Qna:ﬁ’ny}uLﬁiuﬂﬁ’maaﬂmmaﬁmwé’ﬂummzﬁ
Superior angle maonﬁ:@ﬂatﬂn%Lﬂﬁauﬁﬂﬂma
Fuuu (Upward) wazsnneduly (Medial)
AaLUILUNG miﬁﬁﬁLmua‘*ﬂaangnazﬂ’nﬁmi
esasuudadludivilingsilousiinseus
FoeinsUsudmasuasuaziaginanluaia
JUULUNITINGN Festanasionsvhauzand e
Tasfingaiilafinaduasfnisheusinniung
uazndrsiiefidasdedendmidansmi s
gruavaziinnuudoisanas SINAUANBULYINM
ﬁﬁﬂnﬁmﬁauﬁﬁﬂwmmgj"‘[uvmaLLatmaaan
(Shoulder flexion and abduction) (Oatis, 2008)

ﬂi:@ﬂﬂ;‘:ﬁ’n%aﬂuﬁﬁma Upward rotation Liag
ndandlonanfivhanudendandonnfifoaduuy
uazans Teendmiinfeansdntesviennduuse
AR TandwiensfBeasuunasymiigi
Lﬂuﬁ’)ﬁdﬂit@ﬂﬂtﬁﬂ“ﬁu (Elevation) waznganile
niiBeadusaduimsinszgnaziings (Depres-

sion)

S7UNANT3IY

nwan1sfnEmudn TuvimnefiviAansa
fifiauguniasziulnaluaufiianaiadni
maw‘hmeLLa:miLﬂﬁaulw'gmaan‘;:@na:ﬂn
%39 Scapular dyskinesis 2¢dN199191UVDY
ndwilansfifoasdiudvanasifiow/soudiou
AUNaNAILAN 5\191%\1wa“lﬁﬁanﬁuﬁﬁmmga
wiflasesulng onavhlidisanudsssansuna§y
ypediplnaldluszezend

mshwanisansn luldneadiin

mnmiﬁnmwmﬂumg’u Scapular dyskinesis
finsusssndaniansfifoafiuansgan
ngumuanlurusvhauiganinszaulng Fratiu
mﬁnm@ﬁﬁ Scapular dyskinesis 91391 JUgDY
AsunstinndanionfiBasiniumssile
ﬁaﬁanﬁuﬁﬁﬂwﬁw

danauazdaidus Uz NN
miﬁnyﬂuﬂ%\iﬁﬁﬁﬁﬂhﬂﬁﬁwmiLﬁuﬁaga
Tundantle Serratus anterior Fafundaniladnga
fitusneauiunsasdeds Scapulothoracic
auzfinandoulmzasdolusd Feenazanaduie
Han3AnEfinuIinseuanasandile

NINIBUFRIUANLAZDDUNIUNMTNUTBINA NS



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 205

mww%ﬁmmuuummﬁjﬁﬁ Scapular dyskinesis
ety

ANuninTadianssuiildnasay  nsAnE
afeiilailgdn1sudnd vl foedmiinoes
senedusuwintu Se1easliviiounisviianssy
fvinludindszanu

NN DY

Bagg, S. D, and Forrest, W. J. (1986). Elec-
tromyographic study of the scapular
rotators during arm abduction in the
scapular plane. American Journal of
Physical Medicine, 65(3), 111-124.

Cools, A. M., Witvrouw, E. E., Declercq, G. A,
Danneels, L. A., & Cambier, D. C. (2003).
Scapular muscle recruitment patterns:
trapezius muscle latency with and without
impingement symptoms. American Journal
of Sports Medicine, 31(4), 542-549.

Cram JR KG, H. J. (1998). Introduction to
surface electromyography, Gaithersburg,
MD, United States. Aspen Publisher

Ekstrom, R. A, G. L. Soderberg and R. A
Donatelli (2005). “Normalization procedures
using maximum voluntary isometric
contractions for the serratus anterior and
trapezius muscles during surface EMG
analysis.” Journal of Electromyography
and Kinesiology 15(4): 418-428.

Falla, D., Bilenkij, G., & Jull, G. (2004). Patients
With Chronic Neck Pain Demonstrate
Altered Patterns of Muscle Activation

During Performance of a Functional Upper

Limb Task. Spine, 29(13), 1436-1440.
doi:10.1097/01.brs.0000128759.02487 .bf

Falla, D., Farina, D., & Graven-Nielsen, T. (2007).
Spatial dependency of trapezius muscle
activity during repetitive shoulder flexion.
Journal of Electromyography and Kinesi-
ology, 17(3), 299-306. doi:http://dx.doi.
org/10.1016/j.jelekin.2006.03.005

Huang, T.S., CY. Huang, H-L. Ou and J.-J.
Lin (2016). “Scapular dyskinesis: Patterns,
functional disability and associated factors
in people with shoulder disorders.” Manual
Therapy 26: 165-171.

Huang, T. S, H. L. Ou, C. Y. Huang and J. J.
Lin (2015). “Specific kinematics and
associated muscle activation in individuals
with scapular dyskinesis.” Journal of
Shoulder and Elbow Surgery 24(8):
1227-1234.

Kibler, W. B., Uhl, T. L., Maddux, J. W., Brooks,
P. V., Zeller, B, & McMullen, J. (2002).
Qualitative clinical evaluation of scapular
dysfunction: a reliability study. Journal
of Shoulder and Elbow Surgery 11(6),
550-556. doi:10.1067/mse.2002.126766

Laudner, K. G., Myers, J. B., Pasquale, M. R,
Bradley, J. P, & Lephart, S. M. (2006).
Scapular Dysfunction in Throwers with
Pathologic Internal Impingement. Journal
of Orthopaedic & Sports Physical Therapy,
36(7), 485-494. doi:doi:10.2519/jospt.2006.
2146



206 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

Ludewig, P. M., Cook, T. M., & Nawoczenski,
D. A. (1996). Three-Dimensional Scapular
Orientation and Muscle Activity at Selected
Positions of Humeral Elevation. Journal of
Orthopaedic & Sports Physical Therapy,
24(2), 57-65. doi:doi:10.2519/jospt.1996.24.
257

Lertsinthai, P., S. K. (2015). “Comparison of
Back Muscle Electromyographic Activity
during Sideways Sitting Between Flat and
Inclined Surface.” Thai Journal of Physical
Therapy 37(2): 11.

McClure, P., A. R. Tate, S. Kareha, D. Irwin and
E. Zlupko (2009). “A clinical method for
identifying scapular dyskinesis, part 1:
reliability.” Journal of Athletic Training
44(2): 160-164.

Oatis, C. A. (2008). Kinesiology: The Mechanics
and Pathomechanics of Human Movement
(Second ed.). India: Lippincott Williams
and Wilkins; Second, North American
edition (February 2008).

Poppen, N. K., & Walker, P. S. (1976). Normal
and abnormal motion of the shoulder.
The Journal of Bone and Joint Surgery,
58(2), 195-201.

Portney, L.G, and Watkins, M.P. (2008) Founda-
tions of Clinical Research: Applications
to Practice. Upper

Saddle River, NJ, United States. Pearson

Education



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 207

ﬂ’li’AJLﬂi’lgﬁﬂaig‘VIB'LQW’]30[uﬂ’1$’2"lil1j’li’]ﬂﬂ’ﬁlﬁﬂ?ﬁlﬂu 200 ez 400 NA9

289UN AT TBUN [N UDTITUARIULASTIR ASIN 45

WIWaI leuan duau ety 1o3m Bansdu uas SANUA NIl
Aug FUANIAIFAINITDANMAINBLAZNTARY AULINLIFERSNISAR um’mmé’ﬂyim
Received: 3 July 2561 / Revised: 29 July 2562/ Accepted: 15 July 2563

A o

a

UNANED

Foquszasd n3iduadeilifnguszasdiiiadnun
LL@:LU%EJ‘LJLﬁtmﬂﬂtgﬂﬁrLQW’]tIuﬂ’ﬂﬁﬂ’]’hﬂﬁ’]’ﬁ’mLLﬂt‘Viﬂjd
waTESvENMINENIIWEfLUTiRRadaR a3
Tum i enafisanss 200 WAT Wy 400 (WA

oo oA

Tunsudedufimuviend adeft 45

ABaiiunnsiaw mﬁuﬁ”m&iwﬁuﬁfﬂﬁm’jwﬁﬂ
W 16 AU (e 8 nde 8) TdTinnTudedu
FOUBIBULIAATIENITREINEN 200 LUATUAY 400 LA
Tunsugedufimuiend adefl 45 Sufinnnwnisusedu
Toeldndeeiufinnmilanud 50 Bivuuuvsulisu
1 AnnzidoyanagnslanizoniuaInnsaluns
Frilaglusunsy Dartfish wWisuifisudadsuas
druidssuuniasgiuseiulssznitewalasldaia
t-test Lmuaa\anz\juﬁLﬂuﬁas:ﬁiaﬁu Arszinisonass
L°?1\1Léfw,muw*q@ml,ﬁawmnmiﬁaLLﬂiﬁdawmiammmmsn

aada

Tumsiein neseuanuiissdyneaiffissdu 0.05
wan1539e  nagnilamziinAwildlunisudedu
FIEMTAUINEN 200 LNAT WA 400 LNAT TN

indedisuazndeiizduuuidiediu lasdninizie

ﬁmLaﬁﬂ’[umiiwﬁmmmnnmmﬁo anuSuaaslung
iﬂﬂﬁﬂﬁﬁﬂQoQﬂTuﬁ’]ﬁLéﬂ Wialad n3siBee wavvinu
sy ansiSaedtlunhehuasdrs ey
AU UM IUTNTUTIBNIFEINEN 200 (WA fiAnganin

400 LA (p<0.05) ETG]‘J']?E]‘ULLﬂuﬂHu&iﬂuﬂﬁﬁLﬁN%uﬁ’]‘Eﬁ

FofidTannusansalunsisiudisiy Tunenduiu
eszazmsiildanmamyuusiluafodenfintusng
iammuﬁmguﬁiamﬁ%aﬂaa fofiEiaanuamnsaluns
Fethsspena 200 wins ﬁmmﬁmg\mdﬁw:mo 400 LNAT
peflpE AN WEDA (p<0.05) aNNITWRNNIRLLBILEY
wuerasuaisluniseifonas 200 wes =
~0.313 + (0.549* ANSumsIevinnsalag) + (0.551*
anuEeaslunsndufanifdeldingsde) uas
anusnadelunsieiifiewas 400 wes = —0.010
+ (0337 anwiEalumsiniviniiae) + (0.294* ATE
Tumsenvingside) + (0250 AnwEalumsiiei
YnSalad) + (0.035* fuild Yaauaasolunsinmi
¥iNY)

asUwams39e nagndlawmzasainfimililuns
BT TEMIREINTNITZEEING 200 AT WA 400 1A
fistuuy Lﬁﬂ';ﬁﬂi@ﬁfﬂ'hﬂﬁﬁ"ﬁﬂﬂLLa:wnja Toefiransade
Tumshehdsngegeluiiide uazsgeluvinny auns
wensalenas et unhethyensiemas 200 wins
WaY 400 AT waaslufeiladuddufiannsald
Tumavihusanuswsalunshshuaddfifudoya

ﬁ’]‘v‘i%’]m’]i’l’]\‘iLLNuﬂ’ﬁﬂﬂ’ﬁﬂNﬁﬂw%’Uﬂ’ﬂﬁﬁ’]i’]ﬂqﬂﬂﬂﬁia\lﬂ

Asdn: napnslanzlunmsined / audneuesas
fwsaluns e

Corresponding Author : 81313fwawail lseuen, AnzInAmanin1sin aninedoysw say3

E-mail : phornpot@buu.ac.th



208 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

ANALYSIS OF SPECIFIC SRATEGY OF THE 200M AND 400M
INDIVIDUAL MEDLEY SWIMMERS IN THE 45"

THAILAND NATIONAL GAME

Phornpot Chainok, Hamdan Nakkanueng, Irin Sowhasun and Radomyos Matjiur

Research Center in Exercise & Sport Science, Faculty of Sport Science, Burapha University
Received: 3 July 2018 / Revised: 29 July 2019/ Accepted: 15 July 2020

Abstract

Purposes The purpose of this study were
to study and compare specific pacing strategy
between male and female swimmers and to find
the correlations between swimming characteristics
and 200m and 400m individual medley swimming
performance at the 45" Thailand national game.

Methods The performance of the sixteen
finalist swimmers (M = 8, F = 8) competing in
200m and 400m IM events in the 45" Thailand
national game was filmed at 50 Hzs and analyzed
using the Dartfish software. Independent t-test was
conducted to evaluate any differences in pacing
strategy between male and female swimmers and
a multiple linear regression was used to create
the predicted equation of 200m and 400m IM
swimming performance. Statistical significance
was set at p < 0.05.

Results The specific pacing strategy pattern
of the 200m and 400m IM swimming were
similar between male and female swimmers, with
a greater average swimming velocity in male than
in female. The swimming velocity was the highest
in butterfly, followed by freestyle, backstroke and

breaststroke, respectively. The average of swimming

velocity and stroke rate (SR) were significantly
greater (p <0.05) in 200m than in 400m distances.
In addition, The SR increases proportionately with
stroke index (Sl). On the contrary, stroke length
(SL) increased as SR decreased. The S| was
significantly greater (p <0.05) in 200m than that
in 400m. The prediction equation was velocity =
-0.313 + (0.549* FR speed) + (0.551* turning
velocity of BU to BA) for 200m IM and was
velocity = —0.010 + (0.337* BU speed) + (0.294*
BA speed) + (0.250* FR speed) + (0.035* stroke
index of BR) for 400m IM.

Conclusion The analysis of specific pacing
strategy of the 200m and 400m IM swimming
events showed a similar pattern between male
and female swimmers, with the highest velocity
observed in butterfly and lowest in breaststroke.
The multiple linear regression analysis revealed
the key factors in predicting swimming perfor-
mance of 200m and 400m IM, which can be used
for designing specific training program for each

swimmer.

Key Words: Pacing strategy / Swimming stroke

characteristics

Corresponding Author : Mr. Phornpot Chainok, Faculty of Sports Science Burapha University, Chonburi, Thailand,;

E-mail : phornpot@buu.ac.th



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 209

anuflusnuazaadfysailami
v’m34mmsnﬁgaqmaoﬁnﬁwﬁwﬁﬁuagﬁu
p9ALsznaUMUATIURaINatudf  (Morais
et al, 2014) 9NFUUVUNITITBUVVARDIN
NUIBIALTENBUAUSZUUNAWNUY  (Energetics)
(Toubekis et al.,, 2011) Fnarans (Biomechanics)
(Morais et al,, 2012) waznsenaln (Motor control)
(Silva et al., 2007) AdnSwalaeAsaiaANNEINTO
ppatinfimined ey AnudSesaeinin
Freilunsuseiulumssanyszansnmluns
Fret Fedsziuandnidiaanusmnsones
My et (Stroke index) uwazyUszAndninaas
wssndniialiandaieuiiliinemii $anfunsine
naqmﬁmwwt"[umﬁwﬁwaaﬁnﬁﬂqLwiazqﬂﬂa
(Specific strategy) m‘moLqunaqmﬁ’Lam:Tumi
usiufiaanadasiuaundanuaraussonIw
NNMBILEINALALATIFBNANIT BT U BIINARN
Feth (Robertson et al, 2009;: Thompson et al.,
2000) ﬁaﬁumﬁmm:ﬁnmLLa:aaﬁﬂi:naudﬁﬁm
Tunsie (Race analysis: RA) \fudayasiAty
bigRnseuuazinfinudilalugduuuuasnagns
fvinfAnl#luntsudedu nasaaulfifiansussiiu
AMNEINIT0TRNINARIAINNTRnF N RNl
WﬁumqmlfﬁaLLazﬂ%’uﬂjaagméauium‘sdﬂwaaﬂfnﬁﬂw
iwifﬂlﬂuiwqﬂﬂaﬁiam (Cossor & Mason, 2001;
Okuno et al., 2003)
naqm%ﬁﬁnﬁﬂﬁwﬂﬁﬁ‘iﬂunWiLLﬂﬁuﬁag
2 suuuuAsLULLBILIN (Positive pacing) visneiia
n15i1efinasqlunisineasaniausnisanin
Aemandsdadusssnan fmesinfim ey
asaniniseenaniindingls  wazuuudeay
(Negative pacing) Aan1sinefinanuisalunisine
ABINNUINLATASINIVAIFIa T (Saavedra

et al, 2012) Tumineseesn1y 100 WATRY
InAW1 WuensIeviAae nsadee nu
waznFalad IHnagnslunisudeduuuuideuan
Tuszazme 200 waz 400 wes dnimaulng
T%naqwﬂummmioﬁuuwL%\amn LAANNLLANGN
2a9A N5l uNITIBATINeLINEINTIATINIG
navaztiaunINTIelusTaLnIe 100 WA Ui
Wialadszazne 200 wms wuininfrnd el
naqmﬂum‘sdmumr’ﬁamn shutnfr et
TnagnslunisiuuuiBeay (Nomura et al,
2006) &duluseHze1d 800 -1,500 LNAT WU
ANLANFAINTIANLETUNITIIBATINSLSN
fundenavseroudnaedi Tunmshebwnienas
FanAindeeiinisineiueaiduain Wiide
Wnsadee vinu wasvinialed dufianw
wawnwmﬂunaqw%ﬁﬁfnﬁmLﬁaniﬁmummmﬁm
maamsdwEﬂuLwiazviwaaﬂ'nﬁWﬁWEJqﬂﬂa fratiu
mnmmﬁwﬁzymmgﬂLLuunaqwﬁ"’[umsmiaﬁumm
IR edvindisas @ﬁé’ﬂ%ﬁﬂﬂﬂﬂﬂ@ﬁ%
ﬁnmLLa::Lﬂ%'smLﬁﬂunaqwﬁ‘“mwwﬂumi'ﬁwﬁw
VUABIHEN 200 LNAT WAL 400 LNAT TN
inAmmesasinAvmdeidngnnisugeduin
whed el 45 uazifediaszinisanaas
L%@LﬁmmuwngmimﬂﬁﬁﬁuﬁaLmiﬁa‘szl,mu%umau
(Stepwise regression) fIRIHAABAIINEINITO
TunsiedeInan 200 WAT was 400 LNAT

InguszaeAraINsIaY
LﬁaﬁnmuazLﬂ%fﬂmﬁﬂunaqwﬁ’mmﬂums
USSR INENTZIENG 200 1HAT UAZ
400 WA FeninunARIIBLarinAIR AL
3mﬁzﬁmmmnaﬂL%@Lﬁutmuwu@mﬁawmnsni
fulsiidewasonuEsalumseinsens



210 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

WBIWEN 200 WNAT WAY 400 AT 2a9tinAwn
Fismnautsiuimuriennd adefl 45 serainad
ABadiunnsise

Uszang

Uszmnsildluns@neniseadsi fo wWniw
Frpdfidsannisudeduiniinedlusienis
WEINENTEEENY 200 WNAT UWAT 400 LNAT

Tun Ut uARILASENG ASIN 45 E9BRIUNNE

QEETPLERE

JutnAwdnetfidnssnisugeduseude
PULIRATIHNTREINENITHENG 200 LNAT WAL
400 LNAT 7UIU 16 AU (T8 8 AU WilN 8 AL)
PINTUTITURR AR ASeTl 45 svanad
(eaciBuadenisnd 1)

A1590 1 AlalBuardUDBIUUNNATTIUTBIAUANHULN NN NDDINGNAIDE

WEINEN 200 LHAS

WEINEN 400 LHAT

918N19 o - o - - o - o - -
UNAWIBY unnﬂmqga UNAWIBY unnﬂmqga

oy (@) 20.50+4.87 17.63+2.39 18.75+2.25 17.25+2.76
Yszaumsailunmsieh @) 9.38+3.78 7.13+2.36 7.88+1.36 6.88:2.59
dwnin (nn) 7183+667  5806+4.03  69.35+519  59.06+4.42
gy (3.4 178004558  165.19+217  17425+614  165.81+2.90
fflunaniy (n.n/ad) 2268183  2127+142  2273+146  21.46+1.33
ANENINDY (B4, 180.54+4.87  16850+3.07 17675587  169.25+3.11

FumsuMsALiunsHe

1. TufinnmnsudsiuleslEndaeriuiinnm
finad 50 BisuunmsguldTau 1 flaeead
ﬁnmﬁa@mﬁ’anmwaam: (25 LNRA9) ﬁﬂamga
WitpTeAuIaUaTE 15 LWAT ANIBN13TDY Tor
et al, (2014)

2. MINANBLINANNLTIEY (Rater reliability)
20938 tuiinawddle Tu 2 suuuude

2.1 MIUATNLAMULUIAIULINIIRINMTT

ﬁLﬂiwzﬁ"ﬁagamnm{iﬁnﬁmﬁaLﬁm AUTZVULIAN
29n13utedy lasldiSn1sfiansansuinved
ANNLANANTEINARABTaYIE NI TSN

Magnitude based interference (Welsh & Knight,

2015) wiaRansaneANNfisszensinlauaaas
é‘hLLUiﬁmnmmnmﬁmezﬁ"ﬁagamnmﬂ"ﬁ
NADIAIABITUILVULINITOINTUDTITUR AN
uanaiufiSasas 0.13-8.70 (0.005 < P < 0.05)

22 mimwaaummLﬁﬂommrﬁ%miwzﬁ
TmﬂmimﬁaaaummLﬁﬂamm@,mw:ﬁ (Intra-rater
reliability) Tuusazshudslaamsatnsuan 10 ass
1 2 Tuluudasiiuls (McCabe et al., 2011)
LALNBUALIEAUAINNEDAARDIDDIEDRALAYUN
(Cohen’s Kappa, ICC) auLuIMN NN Fleiss
Levin and Paik (2003) WUIHAMNEDAARDY

a

sgluinnusiladedteiiun (0.55-0.86)



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 211

3. n13lasshdayaainndeviflelay
Tsunsw Dartfish iiieldlunsimunszyious
nagnsiane liun fuanuasnsalunmsssnda
ANNSNUNTBlULARZ ANNEINITOLUNNT
NAUF ANNENINTOLUNMSENLEUSY UaTAUNNBL
Po9ANHENITILUNT I Esesunsandauys
é’mwsammuﬁmuﬁamﬁ (Stroke rate : SR)
itmmaﬁ\léﬁmnmimglutmuiuﬂ%v’oLﬁm (Stroke
length: SL) uazdilE Tanwamnsalunsieh
(Stroke index: Sl)

4. maasdayalulusunandinnsiauas
aaﬁﬂitnauﬁwﬁnﬂunﬁiwﬁﬁ BUU Swimming
Race Analysis LLa:'“:;Lmﬁtﬁ"ﬁagmﬁaﬁﬂmmm
AadsluudasfInls

5. nagauNIsuanLasuulnfzeioya
Toel¥adia The Shapiro Wilk test (n<50) Wuin
dayadinsuanuasuuuln (p>0.05)

6. IATTrLazSEuiBuARRELAEIY
LfimLuummgmmaaaaﬁﬂs:nauﬁmnaﬂqﬂﬁ""mwn
Tumsheissrninainfimineimeuazining
FehmdilaslHaan ttest wop 2 nguiiiudase
dafuiiseiuiinddymneaia 0.05

7. madanyindnss fvsandaisatheie
(Correlation) szvinfulsinaunnusiulsnennsal

TaeASnsveaiiesdu

8. NMIRFNENNIWENNIRIANS A luNg
N 1sAEINEN 200 AT wAT 400 LA
1MN115LAT1ENTaRneIdL R ULLNY AU
(Multiple linear regression) o35 ifiasusdaae
wuusuReu deazvniamassudulsneinsal
17'iLﬁﬂﬁunﬁ\lﬂnﬂﬂ%ﬂﬁﬁﬂﬁﬁﬁﬁaLtﬂﬂm\irﬁﬂummi
im’awans::wwiaéhLL‘Ui‘m\‘lﬁaﬁag”luﬂumiﬁauwﬁw
Tmm'hLLﬂi‘ﬁagjn'aummmgﬂm%’maanmnaumﬂﬁ
wnwubifianusdny

HAN15338
[4 (] s @ =
1. nagnslanrzdnivdninisisuas
tinfimwdslunmsudsiusenisiieInas 200 WRs
e A . a a:’ ~ [4
Tun 19U ITUARILYSTIR ASIN 45 FSVR NN
naqmﬁ’mwwzﬁm%’uﬁfnﬁwwwLLaz
Unfimvddlumsugedusensifena 200 W3
TUNSUISTURRIWASTIR ASIN 45 FIDRWNNE
§1N1T0AAIEHLA T 2 dnsauzAs (1) N5
wSsusufmulssdiiietasivaNaInT
sewintnimeLasIniwmInde (2) MIaehA
N30ANDLBLRULILNWAN LRGN R el e
LUUTUADUTNEINAADAITNEINITOIUNITIN8UN
FIWNILAUINEN 200 LUAT (ANTWN 2)
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mM3NN 2 nMslFsufsuiudsddiiiedesivarnuainisnseninainirsaLarinARIgsaes
MINBUITIINMSREINEY 200 WAT [UMIUsTUAmUeTR asefl 45 aspanua

Auls UnIW1ze (N=8) UNAWIWAY (N=8) p-value

1. anusilunseandn (15 WAT) (WAs/AuUnd) 2.28+0.05 2.00+0.04 0.01*
2. anuSlumshedihide wesAund) 1.76 +0.03 1.56 +0.03 0.01*
3. anuSlumshedingades wesAund) 146 +0.02 1.32 +0.03 0.01*
4. amadilumsisiwiny (WAI/AUT) 1.27 £0.03 110+ 0.03 0.01*
5 amuSilumshedwiwialed (wesAund) 1.58 +0.03 1.47 +0.03 0.02*
6. é’mﬁauumuﬁmgusiamﬁ‘[uvhﬁLﬁua (30u/UT) 52.84 +1.45 5354 +1.32 073
7. é’mmuLmuﬁwguaiammuvhniﬂ%m (38U/UN7) 3964 +1.45 38.06 +1.38 0.45
8. 5@13’15%LL’}JuﬁwgusiamﬁTuvhnu (30U/U) 38.03 +2.69 35.75+0.86 045
9. é’m'ﬁaumuﬁwgusiamﬁ’luvhw%‘almé (390/U1) 4458 +1.83 4390+ 154 0.82
10. szpzmeiildannismuunnluedodeluiiie (was) 201+ 0.06 1.75 + 0.05 0.01*
11. 5 :m\aﬁ\lﬁmnmswgumuﬂ%\aLﬁﬂﬂummiwﬁm (tR9) 2.23+0.07 2.09 +0.07 0.17
12. ﬁw:muﬁ\lﬁmnmsmuLmuﬂ%”’uLﬁﬂ'ﬂumnu (11R3) 2.06+0.14 1.85 +0.05 0.20
13. itBtﬂﬂdﬁ\lﬁﬂﬂﬂﬂ’liﬂguuﬂuﬂ%\‘]Lﬁﬂ’.]s[uvi’lwgi\i\lmﬁ (t09) 216 +0.11 2.03 +0.06 0.32
14. sl Yanuamsaiunseiluidide 354 +0.14 2.73+0.10 0.02*

(WAT/9DU*IUNT)
15. il Tannasaiunmsieilurinssdes 3.25+0.09 2.74+0.11 0.01*

(WY /9U*Und)
16. sasfiTaanaamsalunisieiluriany (Wav*/aurund) 263+0.22 2.04+0.10 0.04*
17. sl Yanwamsaiumshedh Tuiwsalad 342 +0.20 299 +0.12 0.10

(WAT/3DU*IUT)
18. anuiadslunsndui T (wasAuni) 157 +£0.02 142 +0.03 0.01*
19. aAnuisuadslun1andusy T2 (wasAund) 1.35+0.02 1.22 +0.02 0.01*
20. anuSiedslunsndud T3 (uas/Aund) 1.49 +0.02 1.37 £ 0.02 0.01*
21, anusuadslumsdnduts G wa) eesAund) 1.48 +0.03 1.43+0.02 0.38
22. Anusiedslunsiediswan (wasAund) 1.44+0.03 133+0.03 0.01*

naewme: T1 anaSeaslunsndufanifdeldvinngsdoe (FTUENWITINAVAD 5 LNAT + TEBENWVAIIINNTT
NAUAD 15 LuAT)
T2 anuSiadslunmandusainyiingadeluvinny (szaemadindus 5 wWes + STEENIMANRINNg
NAUAD 15 LNAT)
T3 AanuSuadslunsndudaninuluvinsalad (sreemadindui 5 WeT + STEENINANRINNg
NRUAQ 15 LNAT)
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NAN397 2 levinisssudiey
faudsdrdyiiieideeiuainainisasening
dnfimneuazinfimndelunisieiisenis
WEINEN 200 AT UNTUBTuUARI WD A
adefl 45 sepANNE WUTANEINITALUNNT
pansn (15 wm9) urindwnedanusilunig
sanhAnIninArmdelaeitbdumeaifnse s
0.05 (2.28 £ 0.05 WAy 2.00 + 0.04 LNAI/AUIN)
ﬁﬁuqmé’nwmmaammmmszf[umidwmfw
%@a'ﬁmﬂmnﬁmﬂié’mﬁauLmuﬁmguﬁiamﬁ (SR)
i:ﬂtmaﬁ\lﬁmnm‘;mgumuiuﬂ%y’aLﬁm (SL) uay
St IaANNEINN AU (Sl) Wy AT
iammu'ﬁmguﬁiamﬁ (SR) Lifianuuans1eiung
afATenINTNARINELALTINARIMIDY §IUTTBENY
ﬁiﬁaﬂnnWiwguLLmuTuﬂ%gﬂu?‘u'm (SL) tufifies
myeluifidswiniufiianuuanseiuegie
WudAUNNENE p = 0.01 (118 2.01+£0.06 LA,
iy 1.75 + 0.05 LuA7) fuiEiaAuEanTn
Tumshenh (SI) FANNUANFNTUNNRDR (p<0.05)
Twiide @y 354 £0.14, vy 273 = 0.10
(WAT/3UAUN)) YINTITRS (B8 3.54 +0.14,
Wi 273 +0.10 (WNAS/30UAUT))  Lazviany
(1 2.63 + 0.22, Wiy 2.04 £ 0.10 (LNAST/
U AUNT)) ANAITU ANNEINITIIUNINAUS
FAenzinnauSuealunsnausg 3 3
Pa9MINauFImLd1 anNsaislunisndus
nvfdeluviinafeeseniainfmimsuas

UnARIMIAAMNLANFANAUNINEDREA  (p=0.01)
(@8 157 +£0.02, viily 1.42 £ 0.03 LNAT/AUT)
Aanuislun1Induaninaadesluviany
FANMNUANANTUNNEDR (p=0.01) @8 1.35+0.02,
Wiy 1.22 £0.02 wAs/AUM) uazAnNSIaiy
Tunsndushanvinuluvinwsaladlinnauansneriu
NWADA (p=0.01) (18 1.49 +0.02, vy 1.37
+0.02 WATAUT) ANEITY ANMNEINITOLUNNT
Wududy sewiainiweneuaztininvdelad
ANNUANANNUNNEDA (p=0.38) (B8 1.48 +
0.03, ¥y 1.43 +0.02 WATAU) LAZNINIIN
ANNENIITNinAT AT sAlasA S aae
Tumshethifeawas 200 wes wuh ansduady
Tunmsihedesinfimmeussinfinmdeians
WANANAUNWEDA (p=0.01) (18 1.44 + 0.03,
iy 1.33+0.03 LWAT/AUN)

nMleTsinsannaBaiulULWAM
TaeAsunmudsdassuuniidenasioninnaInngn
Tumsheidsanas 200 was Wannsaiuay
Funeiulsiidamasaanaamsalun1siei
Taelamuraaslunsisdiienas 200 was
Wududsinad (Y) wazdaudsweinsal (X)
wnBFLLs NMIATTiEs AnSavedinis
atdawyIn deuduiusiuetniitud A
adAfisEay 005 Tu 2 fuds wasfianuduiusiu
atiwifuddunadanisedu 001 Tu 14 fuys
(M5 3)
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A1999 3 NaMTIATERENYsEASanaNTuSat e esEnIsuUsInaIT (AnsSeRElunT e

WEIWaN 200 Wag) Ausudswennsailunsinerinfednay 200 was Tunsudetuinn

\ a & A &
LVNTIG ATIN 45 SNURILNAN

Aus Mean + S.D. r p-value
1. anusiluniseandd (15 wWas) (WAsAUTR) 213+019 -623 0.01*
2. anwuSluns et vhiie (wasAund) 165+0.13 077 0.00*
3. anwSlunsetvingsdee (wesAui) 118+0.10 091 0.00*
4. anwsilunis ety (WA UN) 118 £0.12 092 0.00*
5 anwslunisnenviialed (wasAund) 1524009 095 0.00*
6. 'izﬂzm\iﬁ\lﬁmnn'ﬁmumuﬂ%@Lﬁm“[uvhﬁl.é‘”a (LA3) 187+0.19 066 0.00*
7. 'izﬂzm\iﬁ\lﬁmnmﬁmgumuﬂ%aL@iﬂ'ﬂuvi'mu (1159) 1954029 065 0.00*
8. 'izﬂzmaﬁ\lﬁmnmimumuﬂ%@L@\'ﬂ'ﬂuvhw%almﬁ (LA3) 201+023 061 001*
9. sfidarussnsalunsheiluinide (wes/seudund) 311+052 082 000
10. sl inanusansotumsteiiluvingsdes 298+037 068 0.00*
(WaT /99U IUNN)
1. ffitanusansolunsinetluving (WaT /99U AUN) 2.32+053 0.84 0.00*
12, fildiarnusansoiumyisiluinialed 319+048 082 000
(WA /99U AUNN)
13. anuiEadslunandud T1 (wasAund) 1.49+0.11 090 0.00*
14. anuiEadsluniandud T2 (wasAund) 128+010 090 0.00*
15. anuiEadsluniandud T3 (wasAund) 143+008 089 0.00*
16. anuiEvadslunadnduts 6 was) (wWasAuii) 1454009 069 0.00*

* AdpddneataAnIzau 0.05
* JupdduneadaAnszay 0.01

aunIweINIIANSeAsluN1TINEN
WEINEN 200 AT INATIZANNTOANDELBILEU
Lmuwn@mmnﬁaLLiJ‘swmnitﬁﬁ\‘i 16 FILAZINNIT
NLAUSUARRILYID AT WUUTUADUIULARRD
fuswennsninaxToldwensoile 2 @auls
A @& ' ' a & @& a
fa AnuSlunseisaled wazanusae
Tun1sndusannvitridsluvinnssiuslaass

wensalieanaiiarAusNIsalun1snens ol
anuiseaslumsednfeinan 200 was
atnThTbf AN eaBRTIEEU 0.05 (F(3, 11) = 99.07,
p < 01, R=096) LaraNMINeNIDIANNEUARE
Tumseiigawes 200 was Tunsuzeduing
WAt asefl 45 sepanNE SAndeaNnTs
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Aausadslun1sinedfeIna
200 AT = —0.313 + (0.549"ANu5lunsineth
WEalad) + (0.551T AnSadslun1sndusi
nviAEslUinngsHeg)
[ 4 (] s a
2. nagnslanizdmividninisisuas
vinfimdelunsusisiusianmsiAenas 400 WA

Tunsugedufimuriema aseft 45 svannud

naqmﬁ’mwwzdm%’uﬁfnﬁwww LAY
inAvvidlun1suseiusenTALINEN 400 WA
Tumsudeiufimuviennd asofl 45 sepannud
(MW7 4)

M3 NN 4 nsfFsufisuiudsddiiieidesivaruainisnseninainiRseLarinARIgsaes

NI TBUITIINNTALINEN 400 AT (UNITUINTURRILINTNG ASIN 45 S9TRUNNE

Auds

uniW1ze (N=8) UnAWWde (N=8) P

1. anusilunseand (15 WAT) (WAs/Aund) 2.26 +0.08 2.26 +0.08 0.90
2. anuSlumshedihide wesAund) 1.59 +0.07 143 +0.07 0.00**
3. anuSlumshedvingades wesAund) 1.31+0.09 1.25+0.05 0.11
4. amadilumsisiwing (WAI/AUT) 1.25+0.10 1.00 + 0.33 0.08
5. amuSalumshetwiwialed( wesAund) 151 +0.09 1.44 +0.07 0.07
6. é’mﬁauumuﬁmgusiamﬁ‘[uvhﬁLﬁua (30u/U#) 5229+ 1.79 4443 +2.43 0.00**
7. é’mmuLmuﬁwguwiammuvhmmﬁm(sau/mﬁ) 3823 +1.34 3376+100  0.00*
8. 5@13’15%LL’}JuﬁwgusiamﬁTuvhnu (3pU/U) 39.41+1.42 34.33+0.98 0.00**
9. é’m'ﬁaumuﬁwgusiamﬁ’luvhw%‘almé (390/U1) 4811 +597 4153+223 0.02*
10. i:ﬂ:m\aﬁ\lﬁsﬂnmsmgul,muﬂ%aLﬁﬂﬂuvhﬁl,ﬁya (Lue9) 1.83+0.07 1.93 + 0.05 0.00*
11. izHt%ﬂdﬁ\lﬁﬂﬂﬂmim}muﬂluﬂ%\ﬂLﬁﬂ’ﬂuﬁ’miﬂ“ﬁm (tR9) 2.05+0.11 2.23+0.09 0.00*
12. i:ﬂ:muﬁ\lﬁmnnﬁmgmmuﬂ%\iLﬁﬂ'ﬂumnu (11R3) 1914022 1.99+0.14 0.41
13. itBtﬂﬂdﬁ\lﬁﬂﬂﬂﬂ’liﬂguuﬂuﬂ%\‘]Lﬁﬂ’.]s[uvi’lwgi\i\lmﬁ (t09) 1.92 +0.30 2.08+0.14 0.20
14. sl Yanuamsaiunsieiluidide 2914022 2.70+0.15 0.04*
(WAT/3DU*IUNT)
15. il Tanuasaiunmsieilurinssdes 2.70 + 0.31 2.78+0.24 059
(Wav*/9UrUnd)
16. sasfiTaanaamsalunsieiluriany (Wav*/9urund) 2.36 +0.60 2.25+0.51 0.66
17. sl Yanuamsoiumsehluisalag 292 +055 2.99 + 0.31 0.74
(WAT/3DU*IUNT)
18. anuiadslunsnduia T (wasAuni) 126 +£0.03 124 +0.03 017
19. anuisadsluniandusy T2 (wasAund) 119+ 0.05 121 +£0.02 0.38
20. anuiiedslunsndud T3 (ua3/Aund) 1.17 £0.05 1.16 + 0.07 0.82
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M3 NN 4 nslFsufisuiudsddiiieidesivaruainisnseniinimsLarin ARy

M NBEITEMTRLINEN 400 LWAT TUMSUTNTURTIUWITR AN 45 F9BRNNT (fB)

Auds

uniW1ze (N=8) UnAWWde (N=8) P

21. anuisuaislun1sndudd T4 (WesAui

a

23, ANNSRABTUNINAUFD T6 (WAT/AUN

a

( )
22. anusiaRslunmsndudd T5 (wns/Auni)
( )
24. anuiSaRelunmsnausa 17 (wasAui)
25. anusiiaislumadndute (wnsAund)

26. AnNSadslunITERsINEN (WRTAWT)

1.02 £ 0.04 1.13+£0.06 0.01™*
126 +£0.28 1.13+0.07 0.23
110+ 0.06 1.08 £0.03 0.38
1.23+£0.05 1.32 £ 0.09 0.03*
1.50 £ 0.08 1.42 £ 0.09 0.07
1.37 £ 0.06 128 £0.07 0.01™

nanwme: T1 anNsadslunsndusanyiniidsluvindide; T2 anusuadslunisndudianniniideluvinngsides:

@ a v o ' = ' a @ a v o ' =
T3 ﬂ'}']ﬂ\lLi')LQEQf_le[uﬂ'ﬁﬂmJ9’]'}‘17'1ﬂﬂ']ﬂi?L“ﬁEl\ﬂﬂV]'miiL”ﬁﬂ\ﬂ; T4 ﬂ'J']Nlﬁ'}LﬂaﬂzuﬂqiﬂﬂUﬂ'}Q']ﬂ‘V]']ﬂiiL’ﬁEl\?

Tuvinnu: T5 anuiBeislunsndusanvinnuluvinnu: T6 anuiEaislunisndusanvinnuluvinnsalag:

T7 anuisieaslumsndusinnvimsaladluvimsalad; szoznalun1sndudisin 20 wWas (Turn in 5m

+ Turn out 15m)

9NeNT197 4 avhmswSeudieusaus
fdifetssiuanuansasiainfnmng
wasnimvderasnisierfienay 400 was
Tumsugeiufimuviennd asofl 45 sepannud
WU ANNEINNTOUNTEENEITE I NN AR T8
waztininwde ldfianuuanseeenefitoadny
MIRDATiszfU 0.05 (2.26+0.08 waz 2.26+0.08)
@mé’nﬁmzmaommmmsﬁ[umsiwmfﬂ FapBune
mnéfumié’mﬁauLmluﬁmguﬁiamﬁ (SR) TxaLNg
ﬁ\lﬁmﬂmimﬂumﬂuﬂ%ﬂLﬁm (SL) uazsaildvn
AMHEINITAIUNT BT (Sl) WU DATITDULYU
ﬁwaguﬁiamﬁ (SR) danuuanFat Nty IAY
NaATisEiy 001 serieinfmmewazinfinm
vy Twvinfiie @My 5220 + 1.79, nde 44.43
+2.43 (39U/U77)) NTILBee (318 38.23+1.34,
Wiy 33.76+1.00 (39U/UNN)) YNy (118 39.41
+ 142, MY 34.33 + 098 (39V/UM)) LAY
Wialad (@1 4811 +597, Wl 4153 +2.23

(39U/A1)) mNRIRU szﬂ:wwaﬁlﬁaﬁnnﬂiwguLLmu
Tuafadien (sU) Twihfids @ne 1.83+0.07 was,
Ny 1.93 £ 0.05 LNAT) LASYINNTILTY (318
2.05 £ 0.11 LNA93, Wiy 2.23 £ 0.09 LuAT)
Aanuuanseelts AN Nata (p= 0.01)
fufidsaanuaansolunmsiei (Sl) Sau
wansvatelE AN WNEDR (p<0.05) Twifide
(1w 291 +0.22, iy 2.70 £ 0.15 (LNAST/
souauntl) WiowSeuieuanusilunsimi
wuumshevhfie wWasAud) Sanuuansg
atheiiind AN aaRNTEay 0.01 TTMiNtinAR
LAz UnIW e (B8 1.59 +0.07, vy 1.43
+0.07 (WATAUT)) ANNEINITOUNTNAURIT
Jeseiananuseaslunsnduine 7 799
Pa9msnduFimudn aAnuEuadslunisndusain
nnsadseldvinuszrisinimansuasiiniimde
AanuuansvatltafAn1eaia  (p=0.01)
(@8 1.02 +£0.04, Wiy 1.13 £0.06 LNAT/AUN)
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anaFasslumsndushanisaladluvnnaalag
FANMNUANAWNAUNWETRA (p=0.05) (B 1.23 +
0.05, ¥ty 1.32+0.09 NAT/AUT) ANNTINITD
Tunmsdidude seriainimmeuastininmde
Tidfianuuanseeeditiaddyniesda (p=0.07)
(@8 150 +0.08, Wiy 1.42 £ 0.09 LNAT/AUN)
ANFINAMNFINIT0TRNINARI 9T iaT1e i lae
auSuasslunsethiiearaw 400 wns wuh
AanuuansatltafIAn1eaif  (p=0.01)
(8 1.37 +0.06, Wiy 1.28 +0.07 LuAT/IUN)

mtﬁmezﬁmsnmaﬂL"B\nﬁmmuwu@m

TauAS I ANAILYIBETLUULTUADUNFINAGD
AMNEINITOIUNITINEUNABINEN 400 LNAT
o & A ' ¥ A
TaelianuiseaslunnsineunfeInan 400 s
Wududsinad (Y) wazdaudsweinsal (X)
PRBMLUT NMI AT T ANSaaNAUS
PEINY  FEUINALYUTINURAUFILIIWENNTAT
WUNFNUSEANSavaNNUSaE s eDIRITINEUN

LYY a6

Aufudswensal Iﬂﬂ%%ﬂ’]i"ﬂﬂ\‘i TR UdAIN

o aada [

duWusTust1eitad AN 1eadANs=Ay 0.05

<
o w

6 Awls wazdanuannusTusteidesA

<

neadafiszay 001 Tu 7 fuds @15797 5)

A1999 5 NaNMTIATERENYsEAnSanaNiuSatnedesenisudsinaun (ensSeielunsinei

TIEMTALINEN 400 LA35) AUFILUTWEINTATIUMTINBULAINEN 400 WAT TUNTuaetu

AR AR ASIN 45 FIVAWNNA

Al Mean = S.D. r P
1. awSlumyied s (uesAund) 151 +0.11 0936 0.00*
2. amuSlunshetvinsades (uasAund) 128 +0.07 0.778  0.00*
3. AnuElunsietivaales (wesAuni) 1.48 +0.09 0916  0.00*
4. ﬁmﬁauLmuﬁwquﬁiamﬁiuvhﬁLﬁa (39V/U19) 48.36 + 4.56 0.818 0.00**
5. ﬁm'ﬁauLLmuﬁwquﬁiauﬁﬁTuﬁﬁniSLﬁﬂa (390/U) 3599 +2.58 0.639  0.00*
6. ﬁmfﬁa‘ummﬁmuﬁiamﬁ’[uvhnu (39U/U) 36.72 +3.28 0609 0.01*
7. sildiaanusnnsnlunsieiluifde wesseuiund) 2.81+0.21 0.744  0.00*
8. fildiannuansolun i luinny (WAT2/3DU*IUNT) 2.30+0.48 0576 0.02*
9. il inanuaInIalumM e uimaales (e /seu-und) 2.95+0.44 0577 0.02*
10. AnNSnadslumsndusa T4 (wnsAuii) 1.07 £ 0.08 -0.502 0.04*
11. aAnuSuaielunandus Te (wasAuni) 1.09 + 0.05 0525 0.04*
12, anuiSuaielumadnduds (5 wag) (wesAuid) 2.38+0.09 -0.998 0.00*
13, LA - -0612  0.12*
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sunmanensaiaseaslunisish
WiEwWa 400 Wes nTeTsinisannaadeidu
WULWY A Indudsnensalie 13 fFauas
FmsiinuazSUaafulBassuuTunsuauwaD
futsnennsaifiasnsaldnensalld 4 fuds
Ao anuSlumsieiviiide, anusalums
Fredwihnssdes, anasilunsinehvinaales,
it aanaamnsaluns vy Tassuys
wonsainedsaranansalun1snensal
anuisaalunsdifeanan 400 1w
atefianauansveteihivd dumeaifnssdy
0.05 (F(4, 11) = 151.11, p < .01, R>=0.976) WAz
sumangnsaianuiadslunshoiiewes
400 w5 Tumsussiuimuiend asedi 45
SIDRUNNT AINNNT

arustadnlunisitsdipanes
400 WAs = -0.010 + (0337*AMaElunseh
WAAe) + (0294 A0S lumsnenivingsdie)
+ (0250 NS Ui winnaalas) + (0.035*
ﬁ’ﬁﬁ%ﬁ’mﬂaﬁuaﬁuﬂiaiunﬂidﬂﬂ‘ﬁwhfm)

afls1BNan13IY
MBI ENTLR AN LUTZ LN
200 WAT War 400 w3 Husemieind
NENNEUYNIUNNTIE (multi-style event) W9 4 v
Windnefudieszaznivraen1sitelundazin
Fuihi mafidneaclumshohsnemsiewes
Usznaudivininene 4 viudhdsiuilieeile
ﬁnﬁﬂwﬁaoawLqunaqw%mwwﬂumidwﬁmmmu
futlasefidonasiannusasasasininotlade
melu Tun anudfvansaniussuundenu
% Anuntineeining (Styles) wasa s
Tunsetn Tuusiazyin (Thompson et al, 2003)

waziladuneuan e ANNEINIINDDIALTITY
38UP0IN1ThIITURAT AouIndanfiinaday
mnmﬁme:ﬁﬂaqwﬁlawwzd’m%’uﬁniwﬁww
wasndslunMsueiusenTReInaN 200 AT
uaz 400 was Tunsuaeiuimuiend adedt 45
seranaENUIANERasuns e e
200 AT WAL 400 WAT unsievesinfimime
Andnindnmds uazilawSsuisuanusiads
Tumshelundazvimuin fsdupuwmiounu
ﬁv’oﬁnﬁﬂwwLLa:w@aﬁammL%agaqﬂiumidwﬁw
wuluriniide Wiales n39ufiee uasvihnumusey
dowssuieuanusiadslunis et 4 vih
wudraaslunisiediluinnues fdade
ﬁwﬁqmLﬁmﬁﬂuﬁumsdﬁﬂuvhﬁuq ADAAADINU
Saavedra WATAMY (2012) WuINluANTUTedY
Tusnensifisinas 200 wes esinfiminen
srfuuuTRarisadiuauElunsisi
anfigalurin Ade Waalad nssife wazvinu
ANNAIAY aamﬂéﬁa\‘lﬁunaqwﬁﬁﬂ'ﬂﬁwﬁwﬁwm
wazvidllunTudeiusenafe N 200 was
WAz 400 WASUARIUITNR Fetfuanuuansng
maanaqm””mwwﬂumaLLﬂaﬁuitwiNﬂ’nimﬁww
LN TURNANIINAMNNIDNDDINNTIONW
NMBRas TN IuTEUUN§IL Aidena
Taunsernanssauzaasinimiei Tunsieh
JLHENY 200 AT WUANMNRINITALUNNTYINU
ga9scuunaunalsdalnalaladafinuniudansa
LRARALUYINTEELIRY 20-120 Aunfl (Bonifazi
et al., 2000) fausasInuresinini e
Tuszpzne 400 wes WuanuaTaumMvNu
2995z uuLaULBlIdALRARN (Laffite et al., 2004)
fotuidawisufisuanudiedslunisitedn
F18NTABINGN 200 LNAT UAT 400 LNAT



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 219

ﬁdﬂ’ﬂ’j’m‘i:léﬂ‘mﬂLL@::‘Vin\‘]QSW‘UjW ANNLSIadY
Tun133eun 200 was addadouinnia
ML 400 1WAS ﬁamaa:a‘gﬂlﬁdﬁ naqmﬁ
fnfimeihsemadisonas 200 was uas
400 wins Tufimuienfiemeuasvdadung
wnanifadaniely ausruundseundnd 4y
Myt uenantumniatsunwdeauiilEly
Tums et 4 v wuonsheiluiwalad
L‘fJu‘vhiwﬂﬁﬂm%wé’dmﬂumﬁﬁﬂﬁwﬁaﬂﬁqm
pudevingades vEe wazviny aaEdy
(Barbosa et al., 2005) ﬁoﬁumiﬁﬂfnﬁwﬂﬁnaqmﬁ
Tumsetuunaumasannisasndauiisinng
uazifinastulumsherialas Seonaiu
wammnnaq‘wﬁ""Laww:ﬁﬂfﬂﬁwﬂﬁé’mﬁmmmn
178N NFAUTLUUWAINIUANDTADDITNAR
uariladaraendsanuiilsly
Lﬁaﬁanitmmsmanaqmﬁ’mwwwmﬁfﬂﬁm
imﬁﬁmﬂLmz'wn’jﬂ%’[ummwﬂaﬁmwnﬁLﬁmwau
200 AT WAL 400 WAT TuAmWTRTRETRY
ﬁ’uqmé’ms}mz"ﬂaammmmmiumsdwmfw Feabue
mnéhLLﬂiﬁmiﬂiBULLmuﬁwquﬁiauﬁﬁ SrHEn WAL
mnmiwguwu'[uﬂ%atﬁm wazeTiE e a0
Tumsiein a”mﬁiauu‘*ﬂuﬁmﬂuﬁiamﬁ WU
infimaneiengenininiwmdelunnduysuslid
A NuANA1SiuneEdd  Tun1siveadeiinuin
amasnadslumyeh LLa:é’mﬁammuﬁwqu
FEUNTTUNTUIITUTIINITREINTN 200 LNAT
adiigendnsensine 400 wns Tumanserudna
loszpzmslumshefisnsnnu ﬁnﬁﬂwﬂﬁnaqmﬁ’
Tumﬂﬁm:ﬂtmaﬁ\lﬁmnmim}l‘uLmuiuﬂ%”’aLﬁm
(SL) ﬁuuazamé’mwauLmuﬁmgusiamﬁm
(Thompson et al.,.2000 ; Thompson et al., 2003;

v
1Y o

Mercadé et al, 2007) ABHUBTIAANTINIIO

TumsenhsensiieImes 200 WA fiAgenin
My 400 wesluilnfiwime wein1sd
frtit aanuasnIolumMsemsienas
200 LwmsdAgendn 400 RS WHunauana
AnusadsilHluntsiedundn dauluininn
nalawuianauandedautteissiilasan
anuSuadslunsined stogmefildainnig
mg]ul,muiuﬂ%"’aLﬁmﬁmimﬁﬂuLtﬂaaﬁiau“h’wﬁaﬂ
aResunmdudss Andanauiusagediie
AazinsanneuiBafuluUnALLATWEINTal
anuisaaslunisdiisanan 200 1WA
wudulswensnifiaansoldwennsainnuisa
wasluns et AgImeN 200 Wes fo ANNE
Tumshedvwssles wazanuduadslunis
nfusNTARe lUvins e
amnaiEnaaslunmsisidienas 400 wns
fiauduiufidouaniuanasilunisitedivi
Aide anuSlumsieviinsados uazanusa
Tumshevialed seflunsimuemnusansa
apeinimedilasnisiinansisiaislunis
el fganas 400 WA ﬁfnﬁmmmwnaqmﬁ
TunsifisvdasnEnseduanusalunsnehviny
Tfledassdnlndidetuanuasnsolumyneh

vnduqdn 3 sivdievilinagnslunsinediden
FefuuuuBonnn uasuuniieay fanssenades
AUMSWRBUULaIZBIT LLNAIY wasTEAUTINE:
(Thompson et al., 2003; Saavedra et al., 2012)
LLazLﬁaﬁﬁmﬁme:ﬁminmamﬁaLﬁuLLUUW*q@m
wuFulswensaifiaansoldwensainnnuisa
wasluns et AgImaN 400 1Wes fp ANNE)
Tumshedvhiie e lunmsiethynngside
esElumshehvnnaled siismauaansa

Tunsievivinny



220 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

S7UNANTTINY

NANITNARBILAA TN NaEmMsTaIInAR
Al lumsedvidsnansrosnie 200 w3
iU 400 LumT ﬁgﬂu;uuﬂﬁfmﬂﬁdﬁmzijﬁn’mﬁw
Prpuarvde lasfdulsnensaifainsold
wennsaipaEassiumMsheluszesne 200 WAg
U 400 wasiuanseiu Feasnsmhlududoys
f\i’m%’umi’mLqunaqmﬁ"[umi’hﬂﬂf’]%dﬂ’ﬂﬁﬁ’]
Frothivinsugeiulusensiignaaszazma
200 A3 iU 400 wAsld wenanilumsdiases
naqmﬁ’qu:‘[umsdwﬁﬁﬂﬂmilﬁmwaaﬂuum’a:
srpenemsiiely fadefidonaianinuainngn
apaininetiadunely Wy anuSfmsanzas
AUsrUUnENuild anuniinzeainfnn wdsu
Falunseiluusazsi uastladomeouen wu
ANMNEINTODDIAUIITU  TOUDBINTUTIITULAY
fowndeniifetasfialiiiauuimuazisnis
fifhugusssalumaianndnsnmassinin e
sinly

FDLEUDLUZIINNTTINY

Lﬁﬂ‘lﬁlﬁﬁﬂg@%ﬂmﬁLﬂsﬁtﬁmiamnaﬂ
L%OLﬁuLLUUWﬁ@mIﬂEﬁELﬂ.Nﬁ’JLL‘U?@NSZLLUU%umﬂu
fifinanudasiuneaifuardewaloansesianis
wenIaiM3avunsfulsfidonasaaNaIN1T0
saainfim e %'amiLﬁmmmmmjum;mm
Tunsfnwadasialy

N899

Barbosa, T. M., Fernandes, & Vilas-Boas, J.
(2005). Evaluation of the energy expen-
diture in competitive swimming strokes.
International Journal of Sports Medicine,
27(11), 894-899.

Bonifazi, M., Sardella, F., & Lupo, C. (2000).
Preparatory versus main competitions:
differences in performances, lactate

responses and pre-competition plasma

cortisol concentrations in elite male
swimmers. European Journal of Applied
Physiology, 82(5-6), 368-373.

Cossor, J., & Mason, B. (2001). Swim start
performances at the Sydney 2000 Olympic
Games. Paper presented at the ISBS-
Conference Proceedings Archive.

Laffite, L. P., Vilas-Boas, J. P., Demarle, A,
Silva, J., Fernandes, R., & Louise Billat, V.
(2004). Changes in physiological and stroke
parameters during a maximal 400-m free
swimming test in elite swimmers. Canadian
Journal of Applied Physiology, 29(S1),
S17-S31.

McCabe, C. B., Psycharakis, S., & Sanders, R.
(2011). Kinematic differences between
front crawl sprint and distance swimmers
at sprint pace. Journal of Sports Sciences,
29(2), 115-128.

Mercadé, J., B. F., Ortiz, E. M., & Contreras,
G. L. (2007). Effects of different distance
of swim on physiological and technical
performance in front crawl swimming.
Paper presented at the Swimming
Science |.

Morais, J. E., A. Marinho, D., & Barbosa,
T. M. (2012). Linking selected kinematic,
anthropometric and hydrodynamic variables
to young swimmer performance. Pediatric

Exercise Science, 24(4), 649-664.



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 221

Morais, J. E., Marques, M. C., & Barbosa,
T. M. (2014). Longitudinal modeling in
sports: Young swimmers’ performance and
biomechanics profile. Human Movement
Science, 37, 111-122.

Okuno, K. (2003). Stroke characteristics of world
class male swimmers in free style events
of the 9" FINA world swimming champion-
ships 2001 Fukuoka. Biomechanics and
Medicine in Swimming, 162.

Robertson, E. Y., Pyne, D. B., Hopkins, W. G,
& Anson, J. M. (2009). Analysis of lap times
in international swimming competitions.
Journal of Sports Sciences, 27(4), 387-395.

Saavedra, J. M., Escalante, Y., Garcia-Hermoso,
A., Arellano, R, & Navarro, F. (2012).
A 12-year analysis of pacing strategies
in 200-and 400-m individual medley
in international swimming competitions.
The Journal of Strength & Conditioning
Research, 26(12), 3289-3296.

Silva, A. J., V. M., Saavedra, J., Perl, J.,
Marinho, D. A. (2007). The use of neural
network technology to model swimming
performance. Journal of Sports Science
& Medicine, 6(1), 117.

Thompson, K., Haljand, R., & MaclLaren, D.
(2000). An analysis of selected kinematic
variables in national and elite male and
female 100-m and 200-m breaststroke
swimmers. Journal of Sports Sciences,
18(6), 421-431.

Thompson, K., MaclLaren, D., Lees, A, &
Atkinson, G. (2003). The effect of even,
positive and negative pacing on metabolic,
kinematic and temporal variables during
breaststroke swimming. European Journal
of Applied Physiology, 88(4-5), 438-443.

Tor, E., Pease, D. L., Ball, K. A, & Hopkins,
W. G. (2014). Monitoring the effect of
race-analysis parameters on performance
in elite swimmers. International Journal
of Sports Physiology and Performance,
9(4), 633-636.

Toubekis, A. G., Tsami, A. P., Smilios, I. G,
Douda, H. T., & Tokmakidis, S. P. (2011).
Training-induced changes on blood lactate
profile and critical velocity in young
swimmers. The Journal of Strength &
Conditioning Research, 25(6), 1563-1570.

Welsh, A. H., & Knight, E. J. (2015). “Magnitude-
based inference”: A statistical review.

Medicine and Science in Sports and

Exercise, 47(4), 874



222 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

NRTDINSHNESHAIENIS A ERANSTARafaAINARDILARIDY 1D

TuiniRnaanindeseauenizu

W38N BUSNE UAT AUNA ASASD
ALLAINNAIRATNNIART JRIAINTAINTNINENRE

Received: 30 April 2561 / Revised: 14 June 2562 / Accepted: 8 July 2563

UNAnga

-

’;’mqﬂizmﬁ mﬁé’m%@ﬁﬁi’mqm:mﬁtw
Anuwaze9n1TANESNFIBNITINANE RANTiS
nasaANAsasLaaiadllulninisaninds
FLAULHNIBU

SEmsandiuedse dnfimeeniialsedou
AR InTaYs wAvitds 9185enIn 17-18 1
I 24 Ay wdveanidu 2 ngw 1A nzg:m?i
TEsun1sfniasudranisindenatefian1guas
naRndaNUn® Lm:ﬂﬁ\jumuqu\lﬁ%’mﬁﬂn“ﬁauﬂnﬁ
naRnEsuEENsAndsnaefiany Usenaudoe
n5An 97U 3 sauseiu 3 TuseNUa
Hhiszazim 6 dUa nmsnasauaNARBILARD
Jaaly AnuiEalunswasufianianisde AnuEa
T IEUSURsEHET 20 AT LAZANENINTO
Tunsasuitn deunazndnsin tnaildien
AATIZAANNUANAINITEWINADULAZHRINITRN
U eapuALULSINE (Pair t-test) uay
TERINNENFIBNIMARBUAALULERE (Unpaired

a o o a

t-test) NIcavUANNITBE AN NAA 0.05

WaN13I98

AMUARRINIINARDY 6 NUAT ﬂijNﬁ1ﬁ§‘]J
nsnasudalysunsnn1sindemanefianig
finnaduanuasasnaaddadly waztalunig
WRBLUAANIN1T39 IRUMTNTEEENN 20 1WAT
LAZANEINNIOIUNTIESuiE anavetedl

a (%

Tudduneadaisedy .05 lalfisuiunau
NINARDY

guzdilunguaiuan wudn 1alunisis
FLHENN 20 WAT anavatNddBEAuNIana
326U .05 Wafisuiunaunisneasy aenelsfianu
TnuANNLANANITBIRILUSANNARBILAR IR
aTuMIWABURATINITH waznseaUsusion

S7UNANT3INY

ﬂ’ﬁﬂﬂLﬂ%uﬁﬁﬂmiﬂﬂgﬂLL‘U‘Uﬂ’]ﬁ\‘ma’]ﬂﬁﬂW]\‘l
fFpinANAaILAaaTedly NIAHETuNg
wWasuiian1enisdeluininisanindess v

LENBULS

MaR: AnuAEILAEI8dll / NMstAuuag
AANN / M3InaeianIe / ARigannauINvoin

Corresponding Author : 813138 A3.AUNA ATATTY AMLINEIAEATNNIART PRIAINTAINYINENAD nFaimwy 10330.

E-mail:Kanang.S@chula.ac.th



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 223

EFFECT OF SUPPLEMENTED MULTI-DIRECTIONAL SPRINTS
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Abstract

Purpose To determine the effect of
supplemented multi-directional sprints training
on agility in elite youth female hockey players

Methods Twenty-four female students from
the Chonburi Sports School, aged 17-18 years,
were recruited. Players were randomly divided
into two groups : a supplemented multi-direc-
tional sprints training group (n = 12) and a
control group (n = 12). The supplemented
multi-directional sprints training group trained
3 rounds/day, 3 days per week over a period
of 6 weeks. The general physical characteristics,
illinois agility test, pro-agility test, 20 m sprint
test and repeated sprint ability (RSA) test were
measured before and after training. Dependent
variables were analyzed using pair t-test
and unpaired t-test. A significance level was

accepted at p-value <0.05.

Results After 6 weeks of traning the mean
value of illinois agility test, pro-agility test, 20 m
sprint test and repeated sprint ability (RSA)
test of the supplemented multi-directional sprints
training group were significantly decreased
(p<0.05) when compared with pre-test. In control
group, the mean values of 20 m sprint test
was significantly decreased (p<0.05) compared
with prior training. However, there was no
significant difference (p>0.05) on illinois agility
test, pro-agility test, and repeated sprint ability
(RSA) test when compared with pre-test.

Conclusion The supplemented multi-
directional sprints training program had a
benefit on agility and change of direction in

elite youth female hockey players.

Key Words: Agility / Change of Direction /
Multi-Directional Sprints / Field Hockey
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Abstract

Purpose: To study the relationships
among angular distance, angular velocities of
pelvic rotations, club head speed, and hitting
distance in university golfers.

Methods: Nineteen amateur university
male golfers participated in the study. The
participants were asked to hit 3 balls with his
maximum effort with a minute rest between
trials. Thirty-five markers were placed over the
body of the participants. The hit with the
longest distance of each participants was
selected to be analyzed using Vicon and
bodybuilder program. Pelvic angular distance
and angular velocity were calculated using
vector manipulation and the hitting distance
and club velocity analyzed using P3 Pro Swing

Golf Simulator.

Results: The relationship between angular
distance of pelvic and angular velocity or
pelvic rotation was at high level (r=0.95,
p<0.01). The relationship between club speed
and hitting distance was at high level (r=0.99,
p<0.01). The relationship between angular
distance of pelvic and club speed and the
relationship between pelvic rotation and hitting
distance were both at a moderate level (r=0.54,
p<0.05; r=0.51, p<0.05, respectively).

Conclusion: Pelvic rotation and angular
distance of pelvic correlates with club speed
and hitting distance. In order to increase club
speed and, thus, hitting distance, golfers need
to increase angular distance of pelvic as well

as pelvic rotation.

Key Words: Angular distance/ Pelvic rotation

/ Club speed / Hitting distance
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ANl gL aeetesas
NMIAUAERS (kinematic) 289U 3TBIURRINDAN
waraxsnvlylHiulesasiiataduanssoniw
Tusinneadw (Sinclair, Currigan, Fewtrell, &
Taylor, 2014) s wAasulnaFeldausvnls
nazszeneiuLUslumMsIaduUaNIIaNIW LU
N15ANEINIUATEABIRUAINLE TR L wLn
ANl T A NF NN USAUAI NS L BaLd U
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ANNINANNSITBIEFEIULY (Beak et al, 2013)
sruEnNIsRnasNLarAINLE LT a S0 uls
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1. ?ia\‘imﬁmhmaﬁugmmmmiaﬁanaﬁw
(The address or pre-swing) (Juzn1539aN1e
vhﬁugmmaammﬁanaa’w

2. 2wn3anlsi (Back swing) uziaei
Susduiiuzuadeuluduuy  wazlugiemun
FIGATBIWAN (Top of the back swing) i
?ia\‘lﬁLmumﬁﬂmluﬁm,mi\agaqﬂ Tudnwousiinau
Ny (Cole & Grimshaw, 2016)

3. ?ia\‘ll,'%umirﬁﬁ%n (Downswing) H3N3
panuIIAsl 279 Back swing nswadsulw
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AUNUIFITATBINEN (Top of the back swing)
Tideneiugnnadn (Impact)

4. B waaenenad (Follow-Through) (g
MunaINsAaNgalsnzuaa (Impact) LAZLINAN
ANNLSIBIL

mnm‘zﬁnmgﬂLLUUdﬁﬁunﬁsLﬂﬁaulwamaa
Jmeluinadeonadn fensiesiAuNIAn
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2016) 9zl 1
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AARAA)

Address Backswing  Top-Backswing

Downswing Impact Follow-through

Ul 1 suuvunsedoulnalunsadonadi (Rakthof, 2015)
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(Zheng, Barrentine, Fleisig, & Andrews, 2008)
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NM3ANE289 Y& ¥ WsA uaz ¥ae (Mun et al.
2015) uay 1a9me USisuRy saduariaudi
WAZAME (Zheng et al, 2008) 81ANANILHI
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U 35 Winines mNgULUY Plug-in-Gait
full body models ﬁdgﬂﬁ 2

gﬂﬁ 2 fumislun1sfin Marker 35 AN3ULDY Plug-in-Gait full body models

22 TﬁmjuﬁhamoﬁﬂnéﬁmLﬁamudﬁuﬁﬁmum
F1UU 10 ¥11 vnae 15-20 Ui (Walker, 2007)
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32 Tumaeasy §Adaldmhnsfineduduau
3 adadpuseinniign (Maximum efforts) Tasas
fmin 1 wifiseninensd eelusasnesey
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RPSIS + LPSIS
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SAR
3412 a3 3 89U (A B uaz
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eze

&

Wsanasiafioufiann RPSIS + LPSIS =

C) lauiAwmas vaan LASI ,
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B = (x
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velocity)
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Angular velocity = AO/AT
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azlwn maviyuazlnn fuaadanll wazszsznily
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mmr‘j’u‘ﬁas&mnﬁ‘m}l‘uaﬂWﬂ (Angular velocities of pelvic rotations fuANuS WL

~

a

(Club head speed) Warszaemalunsfinadn (Hitting distance) TuiinAwnadwasinsian
WAL 971U 19 AU

Al Mean = S.D.
FLBENLBINN (B9FN) 35.30 +9.82
mmtfnl;"ﬁoagumimguaﬂvm (29A7/3U) 129.82 + 49.05
AnuEwnl (ludsatilug) 115.28 + 4.98
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szuemiBonn | avadadeyn | anasanld | szeemelunisd
TR BIYN 1 95** 54* 51*
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* STAUNBRIALNWNENATN <0.01, * szAUdbRIAUNINEDAT < 0.05
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289 Mun et al. (2015) fiRnB1AMNENRUSNIg
Fanamansserineanusilduasdiundsnig
AAN (NSzanAUnausIua (lumbar spine)
ﬁumwguﬁﬂwn) Fowuanudniusiisy sl unans
(r = 058, p < 0.01) WAXUANHIVEY Kwon,
Han, Como, Lee, and Singhal (2013) Fafnmn
ANMUNNAUSTEAIN quﬁiwizmwﬁa\lwdﬁuﬁa
azlwn (x-factor) wazANnNSWRllwInARINa &
%’awanﬁiﬁnuﬁlﬂwummﬁuﬁuﬁ’i:wim}!wﬁwa\‘i
widslnanazuuidaaslnn (x-factor) fiuANas?
Waldl

innsAnmasetinuaNdIRLS Iz
mwm%uﬁasgumsmguaﬂwn LARZTCUENIIUAY
ANNLSLS mnmsﬁnmLﬁu\lﬁiws}l‘unﬁm}!u
arlwndudumuysiidrdalunisadonodu
A0AARDNAUKNANTTIFUYDY Sinclair et al. (2014)
WU gmmum‘m%naﬁﬂu"dw Downswing
FzisuAlpuiilaasnsiuain aclwn @16 Ina
usu Fofle uazld mwsdy Seduausa
LfmﬂmmmﬁwguaﬂwnﬁaLﬂuﬁﬁﬂ"ﬁ’mﬂﬁauﬁ
fsnlunisfinaiuiiizesialinazseueng
Tuns#



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 243

uiTeirineddulng iauddgyiv

[
A

sraemadayunsnguaElnn Fonsfnwasedl
wudyadosslnn o ﬁi’nmmﬁu\lﬁgaqﬂ (Top—
Backswing) DusLnuaUeng (Impact) A1y
3530 + 9.82 89AN NOAANBNIUITHVDIINNIA
fugegn (Sinsudsood, 2008) Fawuirszeema
Lﬂasﬂum‘smguﬂﬂwnﬁmmﬁﬂ 299 + 84 8dA1
WATMIAN®IZEY Mun et al. (2015) fiwudn
sepemuBenaviyuaElwnian 26.6+11.2 aedn
Tmﬂﬁoaaam‘sﬁnmﬁnﬁﬂumjuﬁaamaLﬂunajuﬁﬁm
wsuduadTndidssiuiuenddoaseidousuiuey
0-12 wsnan13iduasetilaisanndoeiueudss
289 Horan et al. (2010) 9wy ERIE I QNIGINEEY
mimguaﬂwnmﬁﬂ 437 £10.0 29AN %‘aganiw

mMsAneASil etlidlasannnguietnezes Horan

Y ' A Ao

et al. (2010) T’Bnqumamaﬁﬁﬂuamnmﬁaﬁ

LAUALAYTENTIN 0-4 Feinav I LEnanLAnETU
panll

S7UNANT3INY

NaNM AW NNNALS TR NS
Baynnavsuazlnn fuanudanll uassseene
Tun1sfnednaaatinimnednainsiau  wwAne
wndanisliszazmelunisiinedwiinsnniu
mildszeznmiumsafeuiitiosluzing Downswing
FlraaSnlifiRetunn uasinavhlvissasme
Tumsiingude uazlunsaraundonuuay
souspananlumabavsuazinn Han133vuAsat
waaslFiudioinnadnadsiimuauladaniny
whouseandaioununanesin wazasaus
Wisnntiu ievlRINfRnes eI gz
VBas wazanaluNsLAAauAin1sA Downswing
v‘fﬂﬁmmL%aLﬁosgmmmimguaﬂwnLﬁumn"'ﬁu

o D9 o & & o oud a &

NN RWAMNIS LI ANTULALTEHENT
TunsfinaaWinaINTL a3 elanaLazadg
A lgSeulunus ueiu

NN DY

Beak, S. H., Choi, A, Choi, S. W., Oh, S. E,
Mun, J. H,, Yang, H., Song, H. R. (2013).
Upper torso and pelvis linear velocity
during the downswing of elite golfers.
BioMedical Engineering OnLine, 12(1), 13.

Cole, M. H., & Grimshaw, P. N. (2016). The
Biomechanics of the Modern Golf Swing:
Implications for Lower Back Injuries.
Sports Medicine, 46(3), 339-351.

Gordon, B. S., Moir, G. L., Davis, S. E., Witmer,
C. A, & Cummings, D. M. (2009).
An investigation into the relationship of
flexibility, power, and strength to club
head speed in male golfers. The Journal
of Strength and Conditioning Research,
23(5), 1606-1610.

Horan, S. A, Evans, K, Morris, N. R, &
Kavanagh, J. J. (2010). Thorax and pelvis
kinematics during the downswing of male
and female skilled golfers. Journal of
Biomechanics, 43(8), 1456-1462.

Kwon, Han, K. H., Como, C. Lee, S, &
Singhal, K. (2013). Validity of the X-factor
computation methods and relationship
between the X-factor parameters and
clubhead velocity in skilled golfers. Sports
Biomechanics, 12(3), 231-246.



244 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

Mun, F., Suh, S. W., Park, H. J., & Choi, A.
(2015). Kinematic relationship between
rotation of lumbar spine and hip joints
during golf swing in professional golfers.
BioMedical Engineering Online, 14, 41.

Rakthof, F. (2015). Nieuw bij Fysio Rakthof:
Golf-Fysiotherapie. Retrieved from https://
fysio-rakthof.nl/2015/03/31/nieuw-bij-fysio-
rakthof-golf-fysiotherapie/

Sim, T., Choi, A, Lee, S., & Mun, J. H. (2016).
How to quantify the transition phase
during golf swing performance: Torsional
load affects low back complaints during
the transition phase. Journal of Sports

Science, 1-9.

Sinclair, J., Currigan, G., Fewtrell, D., & Taylor,
P. (2014). Biomechanical correlates of
club-head velocity during the golf swing.
International Journal of Performance
Analysis in Sport. (Vol. 14), 54-63.

Sommer, M., & Ronnqvist, L. (2009). Improved
Motor-Timing: Effects of Synchronized
Metro-Nome Training on Golf Shot
Accuracy. Journal of Sports Science &
Medicine, 8(4), 648-656.

Walker, B. (2007). The Stretching Handbook:
Walkerbout Health; 3rd edition

Zheng, N., Barrentine, S. W., Fleisig, G. S., &
Andrews, J. R. (2008). Kinematic analysis
of swing in pro and amateur golfers.
International Journal of Sports Medicine,

29(6), 487-493.



ymmsIngmansmenmuazguaw i 21 aUuil 2 (wqun1au-aamau 2563) 245

wamaam‘ﬁlnu.mJaé’uﬂaaﬁmwwﬁnszﬁ’ugﬂu&mazﬂ’%mzuaanﬁLauﬁ'l

mwﬁ'uuﬁmmﬁﬂnﬁﬁﬁeiaamsnmw’lun'\ﬂz’iaanﬁLaugaqﬂ

wé’ﬁnqm LL@Zﬂ‘)’INﬂ"IN’ﬁﬂIuﬂﬂiWﬂEﬁzﬂz 2,000 LNAT

TutinARSanigssAUNBIINSaY

Asul ASug uaz nAws Buady
ALLAINNAIEATNNIART JRIAINTAINTNINENRE

Received: 3 July 2561 / Revised: 2 June 2563 / Accepted: 10 July 2563

a

UNAAED

Inquszaea WarnmuaziSouiisunazasn1siin
Lm‘uaﬁumoﬁmmwﬁfm:ﬁugo‘[uamq:ﬂ%mmaan%wu
AuarANNALLTIEINAUNAfTdeanssanwlunisly
2ONBLAUGIEA  WAIINOALATAINTINITAIUNITWIBIGE
Jeay 2,000 WAslWENARSan T FUNAINENaE

BAniun193de ndudegvAnninFawe
9195:nIN 19-24 T dwiu 18 AU NBNTNLTENY
yasnsaivnnends lnnsidenuuniazas (Purposive
sampling) wioiu 2 ngn lagldaussnnwlunisld
sondiaugegaduinast 1éun nauneaes (Hypoxic
group, n=9) mstinlusnizySinueendiausmiinadu
UssMAnR (FO,= 15.3%) WazngumIuAy (Normoxic
group, n=9) Ym3RnlusniziSanuesndiaulni (FO,=
20.9%) ﬁ\aammjm‘hmiﬁlnLmuaﬁumaﬁmmwﬁm:ﬁugo
85-98% maoé’mwmmﬁ"umaaﬁ*ﬂagaqm (Maximum heart
rate) MU 6 1BA BART 30 UMW WNITHIWLDA
60 udl 2 Judeduad (Juszeziian 6 dUand
ABULALVAINTNARDITUAT 6 NANBURNTIONINEU
walsdn (Maximal oxygen uptake VO WAIINDA

2max’)

(Critical power, CP) L& AMNAINIAUMIWETEIENN

2,000 LNAT ﬁ’]ﬁagaﬁ\lﬁuﬂﬂ’]ﬂlﬂLaa‘.EJLLNZE\I"mLﬁENL‘UU
Wnsgu uasdensvideyaneaia lagld mmesey
Al Mvuassiuaauiieddufisedu 0.05

WAN3398 daumiwmmﬁaammg'uﬁmLafi'imaamq
dwiing dridinane Wesiduslatuuazanandsile
Ysrmnlaiu Tduansdwiusteiitddufissdu 005
WRININAABITUAWIT 6 WU ﬁaaaonq’u fiAnadsa9

vugegaiild vo, . uazqanuusuuslsdn lduansng

2max
NfouNAReY TuLiraiETe9 CP Wy uwazarariinn
Tumsmeszuznng 2,000 WAs anasaeaditipa@fyne
afiffiszdiu 0.05 Taglimuanuuansnsssyinaionasngy

a5UNan13398 MsEnEINEENTRNLUUEAUY9
17'imwwﬂfni:ﬁugﬂuﬂma:ﬂ%mmaan%Lauﬁﬂﬁmmﬁu
v338MANA (FIO,= 15.3%) tuian 6 daiainnsn
WAL TWASINGALRLANNEINIAIUMINESEEE 2,000 AT
TurinfwSemearinendelalaiuanseanmsiinluane

U3unusanBLaLUNALAsANAULITIINALUNR

ANEIAY: WAIINOM, NMIRNLUDEFUINTANNNTINTE

g9, nafinluanmzyFinuesndiaus, Aniseme

Corresponding Author : 813138 ATNANT BxAY AU INEIAIEATNNIART IREINTAINM NG NF9MN

E-mail: Tossaporn.Y@chula.ac.th



246 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

EFFECT OF HIGH-INTENSITY INTERVAL TRAINING IN NORMORBARIC
HYPOXIA ON AEROBIC CAPACITY, CRITICAL POWER, AND 200M
ROWING PERFORMANCE IN VARSITY ROWERS

Saran Hiranphan and Tossaporn Yimlamai

Faculty of Sports Science, Chulalongkorn University
Received: 3 July 2561 / Revised: 2 June 2563 / Accepted: 10 July 2563

Abstract

The purpose of this study was to compare
the efficacy of high-intensity interval training (HIIT)
in normobaric hypoxia and normoxia on aerobic
capacity, critical power, and rowing performance
in varsity Rowers.

Methods:

Nineteen varsity rowers, aged 19-24 years
old, from Chulalongkorn University rowing club.
were recruited to participate in this study. The
participants were randomly assigned to either the
hypoxic group. (M=5F=4) or normoxic group.
(M=5,F=4) Both group completed HIIT (6 sets x
30s, 60s rest interval at 85-98%HRmax) on a
rowing ergometer (Concept Il) twice a week over
a period of 6 weeks in addition to normal training.
The hypoxic group trained in a hypoxic room with
FO, of 15.3%, whereas the normoxic group trained
at sea-level. Maximal oxygen uptake (VO,_ ).
ventilation threshold(VT), critical power (CP) and
2,000 m time trial were measured before and
after 6 weeks of training at normoxia. Data were

expressed as means +S.D. and analyzed using

the dependent and independent sample t-test
with a statistical significant at p-value <0.05
Results:

There were no significant differences in the
mean of age, body weight, BMI, percent fat, and
lean body mass between groups before training.
After 6 weeks of HIIT, both groups showed no
significant changed in peak power output, VO,
and VT, but increased CP when compared to
prior training (p<0.05). These changes were
concomitant with an improvement of 2,000 m
rowing time trial, with no difference detected
between groups.

Conclusion:

Our results demonstated that an addition
of a 6-week of HIIT program to normal training
elicited in improvements of CP and rowing
performance in varsity rowers, regardless of

hypoxic condition.

Key Words: Maximum Oxygen Uptake, Critical
Power, High-Intensity Interval Training, Hypoxia,

Rowing Performance
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Abstract

Purpose The purpose of this research was
to investigate and compare the effectiveness of
total body resistance exercise (TRX) suspension
and dynamic stretching in swimmers with different
body mass index on stroke characteristics and
short-distance front crawl swimming performance.

Methods Thirty-two young swimmers
(19 males, aged 14.06 = 1.90 years; 13 females,
aged 13.27 £0.93 years) were divided into three
groups according to BMI percentiles (Class 1,
Class 2 and Class 3). Swimmers performed
a conventional warm-up combined with TRX
suspension or dynamic stretching. Subsequently,
they completed 50 and 100 meters front crawl
swimming with the last 15-meters stroke charac-
teristics and performance time recorded. One-way

analysis of variance and Bonferroni post-hoc test

were used for data analysis, with a statistical
significant was set at P-value <.05.

Results Swimmers with class-2 BMI showed
the best performance time in 50-m. and 100-m
distances. Both warm-up methods had no
beneficial effect on performances time. However
TRX suspension exercise showed a lower stroke
rate and stroke length compared to the dynamic
stretching, especially in 100-m. distance.

Conclusion TRX suspension exercise
significantly improved stroke rate and stroke length
but not performance time compared with dynamic
stretching, regardless of BMI class, in young

swimmers.

Key Words: Warm-up/ Body mass index/ Upper

extremities Performance/ Swimming time
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Tunsindenuarmsuzediu (Sedeaud et at, 2012)
Lﬁa\‘imna\‘lﬁﬂizﬂauma\‘l‘h\‘m’]ﬂ (Body composition)
Lﬁm%aaﬁ’ummmmidumiLﬂﬁauﬁmmugwﬁ
sumeidzuaivaiiulyeadinusltivdlouas
Wudadiaduszaziianlunisuted (Knechtle,
Knechtle and Kohler, 2008) mnmiﬁms}’lﬁv\hum
wuh Adatlnamemastinim it fanudinig
furastunsiedauiitunsneseuludnimineh
waziinninlunisuwdeduszaulafnnwyin
Avdrintantedainudidysenisiadsulng
NM5EBNLTY  WRTAINARBENTIANNIUNTUWDITU
(Gagnon, Steiper and Pontzer, 2018) laaUn#
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ﬂ’nﬁwﬁwﬂﬁwﬁuatﬁﬁmdauiﬂonWHQQTuanﬁﬂnﬁ
Wil Bunaannisindenitetininlysunsy
sdsmshianadetisauauldliminininnnaz
dmingadu (Yang et al, 2016) aglsA
naAnEiasueAIatiniane (Body Mass Index;
BMI) fiAsrteeiudszansnweesnisinein
Tuininndredrseduierrsusefiagresnia
wanand mu%é’ﬂﬁmumwmﬂé’nyngmmu
Tumsieh (Stroke characteristics) Lgiln 917U
msluzlunisieth (Stroke counts) $1uusp
PN I IABUT (Stroke rate) SxaENg
MILARaUATD9993N5 B (Stroke length)
fanuduiustuanudisalunisudeduaey
Infw1ien (Beanland, Main, Aisbett, Gastin
and Netto, 2014)

fatiu mﬁé’aﬂ%ﬂﬁﬁoﬁimqmzmﬁﬁa
Wisuiisunan1sauguiniedisglnsaiiuy
WU (TRX) wazn1sauguseniefienisiie
ﬂé”]NLf‘IﬂLLUULﬂﬁau\LWQ (Dynamic stretching)
Tuiniredrfifidrdsfiniranisuanaeiude
Uszansnmnsldusuuassrozaiiunsiei
yaseSasarauludnimn et et my

TnguszaeAraINsIaY

Lﬁaﬁﬂmm%ﬂuLﬁﬂuwanﬁiaUQu‘iﬁanWS
fegunIailuuuI (TRX) kaTN1IauguiNe
Fransfandrnilouuuindaulng (Dynamic
stretching) Tuiinethiifiendatinaniauansei
Aovsransnwnsldusunazsresnailumyheh
Ao Sasarauludnfimn et s my
A diunnsise

a o &' [ Ao .
Juddetiiduiuideninaany  (Quasi-

experimental research) lFWUNN5U589938555)
mﬁéﬁ[uméﬁﬁ NyAIneNApTaULNU (HE 612043)

qoudi

g3r318U189 1 INe1FuN1TAR LKA
2.iwyTysal g3vimhisunnenaniie 25 wes
817 50 AT An 210 AT & 8 giw Taeyin
mMInataUsEEzaTuUMINETvaseTa 50 Wns
Las 100 LNAT ANARIAL

QEETPLERE

najw?hashﬂumiﬁnmﬂ%y’afﬁﬁmnmﬁLﬁan
WUULR12AY (Purposive selection) a0 1NARA
Fethseduen iz WATNBURTVENY 81T
12-15 ¥ THemzuuuasidudlng (Percentile)
psmdntiananieusiodu 3 nau Foid (Lim et al.,
2017)

naju‘i?i 1 (BMI class 1) faaziuuidaiidud-
Indszning 0.00-3333 Fefien BMI aglutas
15.20-18.00 kg/m’

naju‘i?i 2 (BMI class 2) fifmazuuuilasifua-
Indszning 33.34-66.66 Feilen BMI aglutas
18.01-20.90 kg/m’

naju‘i?i 3 (BMI class 3) fifmazuuniasifua-
Indsznine 66.67-100 Feiidn BMI aglutas
20.91-30.00 kg/m?

Lntuvl"nﬁﬁ'mﬁannq;uﬁ";mm

1. WA iedissduesulassiiunig
Andonietianudingneilen 1 1

2. Lﬂm‘ﬁﬁwmsLLﬂaﬁuTuizﬁugﬁmﬂTumm
mawdloatetes 1 ass Tmﬂﬁwuaaumu'ﬁaga
MlUaanaing
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3. fuinsrumsidulaiilsadsedrdafiu
qﬂmﬁﬂﬁiamﬂwﬁw iy Teavingsae wax fudnuay
uazlifluna ® viuee TsaRamis 1wy lsndRas
L34 (Taratip, 2014)

4. QLﬁﬁfmmﬁé’ﬂmumiﬂn%’au’jwﬁ'}
agvasLaxe (lendn 3 Su deduad Wuan
pgviloy 1 1)

5. ‘Lu'ﬁmmsmﬂL%Uﬁns‘hmﬁaua:ni:@n
uusweldsumshdiausindess Tug 6 Wou
ADUNIINARDY

sumpumsaniiun1side
1. ANBMANNTNNGEY) LNFITUALIUINY
MAptes waduuunielunisa¥slysunsy
Tapfinsandsesfsznausng ¢ desoluil
1.1 szazaanlunsiin
12 swauasslunsiin
1.3 IIULARN
2. NENAIBENINNNTBLEUINMBLLLIANNE

lzaslutn s'wf‘]’umsamjuiwmﬂﬁwaﬁﬂmnﬁ
LUDWDIU (TRX) Ve 4 v Godl hip abduction
in Plank, hamstring curl, chest press, 45° row
Toevhnsufsvinas 15 afe Wnsenineri 1 wndl
(590 15 wfl) nasauszezIa Ui
ATD3a 2 9epe Ap 50 LNAT WAT 100 LWAS
wartsedndnmulunsliuzuneudndutessazme
15 wns nduiniduszezig 1

3. n@uﬁaaﬂwﬁ’a 32 A ynIBUgUI Y
wuulamziezaslutuasin 5 uit (James
etal., 2018) mnﬁuﬁwnwsau@uiwanwaﬁqﬂmsﬁm
ﬂﬁﬁNLﬁﬂLLUULﬂﬁau\LWJ (Dynamic stretching)
Wavaa 5 v Gotl Toe walk, Heel walk, Knee
to shoulder lateral walk, Harmstring handwalk,
Wipers nasaUss8saumsetvinasesaly
2 9¥Uy @D 50 LWAT WAy 100 LNAT LAY
Yszdndamlunmslduaudsudndudoszoenig
15 LNAT (g‘ﬂmwﬁ 1)

woa o B o a
UANTNEUITSALETITY 11U 32 AU INFATE 19 A INAHE 13 AY

}

UTUINMBUULLAIY (TRX)

ﬁmjﬁmw 17U (Recovery)

l

. & 4 . ]
m‘muqmNﬂwﬂ”wmaﬁﬁna"mmmmumnau‘lm (Dynamic stretching)

foyadi IFnnnnsnanesdail
1. szgznarlumsheniviaseda 3282011 50 A3 uAS 100 AT (Duration)
2. Swaunslfusulumsheh (Stroke counts)
3, iﬁ'“lmu‘iawammmﬁ'imﬁ“lﬁﬂmﬁ(Sm;ke rate)

4 = PR 4
4, TZEEZNMMNTAIDUNVYEIIIINITIIEU (Stroke length)

gﬂmwﬁ 1 LEASTUADUNITANLIUNISTIVY
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ww3neiiafilHlun1side

1. gUnsaleaniid9nIBuuULYIY  TRX
Ysznauseaeadaluaauanue 12 e (TRX
PRO Suspension LLC, San Francisco, USA)

2. napviegUszezage (SONY ju RX
10M3, Tokyo, Japan) T#lun1sdunwiadaul
fouldduds 15 1WA

3. wWnAImea (Casio U HS — 80 T,
Tokyo, Japan) THlunsdunan wasiufinsees
natlunmsisivinasefassaeme 50 wWas uay
100 LNAT Tmmjﬁﬂﬁuﬁv\humiammﬁﬁmﬁuﬁm
Frevhsedumi

4. \A309inaAlsznaUTe9IeN1y (OMRON
BHF-375 Bekasi, Indonesia)

5. Lﬂ'%'a\‘li’mmuga fivio Nagata qu BW-2200,

Taiwan)

malansniays
a 6 A 1 A

1. lAT1EAR8Y  (Mean) aauldaviuy
N33 U (Standard deviation) 289818 ﬂ'augx‘l
wazUIninAiNIanIg

2. 1WSsuLisuUsAnsawnslHLIuLay
J2aLIANUNTINEUNATE T AT L R UTENIN
nauiUeSiBudlng (Percentile) sovrdiinianiy

3 ngu fwalid One-way analysis of variance

iauﬁ’umawmaummLLmnﬁiNiwgﬂmﬂ Bonferroni
post-hoc test

3. WhsuifleusuIusausa9 s Iinei
faundl (Stroke count) FuIUIATIRDTEHENN
(Stroke rate) 3rBzMIMILARBUTRBIEINMTPETh
(Stroke length) ae3zazIa (Duration) Tuns
JrpdvinaseSasesauluszaznie 15 wWes
fiaumiu’ﬁﬂLﬁuﬁﬂizwdﬁanijuﬁiﬁ%’umiamjuiwmﬂ
fipgunIailuuuI (TRX) kaTN1IauguiNNe
fransfandrnilouuuindaulng (Dynamic
stretching) Ing/l4ad# Independent sample t-test

4. fvuRTEAUTRFNEAAT .05 (P<05)

WaN13I98

dnfwriisiense 32 au wiafly e
19 Au vy 13 AU ﬁmqmﬁﬂ 137 +1.03 T
daug\ua&"ﬂ 163.00 +7.62 1Bufiuns dviiniade
5315 + 11.24 Alansu dufladanisiads 19.91 +
3.34 kg/m’ IﬂﬂﬁfniwﬁwmmzﬁmqLLatﬂ'auga
wnndindredindeetnefiteddynieain
fiszey 005 uazlumsdnnguuedifudlndues
Anpiinianiey (BMI classification) nanfaneng
finnadnzasdninlaniafiuandeiy  (P<.05)
fanandlunsed 1
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asef 1 uaavAadsuasdudssuunnguzessieysmilizesnguiedgig

Variable Male Female t P-value
Age (years) 14.06 +1.90 1327 +£0.93 227 05*
Height (cm.) 166.94 +5.39 157.23 +6.75 423 05*
Weight (kg.) 56.08 + 11.81 48.88+9.16 1.93 .06
BMI (kg/m°) 20.05 + 3.50 19.71 £3.20 0.28 77

BMI class 1 BMI class 2 BMI class 3 P-value
Age (years) 13.03+0.38 14.35 + 0.39 13.85 + 0.39 13
Height (cm.) 158.72 + 3.05 165.72 + 3.05 164.70 +3.13 .09
Weight (kg.) 42.74 +3.00 53.26 + 3.00 64.50 + 3.07 05*
BMI (kg/m?) 16.90 + 0.79" 19.47 +0.79% 23.71+081% .05*

*P<.05
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860 10.%259€L 0’9 ¥89°¢€/. 81'G ¥850. 1EGF660L €66 T80G, 89GF€8 Y. ('s) uoneing
160 FLOF €60 LLOFG60 800 T £6'0 800 T 96'0 900 ¥ S8°0 90'0 ¥ 060 (w) yibue| exons
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w g seouelsiq

(as+uesn) (a@s+uesw) (a@s+uesN) (a@s+uesN) (a@ssuesN) (‘@S uesi)
anjea-d  (0k=u) x4L (0k=u) olweuAg (11=u) XYL (LI=u) olweuAg (L1=u) XH1 (LI=u) dlweuig

€ ssed |INgd ¢ ssep |Ngd I ssep INg

uoneosyisselo |INg

780 LI'EF 29728 2TTTI8LE gLzTeeLe 06'L T98°0€ v8Z T IL'EE 29cFezee ('s) uoneing
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onjea-d  (0}=u) XHL (01=u) olweuAg (1}=u) X4l (k1=u) JlweuAg (p}=u) XL (F1=u) SlweuAg

€ ssed |INg ¢ ssep |Nd I ssep INg

uoneosyisselo |INg

(uoneoyisselo |NG) MUNLBUBTIARLUNEN
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]



264 Journal of Sports Science and Health Vol.21 No.2, (May-August 2020)

PNATNN 2 IATEFANNUUSUTWFDINN  NEDANTZAU .05 wazdenwuinieaavilads dona

i:mwmiamjuimmﬂﬁoamgﬂLmﬂuﬁﬂdmﬁﬁﬁﬁ Tushuszaznalunsnehhesa fauasssavanw

v €

andaiianamediuansnetu wuhlifuidaiusiu Tunsldusuiliunnsneiy

A15197 3 uasvAAsuazsudiuINeIg sz Bz DMUMol hase Taszasau uazsendamw
Tunsldupuzpenganininriteun

Distance 50 m.

Dynamic TRX Percent different p-value
(Mean =+ S.D.) (Mean =+ S.D.)
Stroke count (stroke) 16.18 £ 1.57 16.31 £1.65 0.80 .51
Stroke rate (sec/stroke) 0.65+.08 0.66 £ .09 1.53 45
Stroke length (m.) 0.93+.09 0.92 +.09 1.08 58
Duration (secs.) 3197 + .38 32.36 + .27 1.21 12
Distance 100 m.
Dynamic TRX Percent different p-value
(Mean+S.D.) (Mean +S.D.)
Stroke count (stroke) 16.12+1.60 16.71+£1.72 3.66 .05*
Stroke rate (sec/stroke) 0.74 +£0.09 0.70+0.09 5.71 .05*
Stroke length (m.) 0.93 +0.09 0.90 +0.09 3.33 .05*
Duration (secs.) 73.15+0.86 73.04+0.94 0.15 a7

*P<.05

atalsfimuiiovnsdinsst Suauseused
asmMyhenhsiound (Stroke count) LLAILHENN
MstARauRiTn9aINIs e (Stroke length)
Tuszaeme 100 wwms WUIINITBUIUINNY
WULRNIZIRNE93WAUNTOVEUIWNNBAIBATG
ﬁﬂﬂé’ﬁmﬁatmmﬂﬁau\lwu (Dynamic stretching)
ﬁniwmmn@ui’ﬁamﬂﬁaﬂqﬂmnﬁmuLtmu (TRX)
§IUNTDVPUINNBUVULANIZLIIZIIIINAY
NMIDUGUIWNMBULLLDIU (TRX) HTuuan
ldrasraeny (Stroke rate) Andnseuguene
WULRNIZIRNE93WAUNTOVEUIWNNBAIBATG

fanduiilauuuiaiaulva (Dynamic stretching)
Fenandlunswi 3)

afls1BNan13Y
mni’mqﬂs:mﬁiunﬁﬁnum%’dﬁ \iie
\WituiWisunanMIaUgus WNMeiaUnsalluUuT I
(TRX) LLa:msauqumﬂéﬁmmsﬁoméimLﬁa
wuuLAABUlNY (Dynamic stretching) Tuiinnein
fifiandutananeuaniudayss@nsnwnsld
WPULAT Bz lUNMTIEiYAe Sas e
Wy dnefifadainanouansieiu BMI
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Classification) fuszansnmlunisldusuii 3 fu
16 SuausevTssvaIns s (Stroke
count) 31U ERETEEEN (Stroke rate)
STUENINMILAREUADE9I99IN13 BN (Stroke
length) Laz3HzLI87lUN153188 (Duration)
Turasafaszeraulduansroiu agrolsfiaim
srpznafiuandiuusidoandn 0.01 3und Afwa
Viawaﬂ’]iLL“Ii\‘i’fl’quﬁW’]’j’]EIﬁéﬁnﬂitﬁU Tugures
srazalumMshoiminasesaszoznig 50 wns
WmfﬂunQuﬁnﬁﬂﬁwﬁwﬁﬁmmﬁmamﬂ‘ﬁ
18.01-20.90 kg/m’ fidafszaznailunshneh
vihasaiasnge Sadulddaaulunseugusienie
WULRNIZIRNE93WAUNTOVEUINBHAIBATG
ﬁﬂﬂﬁmlﬁatmmﬂﬁau\lwu (Dynamic stretching)
fisraziaais 30.86 Junfl uarszazalung
FenhheseTaszazne 100 wes WuhnaNuinian
?i’]ﬂﬁ’mi\juﬁﬁﬁmiaua;ui"]\imﬂLL‘U‘]JLQW’]::LQW:W
TIWNVNTDVGUITNMBULDUDIU (TRX) 810130
Fretviesesastegnie 100 1863 Laﬁﬂagﬁ
7058 Aundl F9s19an Class 1 waz Class 3
98 4.50 WAz 2.94 Uil auasulunsuaedu
Frssduenmy nMIisrezafiuansieiu
12 Aunfidu fualunsudisusds 2-4 wns
(Moran, 2014) 31nM3AnE3Fefiius (LaRoche,
Kralian, and Millett, 2011) wud1 saalasiud
wnduiludonasentandniofanasdolufing
Frohseorau (Juimdigesddnaslunsfouay
miLmtmwaaulﬂﬁaamsnmw'[umimaéhL‘ﬁamuvgu
wuannunaaflunisiadaufiiiodenase
UseRnBmwiuseaziangaga
IUﬂQNﬁﬂﬁﬂﬁjﬁﬂﬁﬂﬁdﬂmﬂ 32 AU MINAEaU
srpzalumMseivhasesa 50 wWas NIDUgU
smeenstangsitiouuniesouln (Dynamic

stretching) fidwaie fszuziaais 31.97 Jund
AN NIBUEUTNMBLULLDIU (TRX) Andn
039 Huift srpznalums el vhasesa 50 wes
ﬁi:ﬂznmﬁmﬁLf‘iaamﬂmiaua;ui'wmﬂﬁmms
ﬁﬂﬂﬁmlﬁatmmﬂﬁau\lwu (Dynamic stretching)
dwfnennisfianaznasisgiesingvilinaln
s uzssndsiandoulnildodesinga
wasiialse8nsnw %‘amaau@u‘mmﬂlugﬂuuuﬁ
sz funsuteiulussezniedu 7 NIDTTVY
naviuiildldeandiau  (Anaerobic system)
(Sawdon and Benson, 2015)
YszansnmilunsiBusilummeseusseznm
Tumsheiwinesesaszoznie 100 wWas wudn
NMIDVGUINNPUULIANIZIINEANIINAUNTDUGY
SwmeiegUnsaluuuueIu (TRX) Jusedndnm
Tumsluauite 3 Fuldud S1uIUIPLI899T
myhuthsoud Suunaiildresrazme sees
NWMILARBUTITag eI Andnseugu
TNMBUDUIRNIZLINZIITINAUNITOUGUINNY
fransfandrnilouuuindaulng (Dynamic
stretching) Q’mmiﬁﬂmﬁ&hum Messinis et al.
(2014) ¥nsAnswansinlagl¥ Hand paddle
Fafunsiinnateuauzaninfrmisiuuuemns
wzasiudsnasanisLUisunlaem1eassinen
Tumshe Tastnfmeihdndouasszaeme
MItARaUAiTD999IN5 B (Stroke length)
AanseiitinsNTy Semawauinuzysyansam
Tumsldusuraainimriednivduiladaddy
faviilFinAniwauidiussazialdadned
U5:An3n p0uzfi McCullough et al. (2009)
WU FerizaadmsiirusnlUTeanNENRuS
°1|a<1°1nLﬂua;mﬁﬁﬁ’ﬂg%ﬂﬁmé"auﬁmmﬁﬂﬁﬂﬁwﬁw
Mok et al. (2015) léina1vin madszandlusunsn
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n3in feguUnsaluuuuan (TRX) S RTTaErRTHY
iinwruardsrnsamngsdislunisiaiaulng
metmsﬂnﬁsjaLﬁummuﬁmmLﬂu‘wﬁn Fan9in
TugﬂLLUU*ﬁmmmﬁmmmiﬂizmuﬁi’uﬁuﬁ"’ﬂm
n&mtiaununansssn

uiiulein N199UEUITNNIBNDIFUUDY
s ansamlunsldususietu walifinase
srazalumshiod Wefasundunausised
mamﬂmﬂstqnﬁ[ﬂum‘zau@uiwmﬂﬁ’mm
gﬂLmuwﬁ'aﬂLﬁuﬂamﬁummmn&mLf‘IaLmunmo

adhdiundatiaffiduddaesininn el

a

issanidududidyiinugunisvieuliia

o o & a €1 o a ' %
ANMNFNRUS  waziindsyloniaaiinAnidnen
Tuszduwnsuldussadmanslumsugedustng

BNB(G
Y Al

S7UNANT3INY
miamjuiwmﬂﬁwqﬂmaﬁmmmau (TRX)

a'\‘lwaﬁiaﬂizﬁ‘w%mwiumﬂ"i”jmuﬁﬂiﬂm‘samju

FMBLULAdauln  udlidenadaszasiia

Tunseunluinirnineunsefuesundaesl
NINNYLLANGINL

dDlausLUL

1. AsEimsfnsnazasAdsilianeluyile
fAmndug Adpaldsrariiamidaanuslunmdadu
NanIutNdu @i nIm Judu

2. MmN HRTAINIBLEUI WNMEMBgUnIal
WUDWZU (TRX) waznsauguswnediunsiia
ﬂé”]NLf‘IﬂLLUULﬂﬁau\LWQ (Dynamic stretching)
ovsransnwnsldusunazsrasnatlumy e
Wasedalussuznatiazseeslng

AnAnssulsznA
Q"J%’ﬂmamauQmmm‘iwﬁamnﬂfnﬁwﬁwﬁw

FLAULINIBUINAIA megiiﬁﬁ' WsawlunsFnen

aSeilifuatneg mamauws:@mmam%ﬂﬁms

a

slusyusenalinuiTeduSaganlulddes

NN DY
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Abstract

Objective: The objective of this research
was to study health literacy level of caregivers
of childrens with epilepsy and to compare
caregivers’ health literacy level, according to
age, and educational levels.

Method: The samples of this research
were 108 caregivers of children with epilepsy
who undertook medical treatment at the
outpatient department, the Pediatric Neurology
Clinic, Prasat Neurological Institute, Bangkok.
The samples were selected based on a
purposive sampling. A research instrument was
health literacy scale to measure caregivers’
health literacy levels. Quantitative collected
data were then analyzed using descriptive
statistics, including frequency, percentage, and
standard deviation, and One-way ANOVA.
A pairwise comparison was conducted by
using LSD. The statistically significant was set
at p < 0.05

Results: Most participants had a moderate
level of health literacy (96.30%). When indi-
vidual aspects were considered, the reading
and understanding the letters and numbers

(X = 8.19, S.D. = 1.72), and decision making

about the care of childrens with epilepsy (X =
15.28, S.D. = 1.54) were at a very high level.
However, the knowledge and understanding
about epilepsy (X = 10.11, SD. = 1.92), an
access to health
(X = 10.33, S.D. = 3.48), and a communication

to reduce the health risks of children with

information and services

epilepsy (X = 13.58, S.D. = 2.79) were at a
fair level. When personal factors, including age,
and educational levels were compared, the
participants aged 20-49 years old had higher
level of health literacy than those of aged 50
years old or older. The participants graduated
with a bachelor’'s degree or higher had higher
level of health literacy than those of one who
graduated with secondary education or diploma,
and elementary education or uneducated group
with a statistical significance.

Conclusion: The findings of this study
implied that the participants had a moderate
level of health literacy. The participants with
different age groups and educational levels

had different levels of health literacy.

Key Words: Health literacy/ Epilepsy / children

with epilepsy / caregivers
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Abstract

Purpose To study components of tourism include
Attraction, Accessibility, Activity and Amenity which affect
the interest in nostalgic tourism of Thai tourists who live
in Bangkok and to compare their demographic attributes:
gender, age, education level and income

Methods The sample consisted of 440 Thai tourists
who were 20 years old and above, live in Bangkok in
the districts of Chatuchak, Bang Khen, Sai Mai and
Bang Khae, and were experienced in visiting nostalgic
tourism destinations. This research adopted a purposive
and quota sampling technique using questionnaires as
the main method to collect data with the I0C of 0.76
and coefficient alpha at 0.92. This study also applied
statistical data analyses such as the frequency, percentage,
mean and standard deviation. The data were also analyseed
using One-Way ANOVA and multiple linear regression with
statistical significance at 0.05

Results

1. The sample had a high level of opinion towards
overall tourism component (X = 3.75, S.D.= 0.37). When
individual aspects were considered, an aspect with the
highest mean was attraction, followed by amenities,
accessibilities, and activities, respectively.

2. The sample had a high level of interests in

nostalgic tourism (X = 3.96, S.D.= 0.58). When individual

aspects were considered, an aspect with the highest
mean was interests in nostalgic tourism due to the needs
for nostalgic feeling and experience (X = 4.22, S.D.= 0.90),
followed by the needs for taking photos in outstanding
and beautiful nostalgic tourist sites (X = 4.20, S.D.= 1.11),
the needs for building the relationships with family
members or friends (X = 3.87, S.D.= 1.20), the needs for
temporarily escaping from disturbances (X = 3.82, S.D.=
1.11) and the needs for learning activities and traditional
culture (X = 3.67, S.D.= 1.33), respectively.

3. A demographic factor influencing tourists’ interests
in nostalgic tourism was age with a statistical significance
level of .05

4. Two components of tourism influencing tourists’
interests in nostalgic tourism were attraction and amenity
with a statistical significance level of .05

Conclusion Different demographic age affected
different interests in nostalgic tourism, while Thai tourists
who have different gender, income and education level
had no difference in interest in nostalgic tourism. Moreover,
the attraction and amenity components of nostalgic tourism
were the main factors that affected Thai tourists who are

interested in nostalgic tourism.

Key Words: Tourism/Nostalgic tourism/Tourist interest
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Abstract

Most people seek to perform outdoor
sport and activities, especially where it is in
close contact with nature under the fresh air.
Nowadays, sporting organizations are searching
for new locations where it does not attract only
athletes but also spectators and companions.

Purpose The purposes of this research
was to study the influence of the marketing
mix on participating in the trail running event
decision, in the aspect of sports tourism
promotion.

Methods The samples were 296 partici-
patants in the Phu Kradueng Wake Up Run
trail running event. The samples were collected
by purposive sampling. The research instruments
were questionnaires and data were analyzed
by frequency, percentage, mean and standard
deviation.

Results It was found that participants in

the trail running events had an opinion of the

marketing mix in the highest level among
7 aspects, with an average of 4.25. The order
was, sorted by the high to low average score,
were the people, price, physical evidence and
presentation, place, process, promotion, and
product and service, respectively.
Conclusion Our results indicate that the
person, price, physical evidence and presenta-
tion, and place were factors that influence
the marketing mix. Thus, the organizers of
the trail running event could apply these
results for enhancing the marketing strategies
and developing the products or services
corresponding to the participant’'s demand by
focusing on these factors to gain an advantage
in competition with competitors and develop
products or services to meet the needs of

colleagues.

Key Words: Trail running / Marketing mix /

Sports tourism
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oAsundoniiistufiunasnainnisiiums fiwn
LarNaINIINaUNUINIT (Gammon and Robinson,
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éhﬁmqﬁﬂumsﬂﬁﬁ’ﬁumﬁumwgLﬂﬁﬁﬁaagTuﬁuﬁ
ﬁiiumﬁiﬂﬂLamﬂuﬁuﬁéjumaaﬁﬁmmu‘.]u
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dufi 2 LLuuaa‘umuLﬁﬂaﬁuﬁagamﬂ%ﬁmﬁ
Tufanssnoudansadunuusauoniidlwiden
“a18AIRBL (Multiple choices) danuuzdaiaia
fufl 3 uwusaummfEnfuthdan M Inae

a
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~ ' o @& & o 0%
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a ¢ %3 v aa
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va v o
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Y
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NAIFIU AN
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Manuscripts submission for publication in the Journal of Sports Science and Health

The Journal of Sports Science and Health welcome all research, and review articles
that pertains to sport science, sports management, health promotion, or recreation and tourism.
All manuscripts and articles must be submitted electronically via online submission at
www.spsc.chula.ac.th to the editorial office at the Faculty of Sports Science, Chulalongkorn
University. Furthermore, any comments or point of views that pertains to sport science, sports
management, health promotion, or recreation and tourism should be sent to spsc__journal@
hotmail.com

All manuscripts and review articles are considered for publication on the condition that
they contributed solely to this Journal and have not been published else where, in part or in
whole. All considered manuscripts must undergo a review process in which two reviewers will
be assigned (double blinded review). After all the changes and adjustments have been made
according to the reviewers’ requests, the manuscript or review article maybe accepted for
publication within 6-12 months. The editor reserves the right to accept or reject the manuscript
on the ground of its scientific significant. Upon acceptance, the author will be notified by the
editorial office and the published article can be downloaded at the Journal of Sports Science
and Health Website.

Manuscripts preparation

1. All manuscripts and review articles must be printed on A4 (8'x11.5") one sided
(font should be 16 points Angsana New; the margin should be 1" on all sides).
No more than 15 pages.

2. All manuscripts should not be published, in part or in whole, anywhere else or under
a review process.

3. The title should be no more than 50 words in Thai and no more than 25 words
in English. Abstract should be no more than 500 words in Thai and no more than
300 words in English. 3-5 key words in Thai or English are required.

4. Tables, figures, charts, and graphs shall be written in Thai and arranged in order.
Table’s description shall be placed on the top. Captions for figures, charts, and graphs
shall be placed below. There should be no more than 5 tables, figures, charts, or graphs

in one manuscript. Tables, figures, charts, and graphs should be saved separately.
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5. A list of references is required for all manuscripts and review articles and shall be

written according to APA format (if references are in Thai, they should be translated

to English). Reference citation within the manuscript should be written in both Thai

and English (in case of Thai manuscript). Citation of dissertation work is prohibited.

When citing dissertation, the author should cite the original work that was quoted

within the dissertation and should be written according to APA format.

a.

b.

C.

Journals and magazines:

i. Example: Author (year). Journal Title. Volume (issue). Initial-final pages.

Books:

i. Example: Authors (year). Book title. City published. Publishing house.

Electronic materials:

i. Example: Authors (year). Title. Date searched. Database. URL

6. Original research should contain the following items

a.

- 0 O O T

= (o]

k.

Research title, abstract (in Thai and English), and the names of the primary and

co-investigators with affiliated institutions.

. Conceptual framework and its significance
. Objectives
. Research hypothesis (if available)

. Experimental design

Research methodology

. Data analysis

. Results

Discussion
Conclusion
Limitations and suggestions for future research (if available)

Acknowledge (if available)

m. References

7. Please visit www.spsc.chula.ac.th for template

8. The Journal of Sports Science and Health reserves the right to reject any manuscripts

and review articles that do not comply with the terms and conditions set forth by the

Journal.

Contact: Faculty of Sports Science, Chulalongkorn University. Rama | Patumwan Bangkok 10330.

Tel: +662-218-1027 E-mail: spsc__journal@hotmail.com
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