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ABSTRACT

The purposes of this research were to study and compare the acute effects of static
stretching (SS), dynamic stretching (DS), and proprioceptive neuromuscular facilitation contract-relax
(PNF-CR) stretching on peak torque of quadriceps muscle. Thirty male participants aged 18-21 years
were randomly selected from physical education students of Kasetsart University, Kamphaengsaen
Campus. Repeated measures design was used. All subject were tested 4 times (non-stretching and 3
after the stretches), 48 hours apart. During 4 separate laboratory visits, each subject performed 5
minutes of stationary cycling at 60% HRR before performing the control condition, SS, DS, or PNF-CR.
The peak torque of quadriceps muscle was measured on Biodex system 3 at angular velocities of 60
and 120 “/s immediately after the stretching. The data were analyzed by using ANOVA with repeated
measure and multiple comparison was performed by Tukey at 0.05 level of significance.

The results indicated that the peak torque of quadriceps muscle at angular velocities of 60°/s
after stretching between each stretching methods (SS, DS and PNF-CR) were significant difference.
The highest muscle strength was found in DS (225.17 Nm), second to PNF-CR (213.15 Nm), and the
lowest value was observed in SS (209.93 Nm). In addition, the peak torque of quadriceps muscle at
angular velocities of 120"/s after stretching between SS (177.73 Nm) and DS (185.20 Nm), DS and
PNF-CR (180.58 Nm) were significant difference. However, there were no significant difference
between SS and each PNF-CR. The findings suggest that dynamic stretching may increase acute

muscular strength. These findings may have important implications.

Keywords : Static Stretching, Dynamic Stretching, Proprioceptive Neuromuscular Facilitation Contract-Relax Technique
Stretching, Peak Torque, Acute Effect.

E-mail : korakod_ku66@hotmail.com

ANUN
Ao Ay 4 o ' a o A A o
angsanInIanIeia Deldduduiugiuniediudeniafinnausesnts iiefazseiunig
waauluaznraisusamasazasnduilalfadslsc@ninan fah @sml  (2544) na1a91 uashl
a .i’ d‘ ¥ nél’ = d‘ d‘ 3| % 9:/ 3| a o 1 = d‘ d‘ a
neruluanzindaieinaadeunidudunsaivazidullniunguestiosu uwinniniserdeuidayu
A A a 2 d” a 29‘, o o a | '8 = a
wiradn1sdavyuliaesndiuile wssrtiail pundnnamians Gandn nNafATaLsTINN (torque) WAy
ANANNTD luNNIARINANIa eI TU LS UN Buanuazn e TuTL AUMANNIETIINeN Bandn
= o X > X A o A o A o =
ANWIIUIINANMLTE (AUsN, 2547) Maln1sNyAAaiavTatiniviazannsnLansinezn1sAaau g
IFaeneTdszdninniazdasadaanunFaunisadausarasaeaindnuiileuasdunaudn Ay R sdua
) v % X " = = = o X 4 aal
Alanf9ldus91e9nd1aie Ae NsaUgUIIINIMTagULULNsEAUBEANA1NIHe T9gUuuLLazIENIg
% 1 o a a val v o Y1 1 fn// o
nanatinfAauisndiRlfesazendeddonlunngluuy wiuneaisdngnaziaauazaianis
o = = o aal P [y , 9 o o S o
AN TURDULAATN19NYNAEY danalisieniarinn unFanwazidunal@adanisuanainee

779



ﬂ’]iﬂit“g&l%“ﬁ'm’]i UAINERUNBATANFAS INLUVATUNILRY ATIN 5

ANNATNITONNNNEAAAY ALY a3ty (2538) Na1191 NsEiamEaandnuLilaatedasinaun a9l
dselamiineinmuaziingunisedaulmaastesaliunnauliinlddasenany viaiannuluiiuagls
A S ¥ d” o 04 ¥ dy ¥ 1A 1 2 3 =3 =X ¥ |
wmaznisEiamBaandiuileazin linduiileseus dasetanguliding Wuuazidutindasenuiuas

« X
IEATERE
a4 = Y X o P P e | adsy Wy = e

nstiamdaandaidedlgluuuuasdsnuansnaiu GeudardsidalinFaudanFauunnsiaiu
ALty N3EimEANANNIHBLLLIN L AUIz UL sza W (proprioceptive neuromuscular  facilitation) &
pntlaeasiadeanndinduRentszaunisnd Fansdenaednldlunistintdninmn Nurisaurialy

o o = = ~ Y X VR = o 2 = Y 1

wazunAn annisAnenistiamdaandnuteswuuegfunuFaunauiunistiamdsandiuiiauuy
mzﬁmzuuﬂ?zmwﬁwmﬁﬁﬁ contract-relax WA agonist contract-relax  AXNAABNIININULA

nautlanardanisiaaaulug wudn nistiamdaandnaiilanuunsefussuulsranieaesganali

o

Y X o , p X 4 a o a a Y X | a
nénsilednavinnuazdaenisedeulmnintudenFauiaudunistinwtiaanduilauuuag fug
(Ferber, 2002)

\ & ~ o X Vo A . . @ aa a A oal v
dougduuunistinmBaandnuiiieuuuagiud (static  stretching) WWian g N snUUw LS
Y o =< o ~ a a ) P & = Iy X Ao )
pagfinlesTeilarnlaandanazllss@naninunn asdnelefinuaaresnistimuiianndiuileninase
[~3 v d"/ [ dl 1 1 = o =l =l k3 j
AMNUTILITRNANLLe AN Zakas et al. (2005) NANI91 HATTESIREUNAUNIEAMEEANAINLTALLL

(% d‘ = v 1 d‘ al 5 1 o £% <3 o o 1 k2 d” al' R
agiun Aualdasnisndeulminiuiaratadenarinliauudussuasinaslungunduilangnia
anadldl  5-30% (Cramer et al., 2004 uax Cornwell et al. 2001) @aAAR@IfL Power et al. (2004) 14
= ) = v d” 1 o dl Yo A .

ANHINATDY NsEAmEaANANHawLLagiuN  T9M9a9aIn198iAuIL (long duration) 1Hulaa1993 270
U WU uSIMANTINANILEEI4A (maximal isometric force) 2B4NANNHBAUINFUUTINIAARS 9.5 %

we NN NasaA g NN lun N lnn

(%
o

o a4 . X 4 o , , o em . ¥
AULNNITE AU EANAINLUALLLLARRWN (dynamic  stretching) umﬂum?ﬂgumimmammj

i Ine ldaurassentenedaulmldtinaanludasaanismaauluaindng ww nnenselaaneanan

1Y
a A

| @ v a4 ~ Y X T @ Aa Lo = o
anuzannag luainia wusu nstiawdaandsianuuliegiun diunfaslungiinfiiaduuan lu
wnuzinea Ui naeuniidandudesdifiuguatininiesunisinaeulmananeannas (A3mi, 2534)
wazlugnunisAneiudliideasldnian 6ei Unick et al. (2005) lavinnnsAnmizasnistinmtian
néNweuLegAUNLazuuLLARaUN NNFat1uduInNTNY AN A1Uu0u 16 AW dRgLTassaa

a o dl =® a o A S v d’l dld | o |
NIAENeANHINATTEIRILINAUIBINIIE MBI ATRINA N e NH gL uLLsN T uiNasia A N aINn 90 T
nsnszlan wan1s3delinudndanuunnssszdanstiami s ansaesgunusanuann o lunng
nsclon

o =3 % aal DA o a A % < ZI/ 1
peaziiulAainnisnene I magn1eAeiTs s AULS I NTTRANITDN A WA SUITTUE
A9ah Hasanilfiniansauaasinwen1eni lfa1eiltlsz@ninin ieluamgianisindax

| | e aa = = Y X ¥ o @ oa o = ¥ . = o
waraaaAtaINIswdy uardsnistinmdsandruiiatiuanduicluduniaesauniansianianaz i
nanuitaldanunareanusaunfiogega uanwieanauudsaidunalaansaiundiuile uay

=2 A = ¥ d” v A o [ = A .
naAnEuaaINNIstamBaandnuitiatinddadeulnnifsd@nsnaainnisiln (training or chronic effects)

' a A P o ~
WHINTFATIAABLLTELHY LL?Q@;Q@@‘WLﬂuN@Nq@qﬂigﬂgLﬁﬂUW@u (acute effects) m@QﬂqﬁimﬂTLLﬂTNﬂ’]?ﬂm

780



ﬂ’]iﬂit“g&l%“ﬁ'm’]i UAINERUNBATANFAS INLUVATUNILRY ATIN 5

1%
o =< o

wilaanduiteiuiaouiiaula  faempRERaERmINNIANEINANAZIAATUILINNIAF19UIINTUAGY
Y X &, = o = = Y X 1o R
1aNdNie  ladednasraziaunduIaInstiamdsandNianuuegiun uuueAauLaTLLL
% ¥ d’l a a % d’l % 4 £ | o :// d’j d‘l o
nezfusruulszaMnANilelseausndaugagarendnsiadua A uninuansn9iu feilietin
nan13daaNElidulunIinlife auudusgegascazaunau uazausnin lldseyneld e
pa il

ngilszaeArninisiag

|
=

= = o 1=l A = ¥ &” o S = ¥ éj
WaAnsuaszazaunauannuuuliinnstinuiaandnuiile waznevaanistamiaanaiuiile
[ dl dl dl ¥ % n&l dld 1 a dl @ a
SUURENLN WHLILARAYN LLZ\]ZiLL‘lJUﬂi‘UZ]uﬁ‘Z‘]J‘]Jﬂ?B@’Wm@’]NLu’ﬂvmﬁ]@LL?\‘]LﬁQHNQQ@‘@IWﬁ’NNL?QL?jQHN 60

| a = v X o v B
BT 120 29ARARAIUIN UBNNATNLLARALWUIATUNALN

4 a
AUnsaluarisnsg
1 o [l -:II a o guJ/ nil/ | aa =2 =) a o '8
ngusnatenldlunmduaiiiduli@anadne e ang 18-21 1 undnandainsasAans
e unaLay 19NN InedEnsguetingdng (simple random sampling) Anuaw 30 A Wugn

q

gqunwhuaz ldTyminisuasuszuunANe neunstinwtiaandnuiile e 3 wun Tingusnetiewn

'
o o

o o o dl Y o 1 1 =3 rdl 19 & % dy a %4 ! a o
NI1TARNNIAINTE 1 9% LW@ImﬂWﬂN@u'ﬂﬂ%‘lLﬁmW VLNEL‘Mﬂ@WNLLL@Lﬂﬂ‘ﬂ’]ﬂ’]ﬁ‘@’]ﬁ‘zﬁ’l’%‘mﬂ’]@\‘m’mqﬁ‘mﬁm‘ﬂ‘l_]

' o '

A I R - - o e d

ANUTWAEazREangiudumaun1sHn sudsaNdesuazdeslagisinge Ingusiaedig
analfFuainnisdndanlasnisiduiilanguiaatnaiunsunsasBeauaviundndnlaseniday 9l%
nausnagsuazUnAsesaNEutenuazUfURA N Tuna U

1. Anwanan1ui gunsnl luuiinuaniamases uazienasesuiauazidanreslasan s
= : e T X = ) = = = e
\WWaLAAFIaNGNFARRENY AMNTUTLAIazREANEaTLduAELNITHN santeA M@z srlamising
ngusitatwanaldfuainnisdndaulasiniidy uazilangusnatnaiunaunsazidaauaziunidns
Tasann994 aslinguenatnauazfinasesasunutiuaes

2. NENFAENNNINITALEUINNNY (warm up) Iasn1stludnsenu (cycle ergo meter) Luiaan
5 W1¥ AT 60% HRR

3. AMNULNguANat M NALEN FUNNIMAAELAWINTNYNEIAATBINANIHB AU (NARELLNTN

1=l = = v X I = S o s = A o

191) wuuldinstiamdaanduiide (NS) AsAdaansndenlng AszduauEdem Nsziu 60 uay
120 @9ANGIRAUNT AU 3 UAT 6 ATIMNAIAL A1ntiuling AR 2 Fu

4. ngudaatannAudnuNsEamBaanANLla U FuIT Senaunistambuanguaaesng

¥ o o 41' aal = = v X e 2 = = o &
NNAUAZARININIIALRAININEENNDENN9E AMEEANAINIEATN 119 3 LU Aa N1samBanAnAnuNLie
wuueEiuT (SS) wuuAReud (DS) uazuuLNszfuszuUlszamndnsiile (PNF-CR) uazudsanntiuli
Ufifmn den 2. uazidhfunistinmBaandnaiiiemes 1 wuy / au/ W aannisduaants Inevia 3
wuy dwnanlunistinmeen 15 3u9 A 3 A% (3 x 15) Mnan99u 45 3uW uazudsannistin

= % dy 1 ¥ o o/
mamﬂmum@lmmumuiuuqmwn 29U

781



ﬂ’]iﬂit“g&l%“ﬁ'm’]i UAINERUNBATANFAS INLUVATUNILRY ATIN 5

5. VAADUAILINITINNANEATBINAHIHa AU HunTiNTesnguAaatieudsaInnstinmtian

ndnuitlalusazuuudugeaiuiai 3 win ldnistiamdaauarn1ImMAAaLAILINTINNEIGATDY
% d’l %

NANLHaANE 2129

6. N19AN (rest) TB9NgNARLINNTTMININsEiAmEIaANA e luusaz iy THnamgawn 2 du
d ey s X & o . s
Wialindnuilarusa (recovery) NMENAINIINAABLANUIILTINNEIEA

7. ADUNLAYIZEZINAINTTIALATIY A AUEANNANAATNNINTN NNINNAENEATANART

ANUNBANUWILAY FHAILS PBUNNAAUS - AuAN 2551 1981 16.00-18.00 1,

nsAAsIzidays

1. ANUIIALRAS (mean) Lmzmmmﬁmmmﬁ@ummﬁm (standard error) UB9ALINLTHN
A94ATDINANLUB FUBIA U

2. Msnamzianuulslunnafgauuudati (one way analysis of variance with repeated

1 a U d"j U v v 1 =l = U d’lj

measures)  IDIANUINTIHNGIAATAINA NI LD FUBI A UNTY ArnuuuldinnstiamBaandnuiie uaz
AedansEiamsia andanaiie 919 3 wuu

3. NNENAINITIATIZEAN WL U 9ULLTUIIUNIURLLLTATY UINWLITRANNLANFANAL

] al o o o aa

AN A ATYNADR aziinisfFauiauAuuansailumag deeRgees Tukey

4. nedauANNNTad ANl ANIZA 0.05

NANISAAE

AN9199 1 meﬁ'ﬁmﬁﬂLmzmm’mﬂmmmﬁ@ummgmmmﬁﬂwm:mqmﬂmwme?ﬁmmmmmju

Finaging
Variables Subjects (n=30)
Age (year) 20.00£0.14
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Body mass (kg) 64.03 £0.91
BMI (kg.m”) 2151 £0.34
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RHR (beat.min”) 66.13 +0.69
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Diastolic BP (mmHg) 75.00+0.94

Note: Data are means + SE; BMI = body mass index; RHR = resting heart rate; HRR=heart rate

reserve; BP = blood pressure
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