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Comparison of effects between static stretching and cold-water immersion on
functional signs of delayed onset of muscle soreness of knee extensors following
plyometric training in Thai male

Abstract:

Delayed onset of muscle soreness is the unaccustomed activity, which may last for several
days post-exercise due to impaired muscle performances. Stretching and cold-water
immersion are an ordinary way to reduce muscle soreness. This study aimed to investigate
effects of these treatments on functional signs of muscle soreness after plyometric training.
Forty-five subjects, aged from 18 to 25 years, were randomized into three groups; stretching,
cold-water immersion, and combine group. Participants performed the plyometric training.
Treatments were given for 20 minutes. Serum creatine kinase, soreness sensation, thigh
circumferences, range of motion, quadriceps strength and vertical jump performance were
measured at before exercise, after exercise, after intervention, 24, 48, 72, and 96 hour. All
variables showed a significant time effect indicating the presence of muscle damage.
Furthermore, they showed significant different between groups on acute soreness sensation,
decreasing for stretching at after intervention, a lesser on thigh swellings in cold-water
immersion compared with the other two groups at 24 hours. Moreover, they showed
significant different between groups on vertical jump height, decreasing for combined
intervention at 24 h, a lesser on range of motion in combine group compared with the
stretching groups at 48 and 72 hours. These results suggest that either cold-water immersion
or stretching can maintain impaired performance following the exercise in term of swelling,
flexibility and vertical jump performance, whereas the combine one is not seem to be a
practical strategy to alleviate functional signs of muscle soreness. Therefore, stretching or
cold-water immersion alone is a common way to application for athletic recovery

performance compared to the combine these techniques.
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5. eaunuvestulutiu skinfold thicknes fingundanile Quadriceps tonivie
Winfu 20 dadiuns

6.  adnslavarannululugugaunisdisuiddy

N1SATUINGNADEN

NSMIMUANAUUTEYINTAI0E19 LAN1INNSAUINNINGNUTEYINTAIBEAINNTANYIVEY
Rowsell G uazAmy (2009) fivinsAnwiluinyavea Tnsutadu 2 ndu Ao nquiluguindu 11 Ay
mjmw@u 11 AU nAAUAY muscle soreness rating (0-10) ﬂdmﬁl,mhj%ﬁu 1A1 soreness rating
vdansudsluiuia e (mean + SD) WU 3 + 1 uazwiniu 5+ 1 lungumuau uazdien
shuttle run time T0eIABINGIYT 9 U uazaINNIANYIVDY Wessel J uag Aaron (1994) 7

inmsfnwilueranadasguainid 10 au Nlasunsianaiuile uamaaeual muscle  soreness

' ¥
1 A ¥ A

rating WUINANNEANAIALLD LAY soreness rating WAIN1TOONAIGINE AU 4+ 1 Lazyindu

q

5 + 1 lunquauan Mnaesnsdnwaziiiuladn TA1mnuuan1swes muscle soreness rating 9814

o w

dudnAny seminanguwin NquEanauile wasnguAluAY drufnenImnisyineuvesnauiiely

GG N P G N L R Ta )



91NgAT controlled trials (three means) Gerard E.D. (1997)
gns  n/group = 22s%/d? + 1

a = 005

B = 0.20 (power 80%)

s> = within group standard deviation

d = ANULANANARALYEY soreness rating $¥1I19NGL
WNUA" n /group = 22 (12)/ (12+1)

=11 AU

wszariuarsedldduiuiiegenguiiady 11 au uiivetesiunsaymevasngas

v q
4

FUAUTIUIUG

o

ogsluvnipyinnsfnuide wasitelinans@nuiduiiundete luvuevihnsidedl
othsBndosay 30 nsAnuadell [ waunduiesnaivay nduas 15 au Tavua 3 nau Faudes
Tdegnsianun 45 au nduay 15 Ay

N13LABNNEUAIDENN

Tdnnsidenlaenisiatzas (Purposive sampling) wazdinsdnassimednadu 3 nqu nquas
15 au Tngld 38013 Block randomization (blocks of six) l#k nauiandanile nauudinndu way

naudanduilesaufiuuguniy

A o aw

\A3asdiauazgUnsallun1sise
1. naesdmniun1snselan g9 60 cm 91U 2 Naad

LaaNeaes/d1a
aen
Isometric dynamometer
Back-leg isometric dynamometer
> 2 { ¥ TM
Arinanuasinslaals (Vertec )
v 10 5 = v & o
felaunanIugy/ danuug
fallon/anueny/Tu/Annd

<

Y9/ 10

0 o N o RN

._\
o

Thermometer

—_
—_

10 ml syringe
13 x 75 mm blood clot tube

—_
woN

22 x 1.5 inch disposable Needle


http://www.jerrydallal.com/LHSP/SIZECALC.HTM

umnaulun1saliun1sIe
1. ssviwaUseasAvraimTeiionaadasnsuegeaziden
D1ENANATAIUNNTUYBUNTINNTINEAUELAS LAl DaTy

1ENALATNIBNLUUANNTBIUBIAULALIA skinfold thickess

[

ALADNBNEAIATANULNUNARLEDN

[y

Rensonuuutuiinteyailewuveseranadiag

Faimtin InEIUge AW BMI

e

e- @

NS v kRN

1 I 1
NN5NAABILUIBNUU 3 na

'
oA

- NaunN 1 Static Stretching group

q
'
a

NauN 2 cold-water immersion group

o

'
a

- NAuUN 3 combine static stretching and cold-water immersion group

q

8. HW19ImuITuargnueiedlianni1saugs iATesRuNldIukaNveIn By NaNEes
nMsiAaNTIUNLAUNTANIA (Vigorous Activity) 8819188 24 F3l14 LazInSUUTENIUINITNDUN
1191939 pg1tloy 2 alus WieShwrszaumsinaisuvedlainuazonsinisiiuvesiilaliadg

9. vMsnzdendn plasma  creatine  kinase Ma@auNI1ssUIAMAULIN/ iniley
(soreness  sensation) /1AAIU1I58UINVBIYT (swelling)  /MAGBUBIAINITIAROULIVDS
N398-MBeALn (muscle stiffness)/ NARBUAINLTILTS (strength) vBenansilewideaainluvidns
lslatin wazauaminslanld (vertical jump performance) fiaueenindine

10. msinnsglaanaelawmsnieasamdinaiuile (muscle power) Tuiugiuvaenisin
sanfmainielufimuszianiidesldimdnauiieduun Wy viainauea 1eatadusa nszlanas
nszlaalna Sl 1usu

o A o . . v Y < =

11. ¥IN191312189019A plasma  creatine  kinase  MA#UNN3IUFANNLAUVUIN/LUUDE
(soreness  sensation) /1AAIUB1ITOUINVBIYT (swelling)  /NAFBUBIAINITIAROULIIVD
n39e-udean  (muscle  stiffness)/  nagpUANULTILTT (strength) vesnduiilomdandily
deitldodn uazaiugannselanla (vertical jump  performance)  wa3RBNARIIEY
nsnTElanviud

12. Bananuile/udindu/dein Wuna 20 il ndwiinsinan parameters @19 9

[ A o . . v Y < =

13. ¥IN191312189A19A plasma  creatine  kinase  MA#BUNIIIUFANULAUVUIN/LUDE

(soreness  sensation) /1AAIUE1ITOUINVBIYT (swelling)  /NAFBUBIAINITIAROULIIVD
a 1 . I 14 dg" a 1

N1590-4188ALt1  (muscle  stiffness)/  NAROUAIULTINTS (strength) vosnauttawmduaianlu

Uenldatn uagaugeinselanle (vertical jump performance) Miuiindssunisvaaesdluusag

g

10



14. yhn1siawldendn plasma creatine kinase  Maaounsiuiamiulan/niles
(soreness sensation) /1AAIINEIITOUINVDIUN (svvelting)/maauaqmmsmﬁaulmmaq
nsse-wigean (muscle stiffness)/ NAgUANULTIUSS (strength) vasndnunilewdenlurdng
lalaiin LLazmmqqﬁﬂiﬂmmléf (vertical jump performance) #dsa1nEBAAIGINIBAIBNITATELAR
TUuda 24, 48, 72 uag 96 Falug

sUukuunseanmMasnIguUUNEGslalnin MuAnwives Miyama & Nosaka (2008)""/
Goodall S et al (2008)(10)/ Howatson G et al (2009)(8) Fauandlunnd 2 (nenusn)

Humseentidimeduiiugudmiufmdsuaniideddidinduiidesun Wi vianavea
Jeaidduen nivlangs natlanlng $nd AlAnInemansmsfwldinfefiusidngideduan d

[ [

Junsiinnfidsvinlulszdiegud Inendesildiindninugavenass 60 wuRuns Hanua 7 1 Wn
SYMINAER 3-5 UM ANTITELINITNAaRMITNNTThw luduaviusnuesnsineendidenie Ml
' q' Y E B
PFrnanuensiinndauilels
9 1 n3elanasiewnnssdia (Bound) 3 e weay 30 1WAT

SUAURIBNTINAEY DUWNgIeTuaniularenlutnamin Wi mdealudiardadiansn
o W v 3 a [ < 1 v v v = v o A o Y v v
s ludavth saReiy Akndswau Ui ndsaludanaaienanaflugn9min
apefaglueiniAgisiandue warasiusswndreenyivludimin wnisweudeludrmiuag
windemBenludrmds iusazinalienuaglildsseznannigawimazdululs wenealinan

[V Y] dy v 6’5 a A ) ¥

nsduraiuvesydungawiniasdulula
i1 2 nszlaawing (Double Leg Bounds) Wuuiiuainulng 3 1um lamag 30 s

guhgluvitdeuaay (Relax) wenwnnineuuadiarialvg geidnasgyin Squat Mauauastng
ae e Bhuilletuwilefsey waznsglaaludslinlnawifiasdululs asgiudaedardiin
Shwrmunisadmnmssluiuinagldasiiiiiwenessnainiu - gannaznsylanduainiiuesng
55 UNTBUNTYINUVREUSY UNIauuTIERIt9981959AL57 weneulEnainsdudaENuYeain
duingavifiazduldla
i1 3 nselaningdu3d (Hurdle Jump) 3 19n waag 6 7

guhgluvitdeunay (Relax) wenwnnineuuadiarialvg geidnasgyin Squat Mauauastng
a9y nszlanwinatiusinisndeulmunainasinniasidn Shwidunisdnmsdusunadily

;7

LUNBBNIINAY NSEANINMTIEN  LewsaeITULiaT N IaUnaLazIIANEIRgIUMEAIY

Bangulurin Squat Mgl inaznszlantudnaisedrssings nerewlinainisdudaiuvead

vowindungawinizdulula

11



yinit 4 nstlanising (Double Leg Bounds) WUtTuasNgos 3 Lom Lomay 8 Ads

fuiihgluviiounats (Relax) usnivniesunagasialud vinevssanm 25 a1 lagld
naesifinngs 60 iwuRiuns seinfisuauasind i idssusuluniefsys niounsrlaniundes
FrennuBaveilurin Squat Fedsiii Shwunelfedluvii Squat nsglanasanndosasiiugae
aruBangulusin Squat dedavinlvioenuseius anndedifaosgaluiiaauarlnafiantoua
ditunselantundesseluaunsu werealiinainisdudaiy uazndesaavnduiigainiiandululy
vl 5 Tond $un (Box Jump) 3 1w WRas 8 A%

Buhdluiiiieunrats (Relax) won Whniswunetaaialvg vinandesUssanm 25 i Tagld
naasifinngs 60 iwuRiuns seinfisuauasinedi idssusudunief sy niounsrlaniundes
FroarmBangulusin Squat Fedaih fnwisenelieglusi Squat nselanasanndesasii
FreanuBanguluvin Squat Fedsliin nsrlantundesteluauasy wereliinansdudiany
uazndesvenTduiianhiisdululd

¥infl 6 Wfiwd U (Depth Jump) 3 19 wRay 8 A3

'
=

guwhlurineunay (Relax) wonynne aungaiilvg vunasanselan (Box Jump) &
ndesfinugs 60 lwufans suvthlumiiadl fagnsslangowd wuasdinedd wisauudvuiile
Jumilofisuy nioufunselaniduBenitsmetuluirmiinogssniligdfigauasszozmilng
flan douse neewgean asgiudoaudaveguluvin Squat Fedsliviuaznsslantuanii
othesans wilounisvhaiuvesaus wenenlinansduiatuveainduiigavinflasduldly
vt 7 Jend S (Box Jump) waz ing Sust (Depth Jump) 3 1w waay 5 ASq

guwngluviWeunate (Relax) uenuwinnieuindieilva vandeanseglan (Box Jump)
Usanas 30 17 Fandesdinaugs 60 wufing sundilumiiefiagnsylan dewinausuastinedii
wisswaudihuifetumiiefsus wieunselanvhdtuuundesnsardangulur Squat fed

i nszlanasgiiuiieanulangu Tuvn Squat Mg warludagaisudueg9sings uas

Y Yy
U A=

nsvlanludnamiduuy naedludely nenerunseaniTunss 9 wieuwiswuulitiullon gy

A o ¥/ o o & { Y & a | A [ 14
WWBINWYIAURG weneulmaNSEuRENY LLagﬂﬁENGUENLV]']ﬁuVIE’j@WHVH]%L‘IJL!VLUVLG]

1A 14

ngudanaNNLLe (Static stretching group) UszgndaNn1sAnuIves Torres R. uazAy

(2007)(15) é’fmamiumwﬁ 3 (N1ANWIN)

Y 1 v A

5T gufnTIULINsTliala (non-dominant leg) WnntaamUIUAseLUNT97InlA

e

[ V|

VUMY 45 asenlumazlnn udanidninduseinuangidisinauideniedie
dignsanddeueninliauis ( reported  discomfort) waandeliidnandaiiioseliidnazlnn

Y Y Y
Y

o o 1 a « = v v o . . 1% v &
dnnenmdndaees q Wnnsiadeuln wideadeaglnnluniewnunds (hip extension) Aebingadl

12



Junan 30 7unfl 5 A39 9 5 undisyninense iarun 2 e Wn 1 wiiisswinaen  vaeinising
parameters §i14 €

nauwYuLEU (Cold-water immersion group) UszgnAINNISANEIVES Howatson G

® o o

wazAny (2008/2009)  ALAAIIUAINT 4 (AANWIN)

Hanenile o welivnadruvesnnsvanmgivesinegiuaui vagldniunsuidu Tudldun

96’ @ PRy a ° v U al a v gcf @ @ ~ U .

HANUDs Nilgamall 15 = 1°C Snwisedugauugilagnmisiiiviewiiudadussey o Neau iliac
crest Wi lillussau (hydrostatic pressure) {uia 20 wnt (Madnazvhlidinisanaswesgamgily

nansiieuszana 10°C Tug#dl skinfold thickness vaangunanuiilewdenit liiu 20 uy. [Otte

Y

warAY 2002]) VUIaI0anmadwuunaulamdensninienisnselan

ﬂéugmﬂﬁﬂmﬁauammﬁ%ﬁu (Combine static stretching and cold-water immersion

group)

¥
[ o

W1 LAT8INN15EANA LT DA UTUR DU P ULAEANAEN UL LE WD UET 20 WA

ey

PURaIanMaIkUUNaULamdunsmen1snszlan

N135U52IUaINITHENY DOMS
azvhmsUssfiudeuuasndinsesniidinsuuunduiomtonenidienisnsslnnuasnds
SuMsEnwidt antiagyhnnsinensn 4 ada Tud 24,48, 72 uaz 96 FAluandIn1seeniidiag
nsnselan Jeusenauludae
- WU plasma creatine kinase luidensiuau 5 ml avinisaiesdendidudons
USNATD9UU 1gyinAounIT00NMaINIY YaIN1TeNANaIN18MBN1TNTELlARTIUT Lay
wdannsesnidanie 24,48,72,96 $3lua Inenenuiaivnuaziiassiegiadenlus
MMIIATIEVVIA creatine  kinase  WuiifiesuftRnsnsandinseiidentenyy
(sameuaaliing fiswn) fuandunind 5 (narwan)
- mﬁuimmﬁumm/mﬁaﬂ (soreness sensation) laeld visual analog scale fiflana
Faus 0-100 fadins 0 Aolifinuduian/desias 100 Ae fermsuan/dlesanniian
Tuvnug8uiin vaugwidenan (passive quadriceps stretch) AadgnA@auUANLLTILTS (leg
isometric strength test) Yaiznszlangs wasndsfumsshedmemsuaniedanauie
- AANNe1I59UYaeY (swelling)  Iaglduinni marker  lugassinumis ﬁﬁmﬁ!mmq
5¥NI9 anterior superior iliac spines (ASIS) U superior pole of the patella fuans
5&&3@5@%1&%%5%&5@ (mid-belly of rectus femoris m.) LLazﬁgmﬁagjmﬁa superior

pole of the patella 11 5 cm Fadugasiovasnduiowazidudu (musculotendinous

13



junction) wenanuleindanin (Kylie wazaug 2007) lagyinnsindunisas 3 A9
LazUINMIANLRY AILEASlUAINT 6 (AANWIN)
- VAEBUANNLTALT (strength) vesnddilowdentn Ineld isometric dynamometer

Vianua 3 a33 JuiinAniwdniunniige daanslunmi 7 (anuan)

- PAFBUIAINISIARIULMITRINITI9-MBERYN  (muscle  stiffness)  UalzuauAINA

o

193N 8L imeauLes lagld goniometer LazU1nn1 marker NRLULSTBS

eX2e

gumﬂaimd’m lateral epicondyle of the femur, lateral malleous ay greater
trochanter ¥ms¥n 3 aawazmeAnads © fuwandunind 8 (newuan)

- weaeuaussanmlunsnsslan (vertical jump performance) Tngldiados Vertec ' W
nsglanainBuwg said ofledrafindalidrsluy udsandunselanibeniiouns
horizontal bar waaAdadligsiian 3 afs Tufindinugsdinaslnaldffian (Corrie was

(18) o a
Ay, 2006) FaanIluNINg 9 (A1ANUIN)

Asn1sUseliung/ daAsizvidoya

Y

- uanINadnNuEnauAIeg1e 81y Wit diuas anuvunvestuluiuinduilawdea
AIBARRe (mean) wazALUewUUNIRNIg1Y (standard deviation)
- WieanANulUsUTIU (inter-subject variation) A1 CK, strength, ROM, thigh girth &

vertical jump heisht azuanuduivesiwudiiudsuwdas (% change) arnalugas

baseline

n1531As1edayanIeEnn

- Awsienenuuenaesendnngulagld  two-way repeated-measure analysis of

variance (1381 xﬂéj&l)

- yegvanaNIzAutudIAy 0.05 WAz 95 % VBIAIULTBIIU

- lunsdindeyaliiuanuaawuudnd  ausdesldadfiuuu  Nonparametric statistics lag

ATITALUUNIBAEILY Kruskal-Wallis test

14



NAN1528

n1sfnuluasilidunisfnelueraradasolneguainfniiniseandidaniswuy

waglownsniluuszd 91uau 45 Ay 91832139 18-25 U wuseenidu 3 nquldun nquil 1 Static

Stretching group ﬂfjmﬁl 2 Cold-water immersion group LLazﬂEjmﬁl 3 Combine static stretching

and cold-water immersion group tilawFeurfisudnuwarugIuetoaalasNa 3 nqu wuIrlidl

ANULANARREtEd AyeEnd enviuduavineenmianislunauil 3 drdeuniidnasingy

[y [

28195 T8dANA AakAnIlUANS19N 1

o

M1319% 1 Lansdnwasiugiuvesananadasiuusaznay

Characteristics CWI (n=14) STRET (n=13) COM (n=13) P-value

Age (years) 21.1+ 11 20.4 + 0.9 212+ 1.0 0.92
Height (m) 168 + 6.4 167.9 £ 5.6 170.0 £ 6.9 0.80
Body mass (kg) 612+ 7.2 635+ 127 62.1 £ 6.5 0.82
BMI (kg/m2) 215+ 19 225+45 216 + 2.1 0.67
Weekly exercise sessions 4+25 4+1.4 2+ 1.7 0.02
(n)

skinfold  thickness of 12.6 + 5.6 109+ 34 14.0 + 4.0 0.23
quadriceps m (mm)

CPK (U/L) 464.8 + 765.9 | 4109 + 654.0 | 217.5 + 168.6 0.54
Leg Strength (kg) 0.38 + 0.05 0.39 + 0.07 0.37 + 0.04 0.17
VJ (cm) 546 + 6.3 56.5 + 8.9 51.7+ 5.1 0.21
TC mid-belly (cm) 515+35 510+ 3.6 514 + 3.1 0.09
TC musculotendinous (cm) 39.2+25 38.7+22 393+ 2.1 0.75
ROM (%) 133.8 + 4.4 131.7 £ 55 134.4 + 6.4 0.46

AN3ZAU plasma creatine kinase N155uiAUIULI/nilae (soreness sensation) A4

81759U29989%1 (swelling) aernsiadeulmveinse-wdeai (muscle stiffness) AULTIULTa

(strength) vosnanuilomduainluvidreilindn wazadugeainselaals (vertical

performance) Tut132816199 LanslunIwi 10-19 auasu

15
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—— CWI
— B= STRET
=<h==COM

Ln CPK (U/L)

Baseline Post Ex 24h 48 h 72h 96 h
Time

A7 10 wansAdswazd L letUNIInIgIUTaIAT serum creatine kinase lutiaainouuas

a999NMAINELUUNASIBLUASN

o w |

T hanfensiasuLUaeg9iltudAguasAl serum creatine kinase Tutiagriaisinge Weiisuiu

o

A1 baseline Iunﬂﬂdu PIEAIINAEDU Friedman test wag Wilcoxon’s signed ranks tests

50

+
40
_
B
£ 30 L
% —— CW1
.E — W= STRET
wn 20
==h==COM
= ‘M "Sso
k = a”p 3 Ss
Vi >
10 0p— N S~ ,,,L‘, - S
2 N Y4 S,
& ~ / N S
\N|”7 - S
0 i e
Baseline Post Ex Post Rx 24 h 48 h 72h 96 h
Time

A7 11 wansradouwasdiudesuuiIngIuYedal soreness sensations with standing Tugaa

LANBULAZNAIDBNAAINBRUUNLLOLUASA

Y LY

t: wansdansidsunUaseg9litudAgUeAT soreness sensations with standing Tuwa41a1614¢

o

\WiaLfiguriue baseline Tuynnay Mmen1snaaey Friedman test wag Wilcoxon’s signed ranks

tests

Y LY

*: wansilansanadegelludAyuesA soreness sensations lungy STRET Lilaifiguiungu CWI

o

waz COM groups 1n® Kruskal-Wallis Test taz Mann-Whitney U tests (p<.05).
16



CWI
— B= STRET
= === COM

VAS VJ (mm)

Baseline ‘ Post Ex ’ Post Rx ’ 24h ‘ 48 h ' 72h { 96 h
Time
Al 12 memLaﬁaLLazﬁauLﬁmwummgmsumm soreness sensations with vertical jumping
TurrnanauLasamenmaIngLuUnNaelamnsn
+: uansdensdsuulaseselitud1fayuesan soreness sensations with vertical jumping luga
nanwiney Wewfleuduen baseline Tunnngs fonnsnaaoy Friedman test wag Wilcoxon’s signed
ranks tests

*: wanelansanadageltudAyuadan soreness sensations lungy STRET laifisuiungu CWI

way COM groups 1n® Kruskal-Wallis Test taz Mann-Whitney U tests (p<.05).

40
\g/ - T

g 30

3

e

®

= —0— CWI
2 —m=- STRET
(7]

g =4A= COM
<

>

AN 13 wansAaduwadudsRuULNINTIIVYBIAT soreness sensations with passive
quadriceps TugaganaulazRaseoNMAINIBLUUNAEloIASTA

+: wansfsnsidruLUasegsltd1AgUeeAn soreness sensations TutLa16194 89 72 h 13

Wieuriua baseline lunnngu Mmensnaaey two-way repeated measure ANOVA tests

17



50 ;
=

£

O

2 —— CWI

Z —B— STRET
> = A= COM

Time

AN 14 wansrdskardLdsRUNLIATIIUYBIAT soreness sensations with quadriceps
contraction TuY3981NBULALNAIDBNANBINLLUUNABLBLUAS
= = 1 A v o W ! . 1 I = =
t: Lanstan1sildvuLUaeg9iltud1ARUBIAT soreness sensations TutgIa1A199) 89 72 h 1ile

\Wieuiiua baseline lunnngu Mmensnaaeu two-way repeated measure ANOVA tests

106

—~t

105

—
o
=

—— CW1
— B= STRET
==#==COM

—
o
\¥]

Relative %change in TC
at mid-belly
)
W

101

100 -

99

Baseline PostEx PostRx 24h 48 h 72h 96 h

Time
Al 15 u,amﬂ'wLaﬁau,a3ﬁauLﬁmwummgwmmm thigh circumference at mid-belly Tuaas
NANBULAENAINANAINELUUNABLBLUATA
+: wansfesnadeuulateseitud1Aayvesan thigh crcumference Tugasiandng aiisusus
baseline Iuﬁ/]ﬂﬂfjm AIUNNTNAGDU Friedman test tag Wilcoxon’s signed ranks tests
-

#: uansfanisanasegeiliudfnyeasen thigh circumference Tungu CWI Wawisuiungu STRET

waz COM groups 1ag Kruskal-Wallis Test taz Mann-Whitney U tests (p<.05).
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110

108

106

104 - +—CWI
= B~ STRET

=cd==COM

Relative %change in TC at
musculotendinous junction

98

Baseline | Post Ex | Post Rx | 24h | 48 h | 72h | 96 h
Time
AN 16 uansAnadeLazdudonuuInIgIUYeE thigh circumference at musculotendinous
junction TugnsnaneulaznateaniaINELUUNEElaUASA
+: wansdeanadsuulasesadifod1fayvesan thigh circumference Tugasiandng aiieufu
baseline Iunﬂﬂzjm AILAINAGBU Friedman test wag Wilcoxon’s signed ranks tests

8 uansflanisanateg1aiiiudAnyuesan thish crcumference lungu CWI Walieuiungy STRET

1m8 Kruskal-Wallis Test taz Mann-Whitney U tests (p<.05).

103 i

=

o

o
I

97 —— CWI

=B STRET
=<4A= COM

94

91

Relative %change in ROM
0f knee flexion

88 T T T T T T 1
Baseline Post Ex PostRx 24h 48 h 72 h 96 h

Time

Al 17 uanseiadonazdrudsnuuinnsgiuvesd knee flexion range of motion (ROM)
TurnaineuLazndIeenfiainIeLuUNasloLwmIN
+: wansfenadsuntasetafitudfuase knee ROM lugaaasineg ewflsuduan baseline
Iuﬁ/]ﬂﬂfjm PAENITNAFDU two-way repeated measure ANOVA tests
* uanaflan1sanasegrsiifodifnuesd knee ROM Tungu COM lawfivufungy STRET Tag two-

way repeated measure ANOVA tests

19



100
90
80

70
60
50

=—— CWI
=@= STRET
== COM

of knee extensors

Relative %change in MVC

40 T T T T T T 1

A7 18 wansraduwardIudeauulInggIuuedal quadriceps maximum voluntary
contraction (MVC) Tug913a1nauasiaeenfiadn1guuuNa glatimnsn

T wanafansidsunlasegalitedfyvesdl MVC Tugiaiaisineg Welileuiuen baseline lunn

ﬂ’sj:u AIBNITNAABY two-way repeated measure ANOVA tests

g 100 ;
5,
35
c L
stT 80 —— CWI
[ENeN
Lo —@= STRET
® S 70
£3 =#A= COM
k=
£ 60 : : : : : : .
& 4 > > > >
%@\\o o%jo 0%33' SN P O
R

Time

AT 19 wansAadkazd U euuIInIgIuYeIAT vertical jump performace Tugianaineu

1Y [

LATNAIDBNARINIYUUUNAELBLUATA

o w 1
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