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Effects of Ice Massage, Ice Massage with Water Immersion and Ice Massage
with Aquatic Exercise upon the Recovery of Muscle after Exercise

Induce Delayed Onset Muscle Soreness
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Siam Permpetch 2008: Effects of Ice Massage, Ice Massage with Water Immersion and Ice
Massage with Aquatic Exercise upon the Recovery of Muscle after Exercise Induce Delayed
Onset Muscle Soreness. Master of Science (Sports Science), Major Field: Sports Science,
Interdisciplinary Graduate Program. Thesis Advisor: Assistant Professor Ratree Reungthai, Ed.D.

139 pages.

The purposes of this research were to study and compare the effects of ice massage, ice massage
with water immersion and ice massage with aquatic exercise upon the recovery of muscle after exercise
induce delayed onset muscle soreness; including muscle strength, range of motion, perceive pain rating, limb
girth and creatine kinase in blood after muscle soreness by exercise immediately, 24 , 48 and 72 hours. Thirty
female nursing students aged 19-21 years old were simple random sampling from Boromarajonani College of
Nursing, Nakhon si thammarat. They were randomly assigned into 3 groups, one control group and two
experimental groups. The control group was treated by using ice massage. The first experimental group was
treated by using ice massage with water immersion. The second experimental group was treated by using ice
massage with aquatic exercise. The program was performed once time a day for three days. The data of
muscle strength, range of motion, perceive pain rating, limb girth and creatine kinase in blood after muscle
soreness by exercise immediately, 24 , 48 and 72 hours were analyzed by using ANOVA ; one-way and two-
way ANOVA with repeated measure; ANOVA and multiple comparison was performed by Tukey at .05 level

of significance.

The results showed that muscle strength, range of motion and perceive pain rating of three groups
were statistically significant difference. While the limb girth and creatine kinase were not statistically
significant difference. The second experimental group had recovery of muscle better than control group and
first experimental group. These findings will be fruitful for the applied recovery of muscle by aquatic

exercise after exercise induced muscle soreness.
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ynunutazegsmwnuiuta Taslaensdesdisvesianduilorzdaaanuoudgaaany
A A & Y Y dil 1 Y dgl Y ] 1 ~ 1 9 9 ,&‘
nizgnoniinite idulendmilonaaziduilsznevdudieniedes o Goniudulondwiile
I a 1 a ¥ g
annseluTovsa (myofibril) Tuuaas IuSalsynevvudie dulendruiiodosnse
a 4 S o [ ] [l { g g
luTeWanuud (myofilament) Fariuinilunitedosgavesndnnile lundunilelidule
Y 1 Y
ndmilerdesndvgegaserianodulondmilodoonuuu (thick filament) uazidule

Y
ﬂ':ﬁmﬁf] AREISISTIRR (thin filament)
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n. nauLiia

nauLtane ot
uscie

(Skeletal muscle)

T-tubule wiilawaraiinfigay

o, Aenaiie

(Muscle fasciculus)

1. @ulendaudisdn
(Myofibril )

G=Actin molecules
2008 (Muscle cell)

2. wwadnaiuila

BUED
I
7

i ! Z “~~_ _. F-Actin filament
v v o i :
2. wulendaniiades .

I‘\"[yusll': P]m\cm i
(Myofilament)

Myosin molecule

—_——
Light Heavy

meromyosin  meromyosin

a o v s vy A&
M 1 uaasanyae Iassasazeanisznouneluvesnainiie

An: Guyton and Hall (1997)
¢ v A
aanaNtHaae (muscle fiber)

It ' 3 ~ s ' s A S @
agngUsuilunsanszueniiesnilszneuas q melusadmilouaaana i
v A 9 = 1 4 s Y dy = =
MM ORUIFAaT NN 515 1AauI (sarcolemma) ksaand Wi wNHAATEA (nucleus)
o L= T A 4 = A 4 =
SunawouiFeaeegUsnMYey q veuwaa MelulsTnnaadunions lanarady
. . Y g { { s {
(sarcoplasm) i thick 14ag thin filaments MAN10FUTU organlles NN Agaluradndilo
Y
uﬂﬂﬁnﬂﬁmzwﬂlﬂwﬂemﬂ?ﬂ (mitochondria) tazeu lanainis ‘V]ﬂicsﬁl (endoplasmic reticulum)
A A 2 A o a a o . . @ "o
HNIDVTYNDNBDIN G]fﬁiﬂ‘wmﬁllﬂliﬂﬂ y (sarcoplasmlc reticulum, SR) Lm’iﬂﬁ’JfJgﬂﬂﬂ

sz nusa

J d
33UUBI3)ANIYANS (sarcotubular system)

o

s v & ¥ ¥ Y Aa o A A A G
Lclfaaﬂﬂ'liJL‘L!ﬂ%%gﬂﬂﬂﬂiﬂﬂﬂ?ﬂiﬂiﬁﬁiﬁ‘ﬂﬂ NHUS ﬂum 2 ¥UA A SR GINHJ‘L!‘V]’O

a1y i lWusa tazuresnadioduiiuTevdeu Tnusausazduld (nwinia)
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dy a o kY 9 1 = a & a 1
u’f)f‘lmﬂullW‘]Jia‘c’NQﬂa@JJi@Uﬂ?ﬂﬂﬂ@]?ﬂﬂ]??ﬂﬂﬂ%uﬂﬁuﬂ 138071 transverse tubule (T-tubule)
& a o SAA F) d o o’/’ 1 1 =K A 1 d (]
“]N!,ﬂﬂﬁ]"lﬂWuﬁl“ﬁﬁﬁﬂﬂuﬂlﬂﬂﬂmiul“ﬁﬁﬁ ANUU GIf’fN’JNGlL! T-tubule 900NN UTIUUONVDY

X . 2 = Y a = v
Terminal cisterna mmaiu%mmzmawau (Ca ) ll’lliJ"ImJ"lfJ UILIUN T-tubule NUUIVAIY

k4
terminal cisterna 1314 2 919 i5on31 Insuea ( triad)
A d %4 A . .
AUTNUANIINAMNAAIVBINAINIHDAY (mechanical properties)

v b Y 2 '
Tagi limsvadivesnduiiomnannmsnaduvedsinliznoudaviadi la
& Y Y dy A 9 dy =~ 4 = a
(contractile component, CC) %4 1aun londmuiio uaiiloananndunilelinenilszney daradn
. Y 1 & A= o g N ¢ Yy A A A oy
(clastic component) laun 1wuNGaRIMBadnA Mo MIUBITAANAWITDFHIUT B9 I0A
z 1 d' [ 9 da' [ 3 Y dy =K A d' Y 9
nuuvvnuazuuugaiiednulendiuile duiundiiedalanuasonazmadl 1a
v Y Y 1 Y
TagRnnuevoanauilonaine1ae: hinasuuilas llias msvadiveandileniiaoon

3 a
181513 2 wiia (Ganong, 1998) Av
o =3 A . . . 9
1. MTHANILUVUITIANAIN (isotonic contraction) ﬂ’izﬂ@‘ﬂﬂ?‘c’l

9 . 4 dy v A FY dy 1 =
1.1 MIVARNI (shortening) NATIDYAAD TANANNENVDINA LD AAAILALTIA
y & a A . o y A do o o
(tension) Tunduiionah (HINN 2 N) 1FU mim@1’mmﬂamLua“lmjmwmmﬂm@q

= g’ o [ usj 9 v A a o 4 di’ o Yo A Ay Y= a
FIHUTHUNVDIIAYUUUDINIULITINNAIINNITHAAIVDINATNIUD Vl'ltlﬂﬁﬁillﬂﬁﬁluﬂulﬂ’ﬂ\‘llﬂﬂ
Y 1

dgl A ] v @ = 2 A a [ 3 A
qmsuummi]muWrummqm‘nuiqm1/1mmmmwmmiummzummw

A Y dy . @ 9 dy a dya dgl A
1.2 D15YAUDINATNIUD (lengthenmg) N1TUAAIVDNNATNIUBD B UAUINAUVUIUBDLLI
~ o A 1 ' A a o Y & o q ¥ ¥ & 2
NUINTIENMUATUINDINLINNENAITINNTITHAAIUDINATUIUD ‘Vlﬂ‘l/iﬂmmuﬁ)gﬂﬂﬂﬂaﬂum

~ A dgl = [ 9 dy < 9 g’ @ 3 1 [} a d? A
ummm’;mmu“lummzmmﬂuﬂmmueﬂaaﬂuiqmuumuﬂuuag W navu luvmznag
Y

&% A v A A oy v Aa ) v
‘uu"lﬂmamwuwsammzmnumuﬂmumuﬂmﬂ

v Y 1
2. MINAGVUANNEIIAIN (isometric contraction) NAMIHBHAA TAsNAINED

9 dy 1 A 1 =< Y dy A d? A Y dya dg’
"’Umﬂamma”lmﬂaﬂuuﬂmlmLLiﬁmﬁluﬂmmuameu (NINN 29) MTUAA LUV ULNAYY

9

d‘ 9 [ Y LY 9 dy LY dy 1 4‘ (% Qy o 9
LUBDUIINTUIMNULIINTITHAAIUBINATUIUD mﬁwﬂﬁau”lmmmsmﬂaaummuuullﬂ

a

¥ o

= (=1 a tg 1 9 9 dy d‘ o d’d [
i]\iuliJﬂJﬂ‘L!Lﬂﬂ‘]Ju iNﬂWEJljTW“]J"L@]GI,‘L!ﬂaﬁ\lmﬂﬁlﬂ‘ﬂﬂWEN‘VIN"IuGluGUmS‘VIEJuVIiWYJ
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] Y
MW 2 LAAIFHATDINTHAAIVDINAINILD
% = P . . . a dgl AA o :’ o A
1.MINAAWDULITIAININ (isotonic contraction) tNAYU THVAIZ MDD IAYUIMITNAIN
. 2
IUIUNTI
v Y v
V. MINAAWUUANNYNIAIN (isometric contraction) AV UL ANGNIZTEN
FaguinuIngIuNil

nn: Ganong (1998)
o y A
D1IINNNTHUDINATNIHO

o 9 dy = A v dy v A A z 9 a 4
MIMNUVBINA e AeMsnnamilonadinimslasumnlasiameiuwaiiad
{ 1 { d $ 1 o QJ
sazminfasunlasma s wdae Tasmsnasulasmadullumsnlaeuntlasidnn
A o Y a o 9 dy o Y a 9 o Y dy . .
N lniRamsvadiveInamiio M1MNANIE WM HARIVOINAINITDAY (excitation —
< { a 4 l 1 4 as.l‘ 1
contraction coupling, EC coupling) EC coupling Hunszuiumsninaiuedlensiilo s
FY tﬂy ) = 9 tﬂy a 9 ] 1 3
ndwilognid llaudand o Nansne UaUBIAI8NT1HAAD (Ganong, 1998) 10O MY

k4 E4
5 dupoulng q el

Y
1. M3 ndile (excitation of skeletal muscle)
2. mydsdyanuuinm nsuea(triad propagation)
{ a 4
3. malasunlaameduniiveslanuud (biochemical changes of filament)
@ 4 d’l .
4. MINANIVDINAINLUD (contraction of muscle)

4
Y Y .
5. MIAAYAIVDINANITD (relaxation of muscle)
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S A DR
NIINNANNIUD (excitation of skeletal muscle)

Y 1 v
msihauvesnduiieaisagnieldsnaialededenuesninlugilvesdyain

o

1 J Ia % ' o [%
Uszammanszuvdszamaiunan mmcﬁaa1J'izﬁmmmaiu’aﬁaucdﬁwgslu‘lmauﬁm
d’ [ 1 = a 1 (% 9 dy d’d 1 a =Y LY Q.'l
Lll@ﬁm%ﬂuﬂ‘i%ﬁWﬂﬁﬁNWﬂ\iﬂamﬂigfﬂ‘ﬂ’ﬂiL?ﬂlﬁ@ﬂﬁ@ﬂﬂﬂﬁWﬂlu@‘m‘iﬂﬂ’ﬂ walsianaaItetu

(neuromuscular junction) M1 IMsHsensdedszamanndaelszam laun ezdnialaau

§ L 1 1 a YY) o {
(acetylcholine) L3 100919 BUUUYF (synaptic cleft) TUFVAUS 11905 (receptor) Mo

L1l

ke

R s Y L o qu wa A 9 )
VULDINDIDUINAN (moter endplate) VOIFaANA WL M lHinmauAvoUBDHMFAANAINITID
1 Q‘ 4 d a o a o‘/
nasunilas Taeiiiy permeability vougoiuaadas ladendoon fldnaa Ins s
1 1 Y4 { v <3
(depolarization) 3emsnlasuasanuaradndnia Wi end1 @uman Tnmusea
. £ a I I <3 S g LR
(end plate potential) YU luySaVB@OsOWWan WUwan ITnmuFeai iawisoadariuly
[ a 4 4 1 o o a q‘/
a5 nuoN 9 veuwad uadlivinagadunsalaas (threshold) vz IdateAd Y THmuTya
. . Y dy 1o A g J @ = 1
(action potential) lundwiiio nazvzgnasriu lamboiuaaduazmisues T-tubule IMsds
[ a ) M o a A o
dyaauinu Insiuea (riad) hldlimsvasveswnaBouninags Inwarainsfgay
(sarcoplasmic reticulum)

Y4

msaadanausnansuen (triad propagation)

]

a o ~

a { 1 4 a A J
UTUN T- twbule tazaINUa1evosw1s Ianarainisnaay NN terminal cisterna

U

Y

Y @ o a ! { o <3| v o

ymunulimsian ldfidnuag iy Taeh T-wbule 92 TsAunsmihidudasug
[ { 1 a 4 '
dygna liihnGendlalalas lnsausaines (dihydropyridine receptor, DHP) 118z 04

o o 4 ¢ {
asanudiuTdsaulser TuRuSimliaes (ryanodine receptor) FauluTisAunoguu terminal

s 0 { 1 . 1

cisterna 4949 SR 15e1 Tuduslnes HsmrhnidusewnaiBoy (calcium channel) eunsndaoe

= FY o < A o ~ a Y 1 o Y
upaBey 910 SR 1A 1ueas u52g9 iWonendu Tnmudeaiaumaudng T-ubule 929119 DHP

' [ o ! A Y [ - ~ [
aevaussnemslasumlasing lihiinatuneiuwad DHP TunSnaiiidseq ndh (gating
a 4 1 o qﬂjl J

domains) tnamsndeu Ina tazdwa liia Tuanaves DHP 52w lsen Tudusmlnesale

Y
v o

o Y a A 4 1 =
ﬂﬂuuﬂTiquﬂTTuﬂuil‘ﬁ)’ﬂlﬁﬂi aegnaFenoonin
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4 a d
msilasuulasmetuniivesilanaun (biochemical changes)

4 4 1 o :JI J 1 3 a " @
iondmiiood1uszezWnie thick 1Az thin filament AvogiludaszADNY
= Y ' a . a . =) = . a dgl
Tsidinsdudisennaeniiy (actin) uag 14 To%u (myosin) 1130 135 cross-bridge 1NATY
d’ % . a . .
119991953 INAIVB troponin-I taz 1035 1913 ToFu (troponin — troprmysin complex) 11/
v v
fudamssudsernnaeniutas luTedu TaehIns In lugusrtlatesdwrisuuteniiu
. . . . 19 Y o a =K o Y 9 tﬂy ] Y A FY zﬂy
(myosin binding site) 11 1% w0 luTegunume e ldnduniio lunada iendunilogn
N3ZAU Ca~ 970 SR 923UNY troponin-C  Aiwal luranavesIns In'luTeguvdudiioenas
F4
g 113034 fibrous actin taziladwrisuuteniuliivesluTeFumezduneniu daiu

A R o o a Y I Yy 9 dy @
"laﬂwumwﬂuuaﬂwu"lmﬂuwa“lﬁﬂmmuamm
MIHANIVBINANID (contraction of muscle)

A A o o a [ =2 J Y o a 1
e luTegududuenin wasamdunveazay 13 luivesluTedugnildeseanin
9 A A o A 9 1 a £ g 7 IS A o
uazld T lumsindounvesiaves luTedud g5 Hzone Fuiluyagudnarsvowns ladios
A = a dyd ! J &£ Y A Ad
manaeunved luTeguiizand mwesalasn (power stroke) Fadm1ived luToFungy
Ao Yy & . - Y A=K a A . v 9
ponINanyuzAd NI (cross-bridge) HIzMMIINAWONNUNTD thin filament 1911
@ ds A o S o A A .
WIgAguUInaveIdns ladies 11nTuIveluTeFutiie cross-bridge 321gABONIN

o [l a d' v o o [l 1 a o 1 = Y A Y
@l1LH’i'u\1LﬂZJLWfJll‘lJ%‘]JﬂUﬁWLLﬂuiiﬁﬁJﬂl@ﬁLl@ﬂﬂuﬁ’mfJUIJJLlj\‘lﬁ\‘liﬂﬂﬂﬁ‘l’iﬂ@l’)%%ﬂﬂﬂﬂﬁf]ﬂﬂﬁl

E4 [ 9 I v

YUOYNUTI1UIU cross-bridge MAATU 1D cross-bridge MINNFALTIAININAITHARIVD
Y [
A =

NIz gaiiga
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A band I band H zone
e 1 1 1
Z line Z line Z line
ol
{f [I i (L L] F LT Y] l
Myosin myofilament
1] Actin myofilament
R

v v Y
M 3 uaaenguimsaeudrveadulondiunile (sliding filament theory)

An: Ganong (1998)

A v dy o J 9 . . 1 A
vz NnANHoHARINDI ANUA319UB Anisotropic band (A-band) Mit)asuuilag
A { o s
ANV thick LA thin filament AXAN VML NANNNI9VDIS TAdles Tsotropic band
v Y 1

(I-band) 1182 H-Zone 3ZUAVAT HULAAIINITHAGIVDINAINITIDNADINATIADUAIVDA thin

9 . @ [ dyd 1 =) A @ a 4
filament (9191 thick filament M3¥AAY luanYUHTENI NYUHMIADUAIVDI Tauuua

(sliding filament theory 130 cross-bridge theory)
MIAMBAHIVDINAINIIUD (relaxation of muscle)

v 9 Y
YULANANEONAGY 925WAINY TN- C Tur 19T unsduve uaaBey fU TN-C
n Y M L= = ¥ Y o 4 ++
vzoy lassagiRomaadon szgnilundu SR Tasmsinanuveweu l4i Ca™ ATPase
d' T A Ly o = 1Y Y 9 [ 4' =
NeguTnamive SR Mailuuaadey ndu SR Aoaldndaauain ATP iennaiBeysol
a ¢; Y dy Y] 4‘ (= Y 1 a a
TuTelWuSa and1as ndiloaaeduitosin iinssudisennaueninu taz luTodu
Y [
] a 4
%30 141l cross-bridge mavu dueu el Ca” ATPase 3 oiluuaaiFeoy (active pump ¥94 Ca’)
1 o Y v 1 a a [ Y dy ] Y Y
T matudszrinaeniuuaz luTeFuszasegae 1 nawile luawnsonateda la

v
' ' J
AANMFULITINIT ADULNTAIDT (contracture)
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MINAD VYD INMNHDMEKAINITOONMAINE

A Y] a A ] s
mMalaguulainiediuganieInia (microanatomy) tag 1nsaas waelumad
Y di’ = = [ Y 1 Jd Y di‘ Yo =
AR DINMTIH M UANTTD8IZ NI sarcomeres VBIUFAANA NI 1A UAMTYY
A a3 P . . &~ S v
taasldmiuiulsingmsalfiGenil Z line streaming F90m3gnandlln A band naz
=\ o 9 9 dy A 1 5’ = ~ d? = o
imsiaeaedulonduniio oaldniniumsidemenunsanniu wunimsitate
a 2 . a = = 3’ 9 =2
navuluy cytoskeletal 40¢ myofibrillar t(NANITUIN (oedema) umimwwqﬂmmﬂﬂm
A oA 9 9 & s Y 2 A
11 mononuclear cell ¥Msdoauvoudulondniio tazadnantion1 (necrosis) TUNGA
1 a d? % d' = < < 9 9 1 [ 4
MIFOUUFVILINAVUME Y 10 T WelmsuIaRUanted uag lwiaininni 3 dila
A~ < = ~ A d? = A a dgl
ONMILA LTSN UL (Clarkson and Newham, 1995) MIWLAUUYDILLTIAINAAYL
a . 9 dy v = A g =\ o
UM cross — bridge luvmgndmilonaduduna lnnilsnifluaunaves madomoriane
Y v
Taseadwumeludulenduile Taamwizusna Z line tag Contractile filaments Mytasuuilag
da 2 4 A A - . L
NINAVUN Z line 1¥DNUMITFULTIUDY alpha - actin H1AE Vimentin (Maclntyre et al., 1995)
Y )
WBNINHEITNT9a18v09 connective tissue 1ABIMMIZATIVIIN endomysium 11114150

Y I
HugaannvIa (Stauber, 1996)

~ ~ 2 9 9 2 A Aq ¥ a ~
msidemengunsanIuves Inseaiunamie Ina lnildesute Taelimsazeay
~ ) y & oaqy v X S o o \ .
younadey U intercellular cell ¥0Ind e Mldnaunilonans s inatoda Taedmlng
a Y a v I . 1 o Y a Y Y Ay a < <
suina ludulewianad s (fast twitch) tazaaram liinamsdvoandiio uazMauUunsa
Y Y
o @ 1 a ] | o
(stiffness) M 1AmsHudIvod ATP liansameduld suidlunamainmademeiiaisvod

dulondruniloNgnialuvaznadd (Clarkson and Newham, 1995)

4
1 1 o <
ﬂ1ﬁl’€dTEJW'IEJGUE]\1 sarcolemma ?NNﬁ@@ﬂ15ﬂ1ﬁ18ﬁﬂﬂﬁﬂ]@\ﬂlﬂﬁ!“§8h GLumamé’mzﬁa
LA PR = : 199%/3 ~ i i
NUUMsNNUUvownasou Y intracellular tazM1ANANTITONYDY contratile protein
A g 14 = 9 o J ..
uazigouaas Ineunadeusy lnszdumsiiauvesou i protease 1z phospholipidase
2 g sy o = o v v & A v s v A gy
Gl)’\'iL’E)uhl“]ﬁJllgl“lﬂ‘IJuﬁ’J‘U\?U@ﬂﬂiﬂWiﬂWﬁWﬂlﬁuiﬂﬂﬁWNluﬂ LLﬂZ!ﬂ@TjﬂJL%ﬂﬁﬂﬁWNlu@hlﬂ
1 = v 3 Jd A =} Ao Y A &£ o Y <
wummﬂmau“lcmmL’e'mu”lmuﬁ m@'l@imaa@ Gmﬂummsa‘wﬂwmmumuﬁwm

AdTioanad (Tiidus, 1997)
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o =\ a Y dy . . < 1 Y

NYNANINUNTLITIWIYUDINAUIUD IS WY intramuscular protein La@aaﬂmum"lﬂ

Tunszuadon 1AM creatine kinase (CK), myoglobin, lactate dehydrogenase, aspartate,
1 4

aminotranferase, myosin heavy chain fragment CdﬁﬂW‘]JTlﬁﬂ313J!,61911115191Juq\1§uf1181ﬁaﬂﬂ1ﬂﬂ13fJﬁJﬂ
o . <3| o A = Y 491 Y
NIAINIYLU L eccentric Wuran 24 - 72 GI)"JIIN NITNUANULFTINIYVDINATNLIUD NIYHAN

o w v A dgl [ gld' [ Y [ 1 1 a 9 491 A
f‘lTii’)ﬂﬂﬂWﬂ\iﬂTEJ?JﬂlﬂﬂsUuﬂ‘UlﬂVIhlllﬂﬂElblﬂ’ﬂﬂﬂﬂ"lﬁ\iﬂ?ﬂiﬂﬂﬁ?lﬂﬁfylﬂﬂiuﬂﬁﬁﬁuﬂmﬂ\l
131914 eccentric contraction YNNI isometric LAY concentric contraction (Clarkson and
Newham, 1995)

U

= v 1
INIIUALNN ﬂ‘W‘]J"lﬂ!!ﬂ

9y dy a dgl a d?
1. M312A32UNNAMIND (muscle soreness) 1ABINAYY 2 U TUUDUINIZNATY
v A = a d? 2 o w =< o‘/
Uil wazdnuuvazinadumerasnnmsoeniiainie liszum 24 9 48 42119 (Delayed
E4
onset Muscle Soreness) 11az84191M15040n1A10TU YUOYANUTZAVAUTIONN (fitness) Az
<3 1 : A
ANULTTIVAAZAAA (Pauletto, 1991) HvamemawaldeFiunea e vo101Ms1a
4 1 M) o 1 ' 1
Smith (1991) 159 1M3VINHAZIMI AU vouraIneluwaa lagmmz Tugoadneszning

J g a { % [ a @ { v o
wad Wuusnuniimsveredl lades Wuauwa ldinauseaun lnszdudisuanuidniie

'
A A ]

A . v a =\ 4‘ A
f0 free nerve ending Tﬂmemsﬂmuﬂmﬂ‘lummwmimaau”lm NIDIWDULLIINA 1Y

] '
A0 v

(R <3 4 '
MsTUUIN Lm@fﬂﬂiﬂ%ﬂu Clarkson and Newham (1995) L%ﬂ??ﬁ?ilﬂll‘ﬂi"l\iﬂTfJﬂa\i@i’)ﬂlﬂ
@ 1 v @ ]
Tuvprumssney laun bradykinin, serotonin (L8 histamine "lﬂﬂizéjummmmmuﬂ’m

Mldinaeimsilaluiga

P { @ Y .
2. maiuUuveaeu i luwaraun 1Aun CK, lactate dehydrogeness (LDH), myoglobin,
. I 9 =& [ o =\ o 9
aspartase, aminotranferase 1 UAY FIATNUAONA 24 - 72 Fa 19 Taslinsvaadnesnuen
s A a a A g s v A o o "\ 9 = o q¥Ya
yaalileniimRnaveutoiuaaanamilo tagmsiinesnsd1ed q Juilding

MIUINVL (Clarkson and Newham, 1995)

[} A 9 a 9 dy < 9 9
3. MIianasveIrmsiadou nadeas (ROM) Taaiaanndmionaniaaig i
v d A o ' { o A A
(muscle spasm) SWHUNANININMINNFYYIUNTZAUAD muscle spindle NEMTIMNEITD

Y
AUAIAIAIVBINAINIID (Eston and Peters, 1999)
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[ { A o 1
4, ﬂ”lﬁﬁﬂﬁ\‘]‘"@\?ﬂ'ﬂllllﬂlﬂllﬁ\?Llagﬁmﬁiﬂﬂ'lwqx‘]q@‘ll@ﬂﬂéﬁi]!ﬁ@ﬁﬂﬂ@? NUN
<3 9 tﬂy 1 s I 4 1 o
ANUUUVILTIVDINANIHOAAAININNIT 60 1T IFUA uazfﬂzmaglﬂunm 10 93U (Clarkson
[ o 09/’ 4

and Sayers, 1999) Iﬂﬂﬂ']iqmulaﬂﬂ'ﬂlllwﬁllﬁﬁ NW%']ﬂﬂ”lﬁfJ‘UfNﬂ']ﬁlﬂa@ull‘ﬁ')’ﬂ”lﬂﬂ']ﬁﬂ')ﬂ

v < a J [ 3 Y <
Lmm'iqq;!,?{ﬂﬂ’smmmu’iﬂﬁ]ztﬂﬂﬂﬂummiﬂ’m YGRS IRLS ﬂﬂﬂTﬁquﬁﬂﬂ’ﬂﬂJLﬂNlﬁﬂ
2K A v o Jdo 9 A A a 4 =4 Y]
WHUANVFTUNUTNUUDINUIN m’i‘ﬂumiﬂmnﬂl,ﬂu"lﬂﬂjmqﬂﬂmmi LRAZNITAANUBDINITIUNU

' a o a ] I o Ao Yy = <
'iz‘ViTJ1ﬁLmﬂ@uﬂuh],ﬂﬂ%umimﬂumm&mafm1/1”|leuﬂ”|iqmutﬁﬂmml,mldmﬂ (Clarkson and
k4 v Y

Newham, 1995) A1331009nATI091NNMTaRAIVDILAATEN NIAATUINATHIAY

I 4 o
sarcoplasmic reticulum Eni]uJummqiﬁ’nfﬁmﬁawmﬂﬁ’ﬁf@ 803 (Westerbald et al.,1993)

y & a . Aa 2 < .
5. NANUBLUUNS I (muscle stiffness) NNAVWIUNANIDINNITUIN (swelling) L1
3 ¢ 4 2 1
msnaveveanal lumadnduiile (Clarkson and Sayers, 1999) MInaduvoINdIle
4?’ I = a a = Jd Y dy 1% A
Vues Wuwawmnianuralnavesmsazaunaien nelumaandiuiiosuiieaniain
= A 9 s & 2 o 9y A . . Aa a
MINNVIAVDAUYDULFAANANIUD 11TIDIINMITNHUINUDA sarcoplasmic reticulum nalna 11l
a < < Y, L 422 o oa g
(Clarkson and Newham, 1995) M15tAAMSUUNTIVOINAMHBTNNIUNUN W UHaNIIN
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meluaudn 7662.80 40
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p < .05 (F,, = 261)
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