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ABSTRACT

This study was investigated the effects on functional recovery of eccentric
exercise-induced muscle damage by phonophoresis transdermal permeation of
piroxicam gel and observed the change of amplitude at muscle action potential.

Through eccentric exercise-induced muscle damage, performed healthy mem and
women take eccentric resistance exercise and measured action potentials. The
subjects were divided into three groups of four men each 24 hour, 48 hour, 72
hour.

The results of this study were as follows:

1. Change of maximal action potential at maximal voluntary contraction : The
phonophoresis group was increase more than control group and gel group.

2. Change of average action potential at maximal voluntary contraction : The gel
group was increase more than control group and phonophoresis group.

3. Change of maximal action potential at pain subthreshold voluntary contraction
: The phonophoresis group was increase more significantly than control group
and gel group.

4. Change of average action potential at pain subthreshold voluntary contraction :
The phonophoresis group was increase more significantly than control group
and gel group.

In conclusion, the change of muscle action potential amplitude by eccentric
exercise-induced muscle damage showed that the phonophoresis by pulsed

ultrasound of piroxicam gel was improved the recovery of muscle function.

LA 2 3] (jontophoresis) 3 < 9 94 % (phono-

phoresis)°] 7} ®eol &&Ho o

gy ol2xgd HE 2SHAIFY

QAL o AE ofge Fw FIH e AFE adA AU
EdE 93 Zxzdioz oex AL oYUt 2S3E o] & AAf
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EF53d dFE=  1954d  Fellinger®t
Schmidell o3 S3FFo dE Hzx
9 dAEI7t EEE olF JAAAA
g8 714 GES YHeZ oI 4d
F7F AFHAGMuir et al, 1990;
1991; Franklin et al,
1995; Bare et al, 1996; Meidan et al,
1999; Mitrigotri et al., 2000). &% &
o] &% FHIFY 73‘-‘4—.5—‘?4 =l
Edel dist A7 B JHA] olE8E
< AYIE 249 g dYATH
s 9 R AY *EY FFFH
o2 FLHAY, 299 €3 A9
ga) 2ALEs 4550 Azt BB
€ FZANA c8A HE FEY FH
=8 FHNA dEY AIAFEAE F
IA71E 2oz d8Ad At =& A
zoto]l Aol FrtHA AE =2
GEY FAE FAATE o)X AA
5 1 ¢l oH(Speed, 2001).

oJ2rde GE9 HI}EARE AR
o o JRE FHI}o FHET o
2tA pHel WEe HAFLE F/t=2
REEdeE dA FEAE F don,
ofEo] FAYE FAHEHo|oF T
e dHdol . zdu SHdFEe
Ax WA gHE FEEAT} 25
o] ouzle] o3 IHRE FHsto
FrEY 2336 o3 AAzFo] &
A, 71AA, oz WslE oA
GEFHE FIAUG. SHIFLE F
g9 o]&3}q
ERE7t 5 cm ooz AP

Ciccone et al,

B

!

37t 7t

ge Agddol 9,

F
IT._.

o w3 2z A3te] uf
Jo] Ygo] HAstdn
£ 7FX 32 9 th(Franklin et al,
1995). 1 Yol = 4ES =Y, A4, FA
5 O¥d FHIZ AHE ¥ F o,

=3 BAAA G ASE F F
S99 43 ¢ vdy a3y
(electroporation) ¥} 9] =3 A
@'%Eﬂ'( synergy effect)& 9% 4 g
O 253A8 A RRALELS
71 FoAo] ZFRHUA
AR FE e F97 dasd, 4
Bz 2x¥sge dAFYE, Fi,
A=, ABAIL, AEWY, Wy 2
71 Tl Y3 2EAFol ®HIH
(Draper, 1995).

NSAID(nonsteroidal
antiinflammatory drug)e +&4 £3A

£ _4
™
o M
°)~

o}n [0

g HAE

of  wW& salicylic acid FEA,
pyrazolone <A, propionic acid %=
A}, phenybutazone %A, fenamic
acid %4, indene +&Ed Ho=2 F
€. NSAIDY HE71dL& dF &
@5 o] prostagladine] gl & & A E o]
GFog FAEHeH olAL WS
o F8% 94%& 3= wAFAE U

arachidonic acidZ2% ¥ A€t o &
A A4 cycloxygenasedts EA7F @
odt=dl NSAIDA A@ATA= 93
°of v TExZXAJAM cycloxygenase
F49 4L oAd o prostaglading

< A8 gt NSAIDA 2HAEFA

= F2 2247 23 $¢ ¥ ¥%
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5, AdT T aAAHH gy F
o Al WAooy &S FEdtA &

ou g3, 254 59 g0l
Z ¥ ¢ h(Honig, 1994). watd 237

A 434 ¥¥E F2 UFe E9X
FEoNME 28 HARH 39 %]
U ol2EqE o8 AYGEFATL
P AHEHO o AAd=
salicylate, hydrocortisone 59 A& ¢gA
A F2 AEIHNASY, HZ 59
NSAIDA 492 FAQ
ketoprofen, piroxicam 59 ZAIAAE
o] & 2EHF T Hol AHEHI I
o}, B3 9 EAFL oxicam FEAZ
A & NSAIDA £24RF A 93]
717 Ao FHE2 #AEd, H34

indomethacin,

249, 2344 329, 5 anAe
2 A48 gdou FFE A 9%

A2 A3A dede FE Fo 3
Y o]t} (Gilman and Rall, 1991). watA
olg|3t H2AE& HAaA717] A3 I
EAG Ao AT dFd A7t
g FdHE APH  fa(Marks
and Dykes, 1994; Santoyo et al,
1995), @A AEAZ AAAA AL
Hol AN#gzm 9oy, e 4 3§
glo]7] die] HEAL A& SHIT
£ AGAAZ o] &o] JtEdtt. 22
Z&ad o3 HEAG A9 FIFH
g A3 %Y FE BAAAA ol
£ 7tsAe did a7 ded 4R
ol t}.
LA

$E-§% T & eccentric

exercise-induced muscle damage)S £
TAE FA] A Fo HdAHE
THTolY AU wWwd, A=Y
ofstel #AFTEHAY AT 4 FFE
YelllE A(Cleak and Eston, 1992)&
e, dAAE gFolu 017}%%01]
4E &5 AEXE JA ALE =
#H F JIHAHE 5, 1995).

ggA B A7 JEARAY 7
BT ZAYFAN} AP &5-E 2
&9 7|5 Ed nAe aHE AF
A ZAE BHE FIo Ay

33T

1. Agg

A dAe AdE F-4d dgA

Ao ¥ € F Je A% 2

< 7HAY 22 E&se AE HiA

St 187 (25+54)& AASAY. dFL

o 27 I%‘L) FEEZH(OT), SH9TF

T(MT)e2 EFste] 24 o 6985 ¥l
R ’é’\]ﬁ}‘ﬁ‘:’r.

o

2. Piroxicam gele] A=

Piroxicam3® carbomer 940, propylene
glycol, triethanolamine %A 7FHE &
AHE8F S 3L,

Transcutol®(Gattefossé,
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France)d AEFE A&33oh. Piroxi-
cam?® o] 05 w/w %9 gelE A=X
37] 93t £ 6.85 mLE homomixerd]
Y3 nEAZAM carbomer 940 0.1g& F
dsteq AE BA3}R e, piroxicamo©]
G Aol g 1.0mL$}
propylene glycol 2.0mLell piroxicam 0.05
g< &3 & F geld pH7F 65~757
HEZ triethanolamineg Yo WA
o] B Ag Azt AL Uy
FH3 AHE FAGAoH HAEEE
1400 mPa - solQ k. Az AL tgd
2ZodA 671 T ABA 2EE A
o AAY W= ZA JerdA 4%k
=3

Transcutol®

3. d4Y43 &% 9 SMI¥T

H3AHE 9 H] --¢- 4 (non-dominant
hand) 83 FIZ F APo)|F2S &
AJPE =L 93 FHzoz NAS

Aok FA AHE T HEE FAE
g7 fste] AFAHFAY v-¢AF
FHEE 0°FF FHAA FolF2
A d¥ Hd 94 FT3HAY FF(maxi-
mum voluntary isometric contraction,
MVIO)A 2 AAEFY &S 33 =
Bt Hogoez AASAY A4 ¥
A A AT A48 FA
T 94 FA3E 2 dAEF 0%TE
< A9EFTE FLE 5 Udx FAE S
Aot AL HTHoE EAE
11.42+1.35kg, A= 517+1.23kgo] AT

dol E7Fed w7tA AAdRem Z
TFENTY FYALEL 3022 A
WEAE ¥ WEIATE YEHeE
HA 2 60.25423.173), AL 85.08+48.94
3] A

Fool AEHAoH, FEEXH(OT)S
APE SR 3go HEAF AL
A vE F 53 A= #F8 FAG
BFF(MT)S APSF FEFd 3¢9
YEAZ AL vE F AF2SHE 3
z2%3% 717l Sonopulse
590(Enraf-Nonius, Netherlands)& A}
gt on, 259 WYY =AY
6.2cn, &AW
A} & (effective radiating area; ERA.)&
50 W Hl-ZAAd|(beam non-
uniformity ratio, BNR.)7} 6.0max.©] $1th.
ANExSHe] fARTE AFFI)e 14,
A8E&%FE 1.0W/er SATAE A3
o, Aae &4 AF, &4 F 244
Zh, 48A13bell 7+ 18] F 33 AAlE S
=3

nlo o

(geometric area, GA.)&
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2 AYYEES L I, HL F 24
A
A gEAS DE Ags 5EAAS
oA 4% A 25A9 JE w3
zxa. = ANLEY A 2A

¢

g 5
& FHZA=(surface electromyo-
graphy) X (Enraf-Nonius, Myomed

932, Netherlands)& AM&3IAh WA
Mol RAHE i IARE 985 e
A3 L2 AR Fopa AxAY F
d3g SH=
Medicotest, USA.)<
C:L_g]

A2 (Blue sensor®,
o] &3t Agho]
ZE(muscle belly)dl] 4 AF

PR éﬁA] el AYE 30m=
, AR AT ol
*‘»’*t“?l -r-ﬂ of F#3

modeE Al OPﬁi ° “1
10sec., rest time< 30sec., cycleZ 3,
sensitivity= 2,000iV, threshold& 50%
E AHE3dT 2 €5 H9E 33 234
o] gz HEYsqin.

work time

5. B4 N

E 479 FAI%H VML SAS
software  version 82&  Al&3o
meantSEE T3 48U EAEH
(one-way ANOVA)Z AFHALZ
Duncang AAlstgon, ¥E ZAHH o]
8¢ EAHE A (repeated two-way

ANOVA)S AH&stith. B4 Al fros
F& a=05% AR5 AARsFAL

. 2 =

1. &) 2o 2% A §Y g5 A

Zo] Wiz}
2 &4 F A, 24X 7, 48417, 72
A Ao A EF5AY IZo W3

2 FAT A dx2F(1d)e] 9202
+223.89V, 683+198.39yv, 734.2+221.17
WV, 831.4+218.19VE YERi, dER
EH(OT)o 896175.984V, 695.4
+£113.41V, 782.2+£121.574V, 851.2+137.47
W2 vEigten, odF(IIT)e]
906.2+123.004V,  779+95.054V, 8164
+114.97V, 886.6+11831VZ YEIRTh

24 ]7%}101]/11 A E 7} 48X 2
7221 Ztdol]l M A3 3 EE A T}
B F Aoy, 7243t Fo =

Ao A2 59 35]%
BHolx& &Udtt. FAHA7]H wE
W3l g TAEY & AR
F-value7l 0222 BAAHoZ #9314
@ston, AEHAAME AP Tl
Frogk Aole AU o] 81 BAERA
& ¢ AT APIFH FAGAVAN 7

U Fll‘

o

o

to oM oz
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folg Holg BYo(p<05), W
9 2N hE ERGAAE Fol
2 egtet.

800

Action Potential (&)

o] 24 48 72
Time (n)

@ Gel
Change of maximal

B Control
Fig 1.
potential

O Phonophoresis
action
at maximal voluntary

contraction.

2. 30 298 23N ¥2 25 A

29| wig}

B A AF ¥de dxd
(IT)e]  296.2+77.39V, 210£52.154,
247.2+56.95V, 258.4+6847TWNZ HERL
1 FEEXT(OT)O] 3126+37.214,
23041243V, 263613174V, 2884
$237WNE YEgen &39F(IT)
o] 291.6+30.974V, 223.2+32.74/V, 246.8
+32.84;V, 274.2£28.88V 2 }ELwt oH(Fig
2).

Ad Fo43 5 A dFT F5A4
AEe Hgte ZE TAA 2 &4
L F 2ANT A ZAHTIE 484
B 72Nl A3 B EH A The
Ag B & AdH. FHA7H we

Jo

rl

35 48 EAEA & ZIY F-value
T 0182 FTAHLZE fotA @skon,
AR AAANMNE AET kol Fo g Fol
£ Uk o] 8 BAAEME F AF
ZAAIZIANA FY8 FolE EHHPoH
(p<.05), A8 2 SAHAN7I dig 435
g A E st ettt

it

350

@
8

Action Potential ()

N
e
o

200

0 24 48 72
Time (11)

® Gel
Change

B Control
Fig 2.

potential at maximal voluntary

O Phonophoresis
of average action

contraction.

3. 859X X SHA HY g5H
A 15 ¥g

o &4 I, 24213, 48217, 724
Bl FFHAE FAH FF A
Ho ZF3d9 IF9 wzE FAHZ
A3 dE2(Id)o] 920.2£223.894V,
310.8+86.28uV, 339+94. 73V, 466+115.15WV
2 YEY3, FEZIXF(OF)] 8%
+175.981V, 601+£101.431V, 650.4+103.944V,
709.4+111.33W = YeElgton S39%
T (MT)°] 906.2+123.004V, 657.2+61.58
WV, 728.8+46.341V, 866.2176.93: V= EF
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o (Fig 3).

Hof &F5AY WEZF WzleE EE
TAA 2 &4 §d T 24AZHY e 7
A7 48X 7HF T2A| b Ol A A 3
IJEHAA Jte AS & F AR,
A FAE 2 &4 FEde A
E 8FHHY IEE RolAe &y
o S A7 uhE HEE degl Bk
B4 & A3 F-valuer: 1884 E A3
o2 [ (p<05), AFFHAAA

rl

& eRYFTMP)e] Te 2 f9
@ Aolg HEr o 49 PAEHL
@ 23 2T, A7), 49T 2 5

A7 A FE AL Fo 7 2ol
€ 2 AH(p<.05).

950

900
850
_ 800
X 750
E 700
§ 650
& 600
§ 550
t:: 500
450
400
350
300
0 24 ) X 48 72
B Control @ Gel O Phonophoresis
Fig 3. Change of maximal action
potential at pain  subthreshold
voluntary contraction.
B3NS 298 23 A B S
Y FR9 W
BT A AE Y Wgtes dE2T

(I3l  296.2+77.39WV, 149.6+34.714V,
187.4+5756/V, 216.8+61.07(VE eI
JECE (DT 312.6+37.214V,
228.8+23.4TV, 236.4+17.96/V, 282.8+13.73
N2 JeEtgew, S F(IT)o)
291.6£30.97V, 223.4+29.054V, 252.8+24.68
(N, 282.2+2991,N 2 el TH(Fig 4).
TFHAE FoH 5 A HF &F
Zd% AEo HsleE BE FoM 2 &
PR 3 24429 %}io}tm 48
b3t 72A1ZbdRel A A B 3] B E o)A
AL E F AAJD. FAHA 7 o
g HgE dagl 2AENE ¥ 4Adn
F-value: 3512 FAHCE fostge
3 (p<.05), AAFRAAZ AN E 3495 (M

> o2
r\l

N
2
|

350

300

250

200

Action Potential ()

150

100 —_—

0 24 48 72
Time (hr)

Bl Control @ Gel O Phonophoresis
Fig 4. Change of average action
potential at  pain  subthreshold

voluntary contraction.

T)ol HETH fo ¢ Aolg B o
8 BAEAS 3 A3 H¥E, A
71 e Fod zolE B P2 G(p<.05),
AET 2 FAHA
frolstA &gkt

9E gsAge
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Iv. » &

K

ox
H
10
ta

FEAAE o4 FEF
Hog AgHe FTE
Fatol Hlste) AR Pl E
, A AR £ gl
Fgel A&H Foqr} shsdE

710

SER S

i

B £ o
l;f {f oE
N e e
[ )

ol

o

ot H W 8 &

corneum)w] 32 FHRAP o

A Wl =Y A F3H uf
7"?’-] %34 X]E-;ﬂ 2A4E 94
b o8 g ‘:l?t
Ay FEHRE F2
WA gk o] 2] gt

2 U3y ‘-’1*

N

(cavitation)oll 93 A AMELF &

2o REVA FHEE F8A o] Fof
A, £ 25T o Axgy F
HAgol F7tHO ANEFHZE FA
T o] Fof A} (Mitragotri et al., 1995).
+R9 T 259 Fodgd w 1M

(therapeutic-frequency phonophoresis),
Mz oAl A 15ME Atele] n-Fd4 It
& & (high-frequency phonophoresis) 2
2 EFEH

+HYFE AL o 23949 F5
Fo wet g AFHET GEhA
= guty oz Fx#go] we G
ANe A FaF S99F0 1 FiF
SR EFEY FuFHA o HFHAH
RAoeg BanF1R Yoy E3| Insulin,
interferon v 5 A Fo] Z R E 9
YEEL A-Fid5 SHIFTANA FH
F#A7t FrtHEe ez RIiHJH
(Mitrigotri, 1995). wetd tE A
NSAIDZF sty I EAze 49534

£ Hulste B dFdAME JAdA
A% J%Zﬂ«] =% Ed Y ol F
&5 1 3 & A&

A4 A %Eoi g3 Fdd 2 &
ol thal Hasson 5(1990)2 WEx&
B gt A% 29Xz IFaH
£ Hlusy] i dEAT ] A Ak
A IHES FLAZHG Sk

=5F A o) Zﬂ}ﬂ 23 &
F 48ANA Ak AR} RRTol
Hla 259 AaTAAM 2 FEEH
FEAA a7t A& BT 2
Y, Craig $(1999)2 A3 dAFAE9
AEH}E B2 YEATo) ohd g
T2 2FE H&IAAT oJRAL
g‘ s@o] = A:ALo]] :r. -];51

o 2 ¢

o] & <] A-F 34 S 39 5 (low- ° N

frequency phonophoresis), 1Mol A 3Mk #HE E 7 AT ¥FoE A8 9

A} o] 9] X g-=12 oy o8z olE wA3Y] A H$A F2
- 25 -



Aol dis] AdS AAFAT. wepA
AT E Feo]F2o AU +F
Hgsted Z &S FEANA 2 EF
A& 33 A

= ANEF o FFH FEHeA
Ho o3 5 A ITEFAH I1F
o] 24A1Zttel = &4 fFE Ao H s
AYEA  FEE=IF(OTF)o] 2304+
1243V, <395 T (M)e] 223.2+32.74
WNZE BFAYY AFo FadHe F4
g2 Uvehigleoy FAHcE fogAe
ARk 48A ket T2AI kAl E o
EEXHOIDY 395D
gAY WFo) BT Futsdoen &
3, SHFFT(MT)eo) FEAYY R
Z237MF A JdERoY FAHo=
FAALE Ay EFIXE FoF +
5 A g5A9 AF HzE 7 A7y
H2 FA3d vt FAHA7
e WIE dag] $AENS # 247
F-value7t 3512 EAHoz #o3ge
H(p<.05), AAFARAE 395 (I
#)o) WEF(1 )Y FE=EX (I
et fo3 AFolE HYth olad W
BERARMNS 3 Ao 4¥87H 5
A7 4z Fofd Aolg HPor
(p<.05), AT 2 FAA7IA & 43
ZAgodMe KA YYEUA S
E3 S99 EF(MT)E 482t 72
ANZtge] dz2F(IHEG 549 A
Zo] 3 Eo] fog Aol7t UNY.
A FEAG Ao ERFFol BIF
FZE FAAA Z 753 Ed a3

>t rir

T 25 <&4 0] 2(Amstrong, 1990
2 kA 7MER o 71dE AEEn
o, & G54 UEol HdIFEY &
AU
(Newharm, 1983). w&tA] E dFoA =
WL ) vl s E5AF 2& AL
g AYTEo] FHgad fod xolg
Yetiiglon, £33 S395 ()0l
HEAG A AFEHRE FI/HANA 4E
SEF(OD) vs) & &49 354
o &7 e AR Als"ET ol
BIAAAEL G2 FES HJFo =X
st WHOoE AL EAT AR A
t 23958 AYAAz g8H7E §
o a2y g3 E¥4 HjEte] g
A 259E AE3e FHYEFol FE
o BHFEHE ol AT FIAFEA
g AF7F vl PEFI Aoy HE
o % A&AHQ AF7t 8.TFET

ojdel 27 A TE-wL 2
o 9% 2 AAEF WE FAHY
I BEZLHE o] 8T %ﬁ}%‘%ﬂ i
Z Ao AuFIHAE FAANA Z
9] 5SS FHAHT w2 NSAID
HAAES FHo d¢ TX3E Iy o
29 Agse R BEod 2892 ol43
o SHAFTE HEAIE FEY A9F
IE FIAA QFEP—‘}%% s FdAZ
ok ol xgste AEHH anst
7ol o & AsEHRE A &
Aog2 Atg ¥,

F NS
_L‘z o o o rl

Y

ol o)’

—

p

(]

N o “‘ b
ox off I my ox

l:—

(&

fio -l)l
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2. AUl A £% A BT FFA
9 AEe WHE FBEEF 7
¥ A HRHYoY FAH
2 fo4e gt

3. 53948 £94 £5 A Ay
25499 AF WHE $RIE
Fol % @A A%do FA
oz felsart

4 BF4AS 294 £5 A AP
2599 AT WHE eNIE
Fol A% m=A AuH ¥
oz feolsqr.

o) A3} AMAH £HE-HU 2 &4
o dF = ANBEF) WHE 2HF 2
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A7 A ANERE FAAA 2 A%

o 5Ee A

a

Ao
o

DZI-‘
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FoA FHY FHo e FF
e X 5AF g3]A]. 2(3);11-22, 19%.
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