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Abstract
Skeletal muscle regeneration is a vital process for various muscle myopathies and

muscular adaptation to physiological overload. Angiogenesis is the key event in the
process of muscle regeneration, and vascular endothelial growth factor(VEGF) plays an
important role in it. The purpose of this study was to evaluate the effect of
GaAlAs(830nm) laser and immunoreactivity of VEGF on angiogenesis after muscle
contusion injury. Muscle contusion injury was induced in the triceps surae muscle by
dropping a metal bead(31.4g). GaAlAs laser irradiation(power 20 mW, frequency 2000
Hz, treatment time 15 min) was applied directly to the skin of injured muscle daily for
seven days. The experimental group I was irradiated immediately by laser after injury,
whereas the experimental group II was irradiated after 1 day of injury. The control
group was non-irradiated.

The results of this study were as follows.

1. In morphological observation, there were no significant changes in experimental and
control groups for 7 days. At 3 days, however, the splited muscle fibers were observed
in experimental groups, and the muscle atrophy and granular tissue viewed at 7 days in
control group.

2. The VEGF was expressed in muscle fiber that located in the interspace between
gastrocnemius and soleus muscles. As the time coursed, the immunoreactivity of VEGF
also seemed to be strong in the individual muscle fibers.

3. The experimental group I & II showed higher immunoreactivity of VEGF than
control group(p<0.05). Then, the experimental group I showed higher than group II



especially (p<0.05).
These data suggest GaAlAs semiconduct diode laser irradiation(830nm) enhanced
angiogenesis in the skeletal muscle induced contusion injury, and immediate laser

irradiation after injury promoted the angiogenesis greatly than after 1 day of injury.
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THEEGE 2X2EZETW ol g AL E WA dojus A#oR, &40
< W w284 (aceration)® ZEFEFH(contusion)S EFstE AHAHY &4
7 /3 (strain), &, AAFEFA 5ol & AEE o o TAsE AAH =&Y
(delayed-onset muscle injury)3} #& FHZAHQ &z FERIFHJANKami T, 1999;
Kasemkijwattana %, 1998; Rantanen %, 1999). ©] % ZEEHEE ALl A o
ol 7t AE W RAXE Z/EG F /HE dubAQl FH=E, FErAY 4L
%, Y& (tenderness), %, 7154 - 723 &4 5 HEo)¥ oz Yevy, dnAEH &
A= A ZAER gy, 9 1, HF FA, &L AR FHA FTEA,
B3F o] Ty ‘:"r(BeinerQ} Jokl, 2001).

T &4 T AAHAS #BHY Mauro(1961)7F R F FAIAH R 73R 2
X3 94 A E(satellite cel)e] EAF B3 ol 232 AAHAA e o7t Z
WA o]FolAx g} YAAMEE wlolr)e] ZLEAHE(myoblast)?t #ol T4 RS
(myotube)S HAZE THS AW AUY +Fd SA3E F7]4E(stem celDe] I
& 3te AEEMN, T4, 3 9 §F(fusion)S WEFoZN IKANAAANN F2% o
e FIIY. 4 227, A (stretch), +F, ¥HE& 2 siabm 2
2 FHYZ E%*ﬁ—’b“ﬂ HS-3le] H 7] AdEoA #4338 g (Chambers®t McDermott,
1996). 23y =4 F A4AEI 248717 AE B 7HA 2AZ dgHAA =, 2 F
M2 24T 4& BTHez #9387 Y89 a7HARAE T8 AAFTY st
¥ #1 A (angiogenesis = neovascularization)©] ©H(Grounds, 1991).

B2 AFFd =4S T3 FE )t doju AE)H(Reher 5, 1999) - ¥ 3
(Shizukuda &, 1999) @4o2, ¥ 74 t& 714 &, R HIAAZATAD AEA X
o]F9} #F3E T3 U Uy (solid endothelial cord)E YHAsE TFAIPA
(vasculogenesis)(Conway &, 20013 olde] Exjste AAdA AN2E ZAHAY o}
(sprouting) & F3tE 4 <A AN A (Brooks, 1996)9 < silA o] FojA), o)e|d @Al
A 342 wjopd A (Adams F, 2001), AFUHLAA, 4 X34 Reher 5, 1999) 53 2
< AYAHA ANAFL dAHE FF(Harris 5, 2002), FrtECI= #E d(Ferrara, 1996),
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2T A 9uhs Z(diabetic retinopathy)(Petrova &, 1999) S o] v|RFAHo=w gz 9
AL w3 A FEF R
AN FgAz Aol EFFe(cytokine), AE 2 718 FA L A(extracellular



matrix component), L& 1 A EZ 443528 (intracellular interaction)®] ¥l 7FA] 7}el gl
oA BotA FFES TE=thReher F, 1999). o] F FANA AA L A= AL
d= WA A A (vascular endothelial growth factor, VEGF), A EAXA4AAx
(basic fibroblast growth factor, bFGF), 34 %1 2] %< AH(platelet derived growth factor,
PDGF), &4 A1 A (tumor necrosis factor, TNF) 5o} glew, 714 tigzl Ao
W) A Aol i (Carmeliet® Jain, 2000; Conway %, 2001; Risau, 1997; Singer$} Clark,
1999).

AR, 4, Futgs @8, 23 534 Zo] AFHAE FWste &4E5d U3
&, 259, HolA, AV T 2L duHe] AR JEE BHE &4 F 1944
29 F H{E dFo® vt ofd AFIA Amaral 5(2001b)2 &4
A2l captopril =& losartanS Eofl HoA AdFAzE HFAZ 3 AHE 397 Edol=
FEE & F AAZH FAN29 Western blot analysisE& 2 A3 Z¥ VEGF mRNA
9} angiotensin II mRNAZ} UeldS BHustdA #2 7|09 5= FHALZIA
angiotensis 119] 2dE F5& 4 Ydtn FAY AL, Gavin® Wagner(2001)= 59719
&F Z2OPE T AFY v EZA FUFgAAe} TGF-B1 mRNAY 2HdEF
2 233t Hang 5(1995)2 38 &48 9L AF 2% X2 ¥EBA7F A7)
A= (10Hz, 300us pulses)s AA|3F A dzFd vded VEGF mRNAZF =4 23dg S
R1E3 Y. Reher 5(1999)2 wigd &3 F(monocyte), Zo}A) X (osteoblast), A-F-o}A XL
(fibroblast)oll F+ F7F9 Z&3(IMHz9} 45kHz)E A 43 A3 BE A XA dauaA
A LY FUHE AFIAC. ol 2L AFAHEL EYUXNE 4G94 AEHT A
T 25, A7AE, 2597 28 F dous 98 A dA F ovlad 271919
ANEAGANE 9FE Fol ARARE FAAZ 5 Avke 7heAE AAE Fu
At

E AFdAME HIo gitore} AETGEE agn EEXFET FokdlM dy ol&H
1, d7HAR e AR =27 AZE #HolAE AE3td APS HAAGAT AZE
ol A (#7F 300~1,100nm)& A HA ZAIA 2EWHEE A9 do7|X odAN ALy
HEE dodle @2 duA UEE AAY F E VIFEA, o] i 2EWSE 01~0.
5C vvte 2 A% vh(Babapour, 1995; Snyder &, 2002).

glol A& Light Amplification by Stimulated Emission of Radiation®] ¢z} = (Mulcahy
F, 1995), 1917d9) ¥R E FYA|EE 7|22 34, 1960 Maiman©] &4 FH] 2A A
25E @9 HA3S TRAZ o) HolATGE &ort AANLR FHHUL, o)F F
H) oldjole HIEAE Edte AAGHe EF, ol22d e stx, a8 gegRe
22 dA T& o) 8T LT HolA MR AARA vhFd EokellA AHEH A 2
i AoH(Mantz, 1995). #HelAq & &4 vl E A (active medium)oll uwhel B =i x]=H|, o]
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T AZE dolAde 7t2g vAERE o] &3 DF-vlE(He-Ne, 93 632.8nm) ol A
o} o} 2 & (Argon, ¥4 488nm, 514.5nm) # o] A ¥R ol gt LA EHAE o] & FH|(Ruby,
3% 694.3nm) #@°)A, 28 ¥EA  tv}o]Q =(semiconductor diode)E ©]-& 3
GaAs(Gallium-arsenide, 3% 904nm) #©] A<} GaAlAs (Gallium-aluminum-arsenide, 3%
820nm, 830nm, 870nm, 880nm) #o]A S°] tH(Babapour, 1995; Mantz, 1995; Mulcahy
5, 1995).

dolAe dafe ndayd £ HJETY 1% BEFE /I (Mulcahy T, 1995). fuk
Heog2 dide 1725 #olAe AsMNIer ALgEHoAEH, A AqA dEHAE
UetgY] YsiM e dolAe HTEZAEI 500mW o] o] Hojof dti(Mulcahy %, 1995).
AR FopA FE AEHAE AAE dolAe duHoE o 10~90mW W9
22 2HZE(1~4]/em’ olate]l ¥ diA)s} o] 300~1,100nm HHA ZskE ol
& 3= (Basford, 1995; Snyder 5, 2002), o€ A w2 A xdAe #HolA ZA= 0

|Rhe] £=RstE dozlory, EXaAA HWHSA AIEHAAE =&,
SFE, BE F29% Fo] 4 3~5T9 22WE dode A v W e 2
MeE doz7les & 4 v Basford, 1993), AT #elAE low energy, low level, low
intensity, low power % T%3%t o802 HAlSE AL AEHYJ} old vLdEgadE #A X3}
7] 91%to|th(Basford, 1995).

AZ% o)A o 71X F/F dolA F WEA tholo= #HolA ey Hee
He-Ne # o147} A5 ALE= Sl E=d (Basford, 1993), He-Ne #l°]A £ 5mm Axe A
FERE HAIL e R B EA FolA = of 35- 40mm«] AFEARE Hehdo I8 %
Heziy e B9, & U AKo] A J= Bod i BEH a8 S
A e FHo] e ALE RuHi Joj(FEE G 385 1993), E AT %
SA ol = #HolA e dF9] GaAlAs #HolHE AT

E AN /\]'%UP AZE dolA ZAt o7 AEXFFAAY HES AHRY AX
4 2 B3 &3®Ben-Dov ¥, 1999; Van Breugel® Bar, 1993), *1]3%_ =54 &
(Deckelbaum ‘&, 1993), A1AAGEd £8] FX(Navratil®} Dylevsky, 1997), ATP &4 =
F(Karu, 1998; Oron &, 2001), T2 2eladyd ¢4 &4 (Rand]elovmﬂr Vukic, 1997) %9]
Aok, =3 BF A Brosseau =, 2000), A XH = (Stadler %, 2001), 294 A
(Tadakuma, 1993), 4174 A} 48 Z 7 (Rochkind 5, 2001), <5A4 X (Morrone %, 1998) %
o B3l Sz Rasm AR, oA R ol ¥ AdEF vtdiEs A7 2 #E ] (Bouma
%, 1996; Cambier %, 1996; Comelekoglu %, 2002; Schuhfried %, 2000) EE =1 glo] =
ol ARt F&3] Fopdrh
Atgro]l 3HE 3~4mm oJ oA ZAME #HolA YA e 80% oS FFdiuiEn,

oAzt B RE FHRPcta A AR zH] T 3 o] ofr] wid 31]°]X1

4 F 3L A € Mulcahy 5, 1995). 1} o]#g HE oA ol
A FrAE BT, AGE #HolA xAE SR bls] AR fxse S5AE A
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o] Nx sy AAEL A1 7145547 22 (Bibikova®t Oron, 1994), &&&4+
T AP E FHAZTE 750 Wol olFo|A 3 JrtH(Amaral 5, 200la; Bibikova
%, 1994; Morrone 5, 1998; Shefer 5, 2001).

o AFelA Amaral 5(2001a)3 Oliveira 5(1999)2 A AL #olx 9 ZEd wa &
A AR 4FE A €& 5 Jubn B1d %3, Bibikova? Oron(1994)2 53
dolA A MEA Y S&TF20 HAA HIE x4 F ldz 39

2 A7AA ALEE GaAlAs BHEA tho] = #Ho] Ao tlste, Kameya 5(1995)& o
# 71A] ARE dolA F 53| GaAlAs ¥HEA to]e= oAt o] desti 49
o, 5% &4 doA YouA IRE FAY F Ak &A1, Morrone S(1998,
20002 GaAlAs ¥EA the]= #HolArt AEELE Yo 9%2.‘1‘1*1 A A A=
(biostimulation)& & + Yot . 28U, AF7HA AdTFEH &

He-Ne Zlo|A & o]&3l AZE #HolAo ARE AHE =EE0] EH—'?’—%"]“%, GaAlAs
A tole = HolAE o)&d AFE JYJME ZEPEY H =

HE A7 =83, 23 AYAAFE R DY QAN E AR 2ES BF
g =& AY gle @l

olo] B A& ZEEHE B0 GaAlAs WHEA Tho]lT HolAE XA}sle] HAA A
o AE2A Z&3e RN AARIAY] HES BTN GaAlAs BEA folo=
doln ZAZF ZEhY o) F HBAAHAY AR Fol 2EANFH S L £ 4
A g #3H FAE AAaA ok agun 2y AF F FA7A o)A A
€% T 19 F "olA Hge AFE o FAUFAZEAAY] TES vue BozH
BA710 #HolA AH&o] w3t FFE WAE Ko UM E Lolr A I},

II. 23 A5 2L Wy

1. 485 &

2 dAFdME F93 2&746}01]*1 ALS3 AF 8-105, AF 250-300ge] 7 7s)
Sprague-Dawley Al ##& Ad T& §lo] 36vaE A& 485 EL
H HolAE ZAG APT], &4 1Y FRH HolAE 2AZ A¥F2, a8a ¥
ZAEHA B2 gERTo® o AAsAth A9l v 2, 4, 8A7 1, 2, 3, 7Y
2, Ad¥x2e 1, 2 3 7d¥ sagez A7 yrgden, dExd £33 479 g9
ol 2o YAtk A8 VIt F 27 Holw FAT FFHAL, AAKAY 2EE 23+
2C, 5k b0:2%= HH FeE Ao, AFF FFod dFNE 47 1242
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1) <juid 3
B AgoM A" 282AL 8%, BT § 94T 2584
I, A 71Eed AESH ok stEE 100cme] AFHE o] &35
GAA BozRn HAF v FAES AHEY] Aol e A3
dul gl ALEE HTEY FAE 4462g, 368g, 27g, 21.7g, 163golREd, O &
AL A7 A T Agel UFE ZnE HAHSA ol AYAATE 18] 3t
g AEES o AEE TP oFofAA Kormzg, H FHATIY F
AT Aol BAE & F HFES 28 3t AT 4629 FF e F 14 ol
ASHAR, 77 ASE WEPAo] wosle], 358g9) ATFEL Asto] EE}HMJ z2d
< BEAT

2) 23834 A=A

ey S Kasemkijwattana $(1998)2] W& ¥dsld Arg&9u. 2oFstd, G4
B} (Ketamine HCL, 39k 8))3} Xylazine hydrochloride(Rompun, #hol 8] 0})—25 111 9]
&2 e ANAAE AU FACZn/kg)std mHEE A AEHdA LEF tEe
5 s ”-‘?—?‘5}1 34 JAd, S84 0SS AW AHE LASAS FEAF
29 ZARAAN FE24Fgo2 1~12cm AFES FAIS & EAISG AHo]  100cmT(A]
g1 25 cm)9 F4ol HAGEE FES AXAN F 314g9 HTFEE 23] HAPLEHN
3HE 4 F 2o ZEREHd(muscle contusion)$ ot ZENY FE ¥ XFEETHEEH A0
21(290x430x180mm)ll 27te]¥ go| A& A R

ol

3) @A A&

B g9el AH4@ @lolAE GaAlAs WEA thol2E #o|Az, AEFPS LASER
BIOSTIMULATION(HANIL M.E CO., LTD)E& AH&3t@th AdT1L &4 AFd, 49<
F €4 19 39 Scan #HolA XA} Aoz 14 830nm, 2% 20mW, T34 2000Hz,
ANEAIZE 168, 19 13] A8E dFHoz AAsHrh A8A 2T &2 A5AIL ¢ vt
HE AAF, AT Hog 4 208 FA HolA A £FEE HAFE A
AAFE, FRHELE 0% WESZ3AZ ZEdA HolZ2 nAPANAM AASSAch #olA
AgE E4o] fud FEATIY TE TEE THLRZ HAAIL, HolAYY AL
TE RAIRUH =& #-As9h

zANAE Yo dolA 2AF 1MZF A F FFE 93 cannula® HAANE B3t 2
E 59 AYdstn #FFAH7I(MASTERFLEX, Cole-Parmer Instrument Co., USA)E ©]
L3t 09% NaCl2 #FFASEa, olojA A M(4% paraformaldehyde, Merck,
Germany)& o°l43le #FIAFS gt SdEAAFIY ZAFIFAAM ZHARE

=Pz

A A
15ecm #9185 dFH3te] WI2AFRHAE H3 24 T nZ Y FARE e,



$ AR R(25% sucrose)dl] dHFE< WA R A

4) 2AARH AR

Fug AA F FEHAFIE gF(alcho)E |88 ¥4 (dehydration)H A7 AL A
(xylen)& o] €3 A (clearing) I A& AAIS & F&d Evfj(paraffin embedding)E 351
ot #2538 & E(paraffin block)S A& F v AEG7](BRIGHT 5040, Bright instrument
company Ltd)E AH&3te] 10me] F7A2 #ZAeA &@tol=g AFstd o, dx7(C-SL
SLIDE WAMER, Chang Shin Scientific Co, Korea)oll 24Xt B¢t 2 Z A A

5) 3 ulEA -4 2 2 (Hematoxylin & Eosin) &

N7 A o] wE 2gzAue] duze zAFPHE BRsr] & FuEHd-923
dA-g AAsta . g3t W(deparaffing® F(hydration) #8& HAAg F 33 /T
1023 FASAT 4 F dvsddd] 383 A5A7]

80% &F 3% AFAIFATE thA] g4 8&
A Y8
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AzZtg ZH5AHAL AL o83 g}t ¥(deparaffin)® LEFE o] &g
(hydration)®4-& AZ F, 32 FHFo 1084 33 FA3dz, WY HAstagsh
(endogenous peroxidase)E AA1717] $18td 100% methanol 200méol] 30% H20: 1mlE
Azbs WE fdo 3087 HZHAD £, FFT9 0.1M PBS(phosphate buffered saline,
pH 7.4)o Z+Zk 1024 33 AFstAth. 282 A Z2 o] nt2E A& HA 8] A5k
HFE&AA Yol &ol=g wWidstn ¢ F, AU HEo)HA WS ATy A
normal horse serumo2 ALoA 1A F< AAYE Al §F  ABC(avidin-biotin
complex)d-& AAsAh gostd, 115022 FAE(F4 -84 01M PBS, 0.003% Triton
X-100, 0.02% Normal goat serum) 1% A <9] mouse anti~VEGF(rhVEGF21, Oncogene
Research Products, Boston, USA)E At&3te] 36TollA 141 F<t ¥HgA1715L, 0.1M PBS
2 1084 33 AFsET olF 2x A Z biotinylated anti-mouse IgG(Vector Lab.,
USA)e g2 Ao A 1AzZF ¥gA17l ¥ 0.IM PBSZ 1084 33 AlAsgo. 33 A=
Vectastatin Elite ABC Regent(Vector Lab.,, USA)2 A2olA 1A+ ¥r&A1Zl & 0.1M
PBS¢} Tris-HCI bufferell 2+t 1084 33] =439 . DAB £ 9(3, 3 -diaminobenzidine
tetrahydrochloride containing 0.01% HO: in Tris-HCI buffer)22 22 A7 & Mayer’'s
hematoxylin staining® 2 GAL AANFAL, B9 IYAAE 7AW F vpAde=z
PMM (permanent mounting media)$! clarion(Biomeda, USA)& ©]-§3t4] cover glassZ %
Y3t
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7 AEA

S04 BAL FPvH(OLYMPUS BX50)S AMgste] #aetda, #dd Axse
Bl Image-Pro Plus win 4.00 T2 3Y& Al83l9 g E"];X—‘](4OBHE : 1.19mm? % wk
$& Yeld AXS & FAAT. BAAMEE SPSS win 10.0S o838t A3 L

2 s B¢ ANBFH} aFEL GsAge] EAEr] dEd, 243
T BAIE S SHIEE T-HAS AAEA, 1Y, 29, 39, 7dd2 © %Hﬂﬂ%’}}%—‘]
AA st eH, FFE av 0052 3tHo.

mlo >

m. 2 3
1. 3sav| 33 a3

Ao AAFHA] dojue Ae #BEASY] 5t svtEHAH-I
A A8E At 4PF], APT2 2 RS Aol HEE Al 2o AAARAHLS
15795 284 Be Aol RolA e gttt YAl EHES Aurd, ZEAY &
4 3971A] dFo] BAHUAL(Fig. 2-1), HIF AIZHAE Fo wpet HA o] A H 7
PA T HFEo] ol uiE o}l R FH2A 2 HEHo <] -7-‘—7—3-4 FHE FA
32 ®alan M2 FHA dow(Fig. 2-2), KA XA Ye T £ 24K A
Zth2 2 (epimysium) Ato]ZtA o] A I FFol| 25t aﬁ’oﬁﬂ AR HFig. 2-1,
2-2). 2393 34T 74T Huy £AS d w2 B B AR (splitted fibers)
7F BFEHYA(Fig. 2-3), 7dTNAE o] FUdFo HAXsteE 4 7 (centronucleated
muscle fiber)7t 4% #ZHJAH(Fig. 2-5). 53] 7dA 2w 43T oﬂ Hlate] 95
Sopz o] o Wol YEl o (Fig 2-4), 74¥7HA = AEH o2 d@AFH Ao Yo
A 2R Ateld FEAHoZ dFAE7 #FHAHFig. 2-6).
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2 452 449 24H A}OMWE LA =7 AR
Furg M ESFE <Table 1, 2> YerUT}

EAAT Yol E A YT 19 S AA e wiet SANAFZLZA” THS A
& 2A7RE 297HA) F93 HEE BY(p<0.05), 343 72 FoF wIE #F



&9 tH(Fig. 1-1-1, Fig. 3-1, Fig. 4-1, Fig. 5-1, Fig. 6-1, Fig. 7-1, Fig. 8-1, Fig. 9-1). 2
B g2TY uide 2A0ES Adsa BF Fo% 2olE B (p<0.05), oAt 8
TG EAA BHo] GgE S 4§ JAAHFig. 1-2A).

&4 19 % HoAE 2AG AYUT 119 F$ 197 29 Abe], 283 3U5 79 Ao]d
o8 Wae BA(Fig. 1-1-2, Fig. 10-1, Fig. 10-2, Fig. 10-3, Fig. 10-4), sz %3¢
Blalol e 29, 3Y, 7UAAM 2 HolE HHTH(p<0.05)(Fig. 1-2-2). 2831 AFF 17
o HEgME 79FE ALY UHA aFdN EF Fo¥ MIFE B AQ(p<0.05)(Fig.
1-2-3), €4 AF oA At &4 14F golA AR dAUIAZZFAR L o
EHAYE BAFQT

e 2% 1903 29F, 293% 39S A YR agda =% Ho3 3
32 B HHp<0.05)(Fig. 1-1-3, Fig. 3-2, Fig. 4-2, Fig. 5-2, Fig. 6-2, Fig. 7-2, Fig. 8-2,
Fig. 9-2).

L

<Table 1> The changes of VEGF expression at 2, 4, and 8 hours.

unit : pixels

Z2hour 4 hour 8 hour
Exp. I 57.50+4.20 98.25+4.78 126.25+4.78
Control 55.25+4.92 85.00+2.16 107.50+5.19

(Mean * SD)

<Table 2> The changes of VEGF expression at 1, 2, 3, and 7 days.

unit : pixels

1 day 2 day 3 day 7 day
Exp. I 139.75+£4.03 160.25+3.30 167.00+2.94 186.75+3.59
Exp. II 126.25+3.59 143.50+3.87 149.75+£1.07 178.50+3.87
Control 123.50+2.88 130.25x1.70 136.25+0.95 152.50+8.06

(Mean = SD)



<Fig. 1-1> The changes of average numbers of VEGF expressed pixels in the each
groups with the courese of times(* : p<0.05).
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<Fig. 1-2> The comparison with VEGF expression between groups (* : p<0.05)

1) Experimental group I and control group
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&4 F dojue ARAH L B3 dAE AXE AT Aoz, &9 &
A3 A E(satellite cellell oA M=o dixFozn AHAHA ] o]FojxA Hr}.
ARAEZE A48 2459 A FD(sarcolemma)®} 71 A ZHexternal lamina)AFo]

e GIANER NZE SHAFY ATFAEL Bdotda AAHAAE E“‘**‘r’r"ﬂ

g Frteted o]£5H7|E dch(Husmann 5, 1996). A9 2$, APAE

N7, A7 (stretch), &%, W(cold), 28 43 FL IHEF gt A=AV FH
oA &4 39 (Chambers®t McDermott, 1996). ©l213t A X F243 RE3xAgL 7

Atz g§AZE FRANARA ] Bd F dojued, RAANYAA ] MPgHor U
Uot st olfre AAZRAY Ve HA 2 LIHE HAAe BFHoE ASHA Fi9 I
FEwol Hadd), g AT FAAT Lo Alxﬂia‘e ool A 100-200gm )W
o 9 soksty] W ol tH(Carmeliet$} Jain, 2000). ZH 22 FAANAFAGNN FF2<Q o
g @9ste AFAAA RIS HEE #F PE RoZ2 THAAAARY &
g AT F 9t
2 2459 AAHA diside B2 A77F olFo4Ad fA, 247 AdAA-ES

A= AF AMEHo A= B =83 AHphysical agents)e] & Fol| thaiA = of
Ax 2o oBAZ0] &) HAmaral 5, 2001a; Oliveira 5, 1999). A Egx 8 3¢
A ZHEL F HEHE B AdAd e ANAF, 223, AT FolA Fol A=H,
53] AAE #olXe Afe e Zo] HRx Ao EAEX FE AFdaAe & A
FE A ke Aol BEo|t(Oliveira &, 1999). Z1HEE ARLE HolxAq7t Z%&ENd & &5
AAAAE FAANE F e AT7F4HEd FAE 71€d et
AZE dolA A o3 AEA THd= FAdight source)® S Tz wit
EAAARIG. F, 94 g 2QHE dolA %, AUA, WFI%, Fos T o
g = Aegd 37 28l 4 doH(Morrone F, 1998). Basford(1993, 1995)% #lolA
o] A% &L gFe 5 Hug Zojwhs FHetE W, 1 #30 AS &S FgHE
o o o] ARt a8z, He-Ne #dolAd Ase AFxd &4 o a7z o),
A dolAdd A AFxZ &4 o AdHeolgdn s Y. Amaral F(2001a)2 A
ZE29 ACL myotoxin& F% ¥ Th¥d ZE(26, 84, 283 25)/em)2 543t
He-Ne #lo]A & ZALG 23 24 26 Jem™A% 2444 23047 AL $As,

He-Ne #o|A7t Z=-&doz AEA ZAE 2IITGa et oled AFAgAE
& F ARl AZE dojAE 5dT A4 A Fol wet ARE T dolAY AEF
o xel7t A& RAel#m FE3 A4E £ Aok B AT E He-Ne #dolA vlsf =
A E¥go] o £ Aoz ¢#A GaAlAs WA tho]le= o] A(830nm)E AHE3HA
i, Faret ZrE iAo IFFY AT &4 ASAE FEE At

B AT dolAE 2AG YT dIAE 2ARA Fe a2 S UTE 5

fr 4o

1

L.

=]
A5
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&
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AR oz Fog zolE BJh oy {Fod o7t 53] 2¢3 38N B Ao
UEl S #ZHo|AE AR Hol ARZE oA AAARe] A F 53] F2HF
Zo] BAES & & Ak Ak 3dole Ak divf FAe] Huxd o2 A
o]7] W& o]t} (Chambers®} McDermott, 1996). A F7tx AFNNE AZ= #HelA7l
U 3402 2dE FHAE 7 Jubes dFEe] RuE 3 e, Kipshidze $(2001)2
HAERoZRE FE2T AHEY NAHNEE wdsted He-Ne #HolA(632nm)E ZAHE 2
3 #HolA ZAF 20874XE 2EWEIT A9 UAAURL, AFotAEe BEIAZAN EF
10-20% ZAMA SR FAAA dde] 7Y ggton, AfotAEd v HEZAE)
53] AZE dolA ZAbe] RASHA vHgste FAWIHZEJAAE o el EHEE B
341, Khanna 5(1999)2 wWj¥d ejo}d 24| E(fetal cardiomyocyte)d]l AZ= o)A
(5mW, 632nm, He-Ne)E& %A+g A3 VEGF mRNAZF $719E Rasad. Eauadd
QAW oty FAANTG ZAZ A Yol FLF JIE @IEE TGF-po
PDGF(Yu %, 1994)9} 22 A4 =& AZE #olA Atd A Tdo T7HE L
B3g Q7S v EAFY o9 2L AFAREL AFE HolA XA AFUA
ANBRE F/HAZI R R BEJYTL AFRFHAA DL, B A7dAM AEFE AZE o)A
GaAlAs #o1A 3 AAAAe ddS F7HATE A s

Bibikova 5(1994)& toadel HIE I &£4& 4ozl ¥ &4 29 F ARZE #HolA

(He-Ne) ZAH632.8nm, 6mW, 2min)S AAlste 2 Feets Pyoz AAEATRY &

o

N2

)

A 9% (volumn density)9 EH 4% (surface density)E AHE A3} 9dA diZTd H] 3
O =43 4A9AE 9 B Raushdas, 27 AZE dolA A AR S
A8 1n J5HAE FANAGR FA3A T Weiss® Oron(1992)& HIEZo] R EA Z
SHNE & F He-Ne doIABOMW)IE 587 XA & AT JY&H oz &
AEAE AT A9, 3YATH dxd Fo WsE #FeAn B A7 43
F7 &2 FAel S FHE dEoE Aozt AR, T4 dEIAdA 28527
2 fopx A (granular tissue)ol AT HIA o Bo] YEs=d, olHd FL &4F

a9

W 299 B3 FoE e Aol ARHOE oHAWA Ushte dHez A
Beinersh Jokl(2001)& olel @ @4bo] AZNE YA &4, Auel w47, T wAAF
27, 293 AL TRAXY HAEF F 59 Aol &A@ RolAn AATh

& 7dTAA Yol FFF AR s IR FRIHJE, olHF L A2 A
Aol o] Fojx 1 QuiE A7} @l Kasemkijwattana 5(1998)2 &tE AT+ &

93 FEste] X HHAS BAST APAA, 247A] F Fol #FHJ L, 7= ol
Zdd Y ZTAFE BHSYI, Amaral 5(2001a)3} Oliveira 5(1999)2 ACL
myotoxing A7 FZo FUF HeNe #lojHE ZAISE A G A o] Fato| YA3te &

ARE 21¥9AAE #FHE Husdrt. o] FIHFA AXse 2HF 2 AF
A ALY 283 2AFEY FAQH, =& AR g} o A¥EL &4 F
3

7R atal M Eel Alold] YxHE YA AT AT &Aooz Qs EuHdA ¥y
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ns e ARHoR 24RY FHE FHAA &4IEE olF= AA F vl
(Kasemkijwattana &, 1998). &l B AJoA 7472 FZAZY AAFAAHo] &A3] o]
FolAA e Aoz Hol, B HAFAA AL dPRdo] VAY &4 FLAZE F 3
S & F ok dustE, bR v|Ago] SR FUS W S AL 747t
2 o] FAA Y}, F ol A FH7}t JSA], 7EREH Aol EAFAE ALA H1
A7t EFFAE AV ZHFEC ELHASA AFH7I EEH*E—O]‘:}(Chambersfﬂr
McDermott, 1996).

B AgdzelA #FH (splited fibers)e Z5¢&4 FHAA 7154 =& &
SHEA Ul SR SEAHoE, AAIAu e AAgE A2 4dEA dL(Amaral
S, 2001a), ol ¥ SR LAHT SAHARAA] Role FdA YEUn, &L F &

29 (motor unit)®] AAEY A7 @otx Baxi YuHOliveira 5, 1999). olm] &)

Mo
W X
e
o,
Jo

ol
rir
N
2%
(o]
2
2
N
]
o
i ox

g AR AARAAA vEtve S ZAFE FESIE
2oE AFe B¢ ZAR AASdE TS WoluA oA BAF9 e
o]Fx oy, ABFHAAGAA YEIGE S ‘_*w«] BEe A4 HARiEe] A=
AYE F1u ESA3e Ao FEFHAZAG T FEH(Staubers}t Smith, 1998).

, @9, ¢d a8 A ‘54 2E A7 ko o] Fof
I (Worrell, 1994), o] %o EFA 87t Aol vt dtzez F7de ALH
3 #3329 FHoE A5 F2o7] Wi SRS A8E] FE o] F9
tl(Beiner$} Jokl, 2001), A= #elA¢ 74 EEIA(thermal effects)7t obd A
Aol egk ZAW AES Wsg dodlE Aol (Kary, 1991, 1998), £ AP
A% golA ZARTEIATDH &4 19 F #HolA ZAT(AIL2)eE Yo Ay
Al A3 &4 F 27 397X A8 T1A f B2 a4 AIA HE S g3
Az g AZE HolA HLE AT VZREZA ALE

)
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to rlo

N

H N
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ol
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o
it
ol
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(o rkz o XN o
2o N rle e
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i

rpy
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ojl

ox

~

i)
4y

T o Atgdn.
Y B A7 2FHMY AR #HolAe adEd o

£ AL olYt Oliveira 5(1999)2 ACL myotoxing AR FZ ¥
(904nm) & 5Y 3 ZALSt 219 ¥ AA T2 FAS 2HH 2!
23§ RIS YEiA Fuokn Basged], olshgo
AARRLE FAANINA FeEve ATEFAEE dF LEHL Yo HE AZE #HolA
Ao g A ol o] FoA A &3 JYAIRE, B HAFAAL 7N Ao IF
Z F YE 7123 71ASe] BE AFES s AANHEZ Ut Kreisler S(2002)
Ao A dolA e Foge FE Fo dEHoR UHyER AIXE dF 4
Fag9 9o tsle] “window-specifity”& 7HR vtk st ojHEA AEXE =3
FAEL AXUY AAEAAN AAFAH e FHYMAR 2L FAFFA Yo F8F
@38t porphyrinsst 22 VA4 % 7](sensitizer), 3-8 7](photoacceptors) =

chromophores, cytochromes, 21831 v|EE=g]o} &4 9l chromoxidased] &34 F

flo t o ri

%9
2

e 12
ek
o
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7} o} Fo] At} (Rochkind &, 2001; Snyder %, 2002). Karu(1998)¢} Oron 5(2001)2 A#A =
#olA AFo] mEZ=golo N AEARZY Ca¥ BHIE T/, MEEE W &
% Al< (respiratory or cytochrome chain)S @717 &4 A4 ATP A4S S7HA20a 3
R, ol# g ATPS AAS/e A-HAE NXEAE ST/MNALER, §88 =47
FaEHE HMEAA FAARNE 9Fe £93 BRuH3 JHGreco 5, 2001; Rochkind
S, 2001). Schwartz 5(2002)2 1~29€ o A THZ AXE wIstd A= #elA
(He-Ne)E A3 A3 2AHZRE AZU Ca¥'3=(Ca1)7F 27stx, 2333 AA
(nerve growth factor, NGF)2] Eu|7l £718S Bustd A, HFAE #do)x A7 AlEWY
Ca" 558 7M7), 288 FEF7H &84 B3Aae AAGFYARe] Fdo) =
7484 H38 g, Ben-Dov 5(1999)& AXU Ca¥'s% ZF7he EF Ca’-9&4 PKC
E= MAPK dASZ0gH 2L AIZHAERE A3} AFo=ZN AT HAAEY
FARE S FAANUTL E.l.?s}%i‘ﬂr oj¢t2 e AFAREH B A7 A oA &
F3 B w, FAZ &4 §F GaAlAs 1EA ol 2= o] X (830nm, 20mW, 2000Hz) A}
of 93 ZSAAEZA Ao FAAAAY] HH FAE e FAZ AANY £ ok

A dAeM e AZE dolA zAZE thde A E o] &Hx e Adelth. 2y
ol# gt AZE #HolAe WEEHH x3 & I (biostimulation effect)o] WM E ol&A7A =
AZ dE A EF Aotk AR o)A AL AU FAA] FAE HHAA
TAZY AE FIAANATE B A7 Aot dolA ALl Ao A ZAZA ALE
H7] e doZE AEAHA A ’éfﬁ"] o] Folxlol & Folm, AFE #o]A <]
A5 M= FEAQA ALERT oflegt 2S5 RXE, A/ANFE TF 2L UE Iy
o] EYAE 779 EFH o AMgste X g S&¥oEN o E AEEHI 7L A
o8 AtgdT.

v.a &

2584 F AZE dolAe AF GaAlds WEA thole= dolAe] mAE AP

og gotny] H5td B 4PANE ARFRE AAE o) gat] 4TEE YA

AE FEAQ F, AR S48 25 2Aletel ABUNYRAAE o8
S AN AYFEL dolAE AR ge HxE, &4 AF doln

G AYT L 29T 29 19 F dolAE 248 4P U2 rach A

38 BAA7] Aste] WYTE ThA 2417, 4413, 8417, 19, 29, 39, 2T TAE

Yol Basgit 4843 e g

gAY BN TUAA YT daTAele B Aol BAHA AT, 3

YARE AYTAN BUE 440t BBAAD, 794 dx2elq APTel Hd 2%

243 Fobzgel o wel BAAYT. 29z 2Rz o FYo| 9

\

rlo

£
e

o ru BN BN O1E
>

Z
1

)L
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2= A}

2. QALM*W"]XH LEEAE AT dx2e EF £4x7de W -9 HEan
ZbAE| 2 Aboldl] 91X 2AFrAM FE BREQUD, ADAT e Hap Zzte] 2%
o ZAR Aol M E #ZE A

3. 24 2F9 AU AA HdLE HE 243 34 S AYstuE dRE Fo% 3}

o] & HtHp<0.05).

4. aﬂolXi—E- FAME aFA dzTd vEte RN AFEAA s Ael o T,

53] &4 19 F dolAE =AY Tol v &3FAF FYolHE A o] &4 F 3¢
A &, 4271 NI ZZAA @] ®A e

ol el AdelM ZElEE ¥ T AR AAAAC Qo] AZE oA IEA
GaAlAs WHEA| Thol o = #Ho]A ZA}F &A427] RAAARL 2AA7 1, FA7] A%
E oA AL &4 14 F dolA Al s dRAAAA o AAFYL ¢ F 4
At
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Legends for Figures

<Fig. 2-1> Hematoxylin & eosin stain at 1 day in group II(x40 ; bar = 200um).
Large hematoma were observed. H : hematoma

<Fig. 2-2> Hematoxylin & eosin stain at 8 hours in control
group(x40 ; bar = 200mm). The lower part contacted with metal bead was
collapsed muscle fiber, and interspace of epimysium and muscle fiber was
increased. H : hematoma

<Fig. 2-3> Hematoxylin & eosin stain at 3 days in group II(x40 ; bar = 200
¢m). Splited fibers(arrow) were observed among the muscle fibers.

<Fig. 2-4> Hematoxylin & eosin stain at 7 days in control
group(x100 ; bar = 100gm). Muscle atrophy and fibrosis were
observed.

<Fig. 2-5> Hematoxylin & eosin stain at 7 days of control
group(x200 ; bar = 50mm). Centronucleated muscle fibers(arrow) were
observed.

<Fig. 2-6> Hematoxylin & eosin stain at 7 days of control
group(x200 ; bar = 50um). Inflammatory cells(arrow) were

observed around the blood vessel. V : blood vessel
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<Fig. 3-1> Immunoreactivity(arrow) with
hours in group I(x100 ; bar = 100um).

<Fig. 3-2> Immunoreactivity(arrow) with
hours in control group(x100 ; bar = 100m).
<Fig. 4-1> Immunoreactivity(arrow) with
hours in group I(x100 ; bar = 100um).

<Fig. 4-2> Immunoreactivity(arrow) with
hours in control group(x100 ; bar = 100m).
<Fig. 5-1> Immunoreactivity(arrow) with
hours in group I(x100 ; bar = 100um).

<Fig. 5-2> Immunoreactivity(arrow) with
hours in control group(x100 ; bar = 100sm).
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<Fig. 6-1> Immunoreactivity(arrow) with the VEGF antibody at 1 day in group
I(x100 ; bar = 100gm).

<Fig. 6-2> Immunoreactivity(arrow) with the VEGF antibody at 1 day in
control group(x100 ; bar = 100um). '

<Fig. 7-1> Immunoreactivity(arrow) with the VEGF antibody at 2
days in group I(x100 ; bar = 100gm).

<Fig. 7-2> Immunoreactivity(arrow) with the VEGF antibody at 2
days in control group(x100 ; bar = 100zm).

<Fig. 8-1> Immunoreactivity(arrow) with the VEGF antibody at 3
days in group I(x100 ; bar = 100m).

<Fig. 8-2> Immunoreactivity(arrow) with the VEGF antibody at 3
days in control group(x100 ; bar = 100gm).
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<Fig. 9-1> Immunoreactivity(arrow) with the VEGF antibody
days in group I(x100 ; bar = 100mm). V : blood vessel

<Fig. 9-2 Immunoreactivity(arrow) with the VEGF antibody
days in control group(x100 ; bar = 100um).

<Fig. 10-1> Immunoreactivity(arrow) with the VEGF antibody at 1
group II(x100 ; bar = 100gm).

<Fig. 10-2> Immunoreactivity(arrow) with the VEGF antibody
days in group II(x100 ; bar = 100gm).

<Fig. 10-3> Immunoreactivity(arrow) with the VEGF antibody
days in group II(x100 ; bar = 100m).

<Fig. 10-4> Immunoreactivity(arrow) with the VEGF antibody
days in group II(x100 ; bar = 100m). V : blood vessel
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