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An Immunohistochemical Study of Effects of Therapeutic Ultrasound on the
Expression of Substance-P in Muscle Contusion Injury
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Abstract

The purpose of this study was to evaluate the effect of therapeutic ultrasound after
muscle contusion injury by observed immunoreactivity of substance-P that plays an
important role in pain transmission. Ultrasound irradiation(1MHz, 1W/cm2, continuous
mode, treatment time 5 min) was applied through water submersion technique to 1 limb
daily by kept off 5cm from muscle belly of gastrocnemius.

The result of this study were as follows.

1. The substance-P was expressed in lamina 1 and II of dorsal horn of spinal cord,
also in lamina IV and around of central cannel of spinal cord. Experimental group was
lower expressed than control group with the exception of 1 days.

2. The substance-P immunoreactivity was decreased for 5 days together in lumbar
and sacral region of all groups, expecially experimental group was rapidly.

These data suggest therapeutic ultrasound may stimulate pain relief by diminish of
substance-P in dorsal horn of spinal cord.

LA 2

2g9%E A% T 1TkHz~20kHz o422 FotA A9 ARe & 5 8 &
7+ Z &SI (unacoustic vibration)E& Y THGam¥} Johannsen, 1995; Starkey, 1999). ¢
Fol A AMEEAA T YE 2&HE IdLFd X502 vs 5 v ADE 25T
(diagnostic ultrasound)¥ 3~5 MHz ¥ $19 F3452 u)$ 3e& ZE(1~50mW/ecm)E A
|37 wiEol AW do] BAEA P XNFEE 2SHAE wl$ 2RE FHRFEQ
0~60 kHz)9} wl$ %L ZE@B W/em® o] 4)(Reher 5, 1998 cf - E#ol wa} ter

Haar(1999)& 5 w/cm’ ©)4dolgti 38 S)E Abgdle] 2%z FH19 o] FE 23
S 93ly XNgFHE I #F3E ZSI(disruptive ultrasound) EE .TL7JE z2L9
(high intensity ultrasound)®} F2 B8 BokdA da AleHolA 1 Q& AR F3

7} 075~3 MHzol: A& Z=7F 0125~3 W/em’d ARA= Z%59(ow intensity



ultrasound) & Y& F ATkl A3, 1995 TS, 2000; Starkey, 1999; ter Haar, 1999). ©]
B¢ 2S99 AEH LA @28 (boiled degassed water), PlUZ 29 2 EF35}14
¥ 7l &2 (coupling media)g o] &3t oyl ZAYR 223 Aud

(Scully®} Barnes, 1989). AR = 2&3E &4 3 AA4HA g4 eSS &2
A, B &9 F(phonophoresis) &, ¢FEo] ZAURZ =95 E FAHS

A&, 1995; ter Haar, 1999).

A F7HA] @?EMZ# & AZE 25939 S 2H9 A4 FZ(Dyson, 1997), %
% ALFe] XF A (Nussbaum 5, 1994), VAAZTAEY E3ste} F4 FHAHAE 5,
1999), &84 ZZ(Harle 5, 2001, Tanzer %, 2001), o}Zdl2 79 A ZZ(Cunha %,
2001), 2479 3EZZ(Paik 5, 2002), 234 A9 XHZ7(Ebenbichler &, 1999)
#4d 9 AFZFZ(Huang 5, 1999), ‘{P"é HYA 2ouUe dFF =3 (Fabrizio 5, 1996), &
N FZA(Young¥ Dyson, 1990), % ZA(Esenyel %, 2000; Hasson %, 1990;
Uhlemann, 1993) So] Ut}

2 AFdAe AF7HA AFHAR Fd 25599 A5EH F ALE 2859 FHE
FAZ &4 F 53 oud 4F S v A vate Asina o

FAZL EFdle 294, 2EEE, 224 § 98 X7 dEd(Kami 5, 1999), ©] F
SEREE AR AP H o m BFo] ZHEAS w RAAE I85ERS T 7P WHEA ¢
Aete Feolth. ZEEY F4L T3, 75, ¢%(tenderness), 5%, 7154 - 72F &
A 5 HEHer yeym, @nFH FEAME IAFY ZAEH 34, g 3, ¥

2

T A, SALL ZHF FH FXIA, ¥F Fol BRIt (Beinerst Jokl, 2001).
EFFA ARE 20 HLLe B3 RE3g4, BANEHY

7F 9ok 3 8 L (Bryant$t Milne, 1998; Falconer %, 1990; Windt, 1999),
3, 257 9% AL A AP AFEN JAME 2259 B FF5FI
3471 AU (Brosseau 5, 2001; Craig 5, 1999; Crawford®} Snaith, 1996) =+ # & o]
sittE AT E(Crawford 5, 2001) @ 538 ZF7MNUde dFE8E 23 JHGnatz,
1989). 283 A F7HA AAHo & FFaAgde] it FHwHe] glo) YREE visual
analogue scale(Craig %, 1999), linear analogue scale(Crawford®} Snaith, 1996), McGuill
pain question(Craig %, 1999)3 #Z& 3ol “7WM3E Hrists £33 23 ¥y 2 &
57‘0} A E(pain disability index), 3% 7} (behavioral assessment)¥} Zo] FFoZ <l
7159 ATFE Hrrske Wol o] &HATHI A7 &4, 1998). FEAPANA EF
Z4ste WHS diyow me 3 vl 8 Z#o|E(hot plate) 7&’\}9} 2 WEd
WHACEN F, 1996 old™ T, 1999), AAAEEEE ZAFsE AN TAHLA B
Hol @o] o]&xlo] T (Walsh 5, 1998). 23y FHZd dAME TFHFAASA c-fos,
substance-P, calcitonin  gene-related peptide(CGRP), brain-derived neurotrophic
factor(BDNF) §& Wz sshjoz fFste wio] 7ol @A g8 AHEHT Ql
g (=2, 2001; oju] o), 2001; o]¥= F, 1999, Millan, 1999; Pezet %, 2002; Yajima %,

2002).

o] % substance-Pt FHFUd FZE RFHsE Aor FEHE TFRUA olwA
| £33 (de Lanerolle®t LaMotte, 1983), Agldx oz %z}

X oo g

(substantia gelatinosa)ol] %o

Agd #AQste 7HF ZEHI EFZ BiH3 QtH(Besson Chaouch, 1987).
old] £ AT AT &4 ¢ F XNBE 29U A ANHAAE FAANAE



Aol dake] 2R A e FRAvRSNN YART, EF ARE 28T
o elalx AR} substance-P7h A17ke] Aol Wl of@A WstareAd] o
sto] WejzAgehye ol 8dle] ATSAA Brh

I 9d7As 2 9y
1. 4858

2 Ao A3 AFFEL 5 =@M ALSdE AT 8-10F, AF 250-300g <]
443 Spague-Dawley #AFHE A FE1l°] 2513}?4—% AP 4g958e 259 E
Agste 4Tt 25948 HE3R FE dETLRE o] Ao, aFEH U
Substance-P2] wdS #Fsty] ¢ AP EH T2 &4 F 1Y, 29, 3¢, 5¢9 7=
Uro] Agstgtt 43873 F B3 Hol: FAT FFeIL, AFSAY 25 23:2T,
FEE 50:2%2 A HEHE fAFAoH, ASF FFNY dF7E 42 12472
2 zAs 9.

2. T3 e

oAz SetedE fosty] Aste, gaA e (Ketamine HCL, §3%3)%%
Xylazine hydrochloride(Blo]ld Zzlop)E 1:1 B&E XL & B FASIY(2mi/kg) A2
S ADGHAA 22F A FURE ARG 281 A £3#FE AA, S84
WNE SFFHE FAAZ oA, FHEAZe] AN FELFOZ 1~12cm {FE
= A 5, BAZ Ao FY =28 ZHeHA 100cm o9 %fﬂ #e AAA
At o] el A 314ge] HTFES HHAIAAN FHA 2 ZEEEES FIAAC

3. 289 A&

28 3(SONOTENS 501, DAEYANG MEDICAL, Korea) A AdwolA &4 19 &
BE A48, 9% RS (continuous mode)E HF 1 MHz, 2% 1 W/em?E o] 43}
EX}(ZIE‘ 3cm)9l =g FTA T ZEHIJAFH 05cm 017—315}04, F2& 2BCE A3
A FAAZIHEA 55 19 13] A3t ol AFFELS AAAvHAE AAE A2, F

gl BET $2d 2 SHA AAF AAE SN deke AFAAN 47 A
@ Eda" nHES ALNT. 2878 A4t 5 YET W BHE AAFeR
A0 AU $YT 2Ae FAT 2o 24 FAE ALl FFHE AL WA

= [e]
= S oj&3td FES AASFAL. 25T FFARA AHET B2
& o] &3t @2+ (boiled degassed water)E el AT
ZANAE Y5t 259 2AF F 1AL A T AAAE AA 09% NaCls o] &
o AABFE s, 2H AnAPFE A8t 4% paraformaldehyde =3 AF#AF A
k. EHAE o83ty Hgo 24N AFLRE HEIAY HE2E 2AEL gA nAHA
(4% paraformaldehyde)oll ¥ o] 24A13tE¢t T3S A8kl



4. 23 4AA Az

FuAdd H4o 84 2 IFEA 24L& F4 L Y57 (Frigiomobil, Leica, Germany) &
o] &3l 43l 40C= W A v HAG7I(LEICA SM2000R, Leica, Germany)E
o] &3to] 25um= ZE 0.1M PBS(phosphate buffered salin, pH 7.4)°l 2] 3} % th.

5. W 9 %2 3} 1Y (Immunohistochemistry)

Substance-P2] WY xA 58t ¢S #F3517] 93t 0.1M PBS(pH 7.4)9 A#d %3 &
1:5000.2 A A8 g 00M PBS, 0.003% Triton X-100, 0.02% Normal duncky
serum) rabbit anti-Substance P antibody(Peninsular Lab., California, USA) 500u¢) & #
2477 B¢ 4TCAA BFRAE L 23 FA £ biotinylated anti-rabbit IgG(Vector Lab.,
USA)e g ALdA 1A ¢ dreazion, 3x &A= Vectastatin Elite ABC
Regent(Vector Lab., USA)Z 23 &9} vl AR AL A 1AIZF S vb3 AT ZF
ztel ¥4 Abolo} 0.1M PBSZ 1084 33 FAstAoH, 32k FA7A Agd 2HEL
DAB £ 9(3, 3’ -diaminobenzidine tetrahydrochloride containing 0.01% H202 in Tris-HCI
buffer) 22 WA ow, NP E FPu|F o2 FAFAA HId IS A9
Aok HAag 2FL& 01M PBSS 33 SHFE AAT F o =d &AL, eol=
o &7 2HAEL AN T F 2544 AYAHFE AL F AHEH=E o]

dte B LA

At AT wE 259 Fyszd #2L F3dn Z(OLYMPUS BX50, Japan)S Al

Ll 2242 Image-Pro Plus win 4.0 X

on ZAE ARE AT 2T Alolg zo]E w3}V

Yt SPSS for win 100 ©]43td YA EHEAES AAGA2H, FATTE o
95%= 3ttt

1. A1 zZt7 3} 6] & substance-P¢ Houtg

HAW-E-& H2l Substance-P 8.4 € HFEAY EEX& 4P T 35852
2 343 2te lamina I TolA 728 dentss #2388 & JJL, A¥2H dxzae 44
SFEATY AFEE BEFAAM ANE T et ASHoR HFI Ao Wnhgo] o
5ol 7t AL € £ UAHTabel 1, Fig. 1). AT A= d2TH 023 S
W Azt el wE substance-Pe HAvE ©f @] ofFoHtH(Fig. 1). 53 dFAAAE
lamina IVe} FA# FHAME substnace-P9 WIS B2 + AT (Fig. 4, Fig.

6, Fig. 7, Fig. 10, Fig. 11, Fig. 12, Fig. 14, Fig. 18, Fig. 19). 1831 &4 ¥ 54 A=
AT 2Ty SFEEAYN AFEAHAA 2 substance- Pe] &dHol A9 AR E #F



3 = AAHFig. 16, Fig. 17).
substance-P%= A7t A Td w2 Wdurg wsE vnstr] 9389 Image-Pro Plus win
408 Z239 & o]83ly WAHMS S R IAUIFZARY BHIAAHYE ALt vl

s, 29T dxd 44 JdAuMARIEYdANE BF #Fod WiE Hion
(p<0.05)(Fig. 2, Fig. 3), AM¥HA A3 ga+84de 25 AJToAe 14+ 24, 3434 5

Aol A &

g AtelolAd o WMyt R H AL (p<0.06)(Fig. 2), iETAE ZE
o Wstg B £ AAHE<0.05)(Fig. 3). £F HFEA 45 AdIToAe 147
2 Aol A frol @ WAEtE HY(p<0.05)(Fig. 2), HET Y Z5T 393 5GAPold A7t

feld WaE BBY 5 AATHP<0.05)(Fig. 3).
AP 2P Mas 98 24 ABoE SHEE T34 27 a5Edd 4% =
E Aol f-9 3 AolE K Y (p<0.05)(Fig. 1, left), AFEA ZH$E 29, 39, 5d

ANA Folgt HolE BEAFE £ YA (p<0.05)(Fig. 1, right). &3 &-r—‘v:z;’lﬁr HAFEEHe 1
T e BF AT substance-Pe ©do] ¢ ¥A YelGH(Table 1, Fig. 1, Fig.

4, Fig. 5, Fig. 6, Fig. 7).

Table 1. The change of substance-P expression area at 1, 2, 3, and 5 days.
unit . pixels

1 day 2 days 3 days 5 days
Lumbar Exp. 660.2+27.32 87.4+3.50 79.4+2.40 51.4+6.18
region Cont. 517.6+3.36 460.2+11.75 306.6+5.31 137.2+9.39
Sacral Exp.  401.0+138.39 277.4+11.54 71.8+17.86 26.2+12.39
region Cont.  347.0+1454 328.6+12.36 304.6+28.82 67.4+15.05
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Fig. 1. The comparison with substance-P expression area between groups.

A : lumbar region, B : sacral region, * : p < 0.05
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Fig. 2. The change of substance-P expression area in lumbar and sacral region of the
experimental group. * : p < 0.05
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Fig. 3. The change of substance-P expression area in lumbar and sacral region of the
control group. * : p < 0.05
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Fig. 4. Immunoreactivity(dark brown color) with substance-P antibody at days in lumbar

region of experimental group (x 40; bar = 400um).

Fig. 5. Immunoreactivity(dark brown color) with substance-P antibody at 1 days
lumbar region of control group (x 40; bar = 400um).

Fig. 6. Immunoreactivity(dark brown color) with substance-P antibody at 1 days
sacral region of experimental group (x 40; bar = 400um).

Fig. 7. Immunoreactivity(dark brown color) with substance-P antibody at 1 days
sacral region of control group (x 40; bar = 400um).

Fig. 8. Immunoreactivity(dark brown color) with substance-P antibody at 2 days
lumbar region of experimental group (x 40; bar = 400um).

Fig. 9. Immunoreactivity(dark brown color) with substance-P antibody at 2 days
lumbar region of control group (x 40; bar = 400m).

Fig. 10. Immunoreactivity(dark brown color) with substance-P antibody at 2 days
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sacral region of experimental group (x 40 bar = 400mm). CC = central canal of spinal

cord

Fig. 11. Immunoreactivity(dark brown color) with substance-P antibody at 2 days
sacral region of control group (x 40; bar = 400m).

Fig. 12. Immunoreactivity(dark brown color) with substance-P antibody at 3 days
lumbar region of experimental group (x 40; bar = 400um).

Fig. 13. Immunoreactivity(dark brown color) with substance-P antibody at 3 days
lumbar region of control group (x 40; bar = 400um).

Fig. 14. Immunoreactivity(dark brown color) with substance-P antibody at 3 days

in
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sacral region of experimental group (x 40; bar = 400mm). CC = central canal of spinal

cord

Fig. 15. Immunoreactivity(dark brown color) with substance-P antibody at 3 days
sacral region of control group (x 40; bar = 400m).

Fig. 16. Immunoreactivity(dark brown color) with substance-P antibody at 5 days
Iumbar region of experimental group (x 40; bar = 400um).

Fig. 17. Immunoreactivity(dark brown color) with substance-P antibody at 5 days
lumbar region of control group (x 40; bar = 400um).

Fig. 18. Immunoreactivity(dark brown color) with substance-P antibody at 1 days
lumbar region of experimental group (x 40; bar = 400um).

Fig. 19. Immunoreactivity(dark brown color) with substance-P antibody at 5 days

lumbar region of control group (x 40; bar = 400um). CC = central canal of spinal cord
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ARE ol Zhdstal 1Al Yste R vl A A HEAE 5 Aok
A AREAE PP Z(HFZS o]F 7], 1990), H]
=39 4AH 7R iAoz wg FadA <4
Holx Qi AR, HZolle 2L A FEHARE AHFHA B F, =379
g et 22 AFFI BFY tsAS AU de Ao o B4 E£3 Frketan
}(Harle %, 2001).

Z2EFd oM FEHOAAE EHEL 2299 HEWH(ASEE & 9FR
= 2 F9F T g 24 Jedr B dgdae 52 BYY =g o
£REZ | MHz9 F359 1W/em®e ZE2 AA 89, Reher 5(1999)& %
Aol glol d&EE 9 Algo] WMERE (pulsed mode)oll Hldte] X FAHE @GEHAZ
e Aol A, ¥ EYY 283 =€ o 232 EAFHY ANEFAE AT Frh
stath B FEA R Ao HAFTHFTE ol&st @MEFE TEO AMEIASH,
Griffin(1980)2 /%, 2944, MUlZ2F9] 3717 vide 2&3 AGso ug g
A x2goe] ARGV XaAgd Aagle] FRTFE ol&¢ XNE/ 2599 dgFYe] /b
Z Foa Aok FEHEYL AIAH1990)L ENE olgdd 1OW/em® 15W/em’,
20W/cm’, 30W/em’e] ZE2 1583 ¥R Yo 2831 MH2)E H&38A A1707 7ol
02 gy 9&dz3, lem Aol 2%, 2~3cme 549 53 E thermister needle
S o) g3ty 2R AT W/em’d ZEE AYsnE LAY HEF 158711 ZKo
Ao EEWEIE FoaA doluA &SE Rudyr. 2z B AddA 7] 39 F
¢ dzTod vlete 2P TN AN ZGAAe] HdHe] o %%711 YEld B ded &
S5 o BT ojYer g0t HEdEH EI3 uiAT F gl dU9d9E ¢ 5 3
=3

E Afos @S substance-PE 9 e Fo dAFH A L AFEAAR
A AL FAFHASUGIAY 5, 1997), Gaddum3} Schild(1934) € FE2 A A X =
Zol E¥(powder)elgte Aol st o] 2L EHE ‘substance-P’'2t i B
Substance-P& ¥ AZANAN AFA=E 1109 olnitoz FAHH 713 da] &=
A7AHFeolez, 2 FF P D2AAACN BEXea(EddI ojds:, 2001), ojYox o
2] Z1I(EAA, 7]EA], o)A, A }, Wk, AgA)d 9y REIHAWE T, 2000).
Substance-P& ZEFA FAHE £ Fo HFEo] FatolFo] oA RN
o] &Iy X LGR 2 olFdH(Harmar® Keen, 1982). ©]# 3 substance-P&
AAST v A7IAF o dak FAHAL AFA C AR o] dojd F C AR %
G A LA A Carlton®} Coggeshall, 2002). A W4l substance-Pe] BAu+&-
<3 (telencephalon), WX 71A% v}, HAEY  ztx(diencephalon), A|3F, FH
(mesencephalon), ¥ (metencephalon), ™%, 43 (myelencephalon) ¥ 4, FIZAAA
(dorsal root ganglia)oll A E.o] Fth(Harrison® Geppetti, 2001).

AF7tA W8 substance-Pe] BAU Zlsole el £l Fo &F 23, 2574
Az Aol HF olAFIAB(HNAE T, 2000), A& EH 9 JAl(Adeghate 5, 2001)
g gatoly Ml Al Lol 23Y(Columbo 5, 1996; Ebertz 5, 1987), 4= A X9 =
(Carlton®} Coggeshall, 2002), 4174 <% (neurogenic inflammation)® %% vj 7H Xﬂ

rlo
&

A
°b°
nlo _?L'

'”-%-ELV
¥ N R o)
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(Harrison® Geppetti, 2001) 9&& dvtn deix]z gt o] F g 2 23 A4
3t ol AFEL AHEH Truab(1996)E H4 W substance-PE Fsld 23
BEHE Aoz ayR x}%on O FAgkgo] F7M3tta B8 3, Neugebuaer %

(1994, 1995)2 95 & F=¥ & substance-P ZFAE AF Yz FYsd 33 ukgo)
28t E BRI RFEH, ojgdt APATLEL substance-Pt o0& T Il AAAS
e 9% FrEE 35 7S (hyperalgesic response)® ©] 2 % (allodynia)ell
A £ ¢ QA & o ggA B AFAM 229 4 F 4R B
24 8RS AFEAAMY substance-Pol MW BAFoRN 239
o] ¥l o FFE A=A v #83H FHol shsstin AlsH
_'_,._L
P

L

9

o

o o

N €] substance-Po] et WIwt3E APFH dxy BFAA AR w
1 14T E YA g8 ddTol
ol HliAl substance~ P9 W&ol ¢ ®ol el EY, ol AL &4 & 2 &
el HEA71% #E Qlvta AR EHo AT Aty or FAV| e F4, 48, g9, 13
71’“4 22 A7t 9 o g o] FolA s (Worrell, 1994), o] %ol S8 7} 3 &5 o
Aed, & 499 @4"“’\1 19Tt 2338 ZAS o] o ®o] Wy o
Ho} ‘_’& 19 Fo 2398 vl2 AE3E AL ANFHo2 23948 A WA 557
Zto g wolEol7] gl Aoz Al FHo A,
g XA ATl ASHoR dgxTd vty ¥e ddE Rro
3, B GEEYU R E H5FZHe Lamina [ 9] HFHoz veyged, oad 2
= substance-P¢] WIS VERE 2H Yol UntH o2 49 Lamina I,
A A7) W&ol (Aanonsen 5, 1992). =3 AR E= FAH FHI Jaminal [V
substance-P2] @] v estA A HJ T, oA 22X vHHP dATFHAE A
T3 HFIEZdow B0l 7% Lamina 119 IVY ZA8t=H), Lamina IVY & A X
F A 4 (projection fiber, mediolateral band)E& Wo] viZ¥W M xtE R Alate] &
Al = 3L(Carpenter, 1998; Partata &, 2002)), &3 H|ZW AT AE 7] A o
B YA TFAHRI ALY ol 5o A Bojse Aoy LA A}
o] lamina IV~VI9| $]x &+ (Bisshop, 1980), Alo] A A Qo o] FR3 E=A
11 GABAS} &4(Zou 5, 2002) substance-P & Alo] A A oMo EZHGd T
e Aoz Al B3 AFEdoAe] 2d S BFeFgEd, ol H4 —?—42§
o] FFAHHEl Lissaver 798 54 2 BdS A8 EE= &8sty ALGHr] g
(Carpenter, 1998) HSE Ao ol o w3 QFEHoA e dAF} H%st P B
3L AR E R
HE N84 229 44 & U oA substance-P9) WHL #AEF =L A9 ¢
Ak, QA 239 AE F 5543 a9E A7E =8
(2000)2 A% sRZ o TF ANB Yo AR 2FAEFH T4 29 FEAH
(myofascial trigger point)o] Z&3 ZAIE AA389] visual analogue scale(VAS)E £3F
T %7 % (pain intensity)®} algometryE ©]-&3 %% < X(pain threshold) ¥ goniometer&
o]&3% AANFTHAE FAT A7 AR NFEEL AAG aFo vl 23 2AES
AN 2FANA Fd FFgad TF59A de, BENEEY FE Rustg.
Hasson 5(1990)2 A dA Z%Z(delayed onset of muscle soreness; DOMS) $dta)7] &

/K
BE 2S5HE RAIG £ FF A A (soreness perception), knee extension work, maximun

Y
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knee extension torque, insometric knee extension contractiong &A% A JIRE
(placebo) &35 HE&3 2FFH HE3A ¥ 2F vEA Fog Zol7t vEES
BHusEAd, 9% 237t 5534 gEY 289 7]TFH HES TSNP OEA
DOMS9 S 2 A7tk 3t Hashish 5(1986)2 XAl (third molars)& A A% &+
2L9E A8 F 929 F, FHA NFES(trismus), §F, serum C-reactive potein
S 2 A7 MRE 2398 AL 25 HEsA & aFdd 9 o3 FAE
AL, TAEA5W/em)B e AZE0.1W/em’st 05em?)olN $5244 37 o &4
S BRI AY.
g8 2597t FF5& FAAIE VI
ARG 257 X FFdAd @
FutE= P& ASAFoZAN FF5E
%, 1990; Hay-Smith, 2000).

28y NEE 25971 584 £ e ATE B ASHoR
=Y, 2 d7oA H2 substance-P ¥ ZAE #AII= FPAW, ‘B =
Q=37 &47% A8d ZAA BAEHA EATG ZdAolgE FASTTEI HE 5 A
Aojx & F Y=o (Merskey® Bogduk, 1994) EFold g FHH
substance-P9| T4 AAE JHX5 FF9 ALXE
o2 Xggd 25 o
7tet gEo S A"dte

o

o T

[«

A

Al

RAAE HHAA FRAT, AF ATAE
$30 Wge FaE T R3ol o)
che 7ol AN HelA3 YrH(Hasson

X rlo

2

o
“—1
H

i

&4 F dAsleE 559 dg A58 xS

Spague-Dawley Al 879 Awx o] H7&S HGaAA TEhdES A £
g gle] $83% 9&& 3 substance-PE WA
2595 A% AP H FAEA] &L dE2E

Zatrzl st oAl 19, 29, 34, 7¥9T¢e® Y

mi fb ot ot 2
X0 My mo o X M
fo & fr N

.A:‘r.l

1. Substance-P9] W HurS-& A4 5749l lamina I, HolA #Z =3, o] % lamina
Vel SA® FHEAA B2 5+ AJ 19TE A9sty, 2895 A% APFe
Nz gol vlsle] w& Hodukgs nych

2. Zr 2E3 substance-Pe RIAEE B
o, 4go] dxad Hste o we diAE 2

4 F AAHA QYo AnE 27
a

&
o] AL A3 2 Ul substance-Pe] S @S W FAAZoRH FFgggdE At
S & F AA

_13_



4
]

F

oJA Y . AR, dfspAE, A&, 199.

Carpenter MB : Core text of neuroanatomy, , &4, W& Z3F
Al A&, 1998.

Merskey H, Bogduk N :@ Classification of chronic pain: descriptions of chronic pain
syndromes and definitions of pain terms, 2nd ed., IASP press, 1994.

Scully RM, Barnes MR : Physical therapy, J. B. Lippincott Company, USA, 1959.

Starkey C : Therapeutic Modalities, 2nd Ed, FA Davis Company, Philadelpia, 1999.

Huln F & FEA 5 : Substance P antagonist, [D-Arg, D-Phe, D-Trp,
Leu]-Substance P7} ¥A19] FCA Y ¥ #¥dH 7143 &FFAT A& G,
oj gtupH 7 8fs] <], 38, 158-163, 2000.

Bl - 2SF7F #F] dAAEY g5 09 ¥HA v A= I, vdY A

=, glFofstu g7 sthishel, 2000.

WEN SHEE, HRS 5 A AoRIFASTH dHHF B folA g F& ¢4IF

of

ol

(%), 38, z&

Fol glgh A7, g goels]=], 20, 825-832, 199.

W= o FIRFH7IAFo] capsaicine L E 558 YA BF FH4u c-d 2Fo] 7
e g, olgd AAFSGY =8, g7 gte A g3 3}lshE, 2001

YA, FAY, HYF & 0 ANEE AU 2SH WYFd FEH AFHE nAE
S, fetY A 3R], 34(3), 617-624, 1999.

&0y ojels 1 QA By ] Hu] YA Substance P7} EH¥ ] A= G gl R

H8l3] x|, 39(2), 190-198, 2001.

[AH, #9%, dFE & : WKY HE=E Q2778 FHFUFdd Yo calcitonin
gene-related peptide$} substance P HEHIEA ¥ o] EX, fjgtsrojsls]z] 37(4),
719-726, 1997

ojplef : FHFHI|AFo] #HFeE Fud #F FHT4 substance P FHo] rlA=
G, v XAPEER] = 0 glFo gl A&7 soishel, 2001

ojdY, o]FF, F&H & HF J¥H H#HY E I capsaicineo] HT2o c-d ©
Wx 2 HrMNFEH substance P, CGRPO] ©PlX+& 8 digteRsrex], 32,
761-773, 1999.

o]Fz], st HIIRF ok G E]E vrg: FHrFH WRUG A5, e g
Z—"fi’] 2], 22(2), 399-405, 1998.

HulF : 2o oFH g AEE 2SR 2EF Z2YA, FFLE5YFTII A,
]0(5), 743-759, 2000.

SrEfF, 18] 0 S XE9 LdgFey #e HFH 7, oG], 14(1),
145-151, 1990.

Aanonsen LM, Kajander KC, Bennett GJ, et al @ Autoradiographic analysis of
1251-substance P binding in rat spinal cord following chronic constriction injury fo
the sciatic nerve, Brain Research, 596(1), 259-268, 1992.

Adeghate E, Ponery AS, Pallot DJ, et al. @ Distribution of vasoactive intestinal
polypeptide, neuropeptide Y and substance P and their effects on insulin secretion

- 14 -



from the in vitro pancreas of normal and diabetic rats, Peptides, 22, 99-107, 2001.

Beiner JM, Jokl P @ Muscle contusion injuries: current treatment options, Journal of
the American Academy of Orthopaedic Surgeons, 9(4), 227-237, 2001.

Brosseau L, Casimiro L, Robinson V, et al. @ Therapeutic ultrasound for treating
patellofemoral pain syndrome, Cochrane Database of Systematic Reviews(Online:
Update Software), (4), CD003375, 2001.

Bryant J, Milne R : Therapeutic ultrasound in physiotherapy, Report to the
Development and Evaluation Committee, 90, 1-21, 1998.

Columbo M, Horowitz EM, Kagey-Sobotka A, et al. @ Substance P activates the
release of histamine from human skin mast cells through a pertussis
toxin-sensitive and protein kinase C-dependent mechanism, Clinical Immunology
and Immunopathology, 81(1), 68-73, 1996.

Craig JA, Bradley J, Walsh DM, et al. | Delayed onset muscle soreness: lack of effect
of therapeutic ultrasound in humans, Archives of Physical Medicine and
Rehabilitation, 80(3), 318-323, 1999.

Crawford F, Atkins D, Edwards J @ Interventions for treating plantar heel pain, The
Foot, 11(4), 228-250, 2001.

Crawford F, Snaith M : How effective is therapeutic ultrasound in the treatment of heel
pain?, Annals of the Rheumatic Diseases, 55(4), 265-267, 1996.

Cunha AD, Farizotto NA, Vidal BDC @ The effect of therapeutic ultrasound on repair
of the achilles tendon (tendo calcaneus) of the rat, Ultrasound in Medicine &
Biology, 27(12), 1691-1696, 2001.

de Lanerolle NC, LaMotte CC : Ultrastructure of chemically defined neuron systems in
the dorsal horn of the monkey. 1. Substance P immunoreactivity, Brain Research,
274(1), 31-49, 1983.

Dyson M :@ Advances in wound healing physiology: The comparative perspective,
Veterinary Dermatology, 8, 227-233, 1997.

Ebenbichler GR, Erdogmus CB, Resch KL, et al Ultrasound therapy for calcific
tendinitis of the shoulder, The New England Journal of Medicine, 340(20),
1533-1538, 1999.

Ebertz JM, Hirshman CA, Kettelkamp NS, et al. @ Substance P-induced histamine
release in human cutaneous mast cells, The Journal of Investigative Dermatology,
88(6), 682-685, 1987.

Esenyel M, Caglar N, Aldemir T @ Treatment of myqgfascial pain, American Journal of
Physical Medicine & Rehabilitation, 79(1), 48-52, 2000.

Fabrizio PA, Schmidt JA, Clemente FR, et al. © Acute effects of therapeutic ultrasound
delivered at varying parameters on the blood flow velocity in a muscular
distribution artery, Journal of Orthopedic Sports Physical Therapy, 24(5), 294-302,
1996.

Falconer J, Hayes KW, Chang RW : Therapeutic ultrasound in the treatment of
musculoskeletal conditions, Arthritis Care Research, 3, 85-91, 1990.

_15_



Gaddum JH, Schild HO @ Depressor substances in extracts of intestine, , Journoal of
Physiology (London), 83, 1-14, 1934 @ In Harrison S, Geppetti P @ Substance P,
The International Journal of Biochemistry & Cell Biology, 33, 555-576, 2001.

Gam AN, Johannsen F : Ultrasound therapy in musculoskeletal disorders:
meta-analysis, Pain, 63, 85-91, 1995.

Gnatz SM © Increased radicular pain due to therapeutic ultrasound applied to the back,
Archives of Physical Medicine and Rehabilitation, 70(6), 493-494, 1989.

Griffiin GE @ Transmissiveness of ultrasound through tap water, glycerin, and mineral
oil, Physical Therapy, 60, 1010-1016, 1980.

Hashish I, Harvey W, Harris M @ Anti-inflammatory effects of ultrasound therapy:
evidence for a major placebo effect, British Journal of Rheumatology, 25(1), 77-81,
1956.

Harle J, Salih V, Mayia F, et al. : Effects of ultrasound on the growth of bone and
periodontal ligament cells in vitro, Ultrasound in Medicine & Biology, 27(4),
579-586, 2001.

Harmar A, Keen P : Synthesis, and central and peripheral axonal transport of
substance P in a dorsal root ganglion-nerve preparation in vitro, Brain Research,
231, 379-385, 1982.

Harrison S, Geppetti P : Substance P, The International Journal of Biochemistry &
Cell Biology, 33, 5565-576, 2001.

Huang MH, Yang RC, Ding HJ, et al. : Ultrasound effect on level of stress proteins
and arthritic histology in experimental arthritis, Archives Physical Medicine and
Rehabilitation, 80, 1999.

Kami K, Morikawa Y, Kawai Y, et al : Leukemia inhibitory factor, glial cell
line~derived neurotrophic factor, and their receptor expressions following muscle
crush injury, Muscle & Nerve, 22, 1576-1589, 1999.

Millan MJ @ The induction of pain: an integrative review, Progress in Neurobiology,
57, 1-164, 1999.

Nussbaum EL, Biemann I, Mustard B @ Comparison of ultrasound/ultraviolet-c and
laser for treatment of pressure ulcers in patients with spinal cord injury, Physical
Therapy, 74(9), 812-823, 19%4.

Paik NJ, Cho SH, Han TR : Ultrasound therapy facilitates the recovery of acute
pressure-induced conduction block of the median nerve in rabbits, Muscle &
Nerve, 26(3), 356-361, 2002. A

Partata WA, Cerveira JF, Xavier LL, et al. . Sciatic nerve transection decrease
substance P immunoreactivity in the Ilumbosacral spinal cord of the frog (Rana
catesbeiana), Comparative Biochemistry and Physiology Part B: Biochemistry and
Molecular Biology, 131(4), 807814, 2002.

Pezet S, Malcangio M, McMahon SB @ BDNF: a neuromodulator in nociceptive
pathway?, Brain Research Reviews, 1, in press, 2002.

Reher P, Doan N, Bradnock B, et al : Effect of ultrasound on the production of IL-8,

_16_



basic FGF and VEGF, Cytokine, 11(6), 416~423, 1999.

Carlton SM, Cogeshall RE :@ Inflammation-induced up-regulation of neurokinir} 1
receptors in rat glabrous skin, Neuroscience Letters, 326, 29-32, 2002.

Tanzer M, Kantor S, Bobyn JD : Enhancement of bone growth into porous
intramedullary Iimplants using non-invasive low intensity ultrasound, Journal of
Orthopaedic Research, 19, 195-199, 2001.

ter Haar G @ Therapeutic ultrasound, European Journal of Ultrasound, (91), 3-9, 1999.

Truab RJ : The spinal contribution of substance P to the generation and maintenance
of inflammatory hyperalgesia in the rat, Pain, 67(1), 151-161, 1996.

Walsh DM, Lowe AS, McCormack K, et al. : Transcutaneous electrical nerve
stimulation: Effect on peripheral nerve conduction, mechanical pain threshold, and
tactile threshold in humans, Archives of Physical Medicine and Rehabilitation,
79(8), 1051-1058, 1998.

Windt DAWM, Heijjden GJMG, Berg SGM, et al @ Ultrasound therapy for
musculoskeletal disorders: a systematic review, Pain, 81(3), 257-271, 1999.

Worrell TW : Factor associated with hamstring injuries. An approach to treatment and
preventative measures. Sports Medicine(Auckland, N.Z.), 17(5), 338-345, 199,
Yajima Y, Narita M, Narita M, et al @ Involvement of a spinal brain—derived
neurotrophic factor/full-length TrkB pathway in the development of nerve

injury-induced thermal hyperalgesia in mice, Brain Research, 958, 338-346, 2002.

Young SE, Dyson M : The effect of therapeutic ultrasound on angiogenesis, Ultrasound
in Medicine and Biology, 16(3), 261-269, 1990.

Zou X, Lin @, Willis WD : The effects of sympathectomy on capsaicin-evoked fos
expression of spinal dorsal horn GABAergic neurons, Brain Research, 958(2),
322-329, 2002.

_17_



