HEREFERATmE K @R 2R YRR F12%8% W1T p

(=)

Koy 7< ZEIC K 5 E 7 IVERD

il B LI~ D28
Eom o 7L A H R OAY R B R ORY
oW M OB O B R OBL B W K

E F
RIS R DI LAHEED RIT T B A TIN5 B & L C, ERE NS Ciziags ¢
3 RoyFeREECLD, Ty NIHETRET SV OERIERA T, £, EHEEE NSO
May ba—ER0REPICOVT ARG L, BifEE%1, 3, 7, 14, 21HHEIC, Al#kEIo
Hi U CREBTETR 2 EBL L, ARERSAITS © O SeRe A I it L 7o & 7C3BIEATTS © CNTHIRRER D

U EIS R SR A2 BIE L 7o 2 RS, 1 H BT SSEEIIE D BEE S,
A BIER S N, HEIGE 7 VA ERI T & f S L e, ARG ORI
SED L (p < 0.05), BEAFIZHT LTORLSHIliz b
I ORREF ST & [ERECTd - 720 KIBITERHULZIT S e Cld, POdfllz=a > b o —
ERHELWT EMIASMER 5T,

KT, 3aHcERIcH
TV,

ke LCRIfd 5 C

3HHELIEE TR
12 & B ks R i o
D A

F—0— FEEGR N, BB AR R, SO

FF3C

G I ANE N PRI DR (R IR
WU, F R H =y Dl & DFT
BRIk -THELE T ENDB B, (KERID
532 DIRGORE AT, HEOKIREE

—ANTIE BT LTV B0 E D DI DBEEN
Ehin, fEEIc > W TiI e Eitsh T
Vo ZDFER, FHIBEIT L T O@EY) 7S MLE )
T BT AT EEHEIR A TR E 12 & Okl
TEDES bbb, /o, TOROMIFICE
TE A G T ROl A Bt S 3 4 R8I

MEZLd B E S DL IHWE & 78 20, SVWT b HaEiiiTbnTuisn, 207k
PHBERERE V) T - v e Y Received 19 July, 2023
FHIERRF ﬁ@ﬂﬁﬁt’ V= Revised 24 August, 2023

1

2

3 BEERESR JAE)F—va vf}

4 PRES fmﬂ/ﬂ‘ﬂ% Yoy F—va v}
FIAF AR SE 1 052-678-4078 (5710)
Correspondence to: Tomoko Koeda

Email: tomokoed@ngu.ac.jp

Accepted 1 September, 2023



C e N R S

W, FHEGET VEERIL, - BED 50
FHEEEENFIC SV TRET L T T & BE
PTh b, A3, TOREERRST B 12012,
LIRiih 54 = v RIEE FDSHEGE 7V & 15
DB LT 8]l BT =V THEET IV
13, ERFNEBH T = &L TR
5128, BEEGEAPBR GRS b IR S
Emavibe—LodL, oI
BAETH D, INHLDTEMOH T = 5
fiEE 7T K O FEEES | St 29 2 EHVATRE
Thu, HEMOEWIHEGEET VA TE S
LR UBGRT Lo T OFESE, HARZMIE i
fnciZiL, Solcz4 v ko a8
BhERTE 7, Lo LRI AR I
2D ON, BRBIEFEM T >/, v/ B
77— VDT —H—Tdh5CD68 &L
OB TE Y v X0 B THhDHYA BT 4 VIT
X B R L P GBI Lo L 2 A, A
77 = Y EERORASFLTE YR b a7 4
v ORHEGHRE IR T E, CD6S S :MmEss
Mg L TV aBRbIEETE 2, FIA
LN TRED SNIEIp oty TDIWD, 515
7= VR & BB E TV OERIZEEL W
LitEa L7z (8],

Z2T, ARl3 Noy FerkafEtd s C
L& L, Fou 7=k EEARRICHE
NEHEAEEEL &SI HET, Kist 5D
WL [9] BIROITH B, Koy 7F< 2T
RKEL 2200FHENDH O, FHMHNCEOEES
RNV & S AP OE RS 2 ks, &
MEOEINMLEVWETIANLE NI LS
hTh s, MOES IV TI7lg, =S
100~110cm [4, 10, 16, 19] T, E W &
640 ~ 700g T, =S 1325~30cmTH B [3,
5, 7]o BSOS & RO GRS
B8, FERD RGO IR O L 155 4,

17]o RS ZESBEVE, T TEME
SIS IEDS D, HESTOHIRS N5, &6
12, & MBI X LAELP TV EAfERE
Nb, KFET By 72 REEERT 57001
(3, Fidg e o RE DTS NI TH 5,
ZTAhRNdEEOE S 2 E L LIl 5%
TEE2HEERAL, Foy F<2EE%2H
fEL, BfEL7EE cEiomERRICHEG
Ty EHC T T EOAEED & D N,

T, SBRAET VRN LRI
b EEFEIT-TOL S AT, [HREEKOY]
I AED B BB By T DTz ORI 2R
BEET BT ENTREN E D DR T 2 2 L bE
BTh b, WIS 2 B F~N BT
oficid, HlZHEREE L TRV RE &
% [14, 16] 75, FRcfHEBMEICBIL T,
X Z A U O E K34 T & b S
ncwa [15 18], Dk, KK LU
R R A TG 72 < 2 < EEEMI T
BEIEL, WffiE & bicART 7 oulns
SRR & 72 0 152 oHf TR L 72,

R ETE

1) X%

X524 7 ks O LV Wistar ST 5 » b 100
AR, AL A LB, 8k
M Ic =& PSS, IS I 51, 3,
7, 14, 21 HBHIZBEERD & RIS 5 2 VL% Mk
AITHUE Uc, AMHER 21858 (n=10, L
TEEGHD & U, PO IBERE A (3 B (n=10,
DIFIEBEHD & Ui, MRS, 2z r
BHIG 12 4 7 VL OFEE TRK EfBIEE
HICIER AT RE IS BRI TRl L 7o

AT DI NTOFEE [HIFHEEFIc B
2 BWIFERE O IR RIS 5 AT IThE W,

_2_



Koy 7w BT X BHEET 7 ERORS & HIE A~ o 28

AHEFERF IR R B R OFL, RO
A AR TIT - 72 (2019-002),

2) Ak
2)-1 FOwTTREE

Moy 7w 2%EE (KD &, & NREOEE
EBAIAD X L At/ NS B 7212k FALE DS
KBEY, Kami b [7] 0LEESEC, ES
640g DESRE (HE£0.9cm) 244 KFa—7
(NElem) OfuC@E L, &S 25em» 5%
SEBLEIENTELLIIMER LT, BERED
Sl 3P & Urco REREBALIZIED © 2.5cm it
RLOLEWHERIEE Lz 59 bEA Y 7L5
VI AR N CHRIFERUEA s U, RIS 2 ffs
LcRICEESE 2B Fice—F v 7 L,
REEAGL, NN % & S 1k, A K F 2 —
7 %A U CIBFIERIC =R b 5 & O I EiRA
10k% M=+, FHEGE T VEIERL 72,

B1 Foyr<w2EHEDOA £ — VK
EX0.9cm, X 640gDHigEE A A MO ICHE
L, #4 FBEEZRCEELTERa Y 7 < REHBE
HBEAER L7, MEETO 5 v b 2 TS E « 4 0E
AL & U CMERE 55 75 BE A1 B35S 12 B8R MR & 25ecm D 5 &
MOETF S,

2)-2 BB

851, 3, 7, 14, 21 HHEIT2PCd DRIk
M ARG R L 7oo SRELL 7o BERE S
o (8] IcHEL CAMMiRE s ¥, %H
WY 2 F T80 CTHREF LT, HDRTA R
BRI, CoudsELIcHEf 7oy 727 ) A
2 % v b (CM1860, Leica) THilEHD £ T
o Lzos, 10um/Fic#EL, ~< b+
YY) v—xA vy (HE) 4ua7s 5 IchiCD68
UK, BLY R b a7 g vhURZE O TR
(LA T - 1o TN DY LD
& [BIICHEU T, EIL 7R 7 4 RHEAR,
FYIIAATYRT LTHE, L, PC
ICHUD I AATE . SRR L g2 B L 72 &)
fic & 2 Hif 13 Ef% Y 7 + Photoshop® (CS4,
Adobe) IZTHE S+, CD68BEEND4,6-Y
T3V /2-7 =4 v =) (LINDAPI,
D9564, Sigma-Aldrich) Z:ffic & % %0385
Lhafilue~rs o7 »— V&ML, Tk
AT Lo F7, VR bu 74 VBETH
% ikl osEgEE D S AfiaE oS B A %
g LT,

2)-3 EEITENEHE
FRITENG, B BiTEIR OB TR & BUE TS
S G MR BRI A SFHE L 720 FIH
ITEIRF OBIER L, AFHT100 D & 1% 2 D [H]
THEIL, ThZThBns LEEVD A 1Y
AR NS AN el O A < 17 e 5 1 e
i, WInd, FMLBEECHENOE S L
ATV, EEEETE N L7 1 HigD &SR H
T, HHICADETHIE Lz, BUSHIE
B DOHIE T3, Electronic von Frey (38450,
UgoBasile) % f\ 7o, B MR HIEE O
ENRE, VRiowE 8] 1cHEL, 15RHIV
FfbRE B TSERNE L, Bk - Ml E bR
W7z 3EIDREM %5 L T2 D H OB

_3_



ZiliE

PIRRAE & U 7o, RFEMOR RBIENIE I (3,
Randall-Selitto ZCEE A £ B HIE R & (37215,
UgoBasile) Zf\Wz, HETREXlemD b D
VT, Z OO REIENE D
LI oS [13] [HEL, BEMMR R
B & [6] U < 3o fIEE DV % 2 @ H O
PR B & Lo, SBORNSEIEEEES
TR A, HETHHETT - s
EHTRET & - 72 6 ILORIERSE R A BRI ©
B57 HH £ COMERINE & LT & e
RZETR L1, 1475 5 N2 21 H H ORIk 5
(F21 H HIcH#E I D th L 72 2E oSl %
2EE L TR,

2)-4 TR

18157 H H % T ORI S EIMERHE < 135
7oy R A, @Y 7 FR2.8.1%H
W T 7o HREUKHEIZS%E L,

2

bR

LS

1) BT8R

JFRIE N CHESRAVE N LR T v M3, HIEE
& & bicHEE LT bmEIHEENNCREEG LT
Wiz, EBHETOEL D 72 LEMEMINICEED 5h
too HEE3HEIIE, FRIEBEMAMRER L
IREET OB THRD SN b DD, HIIETE
IIEEd AR bR S N, 1BES HHDIM
(ITTEEEIG D AR & 73 0 H8IGHT & [T
FIfTEN B SN,

2) HERESERIRRAT

RGN TG 1 HE D 5 X TORHT
I 75 SAEVERINE 338 S s - 72 (K
28) —/FHEENNAEE 1 B BIickulai ohmla
MRS 2 lar S8R s n, Fias
mEEsn: (K2B), 53, 7THHTIE,
AR AR iR 3 5 Pl SHEER; o
TR —EBIcEiE s, £ EA L s

X2 R e O PR R

A) JEEEH GEE7THHOB T M 1HEGRFRMETS - 7),B) #EE1HHE, C) #E#3HHE,D) E57HH, E)
HEMHH DEE2IHHO~N= F+ v ) v — x4 v VR R 7 —Vid 50 pum 7R T o Pl UL ERMEE TR T,
1B 1 B I R EE AR S N, 853, 7HHICRHOEHED TR S o, 181514 B LI R IEEER]

P ORI & 2 RD B - 1,



N oy 7= 2RI X BB T TOFER OGS LA OB

X3 BEIER: Ot gy ta g
A) JEEEN, B) EE10HOBHER ., RiE YR a7 ¢ v, (H3CD68, BV AREBL TEY3BEHERED
HWEEZRLTVWS, B) TIECDESIGMETHMNER - TWaKE (<) ififaliif o filafpiciEg <
X, YA bB7 4 ORI H H1EE L EiE (<D PR T E 1,

A B

55 -
=
=

om0 e

I} o
m
HE
b

FRGH  —e— B 2 O FHAIBT —e— 1AM
&

14 21(d) 01 3 7 14 21(d)

B4 RS O O b TR il o R IRF I 221k
HEEIIERE (A 725 ONTH (B) BEMUmERIE 4, B3 BEH 20 & LR ARE RS, SALTHRDEEM],
FIHL7 v — g s dE s, 7HH % Tldn=6, 14 HELIMIIn=2, *p < 0.05vs Day 0 (d)o

N HILEAHENBIE s e (KI2C, D), 18 EHlaLA O & b 5 DAPIG G %
514, 21 HH TRMEFFNE & [EkE T HEm e 5N, 61, IR 7S -
faDBEEPHLRIHE b BIER S hisp - 7o (K TLAHETbEiE s N,

2E, F) 75, BEIEHSMAIEED iz O—Hic 13

ZAlanEig s Nt 3) PRI TENET
1851 H H O el b a B 2 X 3B i B 1S & DT i HRIE OF5 R 2 X412

R, JHEEH (M3A) <Tld, FIEERER NS BEHEMIRTEEIE I 35gRITR THERS L T
4 CD68 Al 1E & A LFE» b, filfg M A= 2009, BEH], JHEEGHIE bic

fEoEGE bR e Tnic, —, BEIT, REIRFT 822 i %?’S:..L DISH - T Hithlm
TS SIS CD68 ot e M s HEME &M E 2D 80 - 7253, 1853 H

_5_



C e N R S

Hiciifl] & & 1ciaisn & i L CHEICRE %
A7z (p<0.05),

ER

AWETIR, Foy r<2EEEERIL, £
DOEEEE W CHEE € 7R A 72 & C
2, 1851 5 HIC 3ESHMN 2 HERD S h
120 BESERHHING I RN I S RHIla DR
BHoNB LD, b2V GEIELE
LETRL, ffanigbsnzc s a4
HEE DEFE (1] »oWiE L7, Kami b [7]
FHEE2HHICBE L TV, K2B &k
ICESEIO Z I SN TB D, REE%E
RO fHEEGE 7V OVEEIT R L 7o &Kl L
2o S 5IT, HMIEAMEE T USRI DT
By oy BISIEERICIE B T &, SIRITLD
v/ u7y = VNHEENL T EBBEND
e, INOAEEHYT 2 ETE SITHiaEIR
WS ITTE 2O TR WA EE A
P m L7z, M2BD & 5 ICHE 4
BTE L B L ifilloEEs R oh 555
AT, SRR TIRMEDOEI TS & vy
BThd Va7 vk 3EeicRky)
NTHY, HELROG LEEOMTEHIET 5
EWHEELD» oo —T, K3D &S 755y
BBRIEE—EBY R a7 4 v OEFHES RN T
WIEWS DD, JEHFIIC 3G AR Sy
PEAL TV XS BEFIchD, £ITIE
<707y — VPZEHITRERICHEE T & 7,
HE 4% T 3R OW ORI L3 1
[XIf, MRS 2 BRI L 7ol < 2
07y —=YOREENLITS W E, YR b
7 4 v L CDE8DERMZETII~ /T 7 —
VOIEIE, MR 2 i B OMaiEE 5
L 7oA [FlEDs L3 Wi, faE#HD

AR RS A L Witz Lic< wa &
A SSAICREOTRE A B 5 T LovKEHT
BT EDPHEETE

BE3HEE 7AEICEHHEERORMTH
B RREEIE S, 14HHE21HHIC
(EHUCRE & 75 < 72 0 R & [EIREEE O i
a4 XEThfEL TWi, ZolEDERRZ
AE [12] 1RSI TWV A8 & ik L <lH
v LROWHEETTH - 72, EHEE FEORIZ
FEIENE72 1 75 < MR & 142 & & T
famic Ca* i A —SUcE L B 7w, & v
PSR G HETOSE - P AR E 2 S
too ZTDI¥, —REHISIEEE THIE & h 2R
AR cOMEIER S NS L O S TEA,
2787 7= VDRALENHEPNICERE
n, BRI S3 & HEMEORE bk
&L THEA SBh s kR, BE3HEI
FEAEFHAAHE S N O TR ISP EEL
5, FTEBIEERICB VT HEEIHAI
FHREMOIEREIREENE > TV 5 00, IF
FETHbHA SN, SHEHICREB LA LEE
RIORE T & XIS D278 WIRBLIC £ TR
MEE L TWe T &6 bIEBOEENHEA T
WB T EMNIDIBA T,

S50, MO oy 7 2EEHVE
Sakuma & [16] ®Kami & [7] O ICHA~
Th, KNEDHBEED S DEEHREH T
& - 7o Sakuma 5 I FEEVEHELS Im#% F S &
THHEEERC LTW)s, Kami D% 5
I AEOBIFEE[E U TdH - 720 Sakuma 5 D
OIS [19] 5, Sakuma 523 7o
(FEAEAERIR T d - 7o rTREMEDYE <, AlalfA
e B DM L - ESRBE O Bl -5 Tdh - 7o
DI AT A - 7o ATREMEDSE 2 5
Nico Kami o [7] (3, 18155 HHICHRHEL
Rk DA HT L WAFERIND b BIE S e L

_6_



Koy 7w BT X BHEET 7 ERORS & HIE A~ o 28

HLTOEH, KifZEIcBT23HEHL7HE
DA < 3B MO T < BR S 7o
NcEAMROREE A TEcosT, I
OISR T E S - 1o, 1B
HZ 2EEOEEPE S 13 Kami & & AR
[WtECH > 72 bDD, o] 5 DEEHOEVE
BOEIEESZ Ohb LGB, £15
[EHEER & LTl L 7o EBhnig, EsEnss F L
T BRERARE IO D Tdh - 7o, SIS
FOINED S B, FRIED L OIS H5 2
N L REZIRT D AHEES B D, SRR
AR W EBEE R & EEREO E RSO
H 515 WIREFEB ORISR 2D L T LB
b b, —FH Kami OFIOHE [6] Tld, fEE1L
BRI T EAERIEAEES STl b, A

T 7 H B IR S S R
Lot

SEWERIL7c F ey 7= RBEE 3 MR
Bt v Fh590cm F CTHETAFETH 5 70,
e e A C L THEREOREE b a v b
0 — )L TX BRSNS H D, SROMFEFRIC
bAGT R ESRL L TE, — 4, FE
RIS, BRI A I 3 el
T, WEHMEEEETH - (K24,
4A)o T DI DRk DZA L& T A BRITI,
JEHEEMAIEREE LTl 5 C L IEAETH
% LHr L 7

HEEIRE TR PE CTv 5 LR s
5HDD, INFETDO ROy F<AHEITBVT
HEBIEZANE U 7oii5 1372 <, SRR
RO TIHS T Ui, BIEREMRERIE ISR
1551 DRI IS ZAICEEE 2RO T, KK
HANDOEBZII» - 1o —T, HFEHIRE R
B, EE3HBEIcB RGN T Tl IE
G IREERL, BERE L TEET
bt FEGOREL, itk RRIIEIC R

B 52 12 & O OREMMREEIEIC 38
BHAZWMm-122ED S, Koy 7w 2R3
s 7 7o —FTh 5DHHEED A 25| kT
TIEMREN, TOMHDE bEEE T VI
fEBIc & o LT & 7o, Al L
DEZA I v I THREWIN2ILERoNTH
D, THHX D ROMEREA(LIZ21IHEE T
BENRETH - 7 2ILDBEfHLE > TLE -
728, THHLUMRIEE A EZ(LERD VT
OB TE I, L UHSMIR R o JIE
(&, BEfEHET 208 03h > 12120, 1k
f#H LT W EE2.6mm & D KW 10mm O
FEHWIZ, ZD7%, fhVEEOZ L &
5 A ENh - IorlfedEN RS N, SRIEBHEF
EHERDRKSITEA THETT 5 T & babEEE &
FEZ Do

HDIEEZ RGO AED SN, JEEE
NCIFEEL TV - 2T &5, JEEEN
DOIFHEBIE T3, IR Z N L 2B T
¥ % EEZ 5N %, Radhakrishnan & [15] 13,
— I NI 2 5 U 7 BR O KTl & i
P THES L TW2hs, BRSSOV RH %
5 U BRI SO & 28 R A TR D,
AR OFER L[EARETH - 7o, TREMORFH A
PRHED B2 2000 5 T & THIIRKHIRER b I
fEEN, MHREMEIIEIC & - TR O MR b
fEsnhicEEZ onic 11, —5HT, F7R
[EE PR I AR R BIE (X T 5 2 £ A5
n<TWwa [13, 14] 7%, Nishigami & [14] (&
— i EIEE 13 2K RAN DR A A L v
b= ViR~ 7 F . (CGRP) OFEHIL
TV B RIREEERTII O R = & Z Ml L <
figthr L T\ %5, DRGHEADEAAEEZZEZ 5 &
ST X 250503 5o &2y NRICT 5 T
LISAIRET, o ERBWIECEHI T & % #
Jy bbdbd, FTRABETEIRIEZELTD

_’7_



G RS

LMW LpIcENTVS [21] &0,
F7RMEEETVOEAR, ShlomESE T
IVRGHEE 7V D K 5 1SRRI thk i
A CIS W oD ITHHNDFEB LR E A E
BTouohd g, i, SE0O LS EH
RIEIT B\ T SRR 35 1 5 CGRP
FEBA A & i L T0 AR [16] bdH D,
AT TITE W T bRRIBIHEAT I T DI
SHUZERIFAS 5 & & HATEED & 5 eled Thiat
T HUED 5, BRgATE, D1ad & KW
ATENEHI oG IR & L TR 5 2 &
LW EDBHLMER ST,

RS ORERRIT s 2L TG 1 HH A b
HEtlaOZ Wik Td b, 3HHICEHE
FRAIELSEES SN b FTICEfEL TWhWie, £h
Wt L, bR R REE 3 B H Ik b IKfE %
RL7ze T ORHERZE X LTkt L 2> o lEh %
VTl —HRE, FHHEERHIGED o H
Wi a w70k, FHEMEIC X O EBEE
JEH RS T — R T B EREAR 1T W RRE LS
Ba - 7455, 1851 H B 3kEsU 23y | &
xhicK <, B3 HEICEMREOBREIT
5 DEIE G O Tz 12 DITBE SR b 1]
BL, MEEFIYRSNALOTREB UM EEZEZ
720 D HIE, TSR IR E S RE
PRl OTEH ic & il S S i i
Eansdien, fEHT254 3 v 7 LEN
BIEITHELTVADTRIEVWNEEZ 12,
INSITOVWTIREERETT 248D DD, FH
HTH b,

)

HHEAR NS ED Foy 7~ 28 4 (EE
L, o v MPHERCAEEZFRL 7o, 1R51
HHic 3B imlas 28z s h, fafe

FIOVEBLERII U 7oo OIS I8E D O
(BRI > W THET 2 I I3 IR 2 88
BEE 92 2 EMAHETH 205, MR TR
D & 5 1PN TEIRHIIC (3 IEEEAN o iR &
THIENTEY, BIRKCHEEHEST 2
WS B,

HEE

AWFZE 320 R 2B R UFZE B (2020 ~
20224ER) DR TH B, 158, RHITB
LT, BIRENEFRSHKBREFIEIZ 0,

3k

(1] ks, hEZE, $aARETT, HFREfT, &
HZS, MR, miRSEE, MigET (2009)
F7RAEERDOHMEICELSE T v b b T A
DFFHEREGIONT Sl E M OB, Tl
WRIRY. 36(2): 33-40

[2] Beiner JM, Jokl P, Cholewicki J, et al.
The effect of anabolic steroids and
corticosteroids on healing of muscle
contusion injury. Am J Sports Med 1999 Jan-
Feb; 27 (1): 2-9

[3] Chongsatientam A, Yimlamai T (2016)
Therapeutic Pulsed Ultrasound Promotes
Revascularization and Functional Recovery
of Rat Skeletal Muscle after Contusion
Injury. Ultrasound Med Biol 42(2): 2938~
2949

[4] Crisco JJ, Jokl P, Heinen GT, Connell MD,
Panjabi MM (1994) A muscle contusion
injury model. Am J Sports Med 22: 702-710

[5] Fisher BD, Baracos VE, Shnitka TK,
Mendryk SW, Reid DC (1990) Ultrastructural
events following acute muscle trauma. Med
Sci Sports Exerc 22 (2): 18593

6] ‘&M% LBt (2005 7 v b EHEHHHEA

_8_



[7.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Ny 7= 2RI & B AL T T OVEROB A Ll o g

R B T B STEE & SO RRL ]
Rehabil Health Sci 3: 27-30

Kami K, Masuhara M, Kashiba H, Kashiba
H, Noguchi K, Senba E (1993) Changes
of vinculin and extracellular matrix
components following blunt trauma to rat
skeletal muscle. Med Sci Sports Exerc 25
(7): 832-840

NEFHRRF, dyFRH, SIS0, FEERR,
DHE R (2021) 41 55 = v HHEIC & B )
5T FVERORS. Al RERAFRE
PRy « JERRERL « 2 — v B 11 (2 ¢
1-11

Kvist H, Jarvinen M, Sorvari T (1974) Effect
of mobilization and immobilization on the
healing of contusion injury in muscle: a
preliminary report of a histological study in
rats. Scand J Rehabil Med. 6 (3): 134-140
Markert CD, Merrick MA, Kirby TE, Devor
ST (2005) Nonthermal ultrasound and
exercise in skeletal muscle regeneration.
Arch Phys Med Rehabil 86 (7): 1304-1310
Matsuda M, Huh Y, Ji RR (2019) Roles of
inflammation, neurogenic inflammation, and
neuroinflammation in pain. J Anesth 33(1):
131-139

FREFRER (2019) AR, APHZE AEE T
RRRAF M. PERERE S REEAT. B 1. UM
Mg SCRE, fakdE, pp 129-151

PRSI, I HERSORE, oK EFAsHE, IEHBAT
(2015) ABfLiz i 3 fif OEB) AT FE I
KIE T~ 5y PEHVIZ Ly FOLE
TofE -, BlTETFREARTERE R
RERl « 24— VB3 (2) 1 9-16
Nishigami T, Osako Y, Tanaka K, Yuri K,
Kawasaki M, Ikemoto T, McLaughlin M,
Ishida K, Tani T, and Ushida T (2009)
Changes in calcitonin gene-related peptide

expression following joint immobilization in

[15]

[16]

[17]

[18]

[19]

[20]

[21]

rats. Neurosci Lett 454: 97-100
Radhakrishnan R, Moore SA, and Sluka KA
(2003) Unilateral carrageenan injection into
muscle or joint induces chronic bilateral
hyperalgesia in rats. Pain104: 567-577
Sakuma Y, Miyagi M, Inoue G, Ishikawa T,
Kamada H, Yamauchi K, Orita S, Suzuki
M, Oikawa Y, Inage K, Kubota G, Sainoh
T, Sato J, Takahashi K, Ohtori S (2016)
Muscle injury in rats induces upregulation
of inflammatory cytokines in injured muscle
and calcitonin gene-related peptide in dorsal
root ganglia innervating the injured muscle.
Muscle Nerve 54: 776-782

Smith C, Kruger MJ, Smith RM, Myburgh
KH. (2008) The inflammatory response to
skeletal muscle injury. Sports Med 38(11):
947-969

Sulka KA, Kalra A, Moore SA (2001)
Unilateral intramuscular injections of acidic
saline produce a bilateral, long-lasting
hyperalgesia. Muscle Nerve 24: 37-46
Suzuki M, Inage K, Sakuma Y, Orita S,
Yamauchi K, Suzuki T, Suzuki M, Kubota
G, Oikawa Y, Sainoh T, Sato ], Fujimoto K,
Shiga Y, Abe K, Kanemoto H, Takahashi K,
Ohtori S (2016) Effect of administration of
antibodies against nerve growth factor in a
rat model of muscle injury. Injury Int J Care
Injured 47: 609-612

Wilkin LD, Merrick MA, Kirby TE,
Devor ST (2004) Influence of therapeutic
ultrasound on skeletal muscle regeneration
following blunt contusion. Int J Sports Med
25: 73-77

iA#E, LERT, BRRINZETF, KEHY
+ (2009 7 v b EBEEIAEILIC & B AEEH]
PRI A ZEET 5. BEREY. 36 (6) :
305-311



b

&

EREER

¥

(Original Article)
A trial of experimental muscle damage modeling using the drop-
mass method in rats, and confirmation of contralateral effects

Tomoko Koeda', Kota Kugai'*, Kousei Yano™*

Fuma Yoshimitsu"*, Masanori Watanabe', Yuta Itoh’

Abstract

As a first step to investigate the effects of rest and immobilization on recovery after muscle
injury, we attempted to create a rat gastrocnemius muscle injury model using the drop-mass method,
in which the muscle is injured by dropping a weight. We also examined whether the contralateral
side, on which no weight was dropped, could serve as a control. Muscle tissue was removed at
1, 3, 7, 14, and 21 days after injury, and transverse sections were prepared for histological and
immunohistological analysis. The pressure stimulus-evoked withdrawal thresholds were measured
before injury and on the day of tissue removal. The results showed that inflammatory cell aggregation
was observed on Day 1, and regenerating muscle cells were observed on Day 3, indicating that a
muscle injury model had been created. The contralateral muscle was almost as normal as healthy
muscle. However, the muscle mechanical withdrawal threshold was significantly reduced bilaterally
on Day 3 (p<0.05), and injury was affected on the uninjured contralateral side. It was evident that it

is difficult to use the contralateral side as a control limb in studies assessing pain behavior.

Keywords: drop-mass, muscle injury, muscular mechanical withdrawal threshold, contralateral limb
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