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~260g, HAT 2z v —K K) &,

2. EBRAE

7y PEBICTLOWMEHEFEERL, o
BOAFIH L CRiZ oA A, B IERi% 6 1
Hiz, EfrodBlELneE L, St
BT L 7z

7w b EERETE MR T o R T ) —
A (epilat IMEI WF 42 ) — 4, HEEY) I
T T, BEA, TARS W IAEBH, A
Y= (FTI5—NF )T A FERE
% B0mg/kg REIEINTES L TIREAE L 72,

MREFOIER : Hfrid, McFarlane (1965)7,
Kjartansson (1987)" & OfF&liic 4 Wi,
OB 2em, EX TonTHllfllE P o Mg %G
S| EEREEFT BT Y THERILE. LaL,

5w b EFERO RS B ORI I itk & 485 A T EE
ECAT R, T HE TR R D S BT Ic A
THE@ELTWALY, FHA4 vicHBEmMZ, C
DEEHERFESEL LS I E 1 cnRINE 0
&Lt (Fig ).

(Fig. 1> S FBEFOFHAL

L, M2, EX7Ta WEHREO FEE
E E LD, 1oaRAiFooMiizREfed s 75
1 »TEWL .

He SR (2 EER AT A S FIBE L, BB UF % OFIEL,
EFIENS, H T LM A SO L a X
SicELLE (Fig.2,3). To®kb LOf[EII
R L Fig.l o 1emfifgTe vy 70— K 4-0

(Fig.2) mBEFOEL

AP I RN A S RUBE L, BB OY F OB, 1
THEEENZEUMEFELB L THE L 7
OEL EDOMEICREL 1 cnfibThES L7z,

{Fig.3) v FHEFOEHER

# b B ORBEHEARTH 5. W LTE
OMICEXRETE 3,
TR L. HHLE BIouEE R, BilE
RBYER, rheEf ARt s LAl

EERET (D) MERlgo v b o — 8, (2) PIK
PEEE, (3) WEEEEE, (4) BETE (EA:electro-acup-
uncture) Bf, (5) TENS#&E L, BEHZRDBRIC
AT -7, LSV EFRLb 1Y 1L
RREIE V.

(1) #ER)#D > b o —ILEE

C o, EAERE 2<KEBETEbE -
fohi, B, EARE, TENS & bl pgicid
Wi 1 BE, KU 2 HBCEENA~REA DS
DHITIE - 1.
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(2) FEE

R ERIE RIS () Elo&ss T2
v, WEEOEE T2 78T, &5 VIFKERD
EET2 rEBEA L, A ENEIRRIEET, b
AR, ARRSEREMEE & L, ik 2 B Btk
Ltk 6 0ot HiniEs Siclistest L1

(3) & i B¥

i, gL EH, M2 DHIcERE 018
me, £ & 50 mOEAEHOTHEOEET2 »ir
oW, KHEosxT2 i, AKEI 5 amdl
ANig 1 MRS L, N E NEHIEEE, A
& Ltz

(4) # B B (EA) B
ELEE 018 mm, £ & 50 nm D I B A& ] W fo B
(A)E, MEFE0.35mm, &= 50mmd K WEAE W
ZHH(BIE L, LTofHTczhzholffifiick
AT Smmfil A L THIB L 2. EA R UURIA(A) T
Wi~ 2 TENS iRl (DIA MEDICAL
SYSTEM, DPS-160B), ISOLATOR (DIA MEDI-
CAL SYSTEM, DPS-122D) M\, 0.2ms dura-
tion OEIFZEEZE V7, #lEEERT 1E OSCILLOS-
COPE (KENWOOD(20MHz)) TE =4 — L=,
o, Wi, BOAPERIER, W1 BEEHKRT 2
HEICEERE T ISiT7a O, Bl 16 & L.
F i, BA BU TENS IZBE L T T ic b %
EATHIY, BRIIEELLEL-TOTAHE
BioBUaBioREBItwbo L EL TERE
T-1,
AMEROBRETH 5.
A-1 20mA, 2Hz EIfilH,
A-2 20mA, 2Hz AKE§ELEIE
BERROENTH 3,
B-1 20mA, 2Hz K&,
B-2 20mA, 80Hz HEIFik)i,
B-3 10mA, 2Hz S35l
B-4 10mA, 80Hz BE#g#m,
B-5 2mA, 2Hz HE:Iilm,
B-6 2mA, 80Hz £y

(B) TENS B%

TENS Ef iz TENS B & /¥ o F0.5em X 2 cm
(e EERA) ARV THIBL 28 (C)
L5 rEREM 05 mx 2em (HER) ZHL
RBH(D)® 2 Bc T . Bk, EA B &[EIER
R ERIE R, Wk 1 HER T2 B EICHERT
TITRE Y, A HEERTE 1 R & L7, Fig. 4 3
H-G{tBAERcEEFD 7 » FTH 5.

(Fig. 4) H—-IE{LIREBERVTENS AKT
BERDS v b

WEREYH, Wik18H, 2HHIK 1 KiETL
i

CHERDENTH 5.
C-1 5mA, 2Hz H&HE,
C-2 5mA, 80Hz KLE#IliER,
C-3 10mA, 2Hz HEHRHulHE,
C-4 10mA, 80Hz FEERHiEg
DERKOBHTH 5.
D-1 20mA, 2Hz SRt
D-2 20mA, 80Hz KL,
D-3 10mA, 2Hz H:H#iliL,
D-4 10mA, 80Hz H:iHiHilg,
D-5 2mA, 2Hz H:HHIEL,
D-6 2mA, 80Hz Rl
B, Wk2 HBOSIMHIERTL —¥—F v
77 —[fifat (Advance Co,Ltd MODEL ALF
2100) ZHIwT, HEE, opRlEs, wEHcehE
NI0F T &z 1 43R, IR OBIE 21T - /-
i, EEMBETSFMEELE ik e BRI
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(Fig. 5> itk 6 BB OMEHEBKLR
KA S SRR TR AR T 3.

FHERELTNELE:. 7 v MRS RIcZ
NENN L -V Y FR—si—ZEE HEERE
WM OEAE b L—R L% (Figh), AR
A2 O TSR e S TR O AT -
fo, MRy —%—Fo 75 —[FEHTcEsr
HIEM (nf/min/100g) 2 RIMGHT O i % 100% &
LTeheholili##EolEMsEZ{tFETEd L
fo. EEMEHERIC Tl E O RO AT -
7o, PLSDIC L 3 ZHILEHRIEETT - 72, (5
HEimaic d ZonhE 0 53 BT & 1T - 7% Bonfe-
rroni OZEWRIEEIT- . ety 7 Micld
Stat view 4.0.2 (ABACUS Inc.) Z{#H L 7.

m ## 2

(1) AEE AR UVBEHIEORFEBCRITT

HE

M B ELER Y (n=5) T &, SEXy4EmE
HE (LITHEERLBET) (T EMERFE) A 184+
21.3% 7T, B v b o—AF (n=13) ©®38.1
+22.0% I, EFHEMRED, - LAFERERK
Ao o, HRIEEIEGE (n=5) T3 26.6+14.0%
T, 3 vbo— ARl TR ERMED -
REEERLH . RigHEE (n=6) T
1239.4£29.0%C, 3 v bo— s REFRELE
DHEEFERTH -Fo. Bk, PSR, KIEHE,
ofgEs, EEHMONETHEEREE, -2, 2
vho—ABHCIEL T, ARICEEERENE -

(%)

mean=S.E.

control

(Fig. 6> MRE#EMOEZmDHLLEE

AAEES, PR, SRSl T, EEEERD -
fohs, avro—ABHch L THEERMEL G B
[E A e,

(%)
100
90:[
80
70+
60
50+
40
301
204
104
0

mean=+S.E.

2

RSB

1
ZLERHI BB

(Fig.7) BHRBOEDEHLLE
KA, o v b e — B, RBEEEE L D
HASEEATE S, 56.9% Th =rtahs, 2 v o— LoD
42.2% EE~THESZ - 12

control

it h -2 (Fig.6).

SRR (n=5) T3, FLFHEH56.
9+16.4% T, T v b o— P (n=14) ®42.2£20.
201t L THS MG, - o E R R -
fo. KRR (n=5) £ 41.4£35.7% T, =
viho—nlfEBIEREIETH -2 (Fig.T).

(2) HEBEHRBL (EA) OBRAEBICRITTHR
A-1EE (n=6) T, FIEEHEHH46.2216.2
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(%) (%)
100+ 100~
| mean=S.E.
90 meanxS.E. 90-
80 804
70 704
60 60+
| :
504 504
40 - 404
30+ B 304
204 204
104 104
Q- T 0 7 g
control control C-1
SmA
2Hz
Tt

(Fig.8> #EE (A) BotEEitbE

A-1 B20mA, 2 HzEBH#) & A-2 #(20mA,
2 Hz, KWEREIH) AHhEcd 2 &, (6 Ullgea,
HIE T A2 TEOARERRIM & » b A-1 P REERi%
D hH L ERMRIT - FL

(Fig. 10> 7 bs%y FTENSBEO4EMIELE
C-1, CIBTHEBFRHAPLPEINL TV A MDD
39, BEUETRE, -1

fo. A-1EFE A2 B Lmid 5 &, [ URIsoREE,
] U RIS T2 A2 BEORIEHHIB L b A1

f$~ B BRI D S SRS ELIT I - 1o, vl &
90 e WIEHRE U HisE, Eifllol R ERREE v
80+ BRI oo, hLBEOMTT
70+ i3, ETHELGME L (Fig.8).

60+

B-4 B-6
20mA  10mA  10mA ZmA ZmA
80Hz 2Hz BOHz 2Hz 80Hz
fas:4] Hep ZLER o 280

(Fig. 9> $HEE(B)BEOAEmifbE
KOBEHRWALB BHTiE, 3 v bo—LE344%

EHe~B-1, B-2, B-b #THERMEPRBEINL TYL
Bl 355, AERETEM 1.

%TC, 2vie—AF(n=13) ®38.1+22.0% &
e, AEBEREOLOHVWAEEEEED SR h -
fo. A2BE(n=3)12225+94%T, v boO—
ARRICLE U TEERIEWD, AELERSL-

B-1# (n=6) T3, FHEEFI244.4219.7%,
B-28f (n=4) 4, 504%X126% T, 2 bo—n
B (n=10) @34.4x11.9% i<t L <, Wit e dic
PeEh ot WERERE M. B-3E (n=4)
i3, 34.5%=89 %, B-4¥ (n=5) 14, 38.4*3.5
%T, Ml bicTy Fo—AfEEERSDE
HRETH-72. BHE (n=5)3, 46.7=27.5%,
B-6# (n=5) (3, 34.7+9.4 %7, B-5RAia v
bo— L ARTORRIFTH -2, s
1t (Fig.9).

(3) TENSFIHOERFAEFCRIZTTHR

TENS H¥ vs<y FERERWICETIE, C
1B (n=6) &, Tk )58.318.8%, C-2 8t
(n=5) 13, 31.5x15.1%T, C-l1#fka v +o—
W (n=14) ©46.1£18.4% & 0 BB EITF T,
FC28 ovro—-ABEIDRETH-
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A, WENLEEER UM -, C3IH (n=5)
3. 52.8+33.8%, C-48f(n=6) (., 46.0%6.8
%T, CIBMarbo—-LEBLYOPREIFTH-
EREEREDONEh . ChodETR
80Hz 4l & 1 2 HalllEio 5 A3 4 3538 Hs B0 o]
MESh: (Fig.10).
R—E{tREmERAWDETE’, D1# (=
4) (3, FHEEERMETEI58%T, 3 bo—
W (n=14)46.1F118.4% & b P EFFHELUT
Th-o B EEZR S, LL, D2#
(n=4) iz, 73.6*10.6%7T, a2~ rto—LELD
AR OESERSE N - 2. D38 (n=12)
13, 62.1%13.7%, D-4#f (n=12) &, 71.8*13.4
%, CoOmBRiica vy ro—BLoHEI
HEEMNEN -7, i, D5 (n=6) I, 68.7
+22.0%, D-6F (n=6) i, 73.0x19.3%7T, <
DiifFEd, Iviro—-ABIKEL TEECERTO
HERBEP -7z, £/, 20mA, 10mA, 2mA
FEE L TIcB VT, S0HZ R A 2 HzlllB & 9
EFREMINES S 5 HEEEH - 7,
i, SN OFEERTIIHMEEIC L (%)

FEHTRAPRE A SRR R O HEd

210.2% T D-1 #F & $75 o Bk B o PR B T
InigEEAEs & i, D3BETIE, KEET105.9
+7.6%, RIFITCLI2.0511.6%, KR T141.8
+20.1%, D-4 8T, BET105.71£9.4%, i
HT104.8£11.8%, HHHH T155.2+£34.1%, D-5
BE T3 iEaR#45114.818.9%, hRTEA104.6+16.6
9%, HRHEBHS135.9122.7%, D-6BETIE, KL
126.8+18.3%, WRFEAHS124.9:33.1%, KH4E
A5186.949.8% Th -7, D4 FH(D-3,4,5,6)
TIE, HEER, hREEICLE LT S i KR T I
iR oY IR AR S,

%7z, Table.l, Fig.12 X DS 70 < K
iR, chi, SRl TR R & <, R
OREIRIC L L CRME TR E &S
%7~ L1 (Bonferroni ). KiEZF<id, D-1,
D-2 LA T E ORI ICE VTS 2 Hafil
B H H80HME D A A3 & A il & By &
Wiz, E s, FBREREAEE < 8 B0 KR =R
MEL 1 ABEENCD - 7=,

BHEEEOE, HBRE Ligh 7 1007 meanSE

: J k : P<0.05 vs. control & #
(Fig.11). 30 %
: 80+
(4) TENS #MOEFMRICRIT TR 70+
BT 60- -
CCT, HELEFOLEERER 50 :
&g TENSE(DE) KBV TE 44
NI £ B MAOEBHIREEMZ |
fo. g 2 BEORER, PR, K )]
sz h 2 h o EER O % 100% & iy
L, @E%OMEEELEE LTED 4
L# (Table.1, Fig.12). e il =5
D-1 ¥, WmBRomK, FY 20mA  20mA  10mA  10mA ZmA 2mA
i+ (HEEsE) AIEBTILl.4% &8s e B "Tar e

15.5%, & T137.6=18.4%, K
B T127.3219.0% THERI X 0 b
o ] B TR AR RS B B e & s L

F%_ﬁ‘ﬂ 1=

(Fig.11) $R—IE{LRTENSBEEOEFEELLE
D1 AR R TORIEHWT T ¥ b 0 — AR bR A
2y Fo—ABOI%IHL, ThEhD-2, T4%. D-3,

62%, D-4, 72%, D-5, 69%, D-6, 13%Th -7, #f, 20, 10,

72, D-2 BT, AEET131.3124.1%,
hiERT142.9+62.2%, FREEEET100.

oA lEE O 4T CR0HBI A2 H e flE & 0 EER 2 S 5
flfEhH - o h, HEaltFicREEERED SN, -1,
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(Table.1> #R—1E{LiR TENS BEHHRMAOERMEORMATICH T 5ELE (%)
SE—3E ({8 TENS B Cilii% 2 H Ho g Rl EollEa o+ 2 MEELEE2 AL 60
THEH, KFOENFNOELTOZNHAOMMKEAE100% & L THEE O MK o &£ {LE
(%) 2 PHES E THER LA WEE, MFEIEFZEALSORBMTHEIDLTVS.

D1 D2 D3 D4 D5 D6
(20mA,2Hz) |(20mA,BOHz) | (10mA,2Hz) [(10mA,80Hz) | (2mA,2Hz) |(2mA,BOHz)
n=4 n=4 n=12 n=12 n=6 n=6
E-: 1| 31416 ‘131:(24 106+8 106+9 11549 127418
(%)
AR 138418 143+62 113+12 105+12 105+17 125433
(%)
AT 12719 100+10 1142+20 155+34 136+23 187+50
(%)
E3
(24} f |
150 mean+S.E.
1301 #:p<0.05 vs. 28]
1104
B o 20mA2Hz
90 [] D-2 20mA,80Hz
70- 7 D-3 10mA,2Hz
50 D-4 10mA,80Hz
304 @E D-5 2mA 2ZHz
10- D-6 2mA,80Hz
-]O,
e EHEp A FRAEER
{(Fig.12> R—IE{LIRTENSE MmEHFMAOEME
W FoMFEOMMEERER TS L Fig 120 TH 5. BN
Rig, AW, DRI, ENolice <, FRoRERTEER Ik
~NTHELEAZRLA £/, KR TERBEEE20mALA O
BT2Hz L WB0HzO AMEWHINE &8 - f2. £ 12, BEGREH
i< M5 E SRR C 1A @] AdH - o,
v = -3 B S S s s hcwa, 22T,

ABRUERARITE { B oh 2 FEERFE,
Hahi¥k (pedicle) i L TINHE O HEFE % 1L
PH5LEDTHB. v P HEOHIKFOLEE L
ERAMERES I, EA R Loy
NI S FIMITOARLEN random pattern flap
LA & OFEH AR 2 & T
T&59" 54 P EROKERTERIZ, #H

FEEERE LR TR AR L, Sl
B & UFER TR RSN A £ o TR A R NS
HEBDENLERS L 1.

C ORI LTI % (454 2 Rk i
R, TEEARHE Meidsdssbhiy
TEHE L OERHEIC LS By, B
thisf TR P8 L CARMANCETL TV 3.
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CDEINTy FDOHEFEEREFLELTT
#4 ¥ LD IE McFarlane & (1965)7 T, Ll
COMHEFRIEBEEEICHT A2 OFICE <
Huwoh T 000880 0 gl o 35 6 fe A7 i 2
W, B DOFEHICLD central vessel & IS
h, KfFotERlomEoMKickEdTsbo
EEILGNTVWS, X-T, ChEUTOEETI,
C DEBFZOHEITOEZ & EI I o M
B LTWa D E LTkl .

MM Bk, EEREE, BATE, ANy FEL
12 TENS BT OAEEZREENS ELh -
fedicwi L, S-S LRT/EA H /2 TENS #F
ICHEWTZTOESERAMINSE/, Chid TENS
B LM OWHE L THIMOM BB RS 2 &
raboiUbhz, B, TENS D EA
ZEDLTWEREIM TS 2485, BT TR
ZRAT Do EEFRMECE S, BhREHIRE
filig, EXPHovFhThitcaE:EA6NT
WEEW A, EORAESE S EEREML D b,
D78 eI D A A R AR E oo (2
BEEW, 27, S-S TENS#EicsL TR
R O BT PR T RS S A Bn L 7e.
TENS (ZhEEl# T b, Sl point 113 TH
3, EFOEEZRENE S iR, W5, dlE
SNEMEOBICTFEL TV A afiE b E A
o d, —k, SRlIEEHOBEREFNVT
Karolinska Institute ® Lundeberg © I3 & fifi fil
BOMRERFT L TWAEH® R 201 D|C
EA O@E i TRARNKDEZRAE S,
WEicdEAShEh -2 LTVWA, L,
FERTIIEA TRESOASEFEHENESE ST
SRR -t h, FOBHIEHE S8,

Sy FEHWLZ TENSTHTRYVED D
DOTREEHHEBE TS 12729, F ot
WAL THIE LA Fhig, #iRic TENS T
HoltLFEVHEL, £, Ny FOhiaE L
DL HICERPRN I ARFETHD, Ty
FALEREZEMEEUL-HDOREFDZDM D
LT,

F/, FEBEHC BV TEIR O SR EE T

SHLORENEME TS, FEAHTHEINS &
to D S IR ITI T H - fo. REEBR R 53R %
AT AEERNTTHL, KT, Ko
HLERIZ central vessel DA L TH Y, WKt
i, MR E R s TV A L B
o3, ik 2RISR 2 Wi I BT 20
k> THBFSRICKSUHEOEESE EHhN 3.

REMICHE DT EFFRETEICRNS B 78—
Kb s Bt TENS 8 TR FF 0 B AL D N % F
LSRTASE, BEsTaipoblingro
b, BHIIKEECHE © VRIS oML o fihs
FHEICHED » 72, TENS fii Asfillisg & Ao iU &
b, KINMTHRERL todEELSFLET,
F 2 IEWICHEBEZ WV, Sprague-dawley rat 1235
WTHEHERD central vessel i3, —a L 725204
WS TH D, ENTEARERRHE I SR DM D,
TN EHMMEERE LTHEEL, homEFo
FlcBELTwa EEbh T3, 4ok
T3, AT A T Lk b uLEIRS TR
AT AT SRR S R, T O, L T
HOEHETOMREMENG -2 &Ebh
5.

- E LR TENS B10mA, 2 mA O 4%
MR, RIEEICE VT 80Hz Hl oA A5 2 He
Wl & O LEEEDMIROWIRLSS» - 12, £
fo, EEFE S 80Hz RO AA 2 Hz B L 0 &
Mot 2F 0, KNS TOIMMKREINRD
& - S HIE S TR 0L ER b N A @h]
MEH ot Fi, KREEHICEBWT, WERL s
¢ 18513 EMFEINERDE < 13 B EHEL A S,
AER T IHEORE S, ASRIcEEEEZ Aho
fz. L& L, Kjartansson, Lundeberg %53, &
MR & D SREEERE I L 0 EEEMN TR &N S
EHELTVWAEY, ComficELTiE, 340U
FEERE VR L THET 4 2 4088018 2 b Ah s
W,

CNE TS L CAUB ST 2 Mgt~ 7
F FICBAT AT S lsshTn g o ",
Kjartansson 5 (1987) (&4 744 & wHLE H—K
FIE R HE o KRB 1T & F 71 D Substance P
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(SP) % Calcitonin gene-related peptide (CGRP)
LOMWERTF FRBSR Y, A 741 v
VILE LT v b TREEFOLERELFIIE
FoacE, £k, —H SATEFLFY R
HCHL LEILE yORILEIC & - THETOHE
ZHELRRERTACEERMELTWBED, £
N HEfFofER, IENRE /6T 22
DRTICAGEsafElEd b b L hTER.
IS, | o IR o W b A2 1 L o
BT T o, b5 1 o BRBHEROME
WS OM&EI TH 5, L L, Snl&EHO
KFrE FvOEBET TENS # 5 W i3 CGRP @ ce-
ntral vessel ~OEHERS D, LA AALELD
bELVWEREEARLIZIEM S, TENSICX
Z (MRS A2 AR IS & 0 & BT A £
SlEEEE N AIERTF FOMGAARE 0 &
AMEERTVWSY, KEEICE L8 —ELE
fnd O/ TENS# O R OMF & ko fkic T
ENSIC & HHIB THEER R & 0 R~ 7 F K
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Effects of Acupuncture and Transcutaneous Electrical Nerve Stimulation
(TENS) on the Survival of Musculocutaneous Flap in Rats.
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Summary: In the present study, the effects of acupuncture and TENS
on musculocutaneous flap was investigated in a rat model by measuring
the surviving area and increases in blood flow in the flap.

In all experiments, male albino rats (Sprague-Dawley, body weight 220
~260g) were used. On the day of surgery, animals were anesthetized
intraperitoneally with Thiamylal Sodium and a cranially based 2 X 7 em
musculocutaneous flap was raised from the deep fascia of muscles. The
percentage of surviving flap area was estimated after 6 days. The
rats were divided into the control group and groups treated by overall
cranial subcutaneous needle acupuncture, in situ needle acupuncture, EA
(electro-acupuncture) and TENS.

In the group treated by overall cranial subcutaneous needle acupuncture,
the group treated by in situ needle acupuncture, and the EA group, there
was no significant difference in area of surviving flaps compared to with
that in the control group. In the TENS group, stimulation using gel pad
electrodes had little effect, but stimulation using Ag-AgCl electrodes signifi-
cantly increased the surviving area compared with that in the control group.

In conclusion, @ wide area stimulation using plate electrodes might be
more efficient than spot stimulation using needles, @ it is more efficient
to stimulate a site at the base of the flap than at the periphery for musculo-
cutaneous flap survival. @ in TENS treatment, high-frequency stimulation
tended to increase flap survival, and @ TENS treatment increased blood
flow in the flap, mainly at the periphery. The mechanism for this action
is not known, but TENS may activate sensory nerve fibers and induce
vasodilation.
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