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Faup K;rt ) B A wrvE R s E B and MGk ik (2)Group 1§+ Group 11 +
RIFyeEd 801 6+ BTXA £ % 4~6 ¥ B 45 w4 % > Group 111 B s
WBTXA 6% 3~ 4 F R4 w4 > Boev RS2/ BIXALS % 123

PLER R TS A R A o (3L % 12%F 0 Group [ - Group 11 2w

B % vz 4 JePg (RMS amplitude)® 4f X /X%t 9 28%~33% ;@ Group III p]w



B3 sw b % (4)FH)e Group [V 23 vEd Slch 4 L8 @A K1
S MF LR o <R B®> T (DI % BIXA Lot 4 R Rt
Lo g duinE § MR R PFERARR € P AR RN o (2) NEF LS BTXA A

3 4e o BTXA v sedvp Ed gl drd| ol a)» g AR ¥ 5 2R s 5 BTXA &€
ARELOupF > IR RET X3 EF LR o (3) = Group I s Group I1
e Group 111 @ 3|7 188 % -+ » BTXA fped sodvp 5 #5 g dor ] ek
v e it L Hers B E (Group [11:2.5 u BTXA) > 151

$ L = 3k pr BIXA Rlre veemya B A28 19 B A v Bl bbat sk 0 ¢ 2003 b 1

< ‘Q
mj;t'g

RehFEFLE o



Abstract
Title of Thesis:
Changes of masseter muscle function following injection of botulium
toxin in adult rats
Author : Lei Yung-Yao
Thesis directed by : Chi-Yang Tsai, DDS, PhD (Graduate Institute of Oral

Science, College of Oral Medicine, Taipei Medical University)

<Objectives> This study was designed to investigate the changes of
masseter muscle function before and after intramuscular injection of
botulium toxin type A (BTXA), and to compare the different extent of
resultant changes as different dosage was used. <Materials and methods>
Fifty-two male Wistar rats, 70-days old, were randomly divided into
4 groups. First of all, a wire-electrodes device was implanted for
recording masseter muscle activity. One week after surgery, the rats
were limited their oral feeding time within 2 hours daily, and EMG
signals from masseter muscles were recorded when rats ingested pellets
during the first hour . After EMG recording for 2 weeks, different dosage

of BTXA was injected into R° t masseter muscle according to different



groups : Group I-injection of 7.5u BTXA(0.3ml) into R° t masseter
muscles and 0. 9% normal saline (0.3ml) into L’ t masseter muscles.
Group II-injection of 5. 0u BTXA(0.3ml) into R* t masseter muscles and
0.9% normal saline (0.3ml) into L’ t masseter muscles. Group
[II-injection of 2.5u BTXA(0.3ml) into R* t masseter muscles and 0. 9%
normal saline (0.3ml) into L’ t masseter muscles. Group IV- injection
of 0.9% normal saline (0.3ml) into R* t masseter and L' t masseter
muscles. Thereafter , rats were constantly feeded within 2 hours daily,
and EMG signals were recorded for 12 weeks. After 12 weeks of EMG
recording, the rats were perfused and sacrificed. The EMG data were
analyzed for statistic calculation, and the weights of masseter muscles
were measured. <Results> The results showed that :(1)In general,
masseter muscle activity variables decreased over 90% during the first
week after injection of BTXA on the experimental side of Group I, II,
[TII. (2)In Group III, muscle activity variables gradually recovered
from 3rd~4th week after injection ; in Group I and Group II, the muscle
activity recovered from 4th~6th week after injection. (3) On the 12th
week, 1in Group I and Group II, the muscle RMS amplitude recovered to

28%~33% ; in Group III , the RMS amplitude recovered to 55 % compared



to the preinjection activity levels. (4) In Group IV, there was no
significant change of muscle activity before and after normal saline
injection. <Conclusion> (1)With the injection of BTXA, the activity of
masseter muscle and the muscle weight were significantly

decreased. (2)With the BTXA doses increasing, the greater muscle
activity depression was noticed. Compared with Group III, there were
greater decreases of muscle activity in Group I and II.(3)Among all
the three experimental groups(Groupl, II, and III), muscle activity
was remained depressed and never returned to preinjection levels even
after 12 weeks investigation period starting from BTXA injection.

Key words: masseter muscle , Botulinum toxin A , EMG
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195 Moss 7 41 ehr 50 A B2 (functional matrix theory) (Moss
1968) » Fowp #acze > PIE egty glgz A2 g1 0 Te—H BET
BB 2 2 o a2 THF AL PR E ARG AR DS -

ML B F B R AAF T MR s U 2 LB T h PR &
oo ST E MR B g e P TR B 2N T L R R R
(Bouvier and Hylander 1984; Kiliaridis, Engstrom et al. 1992; Ulgen,
Baran et al. 1997) » »~» B jis(Maxwell, Carlson et al. 1981) ~ »*» i
#F(Navarro, Delgado et al. 1995) & 2 i&@#+ 4! Z(Phillips, Shapiro et al.
1982; Behrents and Johnston 1984)% = iz o e {8 = F = ;N K &k » |4 °
GETECE IR T e plt - QRN = Gi G2 &4y R F(Gardner,
Luschei et al. 1980) -

e s *ﬂér‘ﬂfbpé Bl € B 80 2 8 > %é’;}%’ ® R AL
(Zucman 1960; Gardner, Luschei et al. 1980) ; *» “,4rt HEeE R &4

(Gardner, Luschei et al. 1980) ; flgcA! Sinit Hm% > ¥ a0 kA Gl

5
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PHREF R AP KPR R SRR RS > o E AT
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SRR S R et R & T3 E-til

TERE FEHY 55 AFNFRT MR LAET LA BRI
blde D 9usk 4 B ¥ Ao (Dystonic spasms) ~ P 4 g g ~ Vop BB R
WHEE -RFE-EGT - THEM SR 5% (Temporomandibular
joint associated muscle spasm) ; @ ?5 T Y < B aiid
o B B BRI e T“«U} B A5 B F e R e S e b

T R LA AL SRR RE S S W PR
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FEFF @S UTE o FURFT R AL 2 e o g S
3] ehzx % (von Lindern, Niederhagen et al. 2001; Castro, Gomez et al.
2005) ...... % o

Boa s F s e 18 B SF SR A SRR AR T B L
el A SR B R Rk A 5 4% i (cholinergic nerve terminal)ffce fig
"24% (acetylcholine) I #¢ 57V f % #&/(neuromuscular junction) » Fr]sv
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Strebeck et al. 1991; Brin 1997; Ahn and Kim 2007) o %]yt » & 2% i -
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4 fe M2 A& B i (functional matrix hypothesis) % Melvin Moss
7 1962 # #7411 (Moss 1968) - Moss e i #2 2L F3Zim @ - d4p e ¥
Rechx o~ Ak s B ¥ EXFIATFIE EOPE AT Fad d

WA RAT (% e e PR EF T ARPAAL(AZRZ Y 92

%

o

LS BN I SR SRk g

Fao A TS e A F (functional matrix)fe¥ F2 8 =
(skeletal unit)#fie = o # i ¢ A B (functional matrix)&dp# &4 T
A R R L B HYy umgFLERNE - #5; F4HE < (skeletal
uni )R] Ldp g ot e Ap M e d R lg i > Vo LS e B AR
PR g T B AT

v Ter g BT MRy kI H R Hé?ff RPN SRy
T ek B RRE R TR o b TR T ans o]~ A
2 A B S st BT R e 2 SR et
ZII| B Gk iy o oA FIT & = > 8 H R o

EF AT PR FF R ALNEE AP IR T DI R T AL
BA P A AT EA A P F R A o 5 - B TH s AT
(periosteal functional matrix) @ & dpet = it 24k %‘r;%%'d ok B R
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TR e end AR & G R (slow twitch & Type I)
(fatigue-resistant)® #-¥5i~ (fast twitch & Type II) (fatigable) :

{7 A Fdpieg » 5 s (Type [la) feb-3d #~ (Type 11b)

CRR AR e IR G 2 AR 0 (e B - R At B 7
Wk oo it s ‘fs@.;ﬁi%‘t?f:%%é doemep P AT AV RE W

DR IR R = st ,}4%@;\;‘@3 ARTE - A

]
—

4

WA B E LG o FHSp N Type [ 2 Type [levt 6] 88 e

PRI grcgHE A e > @ Type [la & Type [Ib vt 5|R|F "g ¥
DR T TR o Dldo o T DIRT @ R AF (A 4 fish Type 11b # it 5 %
it i * #& ¥ 0 Type 1la(Green, Klug et al. 1984; Slivka, Raue et al.
2008) » i up chdRi g S iR R RO et R~ PR ARG S
M AR ¥ £ AL G E R ¢ i3 2 type [1b muscle fibersst )3

4v(Kriketos, Baur et al. 1997) -



vE W7 iy PR

142 vg’;,.sfusm]ﬁ i_@_% E‘ﬁ% L
— BT R TR S B T

,,,,,

1988 & »S. Kiliaridis & A % >F 1§ a
muscle e vk

% % ¥ &> 2 deep masseter
AR G R R R AR 2
fibers #1 ik vt ] € $i2

% E:\'u jiEj/j’J ’
Engstrom et al

l type Ila
» type [Ib fiber #7ib+t &) ¢ # =~ (Kiliaridis
1988) -
Vilmann

1990 & ch@ k@ & F A S8 S h
% digastric muscle 2. + -] #idr 4] e
2004 & - Y. Kitagawa & 2 2 4 &

K > masseter muscle

=Y

= o(Vilmann, Kirkeby et al. 1990) -
g ¥ %o
deep masseter muscle ¥ vig i ~ | frék 3
e d

EHW;—L%&E R oI

[

FH B2 Fdleplk
type I fibers #7ibt &) ¢ #> » type Ila fibers #rikt ] € & 5 »

type IIb fiber #7ikt & ¢ > (Kitagawa, Mitera et al
DI Eh )I;L‘a«/,é_ﬁf;b T ML e B T E MR e 4 {8 T
g I

2004) -

C R TR AT LR R R (S
LR G nB R G grepg 4§ s

L S s SR ST

5

g U
1M P ERE

AR RSl
e Al H e 4 pp ks 0
#5g ~ (Weijs and Hillen 1984; Newton, Abel et al
HFEF frea 4 2 %3

1987) - B 7 9ot o
- Tep 4L -
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o & i e v 2 Bipdd
— ~ R RV R AR A Y e

Vo At AT R R e s PIIEFE e T e A £ o A
i R VU %“’F‘}r} 55 (aponeurosis ) &2 F sl suikgn g ’%%“t“ A FE 4 o
o i 220 SRR g eSS A I

PEFL0 XD A4 EFERANERFRIPRL r2 3 PR Fen
Hite € 4o~ L FH# 05 & (Goodship, Lanyon et al. 1979) o # & =] &2
¥ F & e e & S % (Rubin and Lanyon 1985) » 1t f i % » € i &
¥ -] % (trabecular bone) 5 & &3 e (Jee and Li 1990) o #F 3§ 254 ¢
EREPAFEF @ B FPRRRP S E SRS S (Meade,
Cowin et al. 1984) -

SR AR RN SRR R Y BB -y T g
I $F8ph 25 <] e 58

LA A BARL > RFFFFMPFARS > gHAEH R T 5 k) R
TEERE AR > Fan g T 3BT AR T AR R A
(Kiliaridis, Bresin et al. 1996) -
2. HEEFFT e P

REARR] o ERBI SO FRR 0 Fla BET%INE A (lower

facial hieght)% #rx & B vz el 2 (Proffit and Fields 1983) -
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SN P LR W ik Tas o) 1Y )

W3 b R kY 0 M F S SR e i BB 2 R FT
1A R oo BlderT AR gt H B o ‘*ﬂéf s ETILR s R BUIRGE R A T
FROTUFRD DM SEREMTEEREHA L A RHTHER )T
*# (Watt and Williams 1951) ;5 = &« eg (condyle) & ~F #& -] (Bouvier and
Hylander 1984): #vp sk ® /= * X (Bouvier and Hylander 1984; Kiliaridis,
Engstrom et al. 1988) ; T 9 # 072 v d mA LA FH EAFT
(Kiliaridis, Bresin et al. 1996) ; * # 8¢ # 2 # H# # R (dentoalveolar
process) & F ¥ &% | #2hE ¢ *% M (Bresin, Kiliaridis et al. 1999) ;
BARITVCR M E R R e BT 3 2 HAEEEIN ek B(suture)F T
£ D) e wEr i 'R 4R < o0 B (Bresin, Kiliaridis et al. 1999; Katsaros
2001) -

B ety B ehje ¢ 0 Heg g g e B G ff o) (Maxwel 1,
Carlson et al. 1981) ; & B Rl 3> e Bl TR LT g > RRER
4 £ 3w o (Maxwell, Carlson et al. 1981; Navarro, Delgado et al.

1995; Katsaros 2001) -

T AT MRt R R T g e s A b g feh

i AL TN EHT AAL L AR 29 4 Noss ik

o

functional matrix s3Z:6¥E4
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2o AR TRE AT L LR T R AR
AR AT P g P o Rk dEEE F Apg > RS A dEenT S
7 f* hd g4 (gonial angle) &g ch T BiH o iV it £ F]E MR A 0B

PR R 0 R R R A T E A g 2 eyt e ¥ (Wedel, Carlsson et al.

\*\

1978) » A HT A &4 [P I enc® o 4 TS THRE BT 0 A @4
P~ v & 7 & e 5 i 4o (Corruccini 1984) -

WEIUE R 4 R A o e T o RUE AR SR R T H R
HTagpimges P TEER A R > T8 & fio] (Kiliaridis, Engstromet al.
1985; Waltimo, Nystrom et al. 1994) o B 3 5 2 & ¥ eh=st & 4 » Hegrv
ERflr ¥ A0l 2 BE%A5 40 M (Yanada and Kimmel 1991) » = 3g4% v~
(elevator muscle)fizss & S o BEAR AR e 2 <R TR A )

Tog g e o MR o (Kiliaridis, Engstrom et al. 1985; Waltimo,

Nystrom et al. 1994) -
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B & % A4 54 % (Botulinum Neurotoxin) A d ¢ & 1% F(Clostridium
Botulinum) ¢ Ffat/4 3 - A 54 % > ko FHELFL - AL A
A~B~C~D~E~F~G(Hatheway 1995) - * - &3 & # Ip el &+ + ] ~ g
ME A oo B Al 2 A ATRAR R CERE S BEE 2
@ 3 »zehw i@ * 4 [F](Naumann, Albanese et al. 2006) e

B E RS N FF R L 1977 £ o £ R F EF Alan B. Scott
B AZE F Risk AP (Strabismus)p 4 0 gL EBRE Y L TRE L
4o uiE 4 B ¥ B T (Dystonic spasms) ~ #“4k @y 6 (Myokymia) ~ ™ % M
m}?&%"\ ep & 8 (Temporomandibular joint associated muscle spasm) -
w4 (Tremor) ~ PRBE G 8~ 2 6 R 8~ AR ~ | SRl 2 2 3 F 5 G
Boriof o TRk P R YR FEFICKHDBEES I FLIRAL G B F
R LT R e ER R T 34 TV R AERZE W
MERS -4 A4 EEEFDA gnnv AP (Brin 1997) o

FEABERSS CPRF PP FE RS FEREE F ALY
PEERE R TR R HFAMOI L 8 F R F P ES T R L
bren U pES RPN R B9 F (drios 3R B £ Hemagglutinin) - 7 i
PEHBAEFAMOIM Fa R HBTN o BOOHIO TRERAIS

0w P4l (Brin 1997) -
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J&%
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S L S E LT N A

SR EF RS F w5 AlY AR SRR R X T fh e
PavsR? b A2 BARGTRA T 4 R L BAL T R E T ok
724 A AFE T VIR o F 5 f—iﬁ#‘-’ & AAEIAGgaep 3 g7 g
Fie® o p 2EFHFARN2AFE S 90 5 dalton P HHRAAF (A FE 5
15 % dalton)» B ie* s R¥ % F =27 B A3 ehe F 545 B W ohd 51
Ve B XA F e e X B U T A Apid > F&ITF sk R
AR e

PAfEpEz it m o o3 Bl ga)s — B Faadh i)t l 5 d4a
heavy chain (100KDa) (amino acids 449—1280)%%’@ - B #Erst(disulfide)
¥ % - ik4=4a light chain (50KDa) (amino acids 1-448) ity - ot dzdd
light chain } €475 - 4 &+ (zinc atom) - (Turton, Chaddock et al.
2002)(%2 B 1) -

ThapFeand ¢ Pl F 3 GF A Swre > Figsav g T kir
o fmie oo d4dE 5 F-v B pE (protease) ch# i (zinc endopeptidase ) ¢
Hx 5 58T & f2- f84% & %9 SNARE(soluble N-ethyl-maleimide
sensitive factor attachment protein receptor) complex > # ¢ >B~D~F ~
GAIE + 1% A% ¢ 2 @45 % » f2VANP (vesicle-associated membrane protein)

synaptobrevin #v & ; mA~C~E3|¢ ¥ /& P ¢ 4~ j2SNAP—25 (25 kDa
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synaptosome-associated protein) ¢ & ; p *hCE|F 2 FHEEFT A fE
syntaxind-v F o gk F-v FIo¢ S e ek ¢ (acetylcholine
containing vesicles) fo R f§ w4 5 tw e Wog & HiE 42 - (Turton, Chaddock
et al. 2002) (%2 ®2)

e > VAMPRv FEZR'GTF LR e mrtikfizt > € Feve it
ik fe 3 F ad Swre il @ SNAP—253—0 BRI E_ o R m A 5 hnve
W R AptRig A KB ES TR Se it e & o0 B0 T
VIR G PR fRtEie - B oA 3 EFE EHRSE Y FA
f# o Tt o Fipl R FARA R Rk o fptede ke B2 HE A e g
T e £ o deit o fRtERG R R AL TR B e b SR A T
(Hay 2001; Setler 2002) (Billante, Zealear et al. 2002) -

R E RS DT B

PEBEFETFE G = BEEK D (Dinternalization (2) disulfide
reduction and translocation (3) inhibition of neurotransmitter release

TOfEE ABEFHEFDET RIE o B AT RN GRS
(neuromuscular junction)en4 I i % o 3 & 4 %E%%’E’ B ITR andE A
T A m S R e e TS i B B e RE
(presynaptic plasma vesicle) s (5 i@ 4= [F —2 g Ed » i & 3o i o

Internalization 3 %%’rj receptor-mediated endocytotic/lysosomal

16



vesicle pathway o p & & A4 5% 2 ¥ & SR L HDmiet > 7 7%%
d #& 4 it * (endocytosis) #-fFaticn 5 PR2558 (F4at+desh) 4 & e oy
L ¥ Bt g L% £48¢ N-terminal half ¢ § et imea B4 7 18
endosomal membrane:& » fn¥s ;% (cytosol)® » Afsigsa ¢ 2 i 3 VAMP
(vesicle-associated membrane protein) v & (B~D~F-G3|¢ & % 7) -
SNAP—25 (25 kDa synaptosome-associated protein) #+ % (A ~C~E3]
B & 1% ) 2 % syntaxindd F(CIF & 4 F)

d z1inc endopeptidase

%
=

Bedeo Tafa o o fpitie e 2 WF A Slwie i B e gk £ R (T
exocytosis @ iEm [EETR P A 5 ¢ PRk 4 A & % =8 (cholinergic nerve
ending)4T 4+ A F hl ¥ @B w (8 > X RFHAH G20 fpttig 2
(acetylcholine) & i fB3c 4 g hm e Hovh o & 2 @2 fade iop il g &

B gRaep e 4 % (Brin 1997) -

Lo

oA A S F F EEr A g — ek % 8% e (neuromuscular
junction) o » ¥ iT* 3t A & LY AR BRI A TH me o B H S
B2 }— A P%%:}iﬁ}éjé B o gLeh o, 3 & f;s]"gé ;i% @ E i i Y B

& (blood-brain barrier)?

An
Ee
piud
7
T
S
N2
et
b
é‘m
B
I%
%
£
da
sk

WM ihke THE > - L BEE MRASREX a2 ep

R o B e vep R R e RV A @ 2 p R X 45(Setler 2002) -
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B pi 53 2@ S ok it R LB B S RN
A2 A BN SR F O Mo A RIR A SR BEADIEY R
BT 22 4B pEMN S K Sk P P E (Naumann, Jost et
al. 199 - A p A FAF L3 ZF AL P Ty v BRFILEL o
PARAYSEEER R AA LA > R E R EAY S

sHhEffy Pl 2P A REA EIABPER PG E

S
BN

A

2
|

N

PR QA S o et okt K A R B B AL -

AMEHDE R OREREREF AEI N G RBABRRE > 2 A T hmie

7

)

T B LA SNARE 39 FenE B B o AR ReBFIR e 2T A G
fhz %054 £ (axon sprouting) ~ # £ %4 (additional motor

endplate) &2 & > 11 %2 4 4 2 SNARE 3-v e 2 o

(Jurasinski, Lieth et al. 2001) -
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sprouting) o ATEEAH SR K AR AR AN LI Z L N2143F

4415 4 £ noncollateral sprouting’ 12 2% p A5 37enRfg - 52 10% &

19



B2 6 f 3 EH DS T e R ke

Bep FEAX GEF FH BRI R SFR XTI ¥ 282
BOF BT anE o pt ) R g  (myofibril) X fF 0 B pR AY
(lysosome)#f » s“R G B HEMH 5 vop Wy M iEF Ed 4 v

Efcf?% o BT F %ﬁﬁfp’(ﬁﬁ—;ﬁ%‘r » Xg 3T R :ziv}g; %ﬁ;}é é;i % LR s ’); L

=

‘%’;;

BT E kP (subsarcolemmic tubular) & o) o e 3 R

RN

LY At % (Porter, Strebeck et al. 1991) -

i p A A A RN AT R B R B T R
] ¢ B "% 4 f' (acetylcholinesterase) <74 ¢ 3% & 3 4 (Borodic
1994) - HE A2 MG RN | 2 P T AE > TEAFLIREE L

(Langer, Birnbaum et al. 1997) -

A F R Eﬁ’id FaE A AP R0 BB Iuen P S I 0 Vg 2R
£ (muscle wet mass)B F Mt R impyep 2 B8 o it F & AR
SEFF 2P G %E“ii{'ﬁ'htﬂj v B v g Y7 e 4 (mean fiber

cross-sectional area)#z-| (Chen, Stott et al. 2002) -
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Astp AN S F ALE F A9 SRS yun P s | LS

—‘r’fgfrwrﬁ 22 ¥ s o F A2 85| iﬂ‘f‘—"#”* E"-,ﬁ'i&‘%?}:_?l ;oM A A S

R 2 £ BRI F MAT RS4RI 22 £ o i A JIE & % ) 10u 25
I vr'ri’? U E T s BRSPS B¢ o type [ fiber v

BAae gl a5 % 5 P A (Billante, Zealear et al. 2002) -

BT F R AN SF BT R byeR 42 156 X (8 LR R R
e i AB> & F (Spencer and McNeer 1987) o »547p & % A4 54 %
W REF PR IR 1 63 X LR RIF IR et ) F R F kiR o i

o

A E T & AR S 4 F aeweidiia) (Porter, Strebeck et al. 1991)
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-8 TRRAARE
s+ Bl (electromyographt > A EMG) # * Ao & ivchF 7 » JiBH
TACT LT * kg W A AT dp o

PLRBLNA D LR - g B 35 A s K- o

=

ERFL Zwe o RIEW F I Ivme RS o g F R HIR ER P L
o R B R RO dhfnig o e TR g 4 o A A S AR
A RER & A RE d A 5 (motor neuron) c H@hR AR fme kg
BAAFIAL  E oS A - A - H- FhA AL e
Fhvmir fL s - BEHE - (motorunit) (£ LB 3) o 3 dhR R =h 5T
SR e R G T el LG @ %4 (motor endplate) o @ fwR
REp P E S YR i B AL A Sgvp @ 2 (neuromuscular junction)
FHERT CREMRORG G EHXF DL R > I FTHRT R PR
Fleawep e $5 iT 7 = (muscle fiber action potential ) - i&m & 2 vup
ek ($RH4) - BRAPBFEN 0 pFigds - & FF e flgoep o
g e A eiEL B g - R A 0 2 N 10ms o # Reivitim
e benfp R REERER A 1-2ns> ARG BERELEEA w,j.%b T g e -

Pie A4 B REE T FS 100ms & L £ pERF o

‘\‘ﬂ
g
‘?ﬁ;
6‘}\

1\

22



%

Tesgermep 5 st ok Jihd € fF——5% 4 (tension) o Ed 4 g A4 R

_.El

Avep g mA G —E&HE AH TR = (motor unit action potential )
T H A gup e AR A ERFY > HRE S KT g R 23
AR B EAHE T4k (summation) | oo gt pERUR nHE REER 2R R

B AL

Faew gl (electromyography signal ) » — 4k ff@sk & A7 7 1 I AR

£ 1o g 5 93 B (electromyography ) gL o H & pleyndz @ d 4

\

BaE PR R g igAd B IT g o d TR FAp A4
AR AR o Ed LR BT MLk )
FOLE IR I LR R RAUBAR S > Rk R Ry R e g o R
#ﬁ%ﬁﬁﬁ*o

LR AELE R B o fEw BINA o T
AR T 05— T S UL U B U 2 R

A OEMG 3UBLAIE » 2 4 & & 5 PRSI S L 304 o
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1. % 447 (Time domain analysis)

B A 5 e S 2 ¢ 4535 13 (Root Mean Square » RMS) & 2t #5

w (full-wave rectification) =vvg E#H (electrical activity > EA) -

A2 LR AEE - B g & (amplitude) 5 aAp $iE

s ARG (N AUl 254 4% 5 o @ % RS EICR MR RE 0 4

g U

A AL~ T LB A AT o BA A AT RI R Y o $E

EMG 20 5578 (53 2 jf B 2 M3 Jp it PTIE T ek % o

2. 45 % &~ 7 (Frequency domain analysis)

#-pr 3 e EMG 20 5L 55 38 -1k & 415 2 ;2 (Fast Fourier Transform® FFT)

R I > IR R 0 L AR R R (power spectral density ¢

PSD) o v gaps A 477 s B F 4@ * g ¢ 4 & (Median Frequency °

‘F';r4

7

MDF) 12 % T 354F % (Mean Power Frequency » MPF) » st & %#cit £
AE 2 ch T B K o

d R R g e 2R B E T EMG M ELAPER b oeng i > Tt b B

| 3% 5 )

Bk &P NEMGUELLS 0 B g MU et BB g A R

# B (window) - 3 E B 5 B 5L EA - RMS ~ MDF ~ MPF % % #ciE -

hopt VAT R e PR R BLY e e g R B S A R o

(Peter Konrad 2005)
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Vo A jciEEARY R e T o g § MR L G 0 B
TR B €T % B SFHES (power spectral ) € = MAF =45 5 4
,Tf‘u{“’“é‘i MELEAEIRA % F % A (power spectral density) 3 & @ % AE T
ARE o YLy gt - MR F SRR i s P ROl 2 ol
Fog e Mg =8 I % (Lee, Fuet al. 1994; Finsterer 2001; Toffola,
Sparpaglione et al. 2001; Lin, Liang et al. 2004) (Roberto Merletti,

Philip Parker 2004) -
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FAE pFE ﬁ#ﬂ £F F T e BB g

A7 R E PP & % A4 S F % AP < ¢ & tibialis anterior
muscle (0.02 ~ 20.0 units) > I 324 %= (peroneal nerve) ¢ 3T &%
AR 2 LR 7 P oglycogen B B E A BREAN EE R G
pup L ek AR o PR R T ehR R g ARL > T g 22 B glycogen
GRS EARE c BRI ELEEA C L Bt oneni st R L AR T
B motor endplate % & » Hrr %k 4%4F o 2. "FEF 1 Sl FAXE > o Bk
ARRAZRS S B A F AL ALE 5.0 units BF o p ﬁv&ﬁﬁiﬁiﬁilﬁ £ EFa

# 4v (Shaari and Sanders 1993) -

e E A S B AR S R A Bl e e T 28
FoBEHT L% botox 16 b~T % 0 & = ¥&mF CMAP (compound muscle action
potential amplitude) f=*~f # £ (muscle force) 3288 ¥ & "% ; & ¥ ik by
YL EORE R AR R o R AR oI 4 B TR R R fofR R ehid R o
botox ‘L&A E 7 B 5 £ T IRMgRAR € B IeR 4 F w4 o H Rl

feents s ByeRiL g B F eng it g 24 (Cichon, McCaffrey et al. 1995) -

AR AR A SF F AFY S 0 SUFRRACE > TN Sfw & 3 6 2
FRE A RCERSE o E 2 T MR o R A EFR A

Ed F2arsit > X RUFRREF ES & B - thyroarytenoid m. "~ B35 ¥ &
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Fr T ooREAXE (0.0007~0.7T U) - BFAHEH 2 VCT IELT CEFASAREE

m&\‘,
=t

FAEAREO0TUC0T ~TU) #F A RFL- o 3 EFHY LS
FAE 00T URF > &L €33 1 HppFRO R > TRl d] e
g s # (Inagi, Connor et al. 1998) -

AR A AR AR AYEF AR R R E R bk

BEEET AR R FEOA S L @R %2 R (neuromuscular
blockade) 27 ¥ % pFR¥ (time course)¥=ig*t F Alp # 4% 2o o AAE F

B AR BT PF LI L 90~110 % ; @ A EARF o e
TELEE pTARdE o Bty AR E o BB ES § 1 0.625-1.25 u hALF F B
Fh 7 i & 80% R LA ET] A 2, 5u~10u SR E > B T R ET 90%-99%

e 5L (Billante, Zealear et al. 2002) -

N
S

S TR E 546 units Botox 2 iistAE o LEFATIR F A S F

ENFHY A KRG e S R L LS 1-23F o o £ 8 ST s s

Jrml.

P e 4 ap RIDE F S MFIEN S LA B vk £ S PR IR up

-

EARARNTRILIEA ] o HY R (T EIRIEE B G A

=

x

A
=
BR

PR

X
fu

I EME (9P Ea28%) s 24 B A TR G S
A BTIS = B Y MRAR T E A e en82% s i A B Y R4 T 1 2 9T% (Ma,

Elsaidi et al. 2004) -
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AR A EFEENY R RF PR HE B S S SR M
AR FEFRS ELEeEE L oGF R BRAFRFLF TR EL
o P A B TR R TR s F TR SUL S G P AR L o (LB
EiEfS 0 M EE RN S DR R R
Lo PSR RS o A S M E 2 F M & hEd R R SRS
P oA _fw FEFEA L G pEH e ¥ 7 P& (Chiao-Wen Hwang et al., 2004) -

SR A AR A F AT e B o R4 B 3B ¢
A FF LSRR AR IR ERE VUL ER R c FREE

BEom RN B S 2 B OPE G R AR R (R 1 3% B P 2 B

Fd bt o BB AR F R FHF AR SR AR F LR (To, Ahuja et
al. 2001) -

LB AR A A AT e < S e (R L b
S TR RN LA O R R FRSEH S D T RIVTE
BBt it is = B PFEG BRSO M RV B S PRI LSS - B2
e BB i 0 2 (SRR SIRAR o Rl A2 B LRI A A 2 T

ety + 2 3% (Lee, Kim et al. 2007) -
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2007 # » B2 =2 < B pa g o L HE F 5 FHE 20 B
FOUERGE ROV R LR St 2 AV ER R PR

A B

5
A

=t

NI i L

s

5

FIAPATRA o T8 FHIRIFHE S 36 R K
K FRiRiE G P RE e L o hRIERE MR SR AR DA B g il SR

R E R BRI LT R R o

29



SRR ST R B 2
#-36 & X BT A A Bl - wAAMUIE > ¥ - wANA
85 B FAETH0% c BRERES X KL S pE B UE T 2B T A

Pl fe B R (1) 8 e+ ' 7 Pl eve & & E=(chewing rhythm) ~
£ dwe £ %8 (chewing cycle) (2) :2&pF > #rd o+ BRI (2
U Eufogaee) goep B & (mean and integrated activities) P

BANE G2 o () e’ Koo @i A & pF > J5 5 eap

EW R R A AR o A 5 e < Bl kg (Liu, Tkeda et al. 1998) -
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5o 8 P

F&EP D2 & Wistar & k22 B> b prd B2 4 Hp g o
ko FmaAFE#S ML NL 250-350 2 £ o

RPN oM FELFRRES Y o FRES AFE P 12:12]
¥ light-dark cycle (06:00AM to 06:00 PM lights on) @ aiF & < 8 B §
(22°C £ 2°C) oz 5 iB& (40%-70%) -

B R s 2 (Groups [~IV) # e 3 & Fk~8& - HY ¥ -

DA SR I - N M S N s 1] B
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& FH 54 £ A3 (BOTOX®, Allergan

Pharmaceuticals, Ireland) > =+ - -] %5 100 u > 7 e 0.9%2 s BoKiT

% — +] #% BOTOX 100 u > A 7 0.9%2 328 Bk Anl 155 fFEA > Afe s
20 w/ml RR A o i sp AR FHEF Z 7.0 u 25 0.3ml

Group II :

% — -] ¥ BOTOX 100 u > A 7 0.9%2 325 #-k bml T3 fF@A > Afes
16.666 u/ml ER HEA o LS pE FHEFAF SEFZ 5.0 u 27 0.3ml
Group III :

= — -] 55 BOTOX 100 u > S 7 0.9%2 & @ kApe 8. 333 uwml kA
WA - st A B FF 54 % 2.5 u >3 0.3ml

(Group IT Z2wj*54r 2 £ 18 > 4 16.666 u/ml k& EUH 3ml - s pFi e
£ 0.9%2 5 %ok 3ml > A= 8.333 uw/ml kAR A )

Group IV ($Rk) :

B R b E R 0. 9%4 125 -k 0. 3ml
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ARV IEE A FEFEFTRGRLA P DR
St o PRAE % B 7

Connection module and electrodes

F % ¢ * Tefloncoated 7-strand stainless steel microwire (0.D.
0.23 mm ; A-M Systems, #7935) (Outer diameter 0.23 mm ; A-M Systems °
#7935) @ T m & e T A (microwires) o FEAF-w EHT BAEFER A
miniature connector “EzHet4t (2 x 5 pin) + (%2 ®H)

L jhepE ¢ % L @ 174 0 miniature connector # 3 ¥ B chgp fg ¥ R

e

R I #ew iE AT iRAUEERAR T TEIRSE A T (subcutaneous tunnel) > 3

\4

N3 ] submandibular %3 A F 2 > ¥ o A S LA RlaweIve (£ jFiE
ARFLAE (S Bt o )

TAFVUR M ELPE 0 18 % — iZsocket-matched miniature headstage with
FETS@%?JB WEL o @ﬁig.]ﬁl— iR F % BLEE AR R Y8 miniature
connector& ¥ chgERpin; @ ¥ — BB damplifier (% L B6)

Recording apparatus

g * — B4-channel amplifier *c% A - & & 3 ¢bip] > @ Ea KR
VT B o &7 % ¥ - B £ B (grounded metal plate) k4t 3 eh

B ¥ iTRE R (2LET)
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Bt F Preparation of Animals

— v e 8 (Electrode installation )

R B Bl < pF o 0% it s (intraperitoneal, IP)7 st v
Zoletil (1mg/kg) Frp%#4- Rompun (0.5mg/kg)svp £L3% &3 f& & & K-~ &
FEEs » @ (5 L jiEe 2 BT
L PIMG 5 B & 4% 32 L B(EETEE B RPREINE)

2. #-& BUHNF B - 48 T ik (stereotaxic apparatus )

&
2

FR IR E e R d ARFIA DT G BEINA K 0 M4

\—3

T & & D EggEF 8 3% frontal ~ parietal ~ occipital ®#

4. 1% E 0. Omm i B 44R4 0 LE EARF L o L FH 0 2% frontal -
parietal ~occipital %3 - $HF T ¥ ML 4D 6 B3t o HENIFR K 2/3
bur diameter o

5. fer]dt 4+ B s 1. Omm > & & 4mm 07 44k 3k (7 F 47 (stainless steel
screws) ® = & o ¥ 3 B ¥_miniature connector =z & K% o

6. *#¥-miniature connector %% T &Y - F T3 EFEEF o screws e

T. F1* 7 % A48 » screws & miniature connector 2. B » F 47 A it
PRV E g

8. #-miniature connector } - Ff L% 7% % bipolar electrode

microwires & &% (teflon-coated T-strand stainless steel

35



It
bat

microwires) - JEFRAE*F EINEEA T (subcutaneous tunnel )

] submandibular & A K4 > & & @A L LG Rlagwive

R

9. % % bipolar electrode microwires k& % » 3 “ﬁﬂ}i teflon % % 3mm
P Edrdi- 59 - H ¢ channel 1 % if bipolar microwires & 3 &+ B|rz
s~ @ channel 2 @ if bipolar microwires & 3 & = R¥w 3T o [ plrg poe
¥z ¥ microwires > ARG 2 B R EX 5.0 mm o

10. #-microwires ¥ & F AT HH s & 5 0 7 1k microwires # 5%

Ko MEA PERIERAAIRG T

it e Al

TEF A I PRPET - @A > Pl A 3E superficial masseter m.
MWL TR acREa? Bw > 2.0mm %> THRA T REad g
f6 3 2.0mm 3 {6 > TR T_=% - 3 if bipolar microwires & i 2%

¥ it L {7 superficial masseter m. fiber 2.+ (% 2L B 8)
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- ~HEE PSR T et § RF IRy B
ALY - REH I AR emx 22 emx 18 cm) > T F &
#4p 12:12 -] p¥ day-night rhythm > F £ R - ¥ > 2 p &3 pk
Gk el THETE pASER o0 E pASER > & EFRMIZIVE
w o AR R Ao
R AVLE D P E S N AT

FAE U E pRHRERE PR NE p A B pFe & papleanin i

=3

MPREGERF o AP HRDPEE LA R F € el REGRFTIT NG .

F_*

M EAER LR R EBE PRESEFP - B P

S P RREP A BEEL

AR AR AT Sl = Runit | R ASY BT 0 1 unitep & 4
AR 54 2B E 0 ¥ 3k 50%718-22 g Swiss-Webster ] & (Jankovic and
Brin 1991) -

TR SR BE A PF RO OCR UELS 3 0 BT E - P X iRdR
PR EEWIH EHE R S EFAY S E AL (BOTOX®, Allergan

Pharmaceuticals, Ireland) (2% ) %2 4 32 & B -k (f54]k) 3t Bewgivo
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Group I : % ilsevvastpg 2 FAF 24 %2 A3 7.5 u (0.3mD)
T RruT i X R 42 S -k 0. 3ml
Group Il : + plrapva st 2 5 A4 53 2 A3 5.0 u (0.3mD)
 Rrui i s X E 432 5 @K 0. 3ml

Group III @ + Rlrasvddtp & % A4 55 % A3 2.5 u (0.3mD)

Group IV ($mRe) @ FiplwrvistsE ¥ 4123 %k (. 3ml

% “(masseter muscle)L &t # 4% FF 2 % ™

Lo~ Ba e plg = % -

2.7% UG AR & 6 18 % TSRIFpE 4

3. TEEF & I RPET - AR > Ui i iE superficial masseter m. #% 4
TiMba - MEa? BBap FHFHIGBH(FLEI -

4. % 4+ep P £ ¥ plastic stopper » # g & 2 2.0 mm > B B4 E FE o

A RGP 0 G E A
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N

o Gt S E AL G PE IRl E B

FRFE LSRR - M p B ApR Ak B AL p &SR -

FrE PRGN - B PRl ez v B o

I~ 5 Rengg P g

AR REM G R 88123 5 B &¥ Zoletil FrpE#fr Rompun
vup s A BRI AL bt BRI R > & 7B L e o

2 h— g 2 > - 20 2 q s = = - ed
LR TRV R A F A o e F BT LB, R TSR

|k
=
=}
at
(w
o3
A
¢
(N
|k
(w
i
b ]

F=(Denver, USA)E B~ pjrarvg
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ud Tkl B {7 27 %3 Data Acquisition and Storage

135~ B -

d F b 218 MG 5L ¢ (SiF amplifer i {735~ (amplified)
1000 & » & » i+ @ Jgat 7 B (bandpass filter) filtered with 32~128
Hz » = = 4 diesnig g 8 15 0 4 iFsu Ly 2 6 BNG sugengesa

2. B RJEE H

B X PR {8 N B > BiE T - B12-bit analog-digital
converter (PCL-818L, Advantech, Taiwan) - i& 7 EMG3t 5L b /e > d 4% >
e S AR B gl o H B RIF S (sampling rates) =500 Hz o £ &5

d BTN BEELDMT AT R o PR ATRUELT R B AR
BT MR F L[ L2 T TR P iR

3. A FLE T & LT -

7 ATeE B R AR BTl ATURLRURIE A TR R

3k 4 45 Data Analysis

Tofbm KRR B A /B B g 2 AR S e 3R
BLts > €& F i {7PFE A 47 Time domain analysis (Root Mean Square) 4
% 48 1 & 47 Frequency domain analysis (Power Spectral Analysis)

BeiF A prenfici gl B 2 3F 4 small time segments (windows) o

HavE - P E (window) o A474cdd ¢ Rdp i B E R (fast

40



Fourier transform) (FFT) - #-p#it cEMG3n Bl 4% (8 3] > 0P 7Y el 233 )
A0 fs “HFHEHE B AR” (power spectral density)
FEFFE D52 13 (Root Mean Square) (RMS) % % & EMG & g
A& (magnitude) ; & ¥ jEd 3+ 5 T #9475 (Mean Power Frequency ) (MPF) %
iz EMG:u 5L eg ¢ (frequency domain) ° #2712 (Root Mean Square)
(RMS) ¥ # active motor units#k p ; @ T 24 % (Mean Power Frequency )

(MPF) B E_% 7 » v Te 5P > active motor unitsk # f* chfz & (the degree

d

of their synchronization) (%2 B 10> B1l> B®12) - 2 ¢ > &H3 9E
(Root Mean Square) (RMS) fe-T 547 5 (Mean Power Frequency) (MPF)

HRE L N 4T ol

322§ (Root Mean Square) (RMS) :

n

/Y, (Amp(1))?

RMS =\
n

n: the total number of data points during a specified time segment
t : the individual time point (1 to n) with an increment of
1/sampling rate

Amp(t): the amplitude of the data point at a given time point
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T 354F & (Mean Power Frequency) (MPF):

'_:

Y [-PSD (f)
MPF:“"_’"

Y, PSD(f)

f=1,

f : a given frequency
fo: the lower cutoff frequency
fc:the upper cutoff frequency

PSD(f): the power spectral density of a given frequency

FIA o AP E L F R T A e e 0 ¢ R

Root Mean Square 3= 28

Total numbers of burst &= & =t #k

Total burst durations (sec) %2 & pFRF

« Maximum burst discharge (uV) &+ § =

Intergrated activity (Area) (uV *S) w4 § +HEFR{EL, & £

« Mean Power Frequency (MPF) (Hz) T35 Z4p &%
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5

1.

AL

SIS

iz * ANOVA 2 Student-Newman-Keuls Post Test :

Wik Group [~Group [V e 22 BF » &I 56 % L - e £ 1 B o

iz * Paired t-Test :

WRERI B R kBN L ReieE E oo

.1 * ANOVA 2 Student-Newman-Keuls Post Test :

(2N
g;
N
ez

v i Group [~Group IV e 2/ » F 5% (5~ 848

.1 * ANOVA %2 Student-Newman-Keuls Post Test :

...\\

A 45 Group [~1V w e fF > 25268 (5 & & + plee oo g WELE T 5 &

AR o HP L f B> THeme o A gy i 1 8

Flub € hE L L RERL S e £ e BrenT 3o 3T 5 100% 0 LS

Po £ B e Sl DTS E TSR do R B A AN R R

iz * Repeat ANOVA:

A

3
2]
b

—
o

g e Y L L RO B R L E

é{;ﬂrk:"_o
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T LR
TRPE > @H2 ~ AgEH e B4 L (overall body weight)~
2 Hde o BFRAZHF > FXFPEMEIERE S LR 2% 80 o

FRYE %0 A EHEH - & Group [~ 11111 = % RYE§ H

%% ANOVA = 2 > 7@ B0 2 F 5 12

|
W3
bt
A3
[N
Ly
3
A=
il
(w
=
b
el
(N
E:)
x"‘:
-n %
‘_.
e
b -]
~
N
Rl
s
(GV]
N
=
[um—
S
~—
o
A
iy
w
4‘..
-

\\\
w

=1

# 7 (overall growth)# A F*s47p 3 & A 53 4 7

JN

A2 RE
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9

¥ = g 2L R
2 e e £ (muscle wet mass)4e( & 4) #1777 o
Group | + flrrreE & 52 1.0177 g>» =i ~E£ & 5 1.8639 g

Group II + flwaivE £ 5 1.0268 g = RlwaivE & 2 1.8802 g

Group III % pjwer~£ & 5 1.3178 g =Rl ~E£ & 5 1.9067 g
Group IV % plwes~E € 5 2.0495 g> = pws~E € 5 1.9717 ¢

r2 ANOVA 2 Student-Newman-Keuls Post Test # 47 » w 22 FF . fp]rd SRt
# (LB 15)

LR &AL

Group IV>Group III>Group I1=Group I (P<0.05)

2 g

I

tw ez BELG BRI PEFLR o

" Paired t-Test #47 » B 2p 2L (% 2B 16) »
LR &AL

Group [ @ =@ >+ (P<0.05)

Group II: =& >+ (P<0.05)

Group III: = >+ (P<0.05)
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FoR2A4 > rei g D2 & BBt Remijre P %% 12
FEod G 31 B B e atien A F &S 16~ BUEIERER

2 FAR BRI kAo e 24 & R e s( S 4 2).

E 3
)
"
S
ey
i}
AR
A‘.
Baal
=
s
N
Fem
=
W
psp
8
+
%*

e WA ATig S iR
AR AR > Tt g5 - § S BFHT Mo BB PI T F Prg
ERBIEP BhToET 5 100% (GLE5 S R BT30E ) - RS #15
(65 prd g F T LRI R o LS T RO i FU A

= ;\:’_‘}_Iﬂa e L

(post-inj. EMG value/pre-inj. EMG average value) x100

dopt - ko TE RE LK R SR A 0 Ad b E R S {4 bt

—_

Lop b
Foo TAER B2 TR R ATiE W g AELhL R oo

FEICT ALk 0 £ 2 "f:}i&féi% 0. 001%=7 EMG amplitudes * 4 %
2L FRerwep oo @ opeak EMG R 2 & 5 H A8 99, 999% 5Ltk & ¢ e EMG
amplitudes & + & (Kawai, Tanaka et al. 2007) -

FGp 0 AL B R R Sk BE ot 0 D% chpeak EMG level - 4k
2 ¢ 4218 noise level(Kawai, Tanaka et al. 2007) o F]pt#-= & « EUZ 4t
om0 o F 2 [ % gk chpeak EMG 2~T 321E o £ 14t peak EMG T 3218 5%

level » 1% 5 3%~ BV L0484 47 <0 £ (threshold level) o ¢ #- peak
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EMG 5% level 2 g2n %fuiz,a%f:}i B I NN BT WAR S - I N

B BHS  r AUE R AR R AR R )3T L B - e 2Bk Ak
L o 3Eiedk G ST 200 bR R e 0 T A dRT keh B
IR R o R RS e PR R RIS e St O G AR R B e e

A=4~iF (Billante, Zealear et al. 2002) o
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1. 2 £ =x#c (Bursts number) (%2 % 5> B 17> B 18)

g

A sta > w e R el iom & ks
Group I + Bl #v8509.7 =t » = ] #=8845. 0 =x
Group IT + ®l»2#~8648.3 = » = p[*e#+8943. 8 =
Group ITI + ip]»2#+=9046.7 =% > = Rr2#~8915. 7 =
Group IV + ®l»2#+~8193.4 = » = i[*2#+8066. 6 =«

BTXA i3 5478 % — 3¥ P > Group 1 ~ II ~ I1] + fpfra v & X '8 5 2 8w
0. 22%~0. 63% > ¢+ & F S B B+ Rlea v & S dfcd M- 1 o T id A A
F£ 2. 5u + Rl ey E L it e (. 63%  m Group IV + Blve s> A NaCl
T BFTE R - FPF o v & K HE L LB en 89, 9690 o m s bFE B L - i pE
Group I~ IT~TIT + Rv@ s & = foo W ® 4R 33 &5 e 40. 409 ~ 42. 719 ~
55.699% ; Group IV + ez sep] sadF ) 101.50% -

™ Repeated ANOVA # 47 » % - = ¥ PF L Rlwa ez & =t #ic @ Group [ ~ IT »
[T] feiz s v 5 Bg ¥ £ B (p<0.05) > Group IVRI&m & F L & - & 12 ANOVA
% Student-Newman-Keuls Post Test & +7 > % -+ = :¥pFex & = & : Group IV
SINI>IT~T 28%F £ 2 (p<0.05)Group [ II FadgF L2 o

o 2 F R & S Heend SR Group 1] + Blva v & S B0 03
5 BTXA 6 % = ¥ B 43 w4 3R % (10.35%) 5 Group I ~ IT RJ-E_j 3 & BTXA

e FRAF PRME (A% 5 8 11% 10.26%) -
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2. w2 £pF R (Total duration of bursts) (%24 6 B 19 @B 20)

g

RSt 0 & BRve e povk & M PERY L
Group [ + ¥e3~338.21 ¥ » = |2 ¥+ 366. 33 )

Group IT + iplwe#~356.01 ) » = Rl»2 5+~ 368.57 F)
Group III + fre#~310.41 #) > = P23~ 332.52 )
Group IV + fplwe5+~289.86 # > = Ir2#»~300. 22 )

BTXA /28418 % — 3P > Group [ ~ I1 ~ T11 + Rl s & S po AF '3 5 /L 6
a1 (), 19%~0.51% > 2+ 5 F B ¥PF + Rlra v £ B pF A b - & o @ Group
IV 4 iplee e o NaCl L 8468 % — 3 PF > v & S PFRF 'S 573 840 0 91, 289 -

A btteF L2 3pF o Group [~ I~ TIT & Rird v & P & W w40 3
A stm e 41, 15% ~ 43.47% ~ 64.30% : Group IV + ipjwa 3ee & 43 P B B 3
Se B3 s+ 0 110, 839 o

™ Repeated ANOVA & 47 » & -+ = ¥ pF 4 v v & 8P Group [ ~ 11 »
[T] feir s 75 B ¥ £ B (p<0.05) » Group IVRAlZ A F L 8 - A 12 ANOVA
% Student-Newman-Keuls Post Test # 45 » % -+ = & ¥ Group [V>III>11 ~
[ 2% 4 2 (p<0.05) > Group I fv Il Pk x £ 8 o

d By £ R PER e RER > Group 11 + Blra s & B Y

LB BTXA 6 % = ¥ B4 R M % (8.22%) 5 Group I~ IT R SST &t

BTXA 6 % w ¥ B4 w4RM % (A% 5 6.30%6.19%) -
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3. &+ 4 ¢ = (Maximum burst discharge) (%2 % 7> @B 21 > B 22)

g

AL bw > & Rtk A4 T TE L
Group I + plve#+1018.65 V> = ="~ 1003.55 ©V
Group Il + Blr2?=981.00 V> = 23+ 949.83 uV
Group III + fre#~978.41 V> = ®l=#~973.56 1V
Group IV + plr2#+856.35 V> = plva3+862.91 uV
BTXA /28418 % — 3 P& > Group [ ~ I1 ~ II1 & e sede < va 4 § 2% 501
St e 8 10% ~ 7.82% ~ 8. 41% > ¢ 5 R B IP F + Rlra vvde x v 4 B M- iF o
@ Group IV + leasvs A NaCl id &4fs % — 3P > v & e kv 4 w4 7% 501 54
w1195, 8696 o AL E A 0 A % - L R4 Group IV
>Group [I1=Group [I=Group I °Group I~ 1II~~1II = &2/ » g228& & 7
B e & f SR IS el ik A R R AP EARIT s X PR LR o
AEte % L 2 FEF > Group [~ T~ TIT + fevwrd & x4 & W v 4R
I st 128, 25% ~ 33.02% ~ 54. T19% 5 Group IV + vz 3k < v 4 R34
Se D)L & 104, 959 o 14 Repeated ANOVA 4 47 > % - = ¥ P+ v 3o &
a4 R Group [~ IT ~ TTT feii s 5 g% £ 8 (p<0. 05) > Group IV Rl &
BE AR o m 2 ANOVA 2 Student-Newman-Keuls Post Test # 47 » % -+ = i¥
FF Group IVSTII>TI~T 2 4% £ B (p<0.05) Group [ fr Il g £ £ -

d T e AL (5 % 12 R 2 5uBTXA 0 4 Rlre v 4 iR AR T, Bu
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fr 5. 0u BTXA %] i » i Group I~ IT ~ TIT #r3®iZ 5 $&4R 2L 8436 chfg & -

d pFRF A w4 T oimend SELE > Group [ ~ Group T11 + e s & w1
AR NI BTXA R S e R vRIRG (AN 5 13.79% 0 19.52%)
Group 1T % 18 BTXA 16 % 7 ¥ F 407 w4 % (14.65%) ° B4sw iRt
BFBAR EETREMR D SMH 4 o Group [V + vz sv "f 7 NaCl ;3 641s

# 1 F B A LT D 05,8496 i1 1S B 2 B A w AR T i1 s o
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4, a4 T HERBA 4 % f (Total area) (8 %4 8> B 23 B 24)

g

AL 0 & R 4 T EHBERBAF A6 FTEEL
Group I + Jre v 65299.43 4 VXS » = Rlr2 3~ 66224. 31 1 VXS
Group IT + ®l»2#+=80596.12 pV*S - = plwe#=82572.81 pV*S
Group IIT + ]2 #~T5672.96 VXS = w2 #~T76818.04 w VXS
Group IV + ®lw2#+~73044.10 pV*S-» = plwa#eT1739.22 p VXS

BTXA /2 8+15 % — 3 P& > Group [ ~ I1 ~ II1 & RIv2off & o Ff "% 5 i1 6w
0. 12%~0.04%~ 0. 11% > ¢ 5 7 28 F - Qlravwed 4 T =3B H 4 @
B - F o @ Group IV + RIre¥es e NaCl /L8415 % — 3FpF > w8 %% 501
B e194, 9890 0 Lt E F BT L e (S B - FPEL RIROIUR EERF A
# - Group IV>Group II11=Group I1=Group I - Group I ~ IT ~ III = =R’ »
BEARBE A R AT P AEZ R o

A1 % L 2P Group [~ I~ TTT + R 3eff 2 6 ff 4 W w 4R Tl
g0 £01 16, 87% ~ 18. 54% ~ 33. 03% » Group IV + RIxa 3 f & 6 Ff B3 4o 373 5
w107, 9T)h o d PP Arp il s % 12305 2. 0ule w4 PR HA
B AR PRI AZ AR T, ou e 5. Ou e B i o i Group T~ IT~ TTT #r3Rit 5 14k

F 3 S AR o
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12 Repeated ANOVA &~ 47 » % - = ¥ 5+ RIFOFE A & ff
Group [ ~IT~TIT feix st 3 B ¥ £ £ (p<0.05) " Group [V R &g F £ & o
@ 14 ANOVA 2 Student-Newman-Keuls Post Test 4~ 7 > % -+ = ¥ BF Group IV
SIII>IT~T 2 8% £ 2 (p<0.05) »Group [~ FaiEx L P o

o R RFEEM AL &M RELZ > Group 11 + Rlwe s eff & w ff 0L
S BTXA 6 % F B 4eF wHRR % (wAR FiL 847 0 8.85%) ; Group I ~ 11

PICE BT BTXA 6 % = B 4ed » R & (A 8w P85 5.29%5.17%) -



5. T ia#g % (Mean Power Frequency) (%2 % 9> B 25 B 26)

g

Al b 0 X R v G E s T T E G
Group I + B,z #~90.31 Hz > = plr2"+-88.35 Hz

Group II + Blv23+90.50 Hz > = = 3+>89. 77 Hz

Group III + w23+ 90.53 Hz > = Bl #~88.33 Hz
Group IV + plv23+~88.73 Hz » = =3+ 88. 23 Hz

BTXA ;18475 % — 3% P > Group [ ~ 11 ~ T11 4 fp)e 3o tasp = %

e T

RS

192, 61% ~ 91. 62% ~ 93. 14% ; @ Group IV + ffsasv> % NaCl 26418 % - &
B vz 2 % B e 101, 7996 o

Adtie % 2 pF > Group [~ [T~ TI1 + Re ve 3245 5 & %] v 4R FIL
sfav 195, 72% ~ 95. 70% ~ 96. 40% 5 Group 1V + =2 3 ff &2 & F R 4v Tl 8¢
e 102, 11% ©

™ Repeated ANOVA 4 47 » % -+ = ¥ PF & Rle 9T #5987 % Group [ ~ 11 ~
[T e bgmvt g iv 5 B ¥ £ B (p<0.05) > Group IV feii b0 vt P & B8 F
Z 8 om 2 ANOVA 2 Student-Newman-Keuls Post Test & 470 % -+ = ¥ F¥ Group
IV>T~II~TIT &% 2 & (p<0.05) » Group [ ~IT~IIT Faigx 4R o

d B:“;-FE'F vy Ll i’H’tF‘ e {J‘;{E_‘;* ’ GroupI IT~ II11 »“_,, ,’Fn]pzz ol i’_:;.}}:?‘,‘

Foo LTS YEvE BT R 0 U1 b T i enfk 2 R R o
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Fo @R RPHERD

AR HTR Y R b 5 s llistar A< B0 H 5 58 5 30-60

i

Tzt FAEFTEEEORES 60X 2R EY > H A EFTAR

A~

¥ o FARWE AT X RRL L R MEH 4 R 0 R T LS BTXA 1
~ > Group I, 11, I11 = je & SR E fodf — 0t g v e ™ " enfia) i1

2

FoNBAIAMEY 20 e 2t RAME R FETIE o @ 0P

k;p‘
=
G

A%
gl

Vs A BB E Ry B2 BFARME KT PHRVEFHRIS ERFREN

N
NN
]
B

kN

C
b

PAB o A RV A EH A AR s 0
FTYARIIPIFD EHT X ABSEE s Growp [, 1L 111 = &
< B A 5 BTXA - i¥ (e » B E v fc™ el a) > 420 R Bl 5 ¢ 1L L G pE R

grEgiteeroiep w22 i 020 BIXA 7% 18 ¢ ROk A2 iR E

Matic &l d F i s? » Wilfpkchig % » T2 b2 L5 33
Flh w4k & A 53 & X DR F(Matic, Yazdani et al. 2007) -

AR BN P o e g A it A (Bouvier and Hylander 1984;
Kiliaridis, Engstrom et al. 1992; Ulgen, Baran et al. 1997) ~ »v*r B¥
#=(Maxwell, Carlsonetal. 1981) ~ #v*» G #(Navarro, Delgado et al. 1995)
23 F# A 5 (Phillips, Shapiro et al. 1982; Behrents and Johnston 1984 )

Fo3F 0 v s engda BT &% % st g (Gardner, Luschei et al.
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1980) o fed AFBhorieshz * RIPR A E7 o Wi 2 HE 2+ B

SN~

N

2EFT R T T ALIIFHRLFIE 2005 2 2008 E E=EHEFY Y
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Yo v g2 R
V{Bm ‘-_vp \:&_B’bﬁ-ﬂ;t‘ %ﬁﬁ%&’\ ~ L]fIZ”FTJ E,‘ﬂé E’j”ﬂ"‘-‘}b{ o j‘?ﬁﬁ'/‘]& '%‘7}:3: J’E:‘].—%'

F A RO 5 B ERE A BHA A A s peoaE e

=)

5 o

e veagnRE (muscle wet mass)> & > o v 22 e Rt &
+ fplegpvE § T35 0 Group [V>Group I11>Group [1=Group I -
SRCE R TS e w2 R G RVE I EFALR -
Fd Blep o 4 Rt
Group I~II~TIT: = ®I>+R (83 F EFLE) o

Group IV : = i)z

- p e
Foeghlr o 1 BIXAFEF ¢ @ = rdd X & £ R4 2 LA E
AR @ A HFenITA) ¢ ARP (+ 1 : Group II11>Group [1=Group 1)

Rm Group II 4= Group I + Rl vvE £ 4piTeni % > ¥ i e FIE_© BTXA &

\“‘\“J

© SAZW % — critical dose level » Flpt @ A& L w F i > HE % gr
RN R s

AR HE T ASE A AN SEF R A T i A £ E
% g fer 5 chi % 4p i 0 4o 0 Cheryl R, A 2002 & # pasigm

B oo ko0 EOERE LN GE AR 4 A S R0 22 By

oy

EE fedpdlev oo g0 7 38%(Billante, Zealear et al. 2002) - Chen
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et al & 2002 & TR L Bor » A AJI R S/ FAF EF Z3 0 &
PRI LN B o ek 3 PR X ME A0 v 2R E (muscle wet mass)
B Mt x g4 gy 2 B € (Chen, Stott et al. 2002) - 2008 & =
TBEFTY ET 0 R ABEE A AL L P & R s i

)
2 A

(s > e 2 TR E (muscle wet mass) ¥ M3t A% pivp 2 JRE o
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28 wyvEH AR LR
AEERFIRIVER AR > F kRGP B P
FRAVLEIVUE BB 0 TRk U T BRPREAP RITHRICGESEFERAILR !
1. & & =% # (Bursts number)
2. % &pF®F (Total duration of bursts)
3. H*we4 ¢ i+ (Maximum burst discharge)
4. 24 R HPEFERAHE LS o (Total area)
5. T 3o4F & (Mean Power Frequency)

HBAEA S o A ES - ¥R Group I~ 1T~ TI1 & fleaives £330

A EfE % L 2% Group I~ TT~TIT + e 9o 2 3= 38 P 3573 “7R4R >

Lo AERHE P oA E R FALR o ANRE P T 0 JLE{

% 12 3%+ plre e Ed & I ¢ Group IV>Group I11>Group I1=Group I -
d 2V e Al b % 123 D Group [~ 1 %= BTXA ¥ea 3w ds frd| cnfe B
gedii Group I1I 2% » @ Group 1 ~11~111 + TE'J""\Z““%‘P%’KJE’;E 4R ¥ BTXA

A Bt ek Ay o

F BT B RIVER i LS > Group | ~ 11 + Rlve veiE # 801 &
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BTXA 16 % 4~6 ¥ B 473 w4 IR % > Group [I1 B].S L & BTXA 15 % 3~4 F ®
W PRI c BRI AMHBIXAR Y 128 > vOvERETRTE DR
M3 4 o Group 1~ T 2+ v svE e w 4R e & {24 07 0 2 &8 % 3 4 Group
[T 24 ; Group 111 fevesvgd wip & 4+ 3 324> Group [ ~ I1 24 Group
[Viez B ot &% 87 1 7.0ufrb. 0u BTXA $F+ Bl pwsvp Ef frdg) o

R 2.0u 85 2R A 7. ou BTXA $ed v g g v & frit 5 B AR < 3t 5. Ou
BTXA -

Group IV + fjra s> £ 7 NaCl i sts % 1 3§ ‘@A 5 L eeh™ % > 1 b
% 2B AT D g vuE R A I o @ Group [V A NaCl j3d4¢s
¥ 13k RS R T R Bl T ELF] A LS A R R g
F GRS T A A LS BRI i et R Tt NaCl
A B 1 AE (S o v IUE S MR P B ek i o

AR T ASALE I EAREE F o T I ER o B
BRAFRY g R Aol

Cichon # 1995 #1%F 4 e Bk &7 ¢~ v Bl {8 % Ay ¥ L% botox {6 H~T % »
CMAP #=t& (compound muscle action potential amplitude) fesv~p 4 &
(muscle force) 2% ¥ & "% ; B F R pr MMl ko 4 R o CMAP 3=
tgfosep 4 & T F R R fofh o ehid B e botox L S+® € 7 M o Inagi, 1998

YR SRR DL A R EN SR F AP 6 BFROE S EER &
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g

LGSR F sy RFRIETS & TR EFE TR REAS

(0.0007~0.7 U) » B :@d 2 voT HLT " (73,4880 F - Billante % 2002
S AR AT 0 AR AR I S0 BB e e UL TE Y )
33053 90~110 2 5 2 H £ AXF » [E7vCq B et sudkds » Bokd X E o

# D ~
A E

=1

0.625~1.25u A AIE F 45 FE~ 7 i 2 80%P R U LAEET
@ 2.5u~10u & & » &+ ¥ L% 90%~99% =3 +7 2 EL o @ recovery onset =1
FFR:0.625u—=>20 % ; 2.5u—>4¥; 10u—=5~6i¥ - JianjunMaetal., 2004
A e e BR AR © 0 E 27 Bunits B R o LT A AR F 4R AL By
LS 12 o PCRAEL S VR R E 4 R RIDRF S FREI o H P R gl

(% RGE FAGAE) LB = X T3 AME (945 28%) ;5 iisf

\m

62~ 4FF4 WARIL G S LSS 3B IR T I dl e 82 i tie 6 1B
IEAE97% 618 12 B " 3 F24) 2 107%(Cichon, McCaffrey etal. 1995;
Inagi, Connor et al. 1998; Billante, Zealear et al. 2002; Ma, Elsaidi
et al. 2004)

d AR A REMNES EE O B R %Y o BRI S
SO AE U floa yaes B 3§ eFpedt e o 4e(Cichon, McCaffrey et al. 1995;
Inagi, Connor et al. 1998; Billante, Zealear et al. 2002; Ma, Elsaidi
et al. 2004) » 4k Z $Fee gy g d 2 FR3F o FlPt > AR AT E2 T - B

SR A BEP FEEE AT BRI Been i B e

\\\?{r

+ o
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b A R B VR BIELRIE N FAFALR o b
Billante # 2002 #7% # p & 4% f & #rf] * K=o S5LanR & o P

= 7\ § 254k evoked EMG potentials( & il s 7 =) @ Ak F 4 ghLeta

Pl i m e B A LT oy e Mg T el a A F
3o M ELe> 3V & _Spontaneous activity (p A # s Emd T m) o3
B BB P AR Al iEdR o T A B b anu B R S N g

B A e oo

% Jianjun Ma , 2004 «9 &g 7 » + g w2 gt (F miRtE)
fii b botox f& - B % > ¥ MRAR I 4EF1E 9Th > ¥ P AR ST BTXA /L 5t 18
S A S TR AR 2w AR I EA LS k& o @ Billante
2002 e F B > iidtbotox = B Y {8 ok B IUILY g B AR R
Eypir st £ 3 (0.625u~10u) ¥ w4 7| 20%~80% > = HEAXF > Blw
BB RARN > L EE e AR R TR A IRGIRR DT o d G F
25+ BTXA e £ 7 I > Group I v Group 11 + f{va #vis 8 4 e a5 £ 4p
w2 F gy en i FIAL D BTXA &€ @ 5448 ~ Bwaveiicritical dose level »
Flt T M EARZES Oum Lo PR BRRADEEFIIR G REEFCR R
% fr Shaari and Sanders # 1993 ofF 2GS % 4 > H %81 187 P
A& 7 BTXA »* +~ v B tibialis anterior muscle (0.02 ~ 20.0 u) > /%

SRR > o BRAT A AR S S e F AR50 uo vop BRATA Pz d 2

64



A7 ¥ 3 +v (Shaari and Sanders 1993) -

Flmshend B o LR F B A B R et R s
BB T c HE R o hi iR R FEG
E 3P %Eiivf‘ﬁ'%ﬂj v T ymeepg g %79 ff (mean fiber cross-sectional
area)fi -] ~ veik e ® 2 %) (Porter, Strebeck et al. 1991; Borodic
1994)-1997 # Ansved ¥ 7 7 kg7 & & A4 54 % A3 § & < 88 type [Ib
fibers »v& & size - (Ansved T,1997) o i jieng &7 & 1 » S8 H D
Ris o FRee FooeR ATz Bk D R RAF Va4 feh type 11D
fibers #& it 5 % i 5t 4 #&F type [la fibers(Green, Klug et al. 1984;

Slivka, Raue et al. 2008); » & %

/4

TALA L FFH € 3¢ & type [Ibmuscle
fibers s+t 5|34 4v (Kriketos, Baur et al. 1997) -

M BT A Ble v A 2 > Sano & 2007 e AT 0 et Bla Blen
e s B2 g IR type [ fibers s @ R R 0 ¢ 7 7 B b
e type [la~ [Ib~ IIx fibers(Sano, Tanaka et al. 2007) - 7 2008 & #&=
THEFLYEA R AR S A AAEEN A £ L Rege s &
Bk E R D RIVRAR I BCR AT A A W TR N
4 #® 0 type Ila fibers 7 ## 5 & % 385 2 chehtype [Ib fibers ¥
oo F|pL ik s 0 FF MR ERLeRe 4 o B3 € B A v e I Al g 4

f#3& > d type [la fibers ##& 5 type IIb fibers ei2j o
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d AP HROGET LR HRFEU D Ol o T IR 44

FF AL AR o AR EN S EARM 30 F SNAP-25 % &

-

-2 RAS BRBANGBEIE  Ed RYTA S v ISR, 3 rup AR,

Bk BROCE AR P f AR EE R R R Sl e %

|
™
|
F
G
%
*rgu

Fp IR g R R G ) o R e
LA 2 S iy o R LT BRUELDA LY o 0 0 R B R
W2 e m TR Bt g BRG] foeRan Al e g ©
FREE st S SEEREE S NP R i SR Tl
LR F A CR AR B G o M rR AR R e AR o R Y PSS €

A% (Kupa, Roy et al. 1995) o @ #— £k & Rk agmwvpg » ¢ A S 2 T

‘.J
»‘:‘—

SHF 5 ¢ e I =4 (IR % (Finsterer 2001; Toffola, Sparpaglione

et al. 2001) o g** » = 3 AT 40 AR R Y HT M 5 (Mean Power
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§292.00 831883 833333 7637.00 8317.00

post 8w | post 9w | post 10w post 11w post 12w
B9 019 3547 3700 4040
2094 342 %10 BT LN
585 46097 088 54 5570
10020 10153 10071 9321 10151

e B8 14,812 3%

4:% : Group IV >Groupl | I >Groupl ~ Group | |
8 : Group IV >Group ! Il >Group!| ~ Group | |
12:%  Group IV > Group | |1 | > Group | ~ Group | |

ANOWA
IEEE12
Sum of
Sguares df hean Souare F Sii.
Between Groups 14797.871 3 4932 624 G4 476 0o
Within Groups 16520.075 20 7E.504
Total 16327 .946 23
EadiE12
Subset for alpha = 0.05
GRO
LIF [+ 1 2 3
Student-Newman-kKeuls? 1 F |4.1050E1
2 B |4.2998E1
3 ] 5.6B273E1
4 B 1.0250E2
Sin. 704 1.000 1.000

Means for groups in homogeneous subsets are displaved.

a. Uses Harmanic Mean Sample Size = 6.000.
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(%4 6) %2 £ pFF (Total duration of bursts) it £

Total duration of bursts (S)

pre 2w | pre 1w | pre-nj | average | post 1w | post 2w | post 3w | post 4w | post Sw | post 6w post 7w | post 8w post 9w post 10w | post 11w | post 12w
Groupl 36230 33450 31784 33821 L16 376 750 2133 3203 4055 4956 7197 9262 10422 11766 13918
GroupIl 34210 37217 35378 35602 069 250 717 2206 3420 5059 6532 8650 10009 10450 13019 15479
Group Il 31706 299.17 31502 31042 160 700 2553 7597 9737 10245 12380 14303 16025 17340 19095 199.60
Group IV 29893 27768 29298 280.86 204.61 30354 306.51 31874 30538 31266 20438 31556 31239 31268 31504 32127

Total duration of bursts (Percentage to pre-inj average)
average | post 1w | post 2w | post 3w | post 4w | post Sw | post 6w | post 7w | post 8w | post Yw | post 10w | post 11w | post 12w
Growpl 10000 034 L1 222 631 947 1199 1465 2128 2738 3082 3479 4115
GrowpIl 10000 019 072 201 620 961 1421 1835 2430 2811 2935 3657 4348
GroupIl 10000 051 226 822 2447 3137 3300 3988 4608 SL62 5586 6151 64.30
Group I\ 10000 9129 10472 10574 10996 10535 10787 10156 10886 10777 107.87 108.69 110.83

2 ANOVA % Student-Newman-Keuls Post Test 4 7 > ‘* #&i3 &8 1,4,8,12 iF »
P LR R EHFAL R AT

A etis 1% 1 Group IV > Group |l ~ Group | I'~ Group | 1 1

A 5S4 P Group IV >Group | |1 > Groupl ~ Group | |

A etts 8% 1 Group IV >Groupl I'1 > Groupl ~ Group | |

A s+t 123F C Group IV > Group | 11 > Group| ~ Group | |

Astis % 12 3% ANOVA & S-N-K 24 = %

ANOVA
iEEE12
Sum of
Sguares df hean Souare F Sii.
Betwaen Groups 18729.826 3 G243.275 424 0o
Within Groups 2938639 20 146.932
Total 21668465 23
iEHE12
Subset for alpha = 0.05
GRO
LIF [+ 1 i 3
Student-Mewman-kKeuls? 1 E |4 2E52E1
2 B [4.4923E1
3 B B.3545E1
4 B 1.1211E2
Sig. e 1.000 1.000

mMeans for groups in homogeneous subsets are displayed.

a. Uses Harmaonic Mean Sample Size = 6.000.

86



h
i %

(4 7) dtwd

i (Maximum burst discharge)

L2 =+
,fv‘u%‘l‘ ~

Maximum burst discharge (uV)

pre 2w | pre lw | pre-inj
GroupI  950.860 106649 1038.63
GroupIll 94076 992.13 1010.13
Group Il 94368 98828 1003.30 97842
Group IV 906.07 92241 85486 85635
Maximum burst discharge (Percentage to pre-inj average)

1018.66
981.00

8253 9097 9597

8237 100.68 10961 19103

21861

average | post 1w post 2w | post 3w post 4w | post 5w post 6w | post 7w post 8w | post 9w post 10w post 11wpost 12w
14057 14904 1524 17018 20523 21220 230.59 25763 28783
7672 8878 9563 10979 14374 150.53 18512 18579 19535 25643 27430 32398
25037 27717 32100 38380 43473 46443 53537
82093 903.77 889.06 86279 839.63 885.00 889.29 876.83 87481 B8B83 88814 89879

average | post 1w post 2w post 3w post 4w post 3w | post 6w | post 7w | post 8w ' post 9w post 10w post 1 1wpost 12w

042 1380

1119

10000 810
782 905 975
8421029 11.20

05.80 105.54 10382 10075

Group | 893
Group 1T 100.00
Group I 100.00

Group IV 100,00

14.63
14.65

15.34
16.26
1952 203 2559 83
10389 10335

1671
18.87

20.15
18.94
3281
10385 10239

102.16 10379 10371

2083 2264 2529 2826
1991 2614 2196 3303
3923 4443 4741 4T
10496

2 ANOVA % Student-Newman-Keuls Post Test 4 7 > ‘* #&i3 &8 1,4,8,12 iF »

ER I

3 TRl ith s 4 i BRFL R 4T L

A etis 1% 1 Group IV > Group |l ~ Group | I'~ Group | 1 1

4:% : Group IV >Group !l I I >Groupl ~ Gr
8i : Group IV >Group !l I I >Groupl ~ Gr

ERIRE
ERIRE

ERIRE

oup | I
oup | I

12:%  Group IV > Group | |1 | > Group | ~ Group | |

Astis % 12 3% ANOVA & S-N-K 24 = %

ANOWA
IEEE12
Sum of
Sguares df hean Souare F Sii.
Between Groups 19290.207 3 G430.0649 147106 .0oo
Within Groups ar74.208 20 43.710
Total 20164 415 23
EH{E12
Subset for alpha = 0.05
GRO
LIF [+ 1 2 3
Student-Mewrman-kKeuls® 1 E |2.8835E1
2 B [3.3173E1
3 B 5.4870E1
4 B 1.0020E2
Sig. 243 1.000 1.000

mMeans for groups in homogeneous subsets are displayed.

a. Uses Harmaonic Mean Sample Size = 6.000.

87



-+
%

(% 8) 24

PR B %A 5 4 (Total area) szt 4

Total area (uV*S)

pedv | oprelw | predn
Goupl 7101588 6253915 6174327 6929943
Goup Il 777609 8326046 7876712 805%.12 39,03
Group I 7146445 7600058 7955386 75672% 86,19
Group IV 73800.62 729750 THS.18 304410 6938252
Total area (Percentage to pre-Inj average)

R
910
18769

BT 2941
16381

4031

post 2w | post 3w
04 083
01 06
06 148
10218 10381

average | post Iw
10000 012
[0 005
10000 011
10000 %49

Group
Group [
Group I
Group IV

15360
15660
6700,

post 4w | postSw | postow | post Tw | post 8w | post%w | post 10w | post 1w | post 12w

13
19
88
103

310M

T 18487

§ 816519
l

§ 113
LA
) 1%
411209

average | post 1w | post2w | post3w | post4w | postSw | postow | postTw | post8w | postOw | post 10w | post Ilw | post [2w

URI0 44 63783 TD3 8863 89356 1102031

GI7LT2 4AL10° T36874 886780 964300 1101119 1494368

0% 1248606 1611150 1816589 203563 263472 99775
l

TH33%9 T82448 8074224 81499 TAAZAR0 TROBLDS TBIE0SE 43086 THTE TEILSA3 TReeR4

Al
9.4
1LY
10700

1154
100
2401
1018

135
119
269
106,04

AR
518
12
10189

640
6.1
1650
10690

!
KL
B3 1
1Y
10749

l

6.8
834
30
10797

2 ANOVA % Student-Newman-Keuls Post Test 4 7 > ‘“ #&i3 &8 1,4,8,12 iF »

~Group ||~ Group ! ||
~Group | I ~ Group I | |

Lx BL R RMSH A G ff > EHFLRE 4o ¢
A etis 1% 1 Group IV > Group |

A etis 4% 1 Group IV > Group |

A etts 8% 1 Group IV > Group |l |1 > Group |

A s+ 12 3% Group IV > Group | 11> Group |

Astis % 123 ANOVA & S-N-K s & = 24

~ Group | |
~ Group | 1

ANOWA
IEEE12
Sum of
Sguares df hean Souare F Sii.
Between Groups 325734 3 10738.577 97.286 .0oo
Within Groups 2207 6522 20 110.381
Total 34423352 23
EH{E12
Subset for alpha = 0.05
GRO
LIF [+ 1 2 3
Student-Mewrman-kKeuls® 1 B [1.7722E1
2  |2.0169E1
3 B 3.3577E1
4 B 1.0727E2
Sig. 691 1.000 1.000

mMeans for groups in homogeneous subsets are displayed.

a. Uses Harmaonic Mean Sample Size = 6.000.
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s+ 21 &

(% 9) Tia4p % (Mean Power Frequency) %iit 4

Mean Power Frequency (Hz)

predw | prelw | prednj | average | post 1w | post2w | post3w | post4w | postSw | postow | post Tw | post8w | post 9w ' post 10w post 11w post 2w

Goupl 9066 8979 9051 %030 865 819 84 89 B KT 863 IO 87 B KB %6

Goupll 8974 910 9066 9050 829 830 B0 W7 e 8 A 865 8 84 8BX 866l

Goupll 9099 8964 9098 9034 8433 8434 8460 84T B 8§22 83T 830 I BHU M4 §Y

GowplV 8915 8774 931 873 %032 903 077 013 00 N0 88 08T 9L 08 HM 906l
Mean Power Frequency (Percentage to pre-in; average)

average | post 1w | post 2w | post 3w | post4w  postSw | postOw | post Tw | post 8w | post 9w | post 10w post 11w | post 12w

Goupl 10000 9262 9277 240 9255 46T U430 W& BB U Y46 W% 973

Goupll 10000 9163 9226 9248 9322 9355 9486 94l G464 09T 93§ 943 9571

GoupIl 10000 9314 9337 9344 9341 9376 9413 9540 9532 9515 92 948 964l

GroupIV'- 10000 10179 10182 10229 10057 10233 10030 10124 10241 10264 10235 10091 10211

2 ANOVA % Student-Newman-Keuls Post Test 4 7 > ‘“ #&i3 &8 1,4,8,12 iF »

LA L RTINS ERE L B 4o

v
A 5+is 13 1 Group IV > Group | ~ Group | | ~ Group I 1 |
A etis 4% 1 Group IV > Group |l ~ Group I | ~ Group | 1 1
A 5+is 8% 1 Group IV > Group | ~ Group | I'~ Group | 1 |

A s+t 123 Group IV > Group | ~ Group | | ~ Group | 11

Astis % 123 ANOVA & S-N-K s & = 24

ANOWA
IEEE12
Sum of
Sguares df hean Souare F Sii.
Betwaen Groups 171.438 3 A7.146 G.807 0oz
Within Groups 167.907 20 8.395
Total 339.341% 23
EHiE12
Subsetfor alpha =0.05
GRO
LIF [+ 1 2
Student-Mewrman-kKeuls® 2 E |9.57572E1
1 G |9.59068E1
3 B |9.63812E1
4 B 1.02164E2
Sig. 826 1.000

mMeans for groups in homogeneous subsets are displayed.

a. Uses Harmaonic Mean Sample Size = 6.000.
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(R 1) ¢ #1554+ % %4 RF (Turton, Chaddock et al. 2002)

437 Light chain (LC) 1
I

Cysd30

Cysdsd
.
448 {Hy) 872 873 (He) 1295

Translocation domain Binding domain
Heavy Chain —=
!

(R 2) ¢ &#FH+ 53 % F* B (Turton, Chaddock et al. 2002)

Motorneuron
LC
e
Hy COHe Cx:o D
O D %@
% L
Secretpp,f ACh \']9
vesicle Assembled
SMARE
VAMF;/ complex
Syntaxin
ACHhRP ;
e/ -
Muscle _
TIES
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(®3) @& H i~ (Motor Unit)s & B (Peter Konrad 2005)

Motor Unit
Alpha
Motoneuron
Muscle
Fibers
( Y 7 N 4]
A=
Tl =N xeiation
{  —
T - 1

(Bl4) Motor unit action potentialsnZ # (Peter Konrad 2005)

Superposed signal of
the whole motor unit

I 1 i ] 1 _\f\_

o motoneuron ﬁr{\] +
=" i)
. Al . J\/f

-l +

— | +
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([ 5)
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(B] 6) z4x7F MELPF> & * — 1% socket-matched miniature headstage with
FETs @ﬁ%”’“? WEL o @ﬁ%]fs‘%l— R F %k BER AR R IR

miniature connector & #3 R pinsm ¥ — =3P 425 amplifiere

(B 7) 4-channel amplifier
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(B8 TH:mesm+%

/ m. frontoscutularis
m. temporalis
~ m. zygomaticus

~ m. levator nasolabialis
: m. caninus

m. buccinator

deep portion
superficial portion

} of m. masseter ¢

TR @Y
TEF A IPRET S @R Pl M E superficial masseter m. %A 2
R acRE g gw b2 2.0mm 5w R ERATE ME g ¢ BT

2.5mm % f6 > TR ET_=Z o & #E bipolar microwires k& #% T B & ¥ 4 T

= superficial masseter m. fiber 4_w -
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(H19) i f Lot

m. frontoscutularis
m. temporalis
; m. zygomaticus

[

m. levator nasolabialis
m. caninus

m. buccinator

&

deep portion

ici ' : rs
superficial portion } of m. massete

RN Ll

TR A IR - A gt @ SGE A superficial masseter m. #% 4

B ac M aY B i1 bR o
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(B 10) 5= 13 7& (Root Mean Square) (RMS) ¥ 2 = & EMG/E#H » & 35 ¢
- Total numbers of burst sz & =t #

« Total burst durations (sec) vz & pFpF

;Bf\;.

« Maximum burst discharge (uV) &=+ F =
Intergrated activity (Area) (uV *S) w+ & =H R HF 4 ¢

Bz~ KB apF » wivs ﬁv—]‘f/]]\ RMSH’]/FU

= L Ll

-1000
1000
I |ﬂ|

g |L_.l'!|'|||;‘" -'U',—-_,I

I|v

” |\ || I| i |'| || ||| r| |1|

l I| |-|IH—»—4-I:H— |‘n aada AL L 'j_ |r|| 'l‘ 2.

97



(W 11) B3« B8 o s s £ RIS B7)5e 8

Time (g

au.bpp dr~ 080417 0 (080312)
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(]%]12)@‘]?;\—’: xE*.a};'li"ap,Lsm ﬁ?;f/]}\ﬁi*};ﬁ?& B
(power spectral density) B7)3e4k

& 47 4 T 394 & (Mean Power Frequency ) (MPF) *:®f

v iuis d B EMG 2 848 5 (frequency domain) o
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(B 13) ~ B4 £ (g)-FF 7 (weeks) B % ' 4[]

Mean Body Weight

700.00
—
(7]
E 600.00
&

500.00
Q = —_——7.5u
E 400.00 i £ = —=—5.0u
D T
= 300.00 L S
[T} H’ 1 25U
g 200.00 —
=)
O 100.00

0.00

pre-inj pre-inj pre-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj
2w v 1w 2w 3w Aw Sw Gow Tw Bw N 10w 11w 12w

Weeks

(B 14) 92+ 16 & o+ QA E(QM % H

B memes

8007 W wes P

500

e
=]
[a=]

1

Body Weight (g)
T

200

100

Group

Error bars: +/- 2 50
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(Bl 15) & &~ &+ plrased &0 1 fl

Right Masseter Muscle weight

2 5000 * % *

2.0000

1.5000

1.00007

0.5000

Right Masseter Muscle Weight (grams)

=]
=
=
=
3

Group

Erar bars: +/- 1 5D

* . P<0.05
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(Bl16) & @+ KEplrayee £ 1 F

Masseter Muscle Weight (grams)

2 5000 Brioht
ELeit

Muscle Weight (grams)

Group

Error bars: +/-1 5D

* : P<0.05
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(117) % Beere(st & 5 40§ (3 S HOM W

Bursts number (Counts)

10000

9000 ~

8000

7000

6000
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2000
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Bursts number (Counts)

pre-inj pre-inj pre-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj
2w 1w T 2w Iw b Sw by T Bw Owy 10w 11w 12w

Weeks
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(18) * Bl v e (L6 (60 & S0 HHRARALR T 408

Recovery percentage of bursts number

120 -

-inj

80 -

60 4

4

Recovery percentage to pre

pre-inj  post-inj postiinj postinj postinj postinj postinj postinj postinj postdinj
average 1w 2w E Aw 5w [ Twe 8w Dy

Weeks

post-inj
10w

post-inj
11w

post-inj
12w

m7.5UR
m5.0U-R
m2.5UR
u0.0UR
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(B 19) + Elrar(vd & PR (T H T HOM (2R

Duration of bursts (sec)

400

350 -

300
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200
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Total duration of bursts (S)

&\\

D

\
\
\

\

/

\

pre-inj pre-inj pre-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj

2w 1w

1wy

2w 3w A Sw Gw 7w 8w Oy

Weeks

10w

11w

12w
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=@ 5.0U-R
—a—2.5U-R
e ).0U-R
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(B 20) ~ Blva vl o2 bt 150 & PERPPRAR AR | A0 0

Recovery percentage of total bursts duation

— 140
o
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E 120
o
8

100
a
=T}
[
€ 80
Q
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p =
Q 60
o
e
@ 0
>
S
@ 20
o

0 -

pre-inj postinj postinj post-inj post-inj post-inj postdinj post-inj post-inj  post-inj  postinj
average 1w 2w E Jw Sw Hw T B Qw 10w
Weeks

post-inj
11w

post-inj
12w

m7.5U-R
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m2.5U-R
u0.0U-R
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(R21) * Reavu(do*vad T )H(F HRTHOM HH

Maximum burst discharge (uV)

1200

1000

800 \
—+—7.5UR
/ —=-5.0UR
400 ——2.5U-R
\ // ===().0U-R

Burst discharge (V)

200
0 T T T T T T T T T 1
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Weeks
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(B 22) ~ By i oo (S b2 v 4 T Ak 7 A v

Recovery percentage to pre-inj

120

=
(=
[=]

80

60

40
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Recovery percentage of max. burst discharge

pre-inj post-inj post-inj post-inj postdinj post-inj post-inj post-inj post-inj post-inj post-inj post-inj post-inj
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(B 23) & Rrare(va 4 - A & #)H(F % BN 4 E

Totalarea (uV*S)
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U U] 3 Ko v B2 4 v _ + )\ = 1% - = )\
(B 24) ~ & fed bfm fove 4 R fF A 5 fAIRRAZRE 4 v
Recovery percentage of total area
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‘= 120 4
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.
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0 i
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(B 25) =

B sfu( T yaitg

¥ (F HTHEOM 4

Mean Power Frequency (Hz)
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Mean Power Frequency ( Hz)
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(1] 26) + Bvseidm i bbb (4 T 304 IR AL | A W

Recovery percentage to pre-inj
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