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Abstract

Title of Thesis : Effect of Reduced Masticatory Muscle Activity on the

Muscular Tissue of Growing Rats

Author : Lin Yi-Chun
Thesis directed by : Chi-Yang Tsai, DDS, PhD (Graduate Institute of Oral

Science, College of Oral Medicine, Taipei Medical University)

<Objectives>In recent years, more and more patients receive

Botulinum toxin A (BTXA) injection of masseter muscles to change their
facial contour. The change is due to the reduction of masticatory
function. Many past animal researches indicated that reduced
masticatory function caused atrophy of muscle and morphological change
in the growing period. But we still don’ t understand exactly what
happen on masseter muscle fiber after injection of BTXA. The purpose
of this study is to clarify the changes of muscle fibers on histological
level. <Materials and methods> 60 30-day-old rats were randomly divided

into 4 groups. Each injection consists of using 25U/ml of BTXA divided



according to : Group I-injection of masseter muscles. Group
[I-injection of temporalis muscles. Group III-injection of masseter
and temporalis muscles. Group IV (control) - both muscles received 0. 9%
normal saline. After 45 days, the rats were perfused and sacrificed.
The weight of masseter muscles were measured, and immunohistochemistry
analysis of superficial masseter muscles was done. <Results and
discussion> The size of muscle fibers were smaller in group 1, 2, and
3 than control group. And there were a small percentage of type Ila
fibers in study groups. <Conclusion> The reducing masticatory function
may result in reduction of size of masseter muscle fibers and transition

from type Ila fibers to type IIx or IIb fibers.

Key words: masticatory muscle, Botulinum toxin A, muscle fiber type
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ERN X B %

Peh B Rl B2 R A 5 N K v ve(superficial masseter muscle)
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2. *» % @ i¥ : Immunohistochemistry
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type [la fibers % type [Ix fibers z ¢ & & 1! type [Ib fibers

L B o
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@ *» P iTiEAE

O HR A o HEANHELY o B N D um B R BT HA R e

® v Xylene 2 Py isifits > ¥t citric buffer(PH=6.0)% % ¢ -
B 121°C ~ 20 psi #F 7T % 10 A4k o M B2 B it e BB
protein i antigen protein ¥ B E & &k o

© = PxEY 39 H202 air 0 3 ",% S ¥ ) peroxidase i & &4 -

® 0.05% saponin i3 i » ¥ & v FLREE Ik 0 BRI R
Bagd ko

® 1% bovine serum albumin fe %724 2 43k (non-specific
antigen) > ¥ ¥ F L o

® ‘v 2 /¥ Biotinylated goat ant-rat IgG = % 2 #48 > &2 % | =

=

Rl

@ ‘o2 FiaEFPY -3 -3 4F £ (streptavidin—-peroxidase
conjugate) » B4 2 % 2 AL L o

© 4crDAB(%¢ ) 54 o
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3. 7 PR
11 85 e %8 (Image-Pro Plus®, Media Cyvermetics, Inc.,USA) 3+ & w

AR gLl s 2R A (Type 1la, IIb, 1Ix) A % b 6 o

30



F1*% ANOVA 2 Post-Hoc = ;2 ® e Tukey Test ‘* & § B e &2 ] e 2 FF
LR gEseE § o8 ¥ g voveigda s o) s ) (Type [la, IIb, 1Ix)

AR R LK s F 40 L
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% — & Long-Evan + & &g £ % i
FHRY T > %2~ B ERH a2 £ (overall body weight)» &

23 ERAEDT > FXHTPEHERRIFLFR THE S -
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EByvnE Fac (£ ~Ble ) #77 oGroup [ 22 veE£ & 5 1.384 g
Group IT zwasvE & 5 1.367 g Group [I11 223 vE £ 5 1.029 g5 Group IV
2 vivE £ 5 1,497 g

2 ANOVA 2 E i85 72 ¢ eh Tukey test 7 7v £ 33t 3 & vh¥_Group |
>Group 11T (P<0.001) ~II>Group III (P<0.001) ~IV>Group III (P

<0.001) ~Group IV>Group II (P=0.042) -

2. v

LlagrenE 40 (43 ~ BT ) #77 oGroup I 2 ggir~£ £ 5 0.633 g
Group IT 2. fg»~E£ & % 0.381 g Group III 2 gg*~£ € 5 0.332 g Group IV
2 FeE g5 0.625 g
2 ANOVA 33t 50> 2 ANOVA 2 F {6 fia 2 2 ¢ ahTukey test @4 &
3t R & DE_Group [ >Group [T (P<0.001) ~ Group [>Group II1 (P<
0.001) ~ Group IV>Group I1 (P<0.001) ~IV>Group III (P<0.001) -
*’,Thﬂlima RELR > P& D Group [=Group IV>Group I1>Group

[1] e & o
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S N Ryungia st o 2 iR
{

NS

ER Kok ot ol e (£~ B2 ) “r o Group [ 2 5k 4
JT 3% 965 um’; Group 11 zsvgs~ ) T35% 958 um’; Group [T 2 9%
gL Tias 686um’; Group 11 zvvghi< ) T35 1122um’ -

2 ANOVA z_ % 5 & % (Tukey test) # 4w : Group I 2z e~ | &g ¥ =+
** Group III (p=0.039) ; group Il z_#v%k e~ ] & % + 3% Group [II
(p=0.046) ; Group IV z_ »vg &~ - &g % + 3> Group [II (p=0.001) - Group
[ ~Group Il ~Group [Vz R« & szt b eng B o e %ij*ﬂ B oRELR o v A

A Group IV>Group [=Group Il &% -
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Fr & S ko AT YA F L b2 bR

s gy ant blde (£ ~ Bl- ) #7o1 o 72 ANOVA 2 ¥ {4k €2
Tukey test i\*g v BBt & 0F 3 type Ila muscle fibers &3+t &) Group
[1>Group IIT -

1. Type Ila muscle fibers (% ~ ~ B~ )

Group I 2z type Ila muscle fibers #7it > 3% muscle fibers e+t & &
19.0 %; Group II 2 type Ila muscle fibers #7ikt &) & 35.8 %; Group 111
2_ type Ila muscle fibers #7i&t &) % 12.9 %; Group I1 2 type I1a muscle
fibers #rik vt &5 31.5 %o

2 ANOVA 2. % 78 % = (Tukey test) i +v type Ila fibers # Group II
¢oarib et G o B F % Y Group [11 (p=0.014) - (% ~ ~ B4 )

Group I ¢ type Ila fibers @7 19 % v Group IV 7 31.5 % #& A E 3|
szt b i pe o 2 Group IV ¢ e type [la fibers P 2 % ** Group I -

%’,T*uﬂ TiaE kpp 0o &R Group [1=Group IV>Group [>Group

[I] en % -
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2. Type IIx muscle fibers (%4 ~ B+ ~®B-+-)

Group I 2z type IIx muscle fibers #7ik >¥% muscle fibers b 4] &
22.4 %; Group Il 2. type IIx muscle fibers #1ik+t 5] & 21.2 %; Group I11
2_ type IIx muscle fibers #7ik+t 5] 5 23.3 %; Group II 2. type IIx muscle
fibers #rik vt & % 26.9 % o

2 ANOVA & = 1% 5v > type [Ix fibers #7 ikt o) fow 2@ @ 33t b e

HELR o (24 ~F4-)
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3. Type IIb muscle fibers (% -+ ~ B+ = )

Group I 2 type IIb muscle fibers #7ik >¥% muscle fibers b 4]
58.6 %; Group Il 2. type I1b muscle fibers #tik+t 5] 2 43.0 %; Group I11
Z_ type IIb muscle fibers #7ik b & 5 63.9 %; Group IV 2. type I1b muscle
fibers #rik vt &% 41.6 % -

2 ANOVA & = ## %= > type lIb fibers ibent b fw ¢ I @ izt b eh

BELE - (BL=)
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BT TR 1 iTY > TR end LApR- A - £ & IRy
FWIOFAAERA NP AT HELFT OREELE RFF]F o HNT A R
TRERIUENFIER LT o FIP AT R EREROIVHEL > A 5%
Wt e ress T BTXA 2 A & s e (Group [) o fefgiedted iuehfll

EE-K";%'&%‘FL’G] #E”Lu, Kﬁi_ﬁnﬁﬁimgﬂrsmohﬁ.u F%Em’é?\‘gé 5

i

TR g AR R 0 R g vess 47 BTXA (Group I1) %
sy g 4 BIXA s ] (Group 111D o F 32 ¥k e sh A k3 i

At

AP e i 2 B (R0 fE o
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% — & Long-Evan + &g £ %

AR TR iR HmRE A LESE S B B3 585 30-60 % =+ o
SAEFTEEEORFDY 60 X2 BRE S EY > HA EF TR o A7
BRI FFEREeF LA RZWER R FRe 2 K2 BT
TR 30X AETREL R o B XD E RN T R A
BB P HINEITR F AN SR FateoeE g e i $ g T ¢

CREHI et EFT 0 B AS SR Natic BH &A%

Bk ik o T RO ERFT EA T RIS 4 B 54 B %

bl
g

v (Matic et al., 2007) -

e BB Y oo del e g EE it B (Bouvier and Hylander, 1984;
Kiliaridis et al., 1992; Ulgen et al., 1997) ~ #v*» B t=(Maxwell et al.,
1981) ~ #v*» ‘ffﬁr‘f(Navarro et al., 1995)# 3 @& # 5 (Behrents and

Johnston, 1984; Phillips et al., 1982)% =2 » ¥ 5@+ eaif

5
f

B9 % %% i g (Gardner et al., 1980) o e d &5 %7742 ~ BIFE
PAEFIr Sl A RFRF EI AR BAEF T I AT RL I
2000# 2 2007 EEHB 2T "R R F AN ES FAL A

£ ¢ AR ver gaaes 32 B L gt EFT o
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$o & g E B R
AR RERIR FHE L IR ER A FIERERAERS o
Tl e BT B G PR G2 W Fog s Foraslien(T 5 0 B0
B3P RIeR LT N 2 2P gieagif > BB AT dv o i ,Té
B0 AR REFEL RS G -
2 T 4 ﬁgjsm{cgwg;sm%iﬂ ggﬁ-ﬁ,s—k . Z{FIZ B g e BT o KR Bk
ESTCES FERE ST SO E* RRCEES F T FIER 3 2

B TR R SRR .

F_*

zveendg € > m o Group I~ 11~ IV>Group 115 Group IV>Group 11 -
v Group I (5@ 5 1.384 g) & Group Il (=@ 5 1.367 g) ehi jEZ
g rehe 2 2 ¢ Group I=Group I1V>Group I1>Group I11 < & Group
[ 22 Group IV Z e & szt b eng & o
E} j\‘?“fﬁﬁ’]“‘f‘:%% I ]?q\%ﬂg’b’\‘pﬁﬂfb -é—_il:_/ ﬁ;‘gx«b "I'IFL" j_)(m;_l-

%o &I Group [=Group IV>Group II>Group III &% -

o
NG
-
i

L ?*?1 41> 2 BTXA © *5 3 vz de (Group 1) > E‘Jviﬂmﬁﬁﬁ
e L5 3 (Group IV) % ;‘l Bt bR & o TP AR R gmﬁﬁﬁ
L2 BE A3 AT PR IR 0 vLAF e £ 4 07 R 5 BTXA B e 4T g

9 (Group 1) > Rl weggasegr X254 (Group 1V) 2 B eniiytdcie cgp
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¥

2
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AT A - R oo NP adah %ﬁﬂmﬁ"@ﬁ‘ﬁi’]‘ » % § I BTXA 2 B8R
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FD2 & R Eavuiglat 2Rk

AR B A A MRS (S R R — o B
S. Kiliaridis &g &%*® » M a4k % ¥ & » H deep masseter muscle &
Lk s ] ek 8 R R R A2 ¥ & 5 o) (Kiliaridis et al., 1988) - i
Y. Kitagawa " & + 577 % > F 3 %871 @ 59 2 deep masseter
muscle s g+ ] fodk & & ¥ A R4 2 #4240 I (Kitagawa et al.,

2004) o fed A HF 5D R G Fr ATl RACEME B R B LTI T

e s e EIpIE A S S R e ;R B 3w(Borodic, 1994; Porter et al.,
1991)------ o B ¥eemgautgia s ] 2 FE o

d A9 % %%+ Group | ~ Group II ~ Group IV 2z »vgk s~ | kg ¥ =
% Group III > @ Group I~ Group II ~Group IV z RBFp|+ & 3 engd B o
e %’T*r B kEp 0 94 A Group IV>Group I=Group II eh%% o ¥ &%
Foom Ao R G R G PR NERE g Ry HY - HF %
SRena g RIY - FF & Mad i kst i 03 & e F]3t  Group [~ Group
[Tz oegi+ | foGroup [V mig ¥ £ & o fe Frvavfofiivlk prX &5 0 A2

T AL X TR L e B #7102 Group 111 2 svg i+ o) i&g kg% > Group

[V-



Fr & ZErvuregial e F ol b2t R
R i and WA RET 4 L M (slow twitch & type 1) %
igie (fast twitch & Type I1) 5 L A3 Bigieg » 5 = g el
Al '}#ivfﬁ.izﬂ“(type [la) fo-dig v o (type [1b) » 2 4 32 3F 4 4 3 type [la
22 type [Ib 2 Bentype [Ixe &agyediacnd @ Fel (£- )
VUL SR AT 0 B R IRGS  F AR E F o e T A 2 B el
@R A% (v5 4 e type [Ib fibers# v 2 % i 5 4 23  type 1la
fibers(Green et al., 1984; Slivka et al., 2008) ; @ & & ~ 3o 3l g s 4
#d ¢ i3 = type [1b muscle fibers st i3 4r (Kriketos et al., 1997) -
Flob kR AL 0 E Mg 4 s 3% ¢ 8 4 d type [la fibers @4 :
type IIb fibers enffa5 0 &0 L eng B8 P > 4ot A& 8 3 3N a8 (Bouvier
and Hylander, 1984; Kiliaridis et al., 1992; Ulgen et al., 1997) ~
ety B (Maxwell et al., 1981) ~ #v+ “,fﬁr‘f(Navarro et al., 1995) 2
#d 4 5 (Behrents and Johnston, 1984; Phillips et al., 1982)% = ;= >
e e g LE MeE gt 4 € 1IRd type [la fibers #&# 5 type IIb
fibers 3 % - A& S. Kiliaridis @ &% ® » M a4k % ¥ &> H type [la
fibers #7ikt ] € #2-] > type [1b fiber #7 ikt ] € #2~ (Kiliaridisetal.,
1988) - e v ¥ 5 R kA A DS H o Y. Kitagawa M & + 37 % 0 F7

7 %% 87 - gra 2 deep masseter muscle 5 type 1 fibers #7ik 't &) ¢
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b o type Ila fibers #7ikt &) ¢ # % > type [Ib fibers #7ik " & ¢ 2"

R

(Kitagawa et al., 2004) c & = w0 F 5% > N F A2 3 8 E e v
A R TR R R RIS B R K o M e & FE R R
VU iR R ST 0 A F R RBDUR RS [ R B L e e T Al 2
# 31 (Chen et al., 2002; Porter et al., 1991) -

R Gl BTt P S A Y
FAup R R F A g 02000 2 2001 EEETHEFT P AR F
BTRA E4 F AR E £ 7 < Blawdits g3 SvinE gplr P T B R
FTA G PR THEF T RAESEN EEATEER
R o REF RS T AF PR XD RPTE RGP gl
(Chih-Mong Tsai, 2005) o F]iE2 11 f & 45 /{4 & k' sd e ke > A
SEE LR AL Ao g o H P FEE gl b 0 2003 & Kim, H.J.
CT scan #F 31 & BERIra v 61 BTXA 2 (8 v ieRE fff ez % > 3 v Rl ff B
¥ % ] (Kim et al., 2003) - 2005 # Kim, N.H. R[FI% 425 B 7 & R
re i S BTXA 2 18 v el ff e % > B IRrO S R B ¥ %) (Kim et al.,
2005) » @ Park » Fpes@* CT 2 425 A LB/ & JE R i s BTXA 2 162
VURBAE et g 0 PR s (B Dv B R R endg % (Park et al., 2003) o nut
FEY e TRhd o BRIDPIRY GOl R SR T giep B

B benfEid o ST ARSI S B BT e e 4 r R
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d F Bk Far e gaeagng 4 by €3 4 type [la fibers
w4k 2 type [Ib fibers & % -

2 type [la fibers 0% & X—g »Group I1~Group IV % % & ** Group II1-

,T*—T-i Em % o type Ila fibers 2 2 # 5 Group II=Group IV>Group 1>
Group 111~ &7 % SgMcke criep g 5 o veh e 37 3 chigk 3 4 P &8 - 2 masseter
muscle % >t % temporalismuscle FF 482 Bk i (Group 11) B] masseter
muscle #V4k J I 3] & 3% ﬁﬂiﬁ«?%ﬁl% A& (Group II £ Group IV & type Ila

fibers 2 £ X @B F AL R ) o Flgb » BRSNS K rgeeg 4 0 B

¥ ¥ Group I 2 type Ila fibers z £ = Group II ~ Group IViz3 £ 2
(Group II1=Group IV>Group [) > et £ B ¥ 2 B 43t end & o o b x
Fapgo s g R A - X Eaam o Bl - F T & e
A TE eEeB-F g 02 8o F]pt > Group [ ~ Group IT 2z type Ila fibers z £ f¢
Group IV I @& % £ & o 2 Fedimfofiivlk X 55 Rl wr? i B )4k~
2 #712 Group 111 2 type Ila flbersi* ¢ &% ] * Group IV

Flu o 547 BTXA "% tise raeaeg 4 > e vupE € 0 type [la fibers #&
i EF NP5 A type 11b fibers o itk e eih s dy A e 3% > ¢ & S

L R R TR B RPUR KR o e E
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BV AR~ TRV R TR 2 o BIE R § 1t a4 s o0 type Tla
fibers # 4% 5 3 i 5t 4 K type [Ib fiberse & T ke F %Y - F i
PR Bl SRR RS R A A B PR o Aot - ko 3 R Je R
A2 3 SURIIGE R L AR SO C R TS S S I A
BE A FMBELDRARL AT R FHRS L AT - 77 23K
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Lol e #‘\‘gm
Group | BTXA 09% #32& %K
Group I 09% 4 1@ 35 @[ BTXA
Group 111 BTXA BTXA
GrouplV | 0.9% #m&@-k [09% 41 &ak
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(%2) &l B2 TIOR3 4o
Group | Group |1 Group |1 Group IV ANOVA
T pogy & 276.47+ 265.13+ 263.67+ 265.12+ NS
3 4 (0) 44,58 28.08 36.48 27.05 ~

N.S. : no significant difference
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Group | Group 11 Group 111 Group IV

snf £(g) | 1.384 + 0.257 | 1.367 + 0.153 | 1.029 + 0.155 | 1.497 + 0.155
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Group | Group 11 Group 111 Group IV

Fef£(g) | 0633+ 01 |0.38L + 00910332 + 0.099 | 0.625 + 0.071
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By g v ok ek o)

Group |

Group |1

Group 111

Group 1V

g e )

(pm)

965 + 187

958 + 145

686 *+ 124

1122 + 197
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(%= ) &2lx B4z yegiaant i o
lla % 11X % 11b %

| 19.0 + 16.2 224 *+ 19.6 58.6 + 26.0

I 35.8 £ 107 —| 212 * 08.1 430 * 9.0

1l 129 + 84 —| 233+ 107 63.9 * 12.7

IV 315t 97 269 + 95 416 *+ 9.8

*P<0.05
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(£ ~) &2 &7 typellavig et o) o

Group | Group 11 Group 111 Group IV

type lla (%) 190 £ 16.2 | 358 * 10.7 129 * 84 315 £ 9.7
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(%4 ) &2 895 typellx sk deant 5] o

Group | Group 11 Group 111 Group IV

type l1x (%) 224 + 196 21.2 + 08.1 233 * 10.7 269 * 95
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(£-+) &axx &7 typellb segh gt 5 o

Group | Group 11 Group 111 Group IV

type 11b (%) 58.6 + 26.0 43.0 £ 9.0 63.9 £ 12.7 416 + 9.8
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(Bl- ) foeFyirofe -

m. frontoscutularis
m. temporalis
o m. zygomaticus

m. levator nasolabialis
m. caninus

m. buccinator

deep portion

superficial portion } of m. masseter supf.

@=E 41 btat
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(W= ) v e it gk -

! m. frontoscutularis
m. temporalis
; m. zygomaticus

m. levator nasolabialis
m. caninus

m. buccinator

deep portion

ici i : r f.
superficial portion } of m. masseter sup

@=E 41 btat
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o

(Bl ) &+ Brivg

Ik

Weight of masseter m.

/f o ok %k kkxk )

18 | ok ok

(2)

I 11 [11 1Y%
Group

* : P<0.05
*%k % : P<0.001
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(RI) plox Rt g -

Weight of temporalis m.
sk sk %k %k %k k

r N xokok ~N
- % %k %

I I 0l v
Group

k%% : P<0.001
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(Bl ) &~ BN A vorgh ens |

Muscle fiber size

Xk Xk

1400
1200
1000

800

um?2

600
400
200

* : P<0.05
*%k%k : P<0.001
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(Bl= ) &% B4 vt b o

Muscle fiber type

100%
80%
60% & 11b%
@ 11x%
40% & [1a%
20%
0%
I II 11 IV
Group
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(Bl~) &l B4 % type [larega o

(a) Group I (b) Group II (c) Group III (d) Group IV

2d3NLABEREE %L BFA00 R -
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(B4 ) &2ex &% type [laveghmant o) o

[1a%

50

40

30

%

20

10

* : P<0.05
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(Bl+) 224 &7 type [Ix sk o

(a) Group I (b) Group II (c¢) Group III (d) Group IV

Ad 2N EAELSE oA B 400 -
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(Bl+- ) &l 847 type [Ix pehiaant i) o
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10
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(B+ =) & 8477 type [Ix reghi@aant i) o
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