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A Aol A BaEATt. Hohl 2 Isberg & shetabrel =4 2 f-2ho]
WA Al HW S5 7)Eol Srkekan, old wEr 3E|e] Adolrt
Aoyt Bastgct. (Hohl et al., 1981; Isberg et al., 1990)

Ellis o< %4354 57 Fdo ot HAF sjugte] wAshH, o&

BASH7] & FWSF] 1] wAEHA WA dEv|e e
W3l A ®otx sk th. (Ellis and Throckmorton, 2005) X, A3 E&E 14
Z219] AA, 217 AA|, oFE FA SOl o3 25 7] Ashs of=Fe] AA

Ao A oF=o] FHo| g =rhal sk, (Babuccu et al., 2009; Kim
et al., 2008; Kwon et al., 2007; Tsai et al., 2009; Tsai et al., 2010a;
Tsai et al., 2010b)

<5 7] Wl 9%k ofx Y AAA wI v AFH, d4H
ATl Bt ols AFv o= ¥4 Feovt IskE Ao
ARk, oFFe AT (cortical bone)¥} FAF (trabecular bone) &
o] FojR EH3F FFxEo|al, S 5 functional matrix o EF FIFS TS

4 Att. (Goldstein, 1987) whebr] <50 <93k ofx 98 WH3Eu ofye}
i G2 Wglel distedx old7l ZHastt). o]
ojw gt W}yl WAst | ko] 93 wWgtel ojug AAVF A=A AT
_/[:

=
e Aoltk. @A 5o o7 Tl ¥, =W €7 #&, oF

Ll
of
%
12
it
=
e
2
2

al., 1989; Engstrom et al., 1986; Lu et al., 1997, Watt and Williams,
1951), ob&7ka F W% wstel ek A

of wtdEm= ofo] iy &Ae] dast. FH microll Fd= ol &%



20105 Jiao et al., 2010) 7]&¢ =x% 93y ASUHY Qo = Ui
=279 FJEA FAle] 7hesitr. vle =diAFSES] (American Society for
Bone and Mineral Research, ASBMR)oAl&= =42 A4S f3t 12F
FARH7EA] A7skar 9k, (Bouxsein et al., 2010; Jee et al., 2010;
Kozai et al., 2009; Mulder et al., 2006a; Mulder et al., 2005; Mulder et
al., 2006b; Mulder et al., 2007) °] %% AWM FdI B4 A9
Bone volume fraction, Trabecular number, Trabecular thickness,

Trabecular separation 5 =ZAFo EAS BEXsl:= 7|+S x38ta gt}

gk, ob=e] YFu) AAS A A7 dAHe Byl vk <59 Tle
Hatel] wE A7 2x4 9y ¥stE BAs] fsliAe A A HA
gk #e] dgsit. wEA APTES AF 7 5 FJAEH Za
=z ®HstE BEE= 3ol AFHolw, deA AFS microlT &
Eshek v AEFA AT HE o] &3 24 dEo] Ri=A] Qs ZdlAL
A¥S T3 g2 Fol AT ME microlT & o838 AXF (rodent)
ARATES A Za 54 77 Bt BgE BEsE A5 ST
A& g} (Bouxsein et al., 2010). “in-vivo microCT” & <&#zl o]
e FTEFoly WA A f AT ok A AREE e, (Jee et al.,

2010; Jiao et al., 2010) o A<} & olzo] A AFto o]&std

T8 Aoz A7tAL,
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for Assessment and Accreditation of Laboratory Animal Care International,

An
AAALAC international)®] ER2EFo| H3tsl= 27 whel [P35t

A1+ (Group I, Control Group): Ttz

A2 (Group II, Masseter Group)
A 2-13 (Group IIs): Shami, nl<te]l A2 A FAL
A2-2+ (Group [1b): HEZHE EAT, nltto] H

A3 (Group III, Temporalis Group)

A3-1 (Group IIIs): Shamw, S+l A2 A FAL
A3-2+ (Group I1Ib): HETw FAl, S50 REdw 54 F4F

A4 (Group IV, Tongue Group)
A4-1++ (Group IVs): Shamst, A<rtel] AJg]2 A5 FA
A4-27- (Group IVb): RETF EAl7, A BE



455 SD rat Aol B&s] REdw 5AS FASH] 98 dudds
S AdEEe wd, S5 AXZ FAskvk. Zoletil®(tiletamine and
zolazepam, 50mg/ml, 0.6mg/kg body mass; Virbac lab. Carros, France)}
Rompun® (zylazine, 23.32mg/ml, 0.4ml/kg body weight; Bayer, Leverkusen,
Germany)< 3:29] H|& & Z39slo], Z+ ZfAD 0.1ml1/100g® HH47HE A A
g & A HAAEAT.

s H-8rA A& &g &, AT RETy FAS Wl S5, AL
of FAeIRoH, FALE N Al o3k WstE Wrsty] s sAdd ke
A A ATE Sham Aol FAREAT. B
Chuncheon, Korea)& AR&stlown HE2w FA4l9
=9 WglE Y E5A g9 0.02 1U= FAFSHSIHF. (Babuccu et al., 2009;
Borodic et al., 1994; Kim et al., 2003) & A& AL 458 A SD
rat®] Ha FFA oF 120go.2, AddEEd 2.5 U= F4317] 98l 50 1U
(1 bottle) BEelw FA4lol 2 ml A

FAET. BENE SA% Salined BF 93 %90 FAS

i
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os]
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=
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@
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o
[0)e]
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dol glewA 257

=3 5, 2 AT 0.1 mlE

3. In-vivo MicroCT &%

ofZ ol Ade FrIHem Hrbshr] ffste], dde=s A Bl in-
vivo microCT (NFR-Polaris—-GOOMVC, Nano Focus Ray, Kwangju, Korea)E 4
Ao w2 HFGFY. FFEAL total voltage 65 kV, 115 uA, pixel size
77 um, slice thickness 170.6 pm= 3}3t}h. motion artifactE &°|7] <

I
A BguAE AAs:, 28

AL, AAF=2 Aot AAE ol 719 HeE dF
ol aAgskola, AueE RUEPsi &gl



4. BE A}S, 3 A, high resolution microCT &%

Al 71l 9kA] 71423 W TR in-vivo microCTE Q3G om, mF Z537

2010), wEE HEste] 100 T2 &0 AT, o]F xR
(Group D REZE H2 FAF A& (Group IIb, Group II1Ib, Group IVb)
o A high resolution microCT (Skyscan 1076, Skyscan, Konitch, Belgium)&
#Zgskgivk. (Figure 1) #9x712 total voltage 100 kV, 100 uA, pixel

size 17.7 um, slice thickness 36 pm#= 3}t}.

—

3W 4W 8W 12W leW High
Injection BTXA  In vivo pCT In vivo uCT In vivo uCT ~ resolution
Injection Saline Sacrifice HCT
In vivo uCT Fixation

Figure 1. Timetable of the experiment.



7F. Aol AZF

MicroCT® #<J¥ data®™ DICOM 2.0 WAo] dlolg = #7s}oict.
Windows XPE 0SZ A}-&3}= Pentium 4, CPU 1.6GHz, 512 RAM ALSE 7HA&
MQlE PCAlA 3akd A o=y A Z2aF Simplant  OMS®
(Materialise Co., Leuven, Belgium)¢} OnDemand 3D®(Cybermed Co., Seoul,
Korea) softwares ©o|-&ste] 3xkl F4 A4S Aldsidvr. 4 4 A
Simplant OMS Z&Z12-& o] &3le] 3xY A4 GAS wt=Qlom  ojuf &
%215 segmentation d}7] 9%k 7S threshold= 560 Houndsfield unit
(HU) -8 3071 HU= 3}ic).

o= 9] 3xkd AT FolA Aol ASS Aldegit. do] ASE 9,

of o] A AN TR e F-H FREoluA, 3xb AT Gl
JAl AdA o]l =& ASHES BYsk3th. (Table 1, Figure 2) 49

A ASHEE A ATAAGEANA ARG 5, A4 ASF] AYE AE

2 A== slo] dolE AS3ETE. (Table 2) A5 25 7tz o7 23]



Table 1. Definition of mandibular and skull reference points.

Name Abbreviation  Side Definition

Inferior alveolar foramen IAF Bilateral Inferior notch of mandibular foramen
Condyle superior CONs Bilateral Superior Point of mandibular condyle
Coronoid Process COR Bilateral Coronoid process

Most lateral point of mandibular

Gonion GO Bilateral
angle
Antegonial Notch Notch Unilateral Antegonial notch of the mandible
Symphysis Upper SYMu Unilateral Superior point of symphysis
Symphysis lower SYMI Unilateral Inferior point of symphysis
Alveolar crest at the tip of
Alveolar Bone M1 M1 Bilateral mesiobuccal cusp in maxillary first
molar
Alveolar crest at the tip of
Alveolar Bone M3 M3 Bilateral mesiobuccal cusp in maxillary third
molar
Midpoint of Incisal edge in
Mandibular Incisor INC Unilateral
mandibular incisor
Most inferior point of
Pterygoid Plate PTRY Bilateral
pterygomaxillary fissure
Posterior nasal spnie PNS Unilateral Apex of posterior nasal spine

10



Table 2. Definition of mandibular and dental measurements using the
reference points.
Measurement Abbreviation Side Definition
Condylar length IAF-CONs Bilateral Length from IAF to CONs
Coronoid length IAF-COR Bilateral Length from IAF to COR
Angular length IAF-GO Bilateral Length from IAF to Go
Length from CONs to Upper
Length of upper Symphysis CONs-SYMu Bilateral
symphysis
Length from CONs to lower
Length of lower Symphysis CONs-SYMI Bilateral
symphysis
Length from angle to symphysis GO-SYMI Bilateral Length from Go to lower symphysis
GO-CON Length from Go to the line made
Gonial length Bilateral
NOTCH of CONs-NOTCH
Intermolar width at M1 W_M1 Unilateral Intermolar width of the first molar
Intermolar width at M3 W_M3 Unilateral Intermolar width of the third molar
Pterygoid width W_Ptry Unilateral Distance between the pterygoid

11



Figure 2. Mandibular reference points and lengths.
A. Schematic Diagram of muscle attachment of SD rat (M: Area of Masseter
muscle, T: Area of Temporalis muscle) B. Mandibular reference points and

measured lengths. C. Measurements for assessment of asymmetry

HEds SAS FARRE 99 %A 42 7Y 2kolE HIbe] HEl
T dole] Apolg} HIES ot BluSGY. =, eSS FASHA &
control side®] ZoJollA] k=& FAFSH experimental side®] Zo]& Wl x}o]
%k, 18]3l control side®] Zo]E EX | experimental side®] ZAo]E EA=

e HES HAE gloz FEoln).
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olx YH9 WstE Hristr] 98 &% A F G high resolution
microCT AJAS A, 94 BA4S 93] CTAn® (Skyscan, Konitch,
Belgium)= AF&38} AL, 3xHd AT G4 913 lower grey thresholds

97, upper grey threshold: 255% 3}$iT}.
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=
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D
o,
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5
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D
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puied
=
=
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ol
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20
3R
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A= ROIE AASte] A4 Fo] 1065 um7t ¥ =5 stitt. o] §-9 sd=nt
= AISs] flstel, dAl, dkel A A2, stA x4, 2eal JHdE S
Alelskdet. (Figure 3-A. Green Color) &totat -9 Collum mandibulae
(neck of mandible)e] 7}Fg Q&3+ HF-9]FE Caput mandibulae (head of
mandible)7}#]  AAsto],  sholapF Aol A 600 pm7ZkAl Ao ekitt.
(Figure 3-A. Pink Color) #&9] ROI= SFo] H-238Fe 0s zygomaticol A

zygomatic boneZt#] 2] A4S HAAsAT). (Figure 3-A. Violet Color).

ASBMR Guidelineoll +A3Fo] ROIC] & 575 Tissue volume (TV), Bone
volume (BV), Percent bone volume (BV/TV), Trabecular number (Tb.N),
Trabecular thickness (Tb.Th), Trabecular separation (Tb.Sp), Trabecular
pattern factor (Tb.Pf), Degree of anisotropy (DOA), Bone Mineral Density

(BMD) &l diste] A8t 2F 15-S Hlasklct.
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Figure 3. Region of interest (ROI) for analysis of trabecular bone. A.
ROI of the mandibular body, condyle and zygomatic bone. B: Definition of
ROI in mandibular body in control side. C: 3D ROI of control side. D:
Definition of ROI in mandibular body in experimental side. E: 3D ROI of

experimental side
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6. =34 £4

& dAlste] 2] uAg 229 A8 HALE HAAEH. A
oA 10% 2T FHoA 19 o] 117g3 F, Calciclean solutions ©]

&3oto] &35 1043 A6kt 23]k 221s st Eefsigliar, ket
A= <k sfel A2th7-21 9] Ake], sfel A2t -2 & skl A3THA] 2] Afol,
skot ABHA $S dwketo] stobAl F9le] A4S AJTh. & coronoid
process®} condyle AFol€] notch, condyled] #A&S AUr=E H92 Ausdhd]
kel o] A E AT, oS Egtol= A|FSkal Hematoxylin-Fosin ¢
WS Attt 24 &eto]=E light microscope (Leica DM 2500%, Leica
Microsystem, Germany)= ¥z3}ar, 1.25 &= slided 3-4%o = o]
Foto] ute] WS SAsta, xad HALT W S50 BEew

B2 AR 159 Aol g BASYT. (Figure 4)

FX‘i

_l

Figure 4. Histologic analysis of masseter muscle to compare the muscle area.
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111. A%

7t 7 B AE General Linear Model Procedure (one-way ANOVA)S- o] -&
o] Group I - Group IIs - Group IIb, Group I — Group IIIs - Group IIIb,
Group I - Group IVs - Group IVb ZLs5%koll wluslk Ax}p 7z} -7k T A 4

o2 Fogntet zto]E HolA| &oktt. (Table 3, p>0.05)

Table 3. Comparison of body weight among each group.

Group Baseline 4 weeks 8 weeks 12 weeks
Group 1 67.3+1.5 316.1+84 453.8+21.5 549.3+38.7
Group IIs 67.2+1.2 314.1+20.6 457.9+28.7 544.1+38.7
Group IIb 67.1+1.9 318.4+50.1 436.8+40.9 507.1+68.3
Group IlIs 67.0£2.9 302.6+15.6 437.7+33.3 524.1+46.3
Group Illb 67.2+2.3 319.6+17.6 4251+18.2 505.2+30.7
Group Vs 67.31£3.7 294.7+£19.9 435.9+253 506.1+69.3
Group IVb 67.21£2.0 331.2+335 429.3+51.6 505.7+£57.5
(unit: g)
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* p<0.05, **:p<0.01, p: p-value of t-test

Figure 5. Comparison of masseter muscle area in histologic analysis.
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AR, (Figure 7) stetx] FfoM = 5 vb=o] A5 &

al
Z F ok, il FAREC Group [Ibo] BlaiA &= A&FA] ekttt

BEZE EAS Ao FASE Group Vb L&A= Eo]dk ol e o

Figure 6. 3D reconstructed skull image of Group IIb after 12 weeks of

the BTXA injection.

A. Top view: There was no specific abnormality in skull. B. Bottom view:

The size of the mandibular angle was significantly reduced (arrowhead)

and the deviation of mandibular midline were observed (arrow). C:

Frontal View: The facial asymmetry was noted by the midline shift (arrow)
and gonial deficiency (arrowhead). D. Posterior view: The size of

mandibular angle and body in experimental side were reduced, as compared
with control side (arrowhead). E. Lateral view of mandible. The size of

gonial angle is reduced (arrowhead) and the length of mandibular condyle

1s relatively short.
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Figure 7. 3D reconstructed skull image of Group IIIb after 12 weeks of

the BTXA injection.

A. Top view: There was a flattening of zygomatic arch (black arrowhead)
in experimental side. B. Bottom view: The size of the mandibular angle
was slightly reduced (arrowhead) and the deviation of mandibular midline
was obvious (arrow). C: Frontal View: The facial asymmetry was noted
with the midline shift (arrow) and gonial depression (arrowhead). D.
Posterior view: The size of mandibular ramus was reduced and the angle
was less flared. E. Lateral view: The size of coronoid process was

remarkably smaller and its tip was directed more upward ().

4. 329 Ao] A vl

i1t

A5 A S do] AF $, 2 Aol HES SA% 2, gzt
o]yt Sham Group?l Group IIs, IIls, IVsolA+= U= 7F Zo]E Ho)A] @Sk

U aEy BEgE 5AS FARE s s ASEe] Meprl 3R EAE
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d, we) HEFE =4S FAFS Group 11be] AT =-n] A Zo| A= ot
7z} 7 o]l TAF-GO, 2.3&7] 4dolel TAF-COR, 5+ Zo]el TAF-CON7} &A%

o7 F93A Egkt}l. (Table 4, Figure 8)

Table 4. Mandibular

length discrepancy and their ratio to compare the

mandibular structural changes in group I (control) and group II (masseter).

GO-CON
IAF-CON  IAF-COR IAF-GO CONs-SYMu  CON-SYMI
NOTCH
G I Difference  0.08+0.27 0.19+0.26 -0.01+0.05 -0.03+0.17 0.6+0.27  0.02+0.24
roup
Ratio 99+3 98+3 1001 100+1 98+1 100+3
Difference  0.16+0.22 0.08+0.04  0.06+0.11 -0.03+028 046+03  0.14%0.16
Group IIs
Ratio 98+3 99+0 99+1 100+1 98+1 9942
Difference  0.9+0.55 0.71+0.23  1.28+0.81 0.3£0.28 0.32+0.51 0.11+0.34
Group IIb
Ratio 90+6* 90+3** 88+7* 99+1 99+1* 99+4

(*:p<0.05, **:p<0.01, independent t test; unit: Difference, mm; Ratio, %)

Difference: length in control side — length in experimental side,

Ratio: (length in control side / length in experimental side) * 100
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Figure 8. Mandibu

lar
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©

M Group I
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4 Group IIb

length discrepancy between the experimental

control side of group I (control) and group II (masseter).
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Wit FAREY A Al7le] mE WEE #AFSGS W BEE 54 A}
21 Group IIbollA Zo] zte]7} F518}3]
[AF-CORN A = FAF 85 F 7 EAISH o2 FoatA 84
Ak, kel BT H-9e o] Wl BEYE FAF A3l AFHA gk
oy, o8 FA 12F F (AT 169)AME SAgH R Fodk Aoyt #

25 9t). (Figure 9, 10, 11)
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Figure 9. Change of IAF-CON length difference between group I and II.
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Figure 10. Change of IAF-COR length difference between group I and II.
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Figure 11. Change of IAF-GO length difference between group I and II.

=520 HEYwE EAS FAS Group [1IbdAE 23=7] Zolel IAF-
E=
[e)

At o7 Folsk zFo]E H AT, (Table 5, Figure 12)



Table 5. Mandibular length discrepancy and their ratio to compare the
mandibular structural changes in group I (control) and group III

(temporalis).

GO-CON
NOTCH

IAF-CON IAF-COR IAF-GO CONs-SYMu  CON-SYMI

Group  Difference 0.08+0.27  0.19+0.26 0.01+0.05 -0.03+0.17 0.6+0.27 0.02+0.24
Ratio 9943 98+3 1001 1001 98+1 100+3

Group  Difference 0.09+049 012+0.21 0.04%0.3 -0.05£0.47 -0.12+£0.31 -0.12+£0.31

tlis Ratio 99+6 98+3 100+3 100+2 100+2* 101+4

Group Difference 0.38+0.15 0.79+0.19 0.13+142 -0.16+0.35 -0.25+0.76 0.31+0.2

IIb
Ratio 96+2 89+3** 101+18 1011 101+3 96+2

(*:p<0.05, **:p<0.01, independent t test, unit: Difference: mm, Ratio: %)

Difference: length in control side — length in experimental side,

Ratio: (length in control side / length in experimental side) * 100

1
08
06 |
04 H GroupI
0.2 ’ . HGroupIis
. j— |—b— A_‘ i 3 H Group b

& P @"U

& C

-02 (SO > - X S &
04 = £
(,)O

Figure 12. Mandibular length discrepancy to compare the mandibular

structural changes between group I (control) and group III (temporalis).
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= S4A9 Zol7}t FElshAl BEHA R ot, IAF-CORAIA = FAF 45
FHE Aol zpol7t EAA R fFoetA AFEHIAT. (Figure 13, 14, 15)
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Figure 13. Change of IAF-CON length difference between group I and III.
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Figure 14. Change of IAF-COR length difference between group I and III.
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Figure 15. Change of IAF-GO length difference between group I and III.

Ao BREEE 5A1S FAS Group IVbolA = dFetaF, @3=7], skt
]

7 5 mE ol AZ FBe|A FE Aolsh wAHA Bk, (Table 6)

*‘1?5’—1_

ot

Table 6. Mandibular length discrepancy and their ratio to compare the

mandibular structural changes in group I (control) and group IV (tongue).

GO-CON
IAF-CON  IAF-COR  IAF-GO  CONs-SYMu  CON-SYMI
NOTCH
Group Difference 0084027 0194026 -001+0.05 -0.03+0.17 06£027  002+024
I
Ratio 9943 98+3 10041 10041 98+1 10043
Group Difference  013+043 003026 018+022  002+033  0.02+028 0026
Vs
Ratio 9945 10044 9842 10041 100+1* 10043
Group  Difference  021£034  01:0.18 -004:028 001:043  -008:029  -045+03
Vb patio 9744 9943 10043 10042 10042* 10543

(*:p<0.05, **:p<0.01, independent t test, unit: Difference: mm, Ratio: %)

Difference: length in control side — length in experimental side,

Ratio: (length in control side / length in experimental side) * 100
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Ao AEdaeet REE EA1S FARE A8 (Group 1Vs, Group
IVh)el Aol etz A= A, iz Group I o H& A 1 o)X
= o)sl zfo]E w®YTE. (Table 7) 1}

FA}3E Group IVh Zholl &=

ox
vk
>
2
b
il
N
>
o
o«
O
5
=
o 4
%
i
vk
o
Jj
r,
o

Table 7. Comparison of intermolar width in Group I and Group IV.

M1 - M1 M3 - M3 pte — pte

4 weeks Group I 6.3+0.21 6.38+0.25 3.05+£0.34
Group 1Vs 6.09+0.2 6.24+0.17 3.22+0.45

Group IVb 5.95+0.16* 6.16+0.21 2.89+0.34

8 weeks Group I 6.86+0.16 7.52+0.16 4.04£0.23
Group 1Vs 6.5+0.24* 7.07+0.22** 4.03+£0.27

Group IVb 6.44+0.15** 7.13+0.19** 3.81+0.17

12 weeks Group I 7.03+0.25 7.66+0.27 4.16+0.26
Group IVs 6.62+0.2* 7.49+0.21 411+0.15

Group IVb 6.57+0.19* 7.41+0.29 3.89+0.16

16 weeks Group I 7.28+0.28 7.68+0.43 4.26+0.22
Group 1Vs 6.55+0.18** 7.58+0.17 4.2+0.07**

Group IVb 6.86+0.29* 7.6+0.33 3.85+0.12

(*: p<0.05, **: p<0.01. independent samples of t-test. unit: mm)

i

5. F#dZ £4

Micro CT 9G4S o]&3t 4= BX4L& stebA, st 3%, =4
Alsislitt.  stebAl HAdEFoAM= 74 AT e Zolzp kA
kot Group IIb, Group IIIb, Group IVb A &= += BV, BV/TV, Th.Pf,
Tb.N, Tb.Th, BMD ¢ A &EoA Group I & FJ3F 2fo]E H AT, A
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Table 8. Characteristics of trabecular bone in mandibular body revealed

by microCT ROI analysis.

Control Side Experimental Side
Group Group Group Group Group Group Group Group
I IIb IIb IVb I IIb Ib IVb
TV 343 34 31 3.12 3.35 29 311 2.95
+0.7 +0.57 +0.17 +0.45 +0.57 +0.43 +041 +0.42
BY 172 13 13 1.34 1.67 0.97 118 117
+0.37 +0.17 +0.26 +0.27 +0.28 +0.16 ** +0.3 * +0.22 *
BV 50.05 39.35 41.88 42.96 49.87 33.64 37.51 39.62
/TV +4.28 +9.86 +7.65 +4.34 * +4.28 +£6.76 ** +5.51 ** +4.57 **
Th.Pf -5.98 -1.89 -5.2 -34 -5.81 141 -5.08 -3.15
’ +2.88 +4.08 +3.63 +2.25 1.9 +£3.28 ** +4.99 +2.49
Tb.T 0.16 0.14 0.13 0.15 0.16 0.14 0.13 0.14
h +0.03 +0.02 +0.01 +0.01 +0.02 +0.01 * +0.02 * +0.01
THN 3.21 271 313 2.8 3.01 2.46 3.02 281
' +0.44 +0.34 +0.42 +041 +0.35 +041 * +0.58 +0.43
Tb.S 0.21 0.25 0.21 0.23 0.21 0.24 0.22 0.24
p +0.03 +0.05 +0.02 +0.05 +0.24 +0.04 +0.02 +0.3
DOA 0.31 0.29 0.27 0.32 0.32 0.31 0.32 0.31
+0.09 +0.03 +0.03 +0.03 +0.06 +0.05 +0.07 +0.05
BMD 0.47 0.39 041 042 047 0.36 0.38 0.4
+0.03 +0.07 * +0.06 +0.03 * +0.03 +0.05 ** +0.03 ** +0.03 **

* p<0.05, **: p<0.01. independent samples t-test
TV: Tissue volume, BV: Bone volume, BV/TV: Percent bone volume, Tb.N: Trabecular number, Tb.Th:
Trabecular thickness, Th.Sp: Trabecular separation, Th.pf: Trabecular pattern factor, DOA: Degree of

anisotropy, BMD: Bone Mineral Density
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Figure 16. Comparison of bone volume / tissue volume (BV/TV) of Mandibular

body among the groups.
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Figure 17. Comparison of Trabecular Pattern factor of Mandibular body.
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Figure 18. Comparison of Trabecular Number of Mandibular body.
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<59 =] Tk Al 259 1ol WstetA "k Ao, (Dysart et
al., 1989) F+ WA, <& a7t SoeA Ho=X df[7t Aashal,
oo we} FxAd wEHT o] FojErta Y. (Borisov et al.,
2000; Lu et al., 1997) Al A 7Md2e &2 8] A AAFo] &4
W, ole wmep WhE A Ao WA ¢ okl &3lom™ | (Bardach
et al., 1994; Bardach et al., 1982) Y] WHAZ o}Zo] X = 39 A
¥ o 4= vl st tt. (Engstrom et al., 1986; Watt and Williams,
1951) 1 &l &% =, A4 Fe o2 Qg 7AA ¥ste Hdle] #H
I Al sk Yt. (Bukovic et al., 1997; Byrd, 1988; Ghassemi-Tary and
Cua—Benward, 1992; Horowitz and Shapiro, 1951; Washburn, 1946, 1947b) ¥
AT WS wrExAS ek ¥R, 25 FeEold A e 59

27F EAEHA €71 wiitell, nltol

4
>~
>
&
N
o
ol
12
N
2
»
i)
X
o
fr
o2
o
il

Q
1.
= /MR FSHE= A

& g Aduk. 7IEe] A elM we] Ve AsrE eket o] xF A,
e Wsls ket skl =dl, (Kim et al., 2008; Watahiki et al.,
2004) B AFAE w 7)%5AEIF skt BT mAE dEs AR

A7l W& AS 232 5532 4 JdAY. In-vivo micro(T #H9S

BREEAG. oFE FAF T LA ARte] A
B E = ol ae] YT AshrE skef A el dE&e F7 A=
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| Fasits Aotk &, B o we sFAE, ol we
stotzhe] Ful, A7) 5 FxA W3, FxA| do] Wl wE o]
e owish, we gEuste] w steb el $¥ PasA AgHY]

M= o= A ARbe] dosival =52 5 glow, A g AR

A7l g S H7Eshr] 98] F ek in-vivo microCT Ao A Aol
AS & 9F e ©HIE S48 & AJA, AZEZ o UYE =
Hals Hrislhzle o8 Y. oA in-vivo microCT 2] pixel size <}

&l

B BAw, vEzoAets slosdldd A% i BAL

AP no] BHEDE FAle FARE 33 A AT Gl A
Aol FHEA HFEUTE. W] VTS WSAIZ § obd B
o] vehdth, (Babuccu et al., 2009; Kim
et al., 2008; Kwon et al., 2007). AAFE o= I AFEoNA=
el HEesw 54 FAF sk o] nigi o] R E v Havh WA,
7FE (Rabbit)e¥ %2 T8 s=odMd= wdy ddd o=z dol, 5
mandibular ramus length, zygomatic length, masseteric length
wgpwe] o] Aolzl WASAY, AAH ok wHo] Fa
ebA vk a3l (Kwon et al., 2007) SE& Ffol weh <Hd
R A MEsE Aelrh v flelemt A WAl ety o)z
g FEoANT FAaHA 9FS A (compensation) &

%

g
e slwetd Fa7k EAY & Qor, T oAz $RY SR wet 43
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a gm 5AS FAE 2FolA of=
Wil =&, 5 microCT oA =459 FEshA
HEE AT, = gAbEr e AATEE microCT 4] 7hol=eklol A=
microCT oA FAslok st ASHUES A, At #4& 93
ALl thel Adeiditt. ASshe gEEs #99Y (Region of
interest, ROD)IA9] Z2Z 3] (tissue volume), =32 53 (bone
volume), bone volume fraction (BV/TV)s 3] ¢, =45 (trabecule)9]
Festd 5L #5F% 4 A& trabecular separation, trabecular
thickness, trabecular pattern factor, trabecular number & A|A]S}AT}.
2 AFA aTe] BEEE E4S FANEE 2FOA of=e oF xR
ofy g}, oF= uF Fxo sty Wyt #EE A=, BV/TV, trabecular
separation, trabecular number, trabecular pattern factor 5]

BASHoR fold AolE woth & BaFe 47 gasa, FA%
2

(Bresin, 2001; Ishii and Yamaguchi, 2008; Jiao et al., 2010; Kingsmill
et al., 2010; Tsai et al., 2010a) ==2° W F=x21 trabecular
bone & $HE PAAIIE EFxY FaER, /AL Gt S
uel FeEpb Wstels Adom defA vk, (Goldstein, 1987) KEeElw
SAlell ofa) ulre] Ywo] ofEtE™ AztHel JdFe = ¢ aL, o= s
Aol Agss WETRe Fesk wstdgtan F5% 5 AW,

wgtE o] =7, ofzel ZheiAl= Sl Wl thih BAjo] AR EA 9k
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Hstel QdE7]o FHstA WatE dEe 7S A7 AREH FARSHH.
e S5 7lwel Frkekd, 2#E7vIe] dolrt

Aoj¥okal ®i1skglar, (Hohl et al., 19815 Isberg et al., 1990) Ellis =&
G54 AT =ddd o3k AR Jjugte] wAsH, olE BASHY] 9
ST o] MG HHEA Q3E7Y FH: WEkstA drtar
.(Ellis and Throckmorton, 2005). Z=r <9 7|5 W37l #AH

Holth. (Liu et al., 2008a; Liu et al., 2008b; Simard-Savoie and
Lamorlette,  1976)  Simard-Savoie 5=  FEAd4dAl& (partial
glossectomy)E Al &l & Azl Ay} palate 7} FoFA|aL, palatal vault &
ol x| ™ | basal mandibular bone 2] W&o] #A3}E ™, alveolar bone 2]
Ao = F8ks =t sk tE. (Simard-Savoie and Lamorlette, 1976)
A 2715 3}

BRA sl 2 Gge FA LdAW, 43 FH AF (linear

<
o
of
rlo
o,
o3
N
°,
0Q
il
)
o
,4
O
ftl
i
i)
é
- ﬂllo
>
o
ol
N
i)
2
>

expansion) ¥} ¥&o] il &}¢l3L, premaxilla ¢ mandible 9] symphysis ©I

3 F9itk. (Liu et al., 2008a; Liu et al., 2008b) Abgholl A%
AU7], &7k wY], FEFSS so fAe Vsl dFE Fo
et shelzel el WEE dozivta §¢ltt. (Hanson et al.,
1969, 1970a; Hanson et al., 1970b; Jalaly et al., 2009; Lebrun, 1985;
Parker et al., 1970) & Aol Aot Al 1 v+ ZGWs} oo g&
WstE BEstrl= ogied, Ao e Wt dAsA S e

ROlE et Ay Qd, wWAe] SRS S4g gohE Agyes
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BEZE EALS  (Clostridium  Botulinum oA  F=%  paralytic
neurotoxin & & cholinergic motor end plate o §-#&lo] &FAH 9 7|5
A3A171k. (Borodic et al., 1994; Kim et al., 2003; Kim et al., 2008;
Kwon et al., 2007) %< 7]5S °Fstrl7]7]

Z3 =ole AoxE 58S AASAY (ablative surgery)
AA3] W+ A (debulking surgery)o|th. (Avis, 1959; Horowitz and Shapiro
1951; Simard-Savoie and Lamorlette, 1976; Washburn, 1947a) L&} o]
B AR FEARTE s & vl glold, @ 259 dE
dZetA =477 oHa, Fa ¥ wE xZo] WAsty] wiid, <5

% okste] Aziurle WMExge gl ue zxde] wWas wAa

(Bukovic et al., 1997; Ghassemi-Tary and Cua-Benward, 1992; Washburn,
1946) oA motor nerve nuclei = AASE WHEER ARREHIAOY

(Behrents and Johnston, 1984; Byrd, 1988), <<o°] 7lthsa, #A1%<

AFS Z 4 gomm AFE ALY Frl. HEGRE EALS FAMEHY
TEE FENTE Ae FER AR APdexs =d 5 dla, wed

o
sRAolnz  AEgd g% WE A Axad Ao o,
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Abstract

Change of jaw growth and structure after injection of

Botulinum Toxin A on masticatory muscle in Growing Rat

Wonse Park

Department of Dentistry
The Graduate School YonseiUniversiry

(Directed by Professor Sang-Hwy Lee)

In this thesis, we hypothesized that the change of muscle function
evokes the change of jawbone not only the external structure but also
internal architecture. To prove this, we used rat animal model with

botulinum toxin A injection.

We injected botulinum toxin A on masticatory muscle (masseter muscle,
temporal muscle, tongue) in growing Spraque-Dawley male rat. We raised
the animals for 3 months with measuring body weight to confirm the
normal growth. To evaluate the growth in each animal, we took in-vivo
microCT in 4 weeks interval. After 16th weeks of birth, the animals were
sacrificed and high resolution microCT were taken. Linear measurement

and trabecular bone analysis with 3D region of interest were performed.
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In 3D reconstructed image, we found that the lengths of the mandibular
growth units associated with functional matrix were affected by the
injection of botulinum toxin. Secondary, length of mandibular condyle
was also affected by the injection of masseter muscle and temporalis. In
botulinum injection at tongue group, narrow inter molar with on first
molar was noted. In high resolution microCT analysis, the trabecular
bone in mandibular body was different in masseterand temporalis
injection group. The volume of masseter was reduced after injection of

botulinum toxin in histologic analysis.

In conclusion, Injection of botulinum toxin in masticatory muscle
affect directly on the associated growth unit as well as the mandibular
condyle by the secondary to the reduced masticatory function. Also, the
internal change of trabecular bone at mandibular body was noted in
masseter injection group. We think that the environmental change at

growth period may influence on the jaw bone structure and architecture.

Key Words : Jaw bone, Muscle, Botulinum Toxin, Growth, MicroCT, Trabecular

bone analysis
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