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II. 97 oA 2 U4

1. 9+ A
2004 WRE 2014 @7x] AAstn A GostEd polerd ool Fo st
Sl oa ot wlh el da Wwe #x F e s)Fe] %= @)

100 = sttt

1) RP (rapid prototype) E= Az $3 3DCT(3—dimensional computed
tomography) & &4 st #}

2) QtHE A ¥&ot AdA Ao} Fr) ¢k ©]3 (craniofacial anomaly) ©]

3) otwd e Yol glon TEA e} AA U9l Al 1A AAAT 9= A

A A (reference point) 2 CT Aol F&3 8T & Y= =

=
o
I
%
2
b

3DCT + dAdUstw Ara~ o AX¥ High—speed Advantage 4Fs)
= #97] (GE Medical system, Milwaukee, U.S.A)E A}&3te] &3},

120kV, scanning time lsec., thickness 1mm %t} &9 = g o= =4
WEHE FASIR e, FY WHele FAFENE ol E XIS AA Ee
BxAY AxAs FEFEQT. o ¥ FJH A @F FAS Digital
Imaging and Communication in Medicine (DICOM) 3 Aoz ##sla
3 29 dA gudA ZTEF gl SimPlant 0&0O 2012 (Materialize, Leuven,
Belgium) & AR&stol Fr7ls 9 A, stotas 3 AdIde=w A8kl
ols WA 41 @, 947 59 Feolglor it vol= 22.6 Al (16~45 A At
AT e dAdsty Aty ArEEA 3] (IRB) Y 51(2-2014-
0020) F A&t



2. AT Wy
b 7% BER AR 47

slol o]l -zt mithA AEE AAY FbolA A=Ea slelEo
75 E5S A=) Yt A, £, B 712EUs AA4sga, 7te AE
A7 (Mid sagittal plane, MSP), FH 43 W (Frankfort horizontal plane, FHP),
4} 9 (Coronal plane, CP) o]t 4433t}

otefet Z A5 VA V= H

g
X
|\
X
i
tlo
r)f
o
ol
4t
o
i)
o
-z

g
o

N
I

(1) A= 71¥3 (land mark) (Figure 1)

1. Na(Nasion): Bl AFE 32 F4; The junction of the frontal nasal suture at

the most posterior on the curve at the bridge of the nose

L. Ba(Basion): %% (Foramen magnum)% FH&A3¥H4; The most forward
and lowest point on the frontal magnum

©. Or(Orbitale): ¢Fete] H&bA (OrR = $=, OrL = #=); The lowest point in
the inferior margin of the orbit (OrR = right Or, OrL = left Or)

2. Po(Porion): &lo]x=2 HAHA (PoR = $=, PolL = #=); The most superior

point of the external auditory meatus (PoR = right Po, PoL = left Po)
7. Mid—Po: %= porion® %%4; The midpoint of right and left Po points.

H. Sig(Sigmoid notch): SEF AE29] FH3PUH (SIGR = = SIG, SIGL = #=);
The lowest point of the sigmoid notch (SIGR = right SIG, SIGL = left SIG)

2) AZ 71249 (Figure 1)

-1. FHP(Frankfort horizontal plane): The plane constructed by three points of
Mid—Po, OrR, OrL



L. MSP (Midsagittal plane): The plane normal to FHP and through Na and Ba

©. CP(Coronal plane): The plane normal to FHP & MSP, and through Ba

Figure 1. Constructed reference planes

A) FrankFort Horizontal Plane, (FHP)

B) Mid—Sagittal Plane (MSP)

C) FHP, MSP, CP

‘a‘
FrankFort %%

Horizonta §
Plane (FHP) §
i

Mid-Sagittal Coronal
Plane (MSP) Plane (CP

3 #etZ 715 @9 B A 34 AR
F54Y 71FA B9 RI L o] 537 A5 PRI,
1. CON-L: The most lateral point of the condyle

(CON-LR = %5, CON-LL = #5)

L. CON-—M: The most medial point of the condyle



MMP ¢} 7 Mid—CON, Mid—COR, Mid—LIN,

MMP 7} o] % 7% (0) 2 =33t

(CON-MR = %3, CON-ML = #3)
CON (condyle): Midpoint of the CON—L and CON—M
(CON-R = $-3, CON-L = %)

COR(coronoid): The most superior point of the coronoid

(COR-R = %3, COR-L = #=)
LIN (lingula): The most medial point of the lingual
(LIN-R = 3 LIN-L = #5)

GON (gonion): The most inferior & posterior point of posterior border of

ramus (GON-R = ¢+, GON-L = %)

MF (mental foramen): The most medial point of the mental foramen

(MF-R = %=, MF-L = #5)

(4) Sl EA3He ASH

Mid—CON: the midpoint of right and left CON points
Mid—COR: the midpoint of right and left COR points
Mid—SIG: the midpoints of right and left SIG points
Mid—LIN: the midpoint of right and left LIN points
Mid—GON: the midpoint of right and left GON points

Mid—MF: the midpoint of right and left MF points

Me (menton) : The most inferior midpoint of the symphysis of mandible

. stetd SAEEY] 2R FHE2AY g FF (Figure 2)

Fol #Ale] FAHES mdste= stetx $4% 9 (Mandibular mid—plane,

MMP)<& A A Mid-SIG, Mid—LIN, Me & A= HHo=z A3
MMP 7} stetze FA4S dmsty 722 +5 BE7E & deA AF

. HEsE

913

Mid—MF 7441 Azlel, MSP <}



Mid-SIG

Mid-SIG

Mid-LIN

Figure 2. Designated landmarks and mandibular mid—plane (MMP)
A, B) Landmarks representing mandibular functional units and structures
C), D) Asymmetric mandible and its MMP seen on frontal & rear side

E) Calculation of the angle between MSP and MMP (MMP deviation)



$ 71 HES o83t stetEel 7F 7l ewelE ¥ (condyle, CON), 2.3]%=7](coronoid,
COR), 3}otz}t(angle, ANG), 3}eHA| (body, BD), AZ% (symphysis, SYM) & W31
o]Z Simplant Pro Plus OMS software program “JolA oS3 o] Aolst1

X35} (Figure 3)

(1) I5F 71 5FH(CON): Straight line between the two points of CON & LIN

(2) 231=7] 71 59$I(COR): Straight line between the two points of COR & LIN
3) 3tz 715 (WG)I Straight line between the two points of LIN & GON
(4) 3teHA] 71529 (BD): Straight line between the two points of LIN & MF

(5) BFH 7152 (SYM): Straight line between the two points of MF & Me

Figure 3. Schematization of functional units of the mandible



100 ¥9 #FAES A (Kim, 2014)0] 73 <kdAn| A o] TML-2FHS A4
T da e A (A, 2013)9 TML-EF¥S ol43ste] EFa%
T

EwFeslth ol #Hel= AT AW MSP)oEFE  sker ol
T4 Menton) 74712 2 A, sfepa 924R-o] WA FS ATAGHO R

F5 HEAMZ A (Gonion) 7hA o] A A 9] Aol o] Arligte = A ositt (Figure 4,



(1) TOZ: ol ALsh $214 &
(2) T1Z: o3 Bsh $24 53 vlrhFo] 2mm o] 4olw,
1’:

(3) T2F: o]% W9} Sz

(4) T3T: olF ALle 2mm o]Folw, %2 433 HthE o] 2mm v ¥kQl 75
(6) T4T: olF ALle 2mm vrkolw, $-2 =33 W]t o] 2mm ©]7d<Ql -

SEIESBENY
(T

Figure 4.

T—Classification of the
mandibles; according to
the relationship between
hard tissue menton
deviation and  angle
transverse discrepancy
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Total
number
20
20
20
20
20

(unit: mm)

Female
16
11
12
11
| 4 o A=

pul

Gender
AgHo 7 RE g EAE A (Gonion) 7FA1 2] A 7k

Male
4
9
11
8
9
(Affected side), ®rTj
=

=

=

boian, v

Age
21.5+£3.7
22.1£3.6
23.1£6.2
21.5£5.2

3|

25.2%5.1
W) & ol A

]

Same
opposite
=l

-

Direction of
two parameters

X

<2

<2
(Non—affected side) & 74

Description

Transverse
Angle
discrepancy
ghatel A

=

Fol Menton ©]
=

<l

i

1l

<2
<2
el A Bl

Menton
deviation

ki
Foick  oful
Ao mRE
SEEY

Group
TO
T1
T2
T3
T4

ze

.
T

Table 1. The classification of mandibles by T —classification
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Table 2. Distribution of menton deviation and transverse angle asymmetry of the

mandibles by T—classification

Direction of Direction of angle

A f

Menton deviation prominent Average of verage o
Group . . transverse angle
] . Menton deviation .

Left Right Left Right discrepancy
TO 9 11 7 13 1.1£0.9 0.9£0.5
T1 15 5 15 5 10.9£2.38 7.8£3.3
T2 12 3 3 12 5.9£2.3 3.8%t1.5
T3 13 7 14 6 6.6%£1.9 1.5=0.6
T4 11 9 12 8 0.9£0.7 4.7£2.0

(unit: mm)

ol 71RAE olg® 2 2o B4 2 uldF W

Z} e 4 9% AH FFEFES Simplant software program O ZFE
dol g5 2 FEES ASsh

71.|CON| = 37 7s9le A7)

. |COR| : 23=7] 7@ 7]
C.|ANG| @ 3otz 7]s el o] A7
2.|BD| @ stotAl 7leele] A7)

HLSYM| 2 AEH 7leele A7)

Figure 5. Size of functional units
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AW 75wt sl FAPHL olFE A% F A4S owtm T W 7
N9l Sl FUPE MMP 9 o] F 4EE et gol Fsrh R 3

~1-
L & 2ol $5& s 42 7@ F ol % shelt wsw wuEss

H]) w8} o} (Figure 6).

7. CON(0,,,,) ¢ PR Ve 7E et
. COR(O,,,) : L3AE7] 7)5as]7) shet
=. ANG(0,,,) : 3tz 71e el rh stk
=. BD(0,,,) : dtA 715 @917} sebs
o SY—M(QMMP) -

ANG (Oymp)
-Right

BD(8pmp)
-Left

SYM(Oymmp)
-Left

Figure 6. Angle between MMP and each functional unit
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bo$5e 2 ARE 7159 Alold AE(IUZHE TR F 180 & o5

e Auste] M=) wA=2 vl wekivh (Figure 7).

|

CONLANG(6) © 3HF 7159919 etz 71599 Abo 2}

[¢]

COR£ANG(9) : 23 =7] 798t stotzt 759l Aoz}
CON 2BD(9) : ¥+ 71esl} sfobAl 759l o] Apslzt

BD / SYM(0) : FtAl 7 e&9let A 7le= ] Azt

CONZANG(6)
-Right

COR/ANG(0)
-Left

CON~BD(8)
-Right

CON4BD(6)
-Left

BD.,SYM(0)
-Left

Figure 7. Angle between adjacent functional units
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(@) S g 79 Az T

S

v}

rlo

FS5 kAo Al EoldA AxAY AxAY FAE skelth 7
sigmoid notch, lingula, gonion AEZ At orm 3 2 GAloAd AHAHI z+

Aeo] x3¥ 7} axial &9 FAdelA 53 Zo] AFsA - (Figure 8).

||V
o

1. Sigmoid notch level
ket o] HARA Y HEHHES ddske AAdE AT F o] A
FAolHA sigmoid notch & Av= A& AAsgh. o] Aol IF-9
U= A& point A & 33T
A. |ST(SIG)| (sigmoid notch EololA AxZA°] F7): sigmoid notch Z5-E
point A 721 2] A&

olt

(2

L. Lingula level

selA el Hamgn ATPRS Ads: Ade AA® ¥ o el
FHolWA lingula ¥ Avks AHE AP of HHo] shetE gwxn

THti= AS point B, 959 W= HS point C 2 kT
A. |HT(LIN)|(lingula #=°]olA AZA ] F7)): lingula®5-E] point B7k4] 2] A€

B. |ST(LIN)|(lingula o]olA Ax2 2] F7)): point B2%¥ point C7F4 2] A
. Gonion level

Gonion & FTHOZE ®WEAFo] 1lcm 1 95 &A% ¢ o] Ay b= Uy
Tht= S point D, &)W b= AS point E 2 Q33T Point D ¢ point
EE ddst Aol JH9 whpi= FE point F 2 A5t}
A. |[HT(GON)| (gonion FolelA A x29] F7)): point D ¥ point E 7} 9]
71¥]
B. |ST(GON)| (gonion ¥oloA AxZA 9l F7)): point E ¥ point F 74 9
g

_15_



Point A
|ST(LIN)|

¥

[ST(SIG)| ,'\ ' -
l s

|HT(LIN)|

3

Figure 8. Thickness of hard tissue

of ramus and surrounding soft tissue

sYsE stefEelA  VIEdE AAstke #ACA #AdskeE exs W
9 2} (method of error, E) 2 H7lstgith. 3 3zte 3 2 GA+9] &Faa 7=

ol
R

(CON, COR, GON, LIN, MF, Me)< A7} 1 F 3740z F 20 A3
Dahlberg’ s formula & AAFstglon 1 22 oS3 Zrt

_16_



E= \/;;)_;) (D: Difference of measured value, N=number of measurement)
e AR de e AR A3 e ASA= SAHSR {FoT Aolvt
oAtk o] wl CON, COR, GON, LIN, MF, Me ° ®ig B3t 93 o3& 747}
0.15, 0.27, 0.48, 0.22, 0.10, 0.43 mm At At A= FA A i),

Z A A8l SPSS version 18.0(Statistical Package for the Social Science Inc.,
Chicago, IL, US.A)& ol&sto 7IEHAEH A5 FE= ddo A=
Algstlon, 7+ ¢ N ¢ 54 22 & 13t P value 7F 0.05 =9

o

FEO Frb & F 20 ME AS FH] RG] Y FEE
AA 3R 2.1 (Kolmogorov—Smirnov test, Shapiro—Wilk test), BE A= dZo
&l p—value 7} 0.05 °o]ioz A S wEHetes AS sty
AFg-st 3t

o £

il

s

)
g
tlo

P
T

2!

(1) AS &&= dgt zF 79 HAASH ¥H 452 ¥ (independent sample t—

2) AF FE=) dd 4 + Ale]9] v (one way ANOVA)

(3) A& #A E4 (Pearson correlation analysis)

q. RF 1SR 27) Aole o) F W, $7F Y W MMP B9 4
2

L. stetE FAwEw (MMP)JJr N7t o F o] % Apoleh o] S, &
245 wlelg @ MMP Hlshe] 4w

_17_



1. stetE SHEHEY A2 d# HAF

MMP 7} stebEe] F4e Aval, 24 T-27¥E dxd 5 deA 258
e A= =442 Mid—CON, Mid—COR, Mid—LIN, Mid—MF £ MMP 7} 9]
A 9} A MSP &}

M
AAMH FAEN Ay RE AS

o>
X
=2
>
=)
SUN
)
off
X
Y
o
Ao
L
Nt
2
s
N
A

=
N
Ml
1o
ol
1L
U
1o,
ofy
ekl
o
T
o
i)
&
30
N
rﬂ
=
N
Ml
=2
>
rlr
=
=

Table 3. Verification of MMP by measuring the distance & angle of each

component

Multiple Comparision

Variables TO T1 T2 T3 T4 P
(Scheffe, Tukey)

Distance between

MMP & Mid—CON (mm)

0.8£0.5 1.6%*1.2 3.6+*1.8 1.8%*1.1 1.1£0.7 <001 TO=T4=T1=T3< T2

Distance between

MMP & Mid—COR (mm)

7+0.9 1.4*1.2 27£15 1.3*1.2 09£09 <001 TO=T4=T3=T1<T2"

Distance between

MMP & Mid—ANG (mm)

1.0+0.8 1.4*1.1 29%+1.9 0.8%£0.8 1.3£1.0 <001 T3=T0=T4=T1<T2"

Distance between TO=T4=T1=T3 <

0.5+£0.3 0.9*0.7 1.4%+09 1.0£0.8 0.7£0.5 .001 "
MMP & Mid—MF (mm) T1=T3=T2

Angle between
MSP & MMP( °)

1.5%0.5 84*2.0 10.9*4.8 6.2=2.0 3.8=0.9 <.001 TO<TA4<T3<T1<T2"™

P: p—value of one—way ANOVA test among T—groups (unit: °, mm)

% Scheffe, **: Tukey

_18_



ZF 158 MSP ¢ MMP 3t o] f= Zike] digh ddnja] FAkEA S
2 Ay Fe] yElen ol AR #FoF zolE B AT(P<0.001,
Table 3). &= &k 19| /& zto]E &latr] 98l AMS- A2 Arstlon zt
T FoF AolE it B e #AHe] MSP ¢ MMP 3t o] F& AEs
ZF @x}o] Chin deviation % Angle discrepancy 9 Thd: =& AAFAAES
7FR T (r=0.683, 0.419, P<0.001, Table 4).

ol T3 MMP + T2 & Add RE oo F4HE Bdd 4 9low,

=
FAC T-RRHA A% 2 7 sobE wgF e dET + At AW
Fdol @ 5 AL FAFATL

Table 4. Correlation in MMP deviation with T —classification

Correlation coefficient

Chin deviation Transverse angle discrepancy

Angle between MSP & MMP( °) 683" 419"

wxxl P<O.001

2t 7152l og B4
7. 7t Aswsle 27)

2 J)sase 2719 F9 7% A, B

i)
o
o1
rlr
)
kil
il
M
o
ol
ol
2
)
~
ofr
AV
Ho
=2

(1) TOw
BE 7 5sldA ool stelzte] We%, ulAZe] o] oo FAH
Fo4el Qi RE JEwse olid st WAF, wAAS 2]
Aol 1.0mm olvhel Fit ke 7Havh
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(2) T1+
EE 7lsdsle dA953 vEeSe] do] zkeolrt A HH(P<0.05).
ICON|, |[ANG|, |BD|, ISYM|:= o1& Bl# g ZFo] AL Sl val] z12m [COR|:=
o]% Wg|Zo] M=o M| k. o] F [CON| S [BD| 7} o|¥ WS
7o ®

—-5.2+£2.7mm, —4.7£2.2mm 9] 7} &< zolE BT}

(3) T2
ICON| , [BD| ellA o]F H=F3 HFel SAHSZ {2 Aol7t
Ao ol vl g Fo] " Zel vl& Atk (P<0.005).

= u [CON|, |BD|, |SYM]| °l|A]
"SI vbsf Sl FAACR FoF AolE Hlow, o]F nHSo]

HEYFe vl ZHH(P<0.005).

(5) T4+
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(7) &3
ol HAST vALSS |CON| #ol&= o]F A HEe =& F°
AEHIA, MMP H$] AEe i 52 5o AAIAE 7MY r=-0.782, —

0.500, P<0.001). @3t o] H=3 u|HLZ=9 |BD| ol ol #HY
AE, MMP A% A9 tha £ 29 A% #AE 7Kg E=-0.682, —
0.661, P<0.001).
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Table 5. Size difference of functional units between affected and non—affected side

Multiple comparison Correlation
TO T1 T2 T3 T4 -
(Tukey) Coefficient
difference
difference P* difference P? difference P* difference P* difference P? among P° Chin Angle MMP
T-groups

—__, Chin 0.2+16 .628 -2.9+2.3 -2.8+42.8 <001 -0.2+1.5 .483 1<2=3<0=4 <.001 -.803"™ -.370""" -.605"""
| 'conl -5.2+2.7 <.001 — —

Angle -0.1+1.6 .706 2.9+2.3 -2.6+3.1 .001 -0.1+1.6 .824 1<3<0=4<2 <.001 -.475" -.297 -.074
. Chin 0.1+£1.9 .88 0.7+2.4 05+2.0 .278 -0.2+2.5 .666 - .345 155 .064 .249°
| cor| 1.1+1.9 .024 -

Angle -0.4+1.9 .372 -0.7+2.4 0.1£2.0 .758 -0.8+2.3 .141 - .045 228 .085 .051
_, Chin 0.3x2.0 .436 0.7+2.6 -0.3+1.9 .488 0.1+3.6 .871 - 064 -.246" -141 -.094
ANl -1.742.4 .006 : :

Angle 0.5+1.9 .287 -0.7£2.6 -0.4+1.8 .349 0+3.6 989 - 109 -.239 -.169 -.214
. Chin 0.1+£2.0 .764 -3.7£3.0 -2.242.2 <001 -0.5+2.5 .436 1=2<2=3<3=4<4=0 <.001 -.682™" -.335" -.661""
| BD| -4.7+2.2 <.001 — —

Angle 0.7+1.8 .09 3.7+3.0 -1.1+43.0 .126 0.4+2.5 .489 1<3=4=0<2 <.001 -.454" -.334 -.033
. Chin -0.7+£1.6 .079 -0.4+1.1 -1.0£1.2 .001 0.4+15 .262 1=3=0=2<0=2=4 .004 -.304" -.021 -.144
| sy -1.2+1.4 .001 -

Angle 0£1.7 952 0.4+1.1 -0.4+1.6 .231 02+1.6 .625 1=3=0=4<3=0=4=2 .011 -.256 -.100 -.099

#. p<0.05, #*: p<0.01, ***:p<0.001 (unit: mm)

P? : p-value of independent samples t-test between affected & non-affected side

P p-value of one way ANOVA test among T-groups
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. serE 34 993 4 71597t o|FE ZE (Table 6)

BE J5ugleld olRe stelzte] WS, wWIZ] MMP 9 ol
2 Aolel FAA fo4o) ATt BE 715w o ¥ stz B,
MRS MMP ¢ o] %5 242 Zoli 15° oluje] BFae 7k

(2) T1+

CON(0,,,) . BD(0,,,) WA ol Bzl nAsdSe] ws) 2= g

ZFRH(7.316.7 °, 2.5+11.9 °, P<0.001).

MMP

(3) T2+

BE 71599 BeS0 nANS9 2w 2ol 9UTHP<0.001).

CON(6 ,,.,,), ANG(6, ), BD(6 = ol "eISo] mHESSel vlEl,

MMP MMP)

), STH( 6

MMP)

CO—R( 0 MMP

ool mHgSe] WIZe] we) zow
=

%)

oN(6,,.), ANG(6 ), COR(6 ), SYM(6 ), BD(6

MMP MMP

& zolE BHYTH(13.9+6.8°, 10.2£89°, —-94+59°, -55+t4.2°
6+2.1°).

s

w

(4) T3+

con(o,, ), BD(6

wp) SYM(0 )l A o] s 91=e] wjE g Sel w3,
COR(6,,,,)= o wlEf=e] ALFel v & %& 7Hslek. CoN(6 ),
Cor(0,,,). BD(0,,,). SYM(0,, ) o  &e=  %& Aoz

HArk(8.4+4.8°, -3.2%£5.07,23%t1.6°, -2.0+3.3"

~—
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(5) T4+
CON,BD oA 3&Fetzt njHfSo] ASF ulsl, SYMAA stetz H 9 =o]
HA Y =of Hla] & S B9 ow, CON, SYM, BDY] 0% & zjolzts
BYp(-3.7£3.2°,2.1£28°, -1.1£1.0").

(6) A BAEA B AFAA
7 #e SYUS, BASE wMAAS 74 JSEA MMP 9 o] R
7o Aoz FHWAE shel AWMABARAS ANt mE
A 2 0 4@ Aoz mgow AFPAlA oln, seiz
A9 A1F W 5w FRe wel g AR aFel wbreizow

iin)
i)
il
x
2
W
o
=
¥
o

p) O O W9 Hm, MMP H9

Aot v 12 Y AudAE MW (r=0.562, 0.672, P<0.001). &3
ojF WIS nHESLIF] MMP 9} BD7F o]F& Ztw AFol= MMP 9
AEol w8 ¥ AuaA, ol Ard v xS 4o AudAE
B ATH(r=0.724, 0.613, P<0.001).
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‘Table 6. Difference of angle with MMP of functional units between affected and non-affected side

Multiple comparison Correlation
TO T1 T2 T3 T4 .
(Tukey) coefficiency
difference
difference P® difference P? difference P? difference P? difference P? among T P° Chin Angle MMP
groups
_ Chin  0.8+3.4 .315 13.946.8 <.001 8.4+4.8 <.001 -0.3+5.0 .812 4=0<1=3<2 <.001.562""" -.019 .672""
COM B, ) 7.3+6.7 <.001 .
Angle -1.3+3.2 .076 -13.946.8 <.001 4.0+8.9 .061 -3.7+3.2 <001 2=4<4=0<3<l <.001 .600™*" .257° .071
Chin 0.3+3.9 .077 -9.4+59 <.001 -3.2+5.0 .01 -1.0+£3.7 .259 2<3=%1=4=0 <.001 -.177 .085 -.611"""
COR(8,5) -1.0+5.7 .456
Angle -0.4+3.9 .677 9.4+45.9 <.001 -0.6+6.0 .652 1.3+3.6 .106 2<3=0=4<1  <.001 .107 .131 -.362""
_ Chin -0.4x4.7 .706 10.2+8.9 <.001 1.3x4.6 24 2.0+53 .109 0=3=1=4<2 <.001 .133 .036 .575"
ANG(0,0) 2.0+7.3 238
Angle 0547 .664 -10.2+8.9 <.001 -0.5x4.8 .628 -1.7+55 .179 4=1=3=0<2 <.001 .091 .084 .497
__ Chin  0.4+1.0 .129 3.6+2.1 <.001 23+1.6 <.001 -0.4+15 .266 4=0<3=1=2 <.001.613"" .068 .724™*"
BD(6,,40) 2.5x1.9 <.001
Angle -0.3+1.0 .129 -3.6+2.1 <.001 0.9=+2.7 132 -1.1+1.0 <.001 2<4=0=3=1 <.001 .084 -.094 -.508"""
_ Chin 0.0+3.0 .959 -5.5+4.2 <001 -2.0+3.3 .012 -0.1¥3.5 .855 2<3=1=4=0 <.001 -.242" .056 -.513"""
SYM (0,0, -0.9+4.6 .368
Angle 0.4+2.9 .566 55442 <.001 -0.5+3.8 .567 2.1+2.8 .003 2<3=0<0=4=1 <.001 -.019 .193 -.356
«1 p<0.05, **: p<0.01, *+=*:p<0.001 (unit: * )

P? : p-value of independent samples t-test between affected & non-affected side
P p-value of one way ANOVA test among T-groups
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(2)

(3)

(4)

(5)

(6)

. AR E T 7159 Afole ZE (Table 7)

T1+*

CON ~ ANG(0), CON ~BD(0), BD ~SYM(8) <o o]¥ n|HYZo] H|HY =0
Hl& Ath(-6.4+8.0°, -3.1£4.7°, —-2.0+3.3 ).

T2

CON £ANG(9) , COR.ANG(®) ©lA ol uHEHLSFo] HZFe| w3,
BD £SYM(6) ©lA ol HLFe]l njELFe wHlE & s 7Rk
CON £ ANG(6) , COR~ANG(0) , BD LS5YM(0) ©] o7& & Ao|& HATH(-
7.1%+6.7°, —4.8%£7.7°,27£3.2°).

T3+

CON £BD(6)°llA o]F- vl g15o] AL 5ol vl& & #= BT (-2.054.3 7).

T4
BD/SYM(6 A stetzh ml|Sol #HeSe] wHls 2 e BAT(-
2.4%3.0 7).

, RS vEAS 7 AT TedTr olF e A4l
ztols FHEWMTFE sto] A EAREA S AAEY skt A9 E
71502 P& wCON~LANG(6), CON ~BD(0)°A 2} o]F HIE 7|Foz2 S

_26_



w BD.SYM(O)IA ¥ 3+ @ AolZ mgowl, AT AN A 1Fl
EASG oY BE 2 Abold] Abol7h wAHAL kst
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Table 7. Difference of angle within adjacent two functional units between affected and non-affected side

Multiple comparison Correlation
TO T1 T2 T3 T4 -
(Scheffe) Coefficient
difference
difference P? difference P* difference P* difference P* difference P? among P° Chin Angle MMP
T-groups
Chin -1.816.3 .22 -7.1+6.7 -3.327.9 .079 -0.1+6.4 .945 - .010 -370"™ -.093 -.404"""
CON 2 ANCA8) -6.418.0 .002 ) _
Angle -0.7+6.5 .652 7.1+6.7 -2.148.4 287 13+6.3 .375 1=3=0<3=0=4<4=2 <001 -.248" -.078 .138
- Chin 0.2+4.1 .809 -4.8+7.7 -0.4+6.6 .800 -2.4+59 .081 - .054 -.002 -.020 -.215"
COR/ ANG(8) 0.1+5.6 .928 K
Angle 1.7+3.7 .063 4.8+7.7 -0.6+6.6 .688 -0.4+6.4 .809 - .028 -.099 .017 .136
- Chin 0.1+3.2 .843 -1.2+4.1 -2.0+4.3 .049 0.5+3.4 530 - .031 -.273" -.054 -.172
CON< BD(6) -3.1+4.7 .009 .
Angle -0.5+3.2 .506 1.2+4.1 -0.7+4.7 543 0.4+3.4 592 1=3=0=4<3=0=4=2 .019 -.137 -.034 .066
_ Chin 0.1+3.2 .873 2.7+3.2 0.8+2.9 .228 -0.6+3.8 .552 1=4=0=3<0=3=2 <.001 -.095 -.305" .058
BD £ SYM(§) -2.0£3.3 .012 .
Angle 0432 994 -2.7+3.2 -0.4+2.9 566 -2.4+3.0 .002 - .019 -.086 -.348 -.165
*: p<0.05, *x: p<0.01, **%:p<0.001 (unit: )

P* : p-value of independent samples t-test between affected and non-affected side
P p-value of one way ANOVA test among T-groups
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(2)

(3)

(4)

(5)

TO*
BE ol BzA3 AzAelM og etz WAZ, WHEAZY Folo
BAR f40l AATHP>0.05). ANE BE Foldde Bzd, Az

= -1
T WSS, v =] FA AFol= 0.5mm oWl e Bk THA

Tl
IST(SIG)| oA 3Ferzt mALSo] HY=o] vle 2 S 7FHUH(1.5+52.2mm,
P<0.05).

T2
BE Eole AxAd dAxAdA stetzt deS, vEdSe w0 Aol
EAA FoAo] AATHPK0.05). AxAL ofzt HY=o] H|AY = Bl

FAQLCH (|HT(LIN)|: 1.4%1.4mm, |HT(GON)|: 0.5+ 1.1mm), Ax& & &}tz
A Sol #AeSel nmla] FARAGCISTSIE)| @ 2.251.9mm, [ST(LIN)| :
4.4%3.3mm, |ST(GON)|: 2.6=3.2mm).

T3
IST(SIG)| , |ST(LIN)| + ©olF HEZFo] uALZel &l (1.251.7mm,
1.6+2.3mm), |[HT(LIN)| = o] §- H| 3 9] 50| AL 5ol H] 3]

FALHO0.6E1.0mm).

TO T3 @ol RE ¥olf AxA% Az olRe stz WeH
MAZe Aole] FAN FAMel AATHP>0.05). AANE BE FoldA
CAEA FAL BIZ, MANF FA AolE 0.7mm ol FFGL

F
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(6) LAz Eak2

—

N
T

pjJ

I
-

A4 A3} ol

Fis

A £l

b EAA Aol 7 AU TH(P<0.05). A}

|HT (GON)|

bt omd

Nk

\=]
T

ke
T

T

AR 2ol wrol Ak

s

OO]:‘

olel we} o

o =
N AL

==
RS

ahotzt 99 7]

ZFo] 71 Gl vk (P>0.05).

Eis

IHT(GON)|= 7} 3 3+9] 9]

(7)

4

ol ¥ A, MMP 2 ¢ t}

R
i

o] |ST(SIG)| =}o]

=
=

9

2]

oz

3}

=
=

o] 73

P<0.001)
EES

0.471,

#9]9)

0.465,

HAoH (v

iy

o
)

,AO

)

0

o|J

=
3L

MMP

L
.

Fol

s
0.502, P<0.001).

IST(LIN)|

S

=
=

EEE

7P (r
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Table 8. Thickness difference of ramal hard tissue and surrounding soft tissue at three different levels between affected & non-affected

side
Multiple comparison Correlation
TO T1 T2 T3 T4 -
(Tukey) coefficient
difference
difference P* difference P* difference P* difference P? difference P* among P° Chin Angle MMP
T-groups
Sigmoid Chin 0.2+1.2 .476 2219 1.2+1.7 .005 -0.1+1.4 .6444=0=3=1<3=1=2<.001.465""" .019 .471°"
| ST(SIG) | 1.542.2 .007 3 _
level Angle -0.4+1.2 .201 -2.2+1.9 0.6+1.9 .018 -0.3+1.4 .367 2<0=4=3<3=1 <.001 .263" .039 -.145
Chin -0.2+0.8 .383 -1.4+1.4 -0.6+1.0 .013 -0.1+1.3 .7652=3=1<3=1=0=4 .005 -.130 .127 -.313"
|HT(LIV)| -02+1.4 .459 <001
lingula Angle -0.3+0.8 .054 1.4+1.4 0.0+1.1 1.00 0.4+1.2 .154 0=1=3=4<4=2 <.001 .024 .181 .359
level Chin 0+1.7 .960 4.4+3.3 1.6+2.3 .005 -0.4+2.4 .425 4=0=1=3<2 <.001 .299™ -.056 .502"""
| ST(LIV)| 0.9+3.5 254 <001
Angle -0.3+1.7 513 -4.4+3.3 0.2+2.8 .787 -0.6+2.4 .283 2<4=0=3=1 <.001 .086 -.101 -.344
Chin -0.2+0.7 .319 -0.5+1.1 -0.1+1.1 .551 -0.2+0.8 .458 - 436 -.014 .001 -.129
|HTTGON) | -0.1+£0.8 .808 .032
Gonion Angle 0+0.7 .835 0.5+1.1 0.1+1.1 .608 0.1+0.9 .703 - 212 -.024 .002 .149
level Chin -0.3+1.7 .430 2.6+3.2 0.6+2.5 .336 0.4+2.5 .4911=0=4=3<4=3=2<.001 -.050 -.093 .276"
|ST(GON) | -1.0+2.6 .099 .002 - —
Angle 0.2+1.7 .634 -2.6+£3.2 0.0+2.6 .966 0.0+x2.5 958 2=1<1=3=4=0 .003 -.217 -.246 -.397
=i p<0.05, *=*: p<0.01, *==:p<0.001 (unit: mm)

P? : p-value of independent samples t-test between affected & non-affected side

p: p-value of one way ANOVA test among T-groups
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Abstract

A 3-Dimensional morphologic analysis of horizontally asymmetric

mandible and the surrounding soft tissue based on T-classification

Jin-Guen, Kim
Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Hyung-Sik Park, D.D.S., M.S.D., Ph.D.)

Mandible is where facial asymmetry is the most prominently expressed.
Mandibular asymmetry has a variety of patterns because they are affected not
only by the position and the shape of mandible, but also by the overlying soft
tissue. For a more effective and better diagnosis of facial asymmetry, a number
of mandibular asymmetric patterns have been studied and analyzed. Especially, a
simple classification system of facial asymmetry by TML system considered
hard and soft tissue of the face simultaneously. T —classification, which is a
subtype of TML system, categorized horizontal mandibular asymmetry according
to menton deviation with transverse angle deviation, and after the system was
applied in a three—dimensional model, it has become possible to identify various

morphologic aspects of the facial asymmetry. However, there is still something
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lacking about ‘Which components of the mandible cause a certain type of
mandibular asymmetry?’ such as the size, shape, location or arrangement of the
components. Especially, we wanted a three—dimensional analysis on
‘unfavorable mandibular asymmetric patterns’, showing the aspect that the

correction of asymmetry at chin part worsens asymmetry at the mandibular
angle part. We think these atypical asymmetric patterns were derived from the
discrepancy in size, direction, and arrangements of both sides of the mandibular
components.

To verify this, we set up functional units of the mandible in 3D virtual space
based on Moss’ s functional matrix theory. After classifying 100 mandibles into
5 groups by T—classification in TML system, we analyzed size, direction, inter —
relation of each functional unit and the surrounding soft tissue and were able to
deduce the cause of a specific type of mandibular asymmetry with meaningful

results.

1. We were able to verify the MMP as a representative mid—plane of the
mandibles in T —classification with the following evidences: First, mandibular
mid—plane (MMP) indicating the center of mandible represented all of the
mandibles statistically except T2 mandibles. Second, there were statistically
significant differences among T—groups of deviated angle between MMP
and MSP(Mid sagittal plane). Third, the angle showed a statistically high
correlation between the degree of menton deviation and horizontal angle

discrepancy.

2. In condyle and body unit, differences in size (|CON|, |BD|) and the angle with

MMP(CON(6 ), BD(6 ) between deviated and non—deviated side

MMP MMP)

have a statistically significant relation with menton deviation. Differences in
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size of coronoid process and mandibular angle units did not showed a

significant difference among all T—groups.

3. In T1 groups, there were statistically significant differences between
deviated and non—deviated side in every functional units. It showed a typical
asymmetric pattern resulted from linear hemi—mandibular overgrowth in

non—deviated side of menton.

4. Geometrically, ramal curvature has concavity to MMP in menton deviated
side and flatness to MMP in non—deviated side. Also, at angle deviated side
of T2 groups, ramal hard tissue was significantly thicker than non—deviated
side, and soft tissue over the ramus was significantly thinner at angle
deviated side, compensating the bony thickness. These were distinguishing

features compared with other four groups.

5. Though menton deviation could represent mandibular asymmetry in many
results, horizontal angle width discrepancy was a complex result for various

reasons.

6. In this study, the results about asymmetric mandibles did not support the
functional matrix theory. The horizontal angle width discrepancy was
expressed irrelevantly to size, inclination, and thickness of hard and soft
tissue around the mandibular angle. Also, ramal thickness of hard tissue did

not have a significant relation with soft tissue.

Based on the results above, more precise structural analysis of the mandibles

by T—classification would be possible.

Key words: TML —Classification, facial asymmetry, horizontal asymmetry,

3—dimensional computed tomography
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