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stolZ2 QbR ol 1/3 & AAsh, d=o e 2 7|ey WA
HAE 7R, skek=Ee] A di"e]  #slels olw w2 AT}
21 0.1 (Bjrk and Skieller, 1983; Sicher, 1947), Moss (Moss and Rankow,

1968)= stetatrs7] dAsS AFLE g A4S T3l stete 4

stetz 7t Rrse SR Aol el Aol sk 1¥m 7)1

v

PR
etz AAe waw 279 2% ougA gith 9 S
etAol A A]lo] HWA 47 Aol AN FER AR Abo] 9
ow FA%] Zrlate] 44 FeHo A

3tolA] dElE Helth(Enlow, 1990). A= A&l =79 vpx7ix =z A%

WEE ShohE Feeh WA BAS 2k mebd Yol SR shelEe
F2A BAAAE ole@ 79 wg Ade FA s AL

BeF Aeloltt
Tl e shetEel Aol FuA FrkelAe 2 9 BALE

F2 olgsle] 3xd AA etz FERE AYE Hristn A7) 9

-



of
oSt
o
of
>
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=
An)
ol
o
rlr
.
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i
N
>N
|
4
ﬂ

Tl &, ghef &9 Ao], F7de]
o=, ey FxEY FHOoR AT HU oldF Fol 3Ad EAe ¢
o] H A FATH(S. Park et al., 2006; W. Park et al., 2010; You et al., 2010).
of Hlgto] 3xkd AAstds B I dloly T ARE o]&F
BAe stz 3 TRA FAL o4 F Yu, UA AR T
el 58 FxA9 Aarier wEe
Al 19 Qe FAEHE 7= AR oItk (Alves et al., 2007;
Maeda et al.,, 2006; Terajima et al., 2009). 3&}et=ol 3z HEAlo)g}
stejete 7ls=9E 91A, dol, W& AolE yrolA AlAE B4 (Baek
et al., 2007; W. Park et al., 2010; Swennen et al., 2009; You et al., 2010)
steta Vledel A7) Atolel mstol ¥ g FEA o] F& o=
Az olafsly] ofE g, 4 B FH oS Ved @9 Jdew
ofgfiste] A& AlEe Al-71% o2 Atk (Gateno et al., 2011).

A= stotEs 3AY Y UleeRlE ural, o5 AvIeh W
of A 4 U= WHe] Festva s

Holnh. etefze WA Aol A WG thde] WA IH

FHA olAdZo] FAE F, o3 (MF) FHlolM A=yt AlgtE e
oz (MF) 3 stetg (P2 8% 7IEde] 2 5 3o o5 7IEoR 4=

4= 9t} (Haraguchi et al., 2002; Hong and Yi, 2001; Maeda et al., 2006).
HE = oy e o] A7t WS & 7HA = EEolth. WE g

i
AL ol g ] Wk ohe WL Aidle] FRHoR EAT 4
PN
~



ofo] wet 9 VIEHE FEeta stetEel VledSlel dhete] HEE

AL A et #E (condylar vector), 2.3]%=7] #E (coronoid vector),

3otz WE (gonial vector), dFetA]  WE (body vector), AE=H
WE (symphyseal vector) & AAFE 4 ASth A= o] AFolM= 324
Akt &5 #Y9 AR5E o] &3] stk 7ewe ¥WE A4S E=4sta
AA sketE, slela SEHS, sty HdEFOl sty Jledsl #HE 9
A71eh Wk, ey 9y Wy Fhe] AAYE #AE Aiksta, o]59
TE =& AEFY FHHH oA Az AT AAE HIET ol
Foto] o R stotE 7P WAdEd A U gAY File =go] @



2oy FRotMelshe Aseat 1910 AR A A 8 G

Y

S
>
iih)
o
il

(0]

|83t A1, 2, 379 X3 ARE A3
Al d= vdiFo] o, AXset Al 1 g2 5 AAA7E gl ot
HAEo] gl W 20-3041 Atele] AAE S didew FARFAE
ddbsl AR EE ol diste] A= tiFAdS FQlshy] SE A

FRASAD B 3xk TRk E BAE Aldetal, A gl sl

32

o AT

by

e

menton? M7} 2.0 mm ©]W (Haraguchi et al., 2002; Severt and Proffit,
1997; You et al, 2010)9 Q= A= F-gste] obd 4l ol ntH o]
Ao AS AT, 1 o wFAEE w2 HEyo] QAL JAF T

dal AFE 7H A= ALE Y = FETFAY, Crouzon 537 5

Wejo] Qi A% AQEth. 1 99 7t T wF zde ofde 2ol

gatelar, 1ol gelsksiet (Table 1).

FolQRATel et stelE X7k BAH 1732 dgeR sgon, (4t
129, o4 59 1 W@ 2458 (20~208) At} o5 FRAZA

Steiner *44 ANB Z&%  Zo|7} 0~4° (FAZ et al, 2001;



AUz 8] 1997)2 =44 Allg BAE JHRWA, Absket
FoA T,
IC S|

A&} menton planeg Y=l Delaire #4719 C3

t

menton¥ fronto—

ol

P

AL A gl Allw 1 #AE s
maxillary point (FM) S 43

™ (the superior plane of the cranial base) ¥} ©]F+= Z}%=%& menton
plane angle® 3} ot=r A4 AQ1e H CF1 ¥W 4% 87 £3° (L4,

199D o] 9] el = A-f-olrt A1l E3FAZH

9 HAE EOARAARL AARA ANB Zpol7b 47 By AM =247
Azw WAE Zha, Ald5A7F A2 FA#AE Bolw, Delaire w4 <]
menton plane angle®] ZAHETE Zol (847 o]sh) dtotE FEHFOE
e 268 ez sluh @Ak 7Y, oA 19%Wella Bt

23.54) (18~32A)) &l t}.

A e QA AAL W MARIARD FAA ANB Atel7h 0 xth o}
24 A3F WAZ 21, AldTAL A3F TA BAE ®olw, Delaire

o}
=l

ik

EX oA menton plane angleo] AAHTE = AL (90° oA 3}

desor Adsiglon, 24%W (A 169, o2 99)olgleon 3

Sy

1.04 (16~334]) 9t}

e}



Table 1. Grouping of subjects with the dentofacial deformity diagnosis

ANB Gender
D ipti A Total
Group escription difference ge Male Female ok
Group I Normal 0~4 "~ 245%+2.3 12 5 17
Mandibul
Group II andibuiar >4 935443 7 19 26
retrognathism
Mandibul
Group 111 andiburar 0" 21039 15 9 24

prognathism

2. 94 2

Jot

=3} 349 94 74

e A= CT 295 98iA AAdsta AlBnss o] Axd
High—speed Advantage #AF3} ©@5#F%7] (GE Medical System,
Milwaukee, U.S.A)E AREsith. &9 F712 high—resolution bone
algorithm, field of view 24.1cm, 200mA, 120kV, scanning time 1 sec.,
thickness 1mm vk #Y Fo= FAFEZHE etz sa7kA
EEE O, reconstruction matrixi= 512+512 pixel, pixel =A7]&
0.25mmeo] 3t}

¥ v Fo A JH = digital imaging communication in medicine
(DICOM) ¥ FAo= AAstz 3z dA ga5gy Tz
SimPlant Pro plus OMS (crystal version, Materialise Dental co., Leuven,

Belgium) & AFE3le] T2 2 dore 329 A A4S A s,

g

=~
B oy gArEo]l ¥ (axial  plane), FAFH (coronal plane),

A2 (sagittal plane) AollA YERYEE 813t



A=A 7193 9 (midsagittal reference plane, MSP) & falx cerebri(FxCe),
foramen cecum(FC), center of foramen magnum(CFM)<S Ay
FH sk, 2005)ex Aspelon % 7]F% W (horizontal reference
plane) & AFTA 7IEF Wl FAolHA #H= 9 59 b T4l (eye
ball center, EC), A|A17 % (optic canal, Oc) 29 <74 (midpoint) & AU+
ool W (orbital plane) (F13], 2010) °2 At = B 7|E=3H4
(coronal reference plane)< AFTAY 713 Wz 3 7]&5dHd
FAolHA CEM<= Auv+e BFHowr gtk oo wel XF2> S, Y5
A, 7258 Ashles AAste ZAox AAsdla, 7e3o] XFelA 5,
Yol A, ZFolA shel S1Ae B9 dol S ke Blow A
zF 7143 71 e A= o Ay 2 adE 3 Z2uk(Fig D).

7}. FxCe (falx cerebri) : the point of falx cerebri near Bregma on the
coronal section

. FC(foramen cecum) : the most anterior & superior point of foramen
cecum

t}. CFM (center of foramen magnum) : the midpoint of foramen magnum
at the level of basion

2}, EC(eye ball center) : the center point of eye ball in sagittal, axial
and coronal plane

v}, midpoint EC : the midpoint of right and left EC point

v}, Oc (optic canal) : the most superior point of optic canal, both side

A} midpoint Oc : the midpoint of right and left Oc point



o]-_

7},

Midsagittal plane (MSP) : the plane constructed by three points of

FxCe, FC, CFM

. Orbital plane : the plane normal to MSP and through 2 points of

midpoint Oc & midpoint EC

. Frontal plane : the plane normal to MSP, Frontal plane and through a

point of CFM

zero point : the point as intersection of frontal plane with orbital and

midsagittal plane



Fig 1. Reference points used to construct the reference planes

A, B, C) Three reference points used for the construction of midsagittal plane

D, E) Two reference points used for the construction of orbital plane. ‘R’
and ‘L’ were used for distinction of bilateral landmarks.

F) Constructed reference planes and three—dimensional coordinate system to

denote X, Y, Z axis

TN SOl e skt A AAE sl Slskol, FAAE

YER= Delaire®] C3 W& ofdfl eld 7Iwd 8 7Ie% W o &sto]

lo



A (Fig 2). & F7HAC digh sfetze] A5 fxE xdsH)

93te] FMolA menton7FA1 9] menton HHS A3ty C3 HdAF} %

~

(menton plane angle) & 743t (Fig 2—C).

7}.

RUBS

7}

MM point) : junction of maxillary, nasal and frontal sutures (both

side)

. M line : Line between the right and left M

. FM (Frontomaxillary suture) : junction of frontomaxillary sutures at

middle of the upper border of the ascending nasal process of the

maxilla

. FM line : Line between the right and left FM

. Clp(Clinoid process) : Apex of the posterior clinoid process (bilateral)
H},
A},
o}.
A,

. C3 plane (the superior plane of the cranial base) : the plane passing

Clp line : Line between the right and left Clp
M’ : The intersection point of line M and MSP
FM’ : The intersection point of line FM and MSP

Clp’ : The intersection point of line Clp and MSP

through point M’ and point Clp’ and normal to plane MSP

menton plane (FM’—Me plane); the plane passing through point FM’

and menton and perpendicular to plane MSP

10



Fig 2. Reference point and the reference planes

A, B) Reference points used for the construction of C3 and menton plane
C) C3 and menton plane are seen on sagittal view. The angle between two

plane (menton plane angle) are used in this study

sty ol Vo R FetE Vet ndE I EF SFtH(W.
Park et al., 2010). 3¢t FFFoA = FF W= F44 (condyle point,

CON)E ol&3 1, o]Fo|x= Pogonions AHEsHYITH(Fig 3—A, B). T

FEA N1EH9 Aol Ry LE BolA £33 15 TRaE 3ol
&< #eAstn WA HolE o] g3ttt

7}. CON—1 : the most lateral point of the condyle
. CON—m : the most medial point of the condyle

t}. CON(condyle) : midpoint of the CON—1 and CON—m

11



&, COR(coronoid) : the most superior point of the coronoid

v}, F(fossa of the mandibular foramen) : The most medial point of the
mandibular foramen (W. Park et al., 2010)

v}, GOy - The most inferior point of posterior border of ramus

Ak, GOpost - The most posterior point of posterior border of ramus

o}. GO(gonion) : The midpoint of the GOy and GO,. (S. Park et al.,

2006; You et al., 2010)
ZF. MF (fossa of the mental foramen) : The most medial point of the
mental foramen
2k Pog(pogonion) : The most anterior midpoint of the symphysis of
mandible

7}. Me(menton) : The most inferior midpoint of the symphysis of

mandible

Fig 3. Mandibular landmarks used in this study

A, B) Landmarks representing mandibular functional units and structure

12



183ko] stobEel 15wl Zztel B WelE M SAT

1o
~
M
o
il
o

o

(Table 2, Fig 4—A). A% steld], stetzh, 9357), 359 7159 o
tjsto], Simplant Pro Plus OMSE °©]&3te] 7} 7|&=3d9 3xd HAauzks
A1 o]Z MATLAB(Mathwork, Massachusettes, USA)o| EAIS}aL

=

Adsto] steta 7ede WH 2dS =t (Fig 4-B).

Table 2. Vectors of funtional units of the mandible

Vector Starting point Ending point
Condylar vector CO—>N CON F
Body vector l;) F MF
Symphyseal vector SY_>M MF Pog
Coronoid vector a; F COR
Gonial vector (?) F GO

Note) The definition of CON, F, MF, COR, GO points is presented in section 5.

13



Fig 4. Vectors of functional units of the mandible

A) 3D reconstructed image of mandible with the vectors of functional unit on
Simplant software

B) Vector model of mandibular functional units on MATLAB software

14



Table 3. Comparison of reference point position between right and left

inferior alveolar foramen and mental foramen.

Point Coordinate Mean=*S.D" T value o

Rt. 42.14=*2.44

X —-0.526 0.600
Lt. 42.27+2.65
Rt. 46.54*£5.41

F Y -1.118 0.267
Lt. 46.81£5.21
Rt. 63.43*+7.30

Z —1.452 0.151
Lt. 63.84+7.15
Rt. 23.52*11.88

X —-0.335 0.739
Lt. 23.62*£2.03
Rt. 92.32%+12.71

MF Y —-0.231 0.818
Lt. 92.37%£12.57
Rt. 96.84*+6.45

Z —-1.409 0.164
Lt. 97.13%6.23

*unit : mm. " : paired samples t—test between right and left side.

NOTE) The definition of F, MF point is presented in section 5.

wolx ghgrth wmebd stebEel #H, 93 Jlswsl wWEHE g Aolel
AAsh 2717 ety wREgon, wed AT daAe setE
2ol 77} dolE| 2 Aol AL 347, A2EE 5270, AZELS 487)
EES ooz dyakct.

1o

15



7. MEE o] 43 3letF o] FE B4

Mo

. stz MEe AR 97 BA
el golEs 9% ARE ¥R oolr], etz 75w o wE A 2A

A5 HrrskAk o2 sl CON, F, MF9] 3a+¢ 9% AR HiES

Simplant 258 A3 ¥ w3} ).

. 7159 HES &4

A 7)5Rd ME Y 27] 2

HE A = (A, Ay A) A W, WE] 27 | o
Al = [+

(1) [CON| : 5 W o] 7]

r S
X
1
o
r\j
AW
rok
)

(2) |BD| : kel WEle =7
(3) |SYM| : 4%
(4) |COR| : 2.3

(5) |GO| : atetzt WE 9] 7]

B. 7159l e Wi B4

ME A = (A A, A) 7FXFE YE, 25 olFE 4EE 4% 0, 0,

0,2t & w), thgo A A-EAL cos(0y), cos(,), cos(d,)= A2

16



WeE FARelo] Ha, WE] (cos(0,), cos(d,), cos(0,))S A9 WIe

A4 sk &9 E ot (fig 5).

A
cos(8,) = ———=——
/AX2+AY2+AZ2

A
cos(0y) = —t
,AX2+Ay2+AZZ

A
cos(8, = _s
/AX2+Ay2+AZ2

(1) CON (cos(8,), cos(0,), cos(0,) : I wWele] g
(2) BD (cos(6y), cos(8,), cos(8,) : aFetA #Ee] wak
(3) SYM (cos(6,), cos(8,), cos(8,)) : A%
(4) COR (cos(8,), cos(8,), cos(d,)) : 23]

(5) GO (cos(6y), cos(8,), cos(0,) : 3tz e o] Wk

Fig 5. Schematic drawing of the vector angle A (6,), measured by the

angle between A and Y axis

17



. 7lswe guE 27]

—

A(xy, y1, 21), B(xs, va, 22), C(x3, v3, z3) & AlFe] S, AB =(x,—x,
Vo—vi, z2—21) % BC = (X3—Xu, v3—va z3—22) 9 THEE= AC = (x3—x,,

V3—V1, 23=7) ©ItH(Fig 6). olw §¥E o] 27]= ook 2

|E| = (x5 — %)% + (y3 —y1)? + (23 — 71)2.

o
it
o
oo
ZOLL

[e]
1l

X
ot

5wl MEEe guE A2/8 Adst. 2o

stob# AAE tEY 4 9l CON, BD, SYMS| FHEE F3te] 243},

(2)
(3)
(4)
(5)

(6) CON + BD + SYM

Fig 6. Schematic drawing of the vector sum

18



2. 7)swe AE59 Az

AHT 75 WMET} o] T A ol el e BAXOR AT -
Ao, 3ad 7w zelE s wlwstr] fste] Zb ¥WEE Simplant

softwarell] 71 FHBH, AEH, B T4 #@E F A4Ew
teo] H7kek itk (Fig 7).

AB AxXByx+AyXBy+A,xB
Cos(0) = = X Xy et e

|A]x[B]

\/AX2+Ay2+AZZ><\/BXZ+By2+BZZ

(1) 2CON&BD (Bxy) : FF4-9} atoba]l Wb F@dwe] £ Aol
ol =

2 CON&BD (By,) @ 74k atebaA] wWezh Adgde] Fgd Aol
olF 7=

£ TON&BD (0,) : THF%sh aledl wEl7} Babgue] FQ® Aol

(2) 2CON&COR (Byyvzzy) @ HF39F @3%7] W7} 535/A /B o

(3) 2CON&GO Bxyyvz/zx) @ PHEH-o}b akebzh WEZ} /A 8/33 ol

(4) 2BD&SYM Bxypvzzx) @ dtetalel AE5 WE7l 3/A48/373% d ol
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Gl

Fig 7. Schematic drawing of the angle measurement between two adjacent
vectors

A) Schematic drawing of measuring the angle comprised with adjacent two
vectors in 3—dimensional space
B, C, D) The angle is comprised with projections of adjacent two vectors in the

sagittal, frontal, horizontal plane

8. stobE A X9} 75T WE zhe] B

shete] A 9x, & AE T FEHE Hrshr] fsiA C3 FHay
menton BHS AFSIZFGl menton plane angle2 T3l sFetx 7549

HE ekl A3 BAE A #A B oT 39 $HoR grbskilt 1y

[e]
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o]
L
ul
ofy
ot
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ox
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30
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ol
ol
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7hH 7159 @WEle] 21712t menton plane angle?] A##A 4 37 A

W) 75w WE e wekm ARl menton plane angle?] AFT3A

) Zlesl WEEe] F¥E S A7]9 menton plane angle®] Z¥HyHA

2} 7@l #WE S (ke AFSlZE3} menton plane angle®] @Al 9 3]
A

9. WY 9@ x}(method error) I A4 A&

FAT stz NFAE AP H99 Y A% P oA method

ot

of error, E) & F7}slqlt}. o] & $18Fe] SimplantellA] 3l F-8t2 7155 (CON,
COR, GO, F, MF, Pog)S AA7} 15+ 2+F2o=Z = 203 AAHs

Dahlberg’s formula® A4t 0w 1 22 ofge} 2},

E = JX(D?/2N)

(D : Difference of measured value, N = number of measurement)

I SPSS version 18.0(Statistical Package for the Social Science Inc.,
Chicago, IL, U.S.A)S AMEst] 7@ 59 AS 55l st o+

BARAE AASHYCH, P valuert 005 015t 3§ SAGCR Flstrha

o
12
i
o
it
olN
“

(1) 715w WEle] a7)9F wakgde] ot g4 oz,

ot AE==72 v 1w (one way ANOVA)

ol
S
12
e
o
A,
ofN
!

(2) 719 HE =9 FHEH A7) dis FA dx=T,

stotE A==+ v (one way ANOVA)
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°] H]1 (one way ANOVA)

linear

A (multiple

N

B (Pearson

A

)

&

(4)

regression)
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m a4 + 2 7

1. ZA Y 23 AA

7NEH AAY oxE HAAS An RE A=A EAFORE F9x7)
@13tk olw CON, COR, GO, F, MF, Pogel tld H Azl ol 77t
0.17, 0.36, 0.47, 0.18, 0.09, 0.19mm%tt (AAF A= FAEHA

o}olo)
WA/

2. Menton plane angle

O
o

3 HH3 menton HH Alo]29] ZFE=<2l menton plane angleo] &Fel& 2]
Ass, Bv FEH5 & Ad5Ha sz 7|83 d4dst #AE Hol&X

o
F1sh] gIstel, 2 1Fe AbLzbel ThE AAMA BARAL AT
T

87.8+1.5", A2+ 78.1+£2.

)
I
(@)
(@)
o
-
[o5)
=
@
=
kA
i)
ut
)
1o
Jo
1o
o
)
L
i
-1 U
ro
o
ol
N
1o
=
>~
ol
o
ml
oX
rO
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Table 4. Comparison of the menton plane angles between groups.

. Correlation
Variables Group I Group IT Group IIT D Scheffe
coefficient
Menton plane angle( ")  87.8%1.5 78.1t2.9 93.4%2.7 .000 TIKIKIIT -0.907"

“p  one—way ANOVA between group I, II, III, ™: p<0.001

3. A

e

=9

] A

e

7v gE 71ERH Y 9A 24
714 CON9 7 A= A2we] A1t FoetA 2dARt, A5
AA= A 54 A= oA, Al 27 CONo| v Frty A, Ao
AT &= VIR Fo 24, A5, A 9A BF Al2de] AHE
ZrobA, A or 5, A, WSl A s A B3l iAo R
714 MFO 34, A5 A= 7I€d Fob vRR7bAE Al2wo] 7H
Zokot, 2 f1A= zbol7k Uitk (Table 5).

AN
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Table 5. Comparison of starting point discrepancy for the vectors of

functional unit

Point Group I Group II Group III P Multip‘le
Comparison
X 53.2£2.9 51.4%3.2 51.3%£3.0 .01 I1,ITI<1™
CON Y 30.6t3.1 33.613.0 31.5%3.1 .000 LI
Z 30.9t3.3 28.1t4.1 30.6t4.4 .000 I
X 43.3+2.1 41.1+2.1 42.7+t2.8 .000 1<, I
F Y 45.2%+2.9 43.4+3.7 51.314.8 .000 TI<ILIIT™
Z 66.1t3.9 59.0£7.2 66.91t6.4 .000 1<, 1™
X 245*t1.9 22.8%11.9 23.7t1.7 .000 <1
MF Y 94.2%5.1 80.6£8.3 103.7+8.2 .000 TI<IKIT™
Z 96.9t4.9 96.2£6.6 97.9£6.9 377

"p - one—way ANOVA between group I, II, III, ™: Scheffe test, ““:Dunnett’s T3 test

. 7S] HEY 24

Z 71wkl MEle] ar)e WEde Ad 7] 9 U IARICR
©] 54 menton plane angle¥2] #AE A3t ZF WE o ofdt dzt=
ofeflel 7ledE® Zzt Awsith olm] Vector o WHEFFARIC]l 0 <
cos(0y), cos(fy), cos(6,) <1 &4 ul, Vector 7} 2tz W=, AW shpo s
f

77

U
ofk

Akl gol 1o 2HEER AY Fel 2w WIS

’

i
oL skl
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(1) &% ¥ (Condylar vector)

% WE CON o Hi A7E AlLold 39.5+3.2mm, A27-lA
34.2%£51mm, A3TolA 42.5%4.8mm=z Al BlE A7 Far
A3Fe o How EAROZ §93 2o]= BT} (Fig 8, p<0.001). &=
JEWE] F7]= menton angle plane¥} ThA =& A#AAAS 715 H(R2=
0.693, p<0.001).

CON 9| W& ®Ashd, % wee s, A, ez 7194
gor, Usor Fste WIFES Uehe cos( )+ AllTo] -
0.25%0.06, A27°] —0.31£0.06, A37T°] —0.21£0.060]%3, °&
EAAo R 723k xpo]= Bt (Fig 8D, p<0.001). ©]5< menton plane
angle?} Tha =& A#A#AE 7 tHR?= 0.619, p<0.001).

cos(0 )= AlT 0.37£0.05, #A27 0.29£0.08, A3 0.46E0.06%
A2, AT, A3 FARL FALGOE Fojer Aolg Btk (Fig 8B,

p<0.001). menton plane angle?= =2 A#AAAE 7} H(R?= 0.793,

flo

p<0.001).
cos(0,)= A1 0.89+0.03, A2+ 0.90£0.02, A3 0.86+0.04%t}.

A HAoR A3Tol e FRY Fa FAFOR fod zolE
718+ (Fig 8C, p<0.01). T menton plane angle¥= Th: 2 29
ABHAZS 7T (R? = —0.519, p<0.001).
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0 a ) Vector Conganzoy cong>f

(o ]
At
'
5

e

x
;
7
AL
o
J<-U02 “uosuedwiod Jopa

0 Multipl Correlati
Vector Group I Group II Group III P e orretation B
Comparison coefficient
|coN| 39.5+3.2 34.2%5.1 42.5*14.8 .000  TIKIKIIT™ .693" 465"

cos(6y  —0.25+0.06 -0.31+0.06 —0.21+0.06 .000 III<IKII™ 619"

CON
cos(0y) 0.37%0.05 0.29£0.08 0.46%0.06 .000  TIKIKHI™ 793"

cos(6,) 0.89%0.03 0.90%0.02 0.86%0.04 .000  HIKLIT™ -.519"

* p=.000, " Scheffe test, ““:Dunnett’s T3 test

Fig 8. Schematic drawing of CON for all three groups
A) Schematic drawing of CON of each groups in 3—dimensional space
B, C, D) Schematic drawing of CON of each groups in the sagittal, frontal,

horizontal plane
Black (group D), red(group II), blue (group III)

Table 6. Comparison between the size and direction of condylar vector

27



(2) 3944 ¥H (Body vector)

stebdl WE BD o HE A= AllTo] 61.0F4.4mm, A270]

56.1t3.9mm, 283 A37e] 64.015.0mmAct. ©lEE TAHCE
Tt ztolE HOm (p<0.001), menton plane angle¥} TA &

ABAAS MR THR?= 0.614, p<0.001).

BD & dwrxo®m yF, A9, oz vleoA] glon, uesx w3
A% cos( ) AT -0.31£0.03, A2T —0.33+0.04, AT -
0.30£0.04¢1%0tt. A A% A7 A2vto] A3t Blste] FelstA &
AL P o (p<0.001), 4#H #AA ¥4 A3} menton plane angled}
2o ABaAS 7Y (RP= 0.424, p<0.001).

cos(0,)= Al1Fol  0.80£0.04, A27°] 0.66+0.08, #137°]
0.82£0.04 2 #Al2vo] vh& THY TAACE FoatA A%ttt (p<0.001).
712]3 cos(6,)+ menton plane angle¥} ¥ F#IAAE 7FAA FdAASF
R*2 0.844 (p<0.001) At}

A wFEFE YEdE cos(0,)E A1l 0.50+0.05, A230]
0.66+0.07, A|3°] 0.48+0.070]1%1aL, Al270] ThE ol Hls) FAHo=
FostA el HrF(p<0.001). ¥ menton plane angle}® & 29

ABBAZS RAHR?= —0.837, p<0.001).
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T == o —_
= = - —= ﬁ 1 o . mvmurcgfnngsun J_‘m‘f : CT‘-’ iy

A
i 2 |
D)
1
i ,
§:
2
- OR TOS U VR N B
e — Multipl Correlati
Vector Group I Group II Group III D unp,e orre, a,tlon B
Comparison coefficient
[BD| 61.0+4.4 56.1+3.9 64.0%50 000 [<KIT™ 614" 2827
cos(6y) -0.31£0.03 -0.33£0.04 -0.30£0.04 .000 TI<TIT™ 424"

BD
cos(0y) 0.80£0.04 0.66+0.08 0.82%0.04 .000  IIKLIIT™ .844°

cos(6,) 0.50%0.05 0.66*0.08 0.48%0.07 .000 LK™ -.837"

* p=.000, " Scheffe test, ““:Dunnett’s T3 test

Fig 9. Schematic drawing of BD for all three groups
A) Schematic drawing of BD of each groups in 3—dimensional space
B, C, D) Schematic drawing of BD of each groups in the sagittal, frontal,

horizontal plane
Black (group 1), red(group II), blue (group III)

Table 7. Comparison between the size and direction of body vector
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(3) AFH WY (Symphyseal vector)

AER WEe SYM o Hg A7l= AlTol 30.4+2.1mm, A27°]
+1.9mm, 283 #A37°] 30.5£2.0mmFow, #A27o] ThE ol

EARoRE FostA &YtH(p<0.001). menton plane angled ThA

= ARTAS 7 THR® = 0.548, p<0.001).

SYM & dwrxozm S, AW, shgor VoA loH, ues WP

AE cos(l e AlT -0.81£0.02, A27 -0.81+0.03, A3+ —

0.78%+0.03°1At. A% A A3 A3Tol v ol HE FsH

2kt (p<0.001). A+ A4 4 A3 menton plane angled Y

cos(0 )= AT 0.52£0.05, A27 0.36+0.08, A3+ 0.54£0.04 =
A3, AL, A2we] FAANE BAHCE §o% zo)E HowH
(p<0.001), menton plane angle® *& AAAAES 7FATHR’= 0.841,
p<0.001).

AR WFSE YEE cos(d,)v Al 0.28£0.08, A2l
0.45+0.08, A3TelA 0.30£0.07 & AMF AH Az A270] tE ol
Hla] fo8kA AtH(p<0.001). menton plane angle¥} ta E& 29
ABRBAZ 7HRTHR? = —0.685, p<0.001).
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—_ Multipl Correlati
Vector Group I Group II Group III D um’.e me,a,uon B
Comparison coefficient
[sYM| 30.4+2.1 28.2+1.9 30.56£2.0 000 IKLII" 548" 239"
cos(6y) -0.81£0.02 -0.81£0.03 -0.78£0.03 .000 HI<LIT™ .357"
SYM
cos(6y) 0.52%0.05 0.36%+0.08 0.54%+0.04 .000  TIKI<Hr™ .841°
cos(6,) 0.28%0.08 0.45+0.08 0.30£0.07 .000 LI —.685"

*: p=.000, " Scheffe test, ““:Dunnett’s T3 test

Fig 10. Schematic drawing of SYM for all three groups

A) Schematic drawing of SYM of each groups in 3—dimensional space

B, C, D) Schematic drawing of SYM of each groups in the sagittal, frontal,

horizontal plane
Black (group 1), red(group II), blue (group III)

Table 8. Comparison between the size and direction of symphyeseal

vector
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(4) 231=7] #¥ (Coronoid vector)

23%7] WE COR ¢ HF A7|= A17o] 41.1+13.9mm, #A279]

39.7£3.7mm, 71¥]a Al3wo] 39.5+4.2mm o, 2 Hd e {3
ZFol 7t Sl 3L (p=0.185), Menton plane angle®} A#d7 44 SA14

ool AT (p=0.174).

COR & drbHow o= A, gow 7oA slow, o5 B

0

¥ cos(d )= AlF+  0.15£0.06, A2+ 0.16%£0.06, A 3T
0.14%0.052 SAAc=z #FT AolE  HolA ke w (p=0.154),
menton plane angle¥} A@H#AE HolA &4t} (p=0.333).

cos(8 )& A1 0.49%0.10, A2+ 0.59+0.14, A3+ 0.43+0.12 =
A2, A1, A3 FANIL SAHCE Fost olE HTH(p<0.001).
menton plane angle® Thx: & 29 A#ATBAS 7HTHR*= —-0.614,
p<0.001).

T4 WEE Yedls cos(d)v Al —0.85%£0.05, Al2d -
0.77£0.12, A3 -0.88+0.07 & A HA A A2we] ©E& ol
vls] FolskAl #kth(p<0.001). menton plane angle® thA & S9)

ABBAZS PR TR = —0.618, p<0.001).
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] ABRICL POUBIRNT ER

05
128
ot
2
(]

D)
il
§ -
ultipl Correlati
Vector Group I Group II Group III D . tm,e one.a.mn
Comparison coefficient
|coR| 41.1£3.9 39.7+3.7 39.5+4.2 185
cos(6y) 0.15£0.06 0.16£0.06 0.14%0.05 154
COR
cos(6y) 0.49%0.10 0.59%0.14 0.43%+0.12 000  TIIKIKIT™ —-.614"
cos(6,) -0.85%0.05 -0.77£0.12 -0.88*0.07 .000  IIKLIIT™ -.618"

* p=.000, " Scheffe test, ““:Dunnett’s T3 test

Fig 11. Schematic drawing of COR of each groups

A) Schematic drawing of COR of each groups in 3—dimensional space

B, C, D) Schematic drawing of COR of each groups in the sagittal, frontal,
horizontal plane

Black (group 1), red(group II), blue (group III)

Table 9. Comparison between the size and direction of coronoid vector
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(5) 3ttt WE] (Gonial vector)

atebzt WE GO o H@ AVlE AllTol 21.6E4.2mm, A2T0|
18.6+2.5mm, 181 A37°] 19.0x2.9mm%Pow, AZE HAA A}
A1l & el vk FeolskAl ZtH(p<0.001). Menton plane angle @}
A A% SAA fFedel 9t (p=0.293).

GO > dWtdom 9% I shtoz o low, WeFx Wk
A% cos(fOE  AlT  0.25+0.10, A27  0.29+0.11, AT
2101452 AR A A A3TelA Al2wel vlgte] Fo® Fhe
Wk 7 2o, BAF o7 §9F 2po]S Kolx ¢okth(p=0.024). menton
plane angle ¥ W& A#A#AEZ 7R = —0.192, p=0.027).

cos(0,)= AT -0.44%0.15, A27 -0.57+0.14, AL -
0.37£0.21 = A AAY AR} A2Tol & T Hlste]  FstA
ZtH(p<0.001). menton plane angle¥} Tha =& A#AAAZS 7R =
0.468, p<0.001).

TAA WS YERY = cos(0,)E Al 0.84+0.10, A2 0.74£0.12,
A3 0.8610.12 = AMF AF A A27e] GE Foll nlE {oJsHA

Z9kth(p<0.001). menton plane angle¥ Ttha ¥& ARPAE 7R =

1

0.

\e]

0.428, p<0.001).
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Vs.gnv ga

H : ; H | IO SO .
‘083 woauduod OPOA ASCIoL cowbsuzou: >80

——— Multipls Ci lati
Vector Group I Group II Group III D np_e me.a.mn
Comparison coefficient

|GO| 21.6%4.2 18.6+2.5 19.0+2.9 000 ILIIKI™
cos(8,) 0.25%£0.10 0.29%0.11 0.22%0.14 .024 I -.192"
GO

cos(6,) —-0.44%0.15 -0.57%0.14 -0.37%0.21 .000 LI 468"
cos(8,) 0.84*0.10 0.74%+0.12 0.86+0.12 .000 1<, 428"

“ p<0.05, “p<0.001, *: Scheffe test, “““:Dunnett’s T3 test

Fig 12. Schematic drawing of GO of each groups

A) Schematic drawing of GO of each groups in 3—dimensional space
B, C, D) Schematic drawing of GO of each groups in the sagittal, frontal,
horizontal plane

Black (group 1), red(group II), blue (group III)

Table 10. Comparison between the size and direction of gonial vector
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(6) 71549 ¥WE 9 =79 menton plane angled] &4 £4]

-

shetxrel Hdewzd e ALE Yeldls 4549 menton plane

angleell ©isto] AHAAAE Hole I, stetAl, ATHF #HEHE A7t
[ez]
M

[¢]

SYUsEA 9%e A Zelehs A4 st Adsga, 1 A% BF
FAH fo5F sl F(HO) dFS MAE Aow Uehfon, B

A+ 0.465, 0.282, 0.239% #F=7] ¥, stebAl Wy, S5

A7l wo2 FFE VA= Aoz ekt

=
o
1o

(7) 18l W ¥E wa

wEjo] W "9l WE (ko] o]Ri Zhme] Aol xpold dofrY]
fjste], F5H5E AHEE menton plane angleol tHdte] =3 tHA S
Al o, Fy el ztolE KolA gt 1Yy shebE Vel WE o
=9 t38S ol&st muEAsgle W, e wE EHdE

Aol S WAt

4

A7)

i
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Table 11. Comparison of the size of vectors of functional unit between

genders
|m| Male Female D
I 88.0+1.2 87.4%+1.9 280

CF1Me
angle 11 78.3+2.0 78.0+3.1 676
111 93.6+2.4 93.1+3.1 539
I 40.4%3.0 37.2%+2.3 .005
|CON] 11 39.2£3.5 32.4%4.4 .000
111 43.9+3.4 40.0+5.7 015
I 62.1+4.6 58.4%2.5 .005
[BD| 11 60.5+2.0 54.4+3.1 .000
111 66.314.2 60.313.7 .000
I 30.4%2.3 30.4+1.4 987
|SYM| 11 28.7+1.8 28.0%1.9 265
11 31.2+1.4 29.4+2.4 .009
I 41.5+3.6 39.9+4.6 273
|COR| 11 43.1+2.9 38.5+3.1 .000
111 41.3£3.5 36.5+3.4 .000
I 22.8+4.4 18.8+2.0 010
|GO| I 19.3+2.3 18.3+2.5 211
11 19.7£3.2 17.8£1.7 010
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o 215w gHEY 27 24

AN A5ws) ME B ohel 2 J1wel WE o) wA E=a shobE
o] wE o)zt A Aol I Jedy Wy 7o AA=
e 2719k ASlZew Fald S glow WA <z WE 1k e
A7)+ ATt
Table 12. Comparison between the size of the vector sum

- Multiple Correlation
[Vector| Group I Group II Group III P
Comparison coefficient

CON + ﬁ| 96.3%£5.0 87.9%£6.8 102.8£7.0 .000 H<IKIT™ 739

BD + SY—M| 87.4%+4.4 80.6*4.6 90.8%6.0 .000 TI<IKIT™ 676"

CON + m| 35.2%12.8 33.8£3.0 37.2%14.5 .000 <™ .345™

CON + ﬁ| 54.1£5.1 45.5%£5.8 55.0£5.3 .000 1< I 659

BD — GO 64.8£5.1 58.4%14.2 65.314.2 .000 <L .593™

CON+ BD+ SYM| 121.3%£5.2 112.0%£7.1 128.3%8.1 .000  IIKIKIIT™™ 749™

“p: One—way ANOVA between group I, II, III, “: p<0.001, *": Scheffe test, “"“:Dunnett’s T3 test
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(1) CON + BD

5 e ek skebAl ME e gHE Y A7) A1l 96.3%5.0mm,
A27N A 87.9£6.8mm, A3wellA 102.8+7.0mmSith.

A3, AL
A28 AR ZHI SAHCR

93t 2FolE R (p<0.001). menton
AR R?= 0.739, p<0.001).

o)

plane angle¥ = &2 A#AIAAE

.

(2) BD + SYM

sl Ml A WEe guE =)

A1 87.4+4.4mm,
A 27 80.6+4.6mm, A 3TNA

90.8*6.0mm = A3, Al1L,

A2T A9 EAANOR 893 olE HYTH(p<0.001). menton

plane angle? T & A#AAAZ 71 THR? = 0.676, p<0.001).

(3) CON + COR

W wESL edE7] WEe FHE] F7)E

A1l 35.2+£2.8mm,
A27elA 33.8+£3.0mm, A|37-olA

37214 5mm= A$3AY Ay

A2wtell wvlE] A3TANA FAFCE FsHA F ks HATH(p<0.001).

menton plane angle? & A#A#AAZS 73 HR? = 0.345, p<0.001).

(4) CON + GO

I g stelzt W] guE e 27 A

1oA 54.1+£5.1mm,
A2 A 45.5+5.8mm, A3

oA 55.0+5.3mm = AFEAA A
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A2to] o ol vl folkAl #Skth(p<0.001). menton plane angle®}
O =& AdRdAAEZ 7M1 R = 0.659, p<0.001).

shobA] WE 9L shobzt WE]S] AWE ] 7] Alldtellx 64.8+£5.1mm,
A2l A 58.4F4.2mm, A3TelA 65.3F4.2mm B ARSHAY A
AoFo]l T2 2o nlE S sA 23l (p<0.001). menton plane angle®}
O 5 ARaAE 750 R® = 0.593, p<0.001).

(6) CON + BD + SYM

WF wE el shebAl WE S FFHE wE Q] FWE AV AlldelA
121.3+5.2mm, A27NA4 112.0F7.1mm, A37olA 128.3+8.1mm =
A3, AT, A2 AR FAHOZE F23% 2Fo]E Wt (p<0.001).

menton plane angle?} =& A#AAAZS 7} HR? = 0.749, p<0.001).

rlr

z}t

Hr

2. Qg HHz o) F o et 24

¢

sl e zhe] A B4 glstel A4 WERE ol F: ZEe] Yg

wA4e At

(1) ~CON &BD
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I e stotA MEHE FEBE W FAAZ Aol olFe Ahe
Aleld  167.116.2°,  A2FelAM 159,
173.614.1° 2 A3L, A1, AL =-RL sAHCE Fod Aol &
HATH(pP<0.001). menton plane angle¥ tAa =& AAAAE 7IFHR2
= 0.678, p<0.001). A" FFAIZ o] o]F= Zre AldelA
145.1£4.0 7, A27elA 153.0£6.2 7, A37elA 149.1+£4.1° & A2+,
A3, AT AR BEARHOR Ho3 olE  HITH(p<0.001).
menton plane angle¥ T4 =2 39 A#AAE 7HHHR2 = —-0.417,
p<0.001). #FFHEe]  FIA Aol olF=  ZAhke AlldelA
164.6%14.1°, Al2velA 171.8+14.4 ", A|37elA 161.8£5.9 " 2 A2,
A1, A3Te =9l BAACE  fosk zo]E  HYTH(p<0.001).

o

menton plane angle?} U4 & 59 A#AIAAE 7MFHGR2 = —0.692,

p<0.001).
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«Vectorl& Multiple Correlation
Group I Group II Group III D R B
— Comparison coefficient
Vector2
Oy 167.1%6.2 159.5+8.9 173.6*x4.1 .000 II<KIKII™ 678" .266"
<CON&BD 6y, 145.1£4.0 153.0%6.2 149.1+4.1 .000 I<II<KII™ —-.417" -.217"
0 7x 164.6+4.1 171.8+4.4 161.8£5.9 .000  IIIKIKII™ —.692"

“ p<0.01, ™ p<0.001, “":Dunnett’s T3 test
Fig 13. Schematic drawing of CON & BD of each groups

A) Schematic drawing of CON & BD of each groups in 3—dimensional space
B, C, D) Schematic drawing of CON & BD of each groups in the sagittal, frontal,
horizontal plane

Black (group 1), red(group II), blue (group III)

Table 13. Comparison between the angle composed by condylar and

body vectors
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(2) «BD & SYM

sebA WE g FFF HEE FEFH FYA o] o)L Ar:
Al 143.6%1.9° A2l 140.2%4.3°, A3TONA
144.8+3.3° & A279 A9 o ol vlgte] F2akA 29k tH(p<0.001).
menton plane angle? UTA A#BAS 7 TH(R?=0.432, p<0.001).
AdEEe] FGAZL Aol olFE  ZEE AldellA 1731154 °,
A2l A 171.9+5.4 °, A37elA 175.2+3.8° 2 A5 A} A 370
A27o Hvld FYsHA FHtH(p=0.004). menton plane angled¥} w2
ABBAAZ FHFTHR?=0.260, p<0.01). TAHHNH o]FL Ztri=
A 1ol A 140.2£6.7°,  A27A 145.2+5.2°,  A3FA
143.0£5.2° = AR A A2we]  Aldel vE FolEA
71tH(p=0.001). menton plane angle¥} W& A#AAAZ 7FHF R = —
0.258, p<0.01).
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Bod<-jui<-} ‘uosuedwod 10328,

«Vectorl& Multiple Correlation
Group I Group II Group III D )
— Comparison coefficient
Vector2

Oy 143.6%1.9 140.2+t4.3 144.8+3.3 .000 IIKLIIT™ 432" .199™

/BD&SYM 6y, 173.1%54 171.9%54 175.2+3.8 .004 TI<IIr™ .260"

0, 140.2%£6.7 145.2%£5.2 143.0£5.2 .001 < —-.258"

" p<0.01, ™ p<0.001, *": Scheffe test, ““:Dunnett’s T3 test
Fig 14. Schematic drawing of BD & SYM for all three groups

A) Schematic drawing of BD & SYM of each groups in 3—dimensional space
B, C, D) Schematic drawing of BD & SYM of each groups in the sagittal, frontal,
horizontal plane

Black (group 1), red(group II), blue (group III)

Table 14. Comparison between the angle composed by body and

symphyseal vectors
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(3) «CON & COR

JE dEs) A% MEE FPPA] o

ol
OJ.u

A7 el ol

AE4

rlr

7=

ALTNA 127.949.0°, A27N4 116.6+9.1°, A3l 137.2+111.9°% A3
A1, A2 =AMQ, EAFeR F%3 AolE B ATH(<0.001).
menton plane angle® Tha =& A#AAAE 715 H(R?=0.621, p<0.001).
AR FGA Ao o]F ARE 7 F3F BAFHCRE {23 Xolvt
17} @190k (R*=-0.180,
p<0.05). IFFHAA o]F= ZAE= AldelA 7.2159°, A27A
751437, A3TelA 5.0F£4.2° = ARFHA A A2To] A3l vlE
o34 At (p=0.024). menton plane angled Y& AAAAE
7HTHR?=—-0.252, p<0.01).

313l o™ (p=0.361), menton plane angle®} A&

X
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103<-4<=U0) ‘UOSURWOD JOBA

Vectorl& Vector? Multiple Correlation
«Vector1&Vector2 Group I Group II Group III D R
Comparison coefficient
0 xy 127.9£9.0 116.6+9.1 137.2+11.9 .000 TI<I<II™ 621"
~CON&COR 0y, 53.1£7.3 55.719.2 54.7+7.1 361 —-.180"
0 7x 7.2%+5.9 7.5%t4.3 5.014.2 .024 I -.252"
" p<0.05, ™ p<0.01, 7 p<0.001, ":Dunnett’s T3 test

Fig 15. Schematic drawing of CON & COR for all three groups

A) Schematic drawing of CON & COR of each groups in 3—dimensional space

B, C, D) Schematic drawing of CON & COR of each groups in the sagittal,

frontal, horizontal plane

Black (group 1), red(group II), blue (group III)

Table 15. Comparison between the angle composed by condylar and

coronoid vectors
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(4) ~CON & GO

7=

—

B AE e el WEE FPPue] £

o,
)

gol o

rlr
rlr

=
AlTol A 2.9£14.3°, A2FNA 19.3£18.7°, A3TA —12.4£21.9°2 A2,
A1, AT EARE BAFCR fod Aols:  HATH(p<0.001).
menton plane angle? Thh %<& 29 A#AAAE 7HHTHR*=-0.644,
p<0.001). AP FIAIZ dol o= s 7 ol mEk [t
Zlo] 7} @12 ™, menton plane angled = ATTA 7 AT AT H o A
olF=  Ax AllTelA 146.9%8.3°, A27elA  139.6+£9.4 7,
A3elA 151.5+11.3° 2 AFHA A3 A2Te] o
Fo3tA #9rh(p<0.001). menton plane angle® thA =& AAAA=S

ZHR T (R?=0.459, p<0.001).

it
~
2,

H] 3
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Vector cumpsrism‘l: con->f->go

. —— J UL | - ——"-
icfoL cowbsu2ou: cou->i>

0B<-j<-u02 ‘uosuedwo Jojoa A

zVectorl& Multiple Correlation
Group I Group II Group III D )
R Comparison coefficient
Vector2
0 xy 2.9%t14.3 19.3+18.7 -12.4%£21.9 .000 HIKIKI™ —.644" -.378"

<CON&GO 60y, 130.1+8.7 124.7+10.5 128.2+13.7 .085

0, 146.9£8.3 139.6+£9.4 151.6£11.3  .000  I<LII™ 459" 190"

" p<0.01, ™ p<0.001, i Scheffe test
Fig 16. Schematic drawing of CON & GO for all three groups

A) Schematic drawing of CON & GO of each groups in 3—dimensional space
B, C, D) Schematic drawing of CON & GO of each groups in the sagittal, frontal,

horizontal plane

Black (group 1), red(group II), blue (group III)

Table 16. Comparison between the angle composed by condylar and

gonial vectors

48



(5) «BD & GO

sfobal WEgl szt MEE FRPUe] £ Aol ol

rr

7E

rr

=
=
A1 167.3+10.2°, A2FNA  169.3£8.2°, A3FeA 157.2+17.4°%

o wlE #skA 23kt (p<0.001). menton
plane angle®} W& A#AAZ 73 tH(R*=-0.356, p<0.001). A|4HH 2

o

s
>
T
o
ol
b3
_‘:‘_1‘
2
w
Ml
o

2o
rlu
Ml

WP FIAIZ Aol olF= ALne ZF ke Fod Apo|rh glon,
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Jw<-j<-0B "uosuedwod 1018 ASCloL cowbsuaou: Go->§>u

e Multiple Correlation
«Vector1&Vector2 Group I Group I Group III D .
Comparison coefficient
0 xy 167.3+£10.2 169.3£8.2 15721174 .000 I I —-.356"
~BD&GO 0y, 84.8110.1 82.2+10.2 82.8+13.9 594 072
0 7x 48.5+7.8 47.8+9.5 46.6+11.4 657 —-.012

" p<0.001, ":Dunnett’s T3 test

Fig 17. Schematic drawing of BD & GO for all three groups

A) Schematic drawing of BD & GO of each groups in 3—dimensional space
B, C, D) Schematic drawing of BD & GO of each groups in the sagittal, frontal,

horizontal plane

Black (group D), red(group II), blue (group III)

Table 17. Comparison between the angle composed by body and gonial

vectors
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stete] el F44, 844 dde] 25 JFS ¢S & il (Lavelle
et al.,, 1985), Treacher—collins 5%+, Hallermann—Streiff %73} 7+
A=A Az shet 79 ooy I, HaAd #EAZY g2 SHA

= 4
f900] BE A& 2 5 Ach(Gorlin, 1971). T2} o5 4414 Aoy

37 Y ool AU BHA VIFo] RS AA T

AmE sfotEo Ageld BT ATe Fo APPon AZHUT

719 elM e et A2 obd v AA il 3tk (Sicher, 1947). Moss
=49 (skeletal unit) o] =7], Fe 2 1A W7 2 @glel] A&k
7154 714 (functional matrix)©] 9@ W=th= 7152 714 ©]& (Functional
matrix theory)< T3t (Moss and Rankow, 1968). & Mew 5%
npR7 A R 25 9 I ZIke] f1A #AZE sket=e] Av], FE 9 91
W3l 7bg WS o3k m ATk s (Mew, 2004), Cruz =9 skebzt
9 A dE s A% A% v A AT (Cruz et al., 2009).
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gholat o] A=A o)Ak (Ayoub and Mostafa, 1992; Bjrk and
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e27F st 2 7]EH9 0.09~0.36mmell Hld] Aoz it
stebzta} ol w FxEC fAE: VIEHe Y ASAe] JsAME
Aol g oz "dojd 4 Qltps AL olw] &4 9lti(Cavalcanti
et al, 2004). o] AFoME old oxt9 HAE 9sA st 3xd

G egdEeldE ne FH Vo r AANA A ArelA JEA

o

NEF =833t
AN A A3 AAE # 7] YA o HdHE Steiner,

Sassouni, Havold, Wits, McNamara 5 @2 Ax}E0o] do] 4 ztx HA
WS AA ST Proffit et al., 2008). ¥ AFeXe= Tl A7 T
Melxtel] o3k xFo]E Fo)7] 98le] Delaire ¥412] menton plane
angle?} Steiner #2419l ANB 7% zlo|& 7|22 072 o] &3}t sk
4 g gAY ASARAI et al, 2001; F-HAFHA L] 3],
19970 FasiA ANB Zh&= Aolell uwhel HAw(0°<KANB<4Y), =474
27 (ANB>4%), AI37(ANBLO) F-Huste] A
ANB Z}=7} Nasiond €A uz}
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A7}tk Menton plane angle< 2zt Trlt EAH o2 w9 F3t
ZpolE HRAL, ANB A% v w2 A dAE BoM Add AF
AApetar A zhskgi.

ol Aol = skt Zledsl #WHe FAS VIR, 271, wE
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TEAD 9x AAE FLE guE M £ YdolM JEH 9xE wm

FAA S HEGeA STFeetud e A AH FERE olF e
stota IFe stetm e SAE AASte AlE o)l slEEth. CONE
AAE At A3 o g8l CON9 #9374 Ay 73 A= 7+
T Atole Al zfolzE GlSlth. obRE, A2 (BFetE ¥ES) CONeol &4
Ao AR =, ofwd Agow otmAETo] Folx A centric
relation®} centric occlusion® =}o]7} AaA A7l Aozw FAHET
713 FU MF9 f1xl= shota 1A A4 Aols Idiz wkdsta
AoIA A 3ol AA o f MuEF ko] AT
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1. &tetx 7lswel #WH e A7]= FF, ofetAl, A WEHOA 7
Tol FAASE fost AolE HIloH, stetxm ASFH AAE
Uel = W< menton plane angle ¥ A4S AAbste] 3%,

o E w2 Ad #AE Btk

2. otz el ¥y WEkRe, Ak HA Ay I Wyl Z

How, uE 7ledsl #HEH=
2} ) Wkl v ol Hlgko] {23k xko]E KoL
Al (W 2D 3 Al 3 et AEF) Y] sk Aol =

angle ¥ A#AE AAbsto] stetAl, I AFH so®E S AE
HAE BT

3. 7ledsl WEe] wAE 1 o, SEEe AVl= 7 2o
EAACE Fost AolE KHelew, dotx AFY AAE UEU=
WS menton plane angle @ A##A S BT}

4. 7Sl WE F ARSIZAS P F99 ARSIzl Zb ol
SAACRE FoF AolE KoM, stotx M AE UEUE
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G 3R Ot 7|y A S flo AlSEE SHIIEEH FoL AN

ST o4nY +22 A BT YO FYBEXIO)

=
AXE 7|&=X|. CEPHALOMETRIC NORMS OF THE HARD TISSUES OF
KOREAN FOR ORTHOGNATHIC SURGERY 27: 221-230, 2001.
RN L THY 24 SH o B3 Yagelo Sijetes
SEHO| BB Q1T CHEHTYOIOIBIQIIISB|X| 17: 33-45, 1991,
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Abstract

Vector based 3D analysis of mandibular pattern

Nam—kyoo Kim

Department of Dentistry

The Graduate School, Yonseil University

(Directed by Professor Sang—Hwy Lee, D.D.S., M.S.D., Ph.D)

Mandible has a bigger portion on lower part of craniofacial region. Abnormal growth
of mandible is considered major portion of dentofacial deformity and direct cause of
mandibular retro/pro-gnathism and important factor of diagnosis and treatment planning
for orthognathic surgery. So, Efforts for analysis about mandibular configuration and
causes of mandibular deformities were performed with various methods. Recently, effort
for understanding actually about mandibular 3-dimensional configuration and growth
pattern are performed. But, current mandibular analysis using 3D CT could not break
away a ouline of 2-dimensional analysis. We can analyze the causes of mandibular 3-
dimensional dysmorphia and make a treatment plan with simultaneous comparative
analysis between normal and deformity patients of location of anatomical point, size,
direction based on mandibular genesis and growth theory. For that, we set up mandibular

functional unit vectors that have both size and direction information and symbolize
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Moss’s functional units. So, we could analysis mandibular patterns in normals,

retrognathism, prognathisms.

The symmetric patients were divided in three groups:The first group, normal control
group, included 17 patients and the second group, mandibular retrognathism group,
included 24 patients and the third group, mandibular prognathism group, included 26
patients. The size and directional cosine of mandibular functional vectors, and included
angle between vectors were calculated. Then the correlation between these results and the
relative position of menton compared C3 plane was analyzed. The following results were

obtained.

Condyle, the starting points that decide mandibular position, didn’t represent definite
difference between normal controls, mandibular retrognathism, mandibular prognathism
patients. Only showing little anterosuperior positions in retrognathism group. The size of
mandibular functional units, except coronoid and gonial vectors, have statistic difference
between groups, and show a high correlation with included angle between C3 plane and
CF1Me plane following condyle, body, symphseal vectors. The direction of condylar unit
vectors shows statistic mindful differences between groups after multiple comparison.
Other functional unit vectors show a difference only between retrognathism group and
other groups, and show a high correlation with included angle between C3 plane and
CF1Me plane following body, condyle, symphseal vectors. Considering the relation
between functional unit vectors, the size of sum/subtraction vectors have shown a statistic
mindful differences between three groups. The sum vector of condylar, body, symphyseal
unit vectors have shown a high correlation with included angle between C3 plane and
CF1Me plane. Considering the included angle between functional unit vectors, the angle
on the horizontal reference plane has a high correlation with included angle between C3
plane and CF1Me plane. The angle on the sagittal and coronal reference plane have
shown few statistic differences, no correlation with included angle between C3 plane and

CF1Me plane. Therefore, condylar unit direction, the size of condylar, body unit are
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major factor of mandibular prognathism and, in mandibular retrognathism group, the
included angle between vectors on the horizontal plane, posteroinferior rotation of whole

mandible are major factor of deformity.

In conclusion, mandibular functional unit vector analysis could represent mandibular
anteroposterior patterns well and deduce the cause of deformities with size, direction,
included angle. So, we can analyze and understand individual causes of mandibular
deformities beyond simple structural analysis in diagnosis, treatment planning of
developmental deformities with mandibular functional unit vector analysis. Therefore we
thought that it could make etio-pathogenic diagnosis and treatment planning applicable
actual orthognathic surgery. With studies intended more samples, the mandibular

functional unit vector analysis could be used in clinics valuably.

Key words : Retrognathism, Prognathism, Mandibular functional unit, Vector, Size,

Direction, Vector analysis

68




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


