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Table 1. Age distribution in each group

(units : Years)

Group Mean S.D.
Group A 20.22 2.17
Group B 21.96 2.21
Group C 21.38 2.70
Group D 22.06 4.43

Total 21.41 0.85

Table 2. Angle’s Classification in each group

Angle’s Classification

Group
Cll ClII Cl III Total
Group A 25 0 0 25
Group B 0 26 0 26
Group C 0 0 33 33
Group D 9 7 0 16
Total 34 33 33 100




2.

26 x 36 cm FCR(Fuji
EZ

e
T ol

A7
WA AR B
AMietn Xyt WA o] A2 ¥ Cranex 3 Ceph. &9 7] (Soredex
imaging plateE *3&3k
Zod 3t v}. 29 A Frankfort-Horizontal ¥
JeeA FE9 7

Computed Radiography) 7FAlE°] FF.D. 5 feet, 75kVp, 10mA, 0.6sec?]
Al ﬂ@—
e & A A3

a

Co., Helsinki, Finland)®
Aoz FR FE WAL FAAZS
Wi APHo] Heo] HEF FAAZ T F4
A FHER AHY ALHS SAIGA s &
Y. FAI: A4 2 AF
Hod® F5 AL A A FAARE A4 & ey 22 ASHY JE
AE AASIY 48 A 35S AZE39 .
(1) A&+ (Fig. 1)
1) Sella(S) : Sella turcica®l T3
2) Nasion(N) : A|AH o] A A F 4] &% (nasofrontal suture)d H A3
3) Basion(Ba) : &7 &2 ZH3wA
4) Porion(P) : Yol =9 HAFHAGIFTH A4)
5) Orbitale(Or) : o+&}st A o] He WA (YFSA)
Anterior nasal spine(ANS) : T7/0™ Aol A Abelo] Z AutH
Posterior nasal spine(PNS) : F#7/0® Aol =4 74 989 FHITxxy
AR |
Sk stk HH Ftet HHo] o] R &



A el 1A

10) Menton(Me) : B & Z g (symphysis) ¢ Ao 13

11) Gnathion(Gn) : 8 £ 2 ¢ (symphysis) ¢ 2

12) Pogonion(Pg) : ¥ Z ¢ (symphysis) 9 = A=+

ol

M

7 BAY AT A

13) CV2sp @ -+ WA 7
LU

i

BAY AT YA

i

14) CV2ip : F+ H
15) CVdip : v ¥

A BEF EAe #H55H

CViip

Fig. 1 Cephalometric landmarks & lines



(2) 71+ (Fig. 1)

1) Sella-Nasion reference line (NSL) : anterior cranial baseZ YEME A3 2
714 (Sellag 5 #3H A Nasiong Av+= A)
2) Cervical vertebrae tangent (CVT) : CV4ipE A+ Odontoid processel 2]
9 " (CV4ip-CV2sp)
3) C2V : CV2ipE A Y+ Odontoid processol o] % HA (CV2ip-CV2sp)

(3) A==

(7}) Angular measurements (Fig. 2, 3, 4)

@ Cranial base
SN-FH, N-S-Ba
@ Anterior—posterior relationship
SN-NF, S-N-Pg
@ Vertical relationship
SN-MP
@ Occlusal inclination
SN-OP
® Postural variables of the head and neck : Craniocervical angulation
(C2 : FHA AF FA49 s HA)

SN-CVT, SN-C2V, CVT-C2V, SN-C2, SN-C4

(4}) Linear measurements (Fig. 5, 6)

@ Anterior-posterior ratios

ANS-PNS/N-S, Cd-Gn/N-S, Cd-Gn/ANS-PNS

_7_



@ Vertical ratios
S-Go/N-Me, S-Go/ANS-Me, PNS-Go/N-Me

@ Anteroposterior-vertical ratios
N-Ba/N-Me

@ Postural variables of the head and neck : Cervical inclination
(Cervical vertebrae skl F ol CVT7A ¢ F4A%)

CVT-C2, CVT-C3, CVT-C4, CVT-C5

Fig. 2 Angular measurements



Fig. 3 Craniocervical vertical measurements

1. SN-CVT 2. SN-C2V 3. CVT-C2V

NSL

Fig. 4 Craniocervical horizontal measurements

1. SN-C2 2. SN-C4

_9_



CVT

Fig. 6 Linear measurements

1. CVT-C2 2. CVT-C3 3. CVT-C4 4. CVT-C5
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2 gEde dn EEAAE P 2F0 AolE Wl Ad t-testE A
=z}
=

o]
Logistic regression analysis® Al&3t3l3, FAF AAHF F0HEE g H

5 7Y ABBAE Lolrry] Y& HAA Z2Fol WEe] Pearson correlation

analysisE *] 3 5} A t}.
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Table 3. Comparison of variables before and after 2 years in Group A

Paired t-test

Variables p value sig
SN-FH(®) 0.8633
N-S-Ba(®) 0.2925
SN-NF(°) 0.1781
S-N-Pg(°) 0.3316
SN-MP(°) 0.4735
SN-OP(°) 0.7967
SN-CVT(°) 0.6655
SN-C2V(°) 0.4170
CVT-C2V(®) 0.6420
SN-C2(°) 0.6529
SN-C4(°) 0.7532
ANS-PNS/N-S 0.5248
Cd-Gn/N-S 0.4436
Cd-Gn/ANS-PNS 0.6523
S-Go/N-Me 0.2485
S-Go/ANS-Me 0.3742
PNS-Go/N-Me 0.8651
N-Ba/N-Me 0.4125
CVT-C2(mm) 0.8796
CVT-C3(mm) 0.7103
CVT-C4(mm) 0.3675
CVT-C5(mm) 0.8753

_13_



Zyzkel A|FwEel distol GroupE® Hit B ZFEHUAE AEHo(Table 4)
Zy g &o] thsto] Group A Group B, Group A3 Group C, Group A3 Group

D, Group B} Group C& 27t vl x #4135} th(Table 5).

Table 4. Mean and standard deviation of individual variables

Group A Group B Group C Group D
Variables Mean S.D. Mean S.D. Mean S.D. Mean S.D.
SN-FH(®) 8.27  2.69 9.60 251 726 237 9.26 3.31
N-S-Ba(®) 130.19 581 134.83 512 128.03 4.73 131.06 4.39
SN-NF(°) 9.88 3.28 10.19 248 890 295 1034 266
S-N-Pg(°) 81.04 793 7340 342 8632 434 7887 394
SN-MP(°) 36.02 530 4318 6.75 3391 6.88 3994 554
SN-OP(°) 19.09 483 2485 379 1494 467 2211 417

SN-CVT(°) 105.12 11.32 11250 845 9831 1044 108.67 6.86
SN-C2V(°) 10156 959 10733 876  96.79 877 104.06 5.61

CVT-C2V(°) 422 2.05 471 150 496 2.86 418  2.00
SN-C2(°) 30.63 850 3359 1061 2064 993 30.28 6.89
SN-C4(°) 3036 816 3197 916 2152 807 2792 7.37
ANS-PNS/N-S 0.76  0.62 0.74  0.05 0.72  0.06 0.74  0.06
Cd-Gn/N-S 176 0.10 1.68 0.08 1.90 012 1.84 012
Cd-Gn/ANS-PNS 232 0.14 227 013 267 017 255 0.22

S-Go/N-Me 0.65 0.05 059 0.05 0.66 0.07 0.62 0.05

S-Go/ANS-Me 113 0.11 1.02  0.10 116 012 1.06  0.10
PNS-Go/N-Me 036 0.05 038 0.07 035 0.05 0.35  0.05

N-Ba/N-Me 0.83 0.06 0.84 0.05 0.82 0.06 0.79 0.03
CVT-C2(mm) 1056 1.07 10.18 1.11 1085 143 9.82 1.07
CVT-C3(mm) 9.87 1.10 927 131 1002 1.46 914 117
CVT-C4(mm) 894 1.05 818 0.90 8.78 0.72 820 0.71
CVT-C5(mm) 774 270 726 1.93 748 271 743  1.21
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7}. Angular measurements
(1) Cranial base

FAAE YetdE 45 5 SN-FHE Group B7F Group CET & &S ®2 4
oW (p<0.01), FAMA ZF3S UEWE N-S-Ba 94 Group B7} Group A, Group
CHT} 2 e Ho A Yols AR gugle olE Holx Foprh(ztz)

p<0.01, p<0.001)(Table 5).
(2) Anterior—-posterior relationship

SN-NF= 7z "l 25 zbell Aol7h glolew, off &%
S-N-Pg& Group C7F Group A, Group BETY 2 & HA(ZZ p<0.01,
p<0.001), Group BE¥ Group AR T} 2L zHS W tH(p<0.001). Group D+ Group
ART Z& gs B ATHp<0.05)(Table 5).

(3) Vertical relationship
SN-MP+= Group A3 Group Cxtole AolE Holx Edom Group B
Group A, Group CHt} 2 < H At (p<0.001). Group D¥ Group AR &

< HE A THp<0.05)(Table 5).

(4) Occlusal inclination

g

wgA AAE SN-OPE Group C7F Group A, Group BE U & & w9

a(Zt7F p<0.01, p<0.001), Group B+ Group AXRTH & S X AtH(p<0.001)
(Table 5).
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(5) Postural variables of the head and neck : Craniocervical angulation

ZFA M 4=l SN-CVT, SN-C2V= Group B7F Group A, Group CE. T}

el
i

A Jgon(Zz p<0.05, p<0,001), Group A Group Clel: o] E H o] X
@Fokrh. CVT-C2Ve Hl 2§ el SAIASC= on s AolE HolA &k,
BEel AFA AAE dEWe AF £ SN-C2, SN-C4%= Group C7}
Group A, Group BE U ZA v gom(p<0.001), Group A3} Group Bzlol & =}e]
5 HolA @sth(Table 5).

t}. Linear measurements

(1) Anterior-posterior ratios

AFAQ H&S Yetdle ¥Mes T A% FAA g ot vEs
Bl = ANS-PNS/N-SE= Group C7} Group ARTH ZHA vgko ™ (p<0.05), A4
FoA e stete] &S e E Cd-Gn/N-SoF Aete] digt shetel wl&
&+ YEl = Cd-Gn/ANS-PNS= F W4 25 Group C7F Group A, Group B

i

o 2 A Y (p<0.001), Cd-Gn/N-S¥= Group B7} Group ARt & S =
FAHP<0.01). ¢ F W EF Group D7F Group AXRTH AA vgoh(zH7)
p<0.01, p<0.001)(Table 5).

(2) Vertical ratios

hEel AWt FY FAnAR MES dehle WEE

% S-Go/N-Me2
Group B7} Group A, Group CR.Th 2k (p<0.001), S-Go/N-Me2 Group D7}

Group AB T 2 (p<0.05). PNS-Go/N-Me2 Y & ol Aol7F gt
(Table 5).
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(3) Anteroposterior—vertical ratios

N-Ba/N-Me<2 Group D7} Group ARt 2okt (p<0.01)(Table 5).

(4) Postural variables of the head and neck : Cervical inclinations

CVT-C2, CVT-C3, CVT-C4%= Group D7} Group AxT} #&

o

Hoo

H

(Z+7 p<0.05, p<0.01, p<0.01), CVT-C4x= Group B7} Group A, Group CH T} %

o

U(zh2E p<0.01, p<0.05). CVT-C5: o] 2§ hol A X 0= ou gl Zo]2
Holx] g9kt (Table 5).
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Table 5. Statistical significance of the difference between the variables of each

groups
t-test
Variables Group A-B  Group A-C Group A-D Group B-C
SN-FH(®) *%
N-S-Ba(®) ok otk
SN-NF(°)
S-N-Pg(°) Hkk o * xk
SN-MP(°) ok s ok
SN-0OP(°) ok sk sk
SN-CVT(°) * * ok
SN-C2V(°) * ok
CVT-C2V(°)
SN-C2(°) ok ek
SN-C4(°) ok sk
ANS-PNS/N-S *
Cd-Gn/N-S ok kK *% sokok
Cd-Gn/ANS-PNS ok o sk
S-Go/N-Me okk s ok
S-Go/ANS-Me #kk EE T
PNS-Go/N-Me
N-Ba/N-Me *%
CVT-C2(mm) s
CVT-C3(mm) .
CVT-C4(mm) ok o *
CVT-C5(mm)

*. statistically significant difference at p<0.05
xx. statistically significant difference at p<0.01

%% statistically significant difference at p<0.001
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WMo 93y ua

iy

Fol v

M

3. &9

2+ 72y o] Group A3 Group B, Group A3 Group C, Group AI Group D,
Group B9} Group C& F&dte ol A= dFH 79 F#
$13ke] Logistic regression analysisE Al&3sle] I JgHo] & SAYRE A s

A tH(Table 6).
7}. Group A% Group B

S-N-Pg, CVT-C4, SN-CVT7} ¢] A2 9 F 2F& vFe dol 9
S Ze= HEE FAYoR {94 de Z2FAE HAFAH(P<0.001, p<0.05,
p<0.05)(Table 6).
Y. Group A Group C

Cd-Gn/ANS-PNS, SN-OP, SN-C47} o] A4 =® 99 F IS vire= Ho

d,
e s zte WeR SAeR F94 e 23S B FAH(p<0.05)(Table

3

6).

0;

t}. Group A™ Group D
Cd-Gn/ANS-PNS, CVT-C37} o] =42 99 F 155 T+ dol 93y
S Ze HMgE FAdeZ f94 de Z2FHE BHAFA(p<0.01, p<0.05)

(Table 6).

2. Group B¥ Group C

o2
o
e
o
P
rlr
e
-
fetl
offl
)
2
|o
fru
o

SN-CVT7} #19 + 255 = del

_19_



o,
ox
¥,
rlr
i
A
il
s
ey
N
b

1 tH(p<0.001)(Table 6).

Table 6. The influence of variables in classifying groups

] Group A-B Group A-C Group A-D Group B-C
Variables

SN-FH(°)
N-S-Ba(°®)
SN-NF(°)
S-N-Pg(°) koK
SN-MP(°)
SN-OP(°) *
SN-CVT(°) * ko
SN-C2V(°)
CVT-C2V(°)
SN-C2(°)
SN-C4(°) s
ANS-PNS/N-S
Cd-Gn/N-S
Cd-Gn/ANS-PNS * o
S-Go/N-Me
S-Go/ANS-Me
PNS-Go/N-Me
N-Ba/N-Me
CVT-C2(mm)
CVT-C3(mm) o
CVT-C4(mm)
CVT-C5(mm)

*. statistically significant difference at p<0.05
xx. statistically significant difference at p<0.01

w%k0 statistically significant difference at p<0.001
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4. AF

=)
4 A BRA

o —

r

FAR AUt FAGAIAUEE ke FBAAS o] dd AA

T80 thsle] Pearson correlation analysisZ A] 8 8 9 th(Table 7).

7}. cranial base

SN-FH, F7/1Ad &3& YW= N-S-Ba, SN-NF<2 SN-CVT, SN-C2V,
SN-C2, SN-C4¢t SAA = o a7, CVT-C4% &9 ZaHAES 23
i, CVT-C2Ve = ouole AaaAlE RolA Fkth(Table 7).

U of EE%
S-N-Pg& SN-CVT, SN-C2V, SN-C2, SN-C4¢} A A o=z wWata So A4
ABAS BYa, CVT-C3, CVT-C48} 49 A3 AS ®UTH(Table 7).

oh stergm FAbw

SN-MP* SN-CVT, SN-C2V, SN-C2, SN-C49} EAH o=z ko] 4

ri:i
rJ
2
il

B3, CVT-C3, CVT-C49} &9 ZF#AAAE B (Table 7).

-OP¥ SN-CVT, SN-C2V, SN-C2, SN-C49} T AAo 2 §&g oo 4
HAE B, CVT-C3, CVT-C4¢ &9 AduAE EAH(Table 7).

sh AT A W&

ANS-PNS/N-S, Cd-Gn/N-S, Cd-Gn/ANS-PNS2 z}A W42 TAZ dAAA
o] A2l ¢lATh(Table 7).
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S-Go/N-Me, S-Go/ANS-Me SN-CVT, SN-C2Ve} FAA o= {9 Jad
AE, CVT-C2, CVT-C3, CVT-C4¢t &2 Z4aaAS HAt. S-Go/ANS-Me->
SN-C2, SN-C4¢} &9 A#AAE B, PNS-Go/N-Me> #AAA W9 57
A dwAdoel Aol gl tH(Table 7).

AL AT SA g

N-Ba/N-Me& /07 F AAWF2A SN-C2VeF e 3o Z##AE Rt
(Table 7).

Table 7. Correlation coefficients between postural variables and morphological

variables of head and neck in total groups

Morphologic Postural variables
variables SN-CVT SN-C2V. VIV SN-C2  SN-C4 CVT-C2 CVT-C3 CVT-C4 CVT-C5

SN-FH(°) 0.3106 = 0.3049 *=  -00665 04835 % 0.3707 #xx 01716 02840 #x 03065 =+ 0.0106
N-S-Ba(®) 0.2291 = 0.1914 00807 0.3785 ##x - 0.2201 * 01903 02343 « 02313 = 0.0318
SN-NF(°) 0.3219 04040 == 0809 03773 #xx 03339 = 02369 02756 « 0234 = 00089
S-N-Pg(°) 05663 #0520+ 0.0188 06116 % D409 wxx (.2942 0.3291 == 03091 == 00529
SN-MP(°) 0.4260 s 0.4145 s 00282 05121 sx - 0.4059 sxx 02479 03B w0338 = 0.0229
SN-OP(°) 0.5005 s 0.4937 #0488 0.5735 sx - (0.4349 sxx - -0333 0453 s Q4B #xx (.0338
ANS-PNS/N-S 01483 000834 0008 0.1821 0.1103 0.0255 00827 0.0190 0.0799
Cd-Gn/N-S 00634 0.0523 0.1091 -013% 01568 0.0874 0.0615 0.1924 0.1170
Cd-Gn/ANS-PNS 02073 02278 = 00788 02243 02253 0.0951 0.1333 0.1120 0.0115

S-Go/N-Me 02609 « 0269« -00974 01833 01436 0.2418 = 02620 = 0.2499 = 0.0354
S-Go/ANS-Me 02933 #+  -0262 01008 02% « A28« 02559« 02377« 02634 x  0.044
PNS-Go/N-Me -0 00272 0.0012 0.0365 0.0365 00274 00376 0124 0.0283

N-Ba/N-Me 00903 0203 = -00039 00024 -00112 0.0130 0.0044 01532 00789

*. statistically significant difference at p<0.05
#x statistically significant difference at p<0.01

wxx. statistically significant difference at p<0.001

_22_



X

I

Ul
=

ez A4 g

=y
-

1]

o

Agre W B Aot A5
W, Adoke HEE B fobr] ¥

o

TR

wf Foll dojut

e

o] A 7] Al
A 72l

=

0]

e
T

F(cervical spine lordosis)o] A7 A ® v =

o
fud

A

Arpe

o]

=
-

9ol
Aoty 1

W

220

A 23

0o

B
o)

bl

ik
B
el

mJ
J)

o %

RLA

=

L

.

o] 41t}

]

o] 471/ A}
SRERCERE

|
i

]

—_
o

oF

ofp
i
-

Pyl

ESys
&

[¢)

i

o
pud

_?/]

171

[¢)

#AE T4
Fob AR A4 o

37

o} & = ol A

71 A

o

24 AbE

[e)

=
™

1 o

Solow, Siersbaek-Nielsen(1986)& 7% =A<

Aol A

e

o0
.
o

=
=

|

2 113°31} & NSL/OPT(C2V)

-
3t

ggel A

e

7N

Ly
-

%

NSL/OPT(C2V)E&

2} o
= =

i

o
~

XO
jaze)

xX

¢+

o
Bl

R

A
[¢]

ok e s HA

o

i, 79°H T}

=1k

xr
il

)

Sotefet S

o]
o

70

o

(&)
o
alhal
1

i
T

A8 oF 90°, AT AN

A
R

[e}
A

o~
na

s, Az TR

9= 90°

S

& Al

=2
=

e

L

5

[¢)

A

2 7oA A

=
T

) 5 <)

g

"o

_23_

R



o}

G AFY #EAAS & 7 U7 Wi, & dolA A
BA NG (Group B), W2 & (Group C), 7N g+ (Group
_‘;‘é_

D)ol A% A5k 54 AW A AY 5 2AE v gES 2 %cHFig,
2,3,4,5,6).
TR AAS FAGUGE ) #AE dnA Gy AR we AM 4T

#t}. Foster, Howat, Naish(1981), Lunderstrom(1982), Showfety, Vig, Matteson
(1983)ell oJstw el E Lotl= dHols " Aol Aol glov, FH

BE AAete] AET A ARAS dotdaa & wols AR TR AAVE
Q749 Y. Solow, Tallgren(1971)2 2l & AAM oA e F+F AAE Natural head
posture(NHP)2} star ofo] thsto] F 7kA A E AAlstATh A A= 71&7%
Ao, F WAL FH SIXE NHPol did Ao =& oj&st= 3, 5
3 <l

ZhA 2 kA E AdA S A dew, A AR 3° b By AW

=

A

M

fu
4z
Ay
o,
k]
Ho
4
ofo
oX.
2
o’
=
o,
o
_?l_‘
2
i
|
>
N
41
o
Ao
B
g
o
ot

BN o

A2 ®eltta st Siersbaek—Nielsen, Solow(1982)¢] st NHPol Al +F
FAgA Wy s &2 o7 ZHEIPHE o FHEdy Wy

S @ Afode FF 2 AF BAECd S vAA Hol A% AHE

ne

N
N
N
i
i

| ©t}. Solow, Siersbaek—Nielsen(1986) NHPZ
gk AT FEEd g 759 7FEod o]ggdon, B AFdAE
%] H

A ox=s HAAE7 Y&l Group AolA  NHP

_11Nn
o

mel Av A 7t

SR TR gAA FAAAE 2d A% F, 74 28 Bgstel RE QA

Haess vasded, 2 23 2E W tisko] Aol7k glol NHPO A @A

Zt= Aol Wsted Wilhelm, Beck, Lidral, Vig(200)& =24 I, I A
w3 Abole]l  N-S-Bazty Aol7b vk X 1ek$l i, Singh, McNamara,
Loansoff(1997):= Angle I FA Mol FrHAZ o] ¢ 2535 Bausiith &
AT E FHAZE vYegiE 45 5 SN-FH, N-S-Ba =% Group B, Group
A, Group CY A2 FolA 7]+ 39y Group B7} Group CET & #< H

_24_



] F A Zte] Angle A3 xg 114, I, IIF

1

I
=

C7} Class III

=)

s

B

<0
el
o

K

T e v

MA ke zt=tta B 313 Hideharu(2003)<]

Dibbets(1996)¢] <

ki3

2 Fopg e wa

el

X

=

[¢)

259}

O =y
- T

}+

A
2y

;é}

ol A 7}

1

]

FH o] AFo|A N-S-Ar, N-S-Ba
Dhopatkar, Bhatia, Rock(2002)¢] &+
zt o]

T

o
i

T

o
i

#} Class II div.lell A vk ZFeo]7F 9lar Class II
A=z FAA4Y

=
A=l

0]

=

o]t} 28 Group A, Group C, Group D A}9]
X

T o] Aolo]

[¢]

Z|

[¢]

o
L
R

[e}
A

Apol7b fivkar B

7N A
WA Zro] Class I L

=y
-
p

.

=

pu—

=
-

ta Aol 7k

74

Gl

=
-

-%1—

div2y} Class 1%}

7 3} 9}

!l
9

ol
!
0
g
uze)

w
A

B

—~
o

g weed

Aol

S-N-Pg

1

.

Jehy)

=

=

. N
ol =& AL

o,

Group ColAl 7F& =3, Group BellA 71%

(o]

L

o

1H

To
B

Ho
or
—_—
o

BR

ol
&

Y Group D ¥4 Group AR T #& S-N-Pg

o

s By v & F 7

=
i

Group BelA 713

.

SN-MP+=

B

]

ol pe A

W A

5

st

1 SN-OP+

= o
a

A}

7
Wb Hideharu(2003)¢] & ol <] &}

pal

7ol

£

B
X

¢+
oW

el

Aot A Aol Group

Fata golA el A%z AR
SN-C2V ¢}

3L
O

L
2T

=

wl
Group C7F 7} Ao Group CelA

Hideharu(2003) ¢

pu

R

L
L

dl, o

0] 1=

SN-C2, SN-C4
PR -

<
T

1T

Z}

[¢]
o)
=

x|

FANEF AAMEd SN-CVT
i

>
T T

Group D7} Angle I&, 1I
7d

2y,
o},

pu
R

NI

o}
A

i)

—_
o

ol

H37b dojytar, Group D& 8Fet

R

X

¢+

o

|

ox

|

—_—

[hS

el
10®

ey
7o

o

B

ﬁo

"
_UT

-

<)

o)
Bl
>

o
Yo
el

ﬁo
it

i, Cd-Gn/N-S

A

73;\(}-01—

A¥ B Group C7}

WE gerel ol

a A FHA e Aol

)

Group Aol 1|

~
o
o

.
o

)

O]}:\:

=l

fol& H

x

7} Cd-Gn/ANS-PNSHEt & H &

_25_



olrth A F Aol wig stete] Aoyt By ¢ 21 A
T W4 BF Group D7} Group ART EAZHcw & &

Aok ool val ahete] Aok 1) AL wolEr el A

ol
4
»
fd
o

:?lé
o
ok
>
o
[l
o
-5,
i)
32
[l
¥
o
2
ok
Lo,
=)
iy
-5,
=2
=
o,
-
=
2
1o
2
o
ol
)
r o
Ny

Wastn AW FAASH shepzrel Aeel N-Mee] dol7b F7bshel Group Axth

N
N

A 9kth, Group CE= N-Ba Zo] 9A o7k =

2 9u9dE xo]E Ro|x &t CVT-C2, CVT-C3, CVT-C4E Group D7}t

F kAS Bo]l Group A A4 3 o

Group A% Group CHUY & & Ho] ol AWR A By CVT =®u}

o

<3 & Group D7} Group A%} Group CHE T} ZAF9 AW o= HA=r S

Zh s ek del A W s A=E Hrkelr]l $18k9] Logistic
regression analysisE A8 A=, Group B7F dtote Fwk = 94
S-N-Pgol Group ART A& FE Ho o] F & vred /M S 2
= HE A Group Aol Bl Group C9 Group DolA 2F Aete] Aol o
2 Frobxl wkd,) spete] Holrt Frbete] Aotel WiE dtobe] HIES uUEl=
Cd-Gn/ANS-PNS7} 42} Group A$t Group C, Group A®} Group DE YFe
el 7Hd dFHdS 2= Wsdv. 2 U422 Group C= o199 3l dEt
= AWolseol BEFo=M FAAA da] wdHwol 7E&oj AErE Zo}
SN-OP7}, Group D& A F¢ ARt A4 =7 Zol CNT-C47F 22 #s 7HA,
of =A17F 247} Group A%t Y= dHol Jd¥FHS e ¥R Ut Group C
© Group Bete] &l Slol Ao Ay Aol o SN-CVT7F By #& 3
S A o] F S UE do g9 e Myt

TR AAEFe) FAAHGHRFE M) AABAE Lotry] & AA
o] tdte] Pearson correlation analysis® A 33t +=d, N-S-Bad H 5
(1995), & 5(1998)°] 7ol ot Faa Wyl L AT 9 Ozbek (1993)9]
Aol 9FH SN-CVT, SN-C2Ve} <o AaaAs 7o



ojn

o
o

AAlE HER = ARA

S-N-Pg& 7 %9

L
.

e

(1993),

€]

=

(1987), Ozbek

€]

(1976), Showfety %

=N

[¢)

3t Group CollA A3 S-N-Pg ko]

Solow

S

1

.

T 59

gl

HYEd), o
[

(1998) <]

o

=

[©)

a

N

il
i

=

-
J_AO

)
Ny
1
il

=z

]

& got R sere) x

Solow ¢} Tallgren(1976)

Alsh e g

LHERU

=

=

js
a

pud

g ¥F olth NHPo|A] o] F &% A

ol glrkal 3

)

a
pul

=

/\01—

]
—_

—_—
o

el

bR

A%
.
£

259}

pu

(1993) ©]

Yy

[¢)

A5t A

=

=

(1993)¢]

244

[¢)

=5
=

std SN-OP

=
T

(1998) <]

12} Ozbek

f

94

=
T
=

73

[¢]
e

2 2t}
SR
(1995), Ozbek
]— 2

e, 2

=13

(1995) ¢}

=13
=

=, P~
AEF T

=N

[¢)

25 9}

=

ny
(1998),

(1976, 1971)& 75l o

=
=
o

(1995) ¢]

]

-

st 99 th. Brodie(1952)& 7

S

CVT-C4%}

o _H%_Oq
1 R=

=

g e of
Zolo]

=N

[¢)

CVT-C3,

AR ol A
& Az7F #olH
o} AF7NA <
}o}k. Solow

CVT-C2,

p

.

ks
5

SN-CVT, SN-C2V, SN-C2, SN-C4¢} FAHo=
2

SN-OP7} & Group B9 Group Dol A

o A Wi v

Ao A i
o CVT-C2VeE 29

Kol
1’
9
i)
= 0]
o =

ol

SN-CVT, SN-C2V ¢} &

1
.

o 7o A
YRy

AS B

)

]
Tl

‘g] 37

[e]

i=]

3tH SN-CVT, SN-C2V ¢}

S

FAl W42l SN-C2V ¢t

170 o

R

_27_

= 2

(1993)9] <

¢

N-Ba/N-Me& F717

t], Ozbek

pu

R

o] =
AR

H



AT,

4|z

|

)
A
T

it

=)

9] Hvk(cervical spine lordosis)®]

7

o

=

P!

Frob7] Tl

A7 =d, Moya

XOL

2 occlusal splintE

(1994)

=4
[e]

<

|

Fd et

i
J_AO

ol

wpe} 7%

ApA el

s

A% H

el

o
y=|
o
i
off
nJ

B
o

o
N

0

=

A7 A

T (kyphosis) ©]
MAA = HA o]

el

AL
10®

o

-
ﬁo

)

=3

RE
.
o

|

o
o
il

=
o

ol® 7] ¢s] Group C

= o}
= =

AA

o
1o

ol

fuzel

X

£

il
<

=N
[¢]

|

B

SN-CVT$}t SN-C2V, SN-C28 SN-C4 A=A 7t %7}

e
T

sele AE

853

)
=

Be ATt

ko of

2 9

af

_28_



of we) oju @

3

<

__cl
J_AO

)

it

E
2l

X

-
E]

el
plo

H
To

ol

o
ol
0

i
)

A

FRAA 7

b w17},

1A

6l

Fate] A o

ol

% 9}

ﬁo

4

g5d A

7ol

A gt (1618) 9

ol

o]
%

1008 e 2 FA-d 4709

N

~
o

p—

bol g A%

A 3]

=2 =
= "

%t A

~
o

A A

g Ang

obro} e

As &

iy

=)

o
~

i

T

7o

e

e

e

el
%0

AL
o0

iy
ﬁo

o
N
ﬁo

7b FRA el el ®o

tHp>0.05).

3l

Bt} CVT(Cervical

ol

vertebrae tangent)©l

AAFE7F 842 NHP(Natural head posture)ol A S-N-Pgzto] ZHA

94

__cl
ﬁo

R a=

el

ol
B
AO

el

X

_29_



_ZT
ﬁo
ol

o

el

Axel W T, e,

1=
2

w2

ol

B

vzl

-
e

ofp
Ho

AL
00

Hr

o o}
= =2

glo] 512l ¥ o} 7]

o

T shyetar oA,

4
o
ol
o
Nfo

op

'

Jo

o
Ul

=

=)

N

SFAF7E ol F

g el

?l,

2o AA L

% %

o

K

el

_80_



Mo AAE FIHA FAE A FAAUFE B TR XA A

JlN'

o]d "l x}744: Head posture®] ¥W3}o] w2 ofobd F o #Go #3 A,

o gk 2] 7 A 8F 8] 2] 220 169-176, 1992.

Bjork A: Some biological aspects of prognathism and occlusion of the teeth.

Angle Orthod 21: 3-27, 1951.

Brodie AG: Consideration of musculature in diagnosis, treatment and retention.

Am ] Orthod 38: 823-835, 1952.

Cole SC: Natural head position, posture, and prognathism, the Chapman Prize

Essay. Brt J Orthod 15: 227-239, 1988.

Cooke MS, Wei SHY: A summary five-factor cephalometric analysis based on
natural head posture and the true horizontal. Am J Orthod Dentofac Orthop
93: 213-223, 1988.

_31_



Dibbets JMH: Morphological association between the Angle classes. Eur ]
Orthod 18: 111-118, 1996.

Dphopatkar A, Bhatia S, Rock P: An investigation into the relationship
between the cranial base angle and malocclusion. Angle Orthod 72: 456-463.
2002.

Foster TD, Howat AP, Naish PJ: Variation in cephalometric reference lines. Brt

J Orthod 8: 183-187, 1981.

Hellsing E, L’Estrange P: Changes in lip pressure following extension and
flexion of the head and at changed mode of breathing. Am J Orthod
Dentofac Orthop 91: 286-294, 1987.

Hideharu Yamaguchi: The effect of malocclusion on temporo—mandibualr joint
and cervical vertebrae. The Journal of Japanese Academy of General Clinical

Orthodontics 14: 10-21, 2003.

Hideharu Yamaguchi, Kenji Sueishi: Malocclusion associated with abnormal

posture. The Bulletin of Tokyo Dental College, 44(2): 43-54, 2003.

Huggare JA: The first cervical vertebra as an indicator of mandibular growth.

Eur J Orthod 11: 10-16, 1989.

Huggare JA: A comment on the association between cervical inclination and

craniofacial structures. Am J Orthod Dentofac Orthop 105(6): 17A-18A, 1994.

Lundstrom A: Head posture in relation to slope of sella-nasion line. Angle

_32_



Orthod 52: 79-82, 1982.

Marcotte MR: Head posture and dentofacial proportions. Angle Orthod 51:
208-213, 1981.

Motoyoshi M, Shimazaki T, Sugai T, Namura S: Biomechanical influences of
head posture on occlusion: an experimental study using finite element

analysis. Eur J Orthod 24(4): 319-26, 2002.

Moya H, et al: Influence of stabilization occlusal splint on craniocervical
relationships. Part I : Cephalometric analysis. ] craniomand Prac 12: 47-51,

1994.

Ozbek MM, Koklu A: Natural cervical inclination and craniofacial structure.

Am ] Orthod Dentofac Orthop 104(6): 584-91, 1993.

Showfety KJ, Vig PS, Matteson S: A simple method for taking

natural-head-position cephalograms. Am J Orthod 83: 495-500, 1983.

Showfety KJ, Vig PS, Matteson S, Phillips C: Associations between the
postural orientation of Sella Nasion and skeletodental morphology. Angle

Orthod 69: 99-112, 1987.

Sierbek-Nielsen S, Solow B: Intra- and Inter- examiner variability in head

posture recorded by dental auxiliaries. Am J Orthod 82: 50-57, 1982.

Singh GD, McNamara JA, Jr, Loansoff S: Morphometry of the cranial base in

subjects with Class III malocclusion. J Dent Res 76: 694-703, 1997.

_33_



Solow B, Kreiborg S: Soft tissue stretching : a possible control factor in

craniofacial morphogenesis. Scand J Dent Res 85: 505-507, 1977.

Solow B, Siersbaek—-Nielsen S: Growth changes in head posture related to

craniofacial development. Am ] Orthod Dentofac Orthop 89: 132-140, 1986.

Solow B, Tallgren A: Head posture and craniofacial morphology. Am ] Phys
Anthropol 44(3): 417-435, 1976.

Solow B, Tallgren A: Postural changes in craniocervical relations.

Tandlaegebladet 75: 1247-1257, 1971.
Wilhelm BM, Beck FM, Lidral AC, Vig KW: A comparison of cranial base
growth in Class I and Class II skeletal patterns. Am J Orthod Dentofacial

Orthop 119: 401-405, 2001.

Wood LW: The relationship of variations in head position to lip and tongue

pressures [Thesis] Chapel Hill : University of North Carolina, 1981.

_34_



Abstract

The relationship between cervical inclination and

malocclusion

Ah-Kyung Cho

Department of Dentistry
The Graduate School, Yonsei University

(Directied by Associate Professor Hyung—-Seog Yu)

There are many reports on malocclusion related with oral habits or even
postural habits. The purpose of this study is to find out the relationship
between malocclusion and inclination of the cervical vertebrae, which controls
the craniofacial movement, by researching the tendency of cervical inclination
in each malocclusion types, and by evaluating the relationship between
malocclusion induced cranial posture and cervical inclination. The subject
comprised 25 with normal occlusion, 26 with Class II malocclusion, 33 with
crossbite, 16 with openbite, all adults with no orthodontic treatment. The
inter-group difference, the influence of variables in classifying groups, and the
correlation between the craniocervical postural variables and craniofacial
morphological variables were assessed. Within the limitations of this study, the

conclusions were as follows.

1. The crossbite group showed a more perpendicular tendency of the cervical

vertebrae to the cranial base and more anterior inclination, compared to the
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normal occlusion and Class II malocclusion group. There were no statistical

difference between the openbite group and normal occlusion group(p>0.05).

2. In the openbite group, the corpus of the superior cervical vertebrae was
closer to the CVT(Cervical vertebrae tangent) and showed less anterior
curvature of the cervical vertebrae compared to the normal occlusion group and

the crosshite group.

3. S-N-Pg was lower in the cases with larger cervical inclination. The cases
with lower anterior curvature of cervical vertebrae showed more

hyperdivergent facial profiles.

4. Cd-Gn/ANS-PNS which is the relative ratio of the mandible to the maxilla,
seems to be a strong indicator in classifying normal occlusion, cross bite and

normal occlusion, openbite.

Through this study, it can be found that cervical inclination and curvature
are related to the malocclusion induced cranial posture. Therefore it is a very
important factor to be considered in diagnosing and treating malocclusion.
Widening the subject, further Ilongitudinal investigations about oral habits,
temporomandibular joint disorders in relation to cervical posture and
craniofacial structure would make a great contribution to prevention and

treatment of malocclusion, and inducing craniofacial growth.

Key words : cervical inclination, malocclusion, craniofacial structure, cranial

posture
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