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T ol e e 7R 3xH CTE ol &3l ot 71¥ & ldatr] flaiA+=
22kl A9 ZIEAdoly Ve mpRvA R V=g el dastt a9y 3xkd
CTE o]&% Aol olest 7IFo] F3lo] widd¥A Xskar 3ok (Katsumata
et al, 2005). Bl 22k ¥ARA ARRIQL S A5 WARY ARRle gl o)
Tl gt #4, FHH gl FA7F A FYPete= 3xd CTelA = EAsHA
%=

Al 3akd ofjkd 7Y B oAM= 2akd EAlelA AFEEH W Frankfort
=% (Frankfort horizontal plane, FH) ©]4 Sella—Nasion plane (SN) S°¢| ZIt=Z
AFg-E 1 itk (Barbera et al., 2009; Madsen et al., 2008). Z1#1 3z AFe]
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FHAA = AbFelA el o]l FH HWH& AMEE 4 gle Zox Hol o3
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FASL AL FHAS & o Ay AAE or|stth(Barbera et al., 2009;
Cole, 1988; Moorrees, 1994). ¢totdd 7] o] Xgtk W olyg} <78l o& 5o
wokel A ZH o)Al o HHo R QAWrI QoHA L o] WS HAs=
oJ# ¢ ARgell= Algte] 9l9lth Matsumotor o8l Hd HAGE S FA
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At o] WS AASI=H, FHTol= NHPE Astr] flstel FH 3% 3
neutral horizontal axisE& sAlel 1# 3= Flo] Eohal 3tk

NHPoA Alde Fos gujE zZheth divetd Abghe d2 e A9
Bst= AFFY 54 vt 9 LfHsESY AEEE A5 (visual axis) S 23
e wEt A 2SS 5] witolth(Enlow, 1982). fleoflA At Barbera 59

neutral horizontal axis® A& sid3l+= <5 (orbital axis) S 2v]|star Q).
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HEHFS 5 T dtk(Matsumoto, 1983). AlFE 3x CT GAelA AR5

W Adel ahet wWEs R, rse AFsh A%e s o Abgd

kA 2 Aol Al

bAoA vuE 7% %

—)

=7 PdE FHs 33 CTAA AAstar, o] o)
Hed 9% AS ZeA #dstaat sk 1A
Delaire &2412] 7] ¥H™<2l C3 plane®} CF1 plane, ¥¥t4 2l FH plane, W 3H¥E 4,
W, 787 Enlow? PM planed B s}
T NHPe= ot 7189 s dddo] & + Avka &tk (Leitao and
Nanda, 2000). & =°l 3tz HAE59 A9 NHPol Al nls| ah
AAbE o] 9lar, sheb FEFE I Wdleta skdth(Halazonetis, 2002; Madsen et
al., 2008; Moorrees, 1994). T stet=e d& T $Ho| uwgl NHP7F
= ol&s FAS 4 VY aFel we "vE=a A=
¢ = vk wep 3z

Bl A o] zhzt

3% %

o)

@)
=
2
>
%
oX
A,
>
Hy
4
i
ot
s
flo
o,
o
Ml
o
ol
12
U
=
g
g
ol
ol
12
|
o



Supraorbital foramen

Supraorbital margin

Frontonasal suture

Temporal bone Nasal bone

Superior orbital Optic foramen

fissure
Greater wing of
sphenoind bone
Inferior orbital fissure

Zygomatic bone

Infraorbital foramen

Fig.1—1 Frontal view of the bony orbit

- Optic fovea Visual axis

-

Optic nerve

Fig.1—2 Horizontal section of the eyeball. Note the visual axis(Grey, 1975).



Visual or optic axis

Fig. 1-3 Diagrammatic horizontal section through orbit, The visual axes; here

shown directed toward a distant object, are nearly parallel(Gardner, 1975).
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Table.l Summary of Groups
N Angle’ s
Average of age
(person) classification
Group I
8 20.2 I
(Normal control)
Group II
16 22.5 I
(Mandibular retrognathism)
Group III
20 19.7 11T
(Mandibular prognathism)
Total 44 20.8 _




2. 4+ =4
7} 3x4 CT 9 &9

239l HF AZPAR AL vielel 9AE &4k 23] NHPe
AEE aglon, 339 CT 29 Alels 94 29 A 9849 g 947
FH o] QA8 5% 24890, CT 29 AMsim Augs §ao A4
High—speed Advantage CT (GE Medical System Milwaukee, U.S.A) S AF£3F9 11
X2 EFL High resolution bone algorithm, 200mA, 120kV, scanning time 1

second, 1mm thickness, 512 * 512 pixel & 3} t}.

. 3xH CT 94 A4

gy gy gAY HE digital imaging communication in medicine (DICOM)
g Aoz AAsta, 3 dA oz 9N T2 1l Simplant pro crystal

(Materalise Dental, Belgium) & AF&3to] T/l 3 3¢ A Jgo=

A3k A (1™ 2).
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Fig. 2 Reconstruction of the 3D images in the software, Simplant Pro Crystal
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Table 2. The definition of reference points that were used in this study

Points Definition Bilaterality
FM continuation of the upwards extension of
(Frontomaxillary the lacrimal ridge to the frontomaxillary N
suture) suture
junction of the frontonasal and naso—
M v
maxillary suture
Clp L
o apex of the posterior clinoid process NI
(Clinoid process)
NP anterior wall of nasopalatine canal, nasal
(Nasopalatine canal) floor level
Ul tip mid—point of #11 (or #21) incisal edge
mesiobuccal cusp tip of #16 (or #26)
#16,#26 cusp
tooth
FC the most anterior & superior point of
(Foramen cecum) foramen cecum
CFM
(Center of foramen  center of foramen magnum in Basion level
magnum)
OC . . .
the most superior point of optic canal N

(Optic canal)



EC

(Eye ball center)

FxCe

(Falx cerebri)

Po

(Porion)

Or
(Orbitale)

ON

(Optic nerve)

L
(Lens)

PMF
(Pterygomaxillary

fissure)

GWS
(Greater wing of

sphenoid)

center point of eye ball

the point on narrow line of falx cerebri

nearest bregma

the most superior point of bony exterior

auditory canal

the point in orbital inferior wall in EC

level

midpoint of optic nerve on eyeball

center point of lens

the lower most point of pterygomaxillary

fissure

the point that intersected great wing of

the sphenoid and anterior cranial base

™)

10



Table 3. The definitions of reference points that were constructed in this study

Points Definition
Mx 6 cusp midpoint of cusp tip of #16 & 26

Clp—1 A point intersected by the MS plane & through R & L Clp
M-1 A point intersected by the MS plane & through R & L M
FM—-1 A point intersected by the MS plane & through R & L FM
EC-1 A point intersected by the MS plane & through R & L EC
0OC-1 A point intersected by the MS plane & through R & L OC
Or—1 A point intersected by the MS plane & through R & L Or
Po—1 A point intersected by the MS plane & through R & L Po
ON-1 A point intersected by the MS plane & through R & L ON

GWS—-1 A point intersected by the MS plane & through R & L GWS

*MS : midsagittal plane constructed by three reference points explained below

11
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399t} C3 plane, FH plane, PM plane, &% ™, CF1 planes &

A% 71% Buol AzoluA A47e] NEHe AGES AHHAHE 4).

Table 4. The constructed reference planes

Planes Description
. . The plane constructed by three points; FxCe, CFM and
Midsagittal
FC
3 The plane that through the 2 points, M—1 & Clp—1
and normal to midsagittal plane
FH The plane that through the 2 points, Or—1 & Po—1
and normal to midsagittal plane
PM The plane that through the 2 points, PMF—1 & GWS—1
and normal to midsagittal plane
The plane that through the 2 points, Ul tip & Mx 6 cusp
Occlusal ) .
and normal to midsagittal plane
CP1 The plane that through the 2 points, NP & FM—1
and normal to midsagittal plane

12



oz 7EdE AAstaAt ot 17k mellA Aol W] <l optic
fovear &llF-a4 Fx7F WEstA] kol 3xkd CT Aol 24T 5 glo] F9
TxEE A Aol7F gle ONO®E A8kt weka] L, EC, ON, OC ¢ Z3to =
olFofA = o] HW F FH ECS 0C-15 EFst= HWS OAP(RHEW

Orbital axis plane), &% EC$ ON-1& ¥ &3st= HHES VAP(AN =3, Visual
axis plane), Z1#1 #F$ L3} ON-1& ¥3st= HW-S OpAP(HE 1, Optical

axis plane) ® Z+Z+ A4 slG (& 5).

Table 5. Construction of the visual axis related horizontal planes that were

hypothesized & evaluated in this study

Planes Description
OAP The plane constructed by three points
(Orbital axis plane) ; REC, L EC and OC—-1
VAP The plane constructed by three points
(Visual axis plane) ; REC, L EC and ON—-1
OpAP The plane constructed by three points
(Optical axis plane) s RL,LL and ON—1

13



D. &7 &€ 7EeAdY 24

2 Al o] &gt ekt B V]EA o2 E OA(RESHS, Orbital axis), VA(X &,
Visual axis), OpA (eF4-%, Optical axis) 7} At} 25 F$ Ud=o0 7 271 AA
3ttt OA = EC, OC &, VA & EC, ON & F%3lH OpA = L, ON & Fsh=
Aoz A48ttt (GE 6).

Table 6. Construction of the visual axis related lines

Lines Description
OA The line constructed by 2 points
(Orbital axis) ; EC, OC
VA The line constructed by 2 points
(Visual axis) ; EC, ON
OpA The line constructed by 2 points
(Optical axis) ; L, ON

& AgolM AREE g 9 7Y

rr

39 GelA 19 3 3 gol ek
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Midsagittal plane — CFlplane

PM plane

——— (3 plane

—  OAP

FH plane

=

4
E

Fig. 3 Reconstruction of the reference planes, OAP, VAP & OpAP in 3D image

Group I, II, TIT #Apelld 7|8l 45 71589, FH plane, w&d4, C3
plane, CF1 plane, PM plane ¥ <7 3 Hw<l OAP, VAP, OpAP 7} ¥hy+=
7t s Fetal 7 o oA e HuE xFdAE, 283 ANOVA & ol 83l Fods
FSL .

o
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vk AT V1€ B9 b #E V|EA Al 4R AS

Az 7l HWy k4 #AA JlEd JF$ 0A, VA, OpA 7F wtye =&
TRt Group I, II, III

oA OA, VA, OpA 9 5= zfoleb AA| #el F+
£ T°8taL, ANOVA & ol &3l 9]

vl 71249 8= YBA (reproducibility) AZ

71238 F %5 PO, ON, OC, EC, Clp 9 & 5 /ME A7 F#slo]
AAstel 5 WelA 10 1A JEHS AAFsd. 7hztbe
3 AHAe A 22AE ©W 1 ¥4 (Dahlberg’ s formula) & ©]&
%L/JQ

shol 73
e obelel 2t

32
R
.

ng]ﬁ:";_}\o]' 741"4 _Q_i]— ey = \/Z(Xn_ xn-1 )Z/ZN

YZL’]‘E)B]— 7‘1‘:4 _(P_i}- ey = \/Z(yn — yn—l )Z/ZN

273%% A 4} e, = \/Z(z“ - z""1)2/2N

32k A= 2AF esp

= \/2‘ [(Xn _ Xn—l )2 + (yn _ yn—l )2 + (Zn — Zn—l )2]/2N
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714 EC, OC ¢ ##d® il OAP, 714 EC, ON I} s el VAP,
71274 L, ON 3 ##" FHHe OpAP ¢ A= 7|& W 719 zZx FHA43

<}
N
¢ =
W
)
rlr
o
—_
=

K
N

7} 7t} OAP, VAP, OpAP Al H4d % A= 71F=H3dy}
A

= $HY 545 7K aFd #Aglel TRl

Ol
L
12
ik

2,

1.3~1.6 T2 B}t p kol 5 0.05 Bt} AA 7+ 28710 EAEZQ AJo]=
NoH o VEFHWE vl Hwd 2 HAE HIT(E 7).

Table 7. The measurement of angles formed by midsagittal & visual axis related

horizontal planes.

MS
Group
OAP VAP OpAP
I 90.4*£1.6 89.9£1.6 88.9%£1.6
II 89.9£1.3 89.9£1.3 90.2%£1.3
I11 90.2*£1.3 90.2*£1.3 90.3*1.4
Total 90.1£1.3 90.0£1.4 90.0£1.5
D 0.77 0.91 0.08

17



2. A% 717 BHs} AT #A NFA 19 A=

A5 71 FH9y <t #A 7]FEAQ H9 0A, VA, OpA7t ®hv+ =&
Tato] Fity RFEAE E 8o YEHHlTE OAv 24.3%°A 25.8%, HAAE
1.6%olA 1.9%0l8 HFS 25354 %otk VAS OpA?9 H#e 14.3%0lA
23.15% Holiu HAE 1654 3.852 O0AS AARY & GAS HT
OA, VA, OpA Zt7te] p 32 EF 0.05Ht AA 2H3IF BAEEHQ Aol
ST,

Table 8. The measurement of angles formed by MS & visual axis related lines .

MS
Group
OA VA OpA
I 24.3+1.9 23.1£3.5 14.3£2.2
II 25.3*1.6 21.7+3.6 14.4%£3.8
111 25.8£1.9 22.8£2.6 16.7£1.6
Total 25.3%1.9 22.5+13.5 15.4£3.4
D 0.16 0.55 0.68

18
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Table 9. The measured angles between the reference planes(C3, FH, PM) &

visual axis related horizontal planes.

C3 FH PM
Group
OAP VAP OpAP OAP VAP OpAP OAP VAP OpAP
I 176.7 174.9 1749 176.6 173.9 1754 89.2 92.9 91.1
1.0 =*£3.3 £24 =*£14 =*£35 =27 4.1 £6.2 £8.2
1 174.7 1715 171.3 176.5 1725 173.1 89.6 90.8 90.1
2.8 *4.2 =*64 =£26 =£3.2 =*5.1 *£5.8 9.8 =*£10.2
I 175.4 1735 172.3 1754 173.8 173.2 89.7 85.9 87.6
2.1 *£6.8 =£6.5 =£3.2 *£6.7 =55 *£7.3 9.1 8.4
175.4 173.0 1729 176.0 173.3 173.6 89.5 89.0 89.2
Total

+25 =*4.1 =*£56 =*22 =£3.2 =*45 *51 +8.7 +9.2

D 0.08 031 036 0.29 0.75 0.45 0.9 0.11 0.57
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Table 10. The measurement of angles formed by reference planes(CF1,

Occlusal plane) & visual axis related horizontal planes

CF1 Occlusal plane

Group
OAP VAP OpAP OAP VAP OpAP
I 89.0 93.3 91.4 169.9 168.7 169.6
*5.0 £8.1 *£6.2 4.4 7.2 6.3
I 88.7 89.8 90 167.8 166.2 166.9
+8.5 *11.8 *£11.9 7.1 £7.2 *£6.9
I 89.5 85.5 87.3 172.2 170.9 171.8
+9.2 *9.1 +£8.5 6.2 *6.1 *5.1
Total 89.1 88.5 89.0 170.2 168.8 169.6
*£7.3 *10.7 *£10.1 6.6 £7.0 6.7
D 0.84 0.18 0.59 0.60 0.11 0.08

21



4. 1FR BB ABY

"

= PO, ON, OC, EC, Clp, & 5 7H¢] 7] <& Group 3 #glo] 492
Ae @2 5 Held 10 i AFe F A4z 7]ERe] 3 Adde A
ezk5 Tekbglen 5 Wo HugEs TeT(E 11), &AF A gHa
TS olgstdtt exk= 5 W A FHdeAM °F 0.5mm~ 1.3mm %=
LHeRst .

Table 11. The pointing error of the reference points (Average*SD, mm)

Refe?ence X axis Y axis Z axis 3D
points
R PO 0.2£0.1 0.4£0.2 0.5%0.1 0.6*0.1
R ON 0.3*0.1 0.4x0.1 0.1£0.1 0.60.07
R Clp 0.3%0.1 0.3£0.2 0.1£0.2 0.5£0.2
R OC 0.6x0.5 0.9%0.9 0.4x0.4 1.3*£1
R EC 0.5*0.1 0.5%0.1 0.7£0.2 0.9%0.1
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Aolgt A2 T (Adamidis and Spyropoulos, 1992; Barbera et al., 2009;
Cooke and Wei, 1988a; Lundstrom, 1990).
W 2] ZFA (head position)E AwrA o7 w2 HEAF A AEle] o8] ZAHC1
delA vk A7lel= 259 1f 74 A5 FYol WiE whg, a2 Az A
=oll tgk mAzd 71l &gk vkg-o] vk (Cuccia and Caradonna, 2009). whe}
A NHP= AlZF wbAb, S8, 259 14 242 A=, 7= 99, 25, A, 29171,
A T ole] B84 Qae 9l 9ES whol xdHE T (Fjellvang and Solow, 1986;
Solow and Sonnesen, 1998).
A= NHP+= § Abzolu AgAds & o Wzt Addos A8 JA4l +
@AMt geld 4 vk NHPE A3 7o ofqbd Ao ARg-38h7] flefA = o]
shdl A FEE 4 Qlal QP Ao]ofof gtk NHPE @A ol solurhs
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NHPE A8t el 53] A2 viab A48 ko] T3ttt oE &9
Al AolzE e w8 e AAe AR 1
g gl aFelA WET 4.3% WA, £ 4.5% o AWow 7)Eolx Qlvka gt
(Fjellvang and Solow, 1986). 1# 22 AAS x33sl= 7|42 NHPE %ds)
<o frelsteta Aze & qln

i (eye) o] A2 x7]o F5HH AMHe de Ay B o8 JF8S 3
g 4#HA 3 H(D. H. Enlow and Movyers, 1971). 53] 5714 (anterior cranial
base) ol 91A3k= A|417 # (optic canal) ¥ 1 FH¥ Fx2= A A4 9] 858
A W37 AL Qxn A EHT Qv (Belden et al., 1997; Standerwick and
Roberts, 2009). 22y} 75 WA A3 22 22k EA o= w9 725 4
A oEgRlstz] olg gl 28y CTE ol &3 3xkd FA oAM= by AL o

o] ¥ TERES WIS Ity VEHdoRn: AT F Qo f84o o ARG

4
p=S
o

1 & 4 gt (Cavalcanti et al.,, 1999; Katsumata et al.,, 2005; Maeda et al.,

Te EFetL BIshs <kobe FHEHOR A

i RE Ads S
ks L¥71% At (Matsumoto,
53] optic plane> T4 7IEHol7] wiLel #e A= A FHE WAl g
4 Avtz P TH(V  Sassouni, 1971). ©37]4 optic planes AW HE7]
(anterior clinoid process) 8t ¢Fe} A5 A& A= ket Ay HAd, sella
turcica®t FebA 9] HAS Ak <bel sty HHo] o] F = ZE o]t HHL
2 AoEdrt. AgE o] & VAN FHE oY FYr AREEo] g, olv]
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= ATelA e AT AR RS Al s
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NS ol g3k F ONo g2 A3tk weka L, EC, ON, OC 9] 3oz o]F

24
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Abstract

Evaluation of visual axis related
horizontal reference plane

for three—dimensional dysmorphologic analysis

Yeon Hee Kang

Department of Dentistry
The Graduate School, Yonsei University
( Directed by Professor Sang—Hwy Lee, D.D.S., M.S., Ph. D.)

For a logical and precise diagnosis and treatment of craniofacial dysmorphosis,
it i1s essential to have the standard and pertinent reference line or plane. A
recent development of three dimensional(3D) imaging technology has been
greatly devoting to the effective diagnosis and treatment planning, though there
are not enough standard reference plane. The human craniofacial development
critically depends on the vision based on the bipedalism, which is different from
other vertebrate. So I thought the vision or orbital axis related reference plane
would be essential for the understanding of the nature of 3D structure during
the analysis or comparison of the dysmorphosis.

So the purpose of this paper is to construct and verify the vision related
reference planes in 3D CT and to evaluate the reliability upon the type of the
dysmorphosis. In order to complete this goal, I confirmed three vision related
reference planes including OAP (Orbital axis plane), VAP (visual axis plane) and
OpAP (Optical axis plane) for the mandibular prognathism(group II),

retrognathism (group III), and normal control(group ).
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The angulation between the vision related reference planes and
midsagittal plane was almost vertical without the statistically difference

among the groups.

The average angles measured between the midsagittal plane and orbital
axis was 25.3 °, which is similar to the theoretical 22.5 °. And the
average angulation between the midsagittal plane and visual axis and

o

optical axis were different with 14.3 ° and 23.1

The posterior maxillary plane (PM plane) met OAP, VAP, and OpAP at 90 °

and they were not significantly different by the dysmorphologic groups.

The angles between FH plane, occlusal plane, C3 plane, or CF1 plane,
and the vision related OAP, VAP, or OpAP, were relatively reasonable.
But the variation of the VAP and OpAP were greater than that of OAP.

So the proposed orbit or vision related axis plane meet the FH plane or C3 plane

at the reasonable angles and PM plane at 90 °. It would suggest us that the

proposed such vision related planes are proper to express the natural head position

(NHP) and visual axis. And the planes were relatively consistent regardless of the

dysmorphosis types. So OAP, instead of VAP and OpAP with the less reliability,

can be a horizontal reference plane to suggest us NAP and basic reference plane

during the 3D analysis and treatment planning for dysmorphosis.

Key words : three dimensional, 3D, CT, midsagittal plane, FH plane, C3 plane,

CF1 plane, Occlusal plane, PM plane, Orbital axis plane, Visual axis,

Optical axis
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