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Table 1. Summary of groups

Group I

Group II
mandibular retrognathism  mandibular prognathism

Group 1

normal control

21.7

23.8

19.5

Average age

12/5

1/6
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Sex (M/F)
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I A A7) AL b} Ao A stetE A7 A A E CTE 2P Ao CT Z2Fdd =
AM g XFGohE B Yol HXF High-speed Advantage CT (GE Medical System.
Milwaukee, U.S.A)7} A}-8 5 1t}. 18] I high resolution bone algorithm, 200mA, 120kV,
3

8
scanning time 1 %, 4% 57 2mme] 9 208 A8 9 T BRI FARZRY

{1

—_

O

berE stelo] o217k FAEOl $A3) LFHEE ATk Ganiry) FEE 05

i

O

} I reconstruction matrix size= 512 X 512 pixel 2 3} % t}.

Z2Jd 9 2 JAFE=S 32 dA 8 o

0%
]

Z1%¢ CorePLAN 3D”
(Seoul C&J Inc., Seoul, Korea)S A3l T/ et F o 33 YA A4S HES
oo B4 o 9A S 43 9 (horizontal plane), T4 (coronal plane), Al 4 (sagittal
plane)A}oll A YEF U&= = 3} At} (Figure 1)

7123 A Aol 32k CT 3= A JAAAM 7IEA ] Aol Hol=5 33l

=2 3lAt}. = 3 L E2EF T (canal)o] Y F(foramen)d| A& 71EH AAHL T

229 HW, TEHN AMHAES 3o

¢
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DEaR DaEHER ¢ T e
oron [oron =] _adi [ peete | | [

me | Coordinates [Co..4]
RAENS (20,65,
Loc

[Info, <]

0
[ Plane 13
O Plane 14
4

" Ditances

Recalclate Al | Add | Deste
istance(

P @ Plane @ 59.75(ange deares)
5P @ Planed @ 52.54(ange deares)
VP @ Flane L0 52.54(ange deares)

Plane s & Plane’s & 1

&
8

Plone 118 Plne 138

Fig 1. The reference planes set up on the three dimensionally reconstructed image ( located on

the top right of 4 CT images ) with associated horizontal, coronal and sagittal planar images

on the software (CorePLAN 3D®)

4. /123 2 Bue 47

m 7= 23

72 @] e 136 AAFsier, A" Ve e 1 Ho= okt

2}, (Figure 2)

<7%H >

1) FC (foramen cecum) ; 23 2] A4

2) S (hypophyseal fossa, sella) ; > 3} A 2} 2] Z 41 4

3) Ba (basion); &7 & A T2 FF3 7AR A GA] FHEA



4) OrRt (right orbitale) ; = t<} 311 9] 514
5) OrLt (left orbitale) ; = <o} 3t A o] FslwtA
6) PoRt (right porion) ; -3 9] o] & A< A
7) PoLt (left porion) ; F= 9] o]F A 9] 44

8) OCRt (right optic canal) ; %5 A] Al
9) OCLt (left optic canal) ; &= A A1 3 T
10) LensRt (right eye lens) ;

>

[e)
o
11) LensLt (left lens) ; &= &3 A o =44

Fig 2. Pointing the candidate reference points for the lens and the optic canals of both sides on

an axial image.



(2) % % 9 (horizontal plane)e] 23

laneS T A 3= F$ 43 (OrLt, OrRt, PoLt, PoRt)= 373 &) 3o & o] F oA

es|
jas)
ae)

W 15 4704 4782 B S g sk v 54 Al (Lens) 2 A1 4] 7 B (optic canal)

S A 43} = visual axis(VA) planeS 74 3= 4% (LensLt, LensRt, OCLt, OCRt)Z 3% 2]

B
i
o

Z o] F oA =3P A 47 E plane 553 F plane 87} A 2 A A4 3} I t}. (Table 2)

Table 2. Examined horizontal reference planes, consisting the FH plane or visual axis plane.

plane horizontal plane
plane 1 OrLt-OrRt-PoLt
plane 2 OrLt-OrRt-PoRt
plane 3 PoLt-PoRt-OrLt
plane 4 PoLt-PoRt-OrRt
plane 5 OCLt-OCRt-LensLt
plane 6 OCLt-OCRt-LensRt
plane 7 LensLt-LensRt-OCLt
plane 8 LensLt-LensRt-OCRt

293 o] F1E A ek 22he) B2 349 ATA CT Gl YBIES 39

ow I B5-E obe Fig 39 vEh A



Fig 3. Reconstructed FH and visual axis plane ona 3D CT image

3) A% 715 ¥ (mid-sagittal reference plane)?] 23

A= 7)1 ¥ ML Foramen cecum (FC), Sella(S), Basion(Ba)2. & F-A & & HH & o] &
FA (A, 2005). HEAA I HHE 4 GF W AT ARAste F2EFH BAES
183t AT 7 HHYg 24 22 33 AT Uide €= vlul A 7 oS 314

9. 4% Bue FAGE AEAe 9342 B

(7} %= Poriond] #$ Zt= HAE F3}7] 93l Plane 13 Plane 29 2t =35 3}

= Orbitale®] 1= W3S F317] 913l Plane 3%} Plane 49| 2t =3 & 319

<
5 b
o

10



(th) Lens9] #§- 2= HAZ 7317] 93 Plane 59} Plane 62] 2t = 342 3} th.
(2} Optic canal 3 9] - 2= HAE F317] 9|3l Plane 75} Plane 82] Zt =35 -3}
.

@ -+ 32d =4 AdA

(7h %= Porion®] -5 A AE T317] 93l mid-sagittal plane & Z F-E| =}, 9 porion
7hA 9 32k FAAYE

(W #F, %= Orbitaled] A2 H2E F3}7] 93] mid-sagittal plane3} Z-$-orbitale A}©]
o 3xtd FA ALY E F A

(th) Lens?] &% ATAE T317] 938 mid-sagittal planeol] A #-$- lens7} <] &] 33}
FHAAYE T

(2} Optic canal®] 25 A2 HAE A 7] 93 mid-sagittal plane} -9~ optic canal®] 3
A FH4AGE Ao

A3 ofetd 718 St o) A FH plane A E H W<l Plane 1, 2, 3, 4 2 visual

axis®} FHH FPH<S Plane 5,6,7,8°] A= 7|FHAY vt e 452 13514t

11



m. 94+ 2

Z1E%do a3 A5 7I€A

of
AN
s
L
N
k
)
_>‘J_l‘

1. 3

AL e FH, $ orbitaleZ7} FH$ ZH= 27} 7FE Hol A 1.22°990W 1 S0
optic canal (1.48°)°] ATt A| 2, 37| A = optic canal®] F-$ Z =271 718 H e Zt
7} 0.29,0.23°A Tt &= A A A E F33) E A optic canal©] 0.50 £0.66°Z =}, ¢ Z+

A7} 74 A AT, (Table 3)

Table 3. Angular discrepancies from the reference points of bilateral structures

Average + SD (degree)

Group I Group II Group III Total
Po 2.26 £0.63 1.19 £0.82 1.54 £1.28 1.62 £1.12
Or 1.22 +0.35 0.66 +0.50 1.47 £2.56 1.25 +1.98
Lens 2.16 +0.08 0.77 +0.97 0.66 +0.97 1.15 £1.36
ocC 1.48 +0.65 0.29 +0.39 0.23 +0.36 0.50 +0.66

2. AF 71E%9AAA - 7IEH7AA 334 73 AP Zo]

AZ 7FHHS 7Fo 2 S VEFHEY A A= AT A1F o) ¢ferd
7182 A 2, 37 2 F A optic canal®] F$ A8 X7} 7FF H ol Z+2 1.63, 0.87,

o
o
0.98mmth. 1Y & 7| SlM e 4 ol webA Zol7k AN iAo r =

orbitale”} 71 TFS © & ZFtT}. (Table 4)
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Table 4. 3D Linear measurement discrepancies from the reference points of bilateral structures

to the mid-sagittal reference plane.

Average * SD (mm)

Group 1 Group II Group III Total
Po 1.94 *1.35 1.56 +0.96 1.80 +0.97 1.78 +1.03
Or 2.23 £0.70 1.25 £1.41 1.47 £1.30 1.59 £1.23
Lens 2.53 *£1.13 2.06 £1.27 1.36 £0.82 1.78 £1.08
ocC 1.63 *£1.12 0.87 £0.85 0.98 £0.72 1.10 +0.87
3.7t £% Bt 3% A1F%9 Atol9 Zx Bt
FH plane S TA 3t plane 1,2, 3,4 AT 7|FHE WO Z A4 H FC-S-Ba2] ¥}

=2
% k= orbitale®} 2 9] porionS ©] &3t A7}
oFZF o] $-4=3l o} & visual axis9} ¥ # H plane S, 6, 7, 8% v} 7R 2 90°0) 7}7h-g- 7}
< ©]F 03l FH planes & zto] 7} A 9] gllvh. 18] 3L FH plane©] Y visual axis planes
TASE BHE ZFE G4 Group 1o]vh oF<hd 718 <1 Group II, T &5 A

H 2ol & H o] A ¢ kth. (Table 5)
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Table 5. Angular measurements between the mid-sagittal plane and the FH planes (as plane 1,

2, 3, and 4) or visual axis planes (as plane 5, 6, 7, and 8)

Averaget SD (degree)

Horizontal plane
Group I  Group I Group III Total

88.89 89.48 89.14 89.16
plane 1 (OrLt-OrRt-PoLt)
+0.99 +0.62 +0.76 +0.78
88.92 89.48 89.16 89.18
plane 2 (OrLt-OrRt-PoRt)
FH +0.95 +0.62 +0.73 +0.75
Planes 89.10 89.25 89.26 89.22
plane 3 (PoLt-PoRt-OrLt)
+0.60 +0.44 +0.72 +0.64
89.11 89.25 89.23 89.21
plane 4 (PoLt-PoRt-OrRt)
+0.59 +0.44 +0.76 +0.67
plane 5 88.97 89.24 89.46 89.11
(OCLt-OCRt-LensLt) +1.62 +0.57 +0.72 +1.08
plane 6 89.00 89.25 89.45 89.10
VA (OCLt-OCRt-LensRt) +1.70 +0.54 +0.72 +1.11
Planes plane 7 89.25 89.49 89.21 89.28
(LensLt-LensRt-OCLt) +0.49 +0.41 +0.86 +0.71
plane 8 89.51 89.49 89.21 89.33
(LensLt-LensRt-OCRt) +0.31 +0.41 +0.86 +0.70
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9 1ZHEE 3 CT Gl A TAA 712 e T 538, 450 #A
37hshed B4 Aotk Ty BAE 2349 TR AS P AR

FAEC AF AA §lo] 33 CTH AT g FE I E AHE5 32 At} (7, 2002;

T2 e 9ol FAH] porionS ZH
plane, Sella turcica (S)ZF ¥ Nasion7} A& 1A 3= SN plane©] thE 2ot} FHA &

18841 S0 TFAF2ENA FAZY AA2 e 94N £H PH F AHolgn

plane 2T} ] LA H o] A NS T3k F-2(Wei, 1968; Johnson, 1972; Sarhan, 1983)
I} FH7} SNoj| ¥l 3] & o ¥ & v+ % (Ricketts, 1976)°] A= 3+H, 11 2] ¢4 &
Aoy 2= & o] &34 FHe SN planes B A3 oF dtth= 4% | =(Sarhan, 1995;

Incisivo 2000) 5, L 7]& A A i e o8 =do] A Aot wabA 2319 F
T %473



e FASE BA8AT. 281 F79 X 2 A FA = Aok GR o DHe &

A S 7} A B 2 visual axis planeS T &t o] 71& Hw o g 7} & B4 H sl
E(eye)> 715 WA o8 ® olye} o] 7)o FEH MIFHIL A2 A

ik b me Fod 95 bl & A U Th(Enlow, 1982). 53] AT A

(anterior cranial base)®ll $] X]3}= A| 21 7d & (optic canal)F} 1 FH F X

o] s F-3t# Wol7t A9 glrkar el A A (Stamrud, 1959) F7 et #4 2] 2bg A <

1A el 2 4 AAqT. ady 2a4d FF AR ARl M= O 72 S Fdstk] A

st7] olE 7l el 71EA B 7IE BHOR o8& 4 Uk v 34 CT 9%
AME =9 FEEES BF9 Ba 7|EHS A9 T 4 9l visual axis 59| 7]1F 3
o

visual axisth FAIH (W H2RYH =4 3 45 FHstes F2HH G539
1A (nodal point)& AHA FA L o2& 7149 F& T3 (&, 2005).
NA & 32 CTEANA w9 F2E=F W3] Bole +H A (ens) ¢} A4 7 H(optic
canal)S ¥ A3 = & visual axisZ A th. AP B Y S sl AZHAAA visual axisT
AP H ol ] =HE o] F+ ’neutral visual axis’S FA3}7] W Fol] A HHS 3t
TEEY FEEE QMY 54 o] Ett. (Enlow, 1982)

2 AFoAAM s 71E9 22 FHF AN AR A 3 7]EH 02 AHE E o] FH
plane ¥} 33}

¢l Foramen cecum (FC) - Sella (S) - Basion (Ba) ¥ W3} o] F= A A S FAFste] 32 o

D CTE g Aol HAT 4 AT visual axis plane®] B ZF 7| FHH

A 71 BEAolA o] & 7tsd H 7IEHHe 2 &

dA AT A 1 st FEHI AY A 27, e A= Al 33l A FH
plane¥} visual axis plane-S 7+/d 3} = porion, orbitale, lens, optic canal®] &}, ¢ HAE ZA}
ST WA A4S 4T 2}o] & E o M= A 17 o A = orbitale} optic canal©], #| 2, 3
T oll A= optic canale] 7Fd A& HAE B, AT W FAE TN = vpzoEA
& optic canal®] 0.50 £0.66° 2 =}, ¢ x}o] 7} 7} 2 o] 9] %] Wo] 7} 2o kA 7F
Ho =z Frte .

I g0 2 ZAE Zo] o] Hrlol = %= optic canal®] A F Z|EH WA A 717



FAEE 330 A ARl (AA HF 1.10 £0.87 mm)E B vl A] AHE BT &
o] 73 ot 71F o TRl FHgleol d¥E FHE YEh Y A x4 9 vz A|
Z optic canal®] 7} A A A X A e 7IEHSE FHULE AT

Optic canal S ¢t} FAHANE A A e Bo g2 A Ao BERdes 83 & 23
ol B 7] 27f ol et H 7 A FEF9 A= € 7](cartilaginous primordium)
o Al A $F 2F 9} H & F (orbitosphenoid bone)2] 24~ 2] (lesser wing)oll A A F o] A & 3-5
Aol A <1e] Z 7)o =& 3th(Hartmann and Gilles, 1959). 3+=<12] AJ A1 73 #¢] &g d
et 7= 22 XA & o] &7 ASolM d¥ ol 424% 2 7HF Wkl T1e) 99, B
AP £o 2 e on, R e 86% A &t thAAAS BHl AF7 AR
(¥, 1980), 32+ CT 55 ©] &3l 33 A o2 29 A S 4% o

Qe £ A7 Aol w2d A7 W 1 EH

ofy
Q
=2
1)
o
1)
=
=
9
Y
o
)
b
o 4l
X
L
N
A
N
N

4 Ae Aoz U 45 5% 71250 e FANE NEHOR G837 A9
e BE FAAN 4B W5 B ATINE 48 5 9L A0 47
R

=2
X
N
Ho
N
o
9
u

FH planeS 743} = plane 1,2, 3,4= A F 7|5 HH I T F 90°

A1, visual axis9} T E plane 5, 6,7, AN = vl 714 A E B 3 7|FHHS
&

H ). o} 5t optic canal®] 91| ¢+ Al o] T E V|E FZRE 4 B ¥ oy, visual axis

7FEAN R LE AR 2A0 T AT S P F A AL S 1 T optic
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v.4d &
B AL R M Ho] e FAT, et FH % AST 4 309S 03

o= 339 9894 ZZ WS CorePLAN 3D°E o] £3}e] FH planeS F43t:

orbitale, porion?d ¥} visual axisE T *J 3} = lens, optic canal & & o] F o FHHH S

A%, WAshel e e AES AT

._
o

o~
2
o
Hooofy
o ol

W 71EoR A9 AN NEHEN 4

T 0.50 +0.66° A T}

=)

Z} = optic canaloll A 7173
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Abstract

Horizontal reference plane

for three-dimensional craniofacial analysis

Jae Jun Lee

Department of Medical Science
The Graduate School, Yonsei University

( Directed by Professor Choong-Kook Yi, D.D.S.,M.S.,Ph.D.)

For a precise diagnosis and treatment of craniofacial deformity, it is essential to understand
three-dimensional structure of patient. Recent development of three dimensional imaging
technology has been greatly helping for understanding three dimensional structure and
effective diangnosis and treatment plan.

The horizontal reference plane of three-dimensional CT(Computed Tomography) imaging
analysis has important role as a standard plane for evaluating vertical and anterior-posterior
relation between skull and jaw. Furthemore it is biologically important plane for the growth
and development of craniofacial area. But authors have been doing three dimensional CT
analysis with 2 dimensional x-ray method without verification. Therefore there are many
difficulties in clinical application of three dimensional CT.

So the purpose of this article is to verify the standard vertical reference plane in three
dimensional CT. Here I have confirmed several possible vertical reference planes consisted
of FH plane and visual axis plane using CorePLAN 3D". After comparing standard

mid-sagittal plane, I have concluded the next result.

1. The angulation between the reference points on both side of the mid-sagittal plane was
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least in optic canal with 0.50 +0.66°.

2. The three dimensional distance between the reference points on both side of the

mid-sagittal plane was least in optic canal with 1.10 £0.87mm.

3. The FH plane composed of orbitale and porion and the visual axis plane composed of

lens and optic canal were almost vertical to mid-sagittal plane.

Through this analysis optic canal is the most symmetric and stable point to the mid-sagittal
reference plane. Considering almost vertical to the mid-sagittal plane, FH and visual axis
plane are also expected to play an important role in the decision of vertical reference plane of

three dimensional craniofacial analysis with optic canal.

Key words : Three dimensional CT, Vertical plane, FH plane, Visual axis plane
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