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Figure 1. A dry skull fixed to the tripod in the CBCT + + « « = « « « « « . 2
Figure 2. Three-dimensional images from 5 head positions = + + + « = - - - 3
A. Normal position(Horizontal plane) B. Normal position (Sagittal plane)

C. Stationary position (Axial plane) D. 5-degree left tilting

E. 5-degree extension F. 5-degree left rotation G. 5-degree flexion

Figure 3. Reconstructed three-dimensional cone-beam computed tomographic
image by OnDemand D™ . L e e e s s e e e e s e e e e e e e 4

Figure 4. 20 landmarks indicated on reconstructed three-dimensional image * -+ 6



E 24

Table 1. 20 orthodontic landmarks used in this study - « - « « « = = = - - - 5
Table 2. Cohen’s kappa value of intraobserver = + « « « « « « « « « « « « . 8
Table 3. Coordinates before reorientation in 5 head positions - - - - -« - - - 8

Table 4. Distance between normal position and the others in 20 landmarks

before reorientation ........................ 9

Table 5. Coordinates after reorientation in 5 head positions + + + + + - - - - 10

Table 6. Distance between normal position and the others in 20 landmarks

after reorientation ........................ 11



ol
o]
il

reorientation®| !

o]

KX
=

Z 73 (OnDemand 3D™)

e},

Fol7b Qli=A) eropn )

Eakel %

FPe wel =

bol mge A

S

&

Aol gutta perchaZ

tol Al

HsAIZL bl 7HA €]

W
i

B
—_
o

Bo

el
yAO
5o

]
N
oF

o

#

Aol

2]

EE

o|
T
o

B

z]t

R
<

ofp

22|
(N

i3

A 3

to] reorientationS

S

2 79 (OnDemand 3D™)& o] &

el
oy

oy
B

A

1) reorientation

3 Ak o] reorientation Al

2) reorientation 9

|

X
Jl

[e3]
A

A

3

o2 9

37

ol

R
L

7] Aol

l
=

]
=

-
3t

T #

3

REERS

=2
o}, 28y 3709 gutta percha

© =2 reorientation

)

=

=
A

=1 O
Eia<y

e

Al gro = A

]
=
shei e,

reorientation

el M

(superimposition)©] 7}s5

_iV_



u- o
s

o] o] &

!

B AAgT 3%

Gatol A -8-at7]ol =

s

L
o

ERRE

o]

g HEEUA olE

15|
=

—

el

¢

il
g
ol

T

BN

ils)
ﬁo
™

pr

o
o

")
i

pl
o

s}7}

j—

X
oF
il o

ole) g @#xe] T

(E%_q_.IA,IS

H3kA 7] = 7]

el

iy

ANA 7lFEo] HE

&
ol

O

ME TE FEeX

- o
o

g o] 7]

o] =
A

Cd

3 Aold vrE

EEERE

alo

°]

el

F Y o] A

i
alo

gell ol

a4

gty B3

zpo] 7}

ZE!

oF

ﬂr.l,3,14,16,19,21 :lai]/}‘ _T_f—_,l_’ﬂ_

n_mo
o
0

X

o}

22
)

o
-
!

w0

el
h]o

O

X

of
G

H|
xr
i)
Ao

wm..o

El

—_
o

!

el

2

ol

o)
Njo

oj

R

B
T
i
AO

xmuﬂo

oF
—_

3t B

°ol-&

o
=

(OnDemand 3D™)

3
T

2=y

o} ¥ 31z}



1. A%

B E oA 8 Mo Ax FAZS olgsyrt. HHA Ro= A s
913 1.0mm T2 wWolx ZyolE
&tel 3} F(condylar process)2 AP, o] Ax FAZS Zxzdo] sledt
Aze] AAwe] nASATHFigure 1), GAREN Tz 72 gAe F3
Al7171 918 71 AR E 7] 98 dx FoEe Al " Ege Al des

Ao 2o HAW )l gutta percha® EA 6t

Figure 1. A dry skull fixed to the tripod in the CBCT



T #5 5& 7|&Yd(til), #5 5% 3] (rotation), 5% %

= 9 (flexion) 2.2 W3} A| A th(Figure 2).

Figure 2. Three-dimensional images from 5 head positions

A. Normal position(Horizontal plane) B. Normal position (Sagittal plane)
D. 5-degree left tilting

F. 5-degree left rotation G. 5-degree flexion

C. Stationary position (Axial plane)

E. 5-degree extension
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Figure 3. Reconstructed three-dimensional cone-beam computed tomographic
image by OnDemand 3D™
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Table 1. 20 orthodontic landmarks used in this study

Symbols Meanings Anatomic region
N Nasion Frontonasal suture
A A point Premaxilla
B B pOint Anterior surface of the mandibular symphysis
Or-R Orbitale right Lateroinferior contour of the right orbit
Or-L Orbitale left Lateroinferior contour of the left orbit
Pg Pogonion Contour of the bony chin
Me Menton Lower border or the mandible
Po-R Porion right The most suPerior lateral point of the right
external auditory meatus
Po-L Porion left The most su'perior lateral point of the left
external auditory meatus
Co-R Condyle right Right condyle
Co-L Condyle left Left condyle
UIE-R Upper incisal edge right Incisal tip of right upper central incisor
UIE-L Upper incisal edge left Incisal tip of right lower central incisor
Go-R Gonion right Angle of the right mandibular body
Go-L Gonion left Angle of the left mandibular body
S Sella Pituitary fossa of the sphenoidal bone
ANS Anterior nasal spine Median, sharp bony process of the maxilla
PNS Posterior nasal spine Posterior sharp bony process of the maxilla
RP-R Ramus point right Posterior border of the right mandibular ramus
RP-L Ramus point left Posterior border of the left mandibular ramus




@4 EA =239l OnDemand 3DMO A4 F ol Sl A Ffa7p dFde
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(Figure 4).

Figure 4. 20 landmarks indicated on reconstructed three-dimensional image
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Table 2. Cohen’s kappa value of intraobserver

Coordinate Cohen's kappa value
X 0.999
Y 0.998
Z 0.997
2. Reorientation A ASAES FE3k v
7IEA Y G FRAAE WA 4 71 G AlolY X, Y, Z HES
Table 33 Zth. X #FHFEFHolAM= = 5= dH b= 9 D, Y I
M= 5 5k 7129, bk =4, bE 3y 94, Z H#ueM = e Wk F

e Aol A EALA O §o)4

Table 3. Coordinates before reorientation in 5 head positions

= Aol 2. S

t}H(Table 3).

Z-coordinate

Position X-coordinate Y -coordinate
Normal 66.35+33.84 54.92+37.15 93.32+31.71
Tilt 74.53+33.22" 59.97+38.10" 100.18+31.69"
Rotation 70.12+33.82 58.40+37.07 87.10+£31.62
Flexion 63.31+£33.62 48.78+37.33" 90.77+£31.63"
Extension 66.21+33.26 70.13+35.04" 105.23+30.53"

* @ statistically significant difference at p<0.05
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Table 4. Distance between normal position and the others in 20 landmarks

before reorientation

Landmark tilt rotation flexion extension
N 18.84 7.61 9.1 31.06
A 14.8 8.85 9.39 24.09
B 7.27 16.99 8.17 21.66

Or-R 18.16 14.15 16.06 24.11
Or-L 14.44 11.69 10.33 32.73
Pg 9.17 11.4 5.79 19.48
Me 10.28 15.34 4.46 21.05
Po-R 10.48 25.26 6.33 19.68
Po-L 6.71 20.09 6.45 11.31
Co-R 15.37 26.02 7.16 20.74
Co-L 8.49 15.96 6.36 19.52
UIE-R 12.54 20.27 10.41 30.44
UIE-L 20.54 8.86 14.82 27.8
Go-R 12.49 21.42 5.57 13.24
Go-L 18.58 14.27 3.94 16.58
S 11.14 15.47 6.36 22.65
ANS 14.85 10.45 6.59 30.56
PNS 12.15 8.55 5.87 21.73
RP-R 15.97 17.87 7.3 22.9
RP-L 11.14 13.02 7.82 20.57

Mean+SD 13.17+3.98" 15.18+5.41° 7.91+3.112 22.59+5.72¢

Same character means a statistically same group(post hoc Tukey's HSD test, p>0.05)
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Table 5. Coordinates after reorientation in 5 head positions

Position X-coordinate Y-coordinate Z-coordinate
Normal -3.66+33.45 -24.14+34.44 19.55+34.75
Tilt -3.19+33.19 -24.34+35.49 19.40+34.62
Rotation -3.15+33.62 -23.83+34.28 19.47+34.81
Flexion -4.01+33.62 -24.41+34.04 19.60+35.14
Extension -3.71£33.71 -24.08+34.39 19.68+34.50
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= A (Table 6).
Table 6. Distance between normal position and the others in 20 landmarks

after reorientation

Landmark tilt rotation flexion extension
N 0.85 0.8 0.17 0.64
A 0.55 1.47 0.73 1.42
B 10.69 4.08 4.48 5.15

Or-R 3.87 4.78 3.4 1.73
Or-L 5.72 1.43 6.24 4.78
Pg 2.04 1.49 1.38 2.23
Me 1.14 3.26 2.36 0.72
Po-R 0.58 .7 9 1.29 1.78
Po-L 3.75 5 3 2.81 2.05
Co-R 1.16 1.08 1.92 0.59
Co-L 1.29 1.03 1.86 0.62
UIE-R 1.87 0.9 0.84 0.88
UIE-L 1.13 - /29 1.2 1.37
Go-R 1.58 0.74 1.7 1.9
Go-L 8.31 0.47 4.86 2.98
S 3.9 0.88 2.26 1.1
ANS 2.68 2.62 0.9 2.58
PNS 0.95 1.77 2.15 0.58
RP-R 0.25 0.95 0.26 0.49
RP-L 0.64 0.52 0.74 0.34

MeanxSD 2.65+2.77 1.67£1.17 2.08+1.60 1.70+1.35
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Abstract

The influence on the coordinates of orthodontic
landmarks by the reorientation through
cone—beam computed tomographic images

of varied head position

Jae Hun Kim
Department of Oral & Maxillofacial Radiology, Graduate School,

Yonsei University

(Directed by Professor Sang-Sun Han)

Purpose of this study is to take CBCT images from varied head positions
and compare differences before and after reorientation using the image analysis
program (OnDemand 3D™).

Images were taken at referenced and four varied head positions using a dry
skull marked with three points at which gutta perchas were fixed. In five
radiographic images, mechanical origin was set; 20 orthodontic landmarks were
indicated and each coordinates were calculated. Coordinates on the images of
the referenced and varied head positions were compared by statistical method.
Coordinates post-reorientation via image analysis program (OnDemand 3D™)
were compared with the referenced coordinates.

1) Pre-reorientation : There was statistically significant differences between
coordinates and distances on images of referenced and varied head positions

2) Post-reorientation : There was no statistically significant statistical
difference between coordinates and distances on images of referenced and

varied head positions
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In conclusion, the changes of head position influenced coordinates of three
dimensional images before reorientation. However, reorientation using image
analysis program with three marked reference points at which gutta perchas
were fixed, made accurate superimposition to referenced head position

possible.
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