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Abstract

These days, acquisition of 3-D volume data becomes popular in medical field. However,
to obtain 3-D data in dental field is still difficult. In diagnosis and medical treatment,
dentists use 2-D image which is obtained with panoramic X-ray imaging and dental cast
model which are obtained from dental impression. 2-D image does not have volumetric
information, and dental cast model does not have information inside alveolar ridge. Be-
cause dentists point to 3-D dental model and 2-D panoramic X-ray image in turn to make
explanations, patients cannot understand his or her dental condition thoroughly.

The author proposes the registration method between 2-D panoramic X-ray image and
3-D volume data. As it is difficult to obtain the position of dental arch from 3-D volume
data is difficult, the proposed method achieves 2-D and 3-D registration in the following
way. First, a dental arch is extracted from an oral image based on color information
and is projected onto the 3-D shape of the dental cast model using normalized mutual
information. Second, a 2-D panoramic X-ray image is segmented into contiguous teeth
area and these tooth images are arranged in 3-D shape of the dental cast model based on
the projected dental arch.

Experiments were performed on the crowding seen in five patients. The experimental
results revealed that the proposed method achieved proper projection of a panoramic 2-D
X-ray image onto the 3-D shape of crowded dental arch. In the cases which have implants
and which were lacunal dental arch, it was also observed that the projection plane could
be created for the position of dental arch. Then it was perceived as visual representation
of 3-D shape by performing 3-D stereoscopic vision using LCD shutter glasses.

Key wordd€1Dental Image, Multimodality, Registration, Crowded Dental Arch, Normalized

Mutual Information O



g1d

020
2.1
2.2
2.3
2.4
2.5

030
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

040
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

g s0d

g

oo

oood

gooog

gobodgboooobooo

I
I
I
UOD0O0O0 .. e
OODO .o e

goboooobooooooo

obooboboXboooooooooooooo oo oo oo oo
UO00O0000 ... e e e
I 0
I O
ubobooboobbooboooboooooan oo o oo
ubobooboobbooboooboooooobog oo oo
U000 XOO0OO00OO0o0O00000 ... oo oo,
OODO .o e

gobooboooobooooo

OODOO0 .. e
U0DO00000000 ... e
0
UO0D0O00000000 ..o e
U000 XOOOO0OOO0OO00O ... e
I G
I
OODO .

gooog

10
10
11
13
14
15
17
18
20

21
21
22
23
23
25
26
30
31

32

33

34

35



[

2.1
2.2
2.3
2.4
2.5
2.6
2.7

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

N
PET/CTODO [15] © oo oo e 4
i R 4
00 3DMRIOOOOO 2000000000 [18 .. .. oo oot 5
1 5
OOODO + v oo e e e e e e e e e e 6
XOOOOOO0O0O0O000O .« . oo e e e e e 6
000000 XO00000000000 [11] ... ..o, 7
e 10
000000000000000000 .« o vt e oo 11
1 12
0000 XOOO o oot e e e e e e e 12
i 13
OOOD0 .+ @ o e e e e e e e 13
000000000000 .+ .+« ot e e et e e 14
e 14
0000000000000000000 .+« .+ .o v v 15
000000000 + .ot et et e e e e e e e e 17
000000000000000 .+« .« v vt e e e e e e 18
000000000« .ot e et e e e e 18
0000 XO0O0000000 ... .ot 19
000000000 .+ .ot e et e e e e 19
000000000 X000 .« .o oot e e 19
i 22
HSVOOOOOOODO © .ot 22
000000000 .+ .ot e et e e e 23
s R 23
NMIOOOOOOOOOO © .t e e et e e e e 25
0000 XOOOO0O0O000 © .o et e et e e e 26
00000000000 X0000 ... o . ot 26
00100000000 .. .ttt e 27
00200000000 ..« . ottt 27



410 00300000000 . ..o e 28

411 00400000000 .« . 0000 o e 28
412 00500000000 . ..o e 28
413 DO000000 ..o 29
414 000000000000 000000 « .00 oo oo oo 30
415 OOODO ..o s 31

416 D0 00D0ODODODO0OO ..o e 31



010 oOoodd

0000000000000 00O000O000OD000O00D0O0oDO0o0oDooDOoO BGMO
0000000000000 0000 0000000 o0oooDOoDOoooooDOoOOn
0oo0obO0o0OO0ooOobOooooo0ooooOoboooDobOOo0ooDOobooobooDOoDOo
0000000000000 0000000C0OO0O0O000OO RIDODOO0O0DO0ODOOO
goooboooooboboooboooboobooooooobooboDobuoboboobUubo
gooobobogobooboooboogooboooogooobobobogboobuobboUbo
0000d00d0ooo0ooDdoDdoboooobooooooooooooooooooag
000DbO00OO0bOooOOobOooooo

00o00bO0o0oO00bO000O0bO0o00o0ooooOoooDobOooDooooOooDog
00o00ooO0o0bO0o0bo0oOobOoo0ooDoboo0ooOoboooODobODOobOOoOooDOoDO
0oo0oboo0oobooooOoooooobOoO0obOOoooOOobObooDOobOOoOooDOoDbo
000000 BOooo0o0ooo0oooo0ooOo0o0oOoO0o0oOOOooooOooooDOO
gooobooobogobooobobooooobobooobooooboobboobDubooboo
0000000000000 000000O000O00 YooooUoooUoooooo
0000000000000 00D0DO0do0ooo0ooOo0oOoD0obOO00ooDoobOoooag
00000 XO CT(Computed Tomography) 0 MRI(Magnetic Resonance Imaging)0 O
0000000 (Positron Emission TomographyO PET) 000000000000 0O0O
00 [b600 0000000000000 00O0CODOODOO0ODODODODOOOODODOOXO
crTooobooooooooboboooobobooboooDobDOoboboooOoDo
gooboboboboboboboboo

gooobooboooboobouoooboobooboooobboooboobooboo
0000Db00O0XOo0 CTooooooooooooooooopoooooooooooo
O0o00oO0o0oOo0ooo0ooooXoooooooooo (78 uoooooooo
00000000 000O00obOoO0o000O00ooO0o0o00oDO0oDOo00oDOobOOoO0DOoDOO
0000000 poo00fd0doo XoOoooooooooooooooooooo
0ooo0ooo0ob0 XOooboobooooooooboooooobobooooooo
gobooooOoboooooboooO0b0o0bD0bOoobOoboooDoboooDOoDbo
0000 U0o0o00000o0oo0o0o0o0oUo0oooooUooooUOooOUo
0000000 XO0Oo0Ohooooooooooooooooooboooooooooo
0000000000000 000000oO0obOo00oD0Oo00oDOooOo0oDOO0ooDoond
000000000000 0bO0d0oDoOO0o0oooDOooOo0ooDOobOoooDOobOoOonDo
0000000000000 000000000O0O00D0D0DUOooOoOoOOOooOoOO [12)0



gboboodbooboobobobooboboooobobooboboboobob
gbogbobobobodbobooboooboobobbobuoobobobobaan
0XO00UO0oOoooUooooooooooooooooooooo Mjouoooooooo
gooobooogobooooboobooboooboooboobobobooboooboobo
gbooboboobbooboboboboooboboooboobooboobobooon
goooooo

gboooboboboooboboooboooobobooboboooboobooboboon
gbooboboooboobooboboobobooboboobobooobobooon
goboobooobboooboobooobbooboobooobooboobboobg
gbooboooo Xooooooboobooooooboobooooobobooooooo
gboobobooooon



20 0O40OO0O0OO0OO0OO0OO0

gbooobboboooboboboobobooboboobobooobooboobon
gbobooobooboobooboboooooboooboboboboooboboooooan
gbobogbooobboobooobboobuobooboobooobooboonbbo

21 00O00Ob0OoOoood

googboboooboboboobooboboooooooobobboooooboboo
gboboboboboobob 2100b00b00ob00b0obOobOoD

0210000000
goood

goood oood
goboobooo oooobgo
goooogog XOCT

gbogbobogboobboboobobuoobobooboboboobooogon
gooobooogboooboooobooooboooboooboooobooobobooobobo
gboooboobooobobooobobooboboooobooobooobboobooon
0000000000 0XoCTooooooUoooUo 13,4 0X0000oooood
gbooboboobobooobgoobobooboboobobooboboobooon
oo0obOo0o0o0obOoOoOoOoDoOOooOOoOooXoccrooooobooooooooooo
gooboboobooobbooboobobooboooo

ugbbooboobboobbooboobboobooboboooboobooobboon
gboobooboobogboboobuoobouobooooobobbobobgoan
goboobobooboooobooboooboooboooobooboboobobooooDooo

22 J0o0oboooboobooo

0000000 0D0OOXO CTOOOMRIDOODOOOOOOOODOOOOOODOO
oobobobobooooooooooooooouooooo 21000000 PETOODO
oobobgoobogoobooooooooooobobobobooPPETOODOOODODOD



ooxXxocrooooooooooooooooooobooooooooobooooo
gobodgobood

Malignant Adenopathy

‘-

Malignant Adenopathy

Spiral CT PET/CT

0 2.1: PET/CT OO [15]

Oo0ooODODODODODODODODODOODODOOOOOOO0O0O0O0O00000CT0000o0oagg
0000000000 0O0000oO0oO0o000oUoO0DoOOoU0OOoUDOOooDoOOn (16,170
ooboOo0o0o0obooOooo Xocroooooooboooooooobooooooboo
goooooboognd

022 000000 [17]

gbboobooboobobooboobbooboobooobooboooboboon
ooobob MRIDOODODODOODODODODODODODODODODODODODODDODOOO
000000000000 0O0O0O0O0O0O0O0OD0O0O0O0O0O0O0O0O0OO0OO0O (18000 MRI
uboobooboobobobooobooooooobobboboooobooooboboooon
O00000o0oOo0O0oUoooOoOoOo[(WODooooOo0o0D0boooOooUooooOoOoooOoo
gobodbood



Perioperative
2D MRI Image
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