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(1) AREFEAA 2
ATFNFAE 53] Frankfort horizontal plane
(FH Fe)e] vhete] 3ol HEs Ae o
#Ze A=A (Light Speed Volume Computed
Tomograph, 64channel, General Electronics. USA)
o A7 A A} TG F Aol &9
A2 BE3 A & F setEol 2
£% Tl 2elo) H9S Adagth =
& gantry] Z}=7} 0°, 120 kVS?Jr auto mAS} &
™, 0.625 mm thickness, slice pitch 3, scanning
time 4%, A]oF (Field of view) 250 mmS3iT}. o] <]
o3&l 0.625 mm2] slice thickness DICOM %A%
BE F/dstirh
) 339 324 modeld] Azt
ArsaEA Z2gor AL DICOM 94
AEE AFEHE &1 F 32 Az
(Mimics 10.11, Materialise’s interactive Medical
Image Control System, Materialise, Belgium)< ©]
&3t 33l JAGYS AZSAT Fig D).

CT/}ol A gray scales XdAs= F39

Fig. 1. CT file (DICOM image) was loaded by
Mimics program.

CHOMIE2R IS 1IgetSlXl 24 25, 2008

Hounsfield Unit (HU) #& 98HAQ 2 &
25000 BtEol AAAHQN =HE EElsole
masking S 31T} ©] maskE Ul o2 dto] 33}
¥ A}4 (3 Dimensional volume rendering)< <1
49 Ay e=m FAdE xWY xzE<d
Triangularization< &3l ©]Fo] 5t}
atete] Fle oty H3E e otete o
AL AA T A2 99 (FhHere A A8
g Aoz AFA G Xole] By Al 7f
Z gegt REuS L2 7] 98 HUZS 1300
o2 At 32kl AT st (Fig 2).
o714 A8E A } Y-S mE A4l A
3 2 A=A Aok 2d oA x| o}k
= AAs = W ‘?j_,i A1tk Mimics 732 “cut”
= o] &3t Feut & ﬂﬂ k= R ‘:]r

o #5 7
FH Jﬂfﬂoﬂ &) }71] anterior nasal spine .L_ﬁ o
A+ Oi A2 Wozg FuAAE maxillary
tubercle oA R o7 22 HoR UFS

o} (Fig 3).
2] F2lthE Coolidge™ <]
e

ATE =z 3lo]
Lol, 59, /HQIAE |

S K
&1 Hit 025

}_

Fig. 2. Maxillary anterior teeth and periodental
ligament were reconstructed by Mimics

program (frontal view).
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Fig. 3. Lingual lever arm and half model were
reconstructed by Mimics program
(sagittal view).

e 0
Tine: 000084000

i

Fig. 4. Maxillary anterior teeth and traction arm
were attached completely (occlusal
view) .

mm®| FA R FLsHA A|ote] Feol A sk
AZAsA T} E=3F lingual traction armS 27 3.0
mm?| ball # 27 1.0 mm®] 9537 L& <
Agoz Fof shie] &=z AAste] oA

216

os nfofsmisi BR2 L Ry dlbw )l o

Fig. 5. Remeshing procedure to optimize
triangular quality and number in
occlusal view.

S adess RO R

altfemingy BuE L hUr b rry s o

fore

Fig. 6. Removing of Intersecting triangle
proceed to optimize triangular quality
and number in occlusal view.

23S Y (Fig 4. BAE 3D objectE
volume meshing 3}7] Z | surface remesh 29
el AAFe] &5 Folu HA s o
7] AL #ol7] 913 o] & 7he s Wt EA)
3l 91714 & height/base M 45 0.302] %]
2 gt aga usd Ze 3949
remeshing protocols We} THAIA O 2 remeshEs

UHeMRIEH2E ) s WeltolAl 243 25, 2008
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Table I. Number of elements of adult in finite element model.

Maxill Lingual tracti
axtary #11 Tooth #12 Tooth #13 Tooth thgual fraction
complex arm
Tooth PDL Tooth PDL Tooth PDL
No. of
| 68133 16675
Elements 9499 2733 8164 3670 10414 3136
AFATh 1) WY AAEe ¢S U 2) HH 2 25 MPa (VY Be W EE VA1 e
ol Azby Ao gt 3) R "Wol Uit = SHIZ) ol M FEH 22 GPa PFF =2 B E /1A
P9 279 shell AA (Fig 5). 3 e HAFZ)7H] B4e Young's modulusE
T3k Patran program (MSC Software) 23] A YeR A B A7 & 849 XoFH|E

A7t & 4 e F99 intersecting triangleS

A AsE &2l A T} (Fig 6). 3D objectE Mimics

ol FEA pre- and post-processor®] Patran
program  (MSC  Software)©. 2  exportd}]
volumetric meshE &/d 3} th.

FEA preprocessorol| Al ThA|E  exportd}o]

mimics®  volumetric mesh’} <5 ¥ remeshed
objectE tHA] B ZAzH o2 68,1337
o 848 749 PAE agla AxTo] 29
 dekm Bl et AR 94992] 2] ofe}
2733709 AU, Gt S = 816471 A
o}9} 307070 2] 2|l et AR = 1041471 €]
2lokel 3136709 A FRAd 242 FHHID
a2l 16675702 842 S/ lingual traction
armo| 3294 o2 P4t} (Table 1).

=2 o|Folx] glown
A5 sliMe 27
= Folof gt 7]
AAA HAHE
Cattaneo™' 2] Wioll we} th-&3} o] Fojz] 7
dtt oln] A e HUS Wk Fo d
o #A S} o UE9} Young’s modulusote]
AE o] &sto] AAA waskd HU £33 w
24 7+2he] Young’s modulusE A&t} o] gt

el

°f| A1

Il 2474 25, 2008

Young’s modulus”} 25 MPaQl 7-%-¢l4] 0.3, 12|
322 GPa’l A -$-olA 0222 AP F7te]
dAel 7]z

Z}719] Apparent densityol] 3 @3t= HU %ol
Esses” 9} Harp®e] AF23E dojth CT ©]

u|=] e HU kol 816Xt ZAY 2+ 739+
YEEe A% E8E ™ HU ko] 816°]7
A3 24 w2t} Cattaneo™
oy Ei %kﬁ oﬂA}g]_o;]
o 7} HU kel adst=
Young’s modulus®} Poisson’s ratios & 3to] &
T 24714 W3] B 7} 71999 volume mesh
7F A HellM A g Zo] 2o V)%
ok 24709 B 5 e 2ol A AHIIt v
2e) e Tanne"e] AT-5 FAR 3t RIS A
X—]’ O]’Mﬂr-

Mimics?| A &4 0] Foixl & th59 37}
2l 84 FAHAA AUtk 1) 24709 o
o] Fo]zl Aol d 2) Aror Zx%;q’ Aot _ﬁ_xé;‘q,
et Ax9] otk xFA 3) lingual traction
arm S5 o] E 3709 REES 7} Nastran I}
a2 &AzF9] “out” 02 A 7= o] Patranol] A
7] ¢l8lA FAsHAl "t o] AFellA AHEH
g Q A& Tetrahedron (solid 72)< AH&3}Sith.

H

re

w2
=3 =
= =]
U T

=
hisss

look up file=

:lo N
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Fig. 7. Boundary conditions were fixed the
movements to the directions of X, Z
axis.

%)

FE 7 X, Y, 2% W9 o5s 1yt
gom Rde XS dial] o= Attt
(Fig 8, 9). Lingual traction arm& U} F3 2 4
oF A BT dAHlen S FHeR
3] 84S AT mdS Agetant 9 A
Qe wY HHE 7Fo R stal HPsAl
T AQS Attt A= e A7) 200g
o2 3tHom A A4S BHIEE o W
&= AHsdtt (Fig 3). olddl| o] FoHd 7]
&9 AR5 Ao}, AFQAde 5, 22l A
JIEEES 319 solid2 Hu 724 BFE oz
ol 7] g2 BEAES Fod Aol vl o]
H A e 747] 37l FEE2 dAst
AE 20E FAUh 24 Fde] Z47] B solid
2 P 74719 Wy §Yo] JEFEo
2 MY dote] & Rdf Xopzte HF
ZUE o]gy 50 No] Fod FeyEszrriosw
Fo1 % 21 A|o}<} lingual traction arme £ F
ZzAo 7 Hoxdrh Solvers Nastran Al <Y 9]
v A B =19 Mare (MSC Software) S AH-&-
skt
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:
T s>,

Fig. 8. Boundary conditions were fixed the
movements to the directions of Y, Z

axis.
| _|1|'

1. AlotE

AZo=2 & 7MelE A5 dotE AR
o F o5 Hola giSith 59 R =
Al 2.611x10* mmo] T o] 5L Ho|u T
22 Ho 1.147%10" mmol] T o] F S Ho
B3 RdoA £ o]Fo] A Yehve I
S Yl 91tk (Fig 7, 8). SHWollA Hoke
o 7 2dox A v £ olF FE
Hola 9dlem Huf 2225¢10% mme] |5
& Holal %l (Fig 9, 10). F1 ©lF FdL
A2 297} A 222510 mm=E AL 2

Vet 24%] B9 1.839x10* mm, AX] -
9= 1.067x10* mm#=2.2 Yeh 1 YA Th (Fig
11, 12). AdWgelA 9 4 FdE Yepl =
AR B ndox] derdo) nlate] Aete]
AA WEFe] Sl Fdol AA JEith EE R
ol AetZ Ao Hol 1.663x10" mme

Aekm ool Huj 4.509x10°
mm®] A o] Fo] UERNIT TR g of A
B AT Ao A 8.633x10° mme] &}

UHeMRIEH2E ) s WeltolAl 243 25, 2008
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L 2.6110-004

L] 2. 2250-004

L 1 8390-00¢

1.4838-004

1.0678-004

6.8162-005

2.9578-005

-5 0210-005

4. 7610-005

-a.6200-00¢

-1.2488-004

Displacenent ¥

Fig. 9. 3D representation of displacement on Y
direction in the multi model (occlusal
view) .

Ll 2.611e-004

Ll 2.2250-004

i 1835=-004

1.4532-004

—~4.7612-005

—8.6200-005

-1.2480-004

Fig. 11. 3D representation of displacement on
Y direction in the multi model (lateral
view).

me: 1
Tine: 1.000e+000

I 1 esse-n0e

L] 1 4170-004

L1 1 1400-00¢

8.6295-005

5.8570-005

3.0845-005

3.1200-005

2. 460e-005

5. 2330-005

-5 005e-005

1. 078a-004

loassl

~

Fig. 10. 3D representation of displacement on
Y direction in the simple model
(occlusal view).

Displacenent ¥

o] F3 JotE TRl Al 1.481x10° mm
o] ¥} o]%F o] YelT B3 ndoa o

]
srdd v o on) st 2 FXE Byt
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e 1
Tine: 1.0002:000

MSCH

[l 1.6950-004

Ll 1.417e-004

Ll 1.140e-004

5.6292-005

5.8572-005

3.0842-005

3,1208-008

2.4600-005

-5.2330-005

-8.0052-005

~1.0782-004

Displacenent ¥ 1

Fig. 12. 3D representation of displacement on
Y direction in the simple model
(lateral view).
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Ine
Tine: 1.00024000

H 2.6110-004

L] 2. 2250-004

L 1 839e-00¢

1.4838-004

1.0678-004

6.8162-005

2.9578-005

-5 0210-005

4. 7610-005

-a.6200-00¢

-1.2488-004

Fig. 13. 3D representation of displacement on
Y direction in the multi model (occlusal
view). Maxillary central incisor and
lateral  incisor  showed  tipping
movement and maxillary canine moved
bodily (mm). The amount of distal
movement was highest in maxillary
central incisor: Maxillary lateral incisor
and canine were followed.

e 1 =
Tine: 1.0004000 LD

[ 1 e95e-00¢

L] 1 4170-004

L 1 140e-004

8.625a-005

5 867a-005

3.084a-005

3.1208-006

2. 4600-005

5. 2330-005

5. 005e-005

-1.0780-004

Fig. 14. 3D representation of displacement on
Y direction in the simple model
(occlusal view). This simple model
revealed similar pattern of movement
on incisors and canine. However the
amount of movement was smaller in
the simple model (mm).
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[l 7.151e-005

L] 4 5032005

Ll 18672005
7. 7462-005
—

341722008

~6.05802005

11342004
1.3982-004

1.663a-00

-1.5270-004 T

Displacenent Z 1

Fig. 15. 3D representation of displacement on
Z direction in the multi model (lateral
view).

e 1
Tine: 1.000e+000 MSCx

I 2.7450-005
L 1 4510005
L 2 1672008
—1.045e-005
23120005
35762005
48405005

—6.1040-005

7.3680-005

-8.6338-005

5.8972-005 E

Displacenent Z 1

Fig. 16. 3D representation of displacement on
Z direction in the simple model
(lateral view).

Hu 4.988x10* mm T o]
6.903x10° mm A" o] Fof <]
el o AQlTt} (Fig 15, 16).

o olft
o

3} A
5

57 o

S
Ry

T 2Y BT 2459 94% FHo 57
A5 2AA Y AL dgow A e PHo
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Ine
Tine: 1.00024000

MSCX
E «.s06e-001
L{ 3 sese-003
L 2 aase-003
10248003
2. 9720-004
-1, 6100003
2. 9400-003
4. 261-003
_s.s820-003
¢ a036-003

-8.2258-003

163
Displacenent ¥

Fig. 17. 3D representation of displacement on
Y direction in the multi model (palatal
view). Although maxillary central
incisor and lateral incisor showed
controlled tipping movement, canine
rather revealed root movement.

ne
Tine: 1.000e+000

I« 9a0a-003

3.6220-003

2.3048-003

9.8540-004

3. 3200-004

-1.6510-003

2. 9690-003

-4 2670-003

5. 06a-00

5. 9240-003

-8.2420-003

1
Displacenent ¥

Fig. 18. 3D representation of displacement on

Y direction in the simple model
(palatal view). Although maxillary
central incisor and lateral incisor

showed controlled tipping movement,
canine rather revealed root movement.

JlsuglEtelAl 247 25, 2008

e 1
Tine: 1.0002:000

[l 3.600e-003

Ll 3.030e-003

i 2 4502003

1.8912-003

1.3212-003

7.514e-004

1.6182-004

-3 8792004

5.5752-004

1.8272-002

~2.0970-003

Leasel

A

Fig. 19. 3D representation of displacement on
Z direction in the multi model (palatal
view). Central incisor and lateral
incisor moved inferiorly and canine
moved superiorly showing rotational
placing its center of resistance at the
distal point of lateral incisor.

Displacenent Z

Tne

1
Tine: 1.0002+000

L 2 conen0z
L 3 0330003
L 24740003
1.916e-003
1.3582-003
7.9932-004
2 4102004
3.1740-004
87570004
1430e-003

1.9920-003

Loassl

.

Fig. 20. 3D representation of displacement on
7 direction in the simple model
(palatal view). Central incisor and
lateral incisor moved inferiorly and
canine moved superiorly showing
rotational movement placing its
center of resistance at the distal point
of lateral incisor.

Displacenent 2
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Fig.

1 5.2720-

L] 7 8140

L 5 asee

4. 858a-t

ERTUAS

5,238

-5 343

2. 3520

R

-5.30%8-

[ 42020

Ll 77160

47480

3.2630-¢

1.7788-¢

2,934

2. 6770

¢ 1610

-5 6t6e-t

00024000

21.

00024000

MSCA

Zx
leasel
Displacenent ¥

Displacement of periodontal ligament

on Y direction in the multi model
(occlusal view). Although maxillary
central incisor and lateral incisor

showed controlled tipping movement,
canine revealed root movement with
slightly rotational movement.

MSCA

x
leasel ﬁ
Displacenent ¥ v

e
Tine: 1.0002:000

Ll &.750e-001

Ll & .075e-001

Ll s 4000001

47255001

4.0502-001

3.9750-001

2.7002-001

2.0252-001

1.350s-001

&.7520-002

2.4430-005

Muivalent Von Hises Stress

Fig. 23. 3D representation of Von Mises stress

in the multi model (palatal view).
Highly concentrated parts were
located at lingual side of lateral

incisor and canine.

Ine: 1
Tine: 1.0008+000

I & 7492001
L & 074e-00
L 5 399e-001
47200001
4.0502-001
3.3750-001
2.7008-001
2.0250-001
13502001
6 7510002

2. 4482005

MSC

Lessal
Equivalent Von Mises Stress

Fig. 22. Displacement of periodontal ligament

222

on Y direction in the simple model
(occlusal view). Although maxillary
central incisor and lateral incisor
showed controlled tipping movement,
canine revealed root movement with
slightly rotational movement.

Fig. 24. 3D representation of Von Mises stress

in the simple model (palatal view).
Highly concentrated parts were
located at lingual side of lateral
incisor and canine.
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Fig. 25. 3D representation of Von Mises stress
in the multi model (palatal view).
Highly concentrated parts were
located on canine.

I

)

= Stress

Fig. 26. 3D representation of Von Mises stress
in the simple model (palatal view).
Highly concentrated parts were
located on canine.

o} 24329 6.074x10" MPaz FFH A& &
4S HolF9t} (Fig 21, 22). Aukzl o2 A

0} EEr A FAol A S8L W 9oy a3
AFAd= 53 &2l Hdl 6.022x10°
MPa 2 HFHo| e Fd= E‘ﬂv‘r (Fig 23,
24). T 23} 53

272 woln Yok

N

2

3!
1,
tfo
=
=]
ol
ol

EZ % Jot
BollM Aotell & A& P& o Ao}
ol A UrEM” Z ukgo 2 Qla}o]
0} Foted ol2fg Zelxel Wkt A
AU E %8}04 FAE 7] Wzl 2719 Ao}
Cl

I

mﬂ—
£

FANE WA= sfol 71744
s 7120 g

obel wH P& A8 AxIHA
Q]
=

position & & Fo}7tt} o ]

Folghn @k oleld & 1 Aojol §& 3k
o 2o LES Asstel BHetE ol F
7181 o]y} tl¥E (large deformation) -3}
A grort, 27] Aojol B ol vhehfold
o] A}A 9l F HheS v HE o 2756 g

.
2 AN APAS e Ao} 3 A7
Aue) ¢ 27]WgE dNste] 1 Ave
A ol AAY B gL dZete], Aol
A g Ao} o] B S Ahstn A
Q Az TP 3 se] AR B
F ot EuE vhael] ga daas e 4
QA 24 AR A ARKe BE5E 4AQ
AelE o8 AEAY Ao 5L Bate] o]
Fold 4 Yk WA F g AARE T o]
FA7)E WHoRE AR ofF F 44T F
ol AT P 3t 684 BAG
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HO]_ 1{‘ H AA o =
AQste WYl uﬂsﬂ Vanden 5°& AX & &
= A9 ste AEY 615 Bl dst=
Aol Aol FHE 22 Ao] ohizh B
2 e Aelgha sgsh Ao Aol gl
AAtE o] o] EH A HZo] H= FAE B
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The Pattern of Initial Displacement in Lingual Lever Arm Traction
of 6 Maxillary Anterior Teeth According to Different Material
Properties: 3-D FEA

In-Ho Choi, Kyung-Suk Cha, Dong-Hwa Chung
Department of Orthodontic Dentistry, Graduate School, Dankook University

The aim of this study was to analyze the initial movement and the stress distribution of each tooth and periodontal
ligament during the lingual lever-arm retraction of 6 maxillary incisors using FEA. Two kinds of finite element models
were produced: 2-properties model (simple model) and 24-properties model (multi model) according to the material property
assignment.

The subject was an adult male of 23 years old. The DICOM images through the CT of the patient were converted into
the 3D image model of a skull using the Mimics (version 10.11, Materialise’s interactive Medical Image Control System,
Materialise, Belgium). After series of calculating, remeshing, exporting, importing process and volume mesh process was
performed, FEA models were produced. FEA models are consisted of maxilla, maxillary central incisor, lateral incisor,
canine, periodontal ligaments and lingual traction arm. The boundary conditions fixed the movements of posterior, sagittal
and upper part of the model to the directions of X, Y, Z axis respectively. The model was set to be symmetrical to X
axis. Through the center of resistance of maxilla complex, a retraction force of 200g was applied horizontally to the occlusal
plane. Under this conditions, the initial movements and stress distributions were evaluated by 3D FEA.

In the result, the amount of posterior movement was larger in the multi model than in the simple model as well as the
amount of vertically rotation. The pattern of the posterior movement in the central incisors and lateral incisors was
controlled tipping movement, and the amount was larger than in the canine. But the amount of root movement of the canine
was larger than others. The incisor rotated downwardly and the canines upwardly around contact points of lateral incisor
and canine in the both models. The values of stress are similar in the both simple and multi model.
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