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Fig 1. Three-dimensional finite element mesh of tooth-periodontal ligament (PDL)-alveolar bone of the maxillary
dentition. A and B, Frontal and lateral views of upper dentition and PDL; C and D, frontal and lateral views of
tooth-PDL-alveolar bone.
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Fig 2. Schematic representation of the coordinate system.
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Fig 3. Finite element models of the teeth group. A, Four anterior teeth; B, six anterior teeth; €, full maxillary dentition.
Blue wires on the buccal and lingual surface of the teeth are rigid and have no play with brackets, so the movement
of the individual tooth is limited. Black wires cross-link left and right teeth, designed to distribute the applied force
evenly on the dentition. D, vertical and horizontal force application.

85



AR, Y8, o[7|1F, MEA, ZHAM

o4
-

THEA T} (Figs 1 and 3).
AollA Role} X 2F, 2FAdE 5,
A gAet 7Hgstdon 724 gage

18

w o
1oz o

0 o

EAXE Tanne 5,'° Jeong 5" Chung 5,” Zeigler
5,” Poppe 579 ATE #3135t Young’s mod-
ulus2} Poisson’s ratios o3} T} (Table 1).

Fere s AS 95te] HP XW6400 workstation
(Hewlett-Packard Co. Palo Alto, CA)¥} HE#3+2 4
ZZ Wl ANSYS 11 (Swanson Analysis System,
Canonsburg, PA)< AH8-3F3th

XEZ2 gef A xjotel i

sS4

%Z 34

lo

HAadE o]l d9 6L 93
o2 XEFS UYE WY YES ¢4S U, 725
= depide 2 93, S5 FHA WEE 4X,
5 WIS +Y, X2 WIS +Z, XYHHE Xo}
o] weHHe g FoeArt (Fig 2)
AEae] Fef ¥ g
249Z 8= Ormco®AH(Glendora, CA)S| broad

arch form= whah g3l e, Z+ X|o}29] inclina-
tion 2 angulation® Andrews,” Germane 5,” Park¥}
Yang®e] ATE Fxsto] vfdslAaL, Spee T
9 Wilson ¥4 Fo8kA] gt

Aokze] mHY

7} Aolzol we} BlFR ol B, A
2 AZsigon sMdlE 2Ale) B
A3, Bepln @2 3 ol 28E @
= QAed o py® =S ARTh
o) o 84 A2vez) T
(e ZAsolole Adan

5y - Ay

2
oo Q x
2 X [0 o o

X

Table 1. Mechanical properties of each material

Periodontal
. 50E - 02 0.49
ligament
Alveolar bone 2.0E + 03 0.30
Teeth 20E + 04 0.30
Stainless steel 20E + 05 0.30
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Fig 4. The sum of horizontal displacement (4y) of four an-
terior teeth. A, Six anterior teeth; B, full maxillary dentition;

C, varying on the position of force on the Z-axis.
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Fig 5. Contour plot of the full maxillary dentition according to the direction of horizontal retraction force. Original model
(white mesh) and deformed model (color) in which the horizontal (4y) displacement of teeth was magnified 500 times
were superimposed. See the color scale bar for exact finite element analysis of analyzed horizontal teeth
displacement. A, The line of force passing (z = 11 mm) through CR causes parallel tooth movement; B, the line of
force passing (z = 0 mm) below CR causes counter-clockwise rotation of occlusal plane; C, the line of force passing
(z = 16 mm) above CR causes clockwise rotation of the occlusal plane.
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Fig 6. Standard deviation of vertical displacement (4z) of
four anterior teeth. A, Six anterior teeth; B, full maxillary
dentition; C, varying on the position of force on the
Y-axis.
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Fig 7. The contour plot of the full maxillary dentition according to the direction of vertical intrusion force. Original mod-
el (white mesh) and deformed model (color) in which the vertical (4z) displacement of teeth was magnified 500 times
were superimposed. See the color scale bar for exact finite element analysis of analyzed vertical teeth displacement.
A, The line of force passing (y = -26.5 mm) through CR causes intrusion; B, the line of force passing (y = -17 mm)
anteriorly to CR causes clockwise rotation of occlusal plane; C, the line of force passing (y = -35 mm) posteriorly
to CR causes counter-clockwise rotation of the occlusal plane.
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Fig 8. Position of the center of resistance. A, The center of resistance of four anterior teeth; B, the center of resist-
ance of six anterior teeth; C, the center of resistance of the maxillary dentition.
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4o xotze| HEEH

Fig 9. Comparison of the position of the center of resistance from other studies. A, 4 anterior teeth: present study
(black dot); Vanden Buicke et al'’ (yellow); Pedersen et al® (blue); Matsui et al” (red); B, 6 anterior teeth: present
study (black); Vanden Bulcke et al'' (yellow); Pedersen et al® (blue); Choy et al’ (green); C, full maxillary dentition:

present study (black); Billiet et al® (violet).
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Finite-element investigation of the center of resistance of

the maxillary dentition

Gwang-Mo Jeong, DDS, MSD," Sang-Jin Sung, DDS, MSD, PhD,b Kee-Joon Lee, DDS, MSD, PhD,’
Youn-Sic Chun, DDS, MSD, PhD,’ Sung-Seo Mo, DDS, MSD, PhD*

Objective: The aim of this study was to investigate the 3-dimensional position of the center of resistance of the
4 maxillary anterior teeth, 6 maxillary anterior teeth, and the full maxillary dentition using 3-dimensional finite ele-
ment analysis. Methods: Finite element models included the whole upper dentition, periodontal ligament, and al-
veolar bone. The crowns of the teeth in each group were fixed with buccal and lingual arch wires and lingual
splint wires to minimize individual tooth movement and to evenly disperse the forces to the teeth. A force of 100
g or 200 g was applied to the wire beam extended from the incisal edge of the upper central incisor, and dis-
placement of teeth was evaluated. The center of resistance was defined as the point where the applied force
induced parallel movement. Results: The results of study showed that the center of resistance of the 4 maxiliary
anterior teeth group, the 6 maxillary anterior teeth group, and the full maxillary dentition group were at 13.5 mm
apical and 12.0 mm posterior, 13.5 mm apical and 14.0 mm posterior, and 11.0 mm apical and 26.5 mm posterior
to the incisal edge of the upper central incisor, respectively. Conclusions: It is thought that the results from this
finite element models will improve the efficiency of orthodontic treatment. (Korean J Orthod 2009;39(2):83-94)

Key words: Finite element analysis, Center of resistance, Maxillary 4 anterior teeth group, Maxillary 6 an-
terior teeth group, Full maxillary dentition group
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