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Fig 1. Three-dimensional finite element model of maxilla
and coordinate system.
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Table 1. Bracket size

WX ZAEX| 373 25, 20074

Tooth No.

6

Width
Length
Height

4.16 mm 3.66 mm

444 mm
3.27 mm
1.90 mm

3.62 mm 515 mm 490 mm

Table 2. Mini implant size

Head

mini implant

Outer diameter
3.0 mm

Outer diameter

1.6 mm

Inner diameter

Pitch

0.9 mm 0.8 mm

10mm

>

IBmm

Fig 2. Schematic diagram of T-loop arch wire.
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Fig 3. Schematic diagram of mini implant (Hexa type). L,
length; P, pitch; D, diameter.

Fig 4. Three-dimensional finite element model of maxilla
with corticotomy.
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Table 3. Mechanical properties of tooth, periodontal membrane, bone, bracket, wire and mini implant

Modulus of elasticity

Material Poisson’s ratio

(Kgf/mm’)

Tooth 20 x 10° 0.300

Periodontal membrane 0.0007 x 10° 0.490

Cortical bone 12 x 10° 0.330

Trabecular bone 0.018 x 10° 0.450

Bracket 214 x 10° 0.300

Wire 214 x 10° 0.300

mini implant 0.1138 x 10° 0.342

Table 4. Control and Experimental groups
Anchorage Application point
Corticotomy N teeth +
mini implant mini implant power arm bracket

Control X X X X X
Exp. Group 1 O O x O x
Exp. Group 2 x O X O x
Exp. Group 3 O O x 0 X
Exp. Group 4 X O X O X
Exp. Group 5 X X O X O
Exp. Group 6 x ) x @) x
Exp. Group 7 X O X X O
Exp. Group 8 X @) X X 0

=dx|e] F0f

7} 8AEd RoaHEe BYXNE F MY Fad
el Zb A BA A (Modulus of elasticity: E)$};
Fol4 H(Poisson's ratio)= Tamne, X7 41,7
McGuinness” 2] A7-2 Faz st o, o]& ny
dEZHE EAAE QB4 matweb.come] AEE
Zk18t ) (Table 3).

Fig 5. Schematic diagram of the control.
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Fig 6. Schematic diagram of the experimental groups
(buccal view). C, corticotomy; Af, force application point;

Ak, posterior anchorage.

Fig 7. Schematic diagram of the experimental groups
(palatal view). C, corticotomy; Af, force application point;
Ak, palatal anchorage.
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Table 5. Number of elements and nodes

Elements Nodes
Exp. Group 1 - 34932 8536
Exp. Group 2 35128 8503
Exp. Group 3 34940 8543
Exp. Group 4, 8 35115 3488
Exp. Group 5, 7‘ 35126 8497
Exp. Group 6 35115 3488
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Table 6. Displacement and its ratio for the control

central lateral . Znd 1st Znd

.. o canine
incisor incisor premolar molar molar
Distal displacement P-P’ 0.139 0.027 0.014 0.095 0.029 0.018

: -3

(X axis, 107 mm) Q-Q' 0538 0.221 0.374 0.326 0.155 0.021
ratio 3.856 3194 27.680 3435 5.354 1.188
Lateral dispbcement P-P’ 0.083 0.142 0.150 0.267 0.058 0.025
(Y axis, 107 mm) Q-Q 0.437 0.3>4 1.223 0.243 0.174 0.063
ratio 5.298 2493 8.247 0911 2.988 2571
Vertical displacement P-P’ 0.159 0185 0.29 0.011 0.015 0.004
(Z axis, 10° mm) Q-Q’ 1.333 0.247 1.022 0.070 0.067 0.006
ratio 8.383 1.339 3468 6.467 4701 1.383

BETooth
B Cortical bone
OTrabecufar bone

Von Mises stress(Kpa)

Exp.
G.a

Fig 8. Von Mises stress of the tooth, cortical bone and
trabecular bone in experimental groups and control.

o ©
A, AR 8 A ey Ao 4= P
o2 MAF T A Ao &= R
Lo
AA

2
o
B, 5ol sl n Aokel 47 Ak gl 9
A2 717 Py QEOE Agetd 2 Ho| tat
o] FZHP-P', Q-Q)Z YolR 1 o] & ThA| H]-&(Q-Q/
P-P)E AAbste] Bl @ FEASATH
A4 99 AHeE 240 B H5E Table 59
AA1E o] At surface meshE Y38l ALE-3 Tz a9
£ Body Builder 2002 (CANTiBio, Suwon, Korea)o] ™,
A mesh 2 fEes FHE 98] AeF xz
1382 STRA-D 2002 (FEAsoft, Daejeon, Korea)o]t}.

SEEES

zrd 87 ddToMe &8 £X, Von

Fig 9. Displacement pattern of control. white, before
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Fig 10. Stress distribution in the teeth of the control
(buccal side).

Fig 11. Stress distribution in the cortical bone of the
control (buccal side).

Fig 12. Stress distribution in the trabecular bone of the
control (buccal side)
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Fig 13. Displacement pattern in experimental group 1.
white, before activation; pink, after activation.

Table 7. Displacement and it’s ratio for experimental
group 1

central lateral
incisor incisor

Distal displacement P-P’ (0083 0122 0.103
(X axis, 10 *mm) Q-Q 0134 0333 0737
ratio 1614 2729 7.155

anine

Lateral displacement P-P’  1.797 2215 2.092
(Y axis, 10°mm)  Q-Q' 3690 3434 3713
ratio 1.864 1550 1.774

Vertical displacement P-P* 2578 2528 2197
(Z axis, 10™mm) Q-Q' 4007 3269 3068
ratio  1.5%4 1293  1.39%

X Ae A ZAlel TS BEm, b &
= kﬂ-&a H@E} (Figs 17-19).
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ARt Ao, JV‘ a3 FAEY SAYR 3§
e Bon, A4 daed A3 A%
7h 132 @& ASET F o ve Y 39 52X
£ Yehfic} ¢k, 93 E AgeES g 4%

Are Ay dEZHE FHA 9T vtgt 2
EXE & 4 gl (Figs 14-16).
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Fig 14. Stress distribution in the teeth of experimental
group 1 (buccal view).

Fig 15. Stress distribution in the cortical bone of
experimental group 1 (buccal view).

Fig 16. Stress distribution in the trabecular bone of

experimental group 1 (buccal view).
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Fig 17. Distal displacement of the center of the incisal
edge in experimental groups 1 and 2.
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Fig 18. Distal displacement ratio of the ant. testh in
experimental groups 1 and 2.
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Fig 19. Vertical displacement of the center of the incisal
edge in experimental groups 1 and 2.
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Fig 20. Distal displacement of the center of the incisal
edge in experimental groups 3 and 4.
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Fig 21. Distal displacement ratio of ant teeth in
experimental groups 3 and 4.
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Fig 22. Vertical displacement of the center of the incisal
edge in experimental groups 3 and 4.
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Fig 23. Distal displacement of the center of the incisal
edge in experimental groups 2 and 5.
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Fig 24. Distal displacement ratio of ant. teeth in
experimental groups 2 and 5.
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Fig 25. Vertical displacement of the center of the incisal
edge in experimental groups 2 and 5.
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Fig 26. Distal displacement of the center of the incisal
edge in experimental groups 4 and 6.

14
12
10

ratio

[ Experimental Group 6
M Experimental Group 4

Distal displacement

R )
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Fig 27. Distal displacement ratio of ant. teeth in
experimental groups 4 and 6.
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Fig 28. Vertical displacement of the center of the incisal
edge in experimental groups 4 and 6.

B} 2 Ad S-S Hol, YAFdA £ o |
= %Y BEE B 5 U%on, drte] A-HEEL

power arm glo] ZRJol|A A Aot A24+X] 9}
et AR 9] Atole] X 2Fell AYHE vy o
ZAHE HAJHE 713 A-HEFT 7)ol A power
armol| A wA o] ALE A(AET 2)ET F o
0o AXHo Fl AHAlo)BE HY oy Aole

0.6
0.5
0.4
0.3 o O Experimental Group 7
0.2¢1 = & B Experimental Group 2

0.1¢]
etz

(10 *mm)

Distal displacement

Centralis Lateralis Canine

Fig 29. Distal displacement of the center of the incisal
edge in experimental groups 2 and 7.
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Fig 30. Distal displacement ratio of ant teeth in
experimental groups 2 and 7.
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Fig 31. Vertical displacement of the center of the incisal
edge in experimental groups 2 and 7.
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Fig 32. Distal displacement of the center of the incisal
edge in experimental groups 4 and 8.
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Fig 33. Distal displacement ratio of ant. teeth in
experimental groups 4 and 8.
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Fig 34. Vertical displacement of the center of the incisal
edge in experimental groups 4 and 8.
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ORIGINAL ARTICLE

The pattern of movement and stress distribution
during retraction of maxillary incisors using
a 3-D finite element method

Ae-jin Chung, DDS, MSD,” Un-Su Kim, DDS, MSD,” Soo-Haeng Lee, DDS, MSD",
Seong-Soo Kang, DDS, MSD’, Hee-In Choei, DDS, MSD?,
Jin-Hyung Jo, DDS, MSD", Sang-Cheol Kim, DDS, MSD, PhD*

Objective: The purpose of this study was to evaluate the displacement pattern and the stress
distribution shown on a finite element model 3-D visualization of a dry human skull using CT during
the retraction of upper anterior teeth. Methods: Experimental groups were differentiated into 8 groups
according to corticotomy, anchorage (buccal: mini implant between the maxillary second premolar and
first molar and second premolar reinforced with a mini implant, palatal: mini implant between the
maxillary first molar and second molar and mini implant on the midpalatal suture) and force application
point (use of a power arm or not). Results: In cases where anterior teeth were retracted by a
conventional T-loop arch wire, the anterior teeth tipped more postero-inferiorly and the posterior teeth
moved slightly in a mesial direction. In cases where anterior teeth were retracted with corticotomy, the
stress at the anterior bone segment was distributed widely and showed a smaller degree of tipping
movement of the anterior teeth, but with a greater amount of displacement. In cases where anterior
teeth were retracted from the buccal side with force applied to the mini implant placed between the
maxillary second premolar and the first molar to the canine power arm, it showed that a smaller degree
of tipping movement was generated than when force was applied to the second premolar reinforced
with a mini implant from the canine bracket. In cases where anterior teeth were retracted from the
palatal side with force applied to the mini implant on the midpalatal suture, it resulted in a greater
degree of tipping movement than when force was applied to the mini implant between the maxillary
first and second molars. Conclusion: The results of this study verifies the effects of corticotomies and
the effects of controlling orthodontic force vectors during tooth movement. (Korean J Orthod
2007;37(2):98-113)
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*Graduale student, "instructor, °Professor, Depariment of Orthodontics, School of Dentistry, Wonkwang University.
Corresponding author: Sang-Cheol Kim.

Depariment of Orthodontics, School of Dentistry, Wonkwang University, 8344-2 Shinyong-dong, lksan-si, Jeonbuk,
570-749. Korea.

+82 63 850 1960 e-mail, sangkim@whku.ac.kr.

Received April 20, 2006: Last Revision September 29, 2006: Accepted November 8. 20086,

113



