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Table 1. Mechanical properties of each materials

Material  Young’s modulus(kg/mm”)Poisson’s ratio
Tooth 20x10° 0.30
PDL 6.8% 10 0.49
Alveolar Bone 1.4x1¢° 0.30
Wire 21.4x10° 0.30

Cancellus Bone 0.7x10° 0.30

Aot 67wqx:fo\

SRR 2\X/0| B 37 %Eiﬁﬁ';i %7

Table 2. Crown & Root length of Maxillary six anterior

teeth (mm)
Total Length ~ Crown Root
Central Incisor 2450 9.60 14.90
Lateral Incisor 22.07 887 13.20
Canine 2128 9.58 17.70

Fig. 1. 3-Dimensional Finite Element Model for Tooth- PDL
-Alveolar bone system
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Fig. 2. Schematic representation of the 3-D Coordinate
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Table 3. Level and length of extension arm (mm)

Length. of
extension arm

Level  Position on Z Length on Z

Level 1 bracket 0 0

Level 2 CEJ 420 463
Level 3 CEJ + 250 6.70 7.39
Level 4 CEJ + 500 9.20 10.15
Level 5 CEJ + 750 11.70 12.90
Level 6 CEJ + 1000 14.20 1566
Level 7 CEJ + 1250 16.70 1842

* CEJ(Cementoemamel junction)

HE HE3 F oo met XolE MEsrh

x| & AAF=2l A3 (Angulation, Inclination)

1 o}9] Angulationg <29] archE 7]1F0 2 HA
WEke o235k Aot A F, 24 2 #Fe FACC
o} weHHd g A Abole] Zrxat A oldld g
= F4ugate 9" F4A, 2HA AR
AN 77t 18, 54°, 6302 AAA Zwg A

Atk Kol 42 H A= (nclination) 2 &9 of
AE 7NEoE A& Fodte Xolgdd & uF
el £ A3 AR FA pointE Avke
A Alele] At Aojste], g=rel B Au At
2%} Germane, Bentley, Issacson¢] ¢7-2
F3 7 o] FHX], -], AX A 242} 9.4°, 7.4°,
-6.2°8 4449 Zxg 7Pgst.

4) A&AX) ¢} extension arm®) level
Aot 6] Fo] FAE HE A9 o] AX7) B

2 oS & e A3t dAA 2 sk
o] 4% A+ YHRA Eo] 036 inch(0.914 mm)%
4¥ wireo| 1, 7t X|o}9] A= S0l meshZ F2}
o} 9 %}X]-/] extension arme %& AX 9 £
F-9A 7789l contourE whe} e g Aztec)
Table 39] #&-& 73 JollA 9 X9} Z 249 2
o2 HEAE, 7Y LevelZ2 UFUATHTable 3).
Level 12 Z% 73l A bracket¥ A, Level 2% Cemen-
toemamel junction (°]8HCE], Level 3+ CEJ 3H 250
mm, Level 4= CEJ3H¥ 5.00 mm, Level 5% CEJ3}

W 7.50 mm, Level 62 CEJ 3% 10.00 mm, Level 7 -

< CEJsH¥ 1250 mme] 91t} Table 3.2] ¢2& ext-
ension arm®} AA Zo]E TS Ac|tHTable 3).
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Aot 6TAIRO| SWAHOIA XEEA]

AR QIR|0) e BRI RERALIN o

Table 4. Teeth displacement without/with corticotomy (retraction force 200gm) {em)
Ct I C
incisal apex incisal apex incisal apex
Level 1 L15E-04 -3.22E-06 112E-04 -241E-05 1.17E-04 -3.64E-05
Level 2 6.86E-05 -1.30E-05 6.71E-05 -1.94E-04 6.95E-05 -1.58E-05
Level 3 485E-05 ~2.98E-06 4.75E-05 6.94E-07 491E-06 -5.19E-06
Without Level 4 2.80E-05 7.25E-06 2.86E-05 9.48E-06 2.93E-05 5.64E-06
Corticotomy Cres 151E-05 151E-05 1.59E-05 1.59E-05 1.45E-05 145E-05
Level 5 9.37E-06 L&E-05 9.66E-06 191E-05 941E-06 L75E-05
Level 6 -8.87E-06 3.09E-05 -8.04E-06 2.98E-06 9.13E-06 304E-05
Level 7 -2.67E-05 4.70E-05 -2.53E-05 4.30E-05 -2712E-05 469E-05
Level 1 1.23E-04 -3.08E-05 1.20E-04 -2.21E-0b 1.25E-04 -364E-05
Level 2 THE-05 -1.18E-05 7.38E-05 -6.29E-06 7.65E-05 ~L.56E-05
Level 3 5.46E-05 -1L92E-06 5.36E-05 2.18E-06 554E-05 -4 9E-06
With Corticotomy Level 4 343E-05 8.22E-06 339E-05 1.08E-05 34TE-0b 6.04E-06
Cres 1.68E-05 1.68E-05 1.85E-05 1.85E-05 1.67E-05 1.67E-05
Level 5 1.39E-05 1.94E-05 LAIE-05 2.03E-05 1.39E-05 1.80E-05
Level 6 -5.19E-06 317E-05 -4.43E-06 3.08E-05 -550E-06 3.12E-05
Level 7 -2.39E-05 4.76E-05 -2.2TE-05 4.39E-05 -246E-05 4.79E-05

* - means labial direction displacement
* 1.15E-04 means 1.15x 10"

o] W92 ZANEY] flste] Wt vpet o] H
200 gm, 250 gm, 300 gm, 350 gme] FWAYH S
Z oA AE(+)2 2 7 Leveldl| 28381995 o,
x| obe] AT} X ZHA HAL HA s, oo
olgo] & X|o}e] ]Eoi FFste] ol Fo| Yol

=
=
o
=

Lﬁr«»ﬂ

Ue 928 Bdgea Adst. x9 a4
CLLL C&= 4% & ] dol 24 %) Abel A x| ot}
m & 1
Fop 68X FRAN AGFA S 44 A&

AZ3t7] A8 AE5FA 9 7 Levell A HE2 200
gm, 250 gm, 300 gm, 350 gm® FHH/AH S 7}eta
ZF Rop(det TR, Aot 24|, At AxE (],
LL CE A9 Aedd 2 2H A o] o]FAE]
2 AZ&9cHTable 4, 5, 6, 7). E(Table)ol|A] ¥

Ijf(Table 4, 5, 6, 7).

824 (Cres) & A=

Aot} AT oA ol FA
27} 2o} HgolFo] dojuh= §Xo|BE o] & ¥

A3} o]ola} WyAS WA FHHor ALt
sk 1 A3 Ao wE AgFAle] 423
A YAE X Z 4o|E 100%E & uf X|AFNA %
DaEo g 7z J]FEX ofol| it v &3 Xote) Hi
Zolo| thg v && VERA T Table 8).
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Table 5. Testh displacement without/with corticotomy (retraction force 250 gm) (em)

o LI e €
; inctsal apex incisal apex ineisal . apex
Level 1 1.44E-04 ~-4.02E-05 1.40E-04 -3.01E-05 1.46E-04 -4.55E-05
Level 2 8.58E-05 -1.63E-05 8.39E-05 ~-9.93E-06 8.70E-05 -1.97E-05
Level 3 6.06E-05 -3.73E-06 594E-05 R.68E-07 6.14E-05 -6.49E-06
Without Level 4 362E-05 9.06E-06 3.58E-05 1.1I8E-05 3.66E-05 7.05E-06
Corticotomy Cres 1.90E-05 1.90E-05 1.99E-05 1.99E-05 1.81E-05 1.81E-05
Level 5 1L17E-05 2.31E-05 1.21E-05 2.30E-05 1.18E-05 2.18E-05
Level 6 -1.11E-05 3.87E-05 -1.01E-05 3.73E-05 -1.14E-05 3.80E-0b
Level 7 -3.33E-05 5.83E-05 -3.16E-0b 5.37E-05 -340E-05 5.87E-05
Level 1 1.54E-04 -3.85E-05 1.50E-04 -2.77E-05 1.56E-04 -4.55E-05
Level 2 9.43E-05 -1.48E-05 9.23E-05 -7.86E-06 957E-05 -1.95E-05
Level 3 6.83E-05 -2.40E-06 6.71E-05 2.73E-06 6.93E-05 -6.18E-06
With Corticotomy Level 4 4.29E-05 1.03E-05 4.24E-0b 1.35E-05 4.34E-05 7.55E-06
Cres 2.19E-05 2.19E-05 2.26E-05 2.26E-05 2.07E-05 2.07E-05
Level 5 1.74E-05 2.43E-05 1.77E-05 2.04E-05 1.74E-05 2.25E-05
Level 6 -6.49E-06 3.97E-05 -554E-06 3.85E-05 -6.88E-06 3.90E-05
Level 7 -2.99E-05 5.95E-05 -2.83E-05 5.49E-05 -3.08E-05 5.98E-05
* — means labial direction displacement
* 144E-04 means 1.44X10™
Table 6. Teeth displacement without/with corticotomy (retraction force 300 gm) (cm)
LI i C
apex incisal apex incisal . apex
Level 1 1.73E-04 -4.83E-05 168E-04 -361E-05 L75E-(4 -546E-05
Level 2 1.03E-04 -1.95E-05 1.01E-04 -1.19E-05 1.04E-04 -2.37E-05
Level 3 7.27E-05 -4 48E-06 7.13E-05 1.04E-06 7.37E-05 -1.79E-06
Without Level 4 4.34E-05 1.09E-05 4.29E-05 1.42E-05 4.40E-05 8.46E-06
Corticotomy Cres 2.28E-0b 2.28E-05 2.39E-05 2.39E-05 2.17E-05 2.17E-05
‘ Level 5 1.41E-05 2.718E-05 1.45E-05 2.87TE-05 141E-05 2.62E-05
Level 6 -1.33E-05 4.64E-05 -1.21E-05 447E-05 -1.37E-05 4.56E-05
Level 7 -4.00E-05 7.06E-05 -3.80E-05 6.45E-05 -4.08E-05 7.04E-05
Level 1 1.85E-04 -4.62E-05 1.80E-04 -3.32E-05 1.87E-04 -5.46E-05
Level 2 LI3E-04 -1.78E-05 LUE-04 -943E-06 1.15E-04 -2.34E-05
Level 3 8.20E-05 -2.38E-06 8.05E-05 3.27E-06 8.31E-05 -7T41E-06
With Level 4 515E-05 1.23E-05 509E-05 1.62E-05 5.21E-05 9.06E-06
Corticotomy Cres 2.61E-05 2.61E-05 2.75E-05 2.75E-0b 2.48E-05 2.48E-05
Level 5 2.09E-05 291E-0b 2.12E-05 3.05E-05 2.09E-05 2.70E-05
Level 6 -178E-06 4776E-05 -6.65E-06 4.62E-05 -8.25E-06 4.68E-05
Level 7 -359E-05 7.14E-05 -3.40E-05 6.58E-05 -369E-05 7.18E-05

* — means labial direction displacement
* 1.73E-04 means 1.73x10™
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Table 7. Teeth displacement without/with corticotomy (retraction force 360 gm) (cm)
0 LI C
incisal apex incisal apex incisat apex
Level 1 2.01E-04 -563E-05 1.96E-04 -421E-05 2.04E-04 -6.37TE-05
Level 2 1.20E-04 -2.28E-05 1.17E-04 -1.39E-05 1.22E-04 -2.76E-0b
. Level 3 848E-05 -5.22E-06 8.32E-05 1.21E-06 8.59E-05 -9.09E-06
Without Level 4 5.06E-05 1.27E-05 501E-05 1.66E-05 513E-05 9.87E-06
Corticotomy Cres 2.65E-05 2.65E-05 2.79E-05 2.79E-05 2.53E-05 2.53E-05
Level 5 164E-05 3.24E-05 1.69E-05 3.35E-05 1.65E-05 3.05E-05
Level 6 -1.55E-05 5AIE-(05 -141E-0b 522E-05 -1.60E-05 5.32E-05
Level 7 -4 67E-0B 8.23E-05 -4 43E-05 7.52E-06 -477TE-05 821E-0b
Level 1 2.15E-04 -5.39E-05 2.10E-04 -3.87E-05 2.18E-04 -6.37E-05
Level 2 1.32E-04 -2.07E-0b 1.29E-04 -1.10E-05 1.34E-04 -2.73E-05
Level 3 9.56E-05 -3.36E-06 9.39E-05 3.81E-06 9.69E-05 -8.60E-06
With Level 4 6.01E-0b 1.44E-05 5.93E-05 1.89E-05 6.08E-05 1.OGE-05
Corticotomy Cres 2.99E-05 2.99E-05 3.15E-05 3.15E-05 2.88E-05 2.38E-05
Level 5 2.43E-05 3.39E-05 24TE-05 3.55E-05 2.44E-05 3.15E-06
Level 6 -9.08E-06 5.50E-(05 -7.75E-06 539E-05 -9.63E-06 546E-0b
Level 7 -4.19E-05 8.32E-05 -3.96E-05 7.68E-05 -4.30E-05 8.37E-05
* - means labial direction displacement
* 2.01E-04 means 2.01x10™
Table 8. Center of resistance without/with corticotomy
200 gm 200 gm 300 gm 360 gm
Cres 6.76 mm 6.76 mm 6.76 mm 6.76 mm
CI 7] A ool A 45.36% 45.36% 45.36% 45.36%
7 o] o A 44.28% 44.928% 44.28% 44.28%
. Cres 6.67 mm 6.67 mm 6.67 mm 6.67 mm
Without s
Corticotomy LI i |52 o} el A 50.54% 45.36% 45.36% 45.36%
3 717 o] ol A 43.711% 44.28% 44.28% 44.28%
Cres 6.87 mm 6.87 mm 6.87 mm 6.87 mm
C 7} %] oo A 38.79% 45.36% 45.36% 45.36%
H A o] of A 44.97% 44.28% 44.28% 44.28%
Cres 7.10 mm 7.10 mm 7.06 mm 7.10 mm
Cl 715 & ool A 47.66% 47.65% 47.38% 47.65%
H 1t o] ol A 46.51% 4651% 46.24% 46.51%
With Cres 6.90 mm 7.00 mm 6.97 mm 7.00 mm
Corticotomy LI 7 fi] o}oll A] 52.27% 53.03% 52.08% 53.03%
H A o] ol A 45.20% 45.85% 45.66% 45.85%
Cres 7.16 mm 7.20 mm 7.18 mm 7.20 mm
C 7] A ool A 40.45% 40.67% 40.56% 40.67%
7t o o A 46.90% 47.16% 47.03% 47.16%

* Without Corticotomy : 6.76 mm, 44.32%
* With Corticotomy : 7.08 mm, 46.38%
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Table 9. Displacement of without/with corticotomy (cm)

CHRIDEA 312 45, 20014

200 gm 250 gm 300 gm 30 gm
c Cres 6.76E-01 6.76E-01 6.76E-01 6.76E-01
1
translation 1.52E-05 1.90E-05 2.28E-05 2.65E-05
Without o Cres 6.67E-01 6.67E-01 6.67E-01 6.67E-01
Corticotomy translation 1.59E-05 1.99E-05 2.39E-05 2.719E-05
Cres 6.87E-01 6.87E-01 6.837E-01 6.87E-01
C
translation 1.45E-05 1.81E-05 2.17E-05 2.53E-05
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Fig. 3. Displacement of without corticotomy.
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Fig. 5. Teeth displacement without corticotomy
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- ABSTRACT -

The vertical location of the center of resistance for maxillary six anterior
teeth during retraction using three dimensional finite element analysis

Hye-Kyoung Lee, Kyu-Rhim Chung

Department of Orthodontics, School of Dentistry, Graduate School, Kyung Hee University

The delivery of optimal orthodontic treatment is greatly influenced by clinician’s ability to predict and control tooth
movement by applying well-known force system to dentition. It is very important to determine the location of the centers
of resistance of a tooth or teeth in order to have better understanding the nature of displacement characteristics under
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various force levels.
In this study, three dimensional finite element analysis was used to measure the initial displacement of the consolidated
teeth under loading.

The purpose of this study was to define the location of the centers of resistance at the upper six anterior segment.
To observe the changes of six anterior segment, 200gm, 250gm, 300gm, and 350gm forces at right and left hand side
each were imposed toward lingual direction. For this study, two cases, six anterior teeth and six anterior teeth after
corticotomy, were reviewed. In addition, it was reviewed the effects of changes on the location of the center of resistance
in both cases based on different degree of forces aforementioned.

The results were that :

1. The instantaneous center of resistance for the six anterior teeth was vertically located between level 4 and level 5,
which is, at 6.76mm, 44.32 % apical to the cementoenamel junction level. '

2. The instantaneous center of resistance for the six anterior teeth after corticotomy was located vertically between level
4 and level 5, that is, at 7.09mm, 46.38 % apical to the cementoenamel junction level.

3. Changes of force showed little effect on the location of the center of resistance in each case.

4. It was observed that the location of the instantaneous center of resistance for the six anterior teeth after corticotomy
was changed more than the six anterior teeth without corticotomy to the apical part, and the displacement of the
consolidated anterior teeth moved further in case of the consolidated teeth after corticotomy.

KOREA. J. ORTHOD. 2001 : 31(4) : 425-38

% Key words : Center of resistance, Maxillary six anterior teeth retraction, Three dimensional finite
element analysis, Corticotomy.

438



