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Study on the Retraction of Anterior Teeth for the Lingual Orthodontics
with the Three-Dimensional Finite Element Method
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Abstract

The orthodontic surgery including lingual orthodontics has recently attracted a person’s attention due to its
functional and esthetic appreciation. The skeletal anchorage with the miniscrew is newly adopted in the
lingual orthodontics to assist the upholding ability. The appliciation needs to understand the mechanism of the
orthodontic appliance and its related orthodontic correction for optimal orthodontic treatment. There is,
however, few information about the qualitative and quantitative effect of the orthodontic appliance with the
miniscrew has not been well identified. In this paper, three dimensional finite element analysis is introduced
to the lingual orthodontics in order to investigate the effect of the anterior retraction. force on the miniscrew
and transpalatal arch wire. The analysis determines the adequate location of the miniscrew and the point of
force application of the anchorage system in the lingual orthodontics. The analysis results demonstrate the
effect of the position of the miniscrew and the transpalatal arch wire on the lingual orthodontics.
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Fig. 2 Procedure of the finite element modeling
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Table 1 Number of nodes and finite elements

Model Node Element
Tooth 14823 43310
Periodontal ligament 18671 22647
Alveolar bone 14948 59477
Total 34573 125564

Table 2 Dimension of wires for lingual orthodontics

Wire Dimension
Mushroom arch wire 0.018"X0.025"

TPA $0.9 mm

Connecting wire @0.7 mm
Lever arm 0.018"x0.025"

Table 3 Mechanical properties of each material

. Young’s modulus . .
Material (kg g/mmz) Poisson’s ratio
Tooth 20 x 10° 0.3
Pe'rlodontal 68 X 102 0.49
ligament
Alveolar bone 14 x 10° 0.3
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Fig. 8 Definition of the reference coordinate

C. P. : Connecting Point
P.F.A. : Point of Force Application
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Fig. 9 Schematic diagrams of lingual orthodontic model for finite element analysis: (a) reference model; (b) Model I;

{c) Model II; (d) Model I1I; (e) Model IV
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Table 3 Analysis results for the reaction force on the TPA ends and miniscrew

Reaction Reaction Reaction
Measured Increment Increment Increment
Model Point Force to the ref. Force to the ref. Force to the ref.
(X-direction) © 1 (Y-direction) | (Z-direction) ’
TPAend 1 -42.26 gm . 114.48 gm . -54.62 gm .
Reference | TPA end 2 39.81 gm . 446.31 gm . -54.95 gm .
miniscrew -5.57 gm . 303.02 gm - 27.63 gm .
TPA end ! -76.50 gm 81.0% 23.56 gm -79.4% | -11548 gm 111.5%
Model ] TPAend 2 77.43 gm 94.5 % 28.06 gm “159% | -11421 gm 107.8 %
miniscrew -8.32 gm 494% | 482.19gm 592% | 147.79 gm 434.9 %
TPAend 1 -123.12 gm 193.1% 23.58 gm -79.4% | -155.81 gm 1852 %
Model II TPAend 2 120.32 gm 2022 % -18.86 gm -83.8% | -152.22 gm 176.9 %
miniscrew -10.4 1gm 872% 591.21 gm 95.1% 134.13 gm 3853 %
TPA end 1 -90.96 gm 1152 % 28.03 gm -75.5% -14.31 gm -73.8 %
Modellll TPA end 2 87.93 gm 120.9 % 28.25 gm -75.7% -14.62 gm -73.4 %
miniscrew -6.21 gm 11.6 % 477.52 gm 57.6 % 110.88 gm 301.5%
TPA end 1 -63.82 gm 51.0% -30.96 gm -73.0 % -16.25 gm -70.2 %
ModellV TPAend 2 61.20 gm 537 % -30.02 gm -742 % -15.58 gm -71.6 %
miniscrew -5.01 gm -10.0% 609.4 gm 101.1 % 142.02 gm 413.9 %
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Fig. 11 Stress distribution of teeth in the model IV

Model I & Z <] w3o] 100 % o4 F718t%d
t} ole} withE DAYALZF TPA o FHEd] ¢
2§ Model 1T 2 Model IV £ A 1 7o) &
43t dHFol 70 % ol #xEE ZAFAE AN
ot ol2d A= Model I B Model I 9 Zo]
TPA 9| & nAHUAI} At 5 & AA
ste A9, AU il Z & WFgeR
FEHO 7o AAE slu dor DAY
TPA HZoll AT Model Il E Model IV = o] &
F FES TR 93 YA AR
A5 A 1 dTAe e 2 HF &dF5E dh
&t gl7] W&ol

oldel fetas X AHE vludtd BE n
Aotd ZdoA B =89 Model IV 7} 7]1& &
a3 vwste A Fx9 717 HAYEF)
744 2oa B7tEnh =, Model IV 9] 3¢ A
FA9 nPYoZ AMEHE THUYAE giRig]
@A AR o] E4tHe] FHoz A 1 g7
o #Hgae FL F2ANT: Yk oyF
Model IV oA o} oldeo] wA wigel 2EE
Fig. 10 & Fig. 11 ol EA&ATH A Ao A4
AA 107 mm F= DAE7] W 10 viz )
st ZARSECE ek o RAAIE A DA oM

FPoz AAHD Y& AV £ don, §



1244 £ F -

@
Fig. 12 Clinical application of the finite element analyis model IV to lingural orthodontics: (a) before orthodontic
operation; (b) after orthodontic operation (6 month later)
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