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Table 1. Mechanical properties for the structural elements

Material Young’s modulus (kg/mmnt) Poisson’s ratio

Tooth 20 x 10° 030
PDL 68 % 107 049
Alveolar bone 14 x 10° 0.30
Bracket 214 x 10° 0.30
Wire 214 x 10° 0.30
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Fig 1. Three-dimensional finite element models for the maxillary and the mandibular incisors.
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Table 2. Displacement data of the central incisor, the lateral incisor and the canine at the maxillary lingual
central plane

Position Ax (mm) Ay (mm) 4z (mm)
Central incisor
Pl 1.1231E-04 -6.4599E-04 0.7959E-04
P2 0.3996E-04 -25112E-04 -0.2258E-04
P3 -0.3481E-04 1.5274E-04 -1.2999E-04

Lateral incisor

P1 0.0757E-04 -12.3011E-04 2.6140E-04

P2 0.2462E-04 -4,7558E-04 0.3622E-04

P3 -1.2935E-04 4.5276E-04 -1.6160E-04
Canine

P1 -4.7637E-04 -9.7214E-04 ~0.2353E-04

P2 -2.2398E-04 -4.2576E-04 -1.6338E-04

P3 1.6545E-04 2.5176E-04 -3.2610E-04

P1, incisal edge; P2, midpoint of tooth axis; P3, root apex.

Table 3. Displacement data of the central incisor, the lateral incisor and the canine at the mandibular
lingual central plane

Position dx (mm) Ay (mm) dz (mm)
Central incisor
Pl 1.7350E-04 -6.6243E-04 1.2328E-04
P2 0.6552E-04 -2.6614E-04 0.2398E-04
P3 -0.1764E-04 1.4409E-04 -0.9635E-04

Lateral incisor

P1 2.4498E-04 -12.1481E-04 1.9582E-04

P2 0.6038E-04 -4.9325E-04 0.1969E-04

P3 -0.2436E-04 2.71205E-04 -1.8246E-04
Canine

P1 7 -4.2927E-04 -12.2931E-04 1.3150E-04

P2 -2.0662E-04 -5.3580E-04 -0.4443E-04

P3 2.8554E-04 2.9976E-04 -1.7764E-04

P1, incisal edge; P2, midpoint of tooth axis; P3, root apex.

2l FAE o] X 2dE R FAAFE 25 8 gtzo o] 7taste] ANHoT FAUS SFE
A &P Z78ln AASHE 7HrEs EE Hole Aoz Vet (Fig 4.
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Fig 3. Distribution of stress in maxillary anterior teeth according to the vertical movement of the upper
lingual bracket plane. SP7, Minimal principal stresses; A, periodontal ligament; B, root surface,
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Stainless steel orthodontic wire
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Fig 10. A, Shear strain-shear stress curve of stainless steel wire; B, moment - angle curve for torquing

maxillary and mandibular anterior teeth.
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- ORIGINAL ARTICLE -

Three-dimensional finite element analysis
of the bracket positioning plane in lingual orthodontics

Sun-Hwa Kim, DDS, MSD,* Soo-Byung Park, DDS, MSD, PhD,” Hoon-Chul Yang, MSD, PhD®

This study was performed to investigate the location of the ideal bracket positioning plane in lingual
orthodontics using the three-dimensional finite element method. Displacement of the anterior teeth were
evaluated according to the vertical and the angular movements of the bracket positioning plane. To
achieve the ideal movement of anterior teeth in the lingual central plane, the location of the force
application point and the amount of the moment applied to the four incisors were evaluated. As the
bracket positioning plane was moved parallel toward the incisal edge, uncontrolled tipping and extrusion
of the maxillary and the mandibular incisors were increased. But lingual tipping of the crown was
decreased in the maxillary and the mandibular canines. As the bracket positioning plane was inclined
toward the incisal edge, lingual tipping was increased in the 6 anterior teeth and extrusion of incisors
and intrusion of the canine was also increased. As the retraction hook of the canine bracket was
elongated, lingual tipping and extrusion of the central incisor and mesial movement and extrusion of
the lateral incisor were increased. In the canine, mesial and labial movements of the crown were
increased. When the moment was applied to the 4 incisors of the maxillary and the mandibular arch
in the lingual central plane, 280 gf-mm in the maxillary central incisor, 500 gf-mm in the maxillary lateral
incisor, 170 gf-mm in the mandibular central incisor and 370 gf-mm in the mandibular lateral incisor
produced bodily movement of the individual tooth.
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% Key words: Lingual orthodontics, Bracket position, Anterior retraction, Three-dimensional finite
element analysis
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