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ABSTRACT Objective: To investigate the biomechanical effects of en-mass retraction with different kinds of vertical traction on
maxillary teeth. Methods: A three dimensional finite element model of en-mass maxillary anterior teeth retraction force system was
constructed with CT scanning and MIMICS software, the initial displacement of maxillary teeth was calculated when adding vertical
traction between anterior teeth. Results: Lingual tipping of anterior teeth decreased with vertical traction; The different locations of
vertical force cause different effects on anterior teeth; The first molar seems to move in a way of distal tipping. Conclusions: Torque of
anterior teeth could be easily controlled when adding vertical traction; Bodily movement seems more likely to occur with vertical
traction; Vertical control was realized in en-mass retraction with micro-implant anchorage.
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Fig.1 Finite element model of en-mass retraction with vertical traction
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Table 1 Material properties of FEA model

Material Young's modulus/MPa Poisson's ration
Cortical bone 13700 0.30
Spongy bone 1370 0.30

PDL 0.667 0.45
Tooth 19600 0.30
Arch-wire/bracket 200000 0.30
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Fig.2 Location of the selected nodes
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Fig.3 Sagittal displacement of the selected nodes of anterior teeth
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Table 2 The difference of crown and apex of anterior teeth on Y axes under different conditions
Tooth A B C D
Central incisor 3.00E-03 4.64E-04 1.83E-03 2.85E-03
Lateral incisor 1.19E-03 4.30E-04 3.80E-04 2.50E-04
Canine 3.22E-03 2.89E-03 2.48E-03 2.23E-03

Note: A: without anterior MIA; B: anterior MIA between central incisors; C: anterior MIA between central incisor and lateral incisor; D: anterior MIA

between lateral incisor and canine.
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Fig.4 The difference of mesio-buccal and disto-buccal cusp of the first
molar on Z axes
Note: A: without anterior MIA; B: anterior MIA between central incisors;
C: anterior MIA between central incisor and lateral incisor; D: anterior

MIA between lateral incisor and canine.
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Fig.5 The difference of mesio-buccal cusp and disto-lingual cusp of the
first molar on X axes
Note: A: without anterior MIA; B: anterior MIA between central incisors;
C: anterior MIA between central incisor and lateral incisor; D: anterior

MIA between lateral incisor and canine.
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