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Fig. 1. Schematic represeentation of the 3-D finite element model for the maxillary body and teeth.

544



Vol. 25, No. 5, 1995. Korea. J. Orthod.

Fig.2. Schematic representation of the 3-D Co-
ordinates.
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BAA 2R 2 FIAF B34 (frontomaxillary
suture), FAHF BT (zygomaticomaxillary sut-
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Table 1. Mechanical properties assigned to diffe-
rent material compounds of finite element
models

Property  Young's modulus " Poisson’s ratlo(V)

Material (g/mm?)

Cancellous bone 070 x 10° 0.30
Compact bone 014 x 107 0.30
Peridontal ligament 070 x 10° 045
Teeth ( Dentin ) 019 x 10’ 0.31

Table 2. Number of solid elements and nodal points

Number of Number of

elements - nodal points
Cancellous bone 1308 1472
Compact bone 2524 5150
Periodontal ligament 1264 1908
Teeth(Dentin) 1272 2194
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Fig. 3. Direction of force application.
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Photo. 1C, 1D. Minimum principal stress when the parallel force was applied on the first premolar.

Photo. 1E. Displacement of the maxilla when the
parallel force was applied on the first
premolar.

EE 207 3% BARAA sk thFig. 3).
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Table 3. Displacement of the maxilla when the protraction force was applied on the first premolar (unit:mm)

P1 P2

; X Y Z X Y 7

Na 0 9.66x10° 1.38x10°° 0 361x10° 479x10°®
ANS 0 -371x10° 1.44x10™ 0 -2.56x10° 7.12x10°
A 0 ~1.09x10™ 1.39x10™ 0 -8.45x107° 6.69x10°
Ps 0 ~1.48x10™* 1.64x10™ 0 -1.18x10™ 8.75x10
Ptm -381x10° -350x10° -2.07x107 -8.05x107 -274x10° -154x10°

Na ; Nasion, ANS ; Anterior nasal spine, A ; Point A, Ps ; Prosthion, Ptm ; Pterygomaxillary fissure,

X ; Transeverse displacement(+ : lingual, - : buccal), Y ; Sagittal displacement(+ : posterior, - : anterior),

Z ; Vertical displacement(+ : superior, - : inferior), Directions of applied force were parallel(P1) and 20° downward(P2) to the

occlusal plane.

Table 4. Displacement of the maxilla when the protraction force was applied on the first molar (unit:mm)

Ml M2

X Y Z X Y 7
Na 0 8.73x10°° 1.25x10° 0 5.63x10° 8.01x10°°
ANS 0 -3.08x10° 1.30x10™ 0 -2.26x10° 1.02x10™
A 0 -9.74x10°° 1.24x10™ 0 -864x10° 9.80x10°
Ps 0 -1.33x10™ 1.45x10™ 0 ~1.21x10™ 1.18x10*
Ptm -1.80x10° -332x10°° -151x10° -1.63x107° -282x10° -1.60x107

Na ; Nasion, ANS ; Anterior nasal spine, A ; Point' A, Ps ; Prosthion, Ptm ; Pterygomaxillary fissure.

X ; Transeverse displacement(+ : lingual, - : buccal), Y ; Sagittal displacement(+ : posterior, - : anterior),
Z ; Vertical displacement(+ : superior, - : inferior), Directions of applied force were parallel(P1) and 20° downward(P2) to the
occlusal plane.

Table 5. Displacement of the first premolar and first molar when the protraction force was apphed on the first
premolar (unit:mm)

P1 P2

X Y vA X Y Lz
P-MB -3.08x10™ -6.31x10™ 3.36x10™ ~1.07x10™ -353x10™ 6.83x10°
P-DB -3.06x10™ -6.45x10™ 1.97x10™ -1.68x10™ -3.96x10™ 5.42x10°
M-MB -1.69x10°* -4.39x10™* 9.83x10° -1.20x10™ -3.03x10°" 3.20x10°
M-DB -6.71x10° -4.09x10™ -962x10° -6.47x107 -2.83x10™ -872x10°
P-MB ; Mesiobuccal line angle of the first premolar, P-DB ; Distobuccal line angle of the firsr premolar,

M-MB ; Mesiobuccal line angle of the first molar, M-DB ; Distobuccal line angle of the firsr molar.

X ; Transeverse displacement(+ : lingual, - : buccal), Y ; Sagittal displacement(+ : posterior, ~ : anterior),

Z ; Vertical displacement(+ : superior, - : inferior), Directions of applied force were parallel(P1) and 20° downward(P2) to the
occlusal plane.
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Photo. 2A, 2B. Maximum principal stress when the 20° downward force was applied on the fjrst premolar.

Photo. 2C, 2D. Minimum principal stress when the 20° downward force was applied on the first premolar.
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Photo. 2E. Displacement of the maxilla when the 20
° downward force was applied on the
first premolar.
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Photo.3A, 38. Maximum principal stress when the parallel force was applied on the first molar.

1734280 2 WA HPhoto. 34, 3B).
239 AL 3% A4 A 31%g/
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Photo. 3E. Displacement of the maxilla when the
parallel force was applied on the first
molar.
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Photo. 4A, 4B. Maximum principal stress when the 20° downward force was applied on the first molar.

Photo. 4C, 4D. Minimum principal stress when the 20° downward force was applied on the first molar.

Photo. 4E. Displacement of the maxilla when the 20
“ downward force was applied on the first
molar.
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Table 6. Displacement of the first premolar and first molar when the protraction force was applied on the first

molar (unit:mm)

M1 M2
- X Y 7z X Y Z
P-MB -5.79x10°° -3.75x10™ 2.05x10™ 693x10° -3.19x10™ 1.49x10™
P-DB -6.44x10°° -4.02x10™ 1.34x10°* 3.07x10° -3.37x10™ 7.10x10°
M-MB -1.71x10™ -550x10™ 1.29x10™ ~1.49x107 -450x10™ 691x10°°
M-DB -3.85x10* -6.41x10™ -7.16x10°° -2.18x10™ -5.24x10™ ~1.46x10™
P-MB ; Mesiobuccal line angle of the first premolar, P-DB ; Distobuccal line angle of the first premolar,

M-MB ; Mesiobuccal line angle of the first molar, M-DB ; Distobuccal line angle of the first molar.
X ; Transeverse displacement(+ : lingual, - : buccal), Y ; Sagittal displacement(+ : posterior, - : anterior),
Z ; Vertical displacement(+ : superior, - : inferior), Directions of applied force were parallel(P1) and 20° downward(P2) to the

occlusal plane.
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-ABSTRACT-

EFFECTS OF MAXILLARY PROTRACTION ON THE DISPLACEMENT
OF THE MAXILLA

Jeong-Seok Ko, Jong-Chul Kim

Department of Orthodontics, College of Dentistry, Chonnam National University

In the orthopedic therapy, the biomechanical analysis of the appliance is necessary to get a desirable orthopedic effect.
The purpose of this study was to investigate the desirable direction and application position of the protraction force. The
protraction force of 500g was applied to the first premolar or to the first molar. The direction of force application was
paralell or 20° downward to the occlusal plane respectively. The stress distribution and the displacement within the
maxilla was analyzed by a 3-dimensional finite element method.

The findings obtained were as follows :

1. Protraction forces caused a counterclockwise rotation of the maxilla.

2. The degree of maxillary rotation was less when the force was applied 20° downward direction to the occlusal plane
than when applied to the parallel direction.

3. The degree of rotation of maxilla was greater when the paraliel force was applied to the lst premolar than when
applied to the first molar, whereas it was greater when force is applied 20° downward than at the first premolar.

In conclusion, the 20° downward protraction from the first premolar induced the least counterclockwise rotation of the
maxilla and was thought as the desirable direction and application position of the protraction force.
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