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Fig.4. Co-ordinates used for analyzing stresses
and displacements.
Table 1. Number of elements and nodal points.
Portions of the mandible Crown Root Cancellous bone Compact bone
Number of element 12 13 238 331
Total number of element 594
Total number of node 1019

Table 2. Mechanical properties of each material.

Propert s
P Young’s M°d‘§h‘s Poisson’s Ratio (V)
Material (E) (Kg/mm®)
Crown enamel 4900 0.30
Root dentin 1400 0.28
Cancellous bone 18 0.45
Compact bone 1200 0.33

molar.

0°(A)

-7°(B)

-25°(C)
Fig. 7. Directions of applied force were parallel (A), —7° (B) and —25° (C) to occlusal plane from first
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Table 3. Displacements and principal stresses in mandibular teeth by pulling direction.

Area X (mm) Y (mm) Z (mm) Principal stress (g/mm?)
. A | 048x10% | —073x 107 | 026x107° 1.12
1 B | 064x10% | —0.11x107} 0.20x 1073 0.53
C | 099x10% | —0.20x 107! 0.56x 107 0.51
. A | 048x107% | —0.74x 1072 | 040x 107" 0.99
2 B | 073x10% | —0.11x 107! 0.32x107 0.69
C | 012x10!' | —0.22x 107! 0.12x107? 0.30
o A | 049x107 | —076x 107 | 0.12x 107 1.60
3 B | 0.73x102 | —0.12x 107t 0.11x 1073 1.18
C | 012x10!' | —0.23x 107! 0.11x 1073 0.83
. A | 050x107 | —0.77x107% | 0.27x 107 3.03
4 B | 075x107% | —0.12x 107t 0.27x 1073 2.08
C | 013x107' | —024x 107! 0.25x 1073 1.48
. A | 051x107 | —083x10% | 0.49x 107 7.07
5 B | 0.78x107% | —0.13x 107! 042x 1073 5.98
Cc | 013x10!'{ —025x10" | 0.39x 1073 485

A | 053x10?% | -087x10? 0.18 x 1072 + 8.88 ~13.73

Crown B | 079x102 | —0.14x 107! 0.17 x 1072 + 7.16 ~13.57

C | 013x10' | —0.25x 107! 0.14x 1072 + 425 —12.56

B A | 054x10% | —091x1072 | 049x 107 +25.16 —18.63

6 M B | 080x10% | —0.14x 107! 0.47x 1073 +27.16 —14.02

C | 0.14x107" | ~0.27x 107! 041x1073 +15.15 ~12.79

Root A | 054x10?% ] —092x102% | 0.61x1073 + 4.70 -19.33

D B | 080x10?% | —0.15x 107! 048 x 1073 + 4.47 —18.89

C | 0.14x107' | —0.29x 107! 0.46 x 1073 + 3.87 —16.59

Amount of the applied force was 450 gm.

i
t

Directions of applied force were parallel (A), -7° (B)and ~25° (C) to occlusal plane from first molar.

Principal stress; ( ):duofzt, (B : FAg)
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Table 4. Displacements and principal stresses in alveolar and body portion of the mandibular teeth by

pulling direction.

Area X (mm) Y (mm) Z (mm) Principal stress (g/mm?)
- A | 060x107% | -0.89x107% | 0.14x 107 0.48 '
1,2 B | 0.09x10" | -0.14x 107} 0.13x 1073 0.99
C | 016x107 | -0.28x10™ 0.12x 1073 2.30
Alveolar A | 063x102% | -090x 1072 0.18x 1073 3.39
345 B | 009x10! | —0.15x 107 0.25x 1073 3.25
portion C |017x107! | -0.29x 107! 044x 1073 2.91
. A (065x102 [ -094x107% | 041x1073 6.46
6 B | 009x10! | —0.15x 10! 043x 1073 6.77
C |017x10! | ~0.30x 107! 044 x 1073 5.78
o A |050x10 | -0.76x 1072 | 0.18x 107 1.05
1,2 B |076x10% | —0.12x 10! 0.08x 1075 1.18
C |013x10! | —0.23x 107! 0.18x 1075 1.19
Body A 1053x102% | ~0.79x 1072 0.24x 1073 1.10
345 B 10.78x107% | ~0.12x 10! 0.11x10°% 1.11
portion C |013x10! |—-0.23x107 0.10x 1074 1.15
. A |059x107 | -085x10 | 0.08x 107 1.61
6 B |088x10% | —0.13x10"' | 0.10x1073 1.52
Cc |015x10' | —0.26x 107! 0.11x1073 1.51

Amount of the applied force was 450 gm.

Directions of applied force were parallel (A), -7° (B) and —25° (C) to occlusal plane from first molar.

Table 5. Displacements and principal stresses in the ascending ramus by pulling direction.

Area X (mm) v Y (mm) Z (mm) Principal stress (g/mm?)
A} 019x10% |-0.25x107° 0.56 x 1073 2.54
Upper B| 029x102% |-035x 1073 0.71 x 1073 11.69
Cc| 052x102% |-059x10°3 0.10x 1072 32.04
A| 030x102% |-031x1073 0.74 x 1073 0.58
Middle B | 046x10% |-042x 1073 0.94x 103 5.06
Cc| 083x102% |-067x107° 0.13x 1072 11.27
A| 041x10% | -037x1073 0.84x 1073 0.32
Lower B | 063x10% |-050x1072 0.10x 1072 1.59
Cc| 011x10! |-080x 1073 0.16 x 1072 4.48

Amount of the applied force was 450 gm.

Directions of applied force were parallel (A), ~7° (B) and —25° (C) to occlusal plane from first molar.




Table 6. Displacements and principal stresses in the coronoid process by pulling direction.

Area X (mm) Y (mm) Z (mm) Principal stress (g/mm?)
A | -054x10° ~0.49x 1072 0.28x 1073 0.26
Anterior B | -088x1073 ~0.75x 1072 0.17x 1073 0.34
Cc | -0.17x107? ~0.13x 107! |-0.10x 1073 0.57
A | -054x1073 ~0.39x 1072 0.29x 1073 0.35
Middle B | -0.89x107° —0.60x 1072 0.19x 1073 0.56
c | —056x107? —0.18x 1072 |-0.88x 10™ 1.73
A | —-053x107% | —0.26x 1072 0.28x 1073 1.32
Posterior B | —-089x1073 ~0.39x 1072 0.20x 1073 2.95
C | —0.17x1072 —0.72x 102 | -0.30x 107* 10.97

Amount of the applied force was 450 gm.

Directions of applied force were parallel (A), _7° (B) and —25°(C) to occlusal plane from first molar.

Table 7. Displacements and principal stresses in the condyle head and neck by pulling direction.

Principal stress (g/mm?)

Area X (mm) Y (mm) Z (mm)
(¥)maximum | (—)maximum

A | -0.15x%x1073 ~0.62x 1073 | —0.51x 107% +18.20 — 3.46

Anterior B | -0.26x 1073 —0.94x10% | —097x 10°% +27.84 — 6.83
C | —-0.14x 1073 —0.17x10°% | -0.12x 1073 +58.06 —12.34

A | -023x 10 0.16 x 1074 | —0.15x 107 +10.26 —15.81

outer B | —-0.73x107* 0.13x107* | —0.53x 107%| +14.87 -19.20

Middle C | -0.19x107° 0.45x107° | —0.14x 107*|  +29.83 —32.37
A | -0.13x1073 —0.20x 1073 | —0.24x 107° + 7.58 -17.75

inner B | -0.18x 1073 -0.30x 1073 | —0.54x 107 + 5.26 -23.79

c. | -028x1073 —0.54x107° | —0.12x1073]  +19.00 —44.56

A | —012x107* 0.17x10% | —0.98 x 1675 + 7.51 —18.27

Posterior B | -0.19x 107 025x10% | —0.15x 107 + 9.87 ~27.22
c | —035x10™* 044x107% | —0.27x107%| +18.69 —46.57

Amount of the applied force was 450 gm.

Directions of applied force were parallel (A), -7° (B),and —25° (C) to occlusal plane from first molar.
Principal stress; (+): tension, (~): compiession.




Table 8. Displacements and principal stresses in the mandibular angle by pulling direction.

Area X (mm) Y (mm) Z (mm) Principal stress (g/mm?)
A |0.27x107? —0.52x10% | 0.50x 103 5.82
Retromolar B [0.40x107° -0.80x107% | 0.55x 1073 4.14
C [071x10% | —0.14x107! | 0.63x 1073 6.00
A |047x10? -0.36x 1072 | 0.67x 1073 0.09
Middle B |0.71x107? -0.55x107% | 0.86x 1073 0.09
C {0.13x10! -0.99x107% | 0.12x 1072 0.12
A |052x1072 -0.59x 10 | 0.88x 1073 0.60
Gonial B |079x107? -0.83x 107 [ 0.11 x 1072 1.23
C |0:14x10™ —0.14x 102 [ 0.18x 1072 1.24

Amount of the applied force was 450gm.

Directions of applied force were parallel (A), _7° (B) and —25° (C) to occlusal plane from first molar.
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— ABSTRACT -

A FINITE ELEMENT ANALYSIS OF THE DISPLACEMENT AND STRESS
DISTRIBUTION OF HUMAN DRY MANDIBLE DURING THE MANDIBULAR
FIRST MOLAR CERVICAL TRACTION

Eui-Young Ahn, D.D.S., M.S.D., Kyu-Rhim Chung, D.D.S., M.S.D., Ph.D.

Department of Orthodontics, College of Dentistry,
Kyung Hee University.

This study was undertaken to analyze the displacement and stress distribution in the mandible
according to the pulling directions during mandibular first molar cervical traction after mandi-
bular second molar extraction.

The 3-dimensional finite element method(FEM) was used for a mathematical model com-
posed of 594 elements and 1019 nodes.

An orthodontic force, 450 gm, was applied to the each mandibular first molar in parallei,
and below the occlusal plane by 7° and 25° and meet the midsagittal plane by 40° toward poster-
ior direction.

The results were as follows:

1. Mandibular teeth were displaced in more downward, posterior and lateral direction. Especi-

ally high stress was noted in case of parallel pull than in case of below the occlusal plane by
7° and 25°,
Mandibular first molar was moved bodily.
Generally, alveolar bone, mandibular body, ascending ramus and mandibular angle portion
were displaced in downward, posterior and lateral direction. But coronoid process was
displaced in downward, forward and lateral direction, and anterior and inner middle portion
of condyle head and neck were displaced in downward, forward and medial direction, and
posterior and outer middle portion of condyle head and neck were displaced in upward,
forward and medial direction.

4. Maximum stress was observed at the condyle head and neck portion. With steeper direc-
tion of force, condyle head and neck showed more stress than parallel relation to the oc-

clusal plane.
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