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Fig. 1. Diagram represented nodal point on PDL
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Fig. 2. Three dimensional FEM model of completed
unilateral CI T malocclusion maxillary den-
tal arch with PDL
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Fig. 8. Asymmetric head-gear made right outer-
bow 15mm shortened
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Fig. 4. Diagram of degree retracted by asymmetric
face-bow
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Table 1. Degree retracted by asymmetric face-bow

(Degree)

15mn short 80.5 73.7
25mn short 84.2 73.7
35mm short 88.0 737

o} ke 33 2oh(Fig. 4, Table 1).
Cervical retraction head-gear®] A&A] Al

Hal e gagni o)A o) g B A
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%2 06kgfATh
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@ Mesial IJ Norma! M Total

0.8

0.6f"

W

0.2

okl E A
15mm short  25mm short  35mm short

Mesially positioned tooth 0.374203 0412297 0.446858 g
Normally positioned tooth 0.264787 0.236052 0.213687
Total force 0.638%9 0.648349 0.660045

Fig.

5. Total force received both ma-
xillary 1st molars (kgf)

Table 3. Lateral force received both maxillary 1st molars (kgf)

# Mesial [J Normal

]
g
15 mm short -0.10506 0.13922 Y.
’0,0' . N v
25 mm short -9.31E-02 0.14616 15mm short  25mm short  38mm short
35 mm short -8.06E-02 0.15322 Fig. 6. Lateral force received both
maxillary 1st molars (kgf)
B Mesial O Normal
Table 4. Distal force received both maxillary 1st molars (kgf) 0.5
= 04
g 0.2 ’ I N
15 mn short 0.35415 0.2208 01y B
% mn short 039645 0.18104 158mm short  25mm short 35mm short
35 mn short 0.43405 014477 Fig. 7. Distal force received both ma-
xiliary 1st molars (kgf)
M| Mesial O Normal
Table 5. Extrusion force received both maxillary 1st molars (kgf)
15 mm short 597E-02 445E-02
15mm short  28mm short  35mm short
25 mm short 6.44E-02 3.98E-02
Fig. 8. Extrusion force received both
35 mm short 6.92E-02 350E-02 ,
maxillary 1st molars (kgf)
@ Mesial 0 Normal
Table 6. Distal tipping rceived both maxiliary 1st molars (Degree) 0.03
g o.02k"
N —
15 mm short 1.76E-02 745E-03 o )
15mm short  25mm short 38mm short
25 mm short 2.24E-02 546E-03
Fig. 9. Distal tippi received both
35 mm short 2.68E-02 3.64E-03 9. 9 stal ibping

30

maxillary 1st molars (Degree)
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Table 7. Rotation received both maxillary 1st molars (Degree)

ot
15 mm Short 1.60E-02
25 mm Short 2.05E-02
35 mm Short 2.48E-02

~195E-04

3.14E-03

6.80E-03

| BAL Ao A1 TR0 LEHE STt
| SHELO W AR RERAHE A

Degree

e o
15mm short  25mm short  35mm shert

F

. 10. Rotation received both maxi-
llary 1st molars (Degree)

o

Fig. 11. Teeth displacement when Fig. 12. Testh displacement when Fig. 13. Teeth displacement when

right outer-bow was 15mn
shortened

Table 8.
-buccal root of normally
positioned tooth when ri-
ght outer-bow was 15m
shortened (kgf/m)

right outer-bow was 25mm
shortened

Stress distribution of disto Tabie 9. Stress distribution of disto

-buccal root of normally
positioned tooth when ri-
ght outer-bow was 2bmm
shortened (kgf/mr)

right outer-bow was 35mn
shortened

Table 10. Stress distribution of disto
-pbuccal root of normally
positioned tooth when ri-
ght outer-bow was 3bmn

shortened (kgf/mr)

7.15E-(4 6.90E-04 6.10E-4

434E-04

1 1 560E-(04 492E-04 1 37RE-M4 3.08E-04 27T0E-04

2 6.79E-04 5.72E-04 521E-04 2 -3.30E-0b -651E-05 -1.03E-04 2 -6.15E-04 -6.62E-04 -T62E-04

3 -721E-05 -1L11E-04 -1.82E-04 3 -891E-04 -899E-04 -994E-(4 3 -1.63E-03 -164E-03 -1.78E-03

4 -8.15E-04 ~865E-04 -953E-04 4 -9.58E-(4 -993E-04 -1.09E-03 4 ~L.OTE-03 -111E-03 -1.23E-03

5 ~1.02E-03 -1.08E-03 -117E-03 5 -6.09E-04 -6.75E-04 -T44E-04 5 ~2.01E-04 -2.87E-04 -3.77E-04

6 -1.04E-03 -1.07E-03 -1.16E-03 6 -3.70E-04 -4.03E-04 ~4.80E-04 6 2.84E-04 2.09E-04 1.31E-04

7 -864E-(4 -8.70E-04 -961E-04 7 -8.13E-05 -1.35E-04 -1.93E-04 7 6.64E-04 552E-04 511E-(4

8 378E-04 310E-04 2.95E-04 8 T97E-04 TO0E-04 6.53E-04 8 1.20E-03 1.07E-03 9.34E-04

"—o— MAXIMUM —s— INTERMEDIATE -~ MINIMUM " —e— MAXIMUM —s— INTERMEDIATE - =~ MINIMUM ‘ —+— MAXIMUM ~#— INTERMEDIATE - MINIMUM
0002 ¢ i 0.002 \ 0.002
-, oo g 000 | g 000!
£ 0 s 0 | £ 0
-0.001 | | -0.001 -0.001
~0.002 ' | -0.002 -0.002

Fig. 14. Stress distribution of disto
-buccal root of mesially
positioned tooth when ri-
ght outer-bow was 16m
shortened (kgf/mr)

NODE

NODE

Fig. 156. Stress distribution of disto
-buccal root of mesially
positioned tooth when ri-
ght outer-bow was 2bmn
shortened (kgf/mr)

Fig. 16. Stress distribution of disto
-buccal root of mesially
positioned tooth when ri-
ght outer-bow was 3bmn
shortened (kgf/mr)
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Table 11. Stress distribution of disto
-buccal root of normally po-
sitioned tooth when right o-
uter-bow was 15mn shorten-
ed (kgf/mf)

Tab

le 12. Stress distribution of disto
-buccal root of normally po-
sitioned tooth when right o-
uter-bow was 2bmm shorten-
ed (kgf/mr)

IR AR 314 15, 20014

Table 13. Stress distribution of disto

-buccal root of normally po-
sitioned tooth when right o-
uter-bow was 35mm shorten-
ed (kof/mr)

1 1.57E-03 1.41E-03  1.25E-03 1 1.83E-03 1.63E-03 1.45E-03 1 2.06E-03 1.83E-03 1.63E-03
2 3.49E-03 3.05E-03  2.78E-03 2 4.38E-03 3.82E-03 3.48E-03 2  5.20E-03  4.54E-03  4.13E-03
3 3.35E-03 3.05E-03  2.97E-03 3 4.50E-03 4.10E-03 4.02E-03 3 5.56E-03 5.08E-03  4.99E-03
4 —1.62E-05 -2.42E-04 -4.46E-04 4 2856-04 -9.31E-06 -2.58E-04 4 5.68E-04 211E-04 -7.89E-05
5 -2.39E-03 -2.54E-03 -2.83E-03 5 -278E-03 -2.08E-03 -3.34E-03 5 -3.14E-03 -3.39E-03 -3.82E-03
6 -3.45E-03 -3.55E-03 -3.84E-03 6 —4.20E-03 -4.33E-03 -4.70E-03 6 —4.89E-03 -505E-03 -5.49E-03
7 -3.65E-03 -3.73E-03 -4.01E-03 7 _4.52E-03 -4.63E-03 -4.99E-03 7 -5.34E-03 -546E-03 -5.91E-03
8 -~1.04E-03 ~-1.16E-03 —1.34E-03 8 —1.45E-03 -1.63E-03 -1.86E-03 8 —1.84E-03 -2.07E-03 -2.35E-03
[ o~ MAXIMUM —s— INTERMEDIATE - MINIMUM | | —+— MAXIMUM —— INTERMEDIATE = MINIMUM | | —+=MAXIMUM ~s~ INTERMEDIATE - MINIMUM
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Fig. 17. Stress distribution of disto-bu- Fig

ccal root of normally position-
ed tooth when right outer-bow
was 15m shortened (kgf/mr)

Table 14. Stress distribution of palatal
root of normally positioned
tooth when right outer-bow
was 16m shortened (kgf/mr)

Table 15. Stress distribution of palatal
root of normally positioned
tooth when right outer-bow
was 25m shortened (kgf/m)

. 18. Stress distribution of disto-bu- Fig
ccal root of normally position-
ed tooth when right outer -bow
was 25m shortened {(kgf/mr)

. 19. Stress distribution of disto-bu-
ccal root of normally position-
ed tooth when right outer-bow
was 35m shortened (kgf/mr)

Table 16, Stress distribution of palatal
root of normally positioned
tooth when right outer-bow
was 35m shortened (kgf/mr)

1 285E-04 2.10E-04 1.40E-04 1 4.55E-04 3.50E-04 2.52E-04 1 6.21E-04 4.83E-04  3.56E-04
2 -538E-04 -5.79E-04 -6.31E-04 2 -6.98E-04 -7.63E-04 -8.61E-04 2 -8.49E-04 -9.38E-04 -1.08E-03
3 -1.21E-03 -1.21E-03 -1.28E-03 3 ~1.50E-03 -1.53E-03 -1.63E-03 3 -1.78E-03 -1.83E-03 -1.97E-03
4 -1.29E-03 -1.29E-03 -1.38E-03 4 -1.63E-03 -1.64E-03 -1.76E-03 4 -1.95E-03 -1.99E-03 -2.13E-03
5 -1.64E-04 -2.19E-04 -2.85E-04 5 -412E-04 -4.88E-04 -5.77E-04 5 -6.46E-04 -7.40E-04 -8.57E-04
6 3.14E-04 2.39E-04 1.95E-04 6 3.24E-04 2.42E-04  1.99E-04 6 3.35E-04 2.44E-04  2.00E-04
7 598E-04 503E-04 4.28E-04 7  8.22E-04 7.18E-04  6.40E-04 7  1.08E-03 9.20E-04  8.36E-04
8 1.88E-03 1.68E-03  1.66E-03 8  2.49F-03 2.28E-03  2.26E-03 8 3.07E-03  2.84E-03  2.83E-03
9 1.60E-03 1.46E-03 1.40E-03 9 2.11E-03 1.95E-03 1.89E-03 9 2.60E-03 2.42E-083 2.36E-03
10 9.93E-04 8.88E-04 7.88E-04 10 1.48E-03 1.34E-03 1.24E-03 10 1.94E-03 1.78E-03 1.66E-03
—— MAXIMUM —s~ INTERMEDIATE MINIMUM —— MAXIMUM ~&— INTERMEDIATE = MINIMUM —— MAXIMUM —#— INTERMEDIATE 5 MINIMUM
0.004 0.004 0.004
, 0.002 , 0002 | , 0002
8 o 8 0 4 0
&n n @
-0.002 -0.002 -0.002
-0.004 - -0.004 -0.004
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Fig. 20. Stress distribution of palatal Fig
root of normally positioned
tooth when right outer-bow
was 15mn shortened (kgf/mr)
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. 21. Stress distribution of palatal Fig
root of normally positioned
tooth when right outer-bow
was 25m shortened (kgf/mr)

. 22. Stress distribution of palatal
root of normally positioned
tooth when right outer-bow
was 35m shortened (kgf/mr)
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- ABSTRACT -

A THREE-DIMENSIONAL FEM COMPARISON STUDY ABOUT THE FORCE,
DISPLACEMENT AND INITIAL STRESS DISTRIBUTION ON THE MAXILLARY
FIRST MOLARS BY THE APPLICATION OF VARIOUS ASYMMETRIC HEAD-GEAR

Jong-Soo Kim, Dyung-Suk Cha, Jin-Won Ju, Jin-Woo Lee

Department of Orthodontics, College of Dentistry, Dankook University

The purpose of this study was to compare the force, the displacement and the stress distribution on the maxillary first
molars altered by the application of various asymmetric head-gear. For this study, the finite element models of unilateral
Cl T maxillary dental arch was made. Also, the finite element models of asymmetric face-bow was made. Three types
of asymmetric face-bow were made : each of the right side 15mm, 25mm and 3bmm shorter than the left side.

We compared the forces, the displacement and the distribution of stress that were generated by application of various
asymmetric head-gear.

The results were as follows.

1. The total forces that both maxillary first molars received were similar in all groups. But the forces that mesially
positioned tooth received were increased as the length of the outer-bow shortened, and the forces that normally
positioned tooth received were decreased as the length of the outer-bow shortened.

2. In laterai force comparison, the buccal forces that normally positioned tooth received were increased as the length of
the outer-bow shortened, and the buccal forces that mesially positioned tooth received were decreased as the length
of the outer-bow shortened. Though the net lateral force moved to the buccal side of normally positioned tooth as
the length of the outer-how shortened, both maxillary first molars received the buccal force. That showed “Archial
Expansion Effect”

3. The distal forces, the extrusion forces and the magnitudes of the crown distal tipping that mesially positioned tooth
received were increased as the length of the outer-bow shortened, and the forces that normally positioned tooth
received were decreased as the length of the outer-bow was shortened.

4. The magnitude of the distal-in rotation that normally positioned tooth received were increased as the length of the
outer-bow was shortened. But, mesially positioned tooth show two different results. For the outer-bow 15mm
shortened, mesially positioned tooth showed the distal-in rotation, but for the outer-bow 25mm and 35mn shortened,
mesially positioned tooth showed the distal-out rotation. Thus, the turning point exists between 15mm and 25mm.

5. This study of the initial stress distribution of the periodontal ligament at slightly inferior of the furcation area revealed
that the compressive stress in the distobuccal root of the normally positioned tooth moved from the palatal side tc
the distal side and the buccal side successively as the length of the outer-bow shortened.

6. This study of the initial stress distribution of the periodontal ligament at slightly inferior of the furcation area revealed
that the magnitudes of stress were altered but the total stress distributions were not altered in the mesiobuccal root
and the palatal root of normally positioned tooth, and also three roots of mesially positioned tooth as the length of
the outer-bow shortened.
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