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Fig. 1. Determination of the three dimensional reference
system.
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Occlusal Plane

Fig. 2. Definition of the labiolingual inclination of maxillary
and mandibular incisors.
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Fig. 4. Three dimensional finite element models for the maxiliary and mandibular incisors.
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Occlusal Plane

] Y

a. Genuine intrusion

Fig. 6. Types of the intrusion used in this study.
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Fig. 8. Determination of the displacement angle(8).
U2 : displacement in Y-axis
U3displacement in Z-axis
8=tan™ (U3/U2)
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Table 2. C values on each loading locations in the maxillary experimental groups

Loading

locations

WO 0 1 & T b W o =

[ T
> W o = O

15

s

MxN

0.0721
0.0464
0.0235
0.0200
0.0413
0.0669
0.0933
0.1199
0.1467
01736
0.2005
0.2274
0.2543
0.2813
0.3082

MxI0
0.3024
0.2539
0.2055
0157
0.1102
0.0658
0.0366
0.0564
0.0993
0.1461
0.1941
0.2426
0.2913
0.3401
0.38%0

Experimental groups
Mx20
0.6390
0.5718
0.5047
0.4376
0.3705
0.3035
0.2369
0.1710
0.1073
0.0539
0.0586
0.1145
0.1786
0.2446
0.3113

_ Mx30
1.0526
0.9708
0.8830
0.8072
0.7252
06432
0.5613
0.4793
0.3975
0.3158
0234
0.1538
0.0762
0.0382
0.1029

* C value means the difference of vertical displacement of the root apex and midpoint of the incisal edge(um)
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Table 3. C values on each loading locations in the mandibular experimental groups

e doallinse

w0 gl 8
0.3086 0.7199 102371 1.8069

1

2 0.2702 0.6556 1.1505 1.7018
3 0.2307 0.58% 1.0616 15937
4 0.1901 05218 0.9702 14826
5 0.1484 0.4522 0.8763 1.3686
6 0.1057 0.3810 0.7802 1.2517
7 0.0620 0.3083 06817 1.1319
8 0.0184 0.2343 0.5810 1.0094
9 0.0301 0.159 0.4781 0.8841
10 0.0763 0.0882 0.3731 0.7562
11 0.1240 0.0481 0.2662 0.6256
12 0.1727 0.0998 0.1584 0.4926
13 0.2223 0.1774 0.0563 0.3573
14 0.2729 0.2600 0.0810 0.2198
15 0.3244 0.3452 0.1913 0.083
16 0.3767 0.4322 0.3078 0.0745
17 0.4299 0.5209 0.4269 0.2147

Table 4. F values on each distal forces in the maxillary Table 5. F values on each distal forces in the mandibular

experimental groups experimental groups

. Distal foroelg) ——

2 99070

30 88821 10 87560
40 8.5650 5 04204 103220

28 | habd 20 10380 100120

% % 12000 99411

100 8.3062 30 10.1410

120 76905 % 105200

140 74417 10

150 7.4108 60

160 74208 = 121000
180 0.15875 8 12,9830
0 007621 - 1200
220 16,141

295 16.140 90 12.9800
230 16,150 % 13,0040

* F value means the difference of displacement angle of
the root apex and midpoint of the incisal edge(°)
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Fig. 9. Stress distributions on the periodontal ligament of the maxillary experimental groups during genuine intrusion.
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Fig. 10. Stress distributions on the periodontal ligament of the mandibular experimental groups during genuine intrusion.
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Fig. 11. Stress distributions on the periodontal ligament of the maxillary experimental groups during pure intrusion.
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Fig. 11. Stress distributions on the periodontal ligament of the maxillary experimental groups during pure intrusion.
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to the determined center of resistance.
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Fig. 14. Differences in moments produced by the intrusion and retraction force.
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- ABSTRACT -

The effect of labial inclination on intrusion of the upper and lower incisors
by three-dimensional finite element analysis

Dong Woo Kim”, Hoon Chul Yang?, Gi Tae Kim?, Sung Sik Kim"”, Woo Sung Son”

v Department of Orthodontics, Pusan National University
2 Department of Mechanical engineering, Pohang University of Science and Technology

This study was designed to investigate the position of anteroposterior center of resistance for genuine intrusion and the
mode of change of the minimum distal force for simultanous intrusion and retraction of the upper and lower incisors
according to the increase of labial inclination. For this purpose, we used the three—piece intrusion arch appliance and
three-dimensional finite element models of upper and lower incisors.

1. Positions of the center of resistance in upper incisors according to the increase of the labial inclination were as follows;
1) In normal inclination situation, the center of resistance was located in 6mm behind the distal surface of the lateral
incisor bracket.
2) In 10° increase of the labial inclination situation, the center of resistance was located in 9mm behind the distal surface
of the lateral incisor bracket.
3) In 20° increase of the labial inclination situation, the center of resistance was located in 12m behind the distal surface
of the lateral incisor bracket.
4) In 30° increase of the labial inclination situation, the center of resistance was located in 16m behind the distal surface
of the lateral incisor bracket.

2. Positions of the center of resistance in lower incisors according to the increase of the labial inclination were as follows;
1) In normal inclination situation, the center of resistance was located in 10mm behind the distal surface of the lateral
incisor bracket.
2) In 10° increase of the labial inclination situation, the center of resistance was located in 13mm behind the distal surface
of the lateral incisor bracket.
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3) In 20° increase of the labial inclination situation, the center of resistance was located in 15m behind the distal surface
of the lateral incisor bracket.

4) In 30° increase of the labial inclination situation, the center of resistance was located in 18m behind the distal surface
of the lateral incisor bracket.

3. The patterns of stress distribution were as follows;
1) There were even compressive stresses in and periodontal ligament when intrusion force was applied through
determined center of resistance.
2) There were gradual increase of complexity in compressive stress distribution pattern with increase of the labial
inclination when intrusion and retraction force were applied simultaneously.

4. With increase of the labial inclination of the upper and lower incisors, the position of the center of resistance moved
posteriorly. And the distal force for pure intrusion was increased until 20° increase of the labial inclination.

KOREA. J. ORTHOD. 2003 : 33(4) : 269-77

Key words : Deep overbite, Incisor intrusion, Center of resistance. Three-dimensional finite element
analysis
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