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Fig 1. Three dimensional finite element models and coordination system. A, Mandibular 4 anterior teeth model; B,
mandibular 6 anterior teeth model. X, bucco-lingual (+) lingual, (—) buccal direction; Y, anterio-posterior (+) anterior,
(—) posterior direction; Z, superio-inferior (+) superior, (—) inferior direction.
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Table 2. Position of hooks and miniscrews for intrusion
of 4 incisors segment

. Position of
Position of hook .
miniscrew

1] 1
2112
32 2,
32 2

Condition 1A
Condition 1B
Condition 1C
Condition 1D

1] 1
21[12
32 2,
21[12

Table 3. Position of hooks and miniscrews for intrusion
of 6 anteriors segment

. Position of
Position of hook .
miniscrew

Young’s modulus  Poisson’s

(g/mm?) ratio
Periodontal ligament 50E + 00 0.49
Alveolar bone 20E + 05 0.30
Teeth 20E + 06 0.30
Stainless steel 20E + 07 0.30

Condition 2A
Condition 2B
Condition 2C
Condition 2D
Condition 2E
Condition 2F

T[T
RAIRCE
327 33
43130
RS
ERARKS

T[T
212
32733
43 34
EXRIER
EXRIERY
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(1A) (1B)

(1C) (1D)

Fig 2. Force vectors for intrusion of 4 incisors segment.
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(2E) (2F)

Fig 3. Force vectors for intrusion of 6 anteriors segment.
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Table 4. Amount of displacement of 4 anterior teeth along each axis (mm)

Condition 1A

Condition 1B

Condition 1C Condition 1D

X axis”

CI Incisal edge 0.00061
Apex —0.00168

LI Incisal edge —0.00444
Apex 0.00315

Y axis’

CI Incisal edge 0.05632
Apex —0.02907

LI Incisal edge 0.04947
Apex —0.02339

7 axis’

CI Incisal edge —0.03414
Apex 0.00146

LI Incisal edge —0.02791
Apex 0.00390

—0.00785

—0.01145

—0.02476

—0.023%4

—0.03026

—0.03020

—0.01526 —0.00208
0.00433 0.00675 0.00211
—0.05738 —0.00268
0.00606 0.02713 0.00214
0.04924 0.03879 0.01583
—0.01694 —0.01186
0.04758 0.03057 0.01796
—0.01799 —0.01151
—0.02122 —0.01565
0.00152 0.00355 —0.00378
—0.03661 —0.01439
0.00245 —0.00271 —0.01466

CI, Central incisors; LI, lateral incisors. ‘Bucco-lingual (+) lingual, (—) buccal direction; TAnten'ofposten'or (+)

anterior, (—) posterior direction; T Superio-inferior (4) superior, (—) inferior direction.
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Fig 4. Von Mises stress distribution in periodontal ligament of 4 anterior teeth by intrusion force (g/mmz) - Red color
means high stress distribution and blue color means low stress distribution.
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Fig 5. 100 times magnification of axis change of 4 anterior teeth.
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Table 5. Amount of displacement of 6 anterior teeth along each axis (mm)

Condition 2A  Condition 2B Condition 2C Condjtion 2D Condition 2E Condition 2F

X axis”
CI Incisal edge 0.00139 —0.00037
Apex —0.00407 0.00257
LI Incisal edge 0.00193 0.00041
Apex —0.00026 0.00096
C Incisal edge —0.01197 —0.01168
Apex 0.00625 0.00589

Y axis’
CI Incisal edge 0.06371 0.05227
Apex —0.03571 —0.02877
LI Incisal edge 0.05533 0.05073
Apex —0.02468 —0.02479
C Incisal edge 0.03463 0.03474
Apex —0.01762 —0.01773

7 axis'
CI Incisal edge —0.04309 —0.03801
Apex —0.00183 —0.00389
LI Incisal edge —0.03364 —0.03249
Apex —0.00040 —0.00069
C Incisal edge —0.02136 —0.02206
Apex 0.00550 0.00482

—0.01107 —0.00675 —0.00013 —0.00194
0.00549 0.00281 0.00065 0.00196
—0.01749 —0.02971 —0.00045 —0.00465
0.01061 0.01218 —0.0004 0.00475
—0.02174 —0.05710 —0.00110 —0.00680
0.01118 0.03198 0.00064 0.00388
0.03147 0.01836 —0.00441 —0.00434
—0.01657 —0.00753 —0.00369 —0.00305
0.03355 0.02088 —0.00299 —0.00028
—0.01590 —0.00832 —0.00419 —0.00484
0.03765 0.02470 —0.00235 0.00366
—0.02130 —0.01642 —0.00255 —0.00706
—0.02305 —0.01136 —0.00449 —0.00575
—0.00186 0.00010 —0.00474 —0.00604
—0.02892 —0.01955 —0.00510 —0.00934
—0.00366 —0.00038 —0.00461 —0.00592
—0.02982 —0.03692 —0.00553 —0.01271
0.00218 —0.00551 —0.00519 —0.00625

ClI, Central incisors; LI, lateral incisors; C, canines. ‘Bucco-lingual (+) lingual, (—) buccal direction; T Anterio-

posterior (4) anterior, (—) posterior direction; ' Superio-inferior (+) superior, (—) inferior direction.
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Fig 6. Von Mises stress distribution in periodontal ligament of 6 anterior teeth by intrusion force (g/mmz) - Red color
means high stress distribution and blue color means low stress distribution.
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Fig 8. Von Mises stress distribution in the periodontal ligament of Condition 2E before A and after B the application
of large deflection theory. Red color indicates area of high stress and blue color, area of low stress. The difference
is negligible.
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ORIGINAL ARTICLE

3-D FEA on the intrusion of mandibular anterior

segment using orthodontic miniscrews

Hyun-Kyung Park, DDS, MSD," Eui-Hyang Sung, DDS, MSD," Young-Soo Cho, PhD"
Sung-Seo Mo, DDS, MSD, PhD,” Youn-Sic Chun, DDS, MSD, PhD,d
Kee-Joon Lee, DDS, MSD, PhD*

Objective: The purpose of this study was to analyze the stress distribution and the displacement pattern of man-
dibular anterior teeth under various intrusive force vectors according to the position of orthodontic miniscrews
and hooks, using three-dimensional finite element analysis. Methods: A three-dimensional finite element model
was constructed to simulate mandibular teeth, periodontal ligament, and alveolar bone. The displacement of in-
dividual tooth on three-dimensional planes and the von Mises stress distribution were compared when various
intrusion force vectors were applied. Results: Intrusive forces applied to 4 mandibular anterior teeth largely re-
sulted in remarkable labial tipping of the segment according to the miniscrew position. All 6 mandibular anterior
teeth were labially tipped and the stress concentrated on the labiogingival area by intrusive force from miniscrews
placed mesial to the canine. The distointrusive force vector led to pure intrusion and the stress was evenly dis-
tributed in the whole periodontal ligament when the hook was placed between the central and lateral incisors
and the miniscrew was placed distal to the canine. Conclusions: Within the limits of this study, it can be con-
cluded that predictable pure intrusion of the 6 anterior teeth segment may be accomplished using miniscrews
placed distal to the canine and hooks located between the central and lateral incisors. (Korean J Orthod
2011;41(6):384-398)

Key words: Miniscrew, Three-dimensional finite element analysis, Mandibular anterior segment intrusion,
Stress distribution
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