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a. Pure intrusion b. Genuine intrusion
Ri1. Re : The center of resistance of before and after intrusion

Fig 1. Type of intrusion.
a. Pure intrusion: Translational intrusion of teeth along
their long axes.
b. Genuine intrusion: Intrusion of teeth, maintaining par-
allelism of their axial inclination.

gt ZFE ARSI 2ol AlXFe] Fx3) A
3 MagoldZe] 27 A4S ATk 150-200 gm
9] o] AFPHe] HAE et o M|t
TR Fotod Fxs AL 719 4-olgtn sttt
o]re] Ao} gtetA] Y i) o} ¢l 2H8-o]

AE 599 &9 AFFHol vehdtis AdA, &
s-rdol 4ot =7 Bt e3¢ Aoz Hlrh o
278 AE 7Ix = A= FAF- anchorage?} <%
stk @"ﬂ AN A HET 2E FAEo] YRR

Melsen”& 2o} 5-10 gmA 9] w|<k3t gtate] &
A A&t T

EA| 9 o]F Halo] AgFAd Wit §le] HHaF
A o] AF I wj el o]H AFE ¢
Al GYRo}Pgt theote] ZEAQ] AE
B x5 ARsAY, Ax Axze A2g 4
o] W& segmented arch mechanics 28] A &=
912 wgdP2 o Zal] 9@ Aol 2, ¢t
T AFANEE AT ded £33 A
(genuine intrusion) .t X|opgEweko 29 ¢t
(pure intrusion)7} 87 7] o] & TrbAI#E ] A
fo] Bastth 274 A /M AAsAte] ot
AX A pure intrusions 3 AFH LA A o]
34 e AxE i%ol W3te] g gAY HA,
ket sheA FwkelE A7AgIAlele] A
3 dAte AY sie AAolth



Vol. 31, No. 2, 2001. Korea. J. Orthod.
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Fig 2. Three-piece intrusion arch appliance for simultaneous
intrusion and distal traction.

Table 1. Mechanical properties for the structural elements

>
A

Young's

Material Modulus(kg/mmr?) Poisson’s ratio
Tooth 20x10° 0.3
Periodontal ligament 68x10° 049
Alveolar bone 14x10° 03
Bracket 21.4x10° 03
Wire 214x10° 03
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Case 4

Fig 4. The model of teeth, periodontal ligament, wire, and bracket according to alveolar bone loss in maxillary 2
anterior teeth group.
1) Gmm alveolar bone loss{case 1)
3) 4mm alveolar bone loss(case 3)

2) 2mm alveolar bone loss(case 2)
3) 6mm alveolar bone loss(case 4)
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Case 1

Case 3 Case 4
Fig 5. The model of teeth, periodontal ligament, wire, and bracket according to alveolar bone loss in maxillary 4
anterior teeth group.

1) Omm alveolar bone loss(case 1)

2) 2mm alveolar bone loss(case 2)
3) 4mm alveolar bone loss(case 3)

4) 8mm alveolar bone loss(case 4)

Case 2
Case 1

Case 3 Case 4

Fig 6. The model of teeth. periodontal ligament, wire, and bracket according to alveolar bone loss in maxillary 6
anterior teeth group.

1) Omm alveolar bone loss(case 1)

2) 2mm alveolar bone loss(case 2)
3) 4mm alveolar bone loss(case 3)

4) 6mm alveolar bone loss(case 4)
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Fig 7. The arrangement of loading locations
A. 2 anterior teeth group

glof| whel FHAJNHE 5
Z7MA A% syt ALt He
Tt o] & o] &3l X 2T Eold
A, £37A A Agte] FaaA :
x| obze] 44515 27]: Burstone” o] AAE ¢
Al AR n3E e Fu2 stHen, 5 A=
who| A Euto g AHUE MIE Fostrh

il
-
p‘h
pach
v
@k Nl )

D A AZF EoldA 7t Aot A% T4

ol ApolMe &8 AGFA T A
Aolrt A& AAEE FAE A o] FdvheE A &
A3 Bl sloto] play7h §le & /9] Axng 42
A Rez 7MiM FHE AZFAAN AFFAY
F37 & 285 A4 74 X ok Aot A
g 279 24 W97 M 2A AR e
2 sk

FAsk5o] g xole] 532 WS 2] 9
3 7 xole] At T o wFEAI} X ZH HHE
A etel S FIEE gk 7t Xote] HAgd
Z} MOE E1(4e £4X), E20%4< &4X), E3(%
of AAE, 2P £2 HAE ALY F4EA),
A2(%et 242), A3(e ARe} etar, 7 kg3l
i3 E1, B2, E3, Al, A2, A39] & FalA, 43l
A& FAld g 3 gl FAE A8 F sk
A olgl g Cl, C2, C3& A (4 1) 74 e &
d AR JEHS REE FrkFig 8.

O 2432 Cl=2x V (El — A1)?
@ 4332 C=2x V (E1— A1)+ (E2— A2)®
® 6442 C32x V (El — A%+ (F2— A2)*+ (E3— A3)% (1)

214

B. 4 anterior teeth group

CRRWAA 314 25, 20014

C. 6 anterior teeth group

The vertical displacement
of apex(A)

N

The vertical displacement
- of coronal site(E)

Fig 8. The analysis method to find the center of resi-
stance of each teeth group in normal alveolar
bone height.

With application the vertical intrusive force to the
center of resistance of teeth, testh will move
maintaining parallelism of the axial inclination.
So the displacement of incisal edge or cusp
tip(E) is equal to the displacement of root apex
(A) of anterior teeth in vertical direction.
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Fig 9. The analysis method of the change of vertical

intrusive loading location, distal traction force
for pure intrusion in each teeth group.
For translational intrusion of teeth along their
long axes. other two directions(x. y coordinate)
without vertical direction(z axis) displacement is
to be minimal in incisal edge or cusp tip and
root apex of each anterior testh group.

The displacement point of
coronal slte(p,q)

The moment of intrusion force

Distal traction force

The moment of distal traction jr

Fig 10. The condition for pure intrusion
The moment of intrusion force must be equal to
the moment of distal force.

L A

AzZ Eold e 7 24RIE UE F(Fig
11) pure intrusione g Z24-& F317] Slsf HA
A4 XN2EF ZoldA9 three-piece base arch
appliance®] AFZA FHAAY oiA| £7 3
24 YA E C3F P 7|22 3to] TRt o
T A AL 93 2T A 2 T
AL Pt M3tE 7|22 A AL THTable 2-6). @}
mo 7 XZF G g AgF4e £ A, 5
= 91z Wzle] FAAAE kFE 7122 e
tH(Table 7).

_‘

R

of

215



51218, 224

40
0

CHXNLAAl 31H 25, 20014

Table 2. C measurements of each loading locations of each testh group

Loading  locations
2 anterior teeth group

4 anterior teeth group

Teeth group

6 anterior teeth group

0.000548
0.000506
0.000464
0.000409
0.000513
0.000599
7 0.000714

=2 & B O O R R

0.000623 0.003311
0.000620 0.002392
0.000609 0.002311
0.000611 0.002078
0.000624 0.001143
0.000701 0.001237
0.000717

* C measurements show the difference of the vertical displacements of root apex(A) and coronal site(E).

Table 3. P measurements at each loading locations for pure intrusion of each teeth group

Loading  locations
‘ 2 anterior teeth group

Teeth group

4 anterjor teeth group 6 anterior teeth group

1 0.009453
2 0.008515
3 0.007116
4 0.007254
5

0.007951 0.008438
0.007211 0.007771
0.006945 0.007255
0.007098 0.007069

0.007887

* P measurements show the sum of the two directions(x, y axis) displacement without vertical direction(z axis)
displacement in incisal edge or cusp tip and root apex of each anterior teeth group.
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X|ZE A0 M2 three-piece base arch applianceE 0|8t
A

APEAIX| 5 intrusionOil TSt 3xH FSLAHE 6T

Table 4. According to the change of distal force. P measurements at 2mm alveolar bone loss in each teeth
group(Vertical intrusion force and loading location are fixed.)

The increment Teeth group
Dista(l) fforce 2 anterior teeth group 4 anterior teeth group 6 anterior teeth group

1. 5g 0.044252 0.050563 0.077879
2. 10gm 0.044721 0.051503 0.079242
3. 15gm 0.050092 0.052339 0.074816
4. 20gm 0.054967 0.057323 0.076173
5. 25gm 0.057352 0.062539 0.081524
6. 30gm 0.061178 0.065143 0.086431
7. 3ogm 0.068247 0.069835 0.089837
8. 40gm 0.070000 0.074159 0.091551
9. 45gm 0.071192 0.077516 0.096236
10. 50gm 0.075727 0.083126 0.100346

Table 5. According to the change of distal force, P measurements at 4mm alveolar bone loss in each teeth group
(Vertical intrusion force and loading location are fixed.)

The increment

Teeth group
of
Distal force 2 anterior teeth group 4 anterior teeth group 6 anterior teeth group

1. 5g 0.0674% 0.080245 0.124137
2. 10gm 0.067403 0.080018 0.112392
3. 15gm 0.069521 0.083592 0.108283
4, 20gm 0.074747 0.087727 0.134148
5. 25gm 0.078351 0.092931 0.169837
6. 30gm 0.081247 0.095738 0.172879
7. 35gm 0.083960 0.097516 0.173532
8. 40gm 0.087137 0.100200 0.175125
9. 45gm 0.091132 0.104786 0.178293
10. 50gm 0.095517 0.106067 0.181972

1. 2mm X2 F 349 A% 2 WAL, 4 AAZ
T 5gmoll A, 6 AR 15gmel A HA& P gk
2 A=

2. 4dmm X Z2F A9 BF 2 AAZ, 4 AAE L B
& 10gmell A, 6 AXFE 15gmolA s P g
YeRI AT

o rlo
£

Z 15gmollA], 6 AT BgmollA] 4 P @&

YER ATt

Pure intrusion® 93+ PA< 342 3= 7 X0}
79 FHALYE L 2 F 2T A = wet F
bt o, 2 AX T3 4 AXFe] Tz )
3l 6AA e Y] 2T FFFEER, 4

6mm)ell “F#glol ZA et
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Table 6. According to the change of distal force, P measurements at 8mm alveolar bone loss in each teeth group
(Vertical intrusion force and loading location are fixed.)

The increment Teeth group
Distacl) fforce 2 anterior teeth group 4 anterior teeth group 6 anterior teeth group

1. 5g 0.088783 0.114972 0.204062
2. 10gm 0.088021 0.112438 0.198521
3. 15gm 0.087848 0.108438 0.197623
4. 20gm 0.088352 0.114442 0.192164
5. 25gm 0.090370 0117292 0.188529
6. 30gm ) 0.092635 0.119369 0.190307
7. 3d5gm 0.095974 0.121477 0.196781
8. 40gm 0.098277 0.124518 0.208160
9. 45gm 0.10118 0.126273 0.217556
10. 50gm 0.104412 0.129931 0.202771

* P measurements show the sum of the two directions(x, y axis) displacement without vertical direction(z axis)
displacement in incisal edge or cusp tip and root apex of each anterior teeth group.

Table 7. According to alveolar bone loss. k values in each teeth group

The axfnount k values in each teeth group
o
alveolar bone loss 2 anterior teeth group 4 anterior teeth group 6 anterior teeth group
2mm 06631 0.5663 0.6163
4mm 0.8663 0.6631 0.6163
6mm 1.0663 0.7663 0.7163

ch. 2t ROR2UIM X122 &0 [IE kelQl Higt

(Table 7)
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¢c. 4mm alveolar bone loss
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Fig 11. According to alveolar bone loss. the finite element model of teeth, periodontal ligament and alveolar bone.
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- ABSTRACT -

Three-dimensional finite element analysis on intrusion of upper
anterior teeth by three-piece base arch appliance
according to alveolar bone loss

Man-Hee Ha, Woo-Sung Son

Department. of Orthodontics, College of Dentistry, Pusan National University

At intrusion of upper anterior teeth in patient with periodontal defect, the use of three-piece base arch appliance for
pure intrusion is required. To investigate the change of the center of resistance and of the distal traction force according
to alveolar bone height at intrusion of upper anterior teeth using this appliance, three-dimensional finite element models
of upper six anterior teeth, periodontal ligament and alveolar bone were constructed.

At intrusion of upper anterior teeth by three-piece base arch appliance, the following conclusions were drawn to the
locations of the center of resistance according to the number of teeth, the change of distal traction force for pure intrusion
and the correlation to the change of vertical, horizontal location of the center of resistance according to alveolar bone loss.

1. When the axial inclination and alveolar bone height were normal, the anteroposterior locations of center of resistance
of upper anterior teeth according to the number of teeth contained were as follows :
1) In 2 anterior teeth group, the center of resistance was located in the mesial 1/3 area of lateral incisor bracket.
2) In 4 anterior teeth group, the center of resistance was located in the distal 2/3 of the distance between the bracket
of lateral incisor and canine.
3) In 6 anterior teeth group, the center of resistance was located in the central area of first premolar bracket.
4) As the number of teeth contained in anterior teeth group increased, the center of resistance shifted to the distal side.
2. When the alveolar bone height was normal, the anteroposterior position of the point of application of the intrusive force
was the same position or a bit forward position of the center of resistance at application of distal traction force for
pure intrusion.
3. When intrusion force and the point of application of the intrusive force were fixed, the changes of distal traction force
for pure intrusion according to alveolar bon loss were as follows :
1) Regardless of the alveolar bone loss, the distal traction force of 2, 4 anterior teeth groups were lower than that of
6 anterior teeth group.
2) As the alveolar bone loss increased, the distal traction forces of each teeth group were increased.
4, The correlations of the vertical, horizontal locations of the center of resistance according to maxillary anterior teeth
groups and the alveolar bone height were as follows :
1) In 2 anterior teeth group, the horizontal position displacement to the vertical position displacement of the center of
resistance according to the alveolar bone loss was the largest.
As the number of teeth increased, the horizontal position displacement to the vertical position displacement of the
center of resistance according to the alveolar bone loss showed a tendency to decrease.
2) As the alveolar bone loss increased, the horizontal position displacement to the vertical position displacement of the
center of resistance regardless of the number of teeth was increased.

KOREA. J. ORTHOD. 2001 : 31(2) : 209-23

# Key words : Alveolar bone loss, Three-piece base arch. The intrusion of upper anterior teeth. A
three-dimensional finite element analysis
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