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Figure 1. Intra-oral photo of the initial leveling and alignment
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Figure 2. Setting point for tooth Figure 3. Cutting line for teeth &

normal degree to Y axis of tooth

Figure 4. Explanation of coordinate and degree

a. (X, Y, Z) coordinate b. torque to reference plane of tooth (a value)



2) BAA

014" I8 Ni-Ti &4, Ao}, A2z =4A= FFaes 4 Z=2a9d
ANSYS(ANSYS, Canonsburg, PA, USA)olA AAE 3 Tanne 567 & T79
ATollA W2 %S ol &t Wit 28 7 FAHeLE $W, T2 A

g Az 7HAste] fF3e s S A3 S AT (Table 1).

Table 1. Mechanical properties

Young's modulus ) , .
Poisson’s ratio

(kKN/mm?)
alveolar bone 2 0.30
teeth 20 0.30
Ni-Ti 60 0.30
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(Kyunggi-do, Sungnam City, Korea)S A}8-3}%] tapered beam & frame element
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(1) Overview(Fig 5)

o},

Figure 5. Finite element model

D Teeth (White)
@ Archwire (Black)
@ Bone (Green)

@ Bracket (Blue)
©® Ligament (Red)



(2) Teeth (White)

Figure 6. Teeth element



(3) Archwire(Black)

Figure 7. Archwire element

(4) Bone(Green)

Figure 8. Alveolar element



(5) Bracket (Blue)

®oe 0"

LT FY 1

Figure 9. Bracket element

(6) Ligament (Red)

Figure 10. Ligament element
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5) frgta s sfiAoll A e =7 F3(local coordinate)

FEaLlEs siAS &olatA st el ZAzte] g4vid =3 #HE
(local coordinate)”} Aot £ AFddA= BepAle] IXE A ote] HAd(normal)
o ®7) Wi bracketd] dtES IE HAEE HI)Z STHFig 11).

Fz

Fx

Fy

Fy

crown Fz

Figure 11. Local coordinate of finite element model

*Fx value: Labio-Lingual force : (+) buccal direction, (-) palatal direction

*Fy value, Fz value: shear force(lateral force)

349 99 2 #9 8h H4

—_

) BT BEple & 29 Aol

2 AFeAe & 2319 Aolg F AR A3
B slote]l F&EHo, ¥ BEple] wue FEe] 1A A H(fixed
boundary)¢] == H37|2 Gt F WAlE FAo] HeEpl9] sloteho] A

fr

HAls 4ol

pd
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TEEA RES st A% HEplo] W= FES 8 AR(roller

boundary)©. 2 g oJst7|Z &3t

2) W9 sh&(Displacement Load)
2 dFdMe 75 2000 wE XEY 27 WE FFS Lotry] SlsiA
AKX Y, 2)9 7P BEE WE 245 Bl ZEle stes ¢

0
ofR7IZ Stk e 3 We FAC] diE AITol st TEAS
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m. 923

1. 89 3F A2 A% 7132 H gk(Table 2)

Table 2. Virtual displacement value of center coordinate of each tooth(mm)

(Node: three points for each tooth)

tooth upper left upper right

Node dX dY dz Node dX dY dZ

1161 -0.17 5.60 1.61 2161 0.17 5.60 1.61

ClL 1162 -0.14 5.82 1.61 2162 0.14 5.82 1.61

1163 -0.12 6.04 1.61 2163 0.12 6.04 1.61

1261 4.14 7.88 -0.90 2261 -4.14 7.88 -0.90

LI 1262 3.97 752 -0.90 2262 -3.97 7.52 -0.90

1263 3.81 7.16 -0.90 2263 -3.81 7.16 -0.90

1361 1.00 0.79 0.70 2361 -1.00 0.79 0.70

C 1362 1.00 0.79 0.70 2362 -1.00 0.79 0.70

1363 1.00 0.79 0.70 2363 -1.00 0.79 0.70

1461 1.31 -0.79 -1.47 2461 -1.31 -0.79 -1.47

PM1 1462 1.36 -0.47 -1.47 2462 -1.36 -0.47 -1.47

1463 141 -0.14 -1.47 2463 -141 -0.14 -1.47

1561 0.21 0.04 -1.32 2561 -0.21 0.04 -1.32

PM2 1562 0.31 0.04 -1.32 2562 -0.31 0.04 -1.32

1563 0.41 0.05 -1.32 2563 -0.41 0.05 -1.32

1661 0.16 0.05 0.48 2661 -0.16 0.05 0.48

M 1662 0.08 0.03 0.48 2662 -0.08 0.03 0.48

1663 0.00 0.00 0.48 2663 0.00 0.00 0.48

(CL: Central Incisor, LI: Lateral Incisor, C.: Canine, PM1: First Premolar,

PM2: Second premolar, M: Molar)

_13_



2. 34 A

1) 4 A Z@A BEple] A= 515 (Table 3, Figure 12)

Table 3. Load & Moment on upper left brackets
at the fixed boundary condition(kN, 1kN=100kgf)

tooth element F-x F-y F-z Mo.-x Mo.-y Mo.-z
10101 0.251 -2.449 0.654 -0.001 0.328 -1.237
CL 10102 0.124 0.068 0.267 0.001 0.134 0.034
10103 -0.030 2.580 -0.116 0.058 -0.050 1.306
10201 0.055 -4.087 -0.069 0.019 0.002 -2.007
LL 10202 0.113 -0.018 0.280 -0.001 0.140 -0.009
10203 0.226 3.974 0.474 -0.009 0.259 2.001
10301 -0.031 0.061 0.018 -0.019 0.015 -0.064
C 10302 0.019 -0.029 0.056 0.000 0.028 -0.014
10303 0.061 -0.024 0.100 0.005 0.050 -0.017
10401 0.061 -22.680 -0.018 0.006 -0.010 -11.310
PM1 10402 -0.011 -0.028 0.006 0.000 0.003 -0.014
10403 0.139 22.680 0.003 0.002 0.002 11.300
10501 0.032 -0.247 0.005 -0.007 0.003 -0.174
PM2 10502 0.069 -0.020 -0.015 0.000 -0.008 -0.010
10503 0.104 0.253 -0.013 -0.020 -0.003 0.125
10601 0.019 -0.213 0.012 -0.019 -0.003 -0.106
M 10602 0.009 0.002 -0.002 0.000 -0.001 0.001
10603 -0.001 0.216 -0.002 0.000 -0.001 0.108

(F: Force, Mo.: Moment, Fx: Labio-Lingual force, Fy & Fz: shear force)

_14_



2) 28 A FHNA Bl Zel 5% (Table 4, Figure 12)

Table 4. Load & Moment on upper left brackets

at the roller boundary condition(kN, 1kN=100kgf)

tooth Element F-=x F-y F-z Mo.-x Mo.-y Mo.-z
10101 -0.134 0.000 0.000 0.000 0.000 0.000
C.L 10102 0.279 0.000 0.000 0.000 0.000 0.000
10103 -0.106 0.000 0.000 0.000 0.000 0.000
10201 0.070 0.000 0.000 0.000 0.000 0.000
LL 10202 -0.021 0.000 0.000 0.000 0.000 0.000
10203 0.028 0.000 0.000 0.000 0.000 0.000
10301 0.015 0.000 0.000 0.000 0.000 0.000
C 10302 -0.028 0.000 0.000 0.000 0.000 0.000
10303 0.017 0.000 0.000 0.000 0.000 0.000
10401 0.159 0.000 0.000 0.000 0.000 0.000
PM1 10402 -0.191 0.000 0.000 0.000 0.000 0.000
10403 0.170 0.000 0.000 0.000 0.000 0.000
10501 0.066 0.000 0.000 0.000 0.000 0.000
PM2 10502 0.069 0.000 0.000 0.000 0.000 0.000
10503 0.076 0.000 0.000 0.000 0.000 0.000
10601 0.006 0.000 0.000 0.000 0.000 0.000
M 10602 0.011 0.000 0.000 0.000 0.000 0.000
10603 0.000 0.000 0.000 0.000 0.000 0.000

(F: Force, Mo.: Moment, Fx: Labio-Lingual force, Fy & Fz: shear force)

_15_



mfixed
0.2 condition

mRoller
0.15+ condition

C.l. L.t C P P2 M tooth

Figure 12. Load comparison

between fixed & roller boundary condition of left side

L 3 Buccal
direction

F 3
v

Right Left

Figure 13. Moment direction for anterior tooth at fixed condition: occlusal view
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3) drag force on each tooth
Zt X|o}e] drag forcew ZF X|oke] Al oA LAY &= Labio-Lingual forces
g3t A4S o (Table 5)

Table 5. Drag force on each tooth(kN)

tooth fixed boundary roller boundary
CL 0.345 0.039

L.L 0.394 0.077

C 0.048 0.004
PM1 0.188 0.138
PM2 0.205 0.211

M 0.027 0.017

7} 27004 bracketel]l TAEH= load #t oA A= ourt e AL
T 5 oA XFol A== Labio-Lingual force®]th o] AL X|olE $AHZFO
2 o)FA7IE & gulEtH, Zt 2 ote] Al HolA HAE = Labio-Lingual force
o] & Hoto] WA H = drag forces 9P| Fth drag forces & X met

masty, £ 27 BE #3339 go] A ugy] WEe 2 2 a9
ZFolE 0.006 kN2 9stxoz & ourt gl
9 wdEe A9 gFow 44sAr]) el ¥3d HaolMq 7 Y =4

gtk 29 AF 2ANME F¥ RE 25 BUE G YFHOR Hope

He G T IH FHE ZF9 ERE o] Fo grelw Aob= &xp A
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Effective = Sum of displacement/Drag Force, SUM=y/ (dX*+dY>+dZ>)

L= drag forced W9 ghol A UY2ud, AotE o]FA7|= A&l

A Ztzh detv= 7P W 9l(Table 2)E o] &3k, X|oto] o]F&& ALtatAdtt
(Table 6). 2dlo] thHolug H=RAut vlwsl7|Z A

A\

Table 6. Sum of displacement of upper left tooth(mm)

tooth dX dY dz SUM
ClL -0.14 5.82 1.61 6.040
LL 3.97 752 -0.9 8.551
C 1 0.79 0.7 1.454
PM1 1.36 -0.47 -1.47 2.057
PM2 0.31 0.04 -1.32 1.357
M 0.08 0.03 0.48 0.488
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kA 59 H6o s ol&ste] T& X I 84S Ml Ay v
237t GEbgtH(Table 7). 7 T4 27 18] 84S Husds o, T AL
=]

oA Wl 7P Wol HAHe Aot FHA, FHA, AAY aEdS Z A
=

&

i

Hela, E9 AF 23] &8 2}

2T, AR F A 24 Atolol Zol7t At ol £ AH =39
Bepol e Aote] Aol A3 AAFoIN H2 Forr HAHo Hef LA
[e)

s =

A SAAN ZEHL Ao o] FL WYAHL vehact,

Table 7. Effectiveness comparison between boundary conditions(mm/kN)

tooth fixed boundary(mm/kN) roller boundary(mm/kN)
ClL 17.500 153.695
LI 21.710 110.751
C 30.035 374.741
PM1 10.941 14.863
PM2 6.619 6.439
M 18.201 28.506
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1804 718 T8 e T3] AF Aot o] HsiA

ar

SR FAF] A o, o T 9o g

I g2 YHoRE A7t 2R HEplS o] 43

= $5% °l3ty FA XgollA a8z H8&4d F7F At

ATolME T4 AdolX Bz 4 Atole] AF walo] Ao|7 wH
WY S oBA WA= A geotR A &h

(

A8 FGoNA de=
A ¥ Ni-Ti 347 Bazize] 22 32 xpol gL whe

He o] &3t

Bl & AolHe 98 Ni-Ti 249 play9} sliding &4 F= 2o]=
Bl Btd & play$t slidings 3]&3t229 o3 &
WS A3 mdyo AA 249 Aol F= F IA

—r

AR A7 2

4 o8
(Fig 14)
Beam Fixed Boundary Force
Beam : restricted movement under force
Force

Beam Roller Boundary

Beam : free movement under force

Figure 14. Fixed & Roller boundary condition
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2 Ao AL&3 FF AL tapered beam¥ frames ©] &3 {3 Ao

Atk 71E9 solid FAe] FrEFaswe oled B AF e Aols 73

g 4 glou, tapered beam¥} frame 8.4F o] &% Fota A2 BHFo oy
1

g atolg A 7 9w S JHHH. Y solid 842 M3 By SHO

il

(

¢

2 34 A7t 8 FH AT, beamd} frame LAE ALEStE A &3 ¥ #&
o2 EAsaA st Bdeo wstE AT F U7 vl 93 s fA
=t 28y solid W23 &) x|opet O F x2S dElEA sfFEHoR
2dgd ¢ Qe AE A 7HAE A= ol & Aotk

B ATt fEas 4 A8 AR F Aoksol
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32
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SN =E Y AR 2deAM o] ¢ #wol 2AHELS Andt. 53] FA &

ZolA WA ol WAHE FEA, WA, AX 9 A% 1Y AH =4
3 g8 A 24 129 Felrk AAE 51, 2AE 12074 B 1)
g ooled #Fe REE F49 ol A9l Feo me gl & e 2

olal, AT Hoh A= e A7 B AoE Algdh

A THEe] fIAE Holrt o] FEHo] AT W s Y gow AHejsio
drag force 3 TAF WHAE AT ol 7 £ a84S dotR e
Fr&stta AAXY. a2 A3 ¢ A oA &840l AA YEwt. &£
gt FAA, SHA, AR M= 2 zke|7b Zhzh 8.8ul, 518, 12.48) Z}o]7} viE}
o, ol FA sidA 28 AFH Xl TS & 7t AAH FH =
2 FH Y, Z=9] LA E = loadE shear forceEH o|H AFA= ml&AS 17
A ol B ES AlgElrlol 2 fFaddo] glua AtrdEn.
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Abstract

A comparison of alignment effect depending on
the binding condition in the bracket slot

using finite element analysis

Myung Soon Park

Department of Dentistry
The Graduate School, Yonsei University
(Directed by Professor Hyung Seog Yu, D.D.S., Ph.D.)

In this study, the alignment effect of the crowding dentition at the initial
orthodontic treatment stage was analyzed by the finite element method. Based
on the finite element analysis of boundary conditions between bracket and
archwires which was divided into the fixed boundary condition and the roller
boundary condition, there were results of the comparison of force and

displacement of two boundary conditions below.

1. In the comparison of two boundary conditions, the level of drag force of
the roller boundary condition was lower than the level of the fixed boundary

condition except the maxillary 2nd premolar.
2. In the comparison of two boundary conditions, the level of effectiveness

of the roller boundary condition was higher than the level of the fixed

boundary condition except the maxillary 2nd premolar.
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3. The moment of teeth was generated at fixed boundary condition, but the
level of the moment of teeth at the roller boundary condition was near to 0

level.

In the non-extraction orthodontic treatment of anterior crowding dentition,
the alignment effect of the crowding dentition is that the roller boundary
condition shows higher effective movement(movement/unit force) and lower
level of teeth moment than the fixed boundary condition. In consideration of
the binding condition between brackets and archwires, it can be hypothesized
the fixed boundary condition reflects the ligation bracket and the roller
boundary condition reflects the self-ligation bracket. So the self-ligation
bracket is clinically more effective than the ligation bracket in view of the

alignment effect.

Key words @ crowding, finite element method, fixed boundary condition, roller

boundary condition, self-ligation bracket
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