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4

O

2} Cr-NiAl, Co-CrA, Ni-TiAl, 5-Ti
g led 2 F 19609 o0 A
Ni-TiAl A9 7 F83F F7H4 A
€4 & P (superelasticity effect)$t 3737]
7}(shape-memory effect)o] T},

B gtE L8 (stress) 02 A3 A=
Aoz v §3o] A FFHFel o
AHE FHEorted oe FoiR 2RudlA
austenite phaseZ E#sh= Aolth E3 FA
Nz aE 5 Bzt mE ZAFx ¥
2 s A7le Ao dAEHY(HoLR
H 9] TTR : Transition Temperature Range)3}
AME gA Wdgo] dolvtm 1 A& A3t
At AR THAS J& Aej7t HA EAF
Zo FadsE dolvAe] o3 dHY FHE
Al ZEAE 7] W&o ojy g Ni-TiAl A&
9w shape-memory wired} FEt}, ojuf dF
2EHYE N Ti 9 & g 2A-HE0h
2 283 o] Ni-TiAl A4 Nitinol, Co-sub-
stituted Nitinol, Japanese NiTi, Chinese NiTi=
A Hes A’

HE.-.Q_&HJ?‘J
Ju g

oL o o

12 ro A% nb o opx k2
[

o [ fob

TAL Ni-TiA AR LR 8 5 TANS
o ZF7L Basta ABAL] FAEY NRE
Z7)% 24y 3A4& AHRE  glo) AAAH
A 8717ke) @Fo] shsste #Ae EHFol
Aote FHol oy, 23 b ArhEgol
oJHhe ddol Ay’
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wAE Ni-TiAl Aol gt AF2+= 19703
o % Andreasen5”0] 0|23 EA4& A2 uA
Al =48 RAE AG3}HIL Andreasen
Morrow” = Nitinol®] A@% JAEAN S 53
AFoA 24 Fd 3 9HE LHIATE Drake
= o qtainless steel wire®t Ni-Ti wire,
TMA wire®] bending, tension, torsiong B
8t T Andreasen® Amborn’& IAA & %7]
9} torqueZ A9l rectangular Ni-Ti wireE A}-&
& YAATE ¥ v} 312 Hurst® Nanda5™
£ 7FFY Ni-Ti wiresE o] &3l #Hol2x
B 91¢] Apoldf w2 F7)e] @2 (shape mem-
ory phenomenon)& 7}t 944 Lo o]
&3t ARAE AANSAT

Hudgins$'& Ni-TiAl 3459 »
U’]'E od;f_Lx_.oa "‘243]'04 N'E H
KhierS?& 2 austenite 722 ¥
& Ni-Ti A A<t A2 & martensite 722 @
1] % ¥4 (non-superelastic) ™34 Ni-Ti A1)
9 HEE H]"rﬁ]— AFE
Yo 1970y 39 FZo|A 7A2E Chinese
Ni-Ti wireZ & Ni-TiA wires$} ¥ 2z
& B2 § 23 Chinese Ni-Tigl 474

>

3 %‘7“]94 —‘?—i,‘ %i Japanese Ni-TiAl A ZHE ZH
ii THE open and closed coil springS 7FA 2
2% Miura$ ™% Hans'"'9] A77} 9
Amdtﬁ)‘: Ni-Ti& o] &% /4 Sdgdx&
sttt Ed Ni-TiAl AA9 914 Fmwr
ofg) AFPo)N BRo] e TYE A
WA 2 A Y Fgo] ginh
WARAZ Frlo 2ol IHE FY
ultiloop Edgewise Arch-Wire(MEAW)
of tigh det FEX e AXAA, AFH
o] TA AR Abstel mtel A FA
gl weHHe] 24 slote FAYR
olF, 77k Hofel AR torquedel H-o
Asl AHEHI e, oled MEAWS]
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ot} HEE L loopE =33 AL= 0016”
x 0022”7 2719 IA 4 stainless steel wire®
2113}5101 A4 ® 4L ideal arch24 Bod
-L-\__ ﬁEH7]_ R]_L—]o};q o]q_23434931) MEAWoﬂ

24 A& 242 tip-back bend7} FoixH oA
A A 2FRNA tlFX7A] A3 2
A2 9k 283 o]m ¢ tip-back bend
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= Huy e 4+ A =
. ol2g MEAWY A7F AVe wa
8AHE o] &3l MEAWSY 984 4 &
91, 97 MEAWR Q& Yehe $HEE
= Bgdoz AdA7d b gon, o¥e
MEAWSE] 0} HEES A3 titatinium Al
A7t S5 HEE vl A MEAWRTH W&
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2 AFHE 94 AU 30 FE2L
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3 aaye] AFAA A2E A, 9
A a3 FAH Aok AR E Y
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A EAEzA 1 A7E Aoz AHAs
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a2 1. XEZ Hef(A' company-upper, medium size)

X AHE ayez AEdg

E AP BE 78 84 S| Zzade
3l ANSYS(Ver. 50, Swanson Analysis
System, Inc., US.A)E A£3}si T} *]o}o) 33}
A HE G A S st AL % FH
9] brick elementE A3 1, & A X (node)
7 84 (element)d = Z+z} 5925, 403170 9

ol

=2
Rlotet A ¥Z2 HEjel MY
got 9% FAANA Aot $2 A7 7A
zg 7y %

th arche] FEl= @A <
o} 3ol ‘A’ company® Tru-Arch form
upper medium size(Z¥ 1) <AZ AT
a2l 2 AFdA e T geie 7 xo}e
BAEE HeZ AEgoR N v ] A4S
£ tiEiainh. &, AET gEu, 3 AAE
€ 343td 0 FEE B AN Ahgd
program (ARRANEXE)S o] &3ld gxdg
Y FEas BdS &3 4 A" A}

$3 7188 1 24 e 2

)

D) A& AArrze] was)
7 XlOH A A ek e Bd
& FEeE Zo| FoImE B ATeME 7

BurloEa Bael ostm sy 737
E 1. X2 dAE
Z] o} A F BAE(Z)
get $EA +10
Aol 24 % +8
T EE -4
Aot A 1 A A -7
et A 2 agA | -8
Aok A 1 T -9
Aot A 2 A ~8
ol HE YA FIas dHL §}°1 < g
E9t. 4 Fol9 FA Pomty(faClal axis

2)ote] HAS ?5‘73}&’1@. & Hf o} 75‘01
Wheeler™' o] g+& 71202 3?933’—, A4d F
TAE 19 29 2rh 97 A # AANEE 1
b AL a9 204 AAE FEANA,
oA zolE X-F& FALE A AlA W
LB ubA A ke g A7 E Eojt
2 EAE, AA FEFo R JHALE o
(19, 2 vl ()9 AT AAEE 7 A

wat] A&d program(ARRANEXE)

Mo o o pE ox it N or oo N W b
2 9
o
N
N
N

2t Aot E HALEE FoldtH 7 s
Z U3 AAEE A e oY Y
TET 7 A" 74 Kok qFE A&
AEo) el AdE AndrewsE™ & B R B
Mg A7) oy B ATdae A
o dFE HZ FUHE 1.

2) AET dejo 24
Arch®l g2 W4z A3 Asixe Fot
52 3gloto] o)F= vt #, § diHolHE
VRSt 8tE Fdol AR dhA "k o]
E 9 &), Aoto] tid ‘A’ Company Tru-arch
form(medium size) EwFolo] v]FoA 19
Mol ZEE T ArgoR dlef 23
S E A W] ARg o o B A
T4 ‘A" Company®l Tru-arch form(me-
dium size)Z 19742] diolElE Ab&-3he] g 7] ¢
22} Aoz FASE AT shte Aoz HA
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Right central incisor

Labial{-Y) Lingual{+Y)

/

X

9% 2 HEse ME

drlole FARSGE A8 =LA #
2hAl, FAFA NN AETe] FHrt wdne

ol Htste, Gt AA A FAAX AR &

shtel 22 4oz EAShm, FeAlaTAL
B Y] Xolel o3 XF 7] HelE T
w2zt Aog A £ A 7 3A B4
A1 99% o138} AR A4 (coefficient of deter-
mination)g& ¥& 7 JAAth 1 AHE F 179
A A8k ot

3 AEH & v=F BorlandAHS] QuattroZ} AF

& Atk A9 Yo} AR gloiA 27
oo 4oz vehd St sl £
M AEsdn. AWAZ B9 24 B4
2 A93¢ TN 29T, FAAZE 130
A 9ARA S dolEE #A 234402 EA
F3 U Heleg ® ve Bl 23 ¢
F2 BAR Byt 24 A4 39 AEF
gei7h 29 wRolRt AR $5 BE
% Ags §ARYL Sig. 29 2800 o
Bl @e) Aoz e 2n AA9 o
H3he A7t B9, A9 Hoz e
2 W 7 4 25 09904 2AASE 7
F7} QATHE 1732).

3) Aoke] W
gee Aot A Tol gt WA=AE o, 2
Aolt HAW HEA X-27 o RE FER
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' Right central incisor
/
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Labial(-Y) tingual{sY)

2

128 3. AWM 4

' 17. il%’% Z2H g ¢st HEN 2
(Y=AX +BX +C)

# F e ofx4
. |3 7R oAk

i AR 4 S A
A | 0.0400(0.002) [0.0198(0.0002){0.5707(0.06)
B 0 0 26.6(3.32)
C 0.0(606231) 0.0(0.172) | 323.1(105)
R 0.872 0.996 0.992

Z) )oke] RXp= Zt Ao

F) )etel =X ZH AF R EMAS

standard error 2| Zt8 EA|

ZRepol BTN 2). o] A= Z Aol
FA pointl 4 A97 T4} gAL 2o 2 A
ol X-%3 0|7 4EZ 3 & 5 Utk o]
g JAAE $4 938N A S AR
goz WA 2Ra] AGT A
Jo](arch length)7h Hh E3} 483 3
ERERE DL EEELEE
o XN H8E 30 X-33 o7 2
g 783 o] 422 71Zez 19 20 g
Ul 2-5¢ 1202 B HoE 34 A3
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2. AMEBE EMA

Y !
. oung s Poisson’s T
Materials Modulus Rati
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(MPa)
Tooth 0.02X10E+6 0.3
MEAW
0.20x10E+6 0.3
(Stainless Steel)
Shape- 7
Ape e | 0,04 10E+6 0.3
arch wire
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¥ 3. A2 ES fx ¥ ZFH(SHAPE-MEMORY ARCH WIRES| A#<)
TEST# From To REY IR Sy
(Upper tooth #) (Lower tooth #) (6 0z.) (gr)
1 ~ curve of Spee”t & AY FAVIFE sANe FAHE AS
2 3 3 3/16 150
3 3 7 5/16 250
4 3 3 3/16 150
3 7 5/16 250
5 7 3 5/16 " 250
6 7 3 5/16 250
3 3 3/16 150
¥ 4. 1FEFE9 x|l ¥ SFMEAWS B R)
THR =0 ZE B
TEST# From To IFEY FF a5
(Upper Loop #) (Lower Loop #) (6 0z.) (gr)
1 MEAWYHE F&3 79
2 1 1 3/16 ~ 150
3 1 Tooth #7 5/16 ” 250
4 1 1 3/16 7 150
1 Tooth #7 5/16 ” 250
5 Tooth #7 1 5/16 7 250
6 Tooth #7 1 5/16 ” 250
1 1 3/16.” 150
HE 74 2AL wire, 2831 A 23 X2 ZA} 23 4508 847 42 A=Y 94719
ole] BAZ Yyo] AHEd & vt e 340 brackete] FEHEA HFSA 2
2ol ¥stA 2 o A7) vty oA A
wired| A e] & =274 Ho] LA Aol 23ty A2 B QF
471988 343 MEAWY] i #3. oﬂ/q Ay GA7NAST EHAS By A
A 292 324 beam elementS Al-£-3ted A2 A o o e A3 Hojo] FH3t
Tt EAdoA Y& o] Xofe] HEEHA % 35& 71l MEAWS A S 10°

3t7] Akl FArIdRdE sd9 A
pointZ ¥ XojHe -2 HAA Ao}
1/49] 4Rl 174 49 dye dAso] o] A
o] AjokE TAT g4 A X HA A
o 3 2% A7 EE seMe B5%
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A 9] tip back bendE F+°] curve of SpeeE 3
Al 22 Mo 5L Fo] F A2 v
astde, oW F A9 #AL 00167 X
0.022" 2 &4th. 283 beam element® 4
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Az $9el P& 24
A3} Az Abolo] EAE Aave 43
FEas 4ol Aests e golskAt

ar
vk A2ehel YA 3 deiH 9K 2

ofe] o F-io] §1%i° Z*‘OI = *7} 0‘5}
Holth, ER2& 33 o} Atolel] Ao}
A R o] EAFTE Mttt vhEY
gutx o T FA7 FEFS T o Ho|
B3kro g ZAere= A JELHE FHY A
AR Y= vl nd(sliding)of] #He ==
o wpE el o277} Slo] 2
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aoll &= Ao}t o] Tt Fo| W

n&ij,EIOJ

o © 8
to rlo rx

N 12 e
o

3
il

o

o
<
ir)
k
ol
o

£
L2
N
-

>

o
L —10
2

o o

rir

N

ox

o,
4y i 2

T

e

o

r_‘(ﬁ Jg,(' f
2o
lo

g 2
w32
X

2

N
, o ¥
o
v

29 d]ﬂgﬂ O‘O))ﬂ u},z\- -54)&
< 17 ’5}04 gap element% contact elementZ&
ALESHA HE vy EA7E 2 FHof, shEA
F9 74 A= 3% ‘%l T4 2o wet &
d 27 FAE FrF Aok Ed AlbEo] 7]
sl ez FUlshA Ehﬂr A el 7t e
d58o] gloy siae] Zart Zo EXX
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ll

>

o}g}u}“ 7hge] Be FES A "
B ARG ME FHAY AL 2R B &

Ao AL AEstAth. AFH e v

AT |UEE SMo| HE iy 741

=+ Silicon GraphicsAt2] engineering worksta-
tion ¢! Indigo R-4000 seires& A-&3to] ALt
o] F7+E A3t vhael ot ujdE g ALt

71 ANSYS Z&a3o] A3F3lE contact
element& AH&-3FA T
. oA+ &zt
curve of Spee’t = WAL 74 FA7A
g M A2 FAE W gE uvEs 2
& o] ZF xole] o]F HAAH 1o WE ¥
o) EEAYE RRIFAL °o]F MEAWE F&
g wel Axe} vwste gy 22 AHE
A9
L FA798E AT FANHS dtest
#1) S xote] WM FE F 5ol A s}t
~YH A X-ZH A A % 7'<]°P-°4 o]

6.

7.

o K
><1

O,
o,
mio

a9 459 YERA
o) a7t 499
=22

test #1914 A 3het
3 A9 (test #2)9 W I o} o]F %
e % 65 29 6700 et 2o 4% 2
Ae] BEo) WA

test #1904 I
o Ane
ax, 274 % HFA)
1, AXe AEE Ba

9 o ot 5
e
¥e iy
H :L
42
ofy
ity
2

AR FALFE A

IFE AAE Hltest #3)
¥ 73 29 899l EAIBHATE et
Hol-o]io] L}E}\/L

Ctest #19] A 2 OIF 2FE FEHE 9

(test #4)9] éﬂr_ ¥ 87 19 10,110 e}
Uoith o] A et A Y AZol AR
=3

test #19 [T LFE AN wtest #5)¢]

(test #6) X 103 1€ 1
R AT Aot 7329 zo
MEAWYHS F233e 7 -F(test #7)9
AF g AFe 2 WFJ%%“%%EJI
7 29 16,179 UYehITh Aot A A9 gt}

test #1 7—‘133 TEL—T—’
14,
2l



742 oI HEN

7} @AEAL, FARE ek 48lE BY
=3 ,

8 MEAWY] 47 15E AL (test #3)9)
A= ¥ 129 19 18199 vrERQ)ITE Ao}
AR e 2 1FE A=A ks 0 B shy
o2 WHYHNeY, FXH APFLFL B
At

9. MEAWY IIF 2FE AL d(test #9)=
137 19 20219 AxE 2o Aok &
A2 A& et Ax)e] o5 L BY
o}, ;

10. MEAW| 42 159 IF 2LFE FA9)

Y L ¢ .
(MM)35F undeformed
3¢
’ F deformed
25,
20
\E
15 .
10|
= 5 Ty 8
8 A
w0
5' ] 1 - 1 ] i
-30 -25 -20 =15 =10 -5 .
: X(MM)

A: Aot ZFEx B: Mo §Fx  C: Aot AHx
D: &t 1 432x E: & H 2237
F:aeh & 1 o7 G: 4 A 207

af 4. X-Y oAl 2 xlotel Y2 Test #1)

y 49
G
(MM) 35F : ———-—
undeformed
30|
F deformed
25

{1E-03)
-
m

-5 0
X(\MM)

Ac: et 23 B: Aot BFX  C: Mo HH
D: Aot H 1 &7 E: 4 H 2 a7
Fodotd 1 7zl G: & H 2 d74

23 6. X-Y GolollM & xlote] HAZH(Test #2)

UXIDAEX| 243 35, 1994

& A 9(test #10)9) 27t & 149 2

2239 YElUTh  test #99] A 9-xTh

u o] B e Yo AX HEFLE °
RArh

11. MEAWel IIF Z7E ZAIE w(test #11)
o] xjoke] WL FI Ho}] o]F ¥do] E 15
o 0. 242600 Yebdslth gt A 2 o
A7t &S 2o, ot A9 #33 |
Ae A gldeoy e ¢350l5E HA
=3

12. MEAWo] 4 u#9 MF 158 F9&
(test #12)¢) A2 X 165 2 26274
YERR AT

=
2

%
k|

1.5
7
a9 3 - /A
0.5
F6 ‘/0/ B A
o .
E D
~0.5 ——
= undeformed
5 ——a—
w -} deformed
=18 T— T ¥ T T
=30 -25 -20 ~15 ~10 -5
X(MM)

A:ater B B ASH AN C:yet AN
D: et A | 233 E:4etH 2 27K
Foaeb® 1 o7a G: Aot A 2 oA

a3 5. X-Z geollM &2 x|ote} HLIZH Test #1)

1.5
YA undeformed

M e
(MM deformed

=15 T T T T —
-30 -25 ~20 =15 -10 -5 0
X\

A:ae 32 B: Aot &YA C: et Az
D:Abel H 1 27 E: Aot A 2 27K
Fraetdl 1078 G: oot M 207

3 7. X-Z BHollM B xjote] HAZH Test #2)
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Y 40 R
(MM) 3sT
undeformed
30 e
25 F deformed
20

(1E-03})
n
]
-]

T T
=30 ~235 =20 -15 -1 4]
XM

A Alel E=xx| B:atet EFx C: et HF
D:Atet &l 1 27K E:Atel A 2 &7
F:Ater & 1 chpx G At H 2 chpx

a3 8. X-Y WHolM 2 xlotel 2R Test #3)
40
Y G —a—
(MM) 35 undeformed
30
deformed
F
25
20

(1E-03)
[3)
o
L]

-30 ——125 —IZG -13 -1 0
X(MM)

A Atet ZHx| B Ao T C:HA A
D: Aot ® 1 &FA  E: At A 2 27X
F:aob &l 1 oipxl G: &t M 2 i3zl

33 10. X-Y UM 2 x|ote| ¥ HZH Test #4)

Y 40 .
d -
(MM)35 undeformed
—_—
30 - deformed
25
20
'C
15 -
\ o
o 10
g \-\ B8
w g
=2 05
= e \A
0 T T T R T
-30 -25 -20 ~-15 ~10

-3 0
X(MM)

A Ao BHA B AN AEA  C: A U

D: Abet M 1 &7 E: A H 2 27X

F:abel H 1 cipal G: 4ot ® 2 A

a3 12, X-Y HHollA =2 x|ote] BIYEK Test #5)

HA|AEIE Mo A FA 743
1.5 .-
Z undeformed
(MM) deformed
05
F.G ) /___-‘ A
[}

-1.5- T T T T T
30 -2 -20 -15 -10 -5 0
X{MM)

A Aot ZHx| B Aot HHx  C: Ao A

D: Abet ® 1 27 E:aet 2 27

£.oatel B | Tl G oabet A 2 diFR]

33 9. X-Z BHA 2 xlofe| HeUZK Test 43)

15 —
Z undeformed
(MM) 1 —
deformed
0.5 —
FG D /,__——-‘

=15 T T T T
-30 -25 ~20 -15 -10

%o’

A: Mot -z B :Atet FFHx| C: Aot HZ
D: At M 1 &F% E:aet A 24TR
F:aetd 1 ik G: oo X 2=l

a3 11, X-Y EHollM & x|ole| HZH Test #4)

13 ——t—
undeformed
Z 1
(MM) deformed
0.5
e :/‘./._——_ﬁ A
o
E [+ 8
05
=
(=]
L=t
-15 T T T T T
-30 -25 -20 -15 - -5 0
N(MM)

A Atet ZHA B:oatet 8 C: Het AH
D:Abet &l 1 &% E: Aot A2 27
Foateb & { P&l G: Aot M 2 A

a3 13. X-Z HHolA 2 o2l BT Test #5)
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A
D:
F:

0lME a4
Y 40 -
M) st G J——
L )3“ undeformed
————
30 deformed
F
25
20
LG
N
§ 10 - —
—‘é 5 ° \-\ s
0 T T ] T T
-3¢ =23 -20 -15 -10 -5 ]
X{M)
Mot SFA B: Aot §Fx| C: Mot Hx
Aot Al 1 ax| E: At H 2 AFx

Aot ® 1 x| G Aot A 2 iR

38 14, X-Z HHO{A = X|otef #2H Test #6)

A
D:
F:

40
Y sr_nG ===
(MM) 39 undeformed
30 ——r———
25 F : deformed
\
20}—
E
15| pu
G
10 \_\ B
)
& c \\-‘
=z o A
5 -r T T T T
~30 =2& -20 ~-15 -10 -5 4]
_ X(MM)
Aot SR B: Aot §Fx| C: Mot i

Aot x| &7 E: Mot M 2 27F
Abob | 1 A G Aot H 2 cfa

a3 16. X-Y HeojM 2 Xofe| W2 Test #7)

A
D:
F:

40,
Y . G ——

1

(MM) 35 undeformed
30
. deformed
&
20

g
T A
= \
— T
-5 t L T T i
-30 -25 -20 -15 -10 -5 0
X(MM)
det 2EA B Y {FYX  C: et HA

Aot A 1 LA
et H 1 o

E:aet H 2 &3
G : &t M 2 7

E 18, X-Y oM & xlote] HZH Test #8)

A
D:
F:

CHXIMAR) 24H 35, 1994

1.5 —
yA undeformed
(M) ! deformed
0.5 ‘
£G O
o= -
£ —\/ 3 A
-0.5
§ c
-t
\:‘l»-" T T T T T
=30 -25 -20 -15 -10 -5 0
X(aM)
Aot SFx| | B: alet §HA| C: Ao Az
aet Bl 1 ATR B Aot M 2 &FH
Mot A 1 iR G:ateh A 2 bR

13 15, X-Z BHoA £ xlote] w92 Test #6)

A:
D:
F:

. / A
. 0.5
8 p / 8

o=
. ¢
-0.5 fo
= undeformed
g i r—
-_-1'_ -1 deformed.
~1.5 T 1 ! ! s
-3 -25  -20 -15 -0 )5((\4.\()0
g% BN _Bust 4TH 1y AN
dot A | 27 E: A% A 227
Aot Al 1 giRA G At H 2 RA

3 17. X-Z oM E X o2l ”4$Ia*(Test #7)

A
D:
F:

1.5

Z
(MM) 1
0.5
£ p ¢C B8 A
ol = :
E
-05 —
= undeformed
.O‘,
2] -1 deformed
-15 T T T T T
-30 -25 -20 ~-15 -10 -5 0
X{MAL
Aot BHx B: oot A C: 49 UA

E: alet H 2 AR
G: Aot H 2 i

Aot 1 &TH
Aot ® 1 Cj x|

38 19. X-Z HolM 2 xlote] HIZH Test #8)
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40
Y G
(MM)35 e
undeformed
30
F deformed
2:
20 \
E
15 \\ I
NC e ™
g 10
';“'_ s b 8 \
\-\\ A
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~30 -25 -20 -15 =-10_ -5 Q
X(MAMD
A g 2HA B: A% ZHx C: Ao Hx

D:atetd 1 &3% E
F:aeH 1 dx GQ
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a8 20, X-Y oA

Pateh .2 AR
tatet H 2 iR

xjote| U9 Test #9)

Yy 40
G
(MM) .8 ——
35
undeformed
30 e—
F deformed
25, -
20
s we /N
; [+
g 10
& . D \\ 5\
~— \ \ A |
T T
=30 =25 -29 —115 —110 -5 0
N(MM)
Aot BHx  B: Aot §HA|  C: Aot A3

D: 4ot H 1 23K E:
Fraeot® 1 diex G:

et A 2 A7
Aot H 2 x|

3" 22 X-Y HHOM 2 xlotel #92H Test #10)

v 40
G
(MM) 35 —
undeformed
30 ——
25 F deformed
20
E
15 \\o
10 5
§ 5 \'\
& c \\A
z 0 —~a
_5 H
2 T T T T T< i
-30 -25 -20 ~15 -10 -5 0
X{MM)

A Aot 3Fx B:
D: Aot A 1
F: abet H 1

a8 24 X-Y

s
g3x G:

Mot £Hx| C:
step M 2 £7A
Seb X 2 g7

HuolM 2 xlote] HeizK Test #11)

Aot 7z

HAYINEE SMel Hsty siM 745
0.005
Z 0.004
(MM) ¢.003 undeformed
0.002 deformed
0.001
o F.G D A
-~0.00t
-0.002 \\ //
-0.003 <
-0.004
-0.005 T -7 T T T
-39 -25 -20 -15 -10 -5 0
X(MM)
A ael BER B 4 HH C: oo A
D: &t M 1 27 E: &t X 2a7x
Foadeb®l 1 78 G: oo A 2 A
s §

2 21. X-Z HHoM 2 xjot2] HLAZKH Test #9)

0.005
0.004 --—
{MM) undeformed
0.003 ———
-0.002 deformed
0.001
o F.G D 8 A
-0.001 AN s
-0.602 \ //
-0.003 <7
~0.004
-0.005 T T b} T
-30 -25 -20 -15 10

A At BF

D: &t A 1 &35
F:atel ® | x|

B: 4ot 5Hx C:
E:
G

“Foy
Aot A
Aot H 2 AR

: ot o 2 o7

a7 23. X-Z HHAAM 2 Fotel HAZK Test #10)

5

1.5

7
(MM) //‘
Q.5
F,G _;/ 8 A
o]
E [~}
-C.5 -
= undeformed
5
: -1 deformed
-1.5 T T T T T
-30 -25 -20 -15 -1 -5 ]
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: Aot ZFX| B Ao &Hx  C: oY A

mo»

t alob H 1 AT
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E:atet H 2 233
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O3 25 X-Z HHolM &2 xlote| 2K Test #11)



746 O[FE HEA

(MM) 35

———
undeformed

deformed

A il BN B 4% &N
E: oot M2 23
G:detH 203K

28 26. X-Y HWHolA & x|ote] HATH Test #12

D4t M 1 A7
F: 42 H 17N

s T T T
-30  -25 -20 -10 -3 [}

X{MM)

6C,

(1E~02)

A det B3N
D&k 1 &3
F:oatet ® 1 i

C: alet A

XX 243 38, 1994

undeformed
[P

Y

deformed

—30 -25 -20

Y{MM) -

"RAW DATA

——pi—

ONE wj

TWO EQ'NS

(1£-03)
5 &

T Y "
35 -3) -25 -20 -15 -10 -5 ¢

B : Ao &4
£: Aot M 2 474
G: Aot 2 ci?A

a8 27, X-Z HelolM & Alote] MR Test #12)

-5 0
X(MM)

C: 4ot #Al

X(MM)
a3 28 AYS ANE AL AR .
E 5. TEST #1 (&) : MM)
Ao} 9} 2(X) A9 B(Y) A9 F2)
Aol A=A ~0.219E-06 -0.141E-02 0.103E-02
Ao} =43 0.793E-05 -0.100E-02 0.637E-03
Aot 7% 0.252E-03 -0.203E-03 0.143E-03
Ak A 1 AFR 0.157E-03 ~0.210E-03 0.208E-04
Aot A 2 AFH - 0.134E-03 -0.194E-03 -0.145E-05
Arek A 1 g7 -0.131E-04 ~0.221E-03 -0.664E-04
et Al 2 TR -0.857E-04 -0.221E-03 0.811E-04
E 6. TEST #2 (&9 © MMD)
2o} H 2] ZF(X) 2 2(Y) 9 ¥ (z)
Aot $AX -0.177E-05 -0.198E-03 0.301E-03
dt F43A -0.323E-04 -0.216E-03 0.272E-02
Aot A - 0.145E-03 0.990E-04 -0.368E-02
Aob Al 1 2T 0.855E-05 ~0.697E-05 -0.764E-06
Aot Al 2 AT 0.515E-05 -0.736E-05 -0.523E-06 -
Aol Al 1 BTH ~0.416E-04 -0.218E-05 0.516E-04
et A 2 A ~0.467E-04 -0.198E-04 0.611E-04
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oiaE sy 747

E 7. TEST #3 (&4 - MM)

ot 9] 2HX) 91 2H(Y) wAW |
RRSE ~0931E-04 ~0.305E-04 0.228E-03
et 25 ~0B16E-03 ~0.441E-04 0.201E-03
Syt 713 ~0328E 03 0.194E-02 ~0.103E-02

ok Al 1 A7A ~0661E-03 0.837E-03 -030E-04 |
ok A 2 ATA ~0.441E-03 0575E-03 | 0.370E-04
ek A 1 TR ~0.166E~03 0.315E-03 1 0.522E-04
gt A2 HFA | ~0616E-04 0.175E-03 0.516E-04

£ 8. TEST #4 (241 © MM)

%o} ¥ A ) aRgy) | wssw |
Aot Z a2 -0.380E-04 -0.357E-04 0.230E-03
gof x| ~0.599E-03 ~0.499E-047 0.202E-03
Ayt 7% ~0.206E-03 0.206E-02 ~0.139E-02

b Al 1 ATA ~0.661E-03 0.840E-03 -0617E-04 |
Fer A 2 A ~0.442E-03 0576E-03 0.370E-04
ot A 1 T A ~0.166E-03 0.316E-03 0.522E-04
Arer A 2 x| -0.616E-04 0.175E-03 0.516E-04

# 9. TEST#5 (%9 © MM)

o} 9] #H(X) EEE 9] 2(z) |
Aot F A 0.184E~05 Z0.214E-03 0.380E-03
Aot =47 0.243E-04 ~0.232E-03 0.279E-03
et A } 0.108E-03 ~0.182E03 0.136E-03
Aok Al 1 24 0.169E-04 ~0.266E-03 0.317E-04
Aot A 2 ATA 0.311E-03 ~0.505E-03 -0.809E-06
ek Al 1 oA ~0.166E-04 ~0.105E-02 0.107E03
ok A 2 o7 A 0.839E-03 ~0.173E-02 ~0.305E -03

E 10. TEST #6 (&9 - MM)

2] o} 9 X 2.9 2H(Y) 9] %(2) |

For 2% 0.297E-05 -0.219E-03 0.310E-03 |

o} Hax 0.418E-04 ~0.238E-03 0280E-03 |

et 7% 1} 0.267E-03 -0.291E-04 0364E-03 |

ek A 1 ATA 0.165E-03 ~0.256E 03 0204E-04 |
FEEESE 0.308E-03 ~0.499E-03 -0.474E-06
¥ek Al 1 A ~0.179E-04 ~0.104E-02 0.107E-03
yot A 2 A 0.889E-03 ~0.170E-02 ~0.305E-03
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HRIMEX| 243 3%, 1994

¥ 1. TEST #7 (&9 MM)
] o} A FX) 1 9] ZH(Y) W9 2k (z)
et 4 0.565E-05 -0.157E-02 0.111E-02
get 223 0.671E-04 ~-0.123E-02 0.721E-03
et A -0.187E-03 . -0.159E-03 0.176E-03
gt Al 1 AFA 0.354E-06 -0.715E-06 0.108E-06
g A 2 AFA 0.596E-06 ~0.173E-05 0.158E-06
et Al 1 WX -0.553E-04 -0.121E-03 0.634E-06
Aot @ 2 A ~0.998E-04 -0.210E~-03 0.754E-04

¥ 12. TEST #8 (&%) : MM)
] o} A9 2(X) H 9 FH(Y) W9 2 (2)
o 2dA 0.144E-04 ~0.184E-02 0.214E-04
2 33X 0.483E-03 -0.278E-03 -0.109E-05
Arol 7% -0.319E-02 0.245E-02 0.494E-04
arol A 1 AFH -0.524E-05 0.196E-05 0.916E-06
Aot A 2 ATFH ~0.109E-04 0.281E-04 ~0.374E-05
et Al 1 A ~0.549E-04 ~0.132E-03 0.651E-04
ol A 2 gTX -0.102E-03 ~0.102E-03 0.742E-04

# 13. TEST #9 (&9 : MM)
o} A ZHX) B FY) W9 " 2)
et A A -0.101E~03 0.167E-02 -0.393E-03
gt &dA 0.296E-03 0.840E-02 -0336E-02
b A -0.299E-02 0.117E-01 -0.120E-02
dot A1 &a7A -0.352E-04 0.554E-04 -0.101E-04
gt A 2 &AFA -0.131E~-05 0.254E-05 -0.283E-06
Arob A 1 h TR -0.552E-04 ~0.122E-03 0.636E-04
ot A 2 qFR ~0.100E-03 -0.118E-03 0.753E-04

E 14. TEST #10 (&9 : MM)
Al o} A FHX) WA FY) 9 2 (2)
et B X ~0991E-04 0.160E-02 -0366E-03
g 4 0.395E-03 0.862E-02 ~0.377E-02
et A -0.261E-02 0.130E-01 ~0.157E-02
gt A1 &TFA ~0.343E-04 0.539E-04 -0.946E-05
dot Al 2 AFA -0.233E-05 0.521E-05 -0.635E-06
et A 1 gl -0.552E-04 -0.123E-03 0.637E-04
gt Al 2 g7 ~0.100E-03 -0.117E-03 0.752E-04
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# 15. TEST #11 (&9 - MM)
ok 9 =FX) B9 () W9 (2)
det 44 0.574E-05 ~0158E-02 0.111E-02
Apel = %) 0.681E-04 ~0.123E-02 10722E-03
Aot 7] ~0.185E-03 ~0.160E-03 0.177E-03
Aol A 1 AFH -0.797E-06 0.109E-05 0.116E-06
Aok A 2 AT -0.940E-05 0.114E-04 0.294E-06
et Al 1 oA -0.211E-04 -0.296E-03 0.698E-04
et A 2 g7 0.699E-02 -0.210E-01 0.512E-03

% 16. TEST #12 (&4 - MM)
# o} 9 #H(X) B9 = (Y) 9 (2)
Apo} 2= 0.142E-04 -0.184E-02 0.114E-04
PRSREE 0.482E-03 -0.278E-03 -0.834E-06
Apel 7 x| -0.319E-02 0.246E-03 0.499E-04
Aok A 1 AT -0.372E-05 -0.427E-06 0.954E-06
gof Al 2 A7 0.697E-05 0.265E-05 -0.400E-05
Aot A 1 g A -0.154E-04 ~0.295E-03 0.702E-04
Aot A 2 d7A | 0.701E-02 | ~0.211E-01 | 0.512E-04

V. 32 9 Dot He £E D &S 2A) A s F
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-ABSTRACT-

MECHANICAL ANALYSIS ON THE SHAPE-MEMORY ARCH WIRE

Jin-Hyung Lee, Dong-Seok Nahm

Dept. of Orthodontics, College of dentistry, Dankook University

This study was designed to investigate the displacements and reaction forces of teeth caused by the
application of the rectangular shape-memory arch wires with curve of Spee. Computer-aided three
dimensional finite element method was adopted. This finite element model consists of brick element for
teeth, beam element for the wire, and contact element for the periodontal ligament. And the applicaton
of the MEAW (Multiloop Edgewise Arch Wire) was also studied so that the results of the two methods
can be compared each other. Total number of the nodes and elements were found to be 5925 and 4031,

repectively. In addition, several types of elastics and corresponding displacements and reaction forces
were examined.

The findings of this study were as follows:

1. When the rectangular shape-memory arch wire with curve of Spee was used alone, the intrusion and
labioversion was noticeable on the upper incisors, while the upper molars showed less intrusion. With
MEAW, the intrusion and labioversion of the upper incisors were slightly larger than those when
the shape-memory arch wire was used, but on the upper molars the opposite result was obtained with
respect to the intrusion.

2. The shape-memory arch wire with the vertical elastics caused the larger downward displacement on
the upper canine than that when the MEAW was used with the vertical elastics. However, the
downward displacement of the upper incisors was larger in MEAW. The uprighting and buccoversion
of the molars were observed in both cases.

3. The use of the Class II or III elastics showed the extrusion and changes in torque of the
corresponding teeth. The downward displacement of the upper canine was increased when the Class
II and vertical elastics were applied simultaneously, but it was decreased when both of the Class III
and vertical elastics were used

KOREA. J. ORTHOD. 1994 : 24(3) : 735-758

Key words : Finite Element Method, Shape-Memory Arch Wire, Displacement
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