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Caputo®?, de Alba?®, Chaconas?®, 712, o software2] AL QlZAg ZAdA}e}
209 A7} Qe o] wie AL Frz AR zA e FHA = 9 Hol it A4S =23
2z zro] dintd] B3 2AE 2¥g3 3lo R o] BRoMz & 4 glon e}
+8E EAHAE 7 Yo AL Fo HE & A 3o 22 9 49, W= 58 HAF
A sz $¥: FAE 4 gla =g 25 5 3sH A6 AgHozE HiE
ARl AAE $HE WA $o| AFH 4 A =k |
T 39 A 9 ke A 4Ase #F A Aol o3-g s w) 2 ol A
Aol v dkd!® §8o ar|n) gl oty 2Els AR S ARHFE A A
Add §#HApolute] WA=, HG s 0 A EAs A 9 AN F& FH}Z
AZAGE FAlo & 4+ o (5 He9 & ol ohA] Ase EYPoz feedbackste] A
Hol FA] AFo| E7bs) RYA o AY= A ExE AALE YFHL olF uf
ZHo] A grr}. gog Jgstd odF Wi JAFEA AT
holography-227~3® 19471 Danis Gaber~7} 2 HFERA 7R sh 2o F cAzA 4
holography°| ¢ watat ¥ 1960 o= b} W 2.7 TL FR2L RYAeT o
do] A F AL o] &3 oz EAAo7 AL-§3} 71l Multiloop Edgewise Arch Wire(o]3}
A =lodet. A #HE ool Ar Holgox o MEAWEZ 3A)E olgsl I+ 718E = v
T34 wl agsl Fofol]l e o] 85| o ehtes 249 $HEZ G4 2 HYE 74
Arai3?, Burstone?®?!), Dermaut?®?, z;ll’ '/;:‘—1';5'} HoLHélf—i Z‘F‘%-H B3 7éj+'§‘
Duterloo®®, Kragt®®, Pryputniewicz®?, B3l
740, 1w, wbgwe] g st Qlth, o]
o] 2A4L (.5 micro meter A 5.9 n|A . 7 gy
dFAUE & 4 e ¥ At oy
StEA] AlFol 7hEdle 1AH HAAFAE & 1. Aote] 24y s Ay Hs 4
A% 4 Jdov AY=zA 7t Wi Aot 2 ZAARY £2 ANFAAAE
wH3LE gobelA] Eabe el . WheelerVe] 7|&3# 543 =9 2712 #
strain-gauge®y 2% ZA}stux st -4 FeEl Aol A 33 solided oz  Al=3IATh
o gauge® F-Esle] 23X FHe < ub (=¥ 2).
FE EFA}e WHo2 A Matsui®®, 2. Aol FH9 AzxF 3 o4F A5 AA
Murphy*?, 5] mAfofell 83 = 3l A FPeanyge 7 Aoty AAEE F, §
om QA By or=ARoAER AHEZA7 ZollA A4 AT FulE 2z E e
+ A $EA WYgE FAl AEFE 4 W ohg, Ax2RE AT AR A Aol
Qo Aol 27|wFol nlAld LRl ¥ A54 2i3ee JAS FAEE Tl ¢
Aol Tabstm AXH R olofe RE F A aej=Zo] wel o] FwhdE A o] F
A F-He FAHo] oels] AL AFA S dAstdet (g 3).
E7153 ZolAat AlFe] stz o 3. uby 2.0 A=t oF 2yl Wy 1
&8 4o Erhsstn APzzte] 533 9 Holg Al AR, AL F Aol
Aol gbdoletn & 4 glcho 7k BRI AT #AE mydle F3lo
gH fge4aye 39§ olzk W of AA ¢AFAF (2 4). o« Zr] Heo}e
Lo} BE B w9 w Sal, uhy, W d4 A= W 244 AF: AR §2
PE5E sz AAT ¢ oy % Dempster?%¢} A% #12 et o #
dEFeddstA 73 & 4 glv FHE 71A A2 SDRCAY) softwareql I-DEASE 3aH4
I Uk ZRe AFEHY A oloutE 289 soliddAE& Zzaw<d GEOMODE



A3 me sh7} g —:01’2 e

e A
ARAZ dger] elu Ao}

_t_ =
FA44 %= YIRGHE D).

F Q44+ 283970, F AAL 46217001 °l
24 %%‘ S22 Aol 3 F9F9 344

3 8. 423 (3D-FEM model) &} | =H-& %Eo}
Act. °l A& [-DEASE SUPERTAB=
a8 o] &3l A3t

5. 9H4E 2y mAHE Aep] AT F
v Fdo g MEAWS 3331 beam= &<
24k, W2l 456704 full arch MEAW+=
90742l beam& 4 ® A =3tHct. MEAW =
Foll= 10°4 9 tip back bend& F o Speewt
& A3 (=29 6) .

2

plain ideal arch wirex #Z& uwllo g 33}
4 beamZ ¥ & Azslz AHzAE 5L
7] $lel A7) MEAWS} 59 2k2] speentd

+ Fosdag (= 7).

6. MEAWS] 33}4] beam =FollM A2
TAHE Yo o} Z Az et 7AA| Alo] 9
AW L-loopel] 4+ ¥ ol °F 15mn9
Ay S Zoca 7} shel o]z <la Al
arch wireo| 5 #Hgo] Udoju}A =v o WY
o o8 WA= I E“ﬂf—_%— 32 wpeko
A ety et o) Fo) A brackete] YPHRTF B
o g40] Yelv= ¥ W ZeEE w2 T
SR 2) (X, Y,Z9 abdke o3 1. #

4n Jl

—‘ 0_\_4

1. 445 3

o~

Young’s module . .
Poisson’s ratio
(kg/square om)

compact bone 1.2X10E+3 0.33
Enamel 4.9X10E+3 0.30
Stainless
21 .4X10E+3 0.30
steel

—7::).

ColAl Z 20 A 3 W RWES Ao}
9]’ Tﬁ“‘a‘«] 3z e s mde] AHE3he
o], 7zt A obe] bracketo] ¥EEE Fitol

A go] AGEHEE 33

8. oo] o Aol o zFH el waS
A3l 7l 9lsl IDEASF 14 =29l S
UPERBE ol&3loxn sAdx 3ol AHxls+
kAo Abgl7] 98l SUPERTAB program+
ALg3lo] 2 2] (post-processing) 3k k. ©
24 Aot x‘j‘“«l Faizh ff wkuie) o

—_

B R N R 9 9] (displace
ment) % 2 (stress), ¥ = (strain), 4+

{reaction force)—-"— 22 oA st}

9. $EF A= ’L;"J’—-r°ﬂ g 44
3l W28 40mm, 30mm, 15mm, 10mmZ S} S
o) Zb7] vehdte s FaE vastala, o
o)

77 I/PE}P}—E 3-8 Al E ORHA
7% g2Ad e (% 3R A¥E R
plain ideal wires}x S wlasle] H%
o}, o] A ZA A9} A Abololl 150gr.o
sy 5E FUE # MEAWS plain
ided wireshe] W9l vlmaigc,

2 A= IBM 3083 71€9 computer
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Z
central
incisor Y
Distal
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3 1. 33 #AFE2 e Aas



¥ 2. MEAWE 15m 349133 o DAsie g3 =olE (34 : Newton)

Rotation | Rotation | Rotation

3
)b 9| 3| £ Force-X | Force-Y Force-Z X) " 2
5 buccal .
Al 32 -9.31E-0.7 | 7.03E+10 |-2.21E+11 |-1.79E-01 |-5.12E+00 | 6.13E-02
tube 4
buccal ' | ¢ 2iE+12 |-9.96E+11 |-4.71E+11 |-1.84E+11] 5.51E-+11 | 7.56E-+11
e 24 | 5 . . 1.8 | 5. 7.
bracket |
A 1074 rj;ﬂe ~1.49E+10 |-1.74E+10 | 7.74E+09 | 3.97E+09 | 8.60E+09 |-8.25E+10
bracket ’
S [Z-0EHIL[L39E 11| 8.85E+10 | 6.41E+12| 4.37E411 |-9.45E+11
) bracket ‘
AoxFA | PN [2.90E411|4.26E+10 | 1.58E+11| 3.07E+12 |-T.16E+11 | 2.77E+11
bracket -
oq | 1ZEF1Z| LOOE+11|-8.38+11 |-1.52E+13| 2.27E+12 | 2.4E +12
brack
A 147 r;:}et 8.88E+11 |-1.18E+10 [-1.04E+12 |-3.87E+12 |-2.59E +11 |-4.80E +12
bracket , .
| 8.24E 10| 8.12E4 10 |-1.29E+11 |-6.20E+12 | 1.52E+12 | 5.48E+12
. bracket .
A aa [BSEFII|4.96E+10| 3.4SE+11 | 8.42E+12 |-3.15E+12 | 1.96E+12
‘bracket | _
Ty [T-21E+10|-2.18E 411 | 3.15E+10 | 2.33E+13 |1.83E+13 | 1.36E+13
bracket ®
e x| 1-60E=01|-3.8E—02 | 1.48E~01 | 6.88E-02 |-1.02E~02 |-4.49E-02
bracket
e |-9.22E-02 |-6.15E-03 | 6.73E-02 | 4.20E-03 |2.79E-02 |-2.28E-02
o - bracket .
533 214] -2.60E-02 |-7.87E-03 | 4.07E-02 |-5.99E-04 | 1.88E-01 |-5.91E-03
bracket
S | 1-67E-03 |1.44E-03 |-1.46E-02 |-1.71E-03 |-1.74E-01 | 1.30E-05

F 3. A2 elAde wedas)

wire size (1/1000inch) m. o7 dn
i X

wire A 016022 1. MEAWe] 4x2%% Aol o 15me)
wire B 017%022 i E e =92 W MEAWSY #H#d 93
wire C 018 022 TA4=E YT A Aok brackete] A2
- Holoa WAEE 33 mule: F 29

wire D 016 X026 TRl ,M * Mo -
o}, A2oi 729 bracket HAREE YA

wire E 020025 o2 3 ZAztoln] 33} mulEe T A ik




(torque force)Z 33k

9| (displacement) = ¥ 8oll4] =¥ 247}

g} Fro] ZpAlA o2 B 4 glon o]F F 2

T

A s Aol 28 bracket FHeo z o % 49} o] A3 At
71 A’ A= vehd wbg-F &3 (stress) 3. $44% AL aA vro] ohE vl
¥ 4. MEAW 2] 3 L—loopef 15mm &l & 4] z+ LR HY (z+4] © mm)
. T3 15 )
2 dlsrs natce dlsplatce dlsplice rotation rotation rotationW
e men men
R o2 N A TE (X) (Y) (Z)
- (X) (Y) @)
N buccal
A2+ 0.00E +00 | 0.00E +00 { 0.00E +00 | 3.89E-03 | -1.58E-03 | 1.24E-03
tube A
buccal )
0.00E +00 | 0.00E +00 | 0.00E +00 | 3.89E-03 | -1.58E-03 | 1.24E-03
tube <A
bracket
A 1R A o] 41 -4.56E-01 | 1.97E-01 |-3.76E +00| 3.79E-03 | -1.54E-03 | 1.23E-03
bracket
=2 -5.27E-01 | 1.40E-01 |-4.63E +00{ 3.75E-03 | -1.55E-03 | 1.28E-03
3 bracket
A247) qx | O-46E0L| 1.91E-01 -7.93E +00| 3.14E-03 | -1.16E-03 | 1.18E-03
bracket
= -5.26E-01 | 1.60E-01 |-8.35E +00| 3.05E-03 | -1.09E-03 | 1.15E-03
bracket
R o | ~4-87B-01| -4.91E-03 | -1.12B-03 | 2.40E-03 | -9.25E-04 | 1.03E-03
bracket
= -4.42E-01 | -7.26E-02 {-1.15E +01] 2.32E-03 | -8.96E-04 | 9.79E-04
bracket
73| o A1 -1.48E-01 | 6.41E-03 |-1.44E 401| 5.68E-04 | -2.20E-04 | 2.98E-04
bracket
=4 -6.87E-02 | -1.06E-02 |-1.48E +01| 2.96E-04 | -8.90E-05 | 1.53E-04
. bracket
23 3 941 -1.04E-14 | 3,01E-15 |-1.50E +01| 6.23E-21 | -2.51E-19 | 2.73E-20
bracket |
=2 -1.76E-14 | 2.96E-15 |-1.50E +01| -2.60E-19 | -2.88E-19 | -6.50E-20
[ bracket .
FA A o] A1 -2.08E-14 | 2.79E-15 |-1.50E +01| -4.32E-19 | -1.39E-19 | -1.59E-19
ade-!
bracket
22 -2.09E-14 | 2.54E-15 |-1.50E +-01| -4.44E-19 ' -4.75E-20 | -1.63E-19

-— 35—
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E 5. MEAW o] #23t5322¢ 22|13 o $HA | F-oisl= § 2 Rotation

FARF-E ALEA] SpeeulFo A} %
Al AAYF- extrusionsl= *T F
HAlZ 24T o, Ee £AF I3F

9] &% ZeF w 72 Al we} el
ve vbg FAE FAEA, AlaTHA,
A2 T2 5 HEH o2 Al =3
3t A (E 5 F6 F7).

TALYE AR %3 AAY intrusion
& of71& o JA] SpeentFo FE I
tiAlZ e dled bite openinge =
o 7 oAl whgE FIldE 94

4

SdzAse] Aol ®Ale 27l
H 9] (displacement) & 344 3H o
etd o] 7 g 4wcl W
o27) wifel 7 'Y Hd W
X,Y,Z wadz AR 8,
9, % 10).

lain ideal arch®} MEAW<®] &4 A9}
) Abololl Bro] 150gr.o] 4t dF
F%¢ w 7zt AHole] bracketo] F
SR wWlF Al (ZUE)
3 113} Feor X, Yus H
o] 3l MEAWS w7}

fd ooy o b R

k]

Sk Dk oglo Y
i

ke e

ol
o

T2A,
qEFog

(£5 %6 X7).

=33

A£FA 2elz Az TAE
A e sjod

a5}

straight wire?] #9lvc} 4 F& <4
T et

(k2] : Newton)

Force-X Force-Y Force-Z |Rotation-X | Rotation-Y | Rotation-Z

A Distal |1.598E+00 {-9.555E4+00| -6.472E-02 | 2.355E+06 |-6.381E+07{-1.716E+05
Mesial |-8.626E-01 | 9.586E+00 | -3.924E-02 |-2.616E+04( 6.402E+07 {~2.292E+05

B Distal | -1.734E-02 | -3.597E-02 | -7.967E-02 |-1.255E+01| 4.809+01 |-5.078E+01
Mesial | 1.417E-02 | 3.094E-02 | -4.020E-02 |-2.228E+01| 1.592E+01 | 5.714E+01

C Distal | -2.604E-02 | -7.867E-03 | 4.065E-02 |-5.993E-04 | 1.876E-01 | 5.912E-03
Mesial | 1.069E-03 | 1.437E-03 | -1.455E-02 | -1.710E-03 | -1.738E-01 | 1.295E-05

D Distal | -1.325E-02 | -1.489E-03 | -1.694E-02 | 1.660E-03 | 8.373E-02 |-3.415E+02
Mesial | 6.258E-03 | -3.940E-04 | -2.296E-02 | -1.943E-03 | 4.923E-02 | 1.745E-02

E Distal | -6.232E-04 | 8.245E-03 | 4.487E-02 |2.492E+4-01 |-2.810E+02|-1.472E+00
Mesial | 9.314E-03 | -2.492E-03 | 2.421E-02 |-1.278E401|1.554E+402 |-7.046E+01

F Distal 1.992E-02 | 3.011E-02 | 1.016E-01 |6.260E+01 |-6.062E+02{-9.012E+00
Mesial | 3.562E-03 | -1.184E-02 | -3,393E-03 |-3.288E+01| 3.921E+02 |-6.262E+01

G Distal 1.219E-07 | 1.179E-08 | 8.181E-08 | -1.355E-07 | 4.342E-07 | -9.525E-10
Mesial | -9.742E-08 | -4.627E-09 | -3.717E-08 | 8.833E-08 | -4.876E-07 | 1.273E-09

A : -40mm (s}ebH 91 2))
D : -10mm (3} 9 A])

G ¢ +30mm (A4 9 4])

B : -30mm (s} 91 <))
E: +5 mm(4a914)

C : -15mm (3}8}8 9} A))
F ! +10mm (Ahubs A7)




® 6. MEAW o) £#733l52

A% 2% W AlLTA ] Foisl= ¥ % Rotation (H4] : Newton)

Force-X Force-Y Force-Z |Rotation-X | Rotation-Y | Rotation-Z
A Distal |2.491E+05 |-2.116E+04|-8.259E+05| 3.561E+06 | 1.765E+05 | 2.546E+06
Mesial |4.617E+04 | 1.465E+05 |-1.288E+05|-3.143E+05{-1.299E +06 4.028E+05
B Distal |4.557E+11|-3.886E+10(-1.515E+12|-7.411E+12{-1.982E+11{-2.346E+11
Mesial |8.362E+10]2.691E+11 |-2.354E+11} 4.674E+11 [ 1.265E+12 [-1.182E+12
C Distal |8.883E+11 {-1.184E+10|-1.039E+12|-3.866E+12|-2.593E+11| 4.796E+12
Mesial |{8.241E+10|8.119E+10 [-1.294E+11]-6.197E+12] 1.522E+12 | 5.479E +12
D Distal | -8.476E-02 | 1.662E-02 |, -4.870E-02 | 8.865E-02 | -2.810E-02 | -9.010E-02
Mesial | 3.081E-02 | 3.596E-02 | 8.153E-02 {-9.332E-03 | 3.167E-03 | 5.365E-03
E Distal |-4.755E+08)| 7.665E+09 | 2.301E+11 | 2.846E+10 |~3.039E+09]-1.130E +11
Mesial |1.057E+10 [-5.227E+10|1.835E+10 | 2.652E+09 | 7.177E+09 |-6.708E+09
F Distal |-9.510E+08]1.533E+10 | 4.601E+11 | 5.692E+10 | -6.078+09 |-2.260E+11
Mesial |2.114E+10 |-1.045E+11| 3.669E+10 | 5.304E+09 | 1.435E+10 —1.34ZE+10
G Distal |-8.143E+05|2.042E+03 | 6.880E+05 |-4.387E+05|-4.514E+04{-1.015E+06
Mesial |-6.434E+404|-1.332E+ 04| 7.311E+04 1.419E+06 3.410E+05 {-1.639E+06
A -40mm(shgd9i4]) B :-3omm (34l C:-15mm(shbhd $4))
D: -10mm (s sl A) E: +5mm(4ahdel<)  F: +10mm (4d 51 4)
G @ +30mm (4= 9] 4])
H 7. MEAW o} 28122718 9@ of A2ui7xlo] Hoisj 3 2 Rotation (22} | Newton)
Force-X | Force-Y Force-Z |Rotation-X | Rotation-Y | Rotation-Z
A Distal | -7.105E-11 |-6.592E+03(-1.903E+07(-2.016E+01}|-1.226E+03}{ 4.283E-01
Mesial |[2.829E+06 |-2.053E+06)9.007E+06 |-4.217E+04| 4.766E+04 | 4.945E+07
B Distal |-1.788E-04 |-1.211E+10(-3.489E+13(-2.680E+11| 1.000E+10 |-3.470E+06
Mesial |5.185E+12 |-3.760E+12| 1.650E+13(-3.040E+13|2.889E+13 | 9.069E+13
C Distal -9.313E-07 |7.0297E+10|-2.206E+11|-1.793E -01 |-5.119E+00| 6.127E-02
Mesial |5.342E4+12 [-9.957E+11{-4,711E+11|-1.836E+11{5.509E+11 | 7.564E+11
D Distal 1.168E-04 |-1.073E+00{-9.259E -01 | -6.250E -03 |-9.429E -02 | 4.074E-04
Mesial 2.748E-01 | 2.557E-01 | 2.729E-01 |2.790E+00 | 2.331E+00 | -3.559E-01
E Distal 1.863E-05 |2.116E+12 | 2.824E+12(-1.754E+01{ 1.592E+01 | 1.631E-01
Mesial |-5.576E+11|-5.070E+11|-9.239E+11{-5.496E+12|-7.126E+12{-1.841E+12
F Distal 2.608E-05 [4.231E+12| 5.649E+12|-1,350E+01} 7.685E+01 |-1.513E+01
Mesial |-1,115E+412}-1.014E+12{-1.848E+12{-1.099E+13}-1.425E +13|-3.682E+12
G Distal | -9.008E-12 | -2.272E-10 | -5.676E-11 {-1.119E~14 | -1.109E-10 | 4.441E-10
Mesial |-4.240E+06| -3.343E-09 | 3.606E+05|-5.256E+06( 1.321E+07 |-6.994E +07

At -40mm (3hh 9 AD)
D -10mm (3} £14})

G . +30mm (Auhs £ 4))

B -30mm (3}ah 91 4)
E: +5 mm(4hgwi9i4))

C ! -15mm (3}4h 9] A])
F o -+ 10mm (4uh 9 4))




INININININ o
2 % § ‘& C: 018 x 022 1
MR e 2

-3

3.264 | -3.072 | -2.901| -2.762 | -2.298

N
N NN
MNNUIE

2705 | -2.546 | -2.405 | -2.289| -1.905

A: 016 x 022
B: 017 x 022
C: 018 x 022
D: 016 x 026
E: 020 x 025

mm E405)

mm (E+O§)

E 8. XFolA9 BA arldl dE FFHAATF ;9. Y 2elAe] BA a7ld G2 FEAAF

A B _C D _E
IININININ| N o
. % § N § C: 018 x 022
) \ % N | N D: 016 x 026
AN | B E: 020 x 025
2
-1663 | -1.565 | -1.478 | -1.407 | -1.170

mm (E+07)

E 10. ZZoAle gA 77
o WE B A

I Il. plain arch ¢} MEAW 2] #1913 vlm (59 | mm)
(% bracket ¢ 94, SAAANN +AsuZe} Wl ulm)

1

AT G ey | @3 dopacemeny | D70 1
A 2el 73] A41Z 0.00E 00 A41Z 0.00E 00
ZA1Z 0.00E 00 ZAZ 0.00E 00
A 1o -] A2 -2.18E-03 QA% -2 93E-03 1.3
A% -6.33E-03 ZAZ -1.49E-02 2.4
A 241 A% -1.31E-02 A& -3.20E-02 2.4
FAZE -1.66E-02 4% -4.13E-02 2.5
A 141 UAZE -2.45E-02 A4Z -6.31E-02 2.6
2AZ -2.69E-02 ZAZ -6.99E-02 2.6
7 4% -3.55E-02 AAZ -9.39E-02 2.6
A% -3.81E-02 A% -1.01E-01 2.7
%43 QA= -4.21E-02 QA4E -1.11E-01 2.6
ZAZE -4.34E-02 ZAZ -1.14E-01 2.2
FAA AAIZE -4.50E-02 AA%E -1.17E-01 2.6
A% -4.57E-02 =A% -1.19E-01 3.0
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— ABSTRACT -

MECHANICAL ANALYSIS ON THE MULTILOOP EDGEWISE ARCH WIRE

Kyung-Min Chun, D.D.S., M.S.DW., Dong—éueﬂok Nahm, D.D.S., M.S.D,, Ph. D.

Department of Orthodontics, College of Dentistry, Seoul National University

This study was designed to survey the stress distributions and deflections which were derived
from MEAW by the computer-aided three dimensional finite element analysis of teeth and sur-
rounding bone composed of 2839 solid elements and 4621 nodes. MEAW model was also made
using the 90 beam elements and the results were expressed by quantitative and visible ways.

The findings of this study were as follows:

1. 1In case of vertical load on the MEAW there were extrusions of anterior teeth and upright
effects of the posterior teeth,

2. Without applying the vertical elastics on the MEAW there were intrusions of anterior teeth,
but relatively mild force was transmitted to the posterior teeth area. Torque forces were
observed on the incisors and molars, and canine was intruded without torque.

3. The magnitudes of forces were different by the amounts of tip back bends of MEAW.

4. The displacements were in inverse proportion to the cross section areas of the wires according
to the experiment using the 5 different size arch wires.

5. The difference of deflections between the MEAW and plain arch wire was not so big as the
theoretical one but the deflections of MEAW were much more than the plain arch wire in
every X, Y, Z direction. ' ‘
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