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Fig. 1. Three dimensional finite element model of
the upper left dentition after canine
retraction into extraction space

a. teeth

b. periodontal membranes

¢. total finite element model

2.5mm
a —

D ISmm
b ——-J -

Fig. 2. 5 types of retraction loops
a. tear-drop loop

b. simple closing open loop
¢. simple closing closed loop
d. combination loop

e. T-loop

Fig. 3. Schematic diagram of gap slement”

a. tooth

b. bracket

c. wire

d. gap element
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Fig. 4. The reference coordinate system
X-axis: mesio-distal direction
Y-axis: facio-lingual direction
Z-axis: up- & downward direction

Table 1. Mechanical properties for the tooth, peri-
odontal membrane. and stainless stesl
wire

Tooth 20 x 10° 03

Periodontal membrane 70 x 107 049
Wire(stainless steel) 214 x 10° 03

B. A LIS

g59 74 248 retraction archwire® acti-

vation’| & o) ghdo] 2} Alolof] W EE P B

HE, XololF WAL ASFF o, Gile HEH

B2 74 BARYG

1. 3t 48 A 9] FHAAA Ve YubAEQl § A
At AololE & AHE7 99, tear-drop
loop archwire® 05mm activationA]Z 2 w9l 2
#E ASE H, ol& Yoz AFIAY

2. activation force®} Z71o] W& z}ojE B7] 93),
tear—drop loop archwire9] retraction activation %
& 05mmoiA 1.0, 1.5, 20mmE 277 & w9
AARE 712Y 3 vwsle) 459

3. loops PFejo] wE AolE H7] A&, simple
closing open loop$} simple closing closed loop,
combination loop, T-loopE 3luH8 ¥-<3k o] 7}
A9 retraction archwire® 27 05mm® acti-
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vationA 22 do] 295 71837 vlmale £4
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4. gable bendd EIHE 27 Y8l tear~drop loop
archwireol Al loopd] A% & T ZAA F- gable
angles 4z 57, 100 4 F93ld 05mm
activationA | A< We) AAE 7|£€39 vwald
At

5. torque®] E3E H7| Y8l tear-drop loop arch-
wireel|X] AX¥ Aold) AT HFH torqueE 5°,
10°, 15° B8t 0.5mm activationA| A< H9 2
#E 712 vl gdte] EA8ch o] uf g
torque 25+ 9o AAIZE Aole] torque 2=
ok 6.9°9] deviation angle$ F718}9th

C. Xl g
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ddog FE BAY AA 7HA &5 B, F
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g 7pA oz Belsly] el 2% 44 A 7IHe
AAgstg o, Uy FEHdA gAe dHY
Jei 8 gFsdd 2 A48 AHES AFE T SGI
INDY$ SUN SPARC station 2 71F°|eH, &3
8BNS 93 AFH zradez A AXe(pr-
eprocessing) B A 2] (postprocessing)= PATRAN
3¢ AH8-3t9 3, A (solution)& MARCK 58 Al
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W, %=1 2

1. tear—drop loop archwireZ 05mm activationA}
AL W sioixlote] FA Aol vehte $(Fx, Fy,
F2)# 29 E(Mx, My, Mz), S 9[A AR (Ux, Uy,
Uz), W 9(6x, 8y, 82))) A& ASACIER)E
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Table 2. Forces. moments. & displacements produced by tear-drop loop archwire after 0.6mm of activation

{(standard form ).

- force(gf) moment(gf.mm) translation(10 °mm) rotation(10 *radian)
 Fx Fy Fz Mx ‘My Mz Ux Uy Uz B By 6z

8 38 ~75 -126 0 &4 48 -1 8 -5 -32 44
20 124 108 112 0 20 22 95 =51 118 -20 26
-66 100 -37 -62 0 -66 =30 20 -3 16 21 -4
-55 4 0 0 0 -55 27 1 0 1 22 =27
-62 5 0 0 0 -80 -11 1 0 1 8 -7
-4 0 4 4 0 ~-34 -7 0 0 0 -5

Fx : force acting in X-axis direction ( + : distal, - : mesial )

Fy : force acting in Y-axis direction ( + : lingual, - : facial )

Fz : force acting in Z-axis direction ( + : intrusive, - : extrusive )

Mx : moment rotating in X-axis direction ( + : crown lingual, - : crown facial )

My : moment rotating in Y-axis direction ( + : crown mesial, - : crown distal )

Mz : moment rotating in Z-axis direction ( + : mesiofacial, - : mesiolingual )

Ux : mesio-distal displacement ( + : distal, - : mesial )

Uy : facio-lingual displacement ( + : lingual, - : facial )

Uz : up- & downward displacement ( + : intrusive, - : extrusive )

6x : facio-lingual rotation ( + : crown lingual, - : crown facial )

By : mesio-distal rotation ( + : crown mesial, - : crown distal )

0z : mesiofacial or mesiolingual rotation ( + : mesiofacial, - : mesiolingual )

H 20| AABIG T Ao s 2 gL
< Xole AR (YATEo = 83ghHH e, 713 2
2 & e Kol —i—@il(%*‘ wtgko 2 20gf) g o
v, AAAQ 294 AololgL FAX|, A, A 2
&7, FAA 9 £ME FAX Y FHAE 94l

S, AX G A 2 AFAE T4 TS Hoen o
X9 F4lolE2 nulstgn. ¢z A
Z F& B Aole MR (HF02 124gHR o,

o8 ZAAAEFoR 100gf), FAN(AHZow
Bghel TA=Z Jelgoy, AAHQ &R ololF
2 34X 9 6—1101%“* 453 A Jelhgew A
A ¢ dFolgo] &% Uelgn, $HAAME 23]
H Aog &0 F5E BYyon, FXEL nvg A
Zolse Hth ”‘}“‘é}oi% SHAA (Ao
108gH)7} 4% 2 38, o2 FHA(BHoR
Togf), AA(BHEeZ 37gf)4 THE F& Bey,
AAAQ et Rolo] 5 FAAY SAX A 3
& e Wkl wigieko 7 Jeht X9 4%
b oahol B SR 9 A Aol sE B,
A A shiol 5 BATh FR|oAM e A3t
0} 152 #FF + Aok AAAJ AAALE

w3l B o) FHX ] dZolFo] 953] oy, ¢

R R h ) ml

o2 ZAXNY YAHoleH FHX 9 3olFol
v sahA JeElbd s, 1 H2 AX 9 A 2 A7R| 9 &
24319 dAolF9 &AZ JERT
W, 2)old 78R ZHEY WIIME FEA
A#e ¢FIA 2AeE3d RAEEZ
126gf.mm, 84gfmm)} SAA X &e] HA&3)AH ¢
ZA+Z23H 2dE(ZZ 112gfmm, 20gf.mm), 2
A A#e] #5304 2 AL SE IH RAEHZD
62gf. mm, 66gfmm)7t JeElga, 7A¢ 24453
A RAERA 2 27X ;56gfmm, Al 1 FA
80gfmm, A 2 WX ; 34gf.mm)7} YElgen &
AAMFEEe] 3] RUESE RE X|ofdlA] 0o] ZH 3
o} AAAQ xole AWML= FAX) M@ A
3| A o] A3 A Jeha, FHX % FHA] A
o] gAsA 2 24EE3 Aol Yeiten, v
2 X9} FA oM A 2AA ¢ 2HES
3| Mo el s AFe Fto R A5 E A4S
o}k AA A<l S ARYE v & “ﬂ 43 x#9
dZ3]de] 953 Fom, FHA A&
o dA3d g 2 T?ZP‘J 73_1]—4 A3 A,
ZA X9 ZAEFIH 9 A 2 2729 24453
Aol A 2 Jelgth gol9 5 73] 31,
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Table 3. Forces, moments. & displacements produced by tear-drop loop archwire after 0.6, 1.0, 1.5, & 2.0mm
of activation.

St act, ‘ force(gf) : momen’t(gf.mtn)  translation(10°mm) rotation(10 *radian)
(mm)  px Fy Fz Mc My Mz Ux Wy Uz Bx By Bz
05 83 3 - -12% 0 84 48 -1 8 -5 -32 4
u 1.0 171 69 -108 - -180 0 171 100 5 8 0 -67 92
15 262 0 ~123 205 0 262 155 13 4 10 -104 142
2.0 360 128 -123 206 0 360 215 23 -4 % -145 197
05 20 124 108 112 0 20 22 9% -51 118 -20 26
12 10 9% 265 204 212 816 % 34 197 -8 245 19 2
15 184 411 287 241 1816 184 43 2%  -142 34 73 166
2.0 273 569 354 9% 2861 273 48 37 -1 467 132 238
05 -66 100 -37 -62 0 -66 -30 20 -3 16 21 -34
13 10 -133 238 -125  -209 0 -133 -60 41 3 28 41 -69
15 -204 381 -232 -3%8 0 -204 -92 61 11 36 63 106
2.0 -286 523 -32 538 0 -286 -129 83 16 48 8  -149
05 -55 4 0 0 0 -55 -27 1 0 1 22 =27
5 1.0 -131 3 15 16 0 -131 -66 4 -2 5 53 -63
15 -211 1 62 65 0 -211  -105 11 -10 17 84  -101
2.0 -289 3 9 93 0 -280  -144 16 -14 5 116  -138
05 -62 5 0 0 0 -80 -11 1 0 1 8 -7
6 10 -144 14 14 18 0 -186 -27 3 -1 3 18 -16
15 =221 22 3 4 0 -295 -43 3 0 3 29 -25
2.0 ~313 30 0 0 0 -406 -59 4 1 3 40 -35
05 -4 0 4 4 0 -34 -7 0 0 0 6 -5
17 1.0 -78 -1 0 0 0 -78 -16 0 1 -1 13 -11
15 -124 -2 2 2 0 -124 -25 0 1 -1 21 -18
2.0 -171 -3 1 1 0 -171 -34 0 2 -1 29 -24
Fx : force acting in X-axis direction ( + : distal, - : mesial )
Fy : force acting in Y-axis direction ( + : lingual, - : facial )
Fz : force acting in Z-axis direction ( + : intrusive, - : extrusive )
Mx : moment rotating in X-axis direction ( + : crown lingual, - : crown facial )
My : moment rotating in Y-axis direction ( + : crown mesial, - : crown distal )
Mz : moment rotating in Z-axis direction ( + : mesiofacial, - : mesiolingual )
Ux : mesio-distal displacement ( + : distal, - : mesial )
Uy : facio-lingual displacement ( + : lingual, - : facial )
Uz : up~ & downward displacement ( + : intrusive, - : extrusive )
Bx : facio-lingual rotation ( + : crown lingual, - : crown facial )
8y : mesio-distal rotation ( + : crown mesial, - : crown distal )
0z : mesiofacial or mesiolingual rotation ( + : mesiofacial, - : mesiolingual )
dolN 4R 2347 2 e d4Hez £ (otation /1S AMIRTE A WA Bk
A7ALe W3E ouidty, A 9434
YA E7 AL WEE(p M), 28la 2AeS 2. activation force®] Z7|o| u}& zo]& K7 ¢

4 ZAAZ AL JAdA &3] dAE Aol A 8| A tear-drop loop archwireZ 05, 1.0, 1.5, 2.0mm
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activationA| & wl 7|7X|ofe] FA Aol Jeh}s=
A ZHE Ao h3 AZSXNE F 39 AR
t}. activation %S 7M1 wrat TE x| o}l A
3, RUlE, W9e] A9 BE AEXSo| HaHozn
A2 F7hske A2 Yehdth tE Xolsd) vl
2439 AN N Y& 2 2718 Helon S5 =
A oA Ao 29] Fof F7} Feg oyt
(0.5mm ; 20gf — 2mm ; 273gf) 2AFA mHEY}
HE 2 37 297 9 29(05mm ; Ogfmm —
2mm ; 2861gf.mm) YAolFHFY F/1EL 237
iAoz 2AA YehdEaM05mm ; 22X 10 °mm
— 2mm ; 48X 10°mm) YA o] TAZ Aoz A
gatd & EZoz  Z7beYem(05mm ; 20X
10°radian 9434 — 2mm ; 132X 10 *radian 24
3A), 2AcEIA ZAEY F4F Z712(05mm
; 20gf.mm — 2mm ; 273gf.mm) 28X 9] 2L
3o} AA F718HTHO5mm ; 26X 10 *radian —
2mm ; 238X 10 °radian). =3 0.5mm activationA] =
AR oA Jehdd Hu)gk £20]%0] activation %
< S7HA Wt dZolgo g Al Zr)s)
AZ05mm ; 1X10°mm &Z0]% — 2mm ; 23X
10°mm 20| 5), 23 d0] =3 Ho s At
o Z7V8k 2™ (05mm ; 5% 10 *radian £&34 —
2mm ; 25X10°° radian A Z3) ), AX| o & 3}k
ol Blolgor Agsld Z712 EATHO5mm
; 3X10°mm 8ol — 2mm ; 16X10 °mm AP
olF). Al 2 279 Al 1 hFH AN A9 0L et
e gege] 33t d23W BMET} activation
FE TR Wil 24 Fotbetd, 1 Heto 29
A ofolF A F7lste Aeg yehygr)

3. loop®] FEjol WE o] & B YaiM A7}
A 9] archwireE 05mm activationA|Z-& w 7§72
oke] FA Al vehte I3 2ilE 9o tat A
2 & & 49 AANFH. tear-drop loopE 71F <
2 3l ASAES Fud ez 3ok 2 v simple
closing open loop®] A%l A B9 +£23
A3 Z2HX A #e HZo|5 P H23Ho] Z718
oy 1 Fo] T3] HAgtw, FAES AY RolE B
o]2] . ¢ %kt}. simple closing closed loope] 7-$-ol =
FAX 9} 24 A A simple closing open loopSt %
vhle] AE BAT, AN ZAo| 5T} 2413
A E 2SI vk AE RYon 71

ANe QA A9 AolE YA &teh. combi-

nation loop2] 7-%-°ll = simple closing closed loop2t
ALY FARE FdE BolHA ZAF T} )53 A
U 7t o 3A Jebgen, SR 94l EH &
NS e S/ L A 1, A 2 TR B 24
A a7t #rHH o YEy.

T-loopol A& THE loopEdl vle] Awtxog &
Zpol g Hojx, 2o R R olo]Fo] RE
ot X G438 gAasdtg o, &AW 9 3
o] zoto|F2 HAAfA o]g e YIS HY
FR M ztol 7t gt £ ZE X0l o Z}
go g9 o] AA Ao, FAIYAF
FRAM = AL zto|7t gldoey FAAqAE
Z3|do] 47t Frlete Ao ey

o=

Hr rlo o kI

4. gable bend®] E}E R7] 98l tear-drop loop
o] HFW ZAARHAA 42 0°, 5°, 10°4 9] gable
bendE #-<J3ld 0.5mm activation | RS = 77X
oke] FA Ao Yehhs 33 2l E W9 tig A
A& & 5ol AABIAT. Aot HAYsE 7, 2l
E W8] BE AZSAEL gable angle?] 3718 &
WA wE v T dlg FAS Jebid.
gable bend& F3 A& R34 ¥ A0
£3)9 vlusl & of, ZHX e} AAE A RE
ot X ZAWF 2 o F7=2 Q1F Ao
ol F7Mle A4S RYon, AXe gaige
229 Fo] F7FIEA(0°; AR 66gf — 10°; 9
Aoz 21gf) 2ol v FatAInt dilolgoz
AP o H0° 5 30X10° mm A olF — 10°; 12
X10°mm YA 0]%), AR NAE FAEe] 3ol
A F7/HENE0° ; 20gf — 10° ; 174gf) BF3}
I ZA3A RHEZ O&% A F7A0°;
Ogf.mm — 10° ; 2271gf mm) <43 Aol F=go =
A(0° ;2010 radian  FAZFA - 10°; 130x
10 °radian Z413) ) 9388 Aol Be] FA(0°; 2
x10°mm — 10° ; 610 °’mm)& Jehict. n}3s1A
2 ZAX A oz 283k Fol(0° ; 108gf —
10° ; 328gf), ARl A ez 83k §0](0°;
gt — 10°; 3llgh) A SR o SH X oA
t A33Ad ZHEJHO° ; 112gfmm — 10° ; 3lgf.
mm), AAM e £53H ZHAEHO ; 62gf. mm
— 10°; 521gf.mm) F7Fete] Q38 ZHA 9] 3
ojF 2 AR 9 ool ZA F/HY £ =4
A A ZAHcEIA BHETL AA F7HHA0° ;
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Table 4. Forces, moments. & displacements produced by 5 types of retraction archwires after 0.5mm of
activation.

tear 8 38 - -1% 0 8 48 - 8 5 -2 4

open 8% 3 -8 -1 0 8% 49 -1 9 T B 5

i dosed 78 3% 67 -11 0 B 45 1 7 3 -0 @
combi 64 3B -2 -10 0 64 3% 1 8 -4 -4 R

T 4 19 6 -0 0 % 18 -4 9 9 - 17

tear 20 124 108 112 0 0 2 % 5 18 -0 %

open 21 127 116 21 0 21 2 8 5 123 -2 %

12 dosed 2 17 % 100 0 2 23 &8 46 10 -2
combi. 29 9 - 103 07 0 2 29 8% 46 101 -% 33

T 1 08 8 0 11 13 48 -2 & -2 15

tear 66 100  -37 62 0 66 30 2 3 16 21 U

open 68 103 40 67 0 68 -3 2 2 1B A -%

13 cosed 60 10 -3 % 0 -6 -2 2 31719 3
combi. 46 103 % 60 0 -4 -2 21 37 U -4

T 19 5 21 -4 0 -9 -9 10 0 7 6  -10

tear 55 4 0 0o 0 ®» 2 1 0 2 -2

open 57 4 0 0o 0 5 R 1 0 1 2B -z

15 cosed -5 9 0 0o 0 5 - 1 0 1 2 %
combi. 56 -2 0 0o 0 5% -8 0 1 -1 0B

T -3 -3 0 0o 0 -3 -5 0 1 -1 12 -4

tear 62 5 0 o 0 & -l 0 0 1 8 7

open 63 5 1 1 0 & -2 1 0 1 8 7

16 closed -6l 5 0 o 0o -/ 12 1 0 1 8 7
combi. 60 6 0 o o B -1 1 0 1 1 7

T -31 4 0 0 0 40 6 1 0 0 4 -3

tear  -34 0 4 4 0 % 70 0 0 6 5

open -4 0 4 4 0 - 70 0 0 6 -5

17 cosed -3 0 3 3 0 - 70 0 0 6 -5
combi. -3 -1 4 4 0 -3 70 0 0 1 5

T -7 0 2 3 0 -17 30 0 0 3 -2

Fx : force acting in X-axis direction ( + : distal, - : mesial )

Fy : force acting in Y-axis direction ( + : lingual, - : facial )

Fz : force acting in Z-axis direction ( + : intrusive, - : extrusive )

Mx : moment rotating in X-axis direction ( + : crown lingual, - : crown facial )
My : moment rotating in Y-axis direction ( + : crown mesial, - : crown distal )
Mz : moment rotating in Z-axis direction ( + : mesiofacial, - : mesiolingual )
Ux : mesio-distal displacement ( + : distal, - : mesial )

Uy : facio-lingual displacement ( + : lingual, - : facial )

Uz : up- & downward displacement ( + : intrusive, — : extrusive )

0x : facio-lingual rotation ( + : crown lingual, - : crown facial )

8y @ mesio-distal rotation ( + : crown mesial, - : crown distal )

8z : mesiofacial or mesiolingual rotation ( + : mesiofacial, - : mesiolingual )
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Table 5. Forces, moments, & displacements produced by tear-drop loop archwire with gable bends after

0.5mm of activation.

o force(gf) moment{(gf.mm) translation(10™mm) rotation(10 °radian)
tooth  gable(®
- Fy Fz Mx My Mz Ux Uy Uz Bx Oy 0z
0 33 38 - 126 0 84 48 -1 8 -5 -32 44
1 5 72 36 -108 -180 0 72 40 -8 16 -16 -25 37
10 40 2% -123 206 0 40 19 -15 22 -26 -11 19
20 124 108 112 0 20 22 9% -51 118 -20 26
12 5 102 123 231 241 1167 102 16 122 -83 162 55 92
10 174 90 328 341 2271 174 6 125 -102 176 130 149
-66 100 -37 -62 0 -66 -30 20 -3 16 21 -34
13 5 -30 174 176 295 0 -30 -13 18 21 -3 9 -15
10 21 221 -311 -5H21 0 21 12 10 47 -27 -8 12
=55 4 0 0 0 -55 -27 1 0 22 -27
15 -97 -19 43 45 0 -97 48 3 -5 7 338 -46
10 -123 -43 105 109 0 123 -61 6 -13 17 48 -58
0 -62 5 0 0 0 -80 -11 1 0 1 3 -7
16 5 -9% 14 8 10 0 -124 -18 2 -1 2 12 -11
10 -113 21 0 0 0 -146 -21 3 0 2 14 -13
-34 0 4 4 0 -34 -7 0 0 0 -5
17 5 -53 -2 2 1 0 -53 -10 0 0 0 -7
10 -63 -3 2 3 0 -63 -12 0 1 0 10 -9
Fx : force acting in X-axis direction ( + : distal, - : mesial )
Fy : force acting in Y-axis direction ( + : lingual, - : facial )
Fz : force acting in Z-axis direction { + : intrusive, - : extrusive )
Mx : moment rotating in X-axis direction ( + : crown lingual, - : crown facial )
My : moment rotating in Y-axis direction ( + : crown mesial, - : crown distal )
Mz : moment rotating in Z-axis direction ( + : mesiofacial, - : mesiolingual )
Ux ! mesio-distal displacement ( + @ distal, - : mesial )
Uy : facio-lingual displacement ( + : lingual, - : facial )
Uz : up- & downward displacement ( + : intrusive, - : extrusive )
Bx : facio-lingual rotation ( + : crown lingual, - : crown facial )
Oy : mesio-distal rotation ( + : crown mesial, - : crown distal )
B8z : mesiofacial or mesiolingual rotation ( + : mesiofacial, - : mesiolingual )

23| "o 2A Z/ATHO° ; 26X 10 *radian — 10°;
149%10 °radian). A 2 AFR & A Po] 2oz 3
ASAA dZol% 9 spfolFol Tk on 24
874 8 2HEZFAY 3718 BT tFA A

o Wk njokaA ek,

5. tear-drop loop archwireol]A] Z X} 2]o}oj] (°,
5°, 10°, 15°9] A& A2 torqueE F-43td 0.5mm
activationA] & ® 707l x| o}e] FAA o] Yeh} = 3]
I RAE 9o o AFXE & 6 AASHALE

4% x\#e) £&34 BRNEV}F FA3] FUhetd
(0°; 112gfmme] AEF3d =EHE - 15°,
1546gfmme]| 334 ZHE) 243 @] 4=
AL o= A® FAAALH(0°; 118X 10 *radian
— 15° ; 96X 107 radian), FAX AN AA F7}s
o(0° ; 126gf.mm — 15° ; 304gf.mm) S| 2| &<
&Z3 A< 27 ATHO° ; 5X10 *radian — 15° ; 37
X1076radjan)_ O vEgo g Ax x#e g%‘ﬂ@
2AES A F7HFCZR(0° ; 62gfmme] £53]
A RAE - 15°; 1309gf. mme] A &3H 2R E)
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Table 6. Forces, moments, & displacements produced by tear-drop loop archwire with active anterior lingual
root torgue after 0.5mm of activation.

ik tbrque forcelgf) £ moment(—g-f;n—n) - ftrekm:s'lati’on(‘lo"?mmf)~k: , rotatiyoﬁ(l()“‘sradian)
B 'l B M My M Ik Ly e &K 8 6
0 33 38 -5 -126 0 34 48 -1 8 -5 -32 44
1 5 174 39 -155 -259 0 174 101 -19 2 -28 -66 94
10 208 3% -168 -282 0 209 121 -23 24 -32 -79 114
15 243 32 -181 -304 0 243 142 -28 26 -37 -93 133
0 20 124 108 112 0 20 22 % -51 118 -20 26
12 -26 251 197 ~705 0 -26 -12 128 -73 122 6 -23 ‘
10 -48 298 228 -11%5 0 ~8 -29 132 -78 109 20 -48
15 =70 346 20  -1546 0 -70 -46 136 -83 % 33 -73
-66 100 -37 -62 0 -66 -30 20 -3 16 21 -34
3 -221 41 16 542 0 -221 -102 25 -17 52 70 -117
10 -287 4 5 926 0 -287 -133 25 -17 68 0 -152
15 -354 -32 -6 1309 0 -354  -164 24 -17 & 1 -187
-55 4 0 0 0 -55 =27 1 0 1 22 -21
I -22 62 -45 -47 0 =22 -12 9 1 4 10 -11
10 -2 88 - -56 0 -2 -2 14 -1 8 2 -2
15 19 115 -64 -66 0 19 8 19 -2 13 -6 8
-62 5 0 0 0 -80 -11 1 0 1 8 -7
5 -51 -9 -9 -12 0 -66 -10 -2 2 -2 7 -6
16
10 -40 -17 -7 -9 0 -b2 -8 -2 2 -3 5 -4
15 -29 -24 -5 -6 0 -38 -6 -3 2 -3 4 -3
0 -34 0 4 4 0 -34 -7 0 0 0 6 -5
=27 2 -4 -4 0 =21 -5 0 1 -1 5 -4
1z 10 -20 3 -4 -4 0 -20 -4 0 0 3 -3
15 -13 4 -4 -5 0 -13 -3 0 0 2 -2
Fx : force acting in X-axis direction ( + : distal, - : mesial )
Fy : force acting in Y-axis direction ( + : lingual, - : facial )
Fz : force acting in Z-axis direction ( + : intrusive, - : extrusive )
Mx : moment rotating in X-axis direction ( + : crown lingual, - : crown facial )
My : moment rotating in Y-axis direction ( + : crown mesial, - : crown distal )
Mz : moment rotating in Z-axis direction ( + : mesiofacial, - : mesiolingual )

Ux : mesio—distal displacement ( + : distal, - : mesial )
Uy : facio-lingual displacement ( + : lingual, - : facial )
Uz : up- & downward displacement ( + : intrusive, - : extrusive )

8x : facio-lingual rotation ( + : crown lingual, - : crown facial )

8y @ mesio-distal rotation ( + : crown mesial, - : crown distal )

8z : mesiofacial or mesiolingual rotation ( + : mesiofacial, - : mesiolingual )

AR A#e A& Aol A3 F/ATHO° ; 16X o A A FrkeA T B FAX = 2T
10radian — 15° ; 85X 10 5radian). €404 35 Z3|Hdo], 5dX g AX e AL FI A AA F
= YA 3ld BHEE A9 gy, £4 ke Aoz Jeiyith XA¥AE XY 249
2 2 7ol YAlslAo] FE e SAA 9 AA X zo] 7} A 27184 2(0° ; 30X10° mm — 15°
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; 164X10°mm), -go2 Fax) 9] falo]Fo| 2
Al Z7FATHO® ; 48X 10 mm — 15° ; 142X 10 *mm).
FHAE 238 P4lolFolA ZAlojEoa A}
HA(0° ; 22x10 ’mm YA o] F — 15° ; 46X 10 °mm
ZA0l1E) AZ(0°;%BX10°mm — 15°; 136x107°
mm) 2 3H0° ; 51X10°mm — 15° ; 83X 10°mm)
o829 o]Fo] it on FA Ao Wil 1|
okt o] & W5 ) torqueE X & 5° Hof
SRS W 343 Jeldtrl 5°8 013 whet o
Wsteo] FAason, & 243 x@ H23A
< AT 5° FAAA| &R grirt dx) g
F7W A et AEHE et

V. &8 % 7ot
WHARE Xotd] Y 717 B¢ IS /PSS o
Aol FAZAN N4 F “‘ H7tel 93 = )

I'N

ol dojudA xobr} o] Fite o 7
Fi ok Xole Yl 2& Ba) o FshA| 2t of ]
F ZelA g %}7} A Z2erl] o3 FAE 7] ) Foi
719] AofolF-E fFH o2 AT YA Uehte
@golgta & ¢ %lt} 2 Ao A B2E XofolF

Aol A Vel vlZ o]k \,Jx_i 27w
%ﬂx“’i Wﬁﬂ 7401111 A& o %ZOM

d
lt

[o]

I-N' r°*' BN

mlo

£ 2 ope rlo

REE "21—3: 7}' = ﬁ%Oﬂ‘ o 7iA)9 e 4%
Sl B &, G A FL 7HAE v
= AHEE 3] AV]d) wHaiA 8 *l’—%}ﬂﬂr

HFAL, 2obE o] A7V Ssf SUF P& Ko}
o AEA7e Arde Yo By, B, 1—}%”
R A7) Tof AFEAAN d&A At s =
AT, o] g2 el A7]d) vlesix 7t ohjat
AZEA A YA Jled weh xFxA
2 A S NxAch

Aotell §& 7hebd ol 2w Rote] BAF
Azte] @A wet Aok Aol F, ol F we
ol B9 BEAQ ol L Hon¥, o] uf 2
obell 2Hg-eh= = @ AAls oo ©rE Xotgl x|
RE WsE 339802 Fysta P Fse S gl
o A Aoto] o] #AE gut2A Hrt
g g oolon 44 g 2RSS oElshe o=

EEE E 5 IUT Aot
B AF7E retraction archwireZ AM8-3te] Aot 4
AAE FHHAAANZAS o 7 Hold] A= RE

A7 RUE 9 XololF FE FFLAHE o] &
st 3zt A o2 B AT BHF 3
2490 714 Ageitia Bkl o] WS A}
&35, e /e s 2FE A F] Y8 A
4 AT Fes2 st Wzl 1’f‘r%kfﬂ
A S A viwy AL A S a3 F8
L 849 8 FA /A MRS ‘Qoi"ﬂs
Mg E9on], =3 e} B slot Alo]9] &
o] Ao #3 J=F W2 v|AHY 3L Holmrg
gap element® AH&-3lo] o]E HHFoaM” 1 A
IE AAAQ] A3l Aoz FHAI 1A =
ELp7 =2

U] FH A Ao TRAdL 2l
ABA o] W Zk Xo}e] o]FE& st Aol F
3’7 Aoyt AYE YNZ o] Fd st WA
kol 3k 18 glols uiEkzle AdE AL
A, AFAN FFFANE AHLE wio} vkl
2 retraction loopE- activationA]Z wolj & E73 )
A9 33 EWEZ Bepl S B A Ty
o] Aot AN (2 g WY Fu2
frAlsteE o g § 74]7479} A7l Za B
Wil g AA T} Koo ABBY?), 1 Az A
ot J# F 7HA 9 RHIE, & &S B A
Y& o Q7= BHES Fo| AFS4A 4T 3t

< T 4B YA NA 28)str] wFo
A7)e BHES Zs Ao,

WP Holo]lFg A UAH 8AL Fo
A 27| Bohe BeploA 9] M/F ratio(moment-to
—force ratio)2tal & 4 oW, o] AFF4 ¢
2o} FAATE loop AHEAl TS = e EHEES
FEQ A ZEA S Bk mEl 2UAH ©

484 BYE, 2445 Bt 2442 57

(o3

]

1=
WES] A 7R 2 ﬁl-rﬁ}oq Aze & 4 ok A
B2 el 3131 Bl Eof gis)AM ’é}-ﬂ% o,
S A E ALl friction mechanicsol A 2t 2]
retraction loopE activationA| 7] 7-5-oll& Ay
A ote] X2g AiolBAlTIE THES} FHE 3
obe] A& ZAlolEAe BHEV AAEH &
g5l weko 2 o] 29Xl M RHES WA sl o]
So] vertical, anchorage forceS @_ﬂ\:}sg) s
o] AgrFAle] sholA AEsted AR X ofe]

é}-ﬂ % o
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A¢e gHoz, FUR Aote] AL 2402 7
ATl BREZL SRS, ol di7] ©io] U3
e BRIEE F7le7] Wi ol& BAsty] 93t
o] counter-moment”} T 23HA VAP, etAle] de)
£ W3IAFIAY gable bendE FAE 24 L4
Wwakol sid RHEE Y & ok EAE &A%
ol 3jd RHE g 4H B, retraction loop
g AL8-3te) AR Z retractionAZ W loop7t N A&
oA Huz g v g o £3] AX) (#E
AZoz AANNE RHES 2R, At
o] AFFAA oA &3] s B7e
REHET} §)9 RHEE v 715A1A "rabbited” ¥
HE 23t 4k ol AS wEad SAHBAE
ojFojFy ¥ B FAINF BAY AL A
8171 YA AR F R X2 4 torquest
g8 3tA @l AMAR friction mechanicsel g wh
F7WA 2 retraction loopE AHE3slE Aok 3o
AL £F £ P33 YAy o A
H Aolg ZHEZoE AN FHE Rotg
ZAd &2 AT BHES HASA Ed
0 ol BAeE 2oY) P8l 4E AREL A
$-8tA Y retraction loop®ll antirotational bendE %
4% 4 itk

FHAQA Y FFAQJN ERE L2 HA3HA
7R BEF, AR FUE AHAT= A
2 & & ok oW RFLE 2AA7)7] H3EiA B
3 mechanics] ¥/l £ thE 388 gerhd,
F&o 2L AFtAMAA ol AERE &
A7 A3 f8lA] AAHQ o5 &4F
AT Holo} 31, W E ARV Z ZFITHH
&9 Bzgo izt AN E A ZF73lok
g Aot} B dFe oo uig 7iES vl 9
3 Aot 4dx9] FHAJA e 71EAHQ 3
AA L xololEZte] BAZE A B o] w LAY}
£ Aolol g uiEA 3 A uigAskA] B Ao
2 FES H, g EA £ XololFZ AT
71 48lA &3] B3t mechanicse] W3l wE ¥
2442 W AEsa

B AN tear-drop loopE 0.5mm activationA]
Ae W /g 8 9TE B Xole BHAPoH,
Loz FAX, AA, Al 2 27H 9 £AZ Vel
£, ol F4HAG s FHEAHGgE FE3A
7t % 2 988 Beta Rud Murphy 509
Aok dAF AR XolEL WG q
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gou, FAA 4947 A 2
$ 27 Jehgoza Hloke 250158 BRoH,
AR AR ez, AAE ez
P¢ o), 3849 357 BAESG 247

2 Aol F& Bk 2448 F] 3AH RiEE
A9 0o 2HgGe 2N, gl AP A} 2L
#2818 Wgeze A ZHMEES JeplX] Hste
dl, 2 o]%& B gal Alelo] 003" Eo] &
A7) W&o SIS A RAEV AAE
w3137 deire BHaA slote] 247 fAldlA
gto]l Xz At yhdgor Bass HEsof
Se(F, g Adol Hald slot 2AE A =
Aelet H&3la, @Al stHol Bl slot €4S
sk mAgl el AEHFAY, T ol WiTe R
A& ot sted), AAZ S4E B slotdll 44
e oA el Aol dEHA YUl WE
ojztm AZtatt AT B33t ol AEFA
o] shdolA ZHgtoen Tt ZRHER Q3,
AR AR QAN FRA 1 FH AX 2 A AR
9 2AAFAAelBo] et 24eE: 3 24
A2 3 RHEE gor) AHgd A 22 4
o2 gojydtt. o] Wl Z Xoje] vA = I RHE
9] A7) & Wgw AojolFe] 7] & WFo| ulg
Aoz YA & &sked, 2 olfe 4 Ao, &
8 229 Z7] € Felt A th23, ZF Xolel|A
ztwigko 2 2t e3te Y ZHEZL P9 A8
AgFAla #dste] EZeA #dsy] fiolzn
Aztaic}, of7lolA A Ax|e] dHlolgd AZ
o], X ¢ FA o ZAolE Y AFolT L AT
7t A gl 28] HAW, Frbd o2 Jephd A A
#e) AAEAAIE 2 ZASESIA, A 2 T
A @) TAHFAACF R AL S, 24
A A@e) AF7HAl Y shgolE T2 vhEA
A 23 xlolo) oz YA} 99 Xolo)Fe 2
g 238 B9, Xt 94 € 50 E FAbelF
a3 2Ax 2 FA7F 2A 2 AFog Aol Fetd
A gz gzto] A AR SAX| e AR 909 A
Zolgo] Aildoz w¢ AA UYEpdezy XY
Zo] AXH o2 flattening, narrowingd A= A&

oy 4 ek
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tear—drop loop9] activation® 0.5mmeolAl 1.0, 1.5,
20mmE GAR SR FIARE o loopZt 3 ete
axial force(¥ael 3)e 27 217gfllA 4836,
767, 1061gf2 Az} F7tstgen, Zk x)ofdlA e}

£ 3, rdE 2 dHd Ui ASHR =57}
activation %ol wgt A<l vl #AARZ FHE
By} Eo)d AL 0.5mm activationA] 8 X] o}l
A A9 08 Jehie gAY 3ld BHET]
1.0mm activationA] ZHX A FH3A S7F8HA
I activationS S7HA A o) wheh A wigA ez S
7V &, ol& activation®] %S F7HAF uie}
et Wigo) F713ka, loopoll A 74 238 e
ZAX) A ol g g 7HF AA HoWA, gl
AAIG 2944 Wake] gA EHEVL g3E 233
7] 98 27E WA F U] dEQ] AR
Aztdt

activation® F& F7HA FLHH | Ego] H
£ Holol5HE T/ EZN HASEE F7HA
Z & v g ey, 4 W3eRe] AAlelg %
3| -ol%, Aslo|E 22 g A &g X ofo]
2% M ST J4EHE el o3t £
A F3 X|ojolFo| At TAst U 5ol ol &
F33e Aol ofy] W F7HE we] HHAAT)
22 FEF §E ALEEs AL uiEAEA] Zaby,
o]Ae] o] AF)NE 50-200g>79) & o] &3}
o Hgel 05-15mme] £=2 FHE A=
Aol 7Hg &&AQ] wiolgtn A A up Uth
Bennett®t McLaughlin®% 2ArdFo A stronger
musculature® Z& “low-angle patternEt weak
musculatureZ Z'+ high-angle patternol| A 27
A7 92 4A dojdttn AF3HA, 53] £419
A% 9 g FINHEN HAEEE STt
A e doy Axd oz UF e HAd)
£ 7 %9 = torque, rotation, tip 528 2AFEE of
718k7] 4ot Bango g B A7 Axel A3}
= A& veiiz ok

AFFAE AAT o YA A AFETH § A
AlZke] FA) gt ol 7t a7, FH3Y & AA
£ A7) Yaie A7 E3Eke d9 A7t A"
dlof 3ta 3 LABA AEF 5 glojof s I
AL 23T 4 e MF ratios AT +
ool AH¥ B AFdA A& 5% loop, F
tear-drop loop, simple closing open loop, simple
closing closed loop, combination loop, T-loop 5%

Aot 4RRIe] SO LIEILIS BN 13t RBI24HE 24

0.5mm activationA] & v} 2z loop7} &3 8= axial
forcer= 7472} 217, 222, 208 208, 139gfZA simple
closing open loop¥ tear-drop loep®th 23t FA|,
simple closing closed loop®} combination loop+
tear-drop loopE.tH %7+ A, T-loope €53 2
Vel on 7t 2ot F8ete o RWE, Holo]
Z 9% 99 FAR S-S VERTE. Staggersst
Germane™& gtz o 2 & o] Bl Y5 A
e Zoz gXIFE Y& /YT activation
moment % M/F ratio® Yehdtiz AFsHHA,
T-loop®) M/F ratiox RE activation FTolA
vertical loopE.th $-<381H, vertical loop® ¥°|&
Z7WAA M/F ratio® o= A= S3AE & ey
vestibuleol] A1 9] 2z7t&&o] A Jotn Hng
v} gl B At A T-loop2] A%t loopEH=
#43 e 292 Jehion, A9 FAA|
dAolE @ HZolFL AirFouy 574 lF
Aol Zrtetn YAANZAAlF E TS 3
Ao] Zradte 5 fE wHe-S BYth 23y Xo}f
7} Ao 5L sl Aol H& M/F ratios, 4
Zo| %4 M E & loopEel Hdl T-loopd 7
Lo ST v &S e oy, 29 gdeEE
TE loopdl A BRET} 0l 2H 3 A2 YERY
loop] HEld WE zol& AFE + AU

o] E loopoll Al gable bendE H<J31A] 3 U4
whare] Aol Bol WaF M/F ratiogt, 10:17%
d7le oFY®. B A7 A7 5°9 10°9 gable
bendE F§-E ul A9 dHolF 3 M/F
ratio= 7247} 1149} 13124 XA o] 5o Bad g2
208t o 24 24 X Fo| ZAANEAA|FE B
ol A o3l ZAlo]¥ S vEhlon, E3 FAA
| T BAX EAA o] Fo], A X7 AR F7
Ato] Zo] ¥ ZIIgozM olE XoldA 24
Aupgkel XA ol go Tgo] Hlort, X A#
o] AZAAlo|Fo] F7ISIHA sl Fe F7HE
Holm ZAe¢Z3 Ao AA F/RIeH, AA AR
9] ¢ZAAlo|Fo] F7IBIHA Aol Ee FHE
Bolm A 2 AT A H2AAolF E 244
Z3 Mo ZrtatEA shelEol F7kske § o
7HAe) EA £F Holel 5 Vrehich

Aot A E gutEA dXATE R 7T, &
2 A0 g 93 Yeaolt) uehA AotAA Y
vlo| 2ek3} ulgA g $AAALE vl 2R F
WANF o] §A7E Aol W$ FadT”.
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oA $ot FAR 23S Hagh vt ok B dF79)
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AA S £57 0l F AT T2 Aol A el

© HFEAEHA] ¥e oF] vkl AAbelE 2 FA
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s F7HIle AR AERE J15AZ Bola
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o Xo} & F9| FZEd Y3 84 w2 HE
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o Ul AFE AXYUY, o5& dddA 83l
ol thie o] ¥ et AZhgich T B Ao
chekgt Wsgle] 2 ZALE 98 2ARY &-o] Wa)
AoZHN, €& B3 UFE BA Z§ ol go] 9l
o goz v slot B @A A7) & FsiA ¥
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-ABSTRACT-

THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS
OF THE PHENOMENON PRODUCED DURING RETRACTION
OF FOUR MAXILLARY INCISORS

Ok-Jin Cheon, Tae-Woo Kim, Cheong~-Hoon Suhr

Dept. of Orthodontics, College of Dentistry, Seoul National University

This study was designed to investigate force systems and tooth movements produced by retraction archwire during
retraction of four maxillary incisors after the maxillary canine retraction into the maxillary first premolar extraction space
using the computer—aided three-dimensional finite element method. A three-dimensional finite element model, consisting
of 2248 elements and 3194 nodes, was constructed. The model consisted of maxillary teeth and surrounding periodontal
membranes, .022" X .028"-slot brackets, and 5 types of retraction archwires(.019” X .025" stainless steel archwire) modeled
using the beam elements. The contact between the wire and the bracket slot was modeled using the gap elements
because of the non-linear elastic behaviors of the contact between them. The forces and moments, and displacements
produced by retraction archwire were measured at various conditions to investigate the difference according to types of
loops, magnitudes of activation force, gable angle, and anterior lingual root torque. The results were expressed
quantitative and visual ways in the three-dimensional method. The following conclusions can be drawn from this study :
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1. When the tear-drop loop archwire was activated, the mesio-distal and lingual translational movements of the teeth
helped to close the extraction space, but unwanted movements of the teeth including intrusions and extrusions, and
rotational movements in each direction occurred.

2. Activation of T-loop archwire compared with those of other types of retraction archwires produced the least
translational movements of the teeth helped to space closure and also the least unwanted movements of the teeth.

3. Increasing amount of activation in the tear-drop archwire led not only to increase of translational movements of the
teeth helped to space closure, but also to increase of unwanted movements of the teeth.

4. Addition of gable bend in the tear-drop archwire helped anterior teeth to translational movements in the mesio-distal
direction, but increased unwanted movements of the teeth.

5. Addition of anterior lingual root torque in the tear-drop archwire helped central and lateral incisor to improve their
facio-lingual inclination, but increased unwanted movements of the teeth.
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%Key words : retraction archwires, gable bend, anterior lingual root toraue, finite element method.
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