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Fig. 1. Position of twisted round rectangular wires within
bracket slot H : bracket slot height, h : wire height,
w i wire width, r:radius of wire rounding (edge
bevel)
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A. Total view

2 2 Mxfof| E0{=l torqueZt SEIZI0] LA =
DHEY &3 ReeLHE BN

B. Cross—sectional view

Fig. 2. Schematic diagram of brackets, a. bracket slot, b. bracket base, ¢. connecting beam element, d. gap element, e. wire

Fig. 3. Three dimensional finite element model. (total view)

WY H R @ FA beanf LS o] 43t wd s}
Ack g 7R Bl 2709 T A beamQAE B
A 7 whE A4S T AL T A
o F9S 0907 Z20)9] beamoZ AAFI T
IR FUAA 047 Fele] beams FAANHT
(Fig. 2A). B&A9 Z+ v A beamul o= 67]¢]
gap8AE FRoBR B sud 12709 gaps
A7F AR AR S Heplo g Adsle V)
% 3t S tHFig. 2B). o1 ZA wEAZ A e
Heple A7 4mm, 6mm, 8Smme) BEAZL AYE
FI 3] sl gyt o] F YEY Bl WY
YA %% A beamS 2 o]~ E F Xojo} A7

= 799 A3 & Q48 dFo s AFsto A

AY FE GAHA AAFS A8 7R
BL o] A beamF= XA Ed 3 w
ol €9 A& nFAA}Fig. 2, 3, 4.

2. AA
AAY Arle dAFAA o] AgEE YA
9l 016" X 0227, 017" X 022", 017" X 025", 018"

Fig. 4. Three demensional finite element model. (cross-
sectional view)
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Table 1. Elastic moduli & Poisson ratios of materials

Elastic modulus
( N/mm® )

210x10°  722x10"  330x10"

Poisson ratio 0.3 0.3 0.3

256070, 320074t 1o wWE AHSFE 27 BB
7N, 402570, 502570 At}

getr, Aol AHEE f384 2dY & 245
= BEETE Adld wE} 233770, 265770, 320770 4L
o 2 A= 359870, 408870, 508870 k.

2. 2y

1. Clearance®] A4k

AYAEA] Rold] Yile BHEE F7] 95
ZAE A o F-oAgtdof 3= torqueE YA torque,
Hld ZHMEE BASE torqueE active torque
2} 3148, 43 torques active torque®} playd] &
OS2 o]FoZY, B =FME clearanced ZtEE
Meling§"¢] 878 F4& olgatd AU
active torqued] 93] YA EE FUWEE §3 8 AH
< o]&3ty T3k
Play= Bl €% oA 447 =02 3
Hato] Ao & BAHo] A& o AFAAY
B &£59] o]F= 79 clearance® F w8 gto
2 AAd play ZA=wrE9] A4 torque’t B E
9 torqued F-8tnzl e BaAe &% Yot %
£ QY HepPll & UdAe A7 AE UE
WEo 7 3|Hstd A& e Au7t Ao wet
A, play ZA=7AE AAY 9433 torqueE 7}she]
T Bl ZRES BAYA)7)R] B3l o] ZHE o]
4 272 2" 947 torquert Bebe] A4
¢ EHEE WA E active torque”} Hk.

2. AAY 719 F70 ©E 2HlE

FEeA ZEIY oA Bt AYE 4mm
2 3o A A9 Heple ddz wjdstn 7 27
S FF AAE A4 H BEA e Wy
°] $l= gap8 AR HF o] glong g vap
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Fig. 5. The displacement photo at the 10° active torque of
the 016" X 022" stainless steel wire in the .018"

bracket (total view)

Fig. 6. The displacement photo at the 10° active torque of
the .016" X 022" stainless steel wire in the 018"

bracket (cross—sectional view)
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T3t
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Table 2. The clearance, considering the radius of the
wire rounding (unit : ° )

El

e 7N

o

Table 3. Torsional stiffness, 4mm interbracket distance

(unit © Nmm/* )

i 0167 0177 0177018 019" . .0207 021" 01670172 017" 018" -.019"-020" - 021"

X X % X % % size - w X X X % * %

bracket\ (022’ 022 025" 025' 025" 025 05" ateral N 0227 0901 005" 0as - 00570005
og 71 3% 29 SS 25 272 353 376 399 421 442
TMA 087 094 122 130 138 145 152

022" 2481 2005 1614 1266 931 608 298 NIT 040 043 056 059 063 066 070
LR — A 2719 ZWME FIQAHe R ndyir)r)
— oy gorz #3384 Rd AZAdE T2 BAY
E 2 1954 Lta IS o]8sto] clearance® T
2 g m& o] Aol 98) clearance’t & o7t YEZ
= AEAAY T2 2ZAYE 1Hsid 74]"10} 3 TH
E Table 2. B2 wAlge] WAL Meling 59 =&

Wire size (inch)

Fig. 7. Graph of the torsional stiffness, 4mm interbracket
distance
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t

S #zste] 0.068mm=E AT

\—a‘ =0} 018" bracketo) 0177 X 025" o=
5° 9] active torqueZ 77| 9841 Table 20914
3 292° 9 clearance® F Hl ¥ #ell 5 & B
1084° 9] A torqueS AA ol Fosleiof g}

2. Mxjel F7le} RO W2 2HE

7Yzke) 7390l A 7138 BEH active torques
7S u HAsE FUES ¥l agZE YEeh)
A THTable 3, Fig. 7).

AAjel 170,27, 3, 107 9] active torque®E 7}3}
o dds 29 F8a ’“%‘«l 57374 active torquest

B RHEE G3eA vE Y #AE By
wbA 17 active torque/\]Ql AL ZUE £
torsional stiffness TS ®E VERSTH

Amme] B Az Al A stainless steel 1A
1° 2 active torqueE 7}3t¥ S w HAFH = BWE,
KA A7) wet F7het

Z torsional stiffnesst

A3 Bepdl £E e YRk 7 ke 016" X
022" AAle 253Nmm, 7H &2 0217 X .025"=

449Nmm= ¢F 1,759 ek (Table 3). 4mme] EebAl
7+ AZ A torsional stiffnesst stainless steel©]
744 A3 1 o] TMA, NiTi =] 1th Table 3).
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Table 4. The torsional stifiness, interbracket distance : 4mm, 6mm, 8mm (unit : Nmm)

sS 353 285 2.34
017" X 025" TMA 122 098 0.1
NiTi 056 0.45 0.37
sS 421 354 298
020" X 025" TMA 145 122 103
NiTi 0.66 056 047
07" X 025" 020" X 025"
5 5
£ B4
g g3 —
= M ss = M ss
= B v B 2 - Bl v
g W NT g B
@ e 17
2 S
O -
4 6 8 4 6 8

interbracket distance (mm)

Fi

0. 8. Graph of the moments generated on the .017" X
025" wires at the different interbracket distance

3. HePiZt Jiejof o2 RHE

VA7 A7} 4mm, 6mm, SmmE 7 w
2} 1° 9 active torqued] o3 ZA=H = ZHE =
torsional stiffness= 017" X 025" A2 3¢ stai-
nless steel? 353Nmm, 285Nmm, 2.34Nmm% i
TMA+ 1.22Nmm, 0.98Nmm, 0.81Nmm, NiTi= 056
Nmm, 0.45Nmm, 0.37Nmme]$it}. 020" X 025" A
A A stainless steelS 4.21Nmm, 3.54Nmm,
298Nmmeo]Z TMAE 1.45Nmm, 1.22Nmm, 1.03
Nmm, NiTi¥ 0.66Nmm, 0.56Nmm, 0.47Nmm®| it}
(Table 4, Fig. 8, 9).
ool AL AAE HA I3l A& A3y
M= Z Rote] £AS o]Fo WAk o] ddel =l
E9 43 2 AYE Yolopdt 3t
ol A A2 AE HA YA H&317] 93}
AXE ZF Xote] £4Z o)Fo] "ag ol
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interbracket distance (mm)

Fig. 9. Graph of the moments generated on the .020" X
025" wires at the different interbracket distance
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20 2 Wheeler’'e] A7& F23}o] P35}t ots
o @t AT Zol, ARRoIAe 29 F7
Aol tiAste] 2 Aote] o1 FHQ $AZ =
FE 34E o83t F8ATHTable 5).
aga Bt AZE AHES7] 9314, Wheeler
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Table 5. The individualized ideal moments and the interbracket distances of the teeth (unit : Nmm, mm)

1 19.60 453 1 846 2.8
2 12.78 410 2 11.72 3.25
3 22.00 4.00 3 21.20 3.65
4 13.79 393 4 13.79 3.80
5 138 448 5 14.00 478
6 17.48 6.00 6 2331 6.93
7 13.05 6.85 i 1791 310

Table 6. Linear regression equation (y = ax + b, y : torsional stiffness, x : interbracket distance )

5SS TMA NiTi 5SS TMA NiTi
a - 030 - 010 - 005 - 031 - 01 - 005
469 1.62 0.75 542 1.86 0.85

Table 7. The torsional stiffness at the individual interbracket distance
(unit : Nmm/® )

1 333 1.17 052 4.02 1.36 0.62

M 2 346 1.21 0.55 415 141 0.65

i 3 349 1.22 0.55 418 142 0.65

i 4 351 1.23 0.55 4.20 1.43 0.65

% 5 3.35 117 053 4.03 1.37 0.63

a 6 2.89 1.02 0.45 3.56 1.20 0.55

7 2.64 094 041 3.30 111 051

M 1 3.84 1.34 061 44 155 . 071

a 2 372 1.30 0.59 441 150 0.69

n 3 3.60 1.26 0.57 4.29 1.46 0.67

d 4 355 124 056 424 144 066

b 5 326 114 051 3% 1.33 061

é 6 261 093 0.40 327 110 0.50

7 2.26 0.81 0.35 291 097 045
siF=ote) e B A HFE Fatd %, torsional stiffness® y5 22 k= y= ax+ b9
THTable 5). A3 A4 21& A4 8EIL(Table 6) o] ¥4 2
017" X 025" A+ 020" X 025" A AS B 2ote] B AelE d Y3 torsional stiffness

Az A7} 4mm, 6mm, SmmY W2 torsional £ FatAHTable 7).

stiffnessgk(Table 4)& o]&3to) BEAZF AE x
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Table 8. The clinical torque of the individual teeth (unit: ° )

1 1172 22,64 4328 1704 %55 4360
v 2 953 16.40 2929 1524 2023 3197
a 3 12.14 2387 4584 1742 7765 4601
i 4 9.77 17.08 3075 1544 2182 3326
{ 5 99 1761 32.06 1558 2% 3419
: 6 11.89 2,98 4468 1707 %73 4394

7 1573 3361 6950 2007 3567 6334

1 806 12,18 1977 1402 1763 2412,
M 2 899 1489 2579 1482 19.96 2921
g 3 1174 .73 4320 17.10 2%.70 439
4 4 972 169 3047 1541 2172 306
'13 5 1017 1818 3341 15.74 2.72 35.22
e 6 1477 3099 6361 1928 3340 58.46

7 2169 5006 108.18 2447 4909 9176

Table 9. The clinical torque table (unit:° )

1 12 23 17 27
v ) 10 16 15 21
a 3 12 2% 17 28
i 4 10 17 5 2
% 5 10 18 16 2
. 6 12 23 17 o7

7 16 34 2 36

1 8 12 14 18
M 2 9 15 15 20
a 3 12 23 17 77
d 4 10 17 15 9
E) 5 10 18 16 23
e 6 15 31 19 33

7 9 50 2% 49
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Fig. 10. Torquing plier

7+ Rote] $£AF olF S AT oA EWE
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E7F AR E Aste 2 o] BYolAe cantile-
verZ EREY} AayE ] ffFd 22 active torque
o o] WA= FHEE Axto] HERE o4& 1L
Bsted AAbeATh olFA d2 AFAQ torqueE
ARl Fqsty] A torqued WAt abe F
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torque™, American Orthodontics, USA)Z Z 1L key
2 Y3 Z4xz vEd fokFig. 10). 23y A4
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[
k|
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Table 9& ©o]&3}H, AMEAMA7} stainless steel®}
TMAY W A& A4 torqued F94T & A&

Aolth

I\ %_.T'_I- al

2 3 1E

stainless steel, TMA, NiTi A} 7}A19] A2 F tor-
qued Folt7) Y3l TR E ¢ U AJ < stainle-

8 ZtgMxfol| 2048 torqueZt ERIZI0] LAA|T

ss steel? TMA F 7}A|ot}. whebA] o] 49 A7
£ A8% § 9E ARE o] F4X ARoIM NiTi
Z Age] A AL YA F Agste] Hlus
Aol gadol AH EHAE RIrh
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=943 2HEE 27] 8] o B2 active torqueE
T35 A4H torques FA3fok AR torsional
stiffness”} stainless steel®] 0.358] AZolBg A
2 1 gAY & active torqued F3tE gt
WA kg Folt}, wetM AEE SHAAE e A
obo] X|F A stainless steel® o} H33 A5 &
& AR

ool Aztg YA o R WAXFY W &
AcA & 7 xote] FEH £AZ AAE AT
TH9 TS o83 YA torqueE F-st

Aol AT AAEL 42 o A
1", 2,3 ,10° 9 active torqueZ 718t9S W &
Wes 7o g AR 2742 Ry o)A

FRaswe ST B M ARelE i @

curveol| A H & F7eHe A Ey] wEolth Meling
=72 stainless steelo] 20Nmmold¢] ZHEE 7}
A B Ay 97 WEgEgy sided 2 243
9] AE o] &3 016" X 022" stainless steel A1
ANE 79, 021" X 025" stainless steel A& 45°

o]4+e} active torqueS 71eHA i AAle FEHS
A 2L 8 28 ¢ & AUk ol FE&
29 dAA wfFo v ZHE active torquedl
el e A EHE ZHE gho] FFsh active tor-
queZt Z71sted vlE BAE FoAMA HE HAHE
EHEE Ao 73 R FolA A B, acti-
ve torque’t E71HeHRE o]¥l A2 o Aaid 3o
o}, 2y o8 s e gstet Kot A &S ol F
a3 ojatA el ZlEE tlREo] 20Nmm=E T 2}
ow AerAX 7} 22.00Nmm, A7} 21.20Nmm,
ek AT 7F 23.3INmmE 20NmmBE.t} kgt =
o2 gBE 75 A v FhioA Lo
doa @ ¢ ok & 2 Aol Ao ZRIET} load-
ingA] A7 Aol vg) AA LASE RHEE un-
loadingAl A7) ZAolmg thhe] zo|7t 1o, o]
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o] X wAX R viFE] GANA @d Ao}
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ofd oFgo AAEG} 2 AdE oy BaAE
o] =0} 9li AYE MAZF FA4 0.2 bending®)
o} YerBE veFrtt ERHEY 08 RAojn 2
E9} tjBo] A3t A% 123 A o] Ao LA
2 Zojtt, 1 PR AX R AFE M B =
T3 28 d9¢d 2d2s 4o sy Ba
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- ABSTRACT -

The moment generated by the torque of the orthodontic rectangular wire
: Three~dimensional finite element analysis

Do-Won Ha", Young-Suk Kim?, Jae-Hyun Sung”

"Department of Orthodontics, College of Dentistry, Kyung Book National University
2Department of Mechanical Engineering, College of Engineering, Kyung Book National University

The purpose of this study was to investigate the ideal clinical torque(In the SWA rectangular wire, the torque by the
angle between the plane part and twisted part to move the tooth) of the orthodontic rectangular wire which produce the
proper labiolingual movement of the single tooth during finishing stage of the orthodontic treatment.

The clinical torque is the sum of the play and the active torque which generates the moment at the bracket. The play
is calcwlated by the formula and the active torque is calculated by the computer aided three-dimensional finite element
method.

The finite element model was consist of the three brackets which formed a row and 3 kinds of orthodontic rectangular
wire(stainless steel, TMA, NiTi) which inserted in brackets. Both sides of the model were twisted and the moment
generated in the center bracket was calculated.

The sizes of seven wires which were used commonly were .016” X 022", 017" X .022", 017" X .025", .018" X .025"
019" X 025", 020" X 025" 021" X .025". In 018" bracket, 016" X .022", .017" X 022", .017" X 025" wires were 1nserted
and in 022" bracket, all the sizes of wires except .016” X 022" were inserted and tested.

The following conclusions could be drawn from this study.

1. The moments generated on the same size of the wires by the same active torque were equal regardless of the bracket
slot size.

2. The moments were increased with the size of the wires. The moment generated on the .021" X 025" wire was about
1.75 times as large as that on the 016" X .022" wire regardless of the material.

3. The moments were increased in the order of the NiTi, TMA, stainless steel. The moment of the TMA wire was 0.35
times as small as that of the stainless steel wire and the moment of the NiTi was 0.16 times as small as that of the
stainless steel wire.

4. The moment was decreased as the interbracket distance was increased.

5. To get a desired moment with the specific size and material of the wire on the specific bracket slot, the formula and
the results were displayed.
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