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HIXHH, /XAIOL RMA, A(HH, AKX, TEE, IR0} CHX|w&x| 413 55, 2011

o] Aol X 4214 W] atol7} 9l= o} (Sentalloy”®, Tomy Co., Sendai, Japan)S A}-8-3}51t}.
9] leveling 3 = A& 3te] wire2] size9} 2 ZWH AN ZE 0.009 Stainless Steel ligation} elastic
of we} xJolo] ALE = force systeme] ¥AstE & module (O-ring, Dispense-a-tie ligature clear, TP Or-
of¥ 31 of7]ef| mpzte o] mX| = gkl thalA] & thodontics Inc., IN, USA)S A}-8-3t5]iTh
ofH 1A} sttt 2 AT AR & wiree] A71E 53] A

=3t 3k 0.014” NiTie 0.35” mm, 0.016” NiTi
& L HH £ 040 mm, 0.016” x 0.022" NiTiE 0.40” x 0.56"
mme|™ 0.009 222 024 mmSiTh
M=
g

B AP AREZE w8 Bl 0.018 slot
size Stainless Steel 22| 3}t FH X8 standard INELbS B
twin bracket (Tomy Co., Sendai, Japan)°o|™, 7% -&
wire 2 0.014”, 0.016” ZL2] 3L 0.016" x 0.022" NiTi T M Bl sensoret AAHE S T o

2 B2 sensorel]l o] HA| &l frameol] 1L
Ae Bt 271533 @7 Super C Ortho®
(AMCO international, W. Conshohocken, PA, USA)E
ol g-slo] Hasldth Al 7l BElAle uidof #
Yot wireo] whel] LXxsh, BapAl 7F 1A
7 mm= AR o AR o] xto]7} glo] H e
sHAl vl ettt (Fig 1).

Straight wireS Al-&-3to] g2 &85l om,
Beple 7kt A AR, AA7 g1 959 A
< BEta MU} (Fig 2).

A8 00147, 0.016” 18] 3L 0.016” x 0.022" NiTi
wire= Xl @3 =] = distal segment F91E 50
mm’} HEF A2 & ALEsth

Fig 1. Each sensor was bonded with a bracket, and =xi

wire was applied passively. The position of each sen- -

sor was then adjusted precisely, setting the initial force

and moment to 0. HeplloA] dAste 33 RUES AAgte =

Fah

N T n"
] L,
=

— Fav >
Fbh
A B

Fig 2. Force system at bracket/wire interface. Moment in clockwise direction (+). Force in right and upward direction
(+). A, Bracket located in the middle for displacement; B, laterally positioned bracket connected to sensor. Fav,
Vertical force measured on bracket A (signal +: 1); Fbh, horizontal force measured on bracket B (signal +: —);
Mb, moment measured on bracket B (signal +: 7).
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S F+ de 34 A (OrthoMeasure, Young

Research & Development. Inc., Avon, CT, USA)E <!
be S1x6] A267] 1A frame AlAksglo.
[2re] g ANE Qake 914 2 o= o %
VEZE fixture S A28 T
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7hEd Bple 1 mm &9 ¥ indicatore]] A2
JEE A Hebleld wAse A4
(Fav), B EepAel A HAshs 55491 3l(Fbh)
EHEMbE e fEsAt (Fig 2). THAl 1
mm? FolE F7HAAA 5 mm Fol|7HA] 2 I
A& WESIFYE 1 F AFE 1 mm FolE W
FolA 0 mm7HA] 2 P& RHESHT

Z} wiree 13]9] Ado] U W1 A wire®
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0.014" NiTit activation® = I oA A A3] gk
o] Z7Valth7) 3 mmA-El & plateauc] 717k A1
o2 Z718k3 2 deactivation 24 ol 3 mm7}
A g4 A F 1% 0 mm7HA = R R
plateaus ©]FI T} 0.016” NiTit activation® &
Zrol| Al activation o] F7HgHel wel gke] S
Bom deactivation 73t 2, 1 mmol|A] plateaus
Holth 3, 0.016” x 0.022" NiTi: activationZ}
deactivation -7+ 2ol A plateau U2 Ho|A| &
It} 0.014"= 5 mm7FA] activation 21| deactivation
g #3Ee] 4 mmolA 63%, 0.016"°1E 41%,
0.016" x 0.022"9X= 33%7} 22+ AAEACH
(Table 1).

Bt ~Eeeke]

il

T eke] 32 wire T/ BAIGlO]l —68.6 ¢
oA 54.6 g7bA] o] WA 22 gh& ESATh Deacti-

vation 772 0.016” NiTi®} 0.016” x 0.022” NiTi’}

Table 1. Mean force and moment values of 0.014", 0.016" and 0.016" X 0.022" NiTi wires tied with stainless steel

ligation

0.014" NiTi

0.016" NiTi 0.016” x 0.022" NiTi

Activation (mm)

Fav (g) Fbh (g) Mb (gmm) Fav (g) Fbh (g) Mb (gmm) Fav (g) Fbh (g) Mb (gmm)
Activation 0 0 0 0 0 0 0 0 0 0
1 -105.8 74 99.0 -160.0 -2.8 111.0 -2182 -34 2736
2 -226.4 -232 324.2 -309.2 -174 386.2 -450.0 -24.6 630.0
3 -2754 -30.8 440.2 -409.6 -236 604.2 -584.0 -62.6 1,148.6
4 -319.8 -28.4 501.0 -530.4 -32.0 735.6 -707.8 -62.2 1,455.2
Deactivation 5 -355.6 -26.0 533.0 —-655.2 -46.2 863.2 -798.0 -68.6 1,665.4
4 -133.2 172 3082 -388.2 -82 678.6 -539.8 -9.0 1,400.2
3 -524 51.8 147.0 -186.4 11.0 4074 -339.6 39.2 949.0
2 -52.0 42.2 1158 -984 46.0 207.8 -222.4 34.6 565.6
1 -58.0 238 98.2 -814 32.0 170.8 -157.0 304 334.2
0 2.0 1.4 94 50 38 17.2 50 1.2 11.8

Fav, Vertical force measured on bracket A (signal +: 1); Fbh, horizontal force measured on bracket B (signal +:

—); Mb, moment measured on bracket B (signal +: ™).
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= 9 #e /ey O vatE

ol #E YERARIY (Table 1).
gatAo 2HE

0.014 NiTit activation A]oll AA138] gko| =713}
S tH7} deactivation A= 2, 3, 4 mmol| A plateaus
Btk 0.016”, 0.016” x 0.022" NiTiolA+ wire”7}
T3 deflection ¥o] 45 ¢ 79 E B4
EFA T} (Table 1).

J=ZHlsko] 3.2 Stainless Steel 22| 7-¢H T}
O] activation Aloll Fko]l Z7}EE kAFS Holm
0.014" NiTi¢] 4% tZ wireRt} vf¢ 2 %=
UEeRHRATE  Stainless Steel Z2HS- 3 79
0.016212] NiTi= FHtHgko] —655.2 go]aL 0.016” x

Ly

fu

0.022” NiTi &2 —798 go] o O-ring A2 St
7Agolle 247t —691.4 g7t 948.3 g= UERYo] B

% Zth & 0.016” NiTiZ} 0.016” x 0.022" NiTie
activation 77t# deactivation 77t 25 Stainless

Steel AZHct 2 7S YA vpA9 1, 2 mm

CHXIm™A| 413 55, 2011¢

TF7Fe v])$=3) 3-S BHY Tl 5 mm7bA] activation &
ol deactivation¥ &= 17Fe] 4 mmeolA] 0.016" NiTie
38%, 0.016” x 0.022" NiTi+ 30%9] 3] HAE H
At} (Table 2).

BEC RS- T

[e¥eRe)

ot

Activation 77l A 29 S YeER
1 %ko] Stainless Steel 2ZS 3 Aol Hhzk
o] —68.6 goltl ¥rall O-ring 225 AF&EF 7 $-of
—1502 go& 2uf oo & = ek
Deactivation -7l A& 0.014” NiTi¥] A= 1
mm TZrellA ko] e Ha 0.016” NiTie 3
mm, 0.016” x 0.022" NiTit 2 mm 37l A 2] 3k
= HE3T} (Table 2).
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Baplo RHE

0.014” NiTi+ activation®} deactivation A]°l Y=
A 5T 7FA wireol BlEfA Bo] ZiTh 0.016” x
0.022” NiTi2] Zthgke] 1,359 gmm<ld] ®kal] 0.014”
NiTi= 1,566 gmm©| %It} Stainless Steel 223 3F
7459} vlm A] 0.016” NiTi¢} 0.014” NiTiv= A
Ztol| A O-ring AZ-S 3 2571 ol & @<= YER
1o, 0.016” x 0.022” NiTi+ O-ring 22S 3+ 7

Table 2. Mean force and moment values of 0.014", 0.016" and 0.016" X 0.022" NiTi wires tied with O-ring

0.014" NiTi

0.016" NiTi 0.016" x 0.022” NiTi

Activation (mm)

Fav (g) Fbh (g) Mb (gmm) Fav (g) Fbh (g) Mb (gmm) Fav (g) Fbh (g) Mb (gmm)
Activation 0 0 0 0 0 0 0 0 0 0
1 -226.6 4.2 2834 -166.8 -56 196.8 -234.3 -4.3 149.3
2 -469.8  -17.0 603.0 -3334 -34.6 504.2 -473.0 -14.0 391.7
3 6478  -56.2 1,027.4 -445.4 -69.2 717.8 -636.3 -55.0 819.7
4 -8564 -106.0 1,384.6 -556.6 -91.4 865.8 -802.7 -96.7 1,208.3
Deactivation 2 10798 -150.2 1,566.4 -691.4  -1052 1,004.8 -9483  -109.3 1,359.0
4 7816 -1154 1,377.4 -4272 -35.8 785.6 -660.3 -62.7 1,156.0
3 -5146  -64.8 1,116.2 -216.0 256 499.0 -414.0 -8.0 880.0
2 -3176  -102 753.6 -974 91.2 226.0 -2433 33.0 544.7
1 -177.8 24.0 2754 -78.6 34.2 1354 -151.7 46.3 181.0
0 76 1.8 -336 12.8 54.2 -67.6 22.3 317 -64.0

Fav, Vertical force measured on bracket A (signal +: 1); Fbh, horizontal force measured on bracket B (signal +:

—); Mb, moment measured on bracket B (signal +: 7).
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°7F A Pt BWE Mbrb o 2 Byt
(Table 2).

Deactivation F1Zt0||Al OIEE9| =X
Stainless Steel ZEHZ ot 42| FHE OIEH

0.016" x 0.022” NiTiollA 2 7S Ve vl
2 wdaA el ee F4-E Ho|H 0.016” NiTiz}
O ogo 2 & a5 JERATE 4 mmelA R 0.016”
NiTi7} 0.014” NiTiZt} 22 g2 JeEbdt) Wire
FAZE 45 E deflection o] TS v
o] Z7Hd S HAY (Fig 3).

Deactivation
600 7 —=— 0.014" NiTi-SS
z —e— 0.016" NiTi-SS
€ 4004 0.016" x 0.022" NiTi-SS
2
3
c 200
o
(9]
=
5 0
b=
Q
£ -200
=
_400 T T T T !
0 1 2 3 4 5

Activation (mm)

Fig 3. Moment difference between theoretical and prac-
tical values of three NiTi wires tied with stainless steel
ligation.

Deactivation
600 7 —=— 014" NiTi-O-ring
— —&— 016" NiTi-O-ring
E 4004 % 016" x 022" NiTi-O-ring
2
®
2 200 -
o
ﬁ 0
©
2 1
Q
£ -200
=
_400 T T T T 1
0 1 2 3 4 5

Activation (mm)

Fig 4. Moment difference between theoretical and prac-
tical values of three NiTi wires tied with O-ring.

BHaplo| Helof e wireQ| &t ZHE H3|

2

o_c'D_ |

o=

ron

O-ring ZEE 9|

i

& deactivation 7-7+Q1 4 mmeoAE & =fol7}
o} 3, 2 mmel| A& 0.016” x 0.022” NiTi”} 0.016"
NiTiEth 2 & Yebda 1, 0 mmol e 22 3
HATh 0.014” NiTiE 2, 3 mm 71HlA AL 2
Y& YERAT (Fig 4).

Y o

0.016" NiTi—Stainless Steel Zd%Zf°| Fav S 0]
2350 0|2X9l 0.014" NiTi—Stainless Steel &
2 0.016" X 0.022" NiTi—Stainless Steel A&t

o| &= ALt

Stainless Steel ZZollA Ui onjr} Q&=
deactivation 7-7+2] FavE uEbd 12 =o) 0.016”

Fav
200

100

=100
—-200
-300
-400
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Force (g)

-700 1 —=— 0.014" NiTi-SS (practical)

-800
-900 -
-1,000
-1,100
-1,200

—&— 0.016" NiTi-SS (practical)
0.016" x 0.022" NiTi-SS (practi
—*— 0.014" NiTi-SS (theoretical)

—*— 0.016" x 0.022" NiTi-SS (theoretic

0

1

2

3

4

Activation (mm)

Fig 5. Theoretical value of 0.014" NiTi and 0.016" x
0.022" NiTi wire tied with stainless steel ligation.

Force (g)

200
100

Fav

0
=100
-200
=300 -
-400
=500
-600
=700
-800
-900

-1,000
-1,100

—=— 0.014" NiTi-O (practical)

—o— 0.016" NiTi-O (practical)
0.016" x 0.022" NiTi-O (practi

—>— 0.014" NiTi-O (theoretical)

-1,200

—*— 0.016" x 0.022" NiTi-O (theoretical)

0 1 2 3 4 5

Activation (mm)

Fig 6. Theoretical value of 0.014" NiTi and 0.016" x
0.022" NiTi wire tied with O-ring.
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ST, RXAIOF 2YA, 2HH, HEX,

=&0t

NiTi Ho]E]E o] &3lo] o]&& o & AAHE 0.014”
NiTi¢} 0.016” x 0.022" NiTi¢] FavZ Choy9} Sohn®
o] Wel wte} ALkt A o]2H o2 oS3 3
BT} AA 2 SHE el BT A JERT (Fig
5).

0.016" NiTi—O—ring2| Fav 22 0|235l0{ 02X
©1 0.014" NiTi—-O-ringZ} 0.016" X 0.022" NiTi—
O—ringQ| Zt= A

O-ring 22 3 7% 0.016" x 0.022" NiTi2| 7
< Stainless Steel 223 3 7-5-9} o] o]2F o
2 A gEg A3d grol o 2 vskon),
0.014" NiTio| A& o] &2 Aty A Sgho] &
o|E K3t} (Fig 6).

k=

Ni

Ao} o5 AN hsd w2 Peks] A
012 7ol7] AN E BT wAE A A}
olel WAE = vl tg olalst Fasith B o
Fele AR R 2719 £44 o] Ae]7} 9)
£ Aol levelingdls A4S AAG 2L A%
B LS 9

7
o,
ol
il
£

—3]’:]1 NiTi wireE ¢
I RHES S453th

npzbol] e W AUt o|FolH e, 1 F
continuous straight wire7} 4+]1® & 28
system< 3 moment equations E=¢iste] H2I351%]
o} 2 Rock®} Wilson™-& arch wireol] &A= force
£ AF SHsteln sglov, ol dAFddAe
simple support model©|%17] wj&ol 3 ¥t opz}
RHEL FA|o] WA wjFof simple support=
v A%Wd 71 1dokal skith Burstone@t Ko-
enig”®-S simple support2 model = I E o] Aol A
TEI= tE2A fixed support = UHERE
edgewise bracketoll A AY3|= force system= 6 a/
Ob Hld] 71%3F 6714]9] geometryZ EF{F3l] A
g35tltk Choy¢t Sohn”& F%E o] beamo]
stressE W 7% o] WS sAsy] Hal wE
Sk o] &2 linear beam theoryE =% 3+ full archell
straight wire7} 2 739~ EAY 3= force system=
& F e AR S fEsE 5o =8 E0] U
=3

2 Aol AFgE arch wires &2 3|AFe] 2
AJE-2] A ZE 24 modulus of elasticity (E) k< &
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CHXIm™A| 413 55, 2011¢

ste 2, Z} wire7} W¥3}E ™ cross sectional stiffness
@Mell H¥]#Este] Fave} Mb7} W ste|ojof st o] =
activation o] L3 5ol et 3 FTFH
wireo| Al 22 Q1 $F0]7} EolA| W Favel Mbe 7}
% a, bgkell o8l WSt 2 AP geometry I
of SFE R 7= ad) b= 23 o] Ztzel HjFs}
] Fav, Mb7} ¥13}5 o] YERAI W NiTi A 52] =
’37¢ E7} 3 71A] gke] obd deflection 7 el whek
HAE 7HAA HE2 e g AL 7= 8l
tha Banatch”

B AT A} A= 0.014” NiTiS Stainless Steel
AZE 3k 74 Fave 5 mm7}bA] activation 3|
deactivation®] = 7712 4 mmol|A 63%2] &o| A4
HAI 3 mmolAE 5 mme}t Bl Al 14%<] Rk
F dHE A A AY F1-2mm A=
£ FHole A=7AIE 783 Aor AddEnt
Mb= A gol leveling I F2] <1 X]<] 3]A
of ofgt FAH&-e AlohA| 2 o= yzdnh

0.01694]1+= FavZF 4 mm=E deactivation®] 1S
5 mme} Blwal] 41%7F AA TR 3 mmoll A&
72%°] Fol 2A4HJ o™ 2 mm PRt E 15%°]
guk EA15ked, 1 - 3 mm F =] fF ol Fit
A fgstdnh E£3 0016”7 x 0.022791 4 Favzh
5 mme} B] 3k deactivation 1 mmolA] 81%7F &
Ao} 19%9] o] F AHE B | mm7HA =
B2 go] dolx 9ETE st AS HAF 00,
RHEE 7t9E 2 3445 dUehdlo] AR Aol &
BEHES YA 7= AES & = AT Light wire
0.014)E FAHA 02 5 mm W H xole] o] % A|
2 mm, 0.016"E 3 mm, 0.016” x 0.022"E 4 mm7}A]
9] o]Fe &3 Aoz FAHIL

g, 0.014” NiTiZ O-ring 22E 3 Aol
Fav7} 0.016” x 0.022"E.t} O-ringollAle] 3kl
948 gH I o 21,0798 g2 & B & 37}
o 7ta FHE o 7 E HEE BTk A
O 2 leveling 7 Sl 0.014” NiTi®} O-ringS 2
o] & AL force systemol| F3FS F= npzEl o
& SR A ol v dge = X|oprt &3
d FE U FHeR Hth

dE EW, high caninex]q 422 W7} 2 7
-, 0.014” NiTi®ll O-ring= AH&- A] & wpEE 3} de-
flection© 2 213}t wire binding S 2 QU X|o}= 1
gy Rl EE W H & AFsle] Ha g o}

Wlgdo] by Sele 4K BNEE Aol
WES Peloks o Agstel Aol £49)
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o] gl 48s WEA "} old A%
loose3HA| dlolA] wire7} 2 w112 X =
wireE & O stiffel Ao 2 w3kg sfF 9
et TS FE gHsor & o ¥

E Ao A 0.016” NiTiol| O-ring 225 3+
= FavE deactivation 4 mmolA] 5 mme} B A
38%, 3 mmo| A& 69%, 2 mmo| A= 86%, 1 mmo]
e 89%2] 7HAaS HAth 0.016” NiTiel Stainless
Steel A&7} vl A] 7} F7balc} B2k o] &
o HAaE HAARF Oz gt vlws] B9
0.016" NiTi-O-ringe] 7457} & O stiffness”} <7}
H 2HS Holw ol Oaingell 93 mpzEE o]
stiffness®] =712 742 Ao 2 HIth 0.016” x
0.022" NiTi¢] O-ring 2 22| 7§~ deactivation 4 mm
oA 5 mme} Hn A] 30%, 3 mmel A+ 56%, 2 mm
oAM= 74%, 1 mmo| A& 84%2] 7S Hol 0.016”
x 0.022" NiTi] SS A 27} H|5=dk HAasS B3l
™, 0.016" NiTi¢} P72 2= FAHS vl
3l B 0.016” NiTi-O-ring®] 7497} & O stiffness
7} S7bd BFs Eolw, o] B3k O-ringol] <% nt
Ze o] stiffnesse] 2718 7ML Aoz wokETh

2 Ao s 1A e R nhEE S 2
sto] Blwe] HEtetl wirert nhEE Fo| Hdle
2 Bl A AEA wAUZE ¢ gle dEol
Hd Bl RHEZ fagitt!! o] 2 o] &5}
olgHo = gt RHlES} B Ao HdAR F
ZE HRIECS] Aol & o] &-35fo] whze o] A<l
719 #ZEo] 7hssiith

Stainless Steel 222 g 7350 AFH o= o]
7} A& deactivation -7t FESIFA I o] 7] A
0.016” x 0.022” NiTi7} & »paE S HdE g1
I A 2 vhEe] 0.016” NiTi7} 0.014” NiTiZ.th
2 v S Jebdoh wiee] FAF FASFE
stiffness7} Z7] W&ol Z-2 deflection®] 73-F-°l <
Aol A vEEE AFS AT 5 U3
=3

O-ringl. 2 ZAZgt A5 A HH 5 mmolA] 4
mm= deactivation¥| 1= W] wpEHo| oo 712A
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ORIGINAL ARTICLE

Effect of friction from differing vertical bracket placement

on the force and moment of NiTi wires

Jea-Beom Park, DDS, MSD," Ji-A Yoo, DDS,’ Sung-Seo Mo, DDS, MSD, PhD,®
Kwang-Cheol Choi, DDS, MSD, PhD,‘jl Yoon-Ji Kim, DDS, MSD, PhD,’
Seong Ho Han, DMD, MS," Yoon-Ah Kook, DDS, MSD, PhD*

Objective: The purpose of this study was to evaluate the effect of force and moment produced by Nickel-titanium
wires of different sizes at activation and deactivation according to differing vertical bracket displacement.
Methods: Superelastic NiTi wires of 3 different sizes (0.014", 0.016", and 0.016" x 0.022") were tied with elasto-
meric or 0.009-inch stainless steel ligations in a twin-bracket, 0.018-inch slot. A testing machine recorded the
effects of simulated activation of 5 distances from 1 to 5 mm and deactivation of 5 distances from 4 to 0 mm,
in increments of 1 mm. Results: Frictional force increased the wire stiffness during loading. Ligation of 0.014-inch
NiTi wire with O-ring resulted in a significant increase in the stiffness. On application of orthodontic force for 5
mm of vertical displacement of teeth, the effective displacement in the case of the 0.014", 0.016", and 0.016"
x 0.022" NiTi wires was 2 mm, 3 mm, and 4 mm, respectively. Conclusions: Our results showed that movement
of teeth with large vertical displacement was ineffective because of excessive friction. This finding might contrib-
ute to the understanding of the force system required for effective teeth movement and thereby facilitate the ap-
plication of the appropriate light wire for leveling and alignment. (Korean J Orthod 2011;41(4):337-345)

Key words: Stainless steel ligation, Force & moment, Friction, Vertical displacement
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