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Table 1. Orthodontic materials used in this study

CHRIIAA 317 45, 2001

Material Specification

Stock No. Manufactirer

e ————

Orthodontic wire Stainless steel wire 3M Unitek, USA
0.016 inch 211-160
0.018 inch 211-180
0016 X 0022 inch 251-622
0.019 x 0.025 inch 251-925
Orthodontic bracket Stainless steel standard edgwise Tomy, Japan
twin bracket(0.022 x 0.028 inch slot)
narrow (2.4mm) 200-08
medium (3.0mm) 200-26
wide (4.3mm) 200-02
Ligation Elastomeric module 100-379 TP Orthodontics, USA
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Table 2. Elastic modulus of the periodontium and materials used in this study

Periodontium » lagtic modulus “tkg/mf)

Materials

Periodontal ligament 68 x 107
Cancellous bone 70.41
Cortical bone 14 x 10°

material

Blue inlay wax

Polyether impression

Flastic modulus (ke/m) anufacturer
7 x 107 Espe, Germany
76.04 Shofu, Japan

Un-itek Inc.. US.A)eld, Ba}Ale 7o) k2 24
mm (narrow bracket), 3.0 mm {(medium bracket),
43 mm (wide bracket)?] 0.022 X 0.02821% €%
Z71e] ~H A A A standard edgewise
twin B2 (Tomy Co. Japan)< Al&-3t9 on
AEL, AR ube} npEA g o] ¥iglstA
FEE A FHF 2 A A 157 (Plain ligature
ring clip, TP Orthodontics Inc, U.S.A)& o] &
sto] A5 Add dAsrslen 103 A F A
Aoz WA SR tHTable 1).

D df 854

P = |

AA Rope} 1 F9 22 A&7 &, Whee-
ler®] 2o} Fgjdle] Az AE 2719 g A,
20| <} et AR & PR A28l o,
2t oF B ol v)52d Zejdle 2 @A Al
(Impregum F, ESPE Co., Germany)® 2] <
05mm FAE ZE3IAT ol EA Fu|g YA o}
of Z4zte] BelAlE 1y FEAwAor Ady A
Fasiglom, Beplo] §-3td 7l Xlofe] A2&
A zE AHEY g Eo] H]5:3 Blue inlay wax
(SHOFU Co., Japan)& AH&3td o] 4d-g 9 &
T AR APAA | w2 Bt tH(Table 2.).

2lotE w4 e = Bl wgf 7 Alol
ZAAL HAEA FEE 00215 x 0.02890% 2H|
g~ e Bepl SR A s F delA
N ARE B mjasd

2 AES 3 Az A 7 A F R
g, shbe= Xotg widl gt FEoz oA Instron
(Instron 6022, Instron Co., USA) <Q1AA|E 7|9
Crosshead 2 load celle] A% AA o Crosshead”}
Ao g olFdte Iy oAl npEAYE S 2HY ¢
QA = Atk o shubs Instron st 24 5

AZY FEow wdE S 2T 5 A Ak

o)l o 2

—

CROSSHEAD & LOAD CELL
Holding
pin
Screw

Upper wire
holding device

Ni-Ti coil
spring

Middle wire
holding device

Wire A
Blue inlay
wax

(loated by
rubber
impression
material

Bracket

Steel
housing

Lower wire
holding device

Holding
pin

Instron holding device

Fig. 1. Friction measurement were performed with a friction
-testing assembly mounted on a Instron machine.
The friction testing assembly consisted of a simula-
ted tooth (real sized resin tooth) coated by polyether
rubber impression material with 0.022 inch bracket
aftached to it and an elastomeric module ligature.
The simulated testh and its supporting structure(blue
inlay wax) were mounted in a steel housing. The wire
was mounted in wire holding devices. Frictional force
was measured with Instron load-cell during upward
movements of the crosshead. during which the brac-
ket was drawn along the wire.
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Table 3. Comparison of friction of each bracket with different wire size

0019 x 0.025 1166 £ 56 1237 £ 92 | 1682 = 106 |
0016 x 0.022 917 £ 63 %4 + 112 I 1114 = 7.3 |
0018 910 £ 73 83 70 I 728 17
0.016 788 £ 134 l 780 * 74 | 717 £ 102

Results of Scheffe’s test are represented by vertical lines, mean linked by vertical lines were not significantly different at the

95% confidence level.

7cm 20| FHE A& A9 siai e A
79 FHatdt mA Kol ddd] nysla, A FRE
2 718 e R wHEo] 9mm Ni-Ti coil spring(Ortho
organizer Inc. USA)& 92849t o7& w3 ¢ 7
Mg IFE o AAZ dA o] HA FHE Fojst
& 3 Zlolt}. I Fof 3 uAF-E I g3}
HAtHFig. 1. o] %o BEapAl& FA3 X o7} v g
o] e ARV|FE wH & Aol nFE F-Fo 4
data, TP og AFT F Instron I 2
Aottt A3 Agel et A A APe FL E
7] Bl AllhTA |, Tt A B A
2 &7 Ao HEAs, Y A Bl A 1 AT
Ao B-sto] Zhzbe] Xotg APAR o w4 sl
Ul 7 & Z27]9 w8 A npdxge s
23891, F A dddMe 57 749 Bl
= A 1,2 279} A 1 7R o] B2ste] A 1 AT
AN AL2ETAF AN AL 2ETA F A
AL AR g ANE AD FX o vastd, bl 7]
@ A7)0 wA L AT SEviEAEY S &4
stQAth 2 A3 S 103] A & Bepld g 7
A BAAR AL 3 3 HHEIY. ZE AY
& A2o] 18 £ 4ToA AXFHZ APt
B AgdA 33 vhEAYgE L L5ukE ],
o|AL Az 2NN FHE AFE F /e BAA}
o] BA wtEA e} &5 wHEA S Zol7l A ¢l
the Boge®e #4322 crosshead £EAME 3
A opAE 3} $F wpEEo] A FAld] dAYsle] TE
o] oJ#The Dreschers™e] #4¢ 2AZ a4t
B Ao A3 Instron AR A @7]E 5 kg
load cell& 71A 31 9 21, crosshead?] 45 5 mm
/min&2 3t Aoz o|FAIZ T ©] crosshead?]
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B 0.016 B 0.018 0.016x0.022 | 0.019x0.025 .

Frictional force(gm

> 4
Medium brack

Narrow bracket

Fig. 2. Histogram of the comparison of friction of each

bracket with different wire size.
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Table 4. Comparison of friction of each wire size with different bracket width

Narrow bracket 788 * 134 : 910 £ 7.3 917 £ 63 1166 * 56
Medium bracket 780 £ 7.4 83 £ 70 %4 £ 113 1237 £ 92
Wide bracket  71.7 £ 10.1 728 £ 01 1114 £ 73 1682 £ 106

Results of Scheffe’s test are represented by vertical lines, mean linked by vertical lines were not significantly different at the
95% confidence level.

2. B2t ZZ0| OEME=0 OIXl= et

E3 Narrow bracket #8 Medium bracket Wide bracket
200
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# ! e 7 nadd) vel & 7 vy 33 2
L on omese cowom | 7 mEse] ehdA g o] 42t 125 W), 121 ) 7
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Fig. 8. Histogram of the comparison of friction of each wire — !
size with different bracket width. de SAHLE FAF Aol #RH. 0016 x
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1o 0018, 0016 X 002290 74 Aloldle %
Afez feld Aok oivk g3 24 Bebldl g =ppi0) A0t DREIKMERIO DIRe 2
e 98 23 49 2 mFdA gl ast
S/HEEE vRAREH Srlsigen FAMeR o] YoM AHET RetA AL FF FAIAnk
el Aolzk it We £4 Hepldde 943 0016 Qx| 97 Al ZBfole Bzl 571 1
A 2y 3 RRelA dwe) vz Eutds AL ool v)al 2 ) 2 3L uf mpAA| g o] Zhzt
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Table 5. Comparison of friction of each wire size with different number of bracket

One 780+74 | 883+70
Two 1680+12.1 | 1273+96
Three 217794 I 2114+11.1

R 0.8990 0.7415

%4+11.3 l 123.7£9.2 l

168.0x16.1 | 22141142 |

23641168 | 306.6=80 |
0.8923 0.9729

Results  of Scheffe’s test are represented by vertical lines, mean linked by vertical lines were not significantly different at the

95% confidence level. R? : coefficient of determination

Number of Backet : [ One B Two Three

350

300
!
8 200
L
= 150
<
2
B 100
e

50

0 - .
0.016 0.018 0.016x0.022 0.019x0.025

Fig. 4. Comparison of friction of each wire size with
different number of bracket.
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Fig. 5. Co-relation between frictional resistance and num-
ber of bracket.

a.(0.019x0.025) : F=91.44X+34.36 (R?=0.9739)
b.(0.016x0.022) : F=69.99X+26.95, (R*=0.8923)
¢.(0.016) : F=69.86X+14.86 (R?=0.8990)
d.(0.018) :F=61.53X+19.28 (R*=0.7415)

F : frictional force. X : number of bracket.

R?: Coefficient of determination
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- ABSTRACT -

An experimental study of dynamic frictional resistance between
orthodontic bracket and arch wire

Jae-Hwan Lee, Ki-Soo Lee

Department of Orthodontics, College of Dentistry, Graduate School, Kyung Hee University

This investigation was designed to determine the effects of wire size, bracket width and the number of bracket on
bracket-wire dynarmic frictional resistance during simulating arch wire-guided tooth movement in vitro. For simulation
of an arch wire-guided tooth movement, we simulated tooth, periodontal ligament and cancellous bone. Maxillary
premolar and 1st molar were simulated as real sized resin teeth, the simulated resin teeth which its root was coated by
polyether impression material which its elastic modulus is similar to periodontal ligament were embedded in steel housing
with inlay wax which its elastic modulus is similar to cancellous bone. Stainless steel wires in four wire size (0.016,
0.018, 0.016 x 0.022, 0.019 X 0.025 inch) were examined with respect to three (stainless steel) bracket widths (24, 3.0,
4.3mm) and the number of medium bracket(one, two, three) included in the experimental assembly under dry condition.
The wires were ligated into the brackets with elastomeric module.

The results were as follows :

1. In all the brackets, frictional resistance increased with increase in wire size. But, statistically similar levels of frictional
resistance were observed between 0.018 inch and 0.016 X 0.022 inch wires in narrow bracket and also between 0.016
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inch and 0.018 inch wire in wide backet.

2. The frictional forces produced by 0.016 inch wire were statistically similar levels in all the brackets. In 0.018 inch round
wire, wide bracket was associated with lower amounts of friction than both narrow and medium brackets. In 0.01€
% 0022, 0.019 X 0025 inch rectangular wire, wide bracket produced larger friction than both narrow and medium
brackets. In all the wires, narrow and medium bracket demonstrated no statistical difference in levels of frictional
resistance.

3. Frictional resistance increased with increase in number of medium bracket. 0.016 inch round wire demonstrated the
greatest increment in frictional resistance, followed by 0.019 x 0.025, 0.016 X 0.022 inch rectangular wire which were
similar level in increment of frictional resistance, 0.018 inch wire demonstrated the least increment. The increments
of frictional resistance were not constantly direct proportion to number of bracket.

KOREA. J. ORTHOD. 2001 : 31(4) : 467-477

% Key words : Dynamic frictional resistance, Number of orthodontic bracket, Bracket width,
Orthodontic wire
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