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Table 1. Types of brackets.

CHRILAAl 30 65, 2000

Mini-Twin® Twin bracket, Metal A-Company, San Diego, CA
Allure® Twin Polycrystalline ceramic GAC, Central Islip, NY
Starfire® Twin Monocrystalline ceramic A-Company, San Diego, CA
Vogue® Twin Ceramic reinforced plastic GAC, Central Islip, NY
Elan® Twin Plastic+Metal slot GAC, Central Islip, NY
Lewis/Lang® Single bracket, Metal Ormco ,Glendora, CA
SPEEDY Self ligation, Metal Strite Industries, Cambridge, ON
Shoulder® Twin Friction free, Metal GAC, Central Islip, NY
o el agAE dtete A2 == 43 3N et S ot A5l AR A B &sEHn

9 EQ A(torque), Aote] ZArtel 5 Sl sl J&
& 2ert A= g e vae 29e 2
sto] st Aote] 0|5 AL dod|A @AY 1
49 24¢ dodA drh?

g e BEPle R R B
Adl, w9 7, 224 AR, B2 59
Aololl AAE A& 89l T BE 8480 #Y
Hol itk o]} e Be 2487 o] B9 2¢O
B &) rhEE e 4712 v B 4 Yok
webd 48 F&etAl A-8A171e Rl 44 @k

ﬂ PPl E A e Beste] g4 Bt

ol A, FetaE T HEFER A9 B
°1 MEEded, Mzbg BeAe 44, £94, |
ShRAIAE A YA AR s not
A AAAN Aote] 34, vpdgo] vj- 2 Ago] &
Hejet? Zehay BeEle WAd 34, Jeo o
3, W 7bed, € nhEE B0 9HeR AN
dt? oleid Bg nay] Ad) AAe &R
F&o] B Aztuolt FetaE Hal, Azhy
7 FgxEe] 34 BElEel MEA AEs ol v
3 714 43 T 9dE S

w78 529 7§ # 2 Copper-NiTi(Cu-NiTi
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AET 948 & M ¢ glom, Mg dE A
A whAY S 294M | gA EFcles & F
A Bk
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A8 AE F Bl T/, u3Ae] A4 3,
W o] ato], Ax#AH gY8RY o], B
offset?] o], Bzt A, ol 5&E Foll 1
u}éa & 24, T8 old| F¥E F= 84F
ZAAE dotrzA s it

R (I U )
r:L e

12

0. &3z & 248

1. M

KU

£ dFolA /‘} ?I’_ Bale 2% 8Fo 2 0,018

x 0.025" €39 et Az et A2 2273 & Roth
prescription stralght Hﬂ}aolﬁiﬂ} I EFERE S
B9l Mini-Twin®, polycrystalline #2}2] =z}
7}1?1 Allure®, monocrystalline A2k BaAQl Sta-
®, Aetst 98 Fetay BeQ Vogue®,

& i‘-;‘?:—° 7= ‘rﬂ}/\a B9l Elan® , single
B9 Lewis/Lang®, A7122 B9l SPEED
® frictionless 21 Shoulder® 50| tH(Table 1).
¥4 342 0016" €7 2 0.016” x 0.022" AH
3ol SS wAAM, NiTi =AM, Cu-NiTi m3FA
(Ormco, USA)E AH2-319 1 Cu-NiTie= 35C9
AL AYsgnt. 2gA= ©/d EE(elastomeric
module)(Unitek, USA)& AMHgsl9 o ZAawis
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Bl w3al7] $lsked 0.009” 28 ¢l#E A 7 224 (Uni-
tek, USA)E AL3l9ith Az &3 gl g7 o] v
2E 98 lZErd(Taliva®, Han Lim co., Korea)&
AHE-8EA T
2. g
1. Al A&

Ad AH AFE 93 B
nEoR FWAEG F Qo
= AF, A2AD &£ol=E
A wF N FRol e @y vuE
S A2 2728 B ES o= »

e
U TV

sl

mm HE o R 247t YRAIA T 10 mm 2HE & ¥
ko] AE 7H & Aolth o g 0.018" x 0.025”
9 SS w4 AL Bl EFd Adste] B
SAE 7] wig S HAMog BE I Aololad
# o] E(AL-LOCK CN®, Japan)& o| &3} Zi}o]
= %W 2333 0018 x 0025 nA & IS
AAG 3 B €3 0016” €98 2 0016” x
0022" A48l SS AN, NiTi ZAA, Cu-NiTi
ARG 7+ AAAT| L G RES o] &8l A
A3t g RES 22T 1 ligature gun(Stra-
ight Shooter™, TP, USA)& o] &3la} F 3 2 3ho]
HEE Stk AEE 95t 8FRo B, A
o & 3FFe] YA, Fejo & 25 Feo wyA
ol 93 27t 28" A 48700 A7t 408 F
1920719 AHES A=t

Az M vpEE S v wstr] $l8iA Mini-
Twin Belol 00167 98 2 0.016” x 0.022" Akz
g SS mAFA, NiTi wAA, Cu-NiTi Z3X&
0.009" ~HAel~ 7 A2 L Mathieu pler2 7
LA 34, 2233 nfdgy & 233l on, &
AEERZ 223 AlHY npgge de wygA
FHol W nhEE 24 Ao d& AYE o) &
stk TH A, AR ol f w el Bl
P 7t AdEEo] daEr] Fde HA¢E oy
AdE B3t FAE AL w2 Aok AP L $3)
Z+zke] AJRE) thate] 40704 A 2Hete] F 240
Mo ARES A zesi

23747 g3 o] M2 whaE atel= Mini-
Twin He}Alol] 0016 98 2 0016” x 002" 24
SS A, NiTi 23X, Cu-NiTi S @A =

N

[/
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B2 A% Azete] vfdE g 24 o AFEHA S
"ol FHAEHE FAAIIEA S5t dx8
7 AN 4 Ao} viwstsint. 2zl AlHE
of thate] 4070 A st F 24070 AHES A
et .

BEARL offset Zhold g v} WWE At
Zglol =0 A2 &TX 4 Mini-Twin 22 & 53
3 & A4S BE g a3 ) aFAE o] &5t
A2 27H & Bable 28 AFAA AR &%
1 05 mm, 1.0 mm A7} §A4 2283 0016” 9
3 2 0016" x 0.022" 4% NiTi 2B AF Cu-NiTi
RANE G RER AAslo vlEY & FH AT
Offseto] 0.0 mm 1 -2 vp&E e 7] Ao
A Ao AHE o] &3H T 2o AHE W3ty
4070 A Fste] F 32070 ABES A TH

BgAZ Aglel wE npEEe] ZolE Hlmay]
98] Mini-Twin BEPEE 7 mm, 5 mm H 22
2asta 00167 98 2 0.016” x 00227 AHE SS
WA NTI 24 @42 ER A&so A%
3 A EEY whEEE S8 10 mmibA e vt
Ao 7)) AN A& AE o] &3t 7
zte] A|RE thate] 4008 A &ste] F 320709
AAES AZstadt

R o}Ee] o] F& x| wE npEE o] vlnE 9J3)A]
= Mini-Twin H&}Adl 00167 938 SS 234 < &
Argz A&t A A3 AlHE Instron? cross
-head £%Z 10 mm/min, 5 mm/min, 2.5 mm/min&
2 WA AN nh2E S 2] Bl wE.

B A8E g5t & 3040709 AEES A&
=3

(o]

2. npEE el &4

u}2he & Instron universal testing machine (Mo~
del No. 4806, Instron Corporation, USA)Z ©]-&-3}o]
2339k Beplo] A8 &eto]=E Instrond]
o) AAF| T cross—head ¥ ZAH AL 9
A AT Instrong 2000g load cell& 233 cross-
head®] $5% 10 mm/minS 2 3%3F o] FA7|HA
B £F, A, load celle] $A4E AAIZ &
glolA AFEE stete] dojAlE F-HYFHL
2RH e 3k HdAes 2y wgAd
Atololl A WAYEHE HA npEE o2 FAFATH(L
g 1.
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4 Instron

* Slide glass
Bracket

Fig. 1. Schematic drawing of test specimen set on
Instron.
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Table 3. Three-way analysis of variance of frictional
forces.

Bracket 4273.84 0.0001

Wire 3059.61 0.0001

Wire Shape 11160.50 0.0001
Bracket x Wire 121.26 0.0001
Bracket x Wire Shape 897.82 0.0001
Wire x Wire Shape 221.92 0.0001

Bracket x Wire x Wire Shape 91.66 0.0001

Table 2. Frictional forces between brackets and wires(g, mean+8D).

138.08+3.89

204.70+£18.28

Mini-twin 151.73+£1530  305.38:40.90 252.03+1081  381.03+30.67
Allure 157.03£13.06 313602823 1963612671  346.03+£31.37 209.23+t2791  383.00%30.16
Starfire 149.08+1038 16550+ 9.89 11458+ 929  27887+15.22 203534077 312.13+36.65
Vogue 183401933 256702895 17815+£49.04  263.75124.26 269.03+£24.40  315.40+50.30
Elan 132.18£1694  18765+14.99 15333+11.24  286.98+26.63 25873+12.10  344.90+2041
Lewis/Lang 116431166  157.05F 892 12185t 783  269.25£29.77 204.08+31.03  275.70%£17.86
SPEED 190+ 177 259.75+32.21 138+ 123 273.78+44.94 1420+ 679  447.30+39.65
Shoulder 163+ 146 348% 253 2,88+ 2.30 490+ 2.18 1.93% 2.06 840+ 462

SS;Stainless Steel, NiTi;Nickel Titanium, Cu-NiTi;Copper-Nickel Titanium

3. BAAE mZ W

A3 ASAE 7185t 74 219 §EE 3
% EFANE T F 7§20 f94 o
dolE i Hlmslr] Aste] A EAF EHY(three-
way analysis of variance)2.2 7338 & Tukey's
studentized range test®} Duncan’s multiple range
test2 FoFF 5%NA A AA Ao = B
2ke] offset ¥3}, BepAzt A s} SE Wl
g ntEEe) vlue 39 A& 5o 2 29
o3& F9 £ 5%A A3

616

B S5 w3y A4 a8l 34 3
EHOﬂ 02 nFEe 23A0E= ¥ I3 2o ¥ 10
o mpFH ol =X Y EAEN G A g A

2 1l

nﬁ[‘-‘ﬂ:‘ﬂl

wEHe) Avhe 7K 5RHA 84 & e
%%, gAY AL 293 3yAe Fee) ot
}aeo] Wgsitts AL HalZth w3 dal
o RS wAL ALAels] FAE, wYH
AR AN Felrtold BEAE, naAe F

RUpS



Vol. 30, No. 6, 2000. Korea. J. Orthod.

IES 22010 nMM Ajo|e| OpEH

Table 4. Frictional forces betwesn elastomeric module and wire ligation in Mini-Twin brackets(g, mean*SD).

138.08+3.89

Elastomeric

204.70+18.28

Wire 218631201 * 4253511425+

151.73+15.30

38753656 * 4941512005

305.38+40.90 252031081  381.03%30.67

400612572+ 5240012595 *

* indicates significantly different by Tukey’s studentized range test and Duncan’s multiple range test at the level 0.05

Foh wPAY FeiAolel BBAE 22T AT
£94Q 24F Alole] 45go] rhe AE @
% QATHPO0). A7 245 2 whaed 7%
27 9% HAE AL wAA Fejold v
o 7, LHAY Aol

1. 222t ESR0l Clgt OE=10) Hiwl

wg A9 Adolt FehE nHsA ¥ o Al-
lure®] i npEZ o] 28337g 0.2 714 =4 Yehyd
32, Vogue, Mini-Twin, Elan, Starfire, Lewis/Lang,
SPEED®]| o= 2238132 ™, Shoulderd] n2¥
o] 3.87gL. &2 7} vt} Vogue$}t Mini-Twing] 3
T gL fARIY F e BAgHz #
93k Zo| 7t YATHP>0.05). Alv] BHEHAE FoA
£ Starfire, Elan, Vogue, Allure&£ S 2 nlzeo] =
3. Bel Felol WA = single BEblo] twin
BAQ Mini-Twin B A Btk o 8HA @gton
frictionless B2tAle] nla8E e g2 BeAEHT} &
A &HA S THP<0.05).

w9 Aoy FHE nHRS o BHA
9 &9 ¥MEL ey SPEEDE AL A 93}
ie w34 AdY Aol FHE nH3IRA &
%= wo] Ha npEY WY E A HojuR = &3
o} SPEEDE A 49 9% w3 HY 459 H¢
upEE 2 583g 0 7 woko} 7he mAg Aol H
T vhEE e 326HMgC® twin BB npEE st
FrAFHAY 9kt

2. IEM THEO) Ojst Oai0)
RN Adel e BEehAY e nepd B8

Y w3 de] FHE sk odskE o SS wAHAd
°] 137.17gS.2 16743g9 NiTi @3 Aeolvt 230.27g

9] Cu-NiTi A Brh foJatA R ATHP<0.05).
wAAe Fejo] wE wpEAE e Aol B F
FU @A A2 e nadx dus o €8 ¥
A ganpEeo] 12592ge 2 AMztE wAle
23065g Tt EAAH o2 Fol3HA RheH(P<0.05).

3. ZZYH0 Qs 0E=Cl Bl

2 oY (R V)2 ZE 274
2 7oz AFHPE w9 FanpAol &
AZPE wo vE BAHCE oA
4§ ATHP<0.05).

4. A% stAl} EfStAE0| 00 Hiul

Az gd@e BE FHE VA
Mini-Twin B&#A|A A@ntaEo] 22t 36390g
7 2388200 2 EtAS AN KA B2 L+
ATHP<0.05).

5. 521 2t offsetQl XOINH (2 DEEECI Bl

B3 7t offsetd) Zojo] W2 vpEH(X VDS
Mini-Twin B2} oA offsete] 7l wabd #9
& F7VetRTHP<0.05).

6. £t 2ol (i OEE=Cl diu

BeAzE Agle] W] tg vk (E VIDY A}
ol wANS AFo| wat o)z} 1A, SS mAA
dAMe Bt A-rt FasaA epddge] o
a1 WslelA] gskot NiTi 2349 2 $E &9
A S 7FeHATH(P<0.05).
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Table 5. Frictional forces between dry and wet environment in Mini-Twin brackets(g, mean+SD).

Dry 138.08+£389  204.70£1828 151.73£1530  30b.38+40.90 25203£10.81  381.03+30.67

Wet 2420512814 343.71+£26.18 * 34485+13.19* 406.08+29.45*  396.98+2896* 453112995 *
* indicates significantly different by Tukey’s studentized range test and Duncan’s multiple range test at the level 0.05

Table 6. Frictional forces with offset (g, mean£8D).

0.0 mm 151.73%£15.30 305.381£40.90 252.03£10.81 381.03+30.67
05 mm 2185542207+ 354,78 +14.83 * 413.33£19.64 * 643.45+27.04 *
1.0 mm 242.1 26,29 * 403.55£9.43 * 495.63+27.12 * out of range *

* indicates significantly different by Tukey's studentized range test and Duncan’s multiple range test at the level 0.05

Table 7. Frictional forces with interbracket distances in Mini-Twin brackets{(g, mean=S8D).

10 mm 13808 +3.89 204.70+18.28 151.73+15.30 305.38+40.90
7 mm 138.7515.22 20868*11.19 1585+1837 3026=3512
5 mm 1362+1395 20841237 167.85+14.13 * 336.13£31.38 *

* indicates significantly different by Tukey's studentized range test and Duncan’s multiple range test at the level 0.05

Table 8. Frictional forces with velocity in Mini-=Twin v. 1 ©f
brackets(g, mean£SD).

—

PO |

234 mIR s g ke
2 whe} Hopr} o 58 1 Hotd] Bzt v
Forces  13808+389 13873+13.10 145231782 JJr i’ A Afole] &FolFoz FAHHET. 7MY niet
Ag AL BT wHA Aolo) nhaeo] giAL
Al AR g Afolv AAl dddA= Bt
o selez Add Aok o|5E Slal e 24
7. OISE0) Ot D10l HID A Apolol B hae] AEE olalshe A
o] WAX RN Fasltt 2 A FA e AT

BEAWe nAAe] o]FE&Ed wWE nIHE (R o 27k Yo BUF AHES APE S g7 WE
< el Al HstetA] eHP>0.05). o] d7AF} 224 dad Jehlez 338
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Ze] npggo] PR EA B} A4 velygt &
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7171 913 a3 Qo AL EE Holdae Hed &2
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% BaAT wAA Alole] AR As|d) u}
2} gl d&o] gttt FAsg e 23y
o] & wlojl= ello] A 2 gt vhd A%
go] 28 uol= Bl w34 Alol9 vlny &
ol dal A YA A vEAH e g
319t} Pratten E2& 2% Hasld SS A
A5 AZFA v ElR}AA vlFEo] )
H%ZE7He Bttn Budtdch B Agdre g
o] ul@H & F7MA 7= Aoz YehtA], 23X
BA] A5 1L BB ol ng HxBPH
o] Frldte RS aBldteol & Aoz A}
90t 8§ 870N kA mEsol & 24 & B
Aol oJ3 F&o| BAFFo g A7to] AHg uf
2 By Aol EHE o o8 npEgo| &
7Vg Aoz Algdr.
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- ABSTRACT -

Evaluation of frictional forces between
orthodontic brackets and archwires

Tae-Jong Jeong, Mok-Kyun Choie

Department of Orthodontics, College of Medicine, The Catholic University of Korea

The purpose of this study was to amount of the frictional forces with the brackets and wires, ligation methods, dry/wet,
offsets, interbracket distances, velocity and to compare them each other by different conditions.

This study tested 0.018"X0.025" slot sized 8 types of orthodontic bracket systems and 0.016”, 0.016" X0.022" sized stainless steel,
NiTi, Cu-NiTi orthodontic wires. One cuspid bracket were positioned on the slide glass and archwire was engaged into bracket
and ligated with elastomeric modules. The values of frictional forces were measured with the Instron universal testing machine.

The results were as follows;

. Polycrystalline ceramic bracket had the highest mean frictional forces and followed and by ceramic reinforced plastic bracket,
metal bracket, plastic bracket with metal slot, monocrystalline ceramic bracket, single bracket, self-ligating bracket, friction
free bracket in descending order. The self-ligating bracket showed low frictional forces in the round wires and high frictional
forces in the rectangular wires.

2. Stainless steel wires had the least frictional forces and followed by NiTi, Cu-NiTi wires in descending order. Round wires

had lower frictional forces then that of rectangular wires.

3. The stainless steel ligation method had significantly greater mean frictional forces them the elastomeric module ligation

method.

Artificial saliva statistically increased the frictional forces in stainless steel wire, NiTi wire and Cu-NiTi wire.

There was a statistically significant difference with offset change.

6. There was no statistically significant difference with interbracket distance in stainless steel wires but a significant difference

in NiTi wires as the interbracket was decreased.
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7. There was no statistically significant difference with velocity change.

From the above findings, self-ligating bracket, stainless steel wires and the elastomeric module ligation method might be

effective than any other materials to reduce the frictional forces in the orthodontic treatment and can be correlated to clinical
situations seen in orthodontic patient care.

KOREA. J. ORTHOD. 2000 : 30(5) : 813-23
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