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Table 1. Prescription of tested bracket (unit; inch)

CHXIMERX 362 25, 20064

Appliance Material Slot type Bracket width Slot width
Crystaline V Polycrystalline ceramic Silica inserted 0.1209 0.0244
Clarity Polycrystalline ceramic Metal inserted 0.1185 0.0243
Inspire Monocrystalline ceramic Ceramic 0.0975 0.0245
Kosaka Metal Metal 0.0956 0.0252
Spirit Composite resin Metal inserted 0.1021 0.0228

A A 7HIAE BS 12%-60%71A A & 7]
HEo] AR 8 A HAY A& Fojshz of
< ZF 59’

oldd npaeo] B EAEE MAstnA Ay
Bl #& 222 Ardetd Ay BapAe 4
o) 37 vg Beple] Be npaee XS 23
aapdo] AdEdon w3 Byder &80 %
He PN T £E] G Redd FHAASE
o2y npEE e ez Ae AEaye B
of AL ATH T H o= A BeAle] £2S
Ae)tz ZEsle mEES 7aA7] A Fo] )

At

Beple wlgge &34 gl Aoprt s
oA ol AE A8A FolA VAR LE A
date e o dE ol dem AR & 4%
215 o] Aty BepAe opEy S5 dig
thekdt A7 5o RauHYth o]He Agte Bl
o i3l n}2E AFolM = Bl £EAt Ha st
A AL o|FAAES W TS = vpEE S SA5)
Fou AR ol &3 HIY3A olF3IE
g AAke APE wEei olgaA Bk o)
] Peterson®} 19 £2 S B 3R A7
AAHO° ~ 10°)8 Fste] F&EeAF NiTieh &
glolel s 28 wyMzle npEE o] wigl Fol& #
A3 v} 9lom, HZ Redlich $°2 A7pddBels
5 vHEE S A7 1A pEE FSEaElA
Nishio®} 19] £z =2 Azt 2o 2z ot
&t 7|9 T/ w7l AAZ(° ~ 1008 F
oste] niaE o] Wslgo|g Rty 12y o]
Ao ATEL AFA AAE He e b4 Fol 9
8l mhEE I BAlzgte] FAAQ] AAE AHEA
et o thet AAlwe] F7h9) g niEE R &
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Fig 1. Tested brackets. A, Crystaline V; B,
Clarity; C, Inspire; D, metal; E, resin composite.
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Clarity (3M unitek, Monrovia, CA, USA), Inspire
(Ormco, Orange, CA, USA)$} Crystaline V (Tomy
International Inc., Tokyo, Japan)<, &0 2 g
B (Kosaka, Tomy Internat10nal Inc., Tokyo,
Japan)®} A A #:A B (Spirit, Ormceo, Orange,
CA, USA)E ol&stler ZAzel AFL thadt 2
o] 2383ttt (Fig 1, Table 1).

BEAS w e st 4% Ad=2 FE3] 9
AA7171 98 e AAE &FnE EE57]F
Transbond (3M Unitek, Monrova, CA, USA)E A&

sl neAL FASGT GRVF A FPlE 2
BAe BFA AN A NZFRAS 5
Aol el sle8 5 543 e £
2202 Soj7hy Ur*}on oa) 2449 % A A%

HAth olg€A 2¥dE F EEL Lo"]ﬁdﬂ
(Universal Testing Machme, Instron 6002, Instron,
High Wycombe, UK)oll 24 o] FEZ0] F2d e
2 g9t BaAld 23 ZAHsecond-order
angulations) & FoJ8}7] $ld)A] 0°, 5°, 10°, 15% O
& A7e] SEEFS AAsIEon Bapo] 7
g dFrE 7ol =R AdE —r A=E A
2ttt 10 cme MY AFdd nHE
(Ormco, Orange, CA, USA)S. 2 Azsdle] HalAld|
THA AT AEE wygMe AR A= vhaAl
?'5‘7]-»] tension load celldl] AYA 731 3}¢F A ehH o
v 150 g F& 237E T3l 2B (Fig 2).
&ﬂﬂﬁﬂé 29 AL 019 x 025 (Ormceo,
Orange, CA, USA)Z Al&stslem TMA w34
019 x 025 (Ormco, Orange, CA, USA)S AM&-31%1
th 48§ wBdo] Bepl €2l FEH R A4
U F UEE TeA @] FRE ol FEFo] &
T Az o]EQ\:i AA G om Tz )9
ARl mAd FAR e P& FA st
pFdel AALHA FHAS B EEudA
A7 AR FEE uAI}HTH
npzE o] 242 WEAIHY|E |83t load cell
500 N, cross head speed 5 mm/min2-Z 10 mm?} <
ZAstgom 4 A HAdepEE & A3t H A0t
Agow 7|15 FAnAHL 1% HHew
203 F4 wEAEE SHATE Ye HIUCE
AAFs Aot
Ao AL Z4zho] Rl ia) 1207H9] 27
o] AMgEHJer 022 x 028 39  Roth
prescription®] et &7 Bzl & *d‘%“ sttt 2%

Hell 24T Bl IE M2 5ciiel Oy 28

INSTHON

Fig 2. Testing machine, bracket-wire assembly,
and force measuring equipment.
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Table 2. Kinetic and static friction force in grams for the 0.022-inch bracket (mean + SD)

Degrees
Wire Type Bracket SNK
0° 5° 10° 15°
SS
Kinetic
Crystaline (V) 1202 + 165 1624 + 275 2156 + 289 3117 + 344 0<56<10<15
Clarity (C) 1792 + 30.3 2330 £ 397 3159 + 516 3821 + 541 0<5<10<15
Inspire (I) 199.7 + 439 2435 + 60.2 513.0 £ 100.3 7398 = 1119 0,5<10<15
Metal (M) 1495 + 298 1680 + 315 304.8 + 579 4941 + 542 0,5<10<15
Resin (R) 1033 = 147 1386 + 491 2109 + 41.8 2487 + 584 0,5<10,15
Tukey R,V<M<C] MR, V<C]I R,V<CMKI R,V<C, V<MK
Static
Crystaline (V) 1595 + 46.1 187.8 + 57.0 2691 + 412 3618 + 477 0,5<10<15
Clarity (C) 2396 + 494 304.2 + 494 4019 + 574 412 + 518 0<5<10,15
Inspire (I) 2488 + 42.3 2724 + 413 559.6 + 155.6 835.0 + 281.1 0,5<10<15
Metal (M) 1768 + 71.3 2002 = 35 330.0 + 588 4587 + 1749 0,5<10<15
Resin (R) 1335 + 184 190.8 + 704 205.2 + 640 2616 £ 983 0<5,10<15
Tukey RV<KCM<C V,MR<CI RV<KVM<M,C<I RVCKCM<I Kkinetic>static
TMA ‘
Kinetic
Crystaline (V) 189.7 £ 450 169.1 £ 335 2737 + 547 536.3 + 63.0 0,5,10<15
Clarity (C) 2470 = 533 2805 £ 63.0 6124 + 67.3 660.1 + 635 0,5<10,15
Inspire (I) 371.0 + .8 2459 + 746 b882 + 749 8676 + 1088  (0<6<10<15
" Metal (M) 5682 + 67.7 2855 + 489 5682 + 67.7 10283 + 1774 0,5<10<15
Resin (R) 246.8 + 52.3 2133 + 439 246.8 + 52.3 3270 + 639 0,5,10<15
Tukey V,M,R<M,R,C<I VR<RJIKI,CM VR<LCIM R<V<CLIKM
Static i
Crystaline (V) 2371 = 579 2098 £ 42.7 4045 + 565 693.2 + 1046 0,5<10<15
Clarity (C) 2814 + 563 3204 + 544 7011 + 754 7646 + 876 0,5<10,15
Inspire (I) 4819 + 571 294.2 £ 94.0 7088 + 1132 10366 + 1694 0<5<10<15
Metal (M) 2934 + 61.8 369.6 + 81.9 6989 + 85.6 11879 + 1686 0,5<10<15
Resin (R) 272.6 .= 56.2 3138 £ 682 4012 + 782 622.6 = 105.0 0,5<10<15
Tukey V,CR<CRM<I V<CIR<CMR V.R<CIM V,.CR<IM kinetic>static

Significance; p < 0.05. The SNK (Student-Newman-Keuls) rankings of the five brackets are also shown.

H 2AM e BgdA-wAg AT AAL 0091 AS- Crystaline V £2.2 A SH=AR 357 43
54, AAvt@EL Inspire, Clarity, &% 2eH, BapA 7t BAAR FHE AT (p < 0.09)

Crystaline V, g7 B2l o2 A4 FHHA (Table 2).
019 x 025 TMA wgdute] Havpae S o)A
A upaE & Inspire, 54 HeH, Clarty, g% 2
2} Crystaline V £2.2 374 3= on 540}
Z8 & Inspire, Clarity, & B}, #x BapA, a

=2k

SeE-nEs AN UE sH0EE

Adel2 28 wAM HepAle] 23eA B

£
p
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- AAE 0°9 5°8 A 98t AAE Z7)
S4E JunpdEx A Jrleldlen AdE S
oA Inspire B¢ Z7 =7} 3740 (0% A 199.7
gm, 15°9A] 739.8 gm) 7F¢ ¥4t} WA Crystaline
Vo BapledA 2682 MY B F7HE(0001A
120.24 gm, 15°°A 311.68 gm)= H Tt} 15%)
A FantEEe gz 2esllo] 2487 + 584 gmE
7 ke Al BelAl aF oA Crystaline
Vol 311.7 + 344 gm& 7} WA, InspireZ} 739.8 +
1119 gmZ 7V w4 S3 =AU (Table 2).

TMA w43 Beploe] Z3o|A & Inspire9}
Crystaline V& A9 ¢ th2 23l Bz o3
Aol AAY FotesE JantEge] $1E #
Z3t 4 9)%1. e Inspire®} Crystaline VAlA & Bk
A-mAd ZAY 0°0A 5% S718tEA Hiupd
o] "z syt F7betloH Inspireo)A]
22 HY YoM EAAcZ 593 7Hart dojuk
o (p <005). 1F FdA 5% Beple] rt=rt
458 Z(0° A 5682 gm, 15°<)A 10283 gm) 7+
Egom gz BaAo] 168 2(0°A 2468 gm,
15°¢141 327.0 gm) 7} 5A velgct Algty Bal
A 2F FolA Inspire7t 239 Z(0°4] 3710 gm,
15°<1 A4 867.6 gm) 71} R F71&S BT
Bapl AALE 15%94 A npaE e 8676 +
1088 gm= A 2§ F H =4 Jeikz
Crystaline Vo] 536.3 + 63.0 gm& 7} ©A Vehyt:
1=

S udM SAME0 [HE ZM0EE Hin

ZH Q2 28 wPAF Bepll 234 =
© IFdA Bepl-wg g AApt S1E4E
AAntAE T &7 F7IeFATE AR 0° ~ 15° Abo]
oA Inspire HE}A 9] njated] Z71% 7} 338 2 (0°0]]
A 2488 gm, 15°¢14 8350 gm) 7F¢ Egton
Clarity 2&}A& 1.89 2(0°° A 2396 gm, 15°°)A]
1.2 gm) 7V Bt FUHEe] BAFEAY Bapl-
WA AAF 15°9A A Bl OF F nhEE
9] A7)¥ Crystaline V7 361.8 + 47.7 gm& 7} &
A S HRA o Clarityshe] whdE e 37]9] A4
Aoz o3 Aol FAHA gk}

TMA A% Bale] z3o)M+= Inspires}t
Crystaline V& A 93 & 2 &AM HepAl-mg A
BAY St SR npgEe) 2ke #EE & 99

Set 2 Bl TE M2 el Ny =5

o1} Inspire$®} Crystalinesl A= A} 0°d)A] 522
S7hetaA Fdupdg o] HAasitrt Frkeke Aol
FEAF A TE AANE 0° ~ 15° Alojo A wE Bkl o
ke 7t 4180(0°0A 2934 gm, 15°¢A
11879 gm)E 7F¢ =9to InspireZ| 2.28] 2(0°9
A1 481.86 gm, 15°914 10366 gm) 7+ $A Vetyt
o 22y AARE 15°014 e e 2r)= ¥
A BaAlo] 6226 £ 1050 gm=E 7MY 2A 2AHY
on Clarity? BAALZ Fo3t e ol Aol
HEER] ekstrt

&

DA Aote] o] FL A%H e Aol Frr)
£ AAS o] 5S HEaE 1184 Aol 5 A
el Fgelnz o2y 24 A PAREY §4
e W FYsdn. 299 ABYE %ol7)
8l S88 2E o3 25 AR Be}
Al BHE FEHOB AQAI] Aol 25 54
2N E nAGT EP Bl wgA AN
Rl o) wyAlel Sy ABE7t A A Al

&

A e F2 AP L A &% ZRE] %}
5 244 & UE cantilever FHj o] mdo] A}
S5 ATt 22y Xolrt wAH S Wol o] E S W &

e AHE-Aope} TbRI|ole] o] nHE G
< HAFB = cantileverst T2 714 # ol Hahrt B
gHllo] ALt AR, 488 g Agi
Ao Aglel wtet WAE &ol Biglrt dojdon) 4]
FHollA s ¢Fol u¥d AP rdlA cantilever
o ool Hlal 8MAE E2 o] YAETL B
vl lk® @w Babl 7140l 37 mm A Eahe
g AAe o ofH AFoH AL2E 10 cm Zol 9
WL AT W AEAQ 2ol B F gl
a8y Bl wy Mzt BAE Rod u B
Ao AHMEol FHkRo WAE= 2o HAle
WA olFol we}t AA FHE F e o U
Bepdld AgE Aol nekgt EeArt g
Hate wpaEe] IA F7HE 4 Uk weEkA opd
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£ 3t wEbd A A Soll= o E R
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Fig 3. Magnified slot edge of metal inserted brackets. A, Clarity; B, Spirit.
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Stainless steel static friction
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Fig 4. Static mean friction at 4 different angles (0°, 5°, 10°, 15°). Note graph showing the increase in
friction with increased tipping angle. A, Static mean-friction between stainless steel wire/bracket
combinations; B, static mean friction between TMA wire/bracket combinations.
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Stainless steel static friction
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Fig 5. Kinetic mean friction at 4 different angles (0°, 5° 10°, 15°). Note graph showing the increase in
friction with increased tipping angle. A, Kinetic mean friction between stainless steel wire/bracket
combinations; B, kinetic mean friction between TMA wire/bracket combinations.
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Evaluation of friction of ceramic brackets in various
bracket-wire combinations

Jung-Yul Cha, DDS, MSD," Kyung-Suk Kim, DDS, MSD,b
Dong-Choon Kim, DDS, Chung-Ju Hwang, DDS, MSD, PhD*’

The purpose of this study was to measure and compare the level of frictional resistance generated
from three currently used ceramic brackets; 1, Crystaline V®, Tomy International Inc., Tokyo, Japan; 2,
Clarity®, 3M Unitek, Monrovia, CA, USA: 3, Inspire®, Ormco, Orange, CA, USA; with composite resin
brackets, Spirit®, Ormco, Orange, CA, USA; and conventional stainless steel brackets, Kosaka®, Tomy
International Inc., Tokyo, Japan used as controls. In this experiment, the resistance to sliding was
studied as a function of four angulations (0°, 5°, 10°, and 15°) using 2 different orthodontic wire alloys:
stainless steel (stainless steel, SDS Ormco, Orange, CA, USA), and beta-titanium (TMA, SDS Ormco,
Orange, CA, USA). After mounting the 22 mil brackets to the fixture and .019 x .025 wires ligated with
elastic ligatures, the arch wires were slid through the brackets at 5 mm/min in the dry state at 34C.
Silica-insert ceramic brackets generated a significantly lower frictional force than did other ceramic
brackets, similar to that of stainless steel brackets. Betaitanium archwires had higher frictional
resistance than did stainless steel, and all the brackets showed higher static and kinetic frictional force
as the angulations increased. When the angulation exceeded 5°, the active configuration emerged and
frictional force quickly increased by 2.5 to 4.5fold. The order of frictional force of the different
wire-bracket couples transposed as the angle increased. The silica-insert ceramic bracket is a valuable
alternative to conventional stainless steel brackets for patients with esthetic demands.
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