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< Z0]7] YslA bracket WH-ol metal slote A<
o o]z Q3 Avde o ZAHAT
Tanne £, Thorstenson® Kusy,2 Cacciafesta 5°
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Fig 1. Tested brackets (from the left side): Metal, MSCH,
MSGC2, Ceramicl, Ceramic2 (Metal, Metal bracket
(Kosaka); MSC, Metal slot inserted polycrystalline
ceramic bracket (MSC1, Clarity; MSGC2, Virage);
Ceramic, Monocrystalline ceramic bracket (Ceramic1,
Inspire Ice; Ceramic2, Miso).

BYA wireg °lFAIZHZ o Tzt vk
Aol2 wmstgdeh ey Aal Aol oEe
bracket slot QFollA ZAte} A8 S whRalHA] 54
< ue} o] E3 22 bracket slot3} wire 7t 42 Z
BB S W vpEE & Yol Aol ¢ & U4
2 o9& /ita & 4 Yok

oo E Ate A 259 AnAE FZIAF)7]
Aafix HdE 8 ceramic bracketd] €% =S
Foste] Aofe] Al Al d¥tHo® AgEE
stainless steel (SS) wire} bracket slot 7+e] w2
< SAToEN, WA HololFE Al 27FHE
AA o] P& d 231 o] A7 TLHOE o] &
sted o] Hazat gt

CITILHAY O e
S

T F79 metal sloto] AYE  polycrystalline
ceramic bracket® T 279 monocrystalline
bracket, & %2] metal brackete] AF&= ATt (Fig
1). Metal slote] A1¥ brackete-® Clarity (3M
Unitek, Monrovia, CA, USA)$} Virage (American
Orthodontics, Sheboygan, WI, USA)E A}&-3t9 1
monocrystalline ceramic bracket®. 2 Inspire Ice
(Ormco, Glendora, CA, USA)9}t Miso (HT, Seoul,
Korea)E, metal bracket & = Kosaka (Tomy, Tokyo,
Japan)E AHEEIS T Z2He] bracket2 022 x (028
slot®] et &1A]E brackets AHE-SFAT WireZ
T ZF AgeA A Al AHEHE 019 x 025
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Fig 2. Tested bracket and wire assembly: Left, - O°
0

angulation between bracket slot and wire: Right, - 1
angulation between bracket slot and wire.

stainless steel wire (Ormco, Glendora, CA, USA)E
ol gsttt AZANZE 1HF (Ormeo, Glendora,
CA, USA)g AH&3ith

Ol

Al A&}

Zh T 20709 bracketS E¥3] Aztd &F0)F
E5o] st ¢FrE E59 EWH metal
primer (Reliance, Reliance Orthodontic Products,
Itasca, IL, USA)E‘ =Xst 187 Vg9 FH
bracket base®t ¥¢F0v]E EZo| Transbond XT
primer (3M Unitek, Monrovia, CA, USA)E ®l=11
#%37] (Flipo, Label France, Lyon Cedex, France)
2 2%7 24189 Y. Bracket baseo] Transbond
XT pasteZ vl231 ?—l—?— 15 25 HZA7] ¥ 4

%3t bracket®] AGWolN #FE7|E A #

T ‘”—‘T‘—”]fr EE2 10 mm x 10 mm x 20
mm 37|19 ALz} Z 0 2 bracketS @75}6}% H o]
€ TYE Ave £EA7 $ALAE AV 3§l
bracket H2F Al slot? £5¢] $3 o] YA}

SHAT

AlH 2%
Bracketo] B&g d=2n)F B22 ¢ Z A}7H3 9
E3(30 mm x 30 mm x 20 mm) o] P EEO

A7k YAl o8 13 H RS ngrHed, o
o]

=
Sol7hx
2 822 39 Bolot FPESY

MSte) 521210l &= 8l EEi 2RI A0(0] 20l [ME O XE Xio|

Fig 3. Universal testing machine to measure the frictional
forces between the bracket slot and wire.

0°¢ 107} H =5 AU, o] 2 A Agtd F 7)<
block2 ¥H5Al&87] (Universal Testing Machine,
Instron 3366, Instron, Norwood, MA, USA)e] 1%
g o]F zHE] Uit 9 P2 st
(Fig 2. 12 cm Z2°]9] 019 x 025 SS wired] 3% &
FEE A g e tenswn load celldl] AFd &bz Bt
HA L 150 gme] FE @31 JAIR A7
(Fig 3). Bracket sloto] 43 E 29 $H 3 U 5
TE Fasgonz Ao 92 bracket slot
I wire7} o] FE& %0, 1008 FHEE o] wired}d
o] BE Zh((, 1002 B4 A¥E 4 Y= )k
0 279 AFolA wireZ} bracket slotghol —’FE
HoZ AYE =S 517] 2Jato], bracketo] A 2Hd &
Folg %%’C O]E IHE LA A2 &
= AZE A B3 ThEAlE 7] e
wireZ} ’E‘Q d Fodle JdE 5 de s Gl
o] wire®} preadjusted prescriptions 7}Z bracket
Slot Aol ‘:“'/‘ﬁ‘%} F JE B7HEQ torqued] LA
NA3l =% 3t} Bracket slotSlol] £5d oz
FUEEE -‘Hﬂ—‘ 2% 3t wire= bracket tie-wing
AFPo R AASR L, wf A Alvich A L7
2 wAg e 5°]°]°ﬂ o dgo] Y=

_\L

— IT
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Table 1. Mean static friction (gm) and Tukey's studentized range test

0° 100
n Mean SD Tukey’s grouping* n Mean SD Tukey’s grouping*

Metal 20 199.40 19.34 A 20 333.33 46.06 A

MSC1 20 242.18 53.83 B 20 374.79 7551 A

MSC2 20 261.77 50.18 B 20 392.23 61.41 A
Ceramicl 20 256.88 39.53 B 20 583.07 128.82 B
Ceramic? 20 251.48 56.80 B 20 594.41 100.02 B
p-value 0.0008 < 0.0001

n, Number of brackets; SD, Standard deviation; *, the same letter are not significantly different at p < 0.05.

Same abbreviations as in Fig 1.

J

Fig 4. Vertical force can occur at the end of the bracket
slot (2 vertical arrows) as the wire is inclined into the
slot.

o}

T

relol 2%
b Zobct 2070, & 100709} brackets M8k O
zA8 M ¥ " wireZ vpEEZ S35t o
A e}t 5hE ALgof 93t 9 Ape] AL Fol7] 9]
3 bracket®} wire:s Al Aoz mA st

vl el 42 WEAIErE o] &3] load cell
150 gm, cross head speed 10 mm/minZ 10 mm, &
187 olBAAY olF 2719 HUFS 35t
AA nAH o2 753U, 62 HFLR 108 &
A3 npAEe] HAgoez FH vpEAy S AL
o},

Bracket slot#} wire7} o5& Zt=7}F 10791 74 -5l
T Z+ Zubk 2070, & 100709 bracket® wireE ©|
g5t 00 A9} 22 Waez AEdte A

N

@ N J
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bR 54 ohdee 23

Bracket slot2] width <73

Bracket slot widthe] z}e]7} npaE o] dgS &
2= 9] E=A] dolH ] Y8l vernier caliper (Absolute
digimatic, Mitutoyo, Kanakawa, Japan)& °©]-&3t4q
7} bracket'd & slote] 94X A& A3

Bracket slot wall# wire AFo]9 critical contact
angle =3

022 x 028 slotel] .019 x 025 inch®] wire7} 4+
HPLe =2 0.003 inch (0.0762 mm)2] F7 o] Ea}st
A Hh olu wireZ bracket slot StellA ZAARX]Al
sta) wiree] 714 MY §lo] slotd] FEoll A=
31 8+12 W 9] bracket slot wire AFe] 9] critical
contact angle @ & tangent & ©]8-3te] A4kt
A (Fig 4).

SA A

7+ Ao g 239 npdEe] Py ZEHAE
Aretgd o metal bracket, metal slot inserted
ceramic bracket (Clarity, Virage), monocrystalline
ceramic bracket (Inspire Ice, Miso) T4 w9 H+t
< v)@3l7] Y8l SAS ver 81 (SAS Institute, Cary,
NC, USA)E o] &3t L ufx|Z A (ANOVA)
< ANFgEdd 9% vHzE Y3l Tukey's
studentized range test® AFE AR stG T




Vol. 36, No. 3, 2006. Korean J Orthod

NI B2i210] B= 8! He2l £21 10(0f 2=0) M2 O &g X0l

Table 2. Mean kinetic friction (gm) and Tukey's studentized range test

0° 10°
n Mean SD Tukey’s grouping* n Mean SD Tukey’s grouping*

Metal 20 150.71 28.16 A 20 301.09 52.93 A

MSC1 20 176.35 32.22 A B 20 313.00 6179 A

MSC2 20 195.02 4293 C B 20 319.29 81.00 A
Ceramicl 20 22216 46.84 C D 20 51451 90.93

Ceramic2 20 23118 46.82 D 20 520.10 96.08

p-value < 0.0001 < 0.0001

Same abbreviations as in Fig 1.

SETNE

Bracket & E& 0IE< X0

Ha A wde zpo

B A wpdEe] gy 54 Ay Age
Table 13} 2t} A LA ZAHLA (ANOVA) S 2§
g A3} bracket ¥ Hit A4 vnpZHL ¢, 100 BF
AA 994 e Aols: YERAAT (p < 0.05).
Tukey's studentized range test® ©]-£3t T} H|w
A Ol A e HA w23 2 metal bracket o] T}
& ool vlete] BAHCE fFootA e AgE R
A3l (p < 0.05), +E 4| 7}A] ceramic bracket T 7+
A+ frolg x}ol € 2AE 5 AU (p <0.05). &
=7H10°Q) A $-¢] Ht F A whaE & metal bracket
% metal slote] A9Y¥ ceramic bracket w°]
monocrystalline ceramic bracketel] H}3] EAA 2
oA W& AgS BAT (p < 0.05).

i &2 npEeg 2ol

T 54 UV‘Q-J BT 54 Mg dgs
Table 29F 2} JYu R EAFRA (AN ( OVA)% AL
3t A3} bracket® -”"ﬂ? A npEE L QAR
A fYd e A& Urﬂﬂ%?iotﬁl (p < 0.05),
metal bracket, metal slot inserted ceramic bracket,
monocrystalline ceramic bracket $2¢] vl #3-&
Btk oF vln A 2 oMY B4 e
metal bracket®] monocrystalline ceramic bracket®

o SAACE FodstAl WA dEsT (o < 0.05).

oEL

Metal slote] A9¥ ceramic bracket & 3+ o
(Clarity)2 metal bracket@}= M &3+ 2}o] S Ho|z|
et (p < 005), monocrystalline ceramic
bracket #HT= FoA A W npE A H
At (p < 0.05). Metal slot inserted ceramic bracket
Z o2 3 T(Virage)2 metal bracket .t} B4 2
o2 FoA UA F& vkE AYE HYu (p <
0.05), monocrystalline ceramic bracket & 3 =+
(Inspire Ice)Z= EAA Aol& WA 4~ gAAA Tt
(p < 0.05), T2 3 F(Miso) Rl Eglo] e n}
2 S HYtt (p < 0.05).

Bracket slot# wire Ate]9] Z=7} 1071 259
4 wEEE A nEEd M9l Zo] metal
bracket™ metal sloto] 4+$1¥ ceramic bracket 7°]
monocrystalline ceramic bracketol] B8] EA1A o2
frostA ¥ nhd Ag-S B (p < 0.05).

&% vl @ 3 op@gg 7ko] o]
0°, 10714 ZE bracket ol sl 32 v}z o]
A et R g delyttt (Fig 5).

Bracket slotZF @73 § wire AFo]o] ZF=7}0°Y w9}
10°¢ mje] o]

Bracket slot¥} 1138 wire Ato] 2] Z=7} 10°¢1 7
F7F 009 HET £ ubEd AFgE B 53
monocrystalline ceramic bracket 10°0l| x4 <] vzt
A7} gho] 0ol A 9] wha A g rrt 2u) o] Frteke
metal bracket®] 1} metal slot inserted ceramic bracket
o vl BS FEe Tt S EAY (Fig 5).
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Fig 5. Comparison of the mean static and kinetic frictions (same abbreviations as in Fig 1).

Table 3. Bracket slot width and the critical contact angle between bracket slot wall and archwire

CIXImER 363 35, 200614

Metal MSCI MSC2 Ceramicl Ceramic?
Slot width (mm) 2.77 365 3.26 3.06 350
Angle a () 158 1.20 1.34 1.{13 1.25

Same abbreviations as in Fig 1.

Bracket slot width 2 critical contact angle = 9l &
Bracket slot width DAANE oA 19204 €t Edward H.
5 bracket®] slot width® metal brackete] 7} Angledl| 938l edgewise bracket systemo] 7]% o]
72 A2 277 mm, metal slot inserted polycrystalline 2 bracket?] Z7|v 2o A 5o ©e Wiy}
ceramic bracket ¥ 3l Claritys 7MY £ 365 AAA T 8oddo] At AA74A = bracket slotd)
mm% 27, W 2] bracket 1 Abo]9] ghe z e} wireE A8t Aotg o] g7 & dele A ©¥
Wt} (Table 3). SHA g3l Sith WireZ¥-E X olo] 7lejAle &
2| otel] H&ZEo] )& bracket slotS o ALE,
Bracket slot wall® wire AFo]9] critical contact ol E7}¥slA viEelo] wAs} ol njate
angle < AN FAE slasly] Y vdx XBAME
Bracket slot wall#} wire Alo]9] Zt& & 1.20°¢ 4 B g AR E Eukel X Bo|A gF2gEhe
158" Ato]e] gto.z AArs| At Bracket slot width 43l A% o uwaE Wt Kusyet
7} 74 ZkE metal brackete] 1582 b4 & W}ntley45<>ﬂ osd vpHE oz olgh mAEe &4
critical contact angleS 2% 1L, slot width7} 73 % £ 12-60%0] 0|28 o]t 93] g mA L] 24
A Clarity7} 1.20°= 7F4 2 critical contact angle }z] 2T 4 9t n 39th E 2 Burstone’dl] <
= HEhiTh (Table 3). 3l 270 segmented arch technique©. 2 vlag &
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AL HAE e ABE 1A A=A o] B
o} fail safedtA] £k SFHO 2 Claf wo] ALgE 21

AR e Aol

WAz A gL w
o] HEEA 24 WS AL
Aot 7hfA= o] FIIESFE X
T R 2R o u AJH S ol AW
2o} o] F-2 WepA|R] ¢ 23] 3
ok zefstA Aot wetA FHH g&
23ty ol & M= nEE S vt
At & & et
Cacciafesta £ Nishio 7o </3}d n}2e]d]
@& 5 W4 EE archwire, bracket, ligation, 7
W 373, orthodontic appliance 5% & 4 9txn
o} 3l A M9l archwired = archwire?] A&
Y 5|, Aol el bracket slot gtollA] A
£ active torque 5°] TEHT w3 JdoA F=2
AHEE=  nickeltitanium  (NiTi), beta-titanium
(TMA), stainless steel (SS) wire oA TMAZ} 7}
AR FHE JHA wbEd Aol g B2 Aow
BanEm glom g A Al dubF oz AlgE
< SS7F M w2 wbE AE-g zhetia S Wire
7t FAEFE 98 wireRthE 248 wirer} vFEA
o] E JoR HuHtt B dAFdMe &F 9%
oA FZ AFEEE 019 x 025 SS wireZ bracket
slotoll Al A& S 2 o] FAIZI 02N A Aaks
AR Adstn awel vpEE S sl

T WA ¥ bracketo] wWE wlEE o] Ao]E
GolEE Ro] & AFe] FEAo[}, HZ 4|7 &
Hoz2 ol AMEEHZ dE Y FFY ceramic
bracket® 2722 3 £72| metal bracketS 4
ol o] &3t vl 3 F &S otstuA &
At Ceramic bracket 5 F w(Clarity, Virage)<
polycrystalline alumina® 3EH9 roughness®
porosity & Q¢ =& vbd A S Fol7] Y&l metal
slotS AFgh Aoz, Umx] F Fnspire Ice,
Miso)< single crystal sapphire® = bracketo]| %l
o}

Metal slote] 4F)¥ ceramic bracket § 79}
monocrystalline ceramic bracket ¥+ &% 228
A FH wlEE & A stane vl A glof
A FAAeR a7t gle Aoz uehdth
Cacciafesta S°9] A7 ZAFoMxd Axdeoz
metal brackete] 7P W& ulEAYE HYm

qo} o 53} 24
o 2oz
o}el o5 &=
k)

99 2%
__Or_

Jl'ﬂ.l _b' rlm
o

oL o of

M2iS) 220l ER] S 5ol &R0 20101 =0l [ME O Mg X0l

monocrystalline ceramic brackete] 7} =& 232
UERATE Metal sloto] AFd¥ ceramic bracketS
metal bracket®2th= =2 FAE HY o} wiredt
bracket slot 7+¢] Z} =7} 10°¢] 7% metal bracket®)
o A g3 BAH R {3 Aol & AT +
Srbea=g

0ol M o] A& nhae & metal bracketo] 714 e
TAE HAL o|F ALt YA 4709 ceramic
bracket Ztoll= BAA R {93 Zfol7t glE Ao
2 Usst, 2 oA 53 rlEES metal
bracket, metal slot inserted ceramic bracket,
monocrystalline ceramic bracket 9] o} &2
B23vt. oeeln 3% AzelA EHsERo]l metal
bracket®} monocrystalline ceramic bracket A}o]el
Eg Aoz Ao, metal slote] Al
ceramic bracket % & #(Clarity)& metal bracket¥}
= BEG AolE Holx| ¥kout monocrystalline
ceramic bracket e F4 AUe 2ol E HYT
Metal slot inserted ceramic bracket & Th2 3
(Virage) metal bracket®= BAZH 2 Fo4 9
2ol & R 3 monocrystalline ceramic bracket
& F(Inspire Ice)Ze= BAA o] 2 AT 5
UAA TE 2 3 F(Miso)TE F8le afo)| S B
& & slsich

100 e A7 npaEs} F2 wpdd ZE metal
bracket, metal slot inserted ceramic hracket,
monocrystalline ceramic bracket ¢ & #3+&
19 2} monocrystalline ceramic brackete] ©E
7 ool H& foetA & AEFE EYI meta
bracket® metal slot inserted ceramic bracket A}e]
de FAZCE fg AolE A = At

Kusy ¢t Whitley®™ = rough surface® v} A&
F7H 71 & 89102 A A o] e E A
ol X metal bracket®] Y} metal slote] A+ ¥ ceramic
bracket©|, ceramic¥} wireZ} 213 HZ38}= ceramic
bracketel] Hl&|A o] w& vlz AgS Bl Ay}
Ux)gt}. Metal® polishinge] 43X  smoother
surface® 2 & UE W ceramice AHA| 9
hardness®} stiffness@ 913 ceramic bracket®] |2}
4 polishinge] ¥z A3H 02 granular, pitted
surface® ZHAl =7] wf#ojt}

Monocrystalline sapphired] Hla|lA ©] A #H
< 74 & polycrystalline bracketS metal slot& 4}
UFOZH ceramic brackete] AP|AL o= A=

ofN r

T
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A8 A metal bracket®} H] 23 2] upabA| gt
< 2% F At = metal slote] UL X8 F
routine orthodontic torque forced] A= E
bracket-s 78t = =50 HdE Eart A

a3 2 metal slot’dolA wireZ ] EAIAS
Ak, 00 A et@qEH 0 FA epEE F dFlA
metal bracket® metal slote] AYE ceramic
bracket®] Wk A3} Alolol| FA A f-elx7) T2
2tk Nishio ol 98bH metal slote] AY¥
ceramic bracket< electronic micrograph scanning
3192wl ceramic® metal slot 7kl gape] T2HE QY
o, o]Ao] metal bracket® metal slot inserted
ceramic bracket 7t npEE el Ajol& 7lx o= €
Jojgtz gttt ol# g gape] AVlE olfEE
metal slot< ceramic bracketol] A4t Az 33
oA metalS ceramicel] adjustr}7]E ol#E 23 F
EA 7t expansion coefficient7} THE& A& x]A 3}
Atk =8 Smith S92 slot edged) #o)7t ¥ 25
9] bracket Ato]9] vFEAE Aol & dog]E HQlo]
Zta skt 21 o]+ ceramic bracketell 41®E
metal slot-2 millingsle] A|Zeeg Fwo] Ao
2] slot edge”} @752 ¥F, metal bracket< injection
% ginteringstd] AZA3IBE B} RodlS TWS
JHAA 53 AHH L slot edge® 52 Ho] o
22 vbEd Agg vehdlz] o olth

Al A Z Ligature H'He] 2oz nhaty
S NA F QY B dFedME 8 1Ry
8l wireZ bracketel] Z &390 F
A zlgste] AFHo 9ot QA5 Folax} §)
Thorstenson Kusy*: bracket®} wire7} $%2 91
FHE Ug dovt AF i el zjol st nlEE o) o
g W Aot 2ol e M e AZ e
2ol = A3tk dtg ek Thorstenson®t Kusy?s
ATl o3 AL 1020 gmE L3 A VeERY
o, wire?] second order angulation®] critical
contact angle® ‘do]A™, bracket slot®] binding
force® Qlair Z2F Wi & AEE o Aol Y
Hecn At

v Haj 2 el X e, bone density, 3 o}el %
g Y AU $E GA whEEe 4ge 7
Hrgolth 7|29 AFEH FIRVIRE g
A shell A A7) 2l AA Loy ot o]
2 Adste npdeE & S sl7)d e A7
B8 T WA AAR dAse rpEEY £3

P

5
ekl

—_
]

]

2]

S
U

- o
o, o

il

214

CHXIDAR 36A 35, 20064

AT 2N Aotd A&dte HHe & Fote
o o] g 4 AR 7t bracket whEr ] A}
ol\} T2 mhze 3} P A npAE 9 2}o] bracket slot
I wire 2t =7} 07, 1008 W] AUiA A Aol &

T AN RZE & A7 oulE & & 9o

npx|eto 2 nmpAEe] &S = WS E bracket
slot3} wire Alel9] Z}&= interbracket distance 59
orthodontic appliance® € 4= Uth A el g3k
de} o] xjote o]F 2 3Z F Wgko g o
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- ORIGINAL ARTICLE -

Frictional resistance of different ceramic brackets
and their relationship to the second order angulation between
bracket slot and wire

Yoon-Jeong Choi, DDS, MSD,” Young-Chel Park, DDS, MSD, PhD"

Although ceramic brackets have been used widely for improved esthetics during treatment, ceramic
brackets have some inherent problems; brittleness, attrition of the opposing teeth and high frictional
resistance. This study was performed to understand the frictional resistance of the ceramic brackets,
as well as to be a helpful reference for finding the solutions to the problem of frictional resistance.
Three different kinds of brackets were used; metal bracket, polycrystalline ceramic brackets with a
metal slot to reduce the high frictional resistance and monocrystalline ceramic brackets. The brackets
were tested with a .019 x .025 stainless steel wire with a second order angulation of 0° and 10°, and
the static and kinetic frictiona! forces were measured on the universal testing machine. The results of
this study showed that the ceramic brackets, especially the monocrystalline ceramic bracket without a
metal siot, generated higher frictional resistance than the metal bracket, and the frictional resistance
was increased as the angulation between the bracket slot and the wire increased. Therefore, the
development of the ceramic bracket with reduced frictional resistance and the prevention of excessive
crown tipping during orthodontic treatment will lead to the simultaneous attainment of more efficient and
improved esthetic treatment goais.
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