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Ceramic bracket® ¥/ 2 bracket slot¥

wire? Zt=d @& vpF AF zo]

S~
>,
g

shA b A A A @97 SUbEAEA wd S o Sk g
A wgd Ax F9 AnAdd s 7% sovn o A= T Avds 4
A 7171 918k EA 9 & ceramic bracketo] ZE o] HE A& ¥ QL2 ceramic
ZHA €] brittleness, WA o] wpRERE ofy el QA
TAlde® A3 9t} Ceramic brackete] vhad A &S <olral 1 7 A<t

S Zred Aol HJux & ATE APl

o

2 e uF@ Ao o

H

-

2 Aas £o]7] 993 metal sloto] Y ¥ polycrystalline ceramic bracket
I} metal slote] AU FHA ZFL monocrystalline ceramic bracket® metal bracket
[e)

S ol &3 em, 019x.025 stainless steel wireE bracket slot¥ 07, 10°¢] =&

solahe] R AW AN o] EAA e AH, BH npAYe Z4sr)

\

1. AAA< Hyr wpE S metal bracket, metal slot inserted polycrystalline
ceramic bracket, monocrystalline ceramic bracket =S 2 Z7}8} % o).

2. Bracket slot¥} wire Atol9] Zt=7F 0°d w7} 10°d wiel] Hl&fA e npz
A&E et AT

3. Bracket slot¥} wire AFol9] Z+=7} 10°¥ @ monocrystalline ceramic
brackete] 54, A4 wz A3 metal bracket®] Y metal slot inserted ceramic

bracketol W& <4 AA ZA YEFSH(p<0.05).

.
X0
b9
o

] bracket slot¥ wire 7+e Z=7F Z718td mlF AL AXE AL

gl g AT, mebA vpEH S Fol7] 91§ ceramic brackete] JiEI FHAA



g ARA FEF @ AAE FLoRM F AFS Folw MY £4

st AR Bes EolEF dof & Aot

= % : Ceramic bracket, vF& A&, Monocrystalline, Polycrystalline,

Metal slot, A2 nl&8 =7 npzd
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Ceramic bracket? €% 2 bracket slot¥

wire?] Ztd WM& v @ A ol

wFgAze] T HF T stuE AV s 5 F Ao 2y 944
2 oolgd BxRE A7 A% wAd FA= v AR Aol R Sholm
WHARE AL = g dlel E F vk ol dAE S5 9T WH
¢] 3}y 2 plastic, ceramic bracket &< HulA X Eo JEH AE&HIT
t}. Ceramic bracket plastic bracket?] ©@d oz A F Ho] £ staining®|t} slot
distortion 59 TAHAES MNAsAAR, AdA A& oA ceramic AFA| <]
g, oA HEde] wr, &5 A3

Aol e mhE AR So] odE HfAHA F2 LA Hobd

brittleness, debonding*l ¢l Y4 W&
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AukAl wg A mol A Aol o]F & bracket slot <l wires AZFFORA o]
Fo] A=, ol bracket slot® wire Akolel A wpzeo] WA A HTk Aol
2o wireZ £38 Holo slaiAE wAHo] XololES A A= npFEw U

AQ W dely # gonz HAYe wPIGIgA Aok o5 WAHFE 2k
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o mhebA] Aelel B AF HA W 2] AL npRYS =

E 20|31 bracket¥} wire Alo]9 mlEH S ol sl= Aol 27

B =
e Ay
S %0
rlo

ne

Ceramic brackete A2 W o] wa} aluminium oxide particlesS &3 A 7] A
U A2ZHAAAAM TE polycrystalline bracket®} single crystal aluminium oxideZ
Hdasle] WE monocrystalline brackete & FE AT Single crystal sapphires

polycrystalline alumina®l W34 FHd %= oA X ¢ 53 Audes BHAd,

=

a8y ceramicd ¥ HEE 2 X8 T FEI HIF ARE FAFHEHA
debondingAlell= ME 4o E4& H2sd + e JF AesE d= 247 A
715 o) gtd. W & polycrystalline bracket< monocrystalline brackete] B3}
scratching ¥ 4 %=7F 343 #AstA Z7] wid WX RAA A&7 4 O

A 33t A7 single crystal sapphireo] Hld] FHE7F "Holx = EA 9 bracket

rlo

slote] 7131 FWH I wire Abolol A T e= =2 o] dow AHHo g

t}. o)A nAHE ZFo]7] YA bracket ol metal slot A Ysq o) o &

Tanne &(1994), Thorstenson® Kusy(2003), Cacciafesta & (2004)2] 7]1& A
oA+ metal bracket, metal slot®] A% ceramic bracket (polycrystalline
alumina), ceramic bracket(monocrystalline alumina)®] slotel]l # &34 wireZ ©]
SAZAE o TS wpEE e AolE Hlustith. 1Eu AA Aot olF
bracket slot <tellA BAet A HS wESHA 4S5 me; o] 322 bracket

FAstA s wWel wEE S gotEE Aol ¥ F dAdH
o9& JtHtta & & Q)

ol E dF= nFG N7 AuAHS A7 sl MEE o2 ceramic

slot¥} wire 7te =%

bracketd] 4 ZE=E HAste] Xofeol QA AWbH oz AR E = stainless

steel(SS) wire$} bracket slot 7Fe] v EH S SHFgoZHN WA Holo]lF& 9
g e7HE HAY Jd& dF5a oF ARY gE8HOR o&TH =R

iz gk



II. 945+ A5 2 4y

F 279 metal slote] 244 ¥ polycrystalline ceramic bracket¥} F &7
monocrystalline bracket, 3+ &< metal brackete] AF&% Sl th(Fig. 1). Metal
slote] 4+91® brackete & Clarity' " (3M Unitek, California, U.S.A.)9} Virage'"
(American Orthodontics, Wisconsin, U.S.A.)E A}£3}9 3, monocrystalline
ceramic bracketS® Inspire IceTM(Ormco, Glendora, California, U.S.A.)<}
Miso™(HT, Seoul, Korea)Z, metal bracketo 2 Kosaka' " (Tomy, Tokyo, Japan)
E AFE39 Y 479 bracketS .022x.028 slote] Aot AT A& bracketS AM&
sttt Wire2 = &5 gto| A ZAIA AFEE = 019x.025 stainless steel wire
(Ormco, Glendora, California, U.S.A)E ol &3ttt A& A2+ 15 (Ormceo,

Glendora, California, U.S.A.)S A& 34T}

Fig. 1. Tested brackets(from the left side): Metal, MSC1, MSC2,

Ceramicl, Ceramic?2.

Metal : Metal bracket (Kosaka ™)

MSC : Metal slot inserted polycrystalline ceramic bracket
(MSC1 : Clarity™, MSC2 : Virage™)

Ceramic : Monocrystalline ceramic bracket

(Ceramicl : Inspire Ice™, Ceramic2 : Miso™)



R i

2 9 20709 bracketd S AAH FFoE L5 gASAL. 7

7N
¥ 229 %W metal primer(Reliance™, Reliance Ortho Prod. Inc., Illinois,
US.A)E Ex3a 13 7Itd ¥ bracket base®t &F 1% & 59| Transhond
XT™ primer(3M Unitek, California, U.S.A)E ®t23 3% 7] (Flipo' ", Label
France, Lyon Cedex, France)® 2%3F ZAFSIA . Bracket base]| Transbond

XT™ paste(3M Unitek, California, U.S.A)E w23 dFuHFE 2= H2A7

H 4%3% bracket®] FAWelA #FIINE FASIY FEFHAAY. EFHE OB
22 10mm x 10 m x 20 mm 2719 AFZ 7|59 & bracketS HAEE Ho=

Fge Avs 8% FA8 Qv1eke] bracket A slotdh B

of dAst=s sttt

O
o

Brackete] H#d dFvgE 558 o & AH4Ee 55060 m x 30 m x 20
m) kol FFEFoR Fo|7hA vatd fd nAHHES ugtHd e, ¥ & &
52 Y Eoles FFEEER o F= Zol 0°%F 107 HESE AZHIAT. o
g2A Ad F N blocke WHs AR
3366, Instron Corp., Massachusetts, U.S.A)ell A FH o] &2 A E YAl ¢

7] (Universal Testing Machine, Instron®

ot

of

d ndH=E A (Fig. 2). 12 em Zol9] 019x.025 SS wire®] &% ERES
ks A& 7] 9 tension load celle] A<9sta wrth#H £& 150 gme] & @1
A2 2 A A (Fig. 3). Bracket slote] B EES FHAIY dAHEE 238
Formzg Ao o =3k bracket slot¥ wire’} o] F+= 4=, 100 FFES

o] wired} o] F & Z=(0°, 100)= S Add & A=E st



Fig. 2. Tested bracket and wire assembly.:
Left - 0° angulation between bracket slot and wire

Right - 10" angulation between bracket slot and wire

Fig. 3. Universal testing machine

to measure the frictional forces

between bracket slot and wire.



0° 2719 Ad A wire’l bracket slototel] =5 H o2 AJAFHEE 37 ¢33
o, brackete] FHE LFrE EFL o5y LAE <A AFFeR 4
F JEE AFHAT. w3 A7 AR wire’l AYE FHoe gAE
T A+ ¥WS F718t] wire9t preadjusted prescriptions 7FX bracket slot A}
of A F Ae FIHAQ torqued] HAS WA EE 3FSAth Bracket slott
d FEHoE MAAHFEEE JAE ZHI wires bracket tie-wingdl|] A FHo =

dZstal, W A e A aFger wAsglon Al o&) Aol A

7 ekeh 200, F 10070 bracket Ewlate 07 2SN FulE wirew
U}'%E‘jl% ZZ o]— i UH @@U}-E}— l‘ﬂl—% }\]_%.oﬂ 9]:1, g~]_q ‘Q”ﬂ% %017] -?48“
bracket® wire= A Ao 2 A3}

npEE el 42 wbs AAVE ol &3] load cell 150 gm, cross head speed

10 m/min®= 10 mn, = 123t ol EAIA Y. ols %79 HUIS FHs] 44

_1>~(

npREo R V) 5aAa, 62 HACR 108 FRF viRHe Huggow FA v
e ALtsk .

Bracket slot¥} wire7} o] %% Z=7F 10091 Aol = zF vk 2070, & 1007H
¢l bracket®} wireE o &3t 07 274

43 54 2 e F4dd

jor AFstel 44 na

=
)
m
rlo
%
>

2}. Bracket slot®] width =4

Bracket slot width®] =to]7F wp@d#He| d&&S & & A=A Lolr7y] 93
vernier caliper(Absolute digimatic'™, Mitutoyo corp., Japan)& o|&3o 2t

bracket® & slotd] <94 £4S A



v}, Bracket slot wall®} wire AFo] €] critical contact angle =7

.022x.028 sloto] .019x.025 inch9 wire7} @92z 0.003 inch (0.0762mm)
o] F40] &A3A ®r}. olv wireE bracket slot ¢l A BALA Al 3Fe] wire2
F7EAQ WA glo] slote] ¥ Eol HEF3A 39S W bracket slot¥ wire Ab

o] €] critical contact angle ‘@’Z tangent $+<+E o] &3ala] A4S vH(Fig. 4).
3. A A

ZF g =4y vEEe Hay FEHAAE AASI ™, metal bracket,
metal slot inserted ceramic bracket(ClarityTM, VirageTM), monocrystalline cera—

mic bracket(Inspire Ice™, Miso'™) oAl o] HFS nwal7] 938 SAS ver

=

8.1 (SAS Institute Inc., Cary, NC, US.A)E o] &3de QAdujz 24

X
(ANOVA)S Aldstdtt. o vaE 93 Tukey's studentized range test@ A}

F A4sqr.

(IR

Fig. 4. Vertical force can be occurred at
the end of bracket slot (2 vertical arrows)

as wire is inclined into the slot.

tana=d /L

d = 0.022 - 0.019 = 0.003 inch (0.0762mm)
L : bracket slot width (mm)



I, 43

A Al A3 Table 13 2ok dAu 2] &4
A (ANOVA)S # &3 A3 bracket ¥ Hot AH vz 0, 100 254
o] Sl AolE HEUWAY

= "o A 0ol A9 AA mFHE S metal bracket 0] THE T H S E

(p<0.05). Tukey's studentized range testE ©| &3k

Aoz FostA e A3dS HAAL(p<0.05), & Y 7}A ceramic bracket

= Fos Aol s st & gl (p>0.05). Z=7F 10°0 499 AT HH

d

1228 & metal bracket®} metal slote] A% ceramic bracket ©] monocry-
stalline ceramic brackete]l H& EAHoE {94 e AIFES HAT

(p<0.05).

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

(same abbreviations as in Fig. 1)

0° 10°
Tukey's Tukey's
n Mean SD ) n Mean SD )
grouping# grouping#
Metal 20 19940 19.34 A 20 333.33 46.06 A
MSC1 20 242.18 53.83 B 20 374.79 7551 A
MSC2 20 251.77 50.18 B 20 392.23 6141 A
Ceramicl 20 256.88 39.53 B 20 583.07 128.82 B
Ceramic2 20 251.48 56.80 B 20 594.41 100.02 B
p—value 0.0008 <.0001

n : Number of brackets
SD : Standard deviation
* means the same letter are not significantly different at p<0.05



}‘\l_

o

Ad 4 viEee @@y B4 A A¥E Table 29 2 )

rlo

HA(ANOVA)S 483 A bracketd HEvr 54 vpag e 07, 100 2FA &
g4 e zZolE Ye oW (p<0.05), metal bracket, metal slot inserted
ceramic bracket, monocrystalline ceramic bracket +¢ "% A3&<S nYrh o=
Hx AR Ay 0’49 %3 ulZE S metal bracket®] monocrystalline ceramic
bracket2 v} EAH R FolstA StA YEFGT(p<0.05). Metal sloto] AR
ceramic bracket % & i (Clarity' ™)< metal bracketZ = W33d 2o]E Ho|X
&% O (p>0.05), monocrystalline ceramic bracket ¥ E U= Fod A S
ntE A 3S B tH(p<0.05). Metal slot inserted ceramic bracket & T & 3 o
(Virage™)< metal bracket®ths EAA o2 Fo4 IA =& vz AgS n
9 31(p<0.05), monocrystalline ceramic bracket % 3 i (Inspire Ice'™) 3= E4
A Apolg WA F A ®(P>005), e F F(Miso HEUE Fglo] W
b A e B ATHp<0.05).

Bracket slot® wire A}o]l9] ZtE7F 10°90 A 99 52 nf

i

EERE L

rlo

2
hl
A9} Z+o] metal bracket® metal slot®] 49 ¥ ceramic bracket ¥ ©] monocrys—
talline ceramic bracketel] ®la] EA oz FodtA e mF AIS Bt

(p<0.05).

(3 B4 vhEEs A oAy 7ol Fol

0°, 10°l A =& bracket woll dla]l 54 vwhgdEo] g4 wpzga o gbA e
%o} (Fig. 5).

(4) Bracket slot® A& wire Aol Zre7F 0°Y web 1009 w9 =}o

Bracket slot¥ A& wire Aol Zt=7F 10791 A7 0°Y wiHit =& v &

_9_



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

(same abbreviations as in Fig. 1)

0° 10°
Tukey's Tukey's
n Mean SD ) n Mean SD .
grouping# grouping#
Metal 20 150.71 28.16 A 20 301.09 5293 A
MSC1 20 176.35 32.22 A B 20 313.00 61.79 A
MSC2 20 195.02 42.93 C B 20 319.29 81.00 A
Ceramicl 20 222.16 46.84 C D 20 514.51 90.93 B
Ceramic2 20 231.18 46.82 D 20 520.10 96.08 B
p—value <.0001 <.0001

n : Number of brackets
SD : Standard deviation
* means the same letter are not significantly different at p<0.05

Aas Btl. 53] monocrystalline ceramic bracket2 10°d A< wl& A3d 3k
of 0°elAe whE AHEgHT 2¥] o] F7StS metal bracket©] Y metal slot
inserted ceramic bracketel] ®]3] o< Fuld =7} FA4S BHAoH(Fig. 5).

2. Bracket slot width ¥ critical contact angle

(1) Bracket slot width

% bracket®] slot width© metal bracketo] 7} 2F2 277 mm, metal slot
inserted polycrystalline ceramic bracket % 8tth<l Clarity' M= 7F4 2 365 m$

om, U A brackete T Abol¢] o= UERRTH(Table 3).

(2) Bracket slot wall®} wire AFo] €] critical contact angle

Bracket slot wall#} wire Alo]9] Z+E=i= 1.20°90 A 158" Alol9 Zto & A Aby

A th. Bracket slot width7} 7F& 2F2kd metal bracketo] 1582 7} & critical

_10_



contact angleS ¥$ 3, slot width7t 7F8 W Clarity "7} 1.20°2 718 #e

critical contact angles e A H(Table 3).

700
600 r
500 r
400
300
200
100

Friction(gm)

Metal MSC1 MSC2 Ceramicl Ceramic2

0 ° static frictional force. MO ° kinetic frictional force.
@10 ° static frictional force. 10 ° kinetic frictional force.

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 (same abbreviations as in Fig. 1)

Metal MSC1 MSC2 Ceramicl Ceramic?2
slot width (mm) 2.77 3.65 3.26 3.06 3.50
angle 'a’ (*) 1.58 1.20 1.34 1.43 1.25

_11_



Iv. 2%

AT FAd A 1920d ) =% Edward H. Angled] 98] edgewise bracket
systemo] 7H¥ o]# & brackete] Z7IY EE AF 5 we WIIF A9A
W 80eld o] A & A 7HA = bracket slotel] wireE ARt XofE o]l EA T =
de = A WakA @i vk Wire=5-E AJofell 7hall A= 312 Aol {2
f A, ojuf EI7tdstA wpEHo] WAg. o] g

& hEEe A F4L Ay A% MwA ARANE VYR, 2§

ool
5

o] 9l+ bracket slot&

Burstone(1962)¢ll ¢]&] 27§ ¥l segmented arch technique® = wpze WS HA
2 8 ARE JhedtAw, AAe HR/doly fail safestA] XF FHom <l
Wol ALE L A FS Aot

WA zAA HAF P2 wE Ao ol } HAHo PEIA] £F WES
Ade F Ao Wb o R Hofo| Tt A = jlo] Tt FE
WA A gk, o= AHE doA ™ 3l STk Ao ol s wWEkAA @il 2
sl = =4 kg 2YsA "k webs HA o e A
ol Fla= mEE S votst= Zol A A & ¢ A

Cacciafesta 5 (2003)# Nishio (20044l <st¥ wp& e g F= HFR
+ archwire, bracket, ligation, W %74, orthodontic appliance & & & U
ot =3

A W9l archwired] & archwire® A &4 F4, ded el &8, bracket

kI
&

i)
)

slot ¢tell A A& = active torque 5©° E3tET, WA Fdo| T2 ALEH =

Nickel-Titanium(NiTi), beta-Titanium(TMA), Stainless steel(SS) wire ol A

TMAZt 74 AR x9& 7HA vbd Adel 71 w8 Ao Buda gon,
Ade] AQQA b oz AbgH = SSUF b v v AZe gtevha 3o

_12_



Wire7l FAESFE 98 wireBRthE 48 wire7l f#ZA3o] & Ao Ry

ui
(e
re
-
9
)
rlr
e
N
18
10

ol A 2 AFEEE 019x.025 SS wireE bracket

slotel 4 488 4= olEARORA Y 3T FASA Adstu e

F ¥MA W<l brackete] wE mpEE o Aol & YolH = Flo] & A9 Fi
Holth, H= AHuF EHoz Po] ALEH 1 e Ul FFE ceramic bracket}
fzdo R g 79 metal bracketS A3 o] &3t wpFHd dig AFES I
olal a2k &9 th. Ceramic bracket & T +(Clarity ", Virage' ™)< polycrystal-
line alumina® ¥ 9 ¢ roughness$ porosity® <13 =& w#d A3 E o7 9
8 metal slotS 4918 Aol ar, YA F E(Inspire Iee' ™, Miso ™)< single
crystal sapphire® % bracketo] 91 th.

Metal slot®] )% ceramic bracket + <9 monocrystalline ceramic
bracket F+ &7 Zt72 0ol A9 54 wpEE
TAH SR Aol7F gl AR e

Cacciafesta 5(2003)¢] A+ AHN A A AA A 2= metal bracketo] 7Hg v

& Algstare mpE A o] SlolA

© A A S B, monocrystalline ceramic bracketo] 7FEd =& AdS U

o

Wk, Metal sloto] A9 ¥ ceramic bracket® metal bracketit= % FIE
B9 o, wire9t bracket slot 7+e] Z+=7F 10°¢1 A9 metal brackete] v}z A3
# sAHSRE Fogt AolE HHT F AT

0N A e A3 w8 S metal brackete] 7 @S FXE BHIa ol E A9
o3

|

U 2] 4719] ceramic bracket {tell= SAHoRZ Fod Aot glE Aoz 4
Bttt 22 09 A 54 vEH LS metal bracket, metal slot inserted ceramic
bracket, monocrystalline ceramic bracket ¢ vt& A&d< BT oFH A 7
d A A Hok%ol metal bracket®} monocrystalline ceramic bracket A}o] el
83 Zol7F Ao, metal slote] AYE  ceramic bracket & ¥
(Clarity™)€ metal bracket?= WaHak 2ol & ®olx ¢k} monocrystalline
ceramic bracket ¥ IE F2Ad AE AolE E S TE. Metal slot inserted ceramic

bracket & U2 3 #(Virage )& metal bracket?}s EAH R F94 9=

_13_



of

Z}ol 2 ¥ 31, monocrystalline ceramic bracket % 3t *(Inspire Ice'™)7} =
A ZolE AT = YAAT, TGE F F(Miso DHE FHF Aols BT
T AR

10°el ¢ B4 wpadE s 52 vlza 2% metal bracket, metal slot inserted
ceramic bracket, monocrystalline ceramic bracket <9 w& A3IJS HFP o
monocrystalline ceramic bracketo] o2 F o] Hl& FosA =S AIFS w
%31 metal bracket®} metal slot inserted ceramic bracket Aloldl= SAH o=
frolst Aol & HHT F gl

Kusy 9t Whitley(1990)&= rough surfaceE v# A3 S Z7HA17]= 3 Q<lo
2 AHgAT. o] H2 2 Aol A metal bracket®]t} metal sloto] A E
ceramic bracket®], ceramic¥ wire’} 2 H S35} ceramic bracketo] H] A T
e npz Aas Hel Age AX3rk. MetalS polishing®] 43 smoother
surfaceE 94< 4 d+= WA, ceramice AA 9 hardness®t stiffness® <1 &)
ceramic bracket®] A2 2 polishing®] olH1 ZAH{ZH O Z granular, pitted
surfaces 2HAl = 7] wjiEolt},

Monocrystalline sapphiree] #®]&jA © A EWHES 7R & polycrystalline
brackets metal slotS A2 M ceramic bracket?] A o= A% §4
3t A metal bracket? M=% FF] wpRAIL S A F ATk EF metal slot

o] A& A E = routine orthodontic torque forceo] A 3+&t% = bracketsS 743}

dedi =go doks Zavh

Y 22 metal slotAol A wireZ o] A AL E, 0° B4 nt&@AH 3 00 53
nzZe F d¥-o A metal bracket?t metal slot®] 4% ceramic bracket®] v}z
A& Atelel EAA Fo A7 #F AT Nishio 5(2004)e] €] 8t¥ metal slotel

A4 ¥ ceramic bracketS electronic micrograph scanning 39S W ceramic¥}
metal slot 7t gapo] #EHA oW, o] A o] metal bracket¥} metal slot inserted
ceramic bracket 7hell wlEE ol 2ol E st = flolgta sl o] # 3 gap
o] 7|+ olFEE metal slotS ceramic brackete]l AR AR FAHANA

metal$ ceramicell adjustAl 71 &= @ F 3, + = Ftel| expansion coefficient7}
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g2 HAEe AHEAY. =3 Smith 5(2003) slot edge? o7t F ZFH9
bracket Abo] ¢l whE A& AolE Aoz Yddolgta sl 1 o] F 2 ceramic
bracketel] A1 ¥ metal slot2 millingste] A zs2 2 FHo] A4 slot edge
7} @ 7FE A 9, metal bracket< injection & sinteringd}e] A FSEZ HU =
e TS A Ha Ad3H o E slot edger =24 Ho] v & wpz A3
S YEf 7] wE o)t

Ligature ®g¥ e ol v o] d&&Fe 718 5 v & A= &4 1
T & ol &3t wireE bracketo] A& om, AN S Wt A
Holl g3 A= ZFolaxt dtth. Thorstenson@ Kusy(2003)E bracketd wire
7b e BHE e wolnt AF e Aot mpEEHe dFe = W, A
ob7b FH ol AHdA = AF Wwiel Aol F#stta sklvh. Thorstenson
5(2003)8 R 93 AxHES 1020 gmE dAsA YeEyYH, wired 2nd
order angulation®] critical contact angles WA W, bracket slot®] binding
force® QA4 AF Wl wE& @Yo Aol FHfdrta sttt

U A= ekl A8, bone density, Aeoke] 5, wg o FAW &4 A vl
ZEd dFS 7A= WEEolt. V& A5 nRMAR B E4 &l
A G713k AA Aol Aot olss AdlE AAdste wEEE F7dsH7]
= SHAVE A EE A UddA HAAR dAstE vEg e FAE SA4FFoR
A AHofel]l A &sk= HA9 e Foted =wol 2 F AAAR, 7 bracket®
nhE o] Aolup FF wpEH s g wpEEe] xpo]) bracket slot# wire H] Zb
Z7F 07, 1002 we] AuAel HolE HiE Ao zm B Ao ouE e f
ATt

npxjuko g wpzHo| IS F W2 bracket slot¥ wire Abole =

iy

interbracket distance % 2] orthodontic applianceE & & ATt A ZA AF 3
vlel o] zole olF e dg F WEoz XFol HAHE F Ao HYS ub
B3ozn o]FoAtt, walA bracket slotd wire Akold] €19 A< 4 EE Ko

s Ae Aokt AR Aueldel naYe nPHew 4v] gl

Aol Bol 0%l WalM 1079 Zh=7F AR e o B bracketol M wRE Y
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of F7FatAth. 0l A= bracket® 2 o3 Aol= AAAR o= H= w23
FAE Bied, 10094 = 43, 53 vy 25 0dAe ZH, 54 wpEY
2ok 15W 7S S7FeFY . 53] metal slote] 238 bracketel] A Bt} ceramic @}
wire7} A3 HZ3F monocrystalline ceramic bracketol A/ vlz&E o] Z717F &4
Felo] #EEHA.

Wire7} bracket slot <Fell A B astA o] 5& wj= F= slot base®t wire Abe]
oA mpzo] WAEF AW wire2 2nd order angulation®] Z7}3H A bracket slot
o & BoeA 29 FAHol FrR LASA Arh(Fig. 4. old FAHES

wireZ bracket slot] bindingd}+= forceE FUAA, A F FAA F (&

>
o

A
71E g A7 FH o 2= archwired] notchings W& slidingS WA
Z = gt B A9 A monocrystalline ceramic bracket ol A, wiret™ metal

slotEt} A% EHE 7FAE ceramic slotd] BFEFH JE2&= ZAojmg e %

AA B2 X8 FAHNA Frd wAgHe A8 XE vertical bowing &
ZHfdrh A 2ol AHEA F& FHAAM ALK Tt wGgHS e A
AL AR oFEA7IAL A el A sk slsiel ol W bracket slot®] £l A
FAYo] WAsHA Hol wpREAF LS B AAIL Aok ol HA o =24
vertical bowing A& A& A= ool HAsT wEiA gy HEo I
AR oldd ek nevt AAEA FEE Foof &, HAASATH WA
He AAgezN o oo A AAE dojubA F=F afof g

B oA s gl EH<9 brackete] AFEEHAG. Ze 7] = 2L pres-
cription® 7FA & bracketS Al &3l Ao AFZAIS x5 Foli= WA
o H A A o7 7} bracket HE A7) 7F thE7] wjE9] bracket slot width® &
oy 2 npEHe 43S FE MEE FE8T £ Jdu AAR B AN
£ % bracketd 2 ZH ¥ bracket slot widthe= 2.77mmel Al 3.65mm AFo] 93 o uf
A4k critical contact angle 1.20°¢] 4 1.58° %, bracket slot width’} 7F4 %<

A3t FE& A Akl abol= 0.38% =aatsitt. wEpd 2 Al M SHE vk

_16_



g xolE H7bge| QlolAl bracket slot width zkeldl gt S nj A8l 7] =
SFSA T

Peterson 5(1982)7 Mendes®t Rossouw(2003)+= bracket slot widthe] o] &=
kg dgks Fx EEvln B ew, Nishio 5(2004)% bracket slot
widthel vh&¥ kel mlg #AlE 84S  glhal skl Slot width7F 8 &
= Ao ALES o] ddHor Bo] ol AFHol FrtstA Ha
ol I3 mEEo] AA F vk Wi R slot width7b 5 99l bracket
slot¥} wire AFo] 9] critical contact angle®] S7FsFE 2 slote] €&+l A binding
o] ofstuo] AA] mpFEol Frkd = A7 witolth

Aofe] ol F AAret A Yo ALHQ whEoly] wite] FA wF A} g

A wrE AZS AL Aokl FFe ZAA @ AR AAAE =AE

wFAoleE Aol EAY olss A% FASE AR F o B2 & 2 Fus
A A, B AFedAE A4 n@ge 54 v v BE FoA =4 S
dH At

B Ao A= bracket slotd} wire Abolel 0°, 10°9 =7t A4 o 47 w}
de ) 54 mFE s Z4359A T Bracket M2 oFbH o EAA FoatE EA

o1 E3] bracket slot¥ wire Ato]¢ ZF=7F 10°¥ W monocrystalline ceramic
brackete] w#EAd o] HAA 52 EF metal slotS 7} bracket® o =4 YE
ok AN A A Q1 Al bracket slot? wire kel 1079 Zt= Aol 7F =
S EX &S Aotk wEkAd A= AR FAE xYskA de A=

AEE HE&d B AFNA AEHIJE M EFF<S bracket(metal bracket,

10

4%

metal slot inserted ceramic bracket, monocrystalline ceramic bracket)S <43
o7 Abgsted FeElvh gle Aow melth

T2} ceramic bracket AA 9] ©H o7 A A o] hulkness, brittleness® <1
3l tie-wing® 4, debondingA L4 HEA &4 o
< ceramic brackets <FHSAl A&7 9l A& A A E o] oF & A o],

#H++ ceramic brackete] wlE AEAS Folr] 93 WHSZ bracket slotdl

o

Ao Mgd vie 5

silica linerE& A938tA Y ceramic bracket®] slot borderE rounding A &3l W
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Hol 2lEx ok, AAZE bracket slot®] AX ®EH-E polishing3dl i slot border

s

i)

2 A & A7l zirconium oxide bracket(Springate %, 1991)e]4} silica

Gl

liner& A3 polycrystalline ceramic bracketo] 71 2= 91t}
99} 22 bracket ToAA E Aol 23 wire®t bracket slot Abolel] ZFE 7}

A= A4

o
=
-
2
ot

lo
N
o,
uls
o
o
ol

slot borderZ rounding A #st= A

[
©
W Aotk 2y ffolA dFHA"E B El Fr|del 23 A7 VN F

Al

g utFE Ages Fole 2V FAE F AEAY qdFE FUHEA A7 28
B A=
2 A4 A% AddA 10 mm/min® £EE wireZ bracket slot¢tol A o] %

AFol & Eal A bracket eI wgH ol Aol SJojA Egol Haz sk, AW

4e fFrASHEA ntd AZS =Y F AL brackete] Aol FHavh Hauz s
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V. 48

Metal sloto] A9 ® polycrystalline ceramic bracket® metal slote] 4<% A
% & monocrystalline ceramic bracket, metal bracket 7+ w2 o] xpo] S Lo}
H7] 93] .019x.025 stainless steel wireE bracket slot¥} 0°, 10°9] 2 =& H-o 3}
of WAATIE o] &3 ol EAIHT. 2 HEF A bracket ME FFH wpAHH} F

A ohgEe 49 45 ven 2 Ans 92 + I

1. AA A H mz#E & metal bracket, metal slot inserted ceramic bracket,

monocrystalline ceramic bracket <o 2 %713t}

2. Bracket slot¥} wire Abele] ZF=7F 0° w7} 10°€ wjo] vls|A @ npF
AZd<s el

3. Bracket slot¥} wire AFol9] Z+=7} 10°¥ @ monocrystalline ceramic
brackete] 54, A4 wz A3 metal bracket®] Y metal slot inserted ceramic
bracketell W3 F¢d AA A HEFSETHP<0.05).

E A3 E B3 A ceramic bracket, 53] metal sloto] A YHA &S ceramic
bracket®] metal bracketel] #®l&] 2 vbE A S YEUE A& B2 5 A
bracket slot# wire Fe] Zt=7F F7atd whE AP e AA= AS gAFT F+ <
Ak wEbA wEE S Fol7] 913 ceramic brackete] I ShA wH X F A
Hrd Ad AAE HgorA ntE AEFgS Folil AR BEAHE FoRE

doF g Zlojtt.
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Abstract

Frictional resistance of different ceramic brackets
and their relationship to the 2nd order angulation

between bracket slot and wire

Yoon Jeong Choi

Department of Dentistry
The Graduate School, Yonsei University
(Directed by Professor Young Chel Park, D.D.S., Ph.D.)

With the increasing esthetic needs, the number of orthodontic patients has
been increased. The orthodontic patients want to look good during treatment
as well as after treatment. Although the ceramic brackets have been used
widely in order to improve the esthetics during treatment, there are some
problems of the ceramic bracket itself; the brittleness, the attrition of opposing
teeth and the high frictional resistance. This study was performed to
understand the frictional resistance of the ceramic bracket as well as to be a
helpful reference in finding solutions to this matter.

Three different kinds of brackets were used; the metal bracket, the
polycrystalline ceramic bracket included metal slot to reduce high frictional
resistance and the monocrystalline ceramic bracket. Brackets were tested with
the 2nd order angulation of 0° and 10° with .019x.025 stainless steel wire, and
the static and Kkinetic frictional forces were measured on the universal testing

machine.
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1. The metal brackets showed the lowest frictional resistance value, followed
by the metal slot inserted ceramic bracket and the monocrystalline ceramic

bracket, in progressive order.

2. The frictional resistance in 0° angulation between bracket slot and wire

was lower than that in 10° angulation.

3. In case of 10° angulation between bracket slot and wire, the
monocrystalline bracket generated significantly higher static and Kkinetic
frictional resistance than did the metal bracket and the metal slot inserted

ceramic bracket(p<0.05).

This study showed the ceramic bracket, especially monocrystalline ceramic
bracket without metal slot, generated higher frictional resistance than the metal
bracket, and the frictional resistance was increased as the angulation between
bracket slot and wire went up. Therefore the development of the ceramic
bracket to reduce the frictional resistance and the prevention of the excessive
crown tipping during the orthodontic treatment can lead to get the efficient

and esthetic treatment goal simultaneously.

Key words : Ceramic bracket, Frictional resistance, Monocrystalline,

Polycrystalline, Metal slot, Static friction, Kinetic friction
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