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bracketoll 4 AlwvlAd=l AAdE of-gEo] ol
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II. Ceramic bracket

Ceramic® precious stone, glass, #HE,
ceramlci&zﬂfl ”',;g, +E5AL RS 23

[e]
¥n 223 seby Fo] B A
2 ;

dzxdog mAAA ALLEE ceramicd
ol wHaF, WaFA A& (highly
localized, directional atomic bond)%& 7}zl
t}. o]2{3t oxidized atomic lattice™ bond
shiftinge] =z o, wepr FHo Ak
o] Ez %¥w SHo] FAFFE A E e}

Azt Aol s} ABe] shEo]
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elubel. o] 7S “brittle failure” st B},
o gl gl HA R3]+
N

9} A u}t ceramic bracketol] A4

stainless steel alloyol] 4]

= zekslm E  stress build—up®  brittle
failureS uwhx3}7] 9l8led ~7]spstdal Hefzh
sedglojok Flol. F-&te 4w (finite element

+xE FAsk7 Sl

{o

analysis), &3 FF 2

J}Lm

g+ computer model?] A H-&-& ceramic

bracketd] designol AH&Eo] 2L 4=
A seksk 4 deFig. 1.0, TF AANY
e Azl s oste stEFFEolA A
ol 4 M‘C brittle failuree] 7548 4

L}o 2 F 1;].1>

Table 1. Physical properties of aluminum oxide

. Ceramic bracket® &F/

Ceramic bracket-= fused aluminum oxide
particle® ul+o{ %= polycrystalline bracket
7} aluminum, oxide®] single crystal® =&
of A ZEFel WAl AEEHI (Table
.

polycrystalline bracket& binder& Al&3}
o] aluminum oxide particle$ E¥sle]
£3ES Shiel Uz Eol el wET
Molded mixtures= binder% burnout4] 7|
VA5 A FEA17] e 1800% o) 4
oAl FhdA et o]EA ¥ FE
solt dimension¥ t©h& critical folerance® A|
F387] 98l diamond cutting toolZ 7%
o}, 7}-% brackete ArkwAol s =)
N B Age AAsr] S AAeE g
t}. Ceramic brackete] 2% F4%, Fux
7} $48te}. 22|yt graine]l @k 30microng|
sizeo] o] & wlv FHEr] o vzl 75

o] 9}, Polycrystalline bracket2 alumi-

o 1o }ﬂ

num oxide particleo] 0.3micronsell4 A] =38}

o] §3r5lwl 20—30 microns®] ceramic grain

o] Xt} shggo dxele wH Ade 4
Q

ofre® 4 9l grain fusion& W=z|d7] 913

)77 e Aok qet.

Property Single Crystal* Al, O3 99.9% Aly O3 Sintered
Modulus of Elasticity (Ksi) 63 57

Flexural Strength {Ksi) 92 41

Compressive Strength (Ksi) 300-600 350

Tensile Strength (Ksi) 260-375%* 30-45

Color Clear Translucent, white to opaque,

Structure

Single Crystal with axial planes

whitefivory
Polycrystalline grains,

anisotrophic

* Axis dependent.

** Sapphire filament
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Polycrystalline brackete] =42 bracket

< moldingste oot &F diagkd4as &
T ol AdHer  Zheo] At A
grain boundaryellAel 2% AdA 2TE
o] ZxlstE Aotk 0.001%2 EEEolvt vl

S-#slo]| crack propa gation2]
focus® =23 4 glch. Molding process2f
gxlele Wg FAA|7]+ grain boundary®
747 35 aluminum oxide® 5w A3}
Ho 2 opacity? AEE AAsA  =Hrh
Polycrystalline® singe crystal bracketAlo]
o] 7} =98l xbo]= optical clarityo]ct.

Single crystal ceramic bracket® HH o=
2 #yow Azdch =z sapphires]
single crystal-& 2100%.2] 2% olA aluminum
oxided] &#}%l mass® whEo] Aok A

© & crystal® natural counterpart®. v} ©f o

a7 o},

2RNeE Pt AZAEL ol

ok
r}

GAC’s Allure polycrystalline brackets.
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b = =33
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UJ60" =N o -
5] < 3 <
Z 1% e >
[=] w0
4 wd 3
< <3 2 <«
= = -t 1
40 o4 o1 3 ~ £
w3 >4 2 i )
3 =4 < <
3] 3] & 2z
=z 1] [}
] 53 >4 ©o
3] a 4 o
2 20 g 5 S
” I 8 3
b & o]
Re

single crystal® 7% 3ked ultrasonic cutting
technique, diamond cutting, == 27} %

Edebe] chorst

millinggkc}.

brackete] =Eokz IV &
Milling% saphpire crystal-&

A 733 milling
operationell efsl] okv|® SHg “zHA]7]7]9]
8l dAe] =olxlct

surface  imperfection%

Single crystal manufacturing®l $ 23+ %
A2 stress—inducing impurity ¥ imper-
fection7}54 el A7 ot wA-2 milling?
of g3 Fho] ®lAtie lelrk.  Single
crystal bracket polycrystalline bracketX
o} H=ld
<Fig. 2.5V

42 optical clarity &7}k

2. Physical properties

A Ao FelH Ao cHal = whol
aadx 9lor}t Az ALY manuals #HxE

A

#H Age] wlar} shgstel(Table 2).

] t2s Bk dAH o] o],

1) ©}ekdt bracket, cross—section, design
o] ZlstekA ol HelE A9 4 gl

kD
S
N

3)
2) AZE FAo)A variations Z&ER @&

3) brittle failure 4ol stress rate®] < g-&
kA &

4) mAgHo R ARl dAA Fejie] A
Al EofodA] oFrt,

Ceramic bracket-2 stainless steel bracket
¥l o whsbelch(Fig. 3). Stainless steel

Tabie 2, Currently available ceramic bracket

Polycrystalline Single Crystal

Fig. 3. Relative hardness of various bracket
materials.

GAC Allure 111 "“A"-Company Starfire

Lancer Intrigue™ Ormco Gem
Ortho Organizers Illusion®*
Rocky Mountain Quasar®

Unitek Transcend

* Same bracket, marketed by the companies indicated.

-911~



PSI X 10°

bracket-® aluminum cutting wheels(carbo-
rundum} & A 7FEEY aluminum oxide®
7bask7l $lei4le  diamond, pure carbon
carbide (a synthetic) & Al&glo] o} ghr},
Ceramic 2}  stainless  slteel &  tensile
oled mlgk afol}b 9lrh(Fig. 4).
Single crystal #+ polycrystalline bracket
= prhuel A FeE el old WAz B
off Agshe Aol rk. zevt elastic
ligatureell elsll A= A WAz}
aluminum oxidew #}ed o FAfo] ¢l7]
ol g H2s e Algs

L.
materialell o3l #x Hzbsl o glep),

strengthell

B 2= W1

IIl. Ceramic bracket2l UAX X

I. Ceramic bracketl] 7 =&t
Ceramic bracketg # z2tél= wl& 27FA] o}
2 7He]l 2wk, &, bracket baseg in
cf] g}

Z 7k 2kl {adhesive

dentation, undercutell mechanical

retention} intermedi-

ate) & A&3F chemical bondinge] .

Mechanical retention®] A&7 3% adhe-
sive—to~—bracKket bond strength”} foil/mesh
metal bracketXd c} k3ol e A EY

t}. Bracket base+ mesh base design¥.c}

- o~ = .,
Aebd 2L 49 undercut® bRz 9l
275 o
P
[
220 ] @
w
<
w 4
jog w0 =
o (53] =
- =] =3
165 . & Z 2
e =
< wn 1
wn =
- E
w1 b 3
& b P w
110 . I =} >
ol ur <
o ol =
O 4 (&)
o g 2
B 3 S
55 od = B 2
el i1
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Fig. 4. Relative tensile strengths of various

bracket materials.

] & bond failure rate® 7Fxlch. ubzbd o
ok8l hond strengthe dhefx]olel 4 &
-2kg& Mo} AlnlH o g spH FAHVE He
ol M= A wEhElA] et

off Ziubsl

Company’s Transcend ceramic bracketg |
& A&
o 2 7}x ¥ silane coupling agent® = 2]%l
t}. Silane® glass®t Ao free end% 7}

o al
)

(o3
-~

]
3
A=
<L
o

ﬂ_f

chemical bonding& “A"—

Elt}, Glass¥ aluminum oxide base

A3 9y, e 3telx A 2r1H e porcelain
crown®} restorationel® ApgE<ch 27&

bond
ceramic bracket® oF&

strength®  vHERU L)
B4l 2] brittle
4 S 1=

exceptional

fracture resistance®

Debonding stress =3 bracket—adhesive

interfaceol 4l adhesive—enamel interface®

o159 4 oloh

Stainless steel bracket&  mechanical
retentione. 2 A ztEla] Al o 2 flexibled)
=2 metal brackete load%® F43tn], wi
2] bracket baseoll4] H & sHE of

4=
71gke}, whubsln FAx 7] 4 ddel F
8l ceramic bracket-® stress® FF+¢ &
#Hol A2 g9lo] bracket—to—adhesive bond
b w5 7hske sbde ceramicol, A i‘-Zﬂ
Well, m= WEdoA doid 4 gt

2wl FAo] 28] polymeric bondmg

material ¥t} brittledt ceramic®} g3 ol 4]

st o] ddojd shgAo] et

2. HENE

28] no—mix
A}&ﬁ}b e =

Ceramic brackete ##H&
& one—step bonding%

1=
7]/\}-01-01’(;} NO“IT]IX ZH 1 }- 7ﬂ§]—
flgk =& F%eo amine polymerlzatwn
accelerator® ahfgtoh, o= E, o AEE

’3

two—component mixture® v} v} WHAg 7] £

c}, No—mix system2 Sk glue line 2|
mesh based: ¢lall zolslolon] FigFol

74l 7] Al o 8 2 23 ceramic bracketeol

A A sle} . w3 no—mix system®] F
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ol itk o MEw Aol kAol &
i Z3Ae] bracketd: H A A17]7] =
Al7He Ak, xobrt el %0} 3
paste® =] brackete] ulE o] A%

= M8 A #3F sealant® coatingdlth. 7+
bracket2 3 ololl A7z Auksk x|
chelbs] 38 shakch, ed AHERAE AAS
I bracket® Az 30x7F o

o 74 ghAlglet.

Zk1, radiolucent bracketg
4 Fofrt Z
placement instrument® 7| @ Eo] o]
w7l 494 AR A 4 7F e

43 A HA ol

£.3}c}. Ceramic bracket

A==
L
o
g
T

3. 2EE

Ceramic brackets w37l ¢g 73
ohdeta &zl whel dside Az e
o7 o] glo] %kt}. Swartz¥ slow, peeling
force%, Unitek 3| A& torsional force®d
Aatgl vl Swartzys Aa bracket?] 7| #F-ol
o] Fat A=E F YEF brackets 3
A7 A AAsEdl ol adhe-
sive—ename] interfaceoll load® F7HA1#A
B 4ol 99S FHA7l2E Unitek 3
Aol widie] g Ao o AR}

el w7 2= Unitek3 Abell 4] 7wk
first—generation Unitek debonding instru-
ment®} second—generation Unitek debond-
ing instrument(Fig. 5) 7} 3.t}

b zbAlofl = WEkd 3ol 7)E #43
A A A e Aol Feodsith, HER o AA
=2 ke mhekel HatAle HA" 7T #
Z& ole] B o] A A=lo]Hop g &
Ay e sizte] Ea7ty HAHow
o] glew],  AxbHolA  quick, circular

motion& & brackets ®-2hA)7= bracketd
ZhFabololl F7ko]l AN AAH2E two—

%

point contact-g A% cHFig. 6, Fig. 7

el abale] mhbAekabe 37pxlE FerslTh
(Table 3/

A. bracketo] shdgiol gkl ubetsizd.
B. bracketoe] z}bdglo] md¥rp A opuo

ol el

C. braclete] st sl ovt x| A zbAuk
#ofol] o} A=A,

First—generation instrument® &-# 2%l
184702 bracket® < 35%7F zEE A
o]Z& 1/30] Holdel] fragment®E Atk
new instrument® AH&38t9& wlv A 8%
ulo]  smlAE 3 213_ o= olw gk ceramic
fragment® ¢191 ¢ A A Frbx vk
ol 4] B g;c;i 'SI—CL} Az bracket&
e 2pAlol] mhA o] 81910“4 s}
2(7.3%) A vl ZAA 2l A
ol 4] thd w2k,

Ceramic bracket2 =7 2H4]of
< AgEel FAEI . |
R B o [ B R A P B e B R
=2 dlels cotton
rollZ gl mdAA  Aeokw: A A slet.
S BgEatoln] Blale] ol ] Fow v
2haka ghake] ghellAw $Fe® Aldstet.
Bracketell 715 $#A¥]3L quick, circular
motion® & Al gstel. duo R I AA]FE

Aol A&eA7]7] v Feldhnz v ),

Fig. 5 9. Original torsional debonding instru-
ment (Unitek No.800—803). <}2}. Sencond
-generation instrument(Unitek No.800—
804) .
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.|
i
A ».-..l ----------------
A
B8
e |
B
¢ Fig. 7. A. Excess adhesive prevents proper
Fig. 6. A. Two-point contact between original seating. B. Instrument seated properly.
instrument and bracket. B. Contact in
bracket wing area with angulated instru-
ment. C. Indented walls of new instru-
ment contact bracket only at base.
Table 3. Comparison between old and new instruments
Group A Group B Group C Total
Old instrument 119 43 22 184
(64.7%) (23.3%) (12.0%)
New instrument 286 26 0 312
(91.7%) (8.3%)

Group A: Bracket came from completely without fracture.

Group B: Bracket fractured during debonding; only adhesive left on tooth.

Group C: Bracket fractured; part of bracket remained on tooth.

of 33 @le)etx Sowd WAL AAsa 4. 7let DAY
e FEE 49 Ade] deldle

ceramic®] vlAd} 4L scaler® AAEH 1) Bracket®zz A3

glovt & 272 diamond bar® Zroli] A7 plastic placement cap® ceramic bracket
g, 283 AT =e Foh(Fig.

o
=3
8). Steel ®+ elastic hook ligature® 9
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A2
Fig. 8 Ormco’s Gem bracketel] A}-83 place-
ment caps.

Ay

Fig. 9 B8k torquing force® ola] Aol &
ZA 249 43 tie wings

Sto] Apg3todof dhoh. Steel ligatureo] 2|3
=% stresse brittle failure® op71¥ +
e}k, Clear elastic (polyuretane)ligature”}
ceramic bracket?] Alv]Ag FHz 3led
Ageict, weld gxlo]Al oleigt WAl o
3 =l2] oedFa elastic® AHF H}Jﬂ Zzo] ok

oy,

2) Tie Wing

Brittleness+= tie wingol $lo] 7F3 A4
Hr}l, Bracket wing failure® oF 25%¢) ol
2Aut A= 10% olstE EU & ot
=keb Kobayashi hook2 Aol 7ol Ah&s)
of dlrim 0.014"wire® W% #slzmz (.
010" ligature wires Ab&sfok 3dbcb. 7}

=
ey
23 A2 heavy force® I stE zioldt.

Figure .
Maximom nei‘ ccf:vq?mg ;
angle of forque (twist)

t
4744 48 52 56 664 68
| mferbrcckef distance. mm

Sizes

0197 20257
B2 215700250

Fig. 10. Maximum net activating angle of torque

Ceramic bracketel] Z o2 edgewise wire2]

heavy force® 7}3k#l =2t (Fig. 9) . Tita-
nium wire?} suppleness?t rounded edge®
o]4tH olt}. Ligaturet Teflon—coated® 7
£ Abgslof dw 0.01070)42) S ALEElA
abolok Zlct}. Hook¥E bracketo] tyings)=]
3. bendingdFA v} soldering, clamping® o]

Aok e,

3) Torquing precaution

Ceramic bracket?] 53 AAu]fol
torquinge] el EwE ZoE 9o}

2ol 49 #E3 arch wire torquing2
gsel EHrl. Ceramic bracket®] torque
limit= ©}oksl 24 (bracket design, mate-
rial strength, arch wire size/stiffness,
interbracket distance)ol] &3] #H$®Hch. o
#sA] & torquing activatione] E2E uwji
F9 &5 dfobx]=u ksl full size stain-
less steel wire® large correction® bracket
failure® oF7]8}7] wFolcl. Stainless steel
wire$} interbracket distance® 93] Z =
maximum Net Activating Angle of Torque
(twist) & (Fig. 10)¢} #c}.  Transcend
bracket9} 7-% ZHd torqueE 3500g/mm(5
Oz/inch) 7} FA = 9lc}. w2 torquingo]
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Fig. |1 Cermlc bracket# HE o} ] obo] wim
(Original magnification 51.)

2 e 4d 7% full sized rectangular Nitinol %
+ =2 size9| stainless steel wire® Ah&-sh
o]l AAA 2 torquer F7FAAk e,

) Ceramic bracketAh-§4] F2]A}gk

C Fae A#ez "ol AlAlsleix ok she
bracketJ)r z] o}Alol 9] interferenced ZHAE
Zol7] 9 bite platert ALASTIGARD
elastomeric ligature =+ ©}&  intrusion
mechanism& A-8-2 4 olcth.

2. Ceramic bracket®  hardness ] ol
brackete] m A wow wgtd- Enjo] vim
slv g Falek ghek, Viazis 5(1989)¥2] A&
(Fig. 1D} Falwaold = AlzAde]l #H
zlelck. ALASTIGARD ligature with guard
7b ubeal A wlsh wmbael g WAl skrl Sl
Abg-=lo} swEe], retractiondty EFoF ZF
el wz, whFE] ABA7l A olet
brackete] H&EEH 4 ol& Aol {23}
=

3. B #Ajol=  db=4]  TRANSCEND
debonding instrument(800—804) 5 AF-8-4 9
Ao whel ARgaflof sbef, bracket I} A]e]
+ diamond bur® A} A} o} ghct.

4. ZxollAl hard candy, ice, carrots 3}

7o wwgl A% QA MEA dEE as
A7l c},
5. AlgkAl €482 xlo}(large restoration,

peg lateralis, pre—existing enamel defects)
ol ceramic bracket® bonding ] ols=A4b9]
AHPAAE F7k71m2 wkeF of2dk A ofel
bondingg 3t91e 7% bracketA A4l dia-

mond burE A-&3kc}.
6. Ag AFAHE 71" AHolell bondingsh
A 7

7. porcelain crowne|v} facingel bonding
2 &7z E9koly} debondingAlel crown
o)1} facing®] chipping =¥ &S 7|8k
2 ukeF  bonding?tel®l  3M's SCOTCH-
PRIME ceramic primer% AR&3kcid,

5) Ceramic brackete] =43} w4

A AR H o2 S4g A o]t

=
1 brittleness ; ] & 4] 1} debonding Al

bracket breaking
2 expensive
3 non—conventional machining tech-
nique

4 #o}2] anatomyell Dbracket based
adaptationdlE 7 o] of& v}

5 transparency® <l bracket-& % 33
A7 7178 o8 9] Alzke]l wel #Ha
c}

6 debonding problem ; £3] chemical
bonding#] bracketo] weakest link

7 WA Aolet AHE=W WA mE

7} Ze)E o,
IV. Ceramic bracketel i

Transcend Debonding Instrument®} 72-&
7| -2 ceramic bracket® A Ylo] A7 stE
Zol 715822 debonded X+ dislodged
bracket-g AAsted ANEF At 4 Slrt,
bracket®l AAYH L =wH

bracket base4tel #& composite resing A

Ceramic
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Fig. 12. Recycling procedure-s AJ3g Fe

bracket
bar=1mm)

base (magnification=23.2,

A&k, &9 tweezers® bracket® FH1
Mini—Toch® cherry reds} ® wizt=] 7}
ghoh. WA #E composite resing chalky
white and flakystAl =}, Table topel
brackets 7P Al XAy, wax knifeZ base
5 7HEA FolA resing AATORA AR
g we] #rh. Bracket® A2 (room temper-
ature) o] & wiztx} 5—-108 F<k Aglch, =)
Ante g zESE AFES AHTVE AR
AlZlel. 100% isopropyl alcohol =+ pure
acetone2 2 Ayt oh& 7247}
Ceramic bracket baset machanical %
chemical interlockeol] ojal AbF-Alx etz g
o] B&xh Chemical retention2 9l A}
45 % silane o|#3 APIAAHTY AHg
of o3 gt stet" o2 AHel® based:
silane layer® th4] 437 984+ Ormco
Porcelain primer %=+ 3M Scotch Primed}
72 porcelaine primer& ol £3 ¢4 9

vk, getd o2 primerd silane coupling
agent+ bracket base®| silica component
composite resin®} A4 Zlcl. = A pumice,
rinse, dryA]7]3L cotton pelletell phosphoric
acid etchant® £3 60—90&7 Fcb. Acidr}
silica surfaceoll4] 4 4£2=x2} hydroxy
group® hydrolyzer]7|&d] Al&slomz A
A vk 108%Fd A= primed

bracket-e #}eha mr IAZ3F resinod H-4
S

-]
T g Eeel A22 4 dok(Fig. 12)7.
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— ABSTRACT —

CLINICAL CONSIDERATIONS ON USING CERAMIC BRACKET

Rhee Byung Tae, Son Woo Sung, Rhee Sang Gook

Department of Orthodontics, Pusan National University

Recently ceramic bracket is introduced to orthodontics. Many orthodontists are attempt to
use it for improving esthetics during orthodontic treatment. Especially the adult patients want
to be treated with less conspicuous braces. So it’s usage will be increased. But the information
about the physical properties, proper management, and important cautions are not well known
to most of clinicians. Ceramic bracket is not the exact esthetic alternatives for metal bracket.
So it is necessary to review some recent articles for proper clinical usage of ceramic bracket.

The authors attempt to introduce some clinical considerations for using ceramic bracket.
The contents are as followed.

I. Introduction '
II. Type and physical properties of ceramic bracket

11I. Clinical usage of ceramic bracket

1. bonding

2. bonding materials
3. debonding

4, others

IV. Recycling ceramic bracket
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