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. BY3% 2EAE Orthobond, Light Bond® Transbond® H&AIHS o o|E3te] A HF 7=+ Plastic
bracket2 AlQlstne FA A FA271 A Hp<0.05).

. Y3 HZA 2 Plastic bracket, Transcend 6000, Signature, Starfire TMBE HZA|Z < o] o|E7te] At
A& Axe SAA {42 HYtHp<0.05). Starfire TMBAIA 714 & A 2 g By ole
Transcend 600038 A2 §a17) gll ey} Singnatureds EAISA {FYAE B I Hp<0.05).
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7o) B4 F& Bablo] f83H AMEEHY HE
ARl gzke] Frtet AnAA 277 FUrEHEA F
& Hapdel Bl Ande Besly) o8 @7 B
gy =x) Heple] Algo] S7ts Qi) dA
BlAlL 1965 Newmanoll 98] AnA Fx]2 A
+ EYFov o8 dHE, S F8 F5, 99, 9
A HAL doz & Y A 5P o8 Uy
AHEERA] B35t} 1986 =4 Bale] =UHA
I EA AAY 23 FA-H7] A& A F (brittle-
ness)¥ $& A Y ggln e AY P B
V3l e BA7 Qo] B A& Fest 2 A
o] #e B L AAA Ao} &4 B B
AF7} o] oA B FAE Y =4 B
A slotol] F4o] B7dE H3 Bl (metal rein-
forced plastic bracket)e] Au]# Fx]2 Jdz] A}45
7 A

HaAl & Hofd AH Fe17] 93 Newmand
A ZAN(Epoxy) A7 S AHSsId e =8 T8 &=

F2 @975 8 A AP A
s &A= A Fald W Eof Ao A
o9, gt e Aa/dn gy, &
/A G|, EFe] 8 8E no mix ol H2A
7F e o] Aol = de] A= 3 ot 19789 F
T d70] =YHAA X} FE8 AR2A 3}
FHAE A HAoY ZH A E A
FaAEY F4 BEAALAA wiEdd 9] AHEHR £
k3. A& BAAA (lingual retainer)d] Ao
Aesol g Tavas 7€ 23 & BRE9] 3
Fol 333 FAFAA A (transillumination)&
28k o] Mol o g o] s13tEE AR
o dgdte JF ZAEE Btta syt #38 A
AAE S5 B A AFRA] 029 70 FRAF A
g g3te W =4 52 g7 BapAe AH 3
Aol FE7] wjFol Fe FRAF AZolE A3
AA 2FE € F Ut

3 Y% B 27 B 2ED, 289 29 A
7, 938 2947171 Ao B 9XE v
stol 2AE & glo] UAA HElstm, 8 HFA
g 3% AL PSA €3 AAT § e, &
& dlokste two pastedld] ¥ishH A HA 7
EE7AE 59 FHE RO =8 B2 HF
Ae 71E&o] Yol Bl FHe] B (sealing) &
FH7b 3 1o wet Xote] €37 ok gelA
S)TH?.

234

CHXIWAEA| 264 25, 1996

FEAe SFRASde 28 HIAY T

AR} BT} F2AL AR D F2AL BT B

& 59 A4 2R 9%E FE 2epl A4
24, 72 2 3o 540 gt IS 2g 5 9
32 3¢ Aee B A% Aol 9%E 34 €
o AR FE A=t B RS BelH 4o

U AR ARl Bk UR w2 JF AES

2 A 2E ARG BehA AAG Be wew
Azke] 2553 BepA AAA Kot Lot 1
g9 o] o] gu Aokt £4E $E 9
t}. Eliades 59& Bl 240 We 321 3
2% AR 3% B2 B3 AT o)
g d752 v 540 HiA 2 F=d 5l
Ae FE 4P Yoz BRY Rolw® Ao}
o WAL W Uehte 98 dF d7E 22
3 dgelt.

ool  ATNNE ArlHoz $53 5 9 &
A BetAs A7 BeE & B F5E S
ol g3te] AZAY AN whek FRAAA o5
% s A% g ek P vas Ba B
ZAL A7 B FR0) BE 9FE APe 2
A% g,

I. %37 Ms 3 2y

1. 07 T2 U A HA

2% AEE g3 LAY &FAF N &4, &
g, g o] Foju} X o} F-4Fo] gle AMI A&
71 1407) Aol AEsidtt o5& TA A% o]
B3 AAR D A A Egol B AH Al
Zg 98 A& 4 2amAI T |13 AA® 3
A7 15cm, =°] 2cme] 988 3 (A9 S
Hol =ZHA A7tEE oz B 12070
AAEL 3F9 HEAA N Table 1) 4% B
W} (Table 2, Fig. 1) 127) 22 ¥ 31(Table 3)
U z] 207 Al E-S Fdo] F79F F2AF A7t o
g ARL Y3 2709 Fo2 yol(Table 4) 25
1474 Fo] 242} 10709 A H-& 381 AT AHS
& FAAE Az g2 A7 25T FHAA
oln] HalAl-2 polycarbonate?] Plastic bracket, pol-
yerystallineE €] 2] Transcend 6000% Signature 2
monocystalline@ B2 Starfire TMBE A3t th.
Bl 2% 022 slot size®] &7 Heploly
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Table 1. Adhesives used in this study

Adhesive Type Manutacturer
I Orthobond light cured BISCOInc, IL, US.A.
I Light Bond light cured Reliance Orthodonic Products, Inc., Itasca, IL.
m Transbond light cured UNITEK/3M, Monrovia, Calif.

Starfire TMBZ A 918}l 5 standard edgewise
BaAlol 2 Starfire TMB+= Roth prescription 2.2+

1S At &2 H XolHe BAVt FEA
ge duiAlz dupstn 22 AFIGT 31%
orthophosphoric acid®2 A ZApe] AjAlo| we} F-2]
AlZl B gir-water syringe® Z83] AAH3 1 oil
free dry air2 ZAZAZTh F2€ 2oz} HEpA
FEAo) z+ ol BA MHE FHAAY primers A
zAF A Al whgl ARt TE DR FRAHELS
ata Helst Hol Jemz Azt Al utet
primerE =X¥3HA| ¢sith Hell Fapdd dd9d
HAA 9] pasteE T F E¥sta HepAl HAwo|
ol g2 AP FEHHBA 45F AAd ¢

Fig. 1. Brackets used in this study. A, Plastic ; N “ y
bracket: B, Transcend 6000: C, Signature; HAA AN F B ZAR o 2] A

and D Starfire TMB. Z d 23 2AL 2 AASAT. F2A Ao Fe

Table 2. Brackets used in this study

Code Bracket Type Manufacturer Area of baselmm’)
A Plastic bracket polycarbonate TOMY International, Inc., Tokyo, Japan 12.09
B Transcend 6000 polycrystalline UNITEK/3M, Monrovia, Calif. 11.40
C Signature polycrystalline Rocky Mountain Orthodontics, Denver, Colo. 9.09
D

Starfire TMB monocrystalline "A"-Company, San Diego, CA 11.66

Table 3. Experimental groups used in this study

Bracket
. Adhesive Plastie bracket Transcend 6000 Signature Starfire TMB
Orthebond TA 1B i1C ID
Light Bond oA B nc 198
Transhond mA mB mC mD
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Table 4. Experimental groups to compare the influence of source of light and curing time

IT B Optilux 400 (DEMETRON Research Co., US.A.) 10
I B2 Optilux 400 (DEMETRON Research Co., US.A) 20
I B3 Visilux 2 (Dental Products Division/3M, St.Paul, MN) 10

o] FEE 223 B o} 400 mW/cm’o] 49 s 2
A goldk & AL 1270 oM+ Optilux 400
light curing unit(DEMETRON Research Co., US.
A)E AHESH] 102371 T B2w-& 207t 324} 8t
F 3 I B3#2 3YE Visilux 2 light curing unit
(Dental Products Division/3M, St.Paul, MN, U.S.A.)
o= vHto] 1023 F2AEGIY. #FA weke v
g Bl £ A e BegAHA 2mmP &=
Hoj A YA ANA 2A} s} Bepgle] Hag AlH
£ 37T BollA 1202 B3F o 6719 B 71812
F e 7AU &= HE A g8 gua)
2 1 cycle/minE =2 2} cycleztel] 529 714 & %
WA 5T-56T, 18003] &% W& FAUt

lo

fe

7v A AE Az 23

ANFE 3Fdd 233 DA A7) (Instron
6022, Instron Co., UK)E %3 Imm/min®) £5 2
A st5E 78t FEo] Ad =& w7t Ha 8
%< 2359 hFig. 2). B 2o WAL A
2+et7] 918 measurescope(Nikon MM-11, Japan)<
AHEE 0.000lmmT7kx] Bl "AaAwe] g1z
s} A29 Zolg A st WA 423l 3(Table
2), 3 AT 35S B "I Yo Ag
A AEE Ik

v Mz gd oty #3

gete Hepl Jawe 43 ol RS UAE
1) (Olympus Co., Japan)2. 2 178] & #23lq]
Artun®} Bergland®] H2Al ZAFX4(Adhesive
Remnant Index)’2 t}&3 zo] 2831 B
oju} 2jote] HAe UM E FEsIATh
score 0 : Ao HFAA 7} gol YA & F$
score 1 : XHo] H&AA 7} v ol5l2 Y& A%
score 2 A FEAAT ¥ o] F A §-
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Fig. 2. Testing apparatus: specimen mountsd in the
jig ready to be subjected to shear stress.

score 3 : Aol HAA 7T BT dolglow HEA
HEH EAA 9ol Yyehd A

3. 4 M2

Z7te) ATl A A& o] FaAet &
THAE A& 0B EAYY FI4E&
571 913 vl24A 3% (Kruskal-Wallis test and
Mann-Whitney test)S Al83t §-o] 425 5% A
At

1. E220] MH

bl

Xt 21

7+ 29 A A& BEo HFYIY TF: BAE
Table 5% 2tk 59 A &A Fol A Bl 2579
wel Ag A3 FeS vms] BH Beld E5
e EAEH §935 BArHp<0.05)(Table 6). 1
AT 234+1.02MPaZ 7} @2 A HJ2 A=E
291 AvgHAZe B, C, DR HndH &
AR oz oA YA e 32 AEE B2l
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Table 5. Mean and standard deviation of shear bond strength (MPa)

Bracket
Adhesive- p value
, A B C D
I 23451.02 20621312 16574333 26.73+8.54 0.0001
il 312+1.23 95,23+ 443 190 +275° WT5E893 0.0001
m 529+1.16 %5.03+4.67 1626620 98.868.70 0.0001
D, value 0.0001 0,055 03199 109323

Table 6. Comparison of shear bond strength
among bracket groups by Mann-Whitney

analysis
I I m
B C D B C D B C D
A * * * * * * * * *
B NS NS * NS * NS
C * * *

* ! statistically significant difference at p<0.05
NS : no statistically significant difference at p<0.05

Table 7. Comparison of shear bond strength among
adhesive groups by Mann-Whitney analysis

A B . D

o m @B m-1I m i il

I NS = NS NS NS NS NS NS
I * NS NS NS

* o statistically significant difference at p<0.05
NS : no statistically significant difference at p<0.05

A C B D A C B D A C B D
Adhesive 1 Adhesive 2 Adhesive 3

Fig. 3. Comparison of shear bond strength among
bracket groups.
* Bars indicate no statistically significant
difference at p<0.05.

(p<0.05). =4 B9l B, C, DEAL vlwsla
BEZATH CHAFY HE A= THIAE,
A ZA FA A F-2 38 B 1(p<0.05) Co DE.g}
A9 FF Feve BE FAA NN FASE Fo3
£ EtHp<005). BT DREATY HE
AEe AT f93E e A gtk Fig. 3.
HAT Yol A H2AF 7Y vl wA] AR 29

i [ T Hr i HE 101 R
L Bracket 4 Bracket B Bracket C Bracket D

Fig. 4. Comparison of shear bond strength among
adhesive groups.
* Bars indicate no statistically significant
difference at p(0.05.

3 e A AT EARE §AE uy
p<005) FeiA HAATAHE RAE HolA
arsheh(Table 7, Fig. 4). BZA} A7 B39 Z 20|
WE P FEe van AN Fo%e ekt
A ershrh. I B23 I B22e) 42 2 7o) 3
TS 747k 25.03MPa, 26.93MPag Eof III B27o]
d 2 e Holu FANY fRE QU
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Table 8. Comparison of mean values at different
exposure time '

m B 25,031 4.67
m B2 2%.93+6.33 NS

NS : no statistically significant difference at p<0.05

Table 9. Comparison of mean values from different
source of light

B - 25031467
m B3 26931866 NS

NS : no statistically significant difference at p<0.05

(Table 8) Il B=-# Il B3w< Hagkol 24z 2503
MPa, 2397TMPa& FAISA #F227F /13U THTable
9).

2. & I Qplo| ME

Bl AAHe] gl e gAdndez #
Zsto] FHA ZFFAFZ Uehl a(Table 10, Fig.
5 B Hote] Bd WImg wimsiy & Ax
(Table 11) H% s vapAdd o e F4e
EAvh ABEATe 79 AFA FAFASF 330
B3I%E T2 BT HHA AtoldA o] &
ol BEIATY 7B+ 187 23 o] 2447} 47.8%,
5092 WEht -2 3 WA shdo] Yoyt

Table 11. Incidence of bracket and enamel fracture

. E.fX.'- . . a . . . 1
Bix.: . . . . 2 . 2

CHXmEA 2624 25, 1996

Table 10. incidence of adhesive remnant index(ARD

1A 1 9

IA ‘ 10
mA ' 4 6
IB 4 6
B 3 6
mB 1 4 4
mB2 4 5
mB3 7 2
IC - 3 2 4 1
nc 2 2 3 2
mc 3 2 5
ID 2 8
D 3 6
1D 4 5

Total — 9(6.77%) 28(21.1%) 49(36.8%) 47(35.3%)

score 0 : no adhesive left on the tooth
score 1 : less than half of the adhesive left on the tooth
score 2 - more than half of the adhesive left on the tooth
score 3 : all adhesive left on the tooth,

with distinct impression of the bracket base

100%
80%
 60% 1 mScore 3
m Score 2
g Score |
40% - {38core 0
20% +
0%

Fig. 5. Incidence of adhesive remnant index.

1 . . 1 1 4(3%)
18(13%)

E.fx.: Enamel fracture
B.fx.: Bracket fracture

238



Vol. 26, No. 2, 1996. Korea. J. Orthod.

Fig. 6. Base of Signature under the stereoscope. A,
more than half of the adhesive left on the
bracket: B, less than half of the adhesive
left on the bracket(magnification 17x).

Fig. 7. Base of Transcend 6000 under the stereos-
cope. showing typical cohesive failure
within adhesive with mechanical retention at
bracket base (magnification 17x).

CXf Y R et et HER AN Mo BE 4=
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Reynold®e] 7o) waw 60-80kg/cm’s] Z=7}
Hao Y& A=y st ong A Fre
Aol AHE8l7] A& AEE @A Yt AR
AT A& gl G B8 Belst FAA A
ojofl ] F=2 Uehd: Xopd #&AA B FHAE
9 Qo] 3o YehdS Hol H A 9 F3o] Y
dojgrta Hrlie ofe v Hid AW HF
A Atoje] Aol tHEUtn FHE AT
< polycarbonateZ. HEF 3 714 F THE 71K 3}
A A o8] A E AT AL

A & 25 BIS-GMA A %-°] 7] polycarbonate$}

318k Aol dojuiz] Yol H & =yl @A e
Stk 2 eg ArgAoA B3 AEA AREA
= 2 HAWE plastic primer? X2 gAY
Polymethylmethacrylate(PMMA) A59] 424 At
£o] nH ¥} B, C, DEaAIRAA A7AA A 24
of Adk H& A= v wA FFAE @2’ 09} el
Ae B8 CHZHlCl fYgAE Ho ZL
polycystalline TFAME BTl B & & A=
£ UERATE Co Dol A= DEEEIT] #2439l
€ ¥ J& 2= 7P (p<0.05), B DTel& D
BaglTol o7t #2 F& AEE Holu A
Felzke UeA gsith & polycrystalline=}
monocrystalline?] 59 W& A9 FF Fxd 9
QdgE}E 2L polycrystallineo] 2t B H 2
de A et o 9% Futn Ao
Eliades S5} Viazis £%¢] @79 939 BaA
AR L polycrystalline. 2 oA 7|AH A )
7t FolA 2 33HA Aot Holdle A% 71AA
2] FYEY FF F=rt o a9 o
monocrystallined] 73-¢ FFEHA0] FoL} FRAA
B FHd A 9] FA(transillumination)g} o v
oA el whAbe] o3& A o R2E polycrystalline®
monocrystallineztol] T3] mad 3ol o] &
Bolthn & & QIth= Eliades $79 A2 97 2
o} dA| st

F2AL ARt et J& AEg v w1029
2023t BAEH FIAE HoRe EAdtHp<
0.05). @degaard 79 sk 20% ol4del FxAb
Al M E JE ZEr) o ol FekA gettn
31993 Eliades 579 &b 20%9] 32} Al7bo]
S AR Y S FE3z sk gy ¢+
7 WA AJotel| €Jgt FAo wkal F3jo <3
Eliades ¢ 9475 te d8¥ =7 © oA
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Aztdt), & AFqAE Az A A4 wek o}
o primer ZX¥ 10%, B JXF 102 B¢ F
zAEt] A-E 42 Z=E JeRAh Odegaard
592 FAA ) TA7L W) Fr)el primerd] S
£ w2 g Fart gla dAelA AgE] Helsts
E 2% AREE 7@ Fole Ao v sitin s

At} B A7 E g B ARA ¢ da 3

ZAF A7) 93-S LolRA] BEilgerng FYS
g2 S ulo] F2A} ATt YT A FE o
F7} Frtsolof & Ao g FZHEr). Fdol gt »)
AN E 400mW/em?e] 49 F=8® 717 = 7)<
FhoA FFAEE FAAE HolX &th(p<
0.05). 23 VI HEA 9} BepAoj et v mst
A7) W&ol old FAM = A7t v Bastelet A
Zrdch H A& g gl digk #F Aol A HE2A
7ol S Fgell & Aol glew BapT Thile
oA Aol thEA vEldth AA 22 B H A
ARAT 245 34e] AAY 721%E AR FH] o]
N Bl F2AA Aol SA-o] He e B
A}, Gwinnett 5'°% Qdegaard 5779 A7E B
W 279 B4 Beple B % FEF BolRA
43 Bdo] 22 Aoksk HAA AbololA dolvict
3 3sich Aokek HAA AtololA Ho] dojuhe
A% Kot napAlel shao] dojuky] 47] W&o
® 42 ol F2 ueAdn AAA AfoldA ol
U E 8279 HaAd ug JaE dsAA =
A BElAL ARG Merril 523 Viazis 59
Aol oakw ezt HaA AlolelA sdo] B
o] ol oA Hm BAAS Bk Alod
A sHdo] Bo] o AR XoloM e ot
Ho] Zra"ctar kgl =3 monocrystalline B2t
A= Aot Baplel o] tehtx gsiet
2 I3 2 A7 APE Merill 527 Viazis §
Wol A7g gASHA eyttt BaplE 3tel w3
FdS viwstd ATy 833%7F HepAl A
A Atoldld stRHQ o BEaME 97.8%0A
AZA WA #4d =HAa CFL H3AA A/7AF
9 A9 REE AHF "dA F HAesd 23]
41.4%2 F2A WolA 713 Bel 34 HA{t) DI
9 A%e AZA FFASF 3"l 67.9%, 23cl
RIA%Z 55 B H AR AfoldA g E
FFE Byt 53 BEIIME 5% dF cohe-
sive failure7} Bo] dojut 137 2389 457 R otF
970 Xok20%)el A YEbstth. Eliades 59 @7l
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HNE BT HaPloA HAA|g xojzte] sdo] B
k=9 °]& polycrystalline®] &9 crystale] Bt
A FFAzE] FFS Z3A7)7] wEole
t}. Viazis %o oot 71414 F&e gdo] 2
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golE B e A g £4 9ol dehdrtn 39
th 71AAE Faw glekd Hae] Ha v P
Hole B B9l ~EH 2 FF ZXd| 97 Ao
3 71AE JFe 2Eg A7) diEd edge)d A
971 H2AA 9 brittle o] HAstn 3}5HA
AEe 2EZAE AH FWH BRIANNEER &F
3 4L Bty st Bele e BHE
AN 47 2oH87%), CEZHATAA 570 X|o}
(17.2%), DEZFAITAA 978 2]oH30%)el Ldolwk
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of olell whet 2 FEst F7kso] gado] Bo| U
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B2AL A7 2 I B2lA 2707 Jebydch X]o}
94& BESA TN 17} Xo}k, CEFATZNA 1
Zoke} DEEFAIFAA 27] X otellA YebtEE o]
o] o2 AY Hoprt W Hobe o Ax3)
3 AE Aol XolE RAsE 7| Zho] AN 77
Axgte g & ¥t 24 Jeid e B
T el & G ato] opdy} Azhe ). Xo} whH
BE Xole] 294 WMoz 34 sdo] dojyk
3 2o} o] wAL FAFA gtor B A
AW oz o o} gFAH HEAL vehta] ol o
7 Ko} el we} shdo] dofstozla YAEch

old9 dFdMEe BalE A nl2 A3 o
A A7 AP Boled B AFGME AY 5
o] Wg-g AR 7] 3 g ol gslgen
2 Beplo] gl s} FatA 3 2o| otd A$ Ao}
At o Alolof] mpEHo] A 4= glomz HA
AE ZEAA 7 AE F Y3 B E 53 &F

o] bl AFAL wel 7leiAA) g v 24
2oz 7AW A2 g A B gdo] 44
oAl He & d<lo] Helg Azrant =3 Uy
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-ABSTRACT-

Shear bond strength of ceramic and resin brackets used with
visible light-cured adhesives

Yu-Sun Hwang, D.D.S.. M.S.D., Joon Row, D.D.S., Ph.D., Chung-Ju Hwang, D.D.§., M.8.D.. Ph.D.

Department of Orthodontics” , Department of Oral Pathologyz), College of Dentistry, Wonkwang University

The purpose of this study was to compare the shear bond strength obtained from ceramic and plastic brackets bonded with
various light-cured adhesives and to evaluate their debonded failure sites. Plastic brackets, Transcend 6000, Signature and
.Starfire TMB brackets were bonded with Orthobond, Light Bond and Transbond on one hundred forty extracted human
premolar teeth as manufacturer’'s descriptions. After thermocycling the brackets were debonded with an Instron universal
testing machine and the debonded bracket base surfaces were inspected under stereoscope to evaluate the failure sites. Also
the shear bond strength and failure patterns with different curing time and with two different source of light were compared.

The results were as follows.

1. There were no statistically significant differences among the mean shear bond strength of Orthobond, Light Bond and
Transbond in a same bracket group except Plastic bracket group(p<0.05).

2. The mean shear bond strength of each adhesive with different bracket groups showed statistically significant differences.
Starfire TMB showed the highest shear bond strenght among the brackets in this study, but there was no
statistically singnificant difference with Transcend 6000 while there was statistically significant difference
with Signature.(p<0.05)
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3. The various bonding failure patterns were occurred among different bracket groups but most of failure sites were bracket
base-adhesive interfaces. A

4. There were no statistically significant differences in shear bond strength between the groups with curing time of 10 second
and 20 second, and between the groups with two different sources of light as long as sufficient light intensity(above
400mW/cm?) were provided(p<0.05).

According to the result, it should be considered in clinical use of ceramic bracket with light-cured adhesives that the shear
strengths of ceramic brackets were influenced by the retention from of bracket base as well as the composition of bracket
and there was no difference in the shear bond strenght among various light-cured adhesives used in this study.
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