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JIAA 2 EN HZ2JF nd8s8 g&NC

2 A7 BERL VA 9 dA9 27 AdA T v)A e 9T GotRI| % Ao}, 3% v)iEY
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HIAHE PgdatA 3 3 23sizm 1009319 dt2u| &g 100089 thermocyclingS 7t th z
Instrong o] 83l ARAFAEE 23 g3 2e AAZ Ut

1. B &A1Y Knoop 735‘5‘]% thermocycling A ol= Monolok®7} 64.03kg/mm*’S.2 7}4 =1, System 17}
31.60kg/n]rn29_i 7} Zskom | thermocycling 3o = Monolok’7} 38.08kg/mm°2 7} =3 System 1'7}
20.87kg/mm’= 7}% Zskt}. thermocycling 213 ¥ A] Ortho-one, Monolok2, System 17 504 §-2] g}

HEE BTHP<0.01).

2. 34 Adoy AGFER=E A 7 F93 AE Bolx] THP>0.00).
3. 1,0008)9} thermocycling - 3¢ ADAT}EE Monolok? o] 19.34MPaZ 7F431 Ortho-one °]
1366MPaz 71 ZA Yelsk e thermocycling 1 # B8] A} Ortho-one (P<0.01), System 1"(P<0.05)
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5. BAADRE HAFLE BE o)A P2 VAl F2 waA/AR ARelA e,

(FRUHO - D8 XN, HEHZERE. JIAHN

I=. &4 1)

I.N &

AR AReao) mgle! e glojA g
7149 W8E fEat o). 19659 Newman® 2 of Z
Al A A7 238 ol weld o] 2 AR &4
< o] 83lq wFF FFAES FAH AW BFele
o A839 o 19689 Smith® = zinc polyacrylate

HEem XDicHe DASmA et
7 MSUED Xnioist mysina sty
Y MSysD Xnst 1ys DA Ens
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48t 2ag = gl

vl Hate o] &He FrHAY 71EAHQ] A
§ #xe ofz¥d, rjojolad o] E(diacrylate)
# Aot} olmdY YL A7tFEFE of2d YA o
v € v el = E g o] E(methylmethacrylate) @A
o} mAR-LE FAH I, TS the|oladH olE
) 71 2 acrylic modified ol ZA] g# e H bis GMA
3& Bowen's BlZ o2 W) ofadd e
A8 %34 (liner polymer)Q! ¥HH tlololad e o] E
e wxHA (cross-linking)l YT TS
3le] 3R YAQJ 2EFZE FA ol uakd
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ol o3l ZErt F7tEn FEESY FEEE
o Zrzdn?.

w3 & HAAE AJH FEI A 1 A, 7HA
B4 Y9 A 2 A, two-paste systeme] A] 3
A, 8] =38 (no-mix system)2] A 4 A2 F&
g & don® e uuEy F2A7) Bo] o] &
"3 it} two-paste system Ao B Al
84571 o debondingo] 91 H 1 X ) H Zo] &
olgE B o] dou® vHuwrEy HAAE de-
bonding®] |1, HFA &40l 41 As53v7 F
on] ZAAIZo] 71 FA ol Yot a2 wit=
Y A= vl fF(floatation), F& AR
=% o3 844 (liquid activator)®] Fx] L £4
Whe 5999 who] ginh

BFE B AEAA AHEEHE BFEA AdE
£ XolHe] Ao o3 wyY @ FRYP AL
g e A-G 298 7MY £Fo] Solstnz
AdolA del o] &5 m gloy, FREE L g
g4, = syt A3 FE2A00 1, AZFY
HHEEH A A&Hos ALdte Y 2 2
old] W& d-gH Fo| A&, B3I HAAUL B
214, 7148 40 t& Azt A onz
HmA we FHAGNR B2 FHRA 4 g
#8378 (Crack Growth)& ¢27# o4 2 245
o] o}719 4= glth Draughn™ = McCabe¥s 24
g HHEStE U0 E o7 59 HEIFE U1}
Ae W FHPBE FAEE Budka, Asmussen
7} Jorgensen”& R FHE wHE A22Y
o] Z&3%to) ule} GEAEHT Fe SHFFA
S#7t dolirlm dgen, Knoll 59¢ 3z
(fatigue)7} P& BaiA L HAAH ) S8 33
< v 4 oka dFs v Uk

T4Z2AF FA AAAE 239 Fed A5
AAAZ g @RAAFY Aold 9 E49Hz}
& ¥7}8le thermocycling Al, X|of¢} @7, dl
v, ARV GaHfiller) e YA 2
Aol 2 Q1% E-89 ¢ 7 guisiz Qs B4
o] AetE F i, o2 st J1AAH JHo] A3}
g 4 9Juk. Patfenbarger 7 #3F o} 7o)
GAZATE Aol A3 FEIALE Hud,
Hirabayashi £ thermocycling Al #F=.4 35} 7
=7 A4 dAteh wAs1AY AdelN Fdo)
PAE L B3 39} Jassem 92 thermocycling
< T A8V} 7T B RAIY AR R} 43
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2% weps Mg Badd AYRE Had
7, A3 S5 e ARAE WwdT, Hep
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$E9 2aAZo] ARAEA MR E Gl B
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Table 2.1 Characteristics of the adhesive systems
used in this study

Ortho-one ~ Monolok’  Systern 1°

Filler (%) 60 - 100 40 - 60 40
Composition of . - Barium
filler Quartz/silica Silica glass/silica
. 0, q 0
addectant | gi{ga  adge  adse
Company Bisco RMO Ormco
2. Ay g

1) Ro}rlH ] A=}

A {0 A FEEO] gle st &7
A& A Xold H&H ZAES AAS D Al
FZA L AA 3798 70% o8& Ao BAIY
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Fig. 2.1. Electro-dynamic type fatigue testing machine.

FH7A 9] Azl 33mme] At

figure 212 2 Ao o]&3 FH Y (electro-
dynamic type) HZAIE7Z2, FEILNA 49.03N
ol 58E & & glon FFHAE ud wat
233 e AF-45T BHFY H2AF
WAl o 2 A3kslE Ao] bssith figure 22€ I &
A&7 e E AYdles P4 X0t function
generator(TMI Co., Model T102C)e] & ] spe-
aker amplifierolf*] FZ50] power DC amplifier®
dHEH, o] A FHo] 5 LY LA 7zl
S deth AdH o] A8l W load
cell’}e] wheatstone bridge?] Ago] WsIAS 1, o]
A% 2 differential strain amplifiere] A 200-20004}
ZE2go 2N 3159 A7|7t FFEt shFY e
B 4= function generatorol]l 922 counteroll A 2t
49 29 FE VIEFoRN oA, AP &
g Al 3= 50MHz digital stroage oscilloscope(Hitachi
Denshi Ltd., Model VC-6025)& ©] &3l 20mV-
50vVel WgoA AZEdrt

figure 232 ZdHY ] B ER stFo] A&t
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Fig. 2.2. Schematic representation to illustrate the
-fatigue test
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Fig. 2.3. Sine wave of the cyclic stress viewed in the

oscilloscope.

Table 3.1 Knoop hardness number(kg/mm?) before and after thermocycling test of adhesives

o 4+ Beforeﬂlermocc k
Adhee L v hng -
- Mean+SD

60.11+3.38

Orthone-one

Duncan G'

23.56 i8.91
33.08+367
2087+350

TA}X']X}—'GiU]%‘_Q.E #
L e A= M 2= L AR ——7#, 39 HAFYE ster-
eoscope(American Optical Co., Stereo stan)@ #Z

A% 23%9 W &

Monolok® 64.03+7.49
System 17 31.60+528
The significance of the difference between means is calculated by means of a t-test.
* 1 P<O.01
AL HAFE Oscilloscope Fo 2, 216N HHE
stgol g3l wel "ol £2.1Ve] oA W
g3t Jes & F Urh

4) theromocycling 28

B2 134 1,000812) thermocycling A8t &=
o, 5T 55CAA AFAIZE 162, W53 AFAZ
1529 2702 3929 thermocycling £ AT
ARz} YA A E 23890 v|AA s
71(Matsuzawa Seiki Ltd., Model MHT-1)& ¢} &3}
o sk S0g, HAAIZE 302 =A 22 Knoop
AE(KHN)E 2439k

5 @v7d 4%
A HAA 2 A7 5mm, 7 2mme} A B
< U F, 28 AP Of dxskd FAAR
qﬂ.ﬂl?é(}htacm, X-6o0) o2 #FsRon, ddadd
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Sof Hebad AR 2 s, WAz AR
HEE R

m. &8 2

3% A&AAZ A7 5mm, T4 2mme] HZ 9%
< YHEo}A] thermocycling B3} F-o Knoop A %X
g 233 AFE table 3.19] =8t thermocy-
ling Aol Monolok®7} 64.03£74%kg/mm’2 7}3
Am, System 17} 31.06+528kg/mm™ 2 7V sk
3 A F el F943 AolE B ) thermocycling
% o) = Monolok’7} 38.08%3. 67kg/ mm’Z 7} 21,
System 17} 20871350 kg/mm’S.2 713 Z‘},,}Otﬁ
Monolok? 23 System 1° & 2t 28 o) &
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Table 3.2 The shear bond strength(MPa) of each adhesive gruop before and after 1,000 thermocycles

Before thermocycling After thermocycling
Adhesives Significance
Mean®SD Duncan G MeanZ 8D Duncan G
Ortho-one 1952+2.04 A 1366223 A %
Monolok® 1844+333 A 19.34£2.75 B NS
System 1" 18.37£2.31 A 1619+173 C *

The significance of the difference between means is calculated by means of a t-test.
#% : P<0.0l. NS : nonsignificant

* 1 P<0.05.

Table 3.3 The shear bond strength(MPa) of each ahdhsive group before and after 10° loadcycles

Before 10° loadeycles After 10° loadcycles
Adhesives Significance
Mean£SD Duncan:-G Mean*+SD Duncan G
Ortho-one 19521204 A 1799234 A NS
Monolok® 18.44£3.38 A 1854+263 A NS
System 1" 1837£2.31 A 17.36£2.83 A NS

The significance of the difference between means is calculated by means of a t-test.
NS : nonsignificant

Table 3.4 Failure sites analysis of each group

; Resin Resin
Adh
esives Groups /Enamel /Bracket Total
Control 4 6 10
Torque 1 4 5
Bisco

Fatigue 3 7 10
Thermocycling 3 7 10
Control 3 7 10
) Torque 0 5 5

Monolok
Fatigue 0 5 10
Thermocycling 4 6 10
Control 3 7 10
. Torque 1 4 5

System 1
Fatigue 4 6 10
Thermocycling 3 7 10

At} thermocycling A%<} Knoop 74 &2 & H| waf
2 A3} Ortho-one &, Monolok?, System 1" & 2%
AN folg 7HAE BFGHP<0.01).

table 32& 37Ce FHF 24/ Bd & A
AFAEE =43 A (control group)9}t 1,0003] ]
thermocyclingS A& F AGAIAEE S
A#E Vebd Aolth thermocycling A ell+= Ortho-
one 79 ATAF{A LI} 1952+204MPaZ 714 A
3 System 1" #°] 1837+£231MPaz 7} 2gke}
A T o) el @ zpolE Kol gkskth. thermocy -
cling 39l Monolok® F°] 19.34+275MPaZ 713
A3 Ortho-one T°] 13.662.23MPaz 7} 2k
o A T ol {3 2o]E BAh Ortho-one o
£ thermocycling A& 713 & AR EE HYo
Y thermocycling Foll& 7H8 2t 2L EE Hdo
thermocycling®ll &l A=t 24 ZaHE
Ao 7 JeEldt} thermocycling A 3¢ 2325 ¥
W A] Ortho-one T(P<0.01), System 1" F(P<0.05)
A §93 2ol & By o Monolok® ¥ 2zt 71
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table 3.3 279 AGAFL =9 v 4%
Rol |74X10%in2nftlg - cme] ¥HE ¥|EY BRHE
£ 100518 718 Fo] AGEFRAEE EAF Ao
o J2A8Fe] AGAFATE Monolok® o
1854+263MPaZ 714 31 System 1" 0] 17.36%
2.83MPaZ 71 Zgkth 10093] 9] WMHENER & 7}
371 A3} 718 3o AFA= ¥ ZA] Monolok ol
e Ao Wt gl ew Ortho-one 3 System
1" FANE Fo@ 2 QAT g3t ZaEe
& B2y

b

e N e

F

Fig. 3.1 SEM photographs of
Ortho-one{x1,000)

Fig. 3.4 Failure sites of Ortho-one  Fig. 3.5 Failure sites of Monolok®
(X35) after loadeycling

(x35) after loadcycling
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g. 3. SEM photographs of
Monolok?(x 1,000)
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table 34% AVAIZE A3 ¥ VAR
2ol & stereoscopeE BRE T}, Y He A
71l wiel WA gAAR] $AER), A
B AR $AR/B)E BFE Aot HA
o e FPFFe] ¥EE gldn P20 B
BAFe] e giden F2 #33 B A
wel 3Ade By

E A3 o]-&¥ Ormesh B 7|AL-E SEM
ARl e g #3&e A3 F 120um9 stripe] 300ume]
oz FALE meshPH o LATFZE HY

i

i K
Fig

. 3.3 SEM photographs of
System 17(x1,000)

e

Fig. 3.6 Failure sites of System =
(X 35) after loadcycling
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B Ao o84 3% viwtEy F2A 9 SEM
AHAO| A Ortho-one(Fig. 3.1)% System 1'(Fig. 3.3)
© 299 2 A8 b e YAyt #aEEy
Monolok*(Fig. 32)¢} A% Hlma #93 AR} %)
UatA 2XE FE 29k Ao ke SEM AR
© 2 248 2 Monolok’7} 71¢ 21 Ortho-ones}
System 1'E Monolok?2.ths 423 A& Aoz 3
Z=® System 17} 74 Aezxow #Fdr)

FHEH|EE S 719 & AYAE S 3 HFA AR
shd e AR Wk, dldy 2apA gy o
ol Egd FdES E¥2m Ortho-one #(Fig.
3.4), Monolok® #(Fig. 35), System 1" #(Fig. 36)
Zbll F=8R Aol ATy E3 ERTEH ther-
mocycling Tl = WHEHEY A P2 AR o
AFgE Byt

T8 7M1 73N g2 =
Fatck 2 odbel e 2 Az

2

Z(prismless layer)o] &%
P R e Ade) AgATE BRT, Ay
T AR A=Y a23 gele] o dfre} W
A2 Fo) ek
Fick 5% %22 8H(adhesive bond)9] &A%} W
9 A% 37k 238 272 A S DEAA S 3
& 7be] 2103 A3 (wetting) ; 2)AIHAA Q] HAa

o]

o B 4dr
ox,
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@ s 4

Aot FA (wettability)ol] S X E 84
AA] AFx=, XHe B7ad e, W] 3}
AHA S FE2A5n™ FEzte Haxe guy
g, JAHe FHAFAUA ] YalN FeFS e
3P FEee DR 4 27), B ; 2349
&, FH ; JTE A7E A8 Gge oy A
Fx7t S7159 primer/paste?] 344, 3ukg
o] Ztaslo] AFARR A} A,
ARz JgE viAe 740 8o e,
A& G7d o N &, AzE 9 J1AE &
g, 4% 25 W3t 2 Ax W3 So] gt o]

2 AT E A4 2 AAH S99 FBS Bt

7Vap71 9948l 1,0003)9] thermocycling2 A183 % 2
AAEE FA3t dxTH v Wttt

Evans$®} Powers™e H#A 9 Iut5rst e
TE Aol Zeitta gon FASHE 99%, F
2 ALY B2 E9, B3 78 ol S
o] A% o] FaFthy ot 3 Nk F A
& two paste adhesive®t= €], A9 HFE
e, Zelelw] X & A w&EH AT
o 9N AFAEF e wetn syon
System 1°9] A% 25% A3} . Monolok™= 183
Ave 2337t ZAddy 2usigrh Bovey
Ve HurEy g2 FUAA HR Zetoln
(unfilled resin primer)®] F§WHg-0] AFAAA (oxy-
gen inhibition)oll d&iA WaiE < =t o)e At
o} @A Zhol &4 S8 (copolymer)7} B4 7
g Foleta e 1 Ay ARATIF dad &
3 g £He] g Eejoln] Fo] g gholA
Fik-go] MM Wald & doka A
thermocycling A2} Knoop %X Monolok*7}
744 A3 System 17} 7H4 2Fgken thermocyc
ling 9 Knoop ZEXE Monolok™?} 7} Zm
System 17} 71 Agkth. Monolok™7} thermocyc-
ling AF 25 714 & AEXE B olf=
SEM Abzlgol M #EE T2 4AF &% g7 A
o2 Az gt System 1'9 AEX7L 7HE 2L o]
frE 4R %] M AL AR AAEHY BE
HZA A thermocycling + A =27} frolatA 7
2% o)f= s 2% 37 (thermal shock)ol] <]
o 459, #H YA 2t EAF AlFY zpold)
olet 38 U FE AF Fo| HPHo R 85
GA7NA A& Ao FEol A FHZ
A At geto] dojutm, HAe L8 9 3 F
o2 Qs EHZoZRH UHE Jgste] 40
A3t 7] wEoleta AztE

337TCY E75 24N B T AdAIEE
ZA43 At A AAAT ol 7o A= e
9 Ortho-one ¥°| 7F& =31 System 17} 708 &
2 Aoz yeigth gt kol 7P B2 Mono-
lok’Bc} 1z} sheFo]l Y& Orthooneo] © =&
AFAEE HAEd ol FAAY At ol
= AAA 9 AFE, FAFEY AFY, £W9FE,

ofN 32
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el e, XA 24 59 B 8450 AFR
T S nF 4 Q7] WEQA Ao AIEE.

thermocycling A9} &= 9o s Wendt 52
2 FHA 4-8C, 1 45-60Ce £x7l A4
st on, LxstA] Eo] ¢ 244 #3819 Ben-
Armer $%& 12, Munksgaard 5% Retief S22
15%9] Al§AIto] AA- sttt s1glc). Bishara 5%
< 2T 0TY =M AFAZ 029 =Ho=2
12,0003], Britton 5& 5C 9 60CHA A7 60
29 27402 5003), Coreil %2 15T} 45TA
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Alggt b glow E Ao M 5T 55CAA A
FAIZE 152, W3 AFAZ 1529 27422 1,000
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3319,

Hirabayashi $%¢ #5838 E&#79 ther-
mocycling A $EAEE & W3E Rolx gov
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713¢] AHoA #do] Y-S Budtgen Coy

o} Paffenbarger S X|olo} #7 ko] A FA -
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P Fo| AVAALEE ¥lZd) BA Monolok® T
< )43 £715 B9, Ortho-one &€ ¢=0.019]
A, System 1" & a=005904 $218 #AE Bg
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ZA2HA GGEd ol B2 YA HEAL 43
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£ WAs] dqEoldta Als ¥t Ortho-one #3
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o AL QxR FFoz QA R #oEQA 53
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159 EAASY ddAHZ A3F 797 dojve
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stg.om, F2A P A9 HEa5E FA v EHA9
B HHsFe] oF 40%< 216Nt

B 3R TUEA, AAAW ARk A
7149 e, Baxda §5, FaH, 25 59
o3 HNEAAA Bl AAARC) JFE FE
gt McCabe $0& 2N Qrbel gHgol
AL e 38 F£F0] 42T B8} P24
o] ZylE e B2 ABAAE HolA T, YAt T
o] & W o] AR E HolA] &3 I
dxpA o7 FAH Y Exdte 7[Fely 2
d 9=3tn Q). Soderholm™# McKinney™
= FRo| YA HEs A I gke d713 3
o} Agto] Asjso] HYANAY A=E Gl
2 393, Bascom®™& ¥R 3 oA F719] G
o8 RN o3 IR oA HFHYRA
o 757 Astatn 59t} Draughn®e &8
o FaAdEE d2e9E ARG dgen,
AT HHEHEYA HAAHE we 37T
ZHFE NP EN FAZRAT AR

Aok,
2q

o Lo e

FolA BAARAT 1009H3] 2] WHEH|EY A]
A% AVAFLEES v wd) 2 Monolok® 2lA]
= A9 Mg} 1925 Ortho-one F3 System 1
ZAME F A= QAT Gt gaEHe FE
Btk NENER S /1R Pz ZFEEI R
A 7ZAEA gL olfe FEAA) AL A
o2 HHEE5e dxvt Bepl AANA FFEL
AR 88327} #EBZE dAE] Wil
gtz Aztdrct

Keizer 522 A &A9 BapA Age 3154, 7]

(-



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

A B4, 4343 AZA e 289, dAA 9
v 7te] A%E So] Bl HAAWY A
Aol gL nlA & gvka ot Harris 592
debonding A] ©174A ¢ BA L= XopA T} HAA
ZrolA|qE & WFA £30] oplgumg HAA
o} Bapl A mido] wigAsitim sylon
Oliver®E 3¢ BapldA HA F&A e A9
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-ABSTRACT-

THE EFFECTS OF MECHANICAL AND THERMAL FATIGUE
ON THE SHEAR BOND STRENGTH OF ORTHODONTIC ADHESIVES

Wan-Cheal Shin, D.D.S.; M.S.D.. Jong-sung Kim, D.D.S.. M.S.D., Jong-Ghee Kim, D.D.S., M.S.D.

Department of Orthodontics, College of Dentistry, Chonbuk National University

The purpose of this study was to examine the effects of mechanical and thermal fatigue on the shear bond
strength(SBS) of stainless steel mesh brackets bonded to human premolar teeth with 3 no-mix adhesives. The stainless
steel mesh bracket was Ormesh(Ormco, 022 slot) and three types of no-mix adhesives were Ortho-one(Bisco),
Monolok* (RMO), System 1(Ormco). The 10° loadcycles of 17.4%10%in2nft|g - cm and the 1,000 thermocycles of 15
second dwell time in each bath of 5°C and 55°C were acturated as mechanical and thermal fatigue stress, and SBS were
measured after each fatigue test. The fracture sites were analyzed by stereoscope and scanning electron microscope.

The results obtained were summarized as follows;

1. Before thermocycles, Monolok’ showed the highest Knoop hardness number(KHN, 64.03kg/mm’) and System 1°
showed the lowest value(31.60kg/mm?). After thermocycling, Monolok® also showed the highest KHN(38.03kg/mm®)
and system 1" showed the minimum(20.87kg/mm?). The KHN of Ortho-one, Monolok’, System 1' significantly
decreased after thermocycling(P<0.01).
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2. In static shear bond test, three adhesives had no significant differences in the SBS(P>0.01).

3. After thermocycling test, Monolok? showed the maximum SBS(19.34+2.75MPa) and Ortho-one showed the minimum
SBS(1366+2.23MPa). The SBS of Ortho-one(P<001) and System 1'(P<0.5) significantly decreased after 10°
thermocycles.

4. The SBS of three adhesives after 10° loadcycles were similar and were not significantly decreased compared with
static group(P>0.01). .

5. The failure sites were usually bracket/resin interface in all groups irrespective of experimental conditions.
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