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TENSILE STRENGTHS OF PRE-LIGATURED BUTTON WITH SEVERAL TYPES OF
CONTAMINATION IN DIRECT BONDING PROCEDURE WHICH CAN HAPPEN
DURING THE SURGICAL EXPOSURE OF UNERUPTED TEETH

Seong-Oh Kim, Byung-Jai Choi, Jae-Ho Lee, Heung-Kyu Sohn

Department of Pediatric Dentistry, College of Dentistry, Yonset University

We already know that it is very difficult to obtain an ‘isolated field for direct bonding
during the surgical exposure of unerupted teeth. The aim of this in-vitro study is to sim-
ulate the clinical situation of forced eruption and to evaluate the tensile strengths of pre-
ligatured button with several types of contamination which can happen during the surgi-
cal exposure of unerupted teeth,

Four orthodontic direct bonding systems were used. (Ortho-One™, Rely-a-Bond®,
Ortho-Two™, Phase II®) Each material was divided into four groups(n=20): Group I.
(Control, no contamination), Group 2. (Rinse etching agent with saline instead of water),
Group 3. (Blood contamination of etched surface for 30 seconds), Group 4. (Blood conta-
mination of primed surface for 30 seconds)

320 bovine anterior permanent teeth were divided into the above mentioned 16 groups.
Enamel surface was flattened and ground under water coolant, Pre-ligatured buttons were
prepared to the same form. (Cut 025 ligature wire 10 cm in length. Twist the ligature wire
30 times clockwise, Mark the wire 15mm and 35mm points from button, Make a loop stick-
ing two points together and twist the loop 6 times counterclockwise.) The bonded specimens
were stored at 37C saline solution for 3 days. Then the tensile strength of each sample was
measured with Instron universal testing machine, crosshead speed of 0.5mm/min. The fol-

lowing results were obtained:
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1. As compared to control groups (Group 1) of each material, Rely-a-Bond had a signif-
icantly lower mean tensile strengths than other material. (p{0.01)

2. In Group 2. of Ortho-One and Rely-a-Bond, the mean tensile strengths decreased about
7.7% and 11.1%, respectively with statistical significances, (p<0.05)

3. In Group 2. of Ortho-Two and Phase II, the mean tensile strengths did not decrease.

4. In Group 3. of Ortho-One, Rely-a-Bond, Ortho-Two, and Phase II, the mean tensile
strengths decreased about 60.8%, 56.1%, 60.2%, and 46.0%, respectively with statistical

significances, (p{0.01)

5. In Group 4. of Ortho-One and Rely-a-Bond, the mean tensile strengths did not decrease.
6. In Group 4. of Ortho-Two and Phase II, the mean tensile strengths were decreased about
20.95% and 22.28%, respectively with statistical significances, (p{0.01) There were for-
mations of a hump shaped mass from bonding resin under blood contamination which dis-

turbed direct bonding procedure.

According to Reynolds, the proper bond strength for clinical manipulation should be at least
45N or about 45Kg.F. According to these results, it can be concluded that Ortho-One could
be used during surgical exposure of unerupted teeth. In any case, blood contamination of
the etched surface should be avoided, but the blood contamination of primed surface of
Ortho-One may not decrease bond strength. Just ‘blowing-out’ is enough to remove blood
from primed surface of Ortho-One. You can verify the clean surface of the primer of Ortho-
One after blowing out the blood contamination.

Key words : blood contamination, forced eruption, tensile strength, unerupted teeth, Weibull
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Fig. 1. Schematic diagram of ligatured button
with wire
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Fig. 2. Completed from of pre-ligatured button for
test
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Fig, 3. Testing design for tensile strength of the lig-
atured button to enamel
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Table 1. Tensile strength of each material with contamination.(unit :Newton)

Ortho-One Rely-a-Bond Ortho-Two Phase 11
Group 1 6359+6.73 4807+ 846 6591+ 133 6387+ 729
Group 2 5868+7.20* 4275+ 567* 6626+ 178 6467+ 862
Group 3 24924912%* 21.12+11.46** 26.26+13.35%* 3448+1883**
Group 4 616214814 5006+ 617 5210+1604** 4964 +1386™*

(Mann-Whitney U - Wilcoxon Rank Sum Test with the same adhesive of Group 1.)

** p (001 *p <005

(Newton)
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8 Group 4 : Contaminate the primed surfzce with human Blood

Fig. 4. Tensile strength of pre-ligatured button
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Table 2. Weibull analysis of the tensile strength of pre-ligatured button,

Correlation Force for 5%
X Weibull SE of Normalizing  coefficient of chance of
Material Group . . .
modulus modulus parameter( o) linearized least failure
square plot* {Newtons)

1 9.80 0984 66.96 0979 4945

Ortho-One™ 2 934 0.839 61.88 0.995 4502
3 311 0.074 2184 0.986 1071

4 6.83 0.828 66.19 0.937 4285

1 6.67 0.786 51.59 099 3305

Rely-a-Bond® 2 8.83 0.712 4518 0.993 3227
3 231 0215 2380 0979 6.58

4 943 1.126 52.78 0.967 3852

1 59.70 3.037 66.52 0974 63.29

Ortho-Two™ 2 4440 2.100 67.08 0940 62.74
3 212 0.042 29.68 0985 731

4 323 0.189 5864 0.989 23.38

1 8.84 1011 67.57 0964 4829

Phase [° 2 5.00 0.759 106.27 0.990 58.07
3 1.86 0.064 3911 0991 792

4 3.66 1.899 55.05 0.993 24.45

*Zhol 19 774248 Weibull distribution functiond] & %= H3aS on|d)

561%, 602%, 460% 7rAaslHom EA8E £-9
271 A}k E3F Ortho-One#?t Rely-a-Bond 2] A
24 AT LPTe Aoz vadg o 7
Z} 77%, 111% 24as9on E4384 §2x17}
AN p<0.05). FA Ortho-Two} Phase 119
bonding resin?joll 8 298 #+& ZA4 27
o] Hast vl wsle] zHzt 2095%, 2228%9 QA
A ZAE Jedigied, EAEE fox7t Q)
A oHp<0.01). Y A] Ortho-One#} Rely-a-Bond )
YA od® #3 Ortho-Twos} Phase 1] A3
495 LAPE R UZED v FAY
3 937k gsick

Weibull analysisi= (Table 2)oll L2kstch ¢4
correlation coefficient of linearized least saquare plot
o] 5 19 7}7tg X o]EZ Weibull £4]0)
233 sample o] &= th

1% Weibull modulus$} normalizing parameterS
F5F] 7} sampledl) 2= Weibull equation -3}
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Table 3. Modified Adhesive Remnant Index

(%)

MARI Ortho-One™ Rely-a-bond Ortho-Two™ Phase II®

1 2/20  (100) 0/20 ( =00) 4/20 (200) 18/20 (90.0)

Group 1 2 8/20  (400) 13/20  (650) 5/20 (25.0) 1720 (50)
3 9/20  (450) 7/20  (350) 4/20 (200) 1/20  (50)

4 /20  (50) 0/20  (0.0) 7/20 (350) 0/20 (00)

1 /20 (50) 0/20  (00) 7/20  (350) 17/20 (850)

Group 2 2 11/20  (55.0) 12/20  (60.0) 5/20 (250) 1720 (50)
3 8/20  (400) 8/20  (400) 3/20 (150) 1/20  (50)

4 0/20  (00) 0720 ( 00) 5/20 (250) 1720 (50)

1 20/20  (100.0) 20/20 (100.0) 18/20  (90.0) 20/20 (100.0)

Group 3 2 0/20  (00) 0/20  (00) 2/20  (10.0) 0/20  (0.0)
3 0/20  (00) 0/20  (00) 0/20  (00) 0/20 (00)

4 0/20  (00) 0/20  (0.0) 0/20  (00) 0/20 (00)

1 1720 (50) 1720 (5.0) 16/19 (842) 18/19 (947)

Group 4 2 10720 (500) 10/20  (50.0) 2/19 (105) 1719 (53)
3 9/20  (450) 9/20  (450) 1719 (53) 0/19  (00)

4 0/20  (00) 0/20  (00) 0/19  (00) 0/19 (00)

% MARI (Modified Adhesive Remnant Index) Scores of Mimura H. et al.(1995)%
1:All of the adhesive removed from enamel surfaces.
2:Less than half of adhesive remained.
3:More than half of adhesive remained.
4:All of the adhesive remained.
Table 4. The frequency of the failure of ligatured wire (%)
Ortho-One™ Rely-a-bond Ortho-Two™ Phase II®

Group 1. 13/20 (65.0) 0/20 ( 00) 20720 (100.0) 16/20 (80.0)

Group 2. 2/20 (10.0) 0/20 ( 00) 20/20 (100.0) 18/20 (90.0)

Group 3. 0/20 ( 00) 0720 ( 00) 0/20 ( 0.0) 2/20 (100)

Group 4. 6/20 (30.0) 0/20 { 00) 7/19  (3638) 2/19 (106)
A ZoA H o] "oz Aoz Jeigteh o N Hdd JAHGroup 2)# NEF Rely-a-

AR7F0] sdE 7 wE HFgks AL &
Aot 6646+263N0I%UTE RFEET (Table
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AL =3 jf_ S QT @7_:_]—7“1,] N AT} 224
2 JQtk I the 02 Phase 9] AESF S¥F
(90%) 3 A% NZ27(80%), Ortho-Oned] A4+
Z1(65%), Ortho-Two®] Group 3(368%), Ortho-
One®] Group3(30%)<2.E YEPOH, AHE2H
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Bond$] BE 2& JA5HE WEst B ekt

=4

2 WBNIZ X HAH0Z B
Ortho-Two®} Phase 119] Group 4 9A], A7 05
~2mm W9 xHel| RAE EFH 3 bonding
agent HolE]7} Y0 Y AF AF FFAFHHLH,
o) Golglsl WAZ = sl ABeIA HES] A
ol Aajatch UHA AHE JAFRE SRF




Fig.7. Stereomicroscopic view

e FEA Y O Jolezt 94 B e,
stereomicroscope®. 108 &t} 3t #-Fspdch 1
& spindle & humpS TRFSHA Lhebste

(Fig. 7)

FHFAL AAAR 7402 15008 #HZ2A 29
A o A Uz 38U A AE5E 9
g8 #2 AZ3} primer(Z-2 bonding resin),
37 Alolefl 2103 HFo] 3L AR &

Atk (Fig. 8A, 8B, 94, 9B, 10A, 10B) & mix type
¢l Ortho-Two®} Phase I+ bonding resin®] co-
hesive failure7} o) %%%E}.(Fig. 10A, 10B, 11A,
11B) AHF-2He] dqo} 29 By e
AR U primer7} *F—‘?—élfﬂﬂl AT &
6}31 dold, AHFAHo]l T L% 7ol
£35] FFEHAY JH3Y Y o Ho}
oFA Ueiom, 7hE XA E3 Eﬂcﬂi HE B
Hol Fas . (Fig. 8C, 9C, 10C, 11C)
Ortho-One} Rely-a-Bond ol|A] primer® 3]

F g 0¥ F& BN e A9
FEo] B, dFEL o] B AU
Zro] #FAHUT(Fig. 8D, 9D) Ortho-Twos}
Phase 1T 9 A] bonding resn=¥ ¥ Holle] ¢ HH
2 bonding resin$)E o] 2 EH AR ¥

g 4
[
g ue

[

01—J ok ok

Wol B H, A9 HiE Ave] 2L B
Ae B sk
v, 5% 3 1@
TgE Hobe) A AsA ABL B
e $2% Aol AAAL F7] Yalo] WES
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ARetodof #e) o) 24 A7 2@ 9
Z shiolth 1 olft WERE £F 9E A
ool e AN} GHIAY Ak ALY
Ho) oA W thil AFES slok 57] ot
Y BH AAE Aole] B RS A7
7 glonk 0% 4R AR A4S W

o 3E AUHE AL & ol el AL 3]
g Aoks) AL o el £Y9Y
o s "]-‘:"51“4«] A3 solated field &
K37 01'33 = AR AU X H:
& FeFdc 97 AxZE AAMNT 3= AF
Lo, FxAA &8 He AveE 28
FHo] 9 oYk #A o8 =M o] A
2 AH3Pomraee B3] AELA W] 2 g #
3 2 5L chid management’} & FAE
A d93 sth o] FARE FE3
A3l o] 7HA ol AAH AT

1976'3 Bishara 52 3-8F7} surgical pack® 2
Yok F AR B A4S FAHYHP, 19924
IE 7-104 2 pack 717HS d@&=EgP, 10883 @
S0 19899 7 Y2 packs AHEE FElE B
23 8F gtk Lewis?E %%01]1_ epinephrine
pack®Z E8Z AANINF, ANE §FZE S
3l 1/4" gauze strip®l _n_i%— lidocaine® ZOEE
£33 medicated pack® 2 BlE A& FH3HTH

Oliver $7& 2824 3 A4 & A& 4
SR, 8 U HE FEA7 X3
= 4utE A, etchant, hot swap, cotton wool,
52 AABAY O B A% %g"]
ol 28 pointE aspiration 3} AR AL
FAL, olF HEME el 2EXRAL A E
ZY ARA] HAL 93 HxYS UE T A
o] Foty &t 7 TV A FHE B
g gtk

MR HE & A|okg AlskeE iR oe vt
A7F Jded, HZ AR FAELT magnetic
forced ©] &3 Aol AEEHIL AP, A
FHES AAS F Kot THNE B&E w7t
A 1‘4@ T HES B9 A8 BIE o,
Zol7t Zlo] YAE 734 thy) ligature wire® but-

tono|Y bracketS 2@k AL A& Yo g -
ZA7] H, elastics o2 AJSA Aok Crescini &

2] 3
sl

Surgicel



0% AMAAFE At BFAEE AAEA
McDonald %2 18] pre-ligatured bracketS &
HE & Feds AAE AL FAIIAT FYd
M mle] A A3 MES XY s =
7 EXE Y QY™ Bishara 57 A4 3
S AHSAllE B ol 715d A
E kSAAk PSS HUE 2d + Uy &
ok Boyd 57& AHE2 S A E w8 )0}
4~5mmTt =EA7|= Ao vigA sy sk

T A4S B F Ao de YR A
HHE A ZAAIe Aoz A Aok
A TV AR E W 1% o)A B @
e ARHGgHo] oF 595%014 TAge B
FEHY, 7 T AR HaAwd gy 9
A EET AFREE E3t gl 1027 A
RO B 9gEe] 4d AAEE Bt
ATt Powers 592 Eg @ o] ElY, plasma,
eugenol, handpiece lubricant 53} 72 LA Hoj)
UsH, QA HNE re-etchingrl HAZE7}
EE L Bk

Pashley 572 A7 ol 89 294 &R
BAZFE7t & 671% 22392, Bl 2 FA
oF 205% TAd9SS BI8IYTE Lee SWE
7 3 AN A ethand® B3 A a7}

E ZAANZIYZ B3 v 9o

£ A9 o8 A3™¥3 nfizkAZ AR
Holl oljo] 2 HFE A(Group 3) HR e Hp7t
E7F F 460~608% ZATES AT 5 AN
h(p<0.01) AEd HHAFE 2HE 2% no mix
type?! Ortho-Ones} Rely-a-BondEe 2+2+ 77%,
111% 7423 2, (p<0.05) mix typeg! Ortho-
Twos} Phase I $AIT3 fo47)+ ok

A FeF Y0 F 73 A4 ot
A Aol on, AR Ao primer(Z-& bond-
ing agent) & EXF Fo= dold & it o]q
&k AR Hol] primer(Z-2 bonding agent)
dar A F A 2o ®H A FA}E
old JFE FEVE FHE AE, EHsY
o}.(Group 4)

AAe AR s we} F30] g2 Fox] %
Aol #FAFEAT No mix type?! Ortho-Onedt
Rely-a-Bonde FYAE9 A4 dz2Z7 v)wst
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o o4 e FAE Hdae
type€l Ortho-Two$} Phase I+
HzE vty §o4 de
7 #ZH AT (p<0.01) T 1
AHe djodd AL Hrt Agkow,
izl wate] Zbzb 2095%, 2228% ZHAETh

A AN BeE sl 7L HFAYAY
HAE B3l 1971d Miura 572 QA4 A
gHo| FetAl wAFE 3 2o HFlY H
28L& 29Kg/afl (2F2.9MPa) o]t 333, 19759
Reynods”& A4 I E SAA] 50Kg/ cni( 2F
490MPa)ol/dolH dFH o2 AJFHOZ AT
4 Aok sk 1980 Lopez"&= X o] o
Fat7] wWiiol A % P I
AR37) Ak, A AA7FE7T 60~80Kg/ e (2F
589~785MPa)ql 7-¢-7} gelFolety F431%
o}

19863 Farquhar” ReynddZ} AA & )71 &
AghE A EGoh 1919 Fox 59 734 3
22 Ak AY F USE FE3] Aok A
E3de 44 AAL F UEE UF PR ¢
ofof gttty ) £ AFol AHES button?)
base WAL 90746mt ©)22 A} dl2F9] A%
ZEE MPaZ 343 Ortho-Oned Ho
70MPa, Rely-a-Bondt 5.3MPa, Ortho-Twot
73MPa, Phase [[= 7.0MPaZ Reynolds7} A} A%
Z7A& 931, Rely-a-Bond9] Agd 494
CHF G, AFAH Y FdH WI7HA A&

T OEERE
HHEe

[
Hage

[oz

o rx oy
ox T Br ox

FEL B 23~47MPag HEAH HAT s}
ohdg & 5 Yk

nE zope] QS g P2 dizf 30~60g -
force 9] 3o] W QB RIEXTRRINED o] FH2 3]
o}7} inverted impaction® 3% Xo}<] 318 ¢
3f 100~150g - £&] Eo} & o] st 34
o v feA S A easticol
spring &3] £HH R & Fo] ZHiIE § e
B2, Reynod7} AIAI& A& A&H3tS $4s}
H HoJ& 45Kg - f (9H5N) oA} AT A
9 F A=) uiEAHE Aoln, Lopezd] A&
HEA 7B 54~73Kg - £9] AFFETL Jofok
Figd=a

B A E HF 678+027Kg - flA 27 7}



.Q_U

’\1°] ALY Lopezd] ZAL U=
W QRelAE AAAS 7o) un 2 AL A
&3l Zo] AT Ror Algyn, 2R}
o] A7 Ag F7HHQ AP A7} glojor &
Aolt} T3 Rely-a-Bonde Reynoldd] 2AL wt
Z3h} Loperd] 2AGE BEAGA Raoh
No mix type?l Ortho-One¥ Rely-a-Bond2]
734 A¥F 8¢ BEA primerE 2GAZ7
< 4EFVNE Eojud Fodo] AU B
ARG primer EHE FAT + AU, 2 Y

2719

ﬂil

HAuA 2oL AZE B A4EE B2 T 5
ARk A A7 B4 R o) AW 2

o] ¥l Fzte 2 #AHUh(Fig. 9D) ¥ mix typ
Q1 Ortho-Two9} Phase I19] 729, bonding agent®
LENT A4S AEFUIZ ol gHAW
25 o] ARE3H Hol dRon A A
7‘15]1] 4okt B3 A2 M) bonding agent &
F Z=RHA e AA9AH 2= (oxygen inhibition
zone)ol A e, S 2HA FER
%2 monomer7} IO E EFHA AL I
9] Qojg}(hump shaped mass) & FAsH oM, 2
FgE o] Fol WES HaS Wit ol RAS
stereomicroscope® 108} &t #&3H 05~2mm
A7 EFHE +HY fgolgg #AAFY
th(Fig. 7) o] @42 di/l AEG shiy #ix
ATk HEE oA WE Hatd dslr) ¢gE e
ARl AAY - Agkon} T he] AN A
F4® g A A= WEHI As)at
Ak o[RS AAEm AL ABH POt gdd
coatingA] B gloJAth o] coatingAl 02 torr ©)
a8 AT FHE Btesg olw) T REAE A )
A 23 monomer A7} el RO R
FAEG A3 hde ¢ F Utk
ojghzte] FtA] o HAAFEI 747 e
FE Bole AL, AARAH v lquid® A
H7h o27] e RAoR wehEch No mix type
9] 7% primerll & activator?! amineF-(Ortho-One:
bisphenol diglycidylmethacrylate, Rely-a-Bond:A}&
A Q&7 EFE A} o) primery W E)
=¥3 pastedt Thi7] A7 E £HHA 2oy
oA 8% QA2 EA T A3 Ab A
A F3s US. Department of Laborg] Material
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Safety Data Sheetoll = primer7} ‘B3 £%8 4
#le A4 (immiscible)’ ©] Itha &4tk £ A9
oA Group 48] Y 2 HANE primerd] 870
Al7E QbEl Ao, o ahtel] 4olR] ge ¥
£3 ARG Ut 5372 Bojd o &
Auk Aol et Aoz Az}

3 no mix typed) bonding agentv B4 cat-
alyst®} base® T &5 E§st AHF-AW
o] =23} catalystoll£ initiator¢] benzoyl peroxide
7} baseol| = activator®] amine’d¥#-o] EgtE o] )
o] E3t3l Fehksol A E S Al
Al oy F718 e ESdE FHEA &
)\]./\cz]x-ﬂxo] 63}\3%]_1;].32 pnmer7]' g
79¢] %24 ¥|3] bonding agent® F-2
Zh3 gt} B A ¥ o)A bonding agent $jell 3
A FEE A 42 29 monomer7} 3
ol FTHH A2 FZ A% 0
4 3712 8935 Boux, A
ZHAL, o] FH A FA{FE0
01 AZzE AR FAE. )AL HEF
/‘ﬂx}?ﬂulﬁ ARRlol| A 81 = ot (Fig.
10D, 11D) Phillips¥E 8@ ¥ EAL B
+4 (insoluble)’ 01 A RS FF3te 4E
(imbibition)” o] ATk 8Tt

7k A& B 275 7ol perox-
ide-amine induction system™9l] ¢}8] Z3}o] doj
W=l no mix typedt mix typed] xpolHE thy
# 74} no mix typed activator’b EEE primer
E d3 HE shuke] B2 initiator7} E3F
pasteE HE3P] YAAFIL wpR XA 9F3)
&=l ol paste9t primert T @ Fgo] A

rlr

UBRC

—\—’

==
o

et o folr &

|o fle

i Pn
b

O}:}-

n{*‘r (2 ot
L o
oA

Ho ot B XM 2 mlo 1‘.1

2
e
(i
:i

A= Aot o] A% Qe o] DAY B
o] Lo} primer®} HESA| WE paste AFE 5

FHA ot HEY HAJREEZ AsA 7= B
o] St} o|AL AFoMT FEHA= etd
HESY Py TGl Fe ez THEA &
£ softdt Aefeldth ¥HE mix type2 bonding
agentE T3t AHFRAH el FPAE, o
Al pasteg® 3] WHE S AXA7) 2
AN ol HES AWl gFA7)= Ao|th
AAF HEALo]o] F7ko] BT AT FF

£40)

o el e WALL 44T 5 2o



Bl A8 AR/ B3, 947 |9 Ko}
AN Y F fF @l stk THA mix
type> WE(ZL Had)s XA FHo| 23]
ool & "ojAlE &A7A @ AR a3l
Aeg FHAHR Itk AAsE 2HA GRS
F712 #&3F =, £ bonding agent?] catalyst
9} base7} 22 MolojA F ANE7 #53 TF
HA=A gelo] ofigen, 3719 Hikes &
< FF0] ¢Hof I el FHHEC] FA
<A gglo] AHA
Corell 572 ST primerell k] A7
=d, Ao wEF A4 Ty FUEL
3ol JA HY, o|A | FEFo] o 100mFA
2 A AL YT o= AT free radical
o] %l inhibitor2 2-4-3}7] WFolety Yt
Z monomer”} B4 FREOl Gl ARl A
Hog ¢ AFHA copolymerE FA3 571 W&
olzta Fth I ©] primer 0] AR A 4
of3f wFEEHJCI2E, primerE MIEY pasteE
AL bracketS PEBIH & A4t ADHER S
Fukgo] o] FPEHE Ao R B Blo] e
olg}Z 3|t o]H A FHE H=
o ooggs Foiy g
BEH02 JANA BAT 5
Hho] ERHAEH, 1951 Weibull
7§ @kated Weibull analysis® 2} 3}, 19913 Fox
=93 1992 7 199553 Mitchell 52%, 199593
Sargison 57'°] AFAAFY AL F &
&9t Weibul” .71 73 statistical distri-
bution function®] 3% IFAT ¥4 9 371 £
Aol d8] ARE F LS BYFUY, I 24
S 93l AWHA 2 Z positive nondecreasing function
ok gREshE oAl gk 19919 Fox 598 o
A4 A A} FAo] Weibul analy-
ss& 8351921, Weibul modulusgto) R&4E
HAZE7 WA X238, low stress levelol] A
tall & AT FR oM, modulus7t ESFE
AME EAl & Ao dHH e ®
weibull analysis®l] A ‘force for 5% chance of fail-
ue E AFHE o] gho] RO YoM o)x
o & stressE & o 252 FEo] 2 AEY
U 5748

3@ ofj
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19929 Mitchel 5%%2 B AR} post-re-
tained crownol]l #& AP A A7) Weibul ¥4
£ 28319+, Weibul modulus ¥ normalizing

2T AT £8Y F UE F 7 B3
S A7fskAT 19959 e
79 HARE BAAE 8302 modulus
+ A& cement®] 2k (reliability) & 273}
5 NFwrt Foha Ak o] gro] AL
Azke] QA EEFS on|ein, ¥ AR
g BEo] g0y st 1 £ SR &
AE o} 83) ‘experimental values of probability of
suvival & T3Hs W34S AAsETh (A%
B ZAx) 1963 Sargion 72 $A Fox 501 Al
Ag 284S YA BIBEE BHsRo,
Weibull distribution function®) ZA&383™H ‘corre-
lation coefficient of the linaerized least square
plot(R)’ gko] ook . stth v 444
o2 71 g4l e FAZ 5% bond fail-
ure FEo] U Webul 84S FA3190 £
AN BE Fo FAAFR)E 0937~0952
WeibulitAol] A33Hs 2182, modulusE H]
A3 BW Ortho-Twod Group 1, Group 2.9
modulus7} 27} 5970, 444022 FA vheh AE %
7b w$ =4 Jelgoy, ol Az As
Tt ohe, Ad7tAe] BF SAEEJeBR 7t
Aod g9 NEF 252 gt vz
TE QR AA dz2FH A9; L9Ee
500~9800.2 W w3 F-& viehd whd, A5

ol Fo 09% 79 moduluss 186~311Z #t

-

A Vet 371 932 & § I, F2 stress
A= A "od F UEE ¢ F U

=

primerZ Agd ¥ LFGHFQ Ortho-Onet
Rely-a-Bond 9] Group 4.5 77} 6833 94302 &
7S B4°o1}, bonding resind] SHE #9
Ortho-Two$}t Phase II= 77} 323, 36622 B4
gz Hoe oy 89 297 Bue & #
< Yt ol AL 5% chance of faillure & 8
gk gl T & Wi s o JEpstth

19953 Blight 57 2 xlo] XA &t
F 1 235 Hrkste YR 5 GAE AR
ARI(Adhesive Remnant Index) & $7% 3=,



ARIY 3to] FoW debondingd W] B&
A9 AAZL 4ot Y 1E E ceramic
bracket®] AAA] HFE wdo] Wo| AAEHL B
A3 =

& dol Newman $%& ARI(Adhesive
Remnant Index) ¢ $A]o] F#HQ Ado] Utk
2 e, 3 9A 9 4gA R gRlo) get
g A9E Hrisdoh 22 dlol Mimura 592
dEHoE HY 9nrt gl MARI(Modified
Adhesive Remnant Index) & FA3slct 19 v
H2 Newman?} wh7IX 2 4GAIZ H7Hsk Ao
t}. I& T ceramic bracket?] debondingA] ¥ ZA
stdo]l U 25 veh} BA7) Boy 89y,
HEAA Y filerrt B 72 Yabd spdo] 2718}
R+ 3G} o] Bl A 23| Ao A adhesive
strengthE ZHAA1717] 918 AIRE 32glthy 8t
Atk Wang 52 mix type®] Z4E& HFA QA
Concise®] HAZTE Z4 5] 69~71Kg/ch O 2
HYSHY 18 sealantE AFRE A9 HAE
o #94 de F7h= ALY, debondingA]
22 BHE F42 5 UL N 2 AP
M Mimura 59 WS AHEsl Hrlelgon,
A FAH 8 0 HH Group 3.9 BE A8
A A Zo] Hzlo] gl 29 93 &
HUE ¢ F Atk FH Wang Fol dFF A
A¥ sealantE bonding agent® A28l Phase I1¢]
BE 22 H3E Fol gAo] A oA &
%t

2 AP 7 dAed S HUE ¥,
7HE Y8 2AE F93H A4F 2xE Fo
22 e 22 Asg 288t AA,
corsshead 2 button baseE YolA A3 70|
Yz, HES FAEFZT Xdd s

coshead® FAA AE ¢ JE HE A9
o} o] A% Aol dojd F gy BE A
ERH3E &35, S Y F Ide R 93

BT

9] 7Y% (bond falure) B9t olu)e) ligature wire
9] A% (wire failure) & FA 2R 4 9
o =3 3] 907 button based] AR 3]
Aol A "ol glong Al YA Yehts=
moment EI5 IHZ AT 4 U= AA o)
2. moment EFHE base7t GI ceramic
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bracket A= 71HE & o}, base’t FE
metal 22 plastic bracketo] Al 2 FFA T} base
7} #& % moment A7l &3] A9} DA
glo] Hargo] ZraEoel Yehdt
A, Y29 A GRIA FE5 Doy
= B A7 0XZ AT AR, FFSF A
e YA A9FE A AT A¥d ®
3 ARAY A, FEF flapS FE A HES
RAEA A A Ld02 S8 NojA 2 Ao,
ZZ o8 dof 2EHIIL AEA] ¥g Zo|BE,
A& F thermocycling §1°] 37C A&H 2] Hol
2A7F 3 RS oA, oheksk Xole] =
He 7579 3] Hs TES PHSZ Ankei
on % WHekd ¥W 2T E AT A 1200
git7}A] AvtstAh ANA, HES AF3% A
o] Zo} ¢ E3FE WA WlE Y33
A5 a3t A e, SA F FAY
Fo]3A} 232 AFsl= W v E )
Fe J5E 632 FN3YY. UF
B 7Y AU FE3] WY WS AHS
BH37] A5 A9 GFHXNE APUFLE 3}
50 &Y GTAXNE AT AE
= At AJobe] HARES FY
st gk vl ok A EA, button®] baseHH S
curved base2 AAFFAT A= Ao}
Ade] HZe £2 JOHF thekg QAW H
23 Hu, AlFe 3 Ae AL curved
base$} flat baseRt WobQlth A& base$t XA
Atolof] F7bol AE 7, o] F7HE: AfT &
ol HAEg dupy A ¥ 7otk no mix
= o] 3] AeHA gornw AjHol @
oAty 4eElA Yo, o] MAFIA mix
typee] WLHAT o] WREASEE v wstzA}
AHYF XAl curved base®] buttonS AR TH
A AANME mix typeoll A B2 9 7ol
#oZ AR Hol mix typed] H&AHo] F& &
A & gtk
38 744 HAHAE no mix typed} mix
type #JelE powder-liquid typeo] $ith °] zE+=
powder$} liquidE 33t AMS-SIEE YF9] mix
typel 2 £ 4 9o}, ARl mix typeds 1
waol thE2n o|AE Feo F7HEQ A7t

i

tle



golot & AoE AmET
vz B

AR lingual buttong: ligature wire® 233},
NRE FF ¥ HAHWRE o] &3y 29
FTA HFEHA HEAA olw B e
TLE o 94 Tl 24 e AYF
s 2 Y 292 A HF 3 9 ARE
Ty BA NRVIE ARAEE EF, B8

2+ 243 g3 22 A8S I

Lo 71 Age] A4 227 JIFpe v
3 2 A3} Ortho-One™ Ortho-Two,™ Phase 1I
o H)3} Rely-a-Bond 7} X7} W9ty £A 8
A T2 AR TH(p<0.01)

2. Ortho-One,TM Rely-a-Bond oA etchantE A
214 HATE A 29 @3S A4 o
239 Hagel Wit 72tz 77%, 111%
AT FAIEE FIx7E DA (p0.05)

3 Ortho-Two™ Phase I 9|4 etchantE Az)4 4
HrE A o] Hage A z2e 3
230l Hlsio] A Fo37h qAT

4, Ortho-One,™ Rely-a-Bond, Ortho-Two,™ Phase
I & BE ABOAA, 1HLAH Hojo] 24
9 BFFE A 22 Hagol vk
Z}z} 608%, 561%, 602%, 460% 7}A23I9E =
At fox7t AT (p<0.01)

5. Ortho-One,TM Rely-a-Bond A BE|A] AFE21
< primer2 A3 & Ao 0HH 7
A A izl vdte B4 §9%
7F e

6. Ortho-Two,™ Phase I 4lA] A SolA] AHRA)1H
< bonding agent® 23 & Hlo] oHH
< B Wz Haps vwste zz
2095%, 2228% 74893 EAE §-9A7t
AR (p€0.05) EF ohdg 3719 bonding
resin Jolg|7} X Ho| R o] eyt
2 A7 AF4E THs A dAPEE A

7) ool YAk EA0) GF) Folok & A

< AYId oS3 2o
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)y

1 o3 A9t Ygahd 2w g 90 ¢
2 apdsjop gt

2. Rely-a-Bondv Yol a3 4o HIYS
FAFALY, FEF AMSdle FA s

3. Ortho-One AH2AH S Ej4l A3 494
2 A3 AR JAFeE 2R3 AP
A3 At

4. Ortho-One®] primerA 2] § P 2 PA] HA7
T ZHAE T 8% Ho] o8 g 39,
AR A Ortho-One® primerg 7Hs3dt whe)
TE3E= o] 2HAT) pimer ¥ FollE= &
doge] Hrigte FAURTY #iAE flon,
HES primerE T¥3Y pasteE &Y F
U FES AIE B2 & gtk 8 2949
primer UL @3] 45E 3712 Bojde
2 RS primer EHE T &l & 4 gQioh

. FEAd 28] A3 mix typed] H2A <
Ortho-Two, 9} Phase [+ v}&3 3}x) £3}t}
o Q9A HEErt 3A B4, HEe
Wl 31 bonding resind A 2|7} FAJ A

5. Ligature wire 7bgdt 270l & AL A&
ct.

6. Buttong MA Aol A FAHE Fols}
7hsdt X< contours} FAFS AS AEd)
ot Ao £Y A-$ flat baseE A HIh

CAEAE 24A4 7 Yl 7MY B AR F
77t oy 1 o) Fox MA3I] AN Z
7FIE R, 7Hs3E Ko} AL 13 o)A A=
F A F3E Reo] Frh
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Fig. 8A. Ortho-One (Group 1)
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Fig. 9B. Rely-a-Bond (Group 2)
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Fig. 10A. Ortho-Two (Group 1) Fig. 10B. Ortho-Two (Group 2)
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Fig. 11C. Phase II (Group 3)

Fig. 11D, Phase Il (Group 4)
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