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Effect of re—application of adhesive to saliva contamination

after application of 1—step adhesives on enamel
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ABSTRACT

Effect of re—application of adhesive to saliva contamination
after application of 1—step adhesives on enamel

Young-Jae Ki
Advisor : Young-Gon Cho, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to evaluate the effect of reapplication of
1-step adhesives to saliva contaminated surface.

Flat buccal or lingual enamel surfaces of extracted 56 human molars
were prppared and divided into 2 groups depending on two 1-step
adhesives: Adper Prompt L-Pop and AQ Bond Plus. For each adhesives,
the teeth were allocated to 7 subgroups in which one group was bonded
without contamination with saliva, serving as a control. The other groups,
either before or after the polymerization of adhesives, were contaminated
with saliva and dried (group 1 or 4): contaminated, dried, and adhesive
re-applied (groups 2 or 5): contaminated, rinsed and adhesive re-applied
(groups 3 or 6). Composite resins were bonded to enamel surface of 49
molars using Tygon tubes (0.5 mm in diameter) for microshear bond
strength (uSBS) test. The bonded specimens were subjected to uSBS
testing with a crosshead speed of 1 mm/min. After debonding, the failure
modes of each group were observed under FE-SEM. The mean uSBS
(n=20 for each group) was statistically compared using one-way ANOVA
and Tukey HSD test, and independent t-test. Also composite resin were
bonded to the enamel surface of 7 molars. The interfaces of enamel and

composite were observed under FE-SEM.

The results of this study were as follows:

1. The uSBS of group 2 which adhesives were contaminated, dried, and
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re-applied before the polymerization of adhesives was not statistically
different with that of control group (p ¢ 0.05), and showed close
adaptation on the interface between the enamel and composite resin.

2. The uSBS of group 6 which adhesives were contaminated, rinsed, and
re-applied after the polymerization of adhesives was not statistically
different with that of control group (p < 0.05), and showed close
adaptation on the interface between the enamel and composite resin.

3. All groups used Adper Prompt L-Pop were statistically higher uSBS
than groups used AQ Bond Plus (p ¢ 0.05).

In conclusion, when 1-step adhesives were contaminated with saliva
before and after the polymerization, the effect of re-application of 1-step

adhesives was different.
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1. 48As

Aol Agtolup FiEo] fle Ho wE Aster oA 5670E A A of=
Abgsolth AR " Bgede Zb7b Adper Prompt L-Pop, Z 250 (3M-ESPE
Dental products, St Paul, MN, U.S.A.)¥} AQ Bond Plus, Metafil CX (Sun Medical Co.,
LTD, Furutaka—-cho, Sjiga, Japan)S AF&3}It} (Table 1).

Az oF Bl o] F31S el Spectrum 800 #ZA}7] (Dentsply Caulk, Milford, DE,

U.SA)E AHEl o, F74EE 500 mW/em S ]85t

Table 1. 1-step adhesive system, component, composite and manufacturer

Adhesive system Component Composite Manufacturer
Methacrylated phosphoric

Adper Prompt esters, Bis—GMA, CQ, 7 950 3M-ESPE Dental products,

L-Pop initiator, stabilizer, 2-HEMA St Paul, MN, US.A.

polyalkenoic acid, water

4-META, aceton, water, Metafil Sun Medical Co., LTD,

AQ Bond Plus Initiator CX Furutaka—-cho, Sjiga, Japan

Bis-GMA: Bisphenol glycidyl methacrylate, CQ: camphoroquinone, HEMA: hydroxyethyl
methacrylate, META: methacryloxyethyl trimellitate anhydride,

2. APy

7h mARS ARAE SH3S AT AHAR
&G tololm= WE ARESte] 4970 A shol titA o] A

HEAE o] &3ate] A #e] AHHE dANEFA A8ttt F stelA Isomet Low
Speed Saw (Buehler Ltd., Lake Bluff, IL, U.S.A)E o]&3le] X dz} Hdod
A= WFAY AR5 AGSA A F, A 1.2 mm A8 HFE A3 (slices)
S AFEIY. A4 dH F E¥F5 HHEE WE 600 grit silicone carbide (SiC)
paper® Antatelct. 98719 M-S F AR T/Y st edE B AAW
H AFEE 2% FFA =" wal b2 7] el wj A ST

_3_



H
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3l j?‘ air }\]%X]E E]'O < %}7—" ‘EM
P AHeE A~ 99 B HAWH mE o B
(1) Adper Prompt L-Pop& AF&3F & (AP )

D iz (AP-C )
HAAA =gl 285 A AL AW weh 483 v 2=, Adper Prompt L-Pop®| 3
gtojm o} A2 F2 =< A
3 A=A 162 F¢t A8tk MR wddl s ARATE g o] FA4E =S air
o

A|FA R Az TS A5 o) 98-S Folsta 1027 F2AY 8190t} (Table 2).

¥ we] ke 7

MO m
i
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(ot
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é‘

Wz Y3k WH o7 Adper Prompt L-PopS WHad o A &8, air AH
A2 AzxsY. A2A7 489 HEd xdd gAs SAAA 10x3F WAska,
air AEAZ 527 723 5 10%37F 3xAF 690t (Table 2)

18l W © 2 Adper Prompt L-PopS W&z X Ho| 483t gldS
ead HFd wHol AxAbe] A oEl HEAE o

Al Ag3tar 10x3F F=2AF 319l th (Table 2).

edd HEFd BHS water AlAAE 10%27F
o Z
=] =
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5 A3 47 (AP-4 )

Hx77 =A% i o2 Adper Prompt L-PopS &2 3dHo] A&3 & 10%7F
At 1 A 19 sUsA A FAE A8E HEE 1We gIas o
AAIA 10%3F BA8EIL, air ARAR 523F 7Z38F3ITE (Table 2).

6) A3F 57 (AP-5 )

A 47 ey A o R WEd xWel Adper Prompt L-PopEs 4838}

I FERARE & NS QUAIA air ARAR AxEGIY 2 odE HEE xdol

7) AF 67 (AP-6 )

A 473 2oy A9 BRiew Pgd el Adper Prompt L-Pops #4838t
I FERARE ) EAS QUAA air AlRAIR XSG 2§ odd HEHE 1Ws
water AlFAIZ 10%7F MASEAL air AlAAZ 5x3F A2 oh3, AFRALS] Ao

Table 2. Group and bonding procedures to treat saliva—contaminated enamel surface

using Adper Prompt L-Pop

Group Bonding procedures to treat saliva-contaminated enamel surface
AP-C B(15s)—>dry—LC(10s)

AP-1 B(15s)—=dry—SC(10s)—dry(5s)—LC(10s)

AP-2 B(15s)—=dry—SC(10s)—dry(5s)—B(15s)—LC(10s)

AP-3 B(15s)—dry—SC(10s)—wash(10s) and dry(5s)—B(15s)—LC(10s)

AP-4 B(15s)—dry—LC(10s)—>SC(10s)—dry(5s)
AP-5 B(15s)—dry—LC(10s)—SC(10s)—dry(5s)—B(15s)—LC(10s)

AP-6 B(15s)—dry—LC(10s)—SC(10s)—wash(10s) and dry(bs)—»B—LC
B: Bonding system, LC: Light curing, SC: saliva contamination

(2) AQ Bond PlusE AFE-3 7 (AQ )
22 A 2A| v A ZAY] Ao wel 483 o2, AQ Bond Pluse
O~

Base 14&% 87]o] 2ulat EAE ol §3te] 52 A% EFSAUL 2EA B

L
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AAAE Hgdd xdd 202 2838k, air AlRAR 5-10%3F 7PEA o Azt & o
Al 7Sl ol 5-1023F AxE v, 531t F2AF &3l (Table 3).

Ag 17 (AQ-1 1), 238 27 (AQ-2 ) ¥ A3d 3+ (AQ-3 )2 AQ Bond
PlusE 35 &3atA &L AeolA el AR TFola, A3 47 (AQ—4 ), A9
5 (AQ-5 o) ¥ Ad 67 (AQ-6 )2 AQ Bond plusE #=&3 & gldlo] o4
Al oz, b Ay o] gdedd, Adx 2 AF He Adper Prompt L-Pop& A}

Table 3. Group and bonding procedures to treat saliva—contaminated enamel surface

using AQ Bond Plus

Group Bonding procedures to treat saliva-contaminated enamel surface
AQ-C B(20s)—dry—LC(5s)

AQ-1 B(20s)—dry—SC(10s)—dry(5s)—LC(5s)

AQ-2 B(20s)—dry—SC(10s)—dry(5s)—B(15s)—LC(5s)

AQ-3 B(20s)—dry—SC(10s)—>wash(10s) and dry(5s)—B(20s)—LC(5s)

AQ-4 B(20s)—dry—LC(5s)—>SC(10s)—dry(5s)
AQ-5 B(20s)—dry—LC(5s)—SC(10s)—dry(5s)—B(20s)—LC(55)

AQ-6 B(20s)—dry—LC(5s)—SC(10s)—wash(10s) and dry(5s)—>B—LC

B: Bonding system, LC: Light curing, SC: saliva contamination

A

h EFazle 44

Zh ko] wbwlel wel Aeld Hed gWe] W4 0.5 mm, ¥l 2 mme Tygon
tube (Saint-Gobain Performance Plastic Co., Beaverton, MI, US.A)E X AIZ th, 7
7z} Adper Prompt L-Popg A3 FolME= 7 250 Edd7l (shade: A3)S =43l

fu

=

r
rl

Spectrum 800 FFAW|Z 20%7F FZFAF 31993, AQ Bond plusE ARESE oA
Metafil E3t#%l (shade: A3)S =4 3&}al 3027 F=2AF 899t 2 +9 2% 20719
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J|®H S cyanoacrylate H &4 (ALTECO Korea Inc., Pyungtaek-City, Korea)& A}
435t Al Ao H2A|Z] & universal testing machine (EZ test, Shimadzu Co.,
Kyoto, Japan)®| jigel A@&A5 Agstar Ao nAgFeet p5-o He#ld
0.3mm F7A¢ AL HA} (Tomy International Inc., Tokyo, Japan)S H3YstA Z
Ak HeEd gHd A Bty de] EalE u 7bx B9 1.0mme cross-speed® A

WstE e shstel nAAY AGPES SR

() SAEA

T o HEACNA 7t o] mAldd A E Fe] foAd HAS SAEA TR
o] SPSS (ver. 11.0)°4 one-way ANOVA$} Tukey HSD =& 5
ofgoll A Hla, FASIAT gk Z; el A HAAY] TRl wE wAdAY A=

Folol e Fold WAL B @A olg3te] p=0.05 FolFEANN FH5H

v A g #F

A Add ARAEE S Z2F 79 7 AJEE stubel]l F-&ste] 12 KV St sholl
A1 s S 700A FAE =3 F, FE-SEM (S-4800: Hitachi High
Technologies Co., Tokyo, Japan)< o]-&3sto] Auj&oA z} AlHe] spdFds #zh
skttt

. WA Bgen Ade 2R A AuAD

048 thololBE ME Agstel A skel U Tl A dud ¥, ¥UE

M-S 600 grit SiC paper® v}t
T e e WA F, 4AA FRY 4 2 2
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Speed Sawg o]&3sto] 7 Al HEFA H3te o 3! o s, &
9G¥ FHE 600 grit SiC paper® dntsla Z&u A 7|4 38 AT
ZF Al S 6 mol/Le] fARE ol 30x7F HAS b, SFT AlFHsL 1% Zolsd
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1 PAAYE AFA=

Adper Prompt L-Pop& AF&S A5, 7} 79 vMAG A3 e AP-C A
51.01 + 12.87 MPa, AP-1 o4 41.43 + 8.42 MPa, AP-2 oA 47.39 + 17.11
MPa, AP-3 ol A 42.26 + 11.79 MPa, AP-4 oA 38.01 + 12.16 MPa, AP-5 il
Al 39.23 £ 14.16 MPa, AP-6 ol 50.12 + 16.82 MPaS yE}Uo] AP-C o] 7}
& ARAEE e, AP-4 Jo] 7MY W ARAEE YET (Table 4).
Zr F zbe) v AY A EE Tukeyel HSDE AMS #HAI Az AP-C o2
AP-1 <, AP-3 +, AP-4 i ¥ AP-5 ¥Rt} AP-2 & AP-4 XU}, AP-6
S AP-1 , AP-4 ++ ¥ AP-5 vHY FAHCRE L AJAEE YR (p
< 0.05). AP-1 ilﬂr AP-5 2 E%F AP-C ¥ AP-6 #XRT}, AP-3 o2& AP-C
TR, AP-4 72 AP-C #, AP-2 i, AP-6 wiU FAgHoz ve AJPrE
YERRITH (p < 0.05) (Table 4).

AQ Bond Plus& AF&sF 45, 7} +9] mAAG A== AQ-C oA 34.97 +
5.55 MPa, AQ-1 °lA 26.70 £ 5.87 MPa, AQ-2 oA 31.65 + 6.66 MPa, AQ-3
ol A 28.58 + 7.36 MPa, AQ-4 ol 27.47 + 7.85 MPa, AQ-5 oA 28.31 +
7.76 MPa, AQ-6 oA 31.26 £ 7.57 MPaZ YERHo] AQ-C o] 7MY =& AFH
5 YEIA A, AQ-1 o] 7 W AR EE e (Table 5).

Zb o EY) A AR EE Tukey HSDE AR RS A3 AQ-C 2 AQ-
. AQ-3 i, AQ-4 + % AQ-5 TEU, AQ-2 & AQ-1 TRU, AQ-6
AQ-1 ¥R EAGHoR 2o AFAEZ Yeydrt (p < 0.05). AQ-1
AQ-C #, AQ-2 + ¥ AQ-6 +HT} AQ-3 +, AQ-4 + % AQ-5 @ X

AQ-C it sAAor e A s e (p < 0.05) (Table 5).

7} el A HAA Y] Tl wE w A=l dg Fo4 HAABES ¥ 3RS
o]-g3fo] ®A3 A3} RE oA Adper Prompt L-PopS AH&3F %7} AQ Bond
PlusE AM&3 A$-ut BAH 02 =& A4 =E YelHt (p < 0.05) (Table
6).
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Table 4. Microshear bond strength (MPa) and failure mode analysis of each group

used Adper Prompt L-Pop

Crou Microshear bond Failure mode No. of
P strength (MPa) Adhesive Mixed specimen
AP-C 51.01 £ 12.87 * 9(45%) 11(55%) 20
AP-1 41.43 + 8.42 B¢ 15(75%) 5(25%) 20
AP-2 47.39 + 17.11 %0 15(60%) 5(40%) 20
AP-3 42.26 + 11.79 ®¢P 14(70%) 6(30%) 20
AP-4 38.01 + 12.16 ° 16(80%) 4(20%) 20
AP-5 39.23 + 14.16 ®* 16(80%) 4(20%) 20
AP-6 50.12 + 16.82 AP 10(50%) 10(50%) 20

Same superscript letters indicate statistically no significant difference between
groups at p=0.05 (by Tukey HSD).

Table 5. Microshear bond strength (MPa) and failure mode analysis of each group

used AQ Bond plus

Crou Microshear bond Failure mode No. of
P strength (MPa) Adhesive Adhesive specimen
AQ-C 34.97 £ 5.55 * 11(55%) 9(45%) 20
AQ-1 26.70 + 5.87 ° 15(75%) 5(25%) 20
AQ-2 31.65 + 6.66 12(60%) 8(40%) 20
AQ-3 28.58 + 7.36 B¢ 13(65%) 7(35%) 20
AQ-4 27.47 + 7.85 °° 12(60%) 8(40%) 20
AQ-5 28.31 + 7.76 B¢ 12(60%) 8(40%) 20
AQ-6 31.26 + 7.57 10(50%) 10(50%) 20

Same superscript letters indicate statistically no significant difference between
groups at p=0.05 (by Tukey HSD).

Table 6. Comparison between the microshear bond strength (MPa) of each group

used Adper Prompt L-Pop and AQ Bond Plus by independent t—test

Group Adper Prompt L-Pop AQ Bond plus p-value
AP-C/AQ-C 51.01 £ 12.87 34.97 £ 5.55 0.000
AP-1/AQ-1 41.43 = 8.42 26.70 £ 5.87 0.000
AP-2/AQ-2 47.39 £ 17.11 31.65 + 6.66 0.001
AP-3/AQ-3 42.26 £ 11.79 28.58 + 7.36 0.000
AP-4/AQ-4 38.01 £ 12.16 27.47 £ 7.85 0.002
AP-5/AQ-5 39.23 £ 14.16 28.31 £ 7.76 0.005
AP-6/AQ-6 50.12 + 16.82 31.26 = 7.57 0.000




2. A

FAFAAEu] A sl Adper Prompt L-Popg AF&3F A9, 384 34 (mixed
adhesive failure)2 AP-C oA 55%7F #&ES 1, AP-1 oA AP-6 +#7HA]+=
20-50%7} #&%t} (Table 4, Fig. 1). 824 34 (adhesive failure)2 AP-C
oM 45%7F BEEAAL, AP-1 oA AP-6 T7FAE 50-80%7F #2 % At} (Table
4, Fig. 2).

AQ bond PlusE AHE3 A%, 94 FdS& AQ-C oA 45%7F #&HAaL,
AQ-1 oA AQ-6 w7HA= 25-50%7F #ZE ATt (Table 5, Fig. 3). H&4 34

2 AQ-C oA 55%7F BZHAIL, AQ-1 oA AQ-6 T7HA& 50-75%7F &2
%At} (Table 5, Fig. 4).

3. M¥A B3 Ade FAAAARNE &3

Adper Prompt L-Pop& AF&3F A%, AP-C & E3gzzt Hakd Ados 21
13 H2AS el (Fig. 5), AP-1 o2 53d 73 H&32d Ao nekst 7t
o] #ZHAY (Fig. 6). AP-2 ¥+ Hgedz Wahd Aves 71dg J2& o
BRI la, Sazla Hgd AW Aol T8 HaSol #EEAom, A K-
AN FA3HA mekgk h=o] BEF AT (Fig. 7). AP-3 v Sz w4 A
Hol Al ek s Yepd oy B@exla g Alolatolo] mlokgl ko]
Bttt (Fig. 8). AP-4 w2 Helzlat Had AdeA & k5o ##E=3UA (Fig
9), AP-5 FollM = Heldy yHgd AdelA A3 FA & o] HAFH AL
(Fig. 10). AP-6 «2 AP-C w3} o] 533 Hadd Ao 183 J3s
e AT (Fig. 11).

AQ bond PlusZ AH&3 4%, AQ-C <& Bduxz WHard Adex 1293 A

YERA S (Fig. 12), AQ-1 & Hg#z Wad Aol mekat 7150
At (Fig. 13). AQ-2 w2 Hgexla Wz Aol 1243 A2& Hepisd
grelxd el A wokgh o] wEAE A (Fig. 14). AQ-3 w2 5

Al A 988 A4S yYepliglon 53t

)
mlo

(

) )

_4

-IEE

(N m
o -
i
El
i)
>
%)
L
o
i
>~
>,
o,
>~
>,
o
=2
=)
12
(o

ol Yelwtt (Fig. 15). AQ-4 w2 EFu Xz Hatd AWl #dd FA9 1t
=o] #EEen, k5 Ateld HXH 7 #EHAAG (Fig. 16). AQ-5 w2 5
A7 Jgd Aded A 718e 2 depdod, AWl EatAe He] JAFTS
#EE 4 ATt (Fig. 17). AQ-6 & H§#EX U AldelA #dg F79
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Fig. 1. Representative mixed failure in
AP-C group used Adper Prompt
L-Pop(X 100).
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Fig. 3. Representative mixed failure in
AQ-6 group used AQ Bond
Plus(X 100).
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Fig. 5. AP-C group (X 2,000)
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Fig. 2. Representative adhesive failure
in AP-4 group used Adper
Prompt L-Pop(X 100).
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Fig. 4. Representative adhesive failure
in AQ-1 group used AQ Bond
Plus(X 100)
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Fig. 6. AP-1 group, G: Gap (X 2,000)
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Flg 11. AP 6 group (X 2,000) Flg 12. AQ C Group (X 2, OOO)
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Flg 17. AQ-5 group, G: Gap (X 2,000) Fig. 18. AQ-6 group (X 2,000)
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