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ABSTRACT

AGING EFFECT ON THE MICROTENSILE BOND STRENGTH OF SELF-ETCHING ADHESIVES

Park JS', Kim JS*?, Kim MS', Son HH'?, Kwon HC'2, Cho BH'#*
'Department of Conservative Dentistry, College of Dentistry, Seoul National University, *“Dental Research Institute

In this study, the changes in the degree of conversion (DC) and the microtensile bond strength (MTBS)
of self-etching adhesives to dentin was investigated according to the time after curing. The MTBS of Single
Bond (SB, 3M ESPE, USA), Clearfil SE Bond (SE, Kuraray, Japan), Xeno-II (XIII, Dentsply, Germany),
and Adper Prompt (AP, 3M ESPE, USA) were measured at 48h, at 1 week and after thermocycling for
5,000 cycles between 5C and 55C. The DC of the adhesives were measured immediately, at 48h and at 7
days after curing using a Fourier Transform Infra-red Spectrometer. The fractured surfaces were also eval-
uated with scanning electron microscope. The MTBS and DC were significantly increased with time and
there was an interaction between the variables of time and material (MTBS, 2-way ANOVA, p = 0.018:
DC, Repeated Measures ANOVA, p < 0.001). The low DC was suggested as a cause of the low MTBS of
self-etching adhesives, XIII and AP, but the increase in the MTBS of SE and AP after 48h could not be
related with the changes in the DC. The microscopic maturation of the adhesive layer might be cons1dered
as the cause of increasing bond strength. (J Kor Acad Cons Dent 31(6):415-426, 2006]
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Table 1. Dental adhesives used in this study

Single Bond total-etch one-bottle adhesive 3HX 3M ESPE, St Paul. MN, U.S.A
. . primer: 00341A Kuraray Co.,
Clearfil SE Bond  self etching primer adhesive: 004424 Osaka, Japan
Xeno-lI self etching adhesive 210001222 Detrey/Dentsply, Konstanz, Germany
. . Liquid A: 1395987 3M ESPE, St Paul.
Adper Prompt self etching adhesive Liquid B: 140488 MN. U.S.A

Table 2. Compositions of dental adhesives used in this study

Self-etching adhesive
Polyalkenoic acid copolymer,

Single Bond 35% H3POs HEMA, Bis-GMA, ethanol,
water, photoinitiator

Self-etching primer MDP, Bis-GMA, HEMA,
MDP, HEMA, hydrophobic dimethacrylate,

Clearfil SE Bond hydrophilic dimethacrylate di-camphoroquinone,
di~camphoroquinone N.N-diethanol-p-toluidine,
N,N-diethanol-p-toluidine, water silanated colloidal silica

Xeno-II Universal: HEMA, aerosil R-947 fumed silica, BHT, ethanol, water
Catalyst: Pyro-EMA-SK, PEM-F, UDMA, BHT, CQ, p~dimethyl amine ethyl benzoate
Liquid 1: Methacrylated phosphoric esters, Bis-GMA, Initiators based*
Adper Prompt on camphoroquinone, stabilizers
Liguid 2: water, HEMA, Polyalkenoic acid, stabilizers
Abbreviations:

BHT: 2,6-di~tert-butyl-p-cresol,

CQ: camphorquinone (2,3-bornanedione),

MDP: 10-methacryloxy methacrylate,

HEMA: 2-hydroxylethyl methacrylate,

Pyro-EMA-SK: tetra-methacryl-ethyl-pyrophosphate

PEM-F: Penta-methacryl-oxy-ethyl-cyclo-phosphazen-monofluoride,
UDMA: urethane dimethacrylate,

Bis-GMA: 2,2 bis (4-(2hydroxy3-methacryloyloxy propoxy) phenyl) propane

SUA Y F& B ] Esle] F4 dlo] Xo}gEo] 3] (2) B3I

gz wPd WS A, w39 Aold Uﬂ Zt 9] ol = 429 Aold A
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2) Clearfil SE Bond: %37
Fotd EHd Zfo|mE & %
B 710 AR L0l E FHA)7 SfRiA g
T7NE ol&3t TPEA Axg T HAAE A&k
1027t F2AE4 Y

3) Xeno-1I: Liquid A% BE mixing wello] 22} &
4 Hojxd T, BEAE o] g3l bt &
o 453 erak/] FEZ AAT dotd EH
g AAE z‘a{ EA2HA =Xstn 4527
£ o] &3l 2-327F ARG T 1027t F2AFIGTH

4) Adper Prompt: Liquid A%} BE mixing wellol zt

Fak ey "dolmd B 527 HEAE o &3]

7
EYaRT 42271 ol8a H3e) +82 A
F Aold Frc] HAAZ 1557 BA2HN T3
I YEF7I2 2-333 Az F 1023 R
RE Aok A =X 3 HFANE 1.2 m¥] 38) 4
Zoto] 747k 4024 FABRR, SR A 33
& B3 Ao BRSO Hasted I} 83HE £A8
Sick.

3) VAR E 27
@ﬂ 4892 HAREE ZHE O BE, B

e

% 24A)7ko] et T A &AAEe] £ 1.0 mu, F7 0.6 mm
°] EHAA FEY vAQFHAAE SHAANELE AF
}‘ﬁ‘ﬂr (Figure 1). AZE AN AE AL (220)9 F

Fod Batslo] g2 3 48A 7| nlARJARAAEE &
;gol'}\}\-'— 1379 & 23she 79 A% S/ 647
BHE T A A Fu= A2t & 79 SF 5t
Atk @ AgAg F 2ste TollAe 50 55T

.H
7

A ﬂmm (dwell time) 243, 71X 7t (waiting time)
629 9<% (thermocycling) & 50003 Al&jg = =
AA Feje] ABo R Adstia TeAe nAdAH A=
g skt
234 QBT Al %
& A 2gtE ?@%Jlgﬂ] 2HYAIA Fele SHANES
HAAWC] jigd BEAANA ARH S gl o] HE
£ cyanoacrylate cementi AR EH A sl HFHAIZ
3;1, 2H5A 8 7] (Model 4466, Instron Inc., Canton,
MA, USA)9A crosshead speed 1 mn/minZ A&
Z33act.
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Figure 1. Schematic diagram illustrating the
procedures for preparing the specimens used in the
microtensile bond strength test; bonding and building-
up composite crown, grooving and sectioning the
bonded sample into hourglass-shaped specimens, and
finally testing the specimen fixed on the measuring
apparatus.

4) &89 3%
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39 129 A3} 39 2HSL 2HIAD, 487 2 17
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238 24 NA7R ABE 423 Ue g 4 e T
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BBl Yol A-2dA Easidtt. F 79 KBr tj2=
Atolel] ol AAAE A Exata At AlA 317§
ZR ) AAANHAT. FT-IR %

Transform Infrared Spectrometer, Spectrum One,
Perkin-Elmer, USA)Z transmission mode?lA] 4 cn’g]
NFER 163 270319 58 Ao 2HERE 73Ut
23 To] AEHL FXAP|E 1027 T3 ¥ 54
o ATt FF A5 1637 an' 419 aliphatic
gh o]FAFY FFTE Y L‘E}Oﬂ Ferracaned
Greener”7} BHE 41& o481 F3 &< AASgiTh. Bis-
GMAE FAELZE 3& Slngle Bondﬂ} Clearfil SE
Bond, Adper Prompt®] 7%, 1608 cu®2] aromatic T4
o|24%S internal reference® A48 1% (Figure
2a), UDMAZS F4E22 k= Xeno 119] 7%, 1720 cn9
carbonyl C=0 peakE ]84l AT (Figure 2b).
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Figure 2. Determination of the degree of conversion from mid-IR spectra. The absorbance of aliphatic C=C
double bond was measured at 1637 ™ (A, before light-curing: B, after light-curing) and the absorbance of (a)
aromatic C=C double bond at 1608 cn? for Single Bond, SE bond and Adper Prompt, and (b) carbonyl C=0
bond at 1720 em™ for Xeno III were used as internal references (C, before light-curing: D, after light-curing).
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W 2ol §laE FAsiEn, 4 TolA 53 A<
P& Jepli= B4 AHS AEste FAAAER 3
(JSM-840A; JEOL Ltd, Tokyo, Japan) 22 SFEA|H ]
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oA Tt

™

(6) BAEA

AR AL ES F7/E SHA = SAEY Z2ad
2l SPSS (ver 12.0: SPSS Inc., Chicago, IL, USA)E
o] &3t 95% AFFFoA Zhzt o] Puj X RAHE A
(Two-way ANOVA)Z} Repeated measures ANOVAS
o] &8t 7t #719 AtolE HlwdlH 2™, Duncan s test
E AR HAse

(1) WARFR A= 27

7 AAAS] A T 4847 159 2 50003 g4
ANEAY $9 mAJFHALEE Table 33 20 H&
T 48A17Ee] Aotdd g mAJIAHFAEE Single
Bond®| 7% th& F&A) vlg] A Bk, AR
2 HZAIQ) Xeno-TII9+ Adper Prompte] 7 $-= A7}
2 Zjo]w<l Clearfil SE Bonddl Hlal #-<jatA @kt
(p € 0.05). FFFel 1579 A4 A< dogh A EA
2|§ 75olA= Clearfil SE Bond$} Adper Prompt?]
=T HE 5 48171 wARIAE A= vle) &
AZ o2 3t Z718I.2u (p € 0.05), Single Bond
9} Xeno IIIE 4817k 248 73} Zol7t Ut (p )

>

t

o
1

0.05). Adper Prompt®] 4% 17Y 5 FH5) 33
3 39 dest A FAE F Aol x FAREI} f2 3
F7FtAe Y (p € 0.05), Yoz HEAAEL 1FY o|F
o o] 39 HAZES F7k= 9T (p ) 0.05). F&A <k
ZR XA ol ol & mz Aol #EAHAT (p = 0.018).
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B3 A% 243 $8EL Clearfil SE BondojA % &
& #& EQ3, Single Bond? A%de F559 845
= Yehiien, A7HRAE F AR Xeno-1119+ Adper
Prompt®] A$ole & $FES EA (p € 0.05). A

- ko] A 2E HAA NN FHEC| FHRIAL, 53

Hz9 48A7tl el 3712 BT (p € 0.05). 9ol
Hlgl, 48717k o] 17U 7R F/EY St AUde
2 AojA Xeno II[E A A £79 FdAE o8
2o & HolA &ttt (p ) 0.05). BE &3 7171 3
A A7HEAE FZAAQ Xeno-1119H Adper Prompte
Single Bond$} Clearfil SE Bonde] H|3} @& %8¢
B3tk (p € 0.05, Table 4).

(3) FARA En7d &2

2] 3d-E HEAF v oAy A3A 25
Bz Atololl A dojum, Alzke] Asd H2A] Zo]
™ o s 494 (brittle fracture) ] HF-& B
et 279 B HAAAREE RolE Single Bond$t
Clearfil SE Bond9] ¢, 4841719 sfdthd oMz HA
39 £ hackleo] #EE o] Z7)o) $8o] Bo] A3
A< AT & v} (Figure 3a). Adper-Prompto)
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Table 3. Microtensile bond strength of dentin adhesives to superficial occlusal dentin at 48 hours and 1

week and after aging with thermocycling
(Unlt MPa, mean * standard deV|at|on The numbers in parentheses are those of the s emmens tested)

Single Bond 45.3 £ 5.7 (15)% 42.8 £ 8.4 (15)* 39.6 £ 14.0 (16)
Clearfil SE Bond ~ 33.7 £ 9.7 (18)* 43.5 £ 8.6 (14)* 41.5 = 13.7 (19)* p = 0.018
Xeno-III 246 £ 9.9 (15)* 26.3 £ 11.9 (16)* 28.1 £ 9.2 (19*
Adper Prompt 172 £ 4.2 (15" 21.6 £ 4.9 (20)* 27.2 = 7.0 (16)*

* The time at which the microtensile bond strength was measured using a universal testing machine.
** The specimens were thermally cycled 5000 times between 5T and 55T with 24 seconds of dwell time and 6
geconds of waiting time.
*** The same superscript letters mean that there are no significant differences between groups, according to the
adhesives (small letters) or the aging method (capital letters).
9 The results of Two-Way ANOVA suggested that the interaction effect of “adhesive * time” be expected in the
measurements of the microtensile bond strength.

Table 4. The degree of conversion of four adhesives determined by mid-IR spectroscopy
(Unit: %, mean = standard deviation)

Single Bond 286" 84.3 (5.3)*

85.3 (6.0)*
ClearfilSE Bond 73.9 (2.7) 84.2 (6.0)* 87.2 (5.4)*
Xeno I11 _ 17.8 (14.2)* 49.2 (5.0)* 64.1 (6.2)*
Adper Prompt 18.2 (0.2)™ 72.8 (13.7)* 76.9 (4.3)*
, time p € 0.0001
Repeated Measures ANOVA time * adhesive » € 0.0001

* The spectrum of the uncured adhesive was obtained before cure and those of the cured adhesives were
obtained immediately after cure and at 48 hours and 1 week after cure.

** The same superscript letters mean that there are no significant differences between groups, according to the
adhesives (small letters) or the aging period (capital letters).

§ The internal references used for measuring degree of conversion were the absorbance peak at 1608 cm™ of aro-
matic -C=C double bond for Single Bond, Clearfil SE Bond and Adper Prompt and that at 1720 en™ of car-
bonyl ~C=0 double bond for Xeno III, according to their base monomers.

9 The results of Repeated Measures ANOVA suggested that the interaction effect of “time « adhesive’ be
expected in the measurements of the degree of conversion.

7% Alzte] ABPEA 48A17 vlg) 174H g A &5 717 (porosity)ol 48A17ke] FH A FE
ﬂ o] Fo HAEY FFE Holx AlHe| FIHHAT e Ay o)F9 sEdud7A d#HA BEHATG
(Figure 3b - 3d), Xeno I11¢] —r°ﬂ‘—C- sddH A 3 (Figure 4).

A Zo] A& e W Holu F2d o3 A7 A2
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Figure 3. (a) SEM photograph of the fractured surface of Clearfil SE Bond (dentin side, X
1,000). The fracture surface showed a pattern of brittle fracture, even from the specimens tested
at 48h. (b-d) SEM photographs of the fractured surfaces of Adper Prompt (b, dentin side of the
specimen fractured at 48h, X 1,000; c, resin side of the specimen fractured at 1 week, X 5,000;
d, resin side of the specimen fractured after thermocycling, X 2,000). The fracture surfaces
looked brittle with maturation of the adhesive resin layer.

Figure 4. SEM photographs of the fractured surface of Xeno III. (a) after 48 hours, resin side (X 3,000),
(b) after thermocycling, resin side (X 3,000) Lots of porosities were found at the fracture surfaces,
which were appeared to be resulted from water inclusion. The surface looked more clearly-
fractured after thermocycling than that fractured at 48h.
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o] 711d Wo} A2 (bonded complex)? L A
A AAY o AE Agedl s Az, HF
Aol FALA F FAAZ o] /M F8 Aoz &
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AP*  EA], fracture mechanic®] o)A #H2A 2]
oEe APAQ HA9PEE 7+ crack mechanism
o] & HHEE® AAR cracke TAZI HHAAZ
Ate], HEAAF WE, B F2A 2 B2 AW 5
oAl ol AAEPEE AR AGAHANA sEE AlH
o] g @S BES e A E45H HEAA S
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2EA AR B, Ao F3Eo| ZyHEE 74
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o7t AR HA e Y-S sjAsr] A8 4 G A
o FHES S E‘rE’l £ A3 M+ KBr diskel
A E 2oty THES Yooz mudy 4
opA 9 9*-5}14# =R oot Al A A3l HIsh
pHZ B %& A9 F3Ee] 2FEUE AYE o
#3leol gt} a8y, Sanares 599 AHJME AP
A JZAL AL BT A Bohe AAE
A7HEAl A= 2 Aold g HAg T gH

of EAete Add & nFES (OIL, oxygen-inhibit-
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EdHdel #8452 o) 12 (gap)o] EE 297}
o9 HAREE Aar7)n FHAAENY] gde
dos)E golowm ZJro 3ttt Adper-Prompt$t Xeno-II1
9] pHE 47 1.03 1,628 S35 2% A79|A pH7}
w2 Adper-Prompt$} Xeno-I119] F3E0] 343 &
3 48Nt A ] FAR =L vrow  ud ot J?ﬂr%“ﬂ
A HAA S EJ Y AolM v FFe AR ¢
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