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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*?, 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-1l (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 considered
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

Material Type Batch No. Manufacture
Single Bond total-etch one-bottle adhesive 3HX 3M ESPE, St Paul. MN, U.S.A
Clearfil SE Bond self etching primer primer: 00341A Kuraray Co.,
adhesive: 00442A Osaka, Japan
Xeno-1I self etching adhesive 210001222 Detrey/Dentsply, Konstanz, Germany
Adper Prompt self etching adhesive Liquid A 1395987 SMESPE, St Paul.
Liquid B: 140488 MN, U.S.A

Table 2. Compositions of dental adhesives used in this study

Material Etchant Primer Adhesive resin

Self-etching adhesive
Polyalkenoic acid copolymer,

Single Bond 35% HaPOs 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

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
Liquid 2: water, HEMA, Polyalkenoic acid, stabilizers

Xeno-l

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
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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.
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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 em™ (A, before light-curing: B, after light-curing) and the absorbance of (a)
aromatic C=C double bond at 1608 e for Single Bond, SE bond and Adper Prompt, and (b) carbonyl C=0
bond at 1720 e for Xeno III were used as internal references (C, before light-curing: D, after light-curing).
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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

(Unit: MPa, mean * standard deviation, The numbers in parentheses are those of the specimens tested)

Aging”* "
Adhesive worway
48 hours 1 week Thermocycling™* ANOVA
Single Bond 453 £ 5.7 (15)*= 428 + 8.4 (15H)* 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 17.2 + 42 (15)%  21.6 = 4.9 (20)* 272 + 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 5C and 55C with 24 seconds of dwell time and 6

seconds of waiting time.

ok k

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)

. 0 hour® 48 hours 1 week
Adhesives 1608 an® 1720 en™ 1608 en” 1720 en” 1608 e’ 1720 e’
Single Bond 46.2 (8.6)" 84.3 (5.3)* 85.3 (6.0)™
ClearfilSE Bond 73.9 (2.7)™ 84.2 (6.0)* 87.2 (5.4)™
Xeno 111 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 b € 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 en of aro-
matic ~-C=C double bond for Single Bond, Clearfil SE Bond and Adper Prompt and that at 1720 em™ 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.
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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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