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Abstract

In recent years, decrease in dentin bond strength of one-step self-etch adhesives after long-term water storage
has been reported; however, the flat dentin surface of the extracted tooth has been used to carry out the bond
strength tests in the majority of the previous studies.

Objectives: The purpose of this study was to compare the micro-tensile-bond-strength (µTBS) of three one-step
self-etch adhesives and a two-step self-etch adhesive on the cavity floor dentin after 2.5 years storage in distilled
water.

Materials and methods: Adhesives were used in this study: three one-step self-etch adhesives (Primefil, G-
BOND PLUS and Beauti Bond), and one two-step self-etch adhesive (Clearfil SE Bond), which was used as the
control. Bowl-shaped cavities of extracted human incisors were treated with each adhesive and filled with each
flowable resin composite from the same manufacturer. The specimens were stored in distilled water at room
temperature for two and a half years. The beam samples were made and subjected to µTBS test using the tabletop-
material-tester. The data were statistically analyzed using one-way ANOVA.

Results: The µTBS value of G-BOND PLUS was higher than that of other adhesives; however, the results of
ANOVA showed no significant differences in µTBS values among all adhesives.

Conclusion: There was no significant difference between one-step and two-step on the bond strength of self-
etch adhesives to the cavity dentin floor after a storage period of 2.5 year.

Keywords: Micro tensile bond strength; One-step self-etch adhesive;
Long-term water storage; Cavity dentin floor

Introduction
Flowable resin composites have been used frequently in clinics due

to improvements in bond strength, physical properties, esthetics, and
ease of handling. Recently, the successful use of flowable resin
composites on the occlusal surface has been reported owing to their
superior mechanical properties and ease of handling [1,2]. In addition,
the strong bonding between flowable resin composites and the tooth
surface is also a key-factor for the success of the restoration. Various
adhesive systems have been developed to improve the bonding
between the tooth and the resin composite [3-7]. A basic dentin
surface treatment consists of three steps including, etching, priming
and bonding [3,5]. The introduction of the priming procedure led to
significant improvements in dentin bond strength [3,5]. Subsequently,
to simplify the bonding procedure, a two-step self-etch or etch-and-
rinse adhesive system was developed [4,6,7]. This was then replaced by
a one-step treatment method [6]. However, several studies have
reported the demerits of the one-step adhesive system [8,9].
Unfavourable factors including phase separation of the liquid,
transpiration of the solvent, low efficacy of tooth decalcification, and
low content of adhesive monomer were recognized to affect dentin
bonding in the one-step adhesive system [10-12]. The acidity of the

liquid appeared to lower the efficacy of decalcification in the one-step
adhesive system when compared with the two-step adhesive system
[4]. The presence of a smear layer on prepared dentin treated using the
one-step adhesive system has been reported in several studies [11,12].

In recent years, the deterioration of bonding interfaces and the
decrease in bond strength after long-term storage have been discussed
[7,11,13-17]. Loguercio AD et al. reported that bond strength decrease
was observed in one-step self-etch systems after three years; however,
degradation rates after three years were reduced when the adhesives
were appliedactivelytodentin [15]. Itoh S et al. examined the micro-
tensile bond strength (μTBS) of three HEMA-containing one-step self-
etch adhesives after water storage for 24 h, 6 months, and 1 year, and
the amounts of initial water sorption and solubility were measured
[14]. Their results showed that the μTBS of all adhesives decreased over
time; however, water sorption and solubility were not related to the
dentin bonding durability of the one-step self-etch adhesives tested
[14]. Osorio R et al. evaluated the effects of different application
parameters on μTBS of a one-step self-etch adhesive to dentin after
storage for 24 h, 6 months, and 1 year in water at 37°C; they concluded
that all groups showed a decrease in μTBS after water storage for 6
months and 1 year, (but not 24 h) [16].

Several studies have reported that deterioration of adhesive-dentin
interface occurred due to hydrolysis of the dentin collagen [9,10,13].
Fukuoka A et al. evaluated the hydrophilic stability of three one-step
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self-etch adhesives bonded to dentin through interfacial morphological
analysis before and after long-term thermo-cycling by TEM
observation, and found many voids as well as degradation of collagen
fibrils at the interface after 100,000 thermo-cycles [13]. Hashimoto M
et al. examined the morphological aspects of adhesive interface using
four one-step self-etch adhesives after water storage for 24 h, and 100,
200, and 300 days by SEM observation [8]. The observation revealed
an oxygen-inhibition zone at the adhesive-composite border after 24
hours, which resulted in a decrease in the dentin bond strength of the
adhesives after water storage for 100 days [8]. Thus, degradation of the
adhesive-dentin interface due to denaturation of collagen fibrils may
be associated with the decrease in the dentin bond strength of the one-
step self-etch adhesives.

Although many studies have described the dentin bond strengths of
one-step self-etch adhesives after short-term and long-term storage
[7,9-11,13-17], most of them used specimens in which the resin
composite was bonded to the prepared flat dentin surface. Very few
studies have evaluated the dentin bond strength of one-step self-etch
adhesives on the cavity floor [18-20].

The purpose of this study was to compare the micro-tensile bond
strength (µTBS) of three one-step self-etch adhesives and a two-step

self-etch adhesive on the cavity floor dentin after 2.5 years storage in
distilled water. The null hypothesis was that the dentin bond strengths
of one-step self-etch adhesives would not be significantly different
from that of a two-step self-etch adhesive on the cavity floor after long-
term water storage.

Materials and Methods
This study was approved by the Ethics Committee of The Nippon

Dental University School of Life Dentistry at Niigata, Japan (approval
No.131). Figure 1 presents a schematic illustration of the specimen
preparation and µTBS test used in this study.

Materials
As shown in Table 1, three one-step self-etch adhesives including

Primefil (PF), Beauti Bond (BB), and G-BOND PLUS (GB) were used
in this study. A two-step self-etch adhesive (Clearfil SE Bond, CS) was
used as a control. The flowable resin composite from the same
manufacturer was used for each adhesive.

Materials Abb. Lot no. Composition Manufacturer

Primefil (Primer) PF 002B Acetone, HEMA, Bis-GMA, Peroxide, Phosphoric acid monomer, Purified water,
CQ Tokuyama Dental

Primefil (Paste)  J204 Silica zirconia filler, Purified water, Bis-GMA, TEGDMA, Bis-MPEP  

Beauti Bond BB 41173 Acetone, Purified water, Bis-GMA, Carboxylic acid monomer, Phosphoric acid
monomer, TEGDMA  

Beautifil Flow Plus
(F00)  11116 S-PRG filler, MF glass filler, Pigment, Ultra fine filler, Bis-GMA, TEGDMA, Long-

chain crosslinking monomer, Photo-initiator Shofu

G-BOND PLUS GB 1009101 Methacrylate, Phosphoric acid esters, 4-MET, UDMA, Acetone, water, Silica,
Zirconia, UDMA, Fluoroaluminatesilicate GC

Unifil Lo Flo Plus CS 1005191 Primer:HEMAJO-MDP, Hydrophilic aliphatic dimethacrylate, CQ, Water,
Accelerators, Dyes  

Clearfil SE Bond  01373A Bond:Bis-GMA, HEMA, 10-MDP, Hydrophobic aliphatic dimethacrylate,Colloidal
silica, CQ, Initiators, Accelerators  

Cleafil Majesty LV  00303B TEGDMA, CQ, Hydrophobic aromatic dimethacrylate, Silanated barium glass
filler, Silanated colloidal silica Kuraray Noritake Dental

HEMA, 2- hydroxyethyl methacrylate; Bis-GMA, 2,2-Bis[4-(2-hydroxy-3-methacryloxypropoxy) phenyl]propane,

Bis-MPEP, Bisphenol A polyethoxy methacryhte; TEGDMA, Triethylene glycol dimethacrylate S-PRG, surface pre-reacted glass; 4-MET, 4-mathacryloxyetyl trimellitic
acid.

UDMA, Urethane dimethacrylate; 10-MDP, 10-methacryloxydecyl dihydrogen phosphate.

Table 1: Materials used in the present study.

Specimen preparation
Forty extracted human incisors were cleaned and stored in 0.01%

thymol solution at 4°C until further use. The labial surfaces of the
extracted teeth were ground with 120-grit silicon carbide paper
(Carbimet, Buehler Ltd., Lake Bluff, IL, USA) in order to obtain a flat
enamel surface, and finished with 600-grit paper using a polishing
machine (Lewel specimen polisher, Kasai Co. Ltd., Yokohama, Japan)
under water irrigation. Bowl-shaped cavities, 4 mm in diameter and 2
mm in depth, were prepared on the cervical area of the flat labial

surfaces using a barrel-shaped diamond point (Bur No.149, Shofu,
Kyoto, Japan). Each cavity was randomly assigned to one of four
adhesives (n=10).

The adhesives were separately applied to each cavity according to
the manufacturers’ instructions. After the application of the all-in-one
adhesive the cavity was gently air-blown for 3s, and intensively for
another 3s. The bonding agents of GB, BB and CS were
photopolymerized for 10s using a light-curing unit (Candelux, Morita
Corp., Tokyo, Japan). The bonding agents in PF were not irradiated
with light and left for 20s. Each flowable resin composite was placed
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into the cavity and photopolymerized for 30s through a 0.04 mm thick
transparent plastic matrix (matrix tape, 3 M ESPE, St Paul, MN).
Thereafter, the specimens were stored in distilled water at room
temperature for two and a half years.

Microtensile bond strength test
After storage, the roots were removed using a diamond point (Bur

No.105R, ISO size 22; Shofu Inc., Kyoto, Japan). The exposed pulp-
chamber wall was filled with flowable resin composite (Cleafil Majesty
LV) after the application of an accompanied adhesive system (Clearfil
SE Bond). The specimens were perpendicularly sectioned into 1 mm
thick slabs along the tooth axis through the center of the resin
composite restorations using a low-speed diamond saw (Isomet,
Buehler Inc., Lake Bluff, IL, USA) under water cooling. The slab
obtained from each specimen was then sectioned into a beam (cross-
sectional area, approximately 1 mm2) using a low-speed diamond saw.
The beam samples were attached to the testing device (Bencor-multi-T,
Danville Engineering Inc., San Ramon, CA, USA) with cyanoacrylate
(Model Repair Pink, Dentsply-Sankin Inc., Tochigi, Japan), which was
placed onto the Tabletop material tester (EZ test, Shimadzu Corp.,
Kyoto, Japan), and subjected to the µTBS test at 0.5 mm/min crosshead
speed (Figure 1).

Failure mode analysis
Fractured surfaces of the specimens were examined with a

stereomicroscope (Leica EZ4D, Leica Microsystems, Heerbrugg,
Switzerland) at 35x magnification, and the fracture modes were
determined. Modes of failure were classified as follows: adhesive, when
the failure occurred entirely within the adhesive area; cohesive in resin
composites, when the failure occurred exclusively within the resin
composite area; cohesive in dentin, when the failure occurred
exclusively within the dentin area; and mixed, when the failure
extended from the adhesive into either the resin composite or the
dentin area. Several representative samples were selected from each
group for precise analysis of the fractured surfaces using a scanning
electron microscope (SEM, S-800, Hitachi Ltd., Tokyo, Japan) at an
accelerating voltage of 15 kV after being sputter-coated with palladium
and platinum.

Statistical Analysis
The data of the µTBS test were statistically analyzed using one-way

ANOVA, followed by Tukey Kramer’s post-hoc test to compare the
µTBS values among the four groups (PF, BB, GB and CS) at a 95%
confidence level. Statistical analysis was carried out using a statistical
analysis add-in software package for Microsoft Excel (BellCurve for
Excel, Social Survey Research Information Co., Ltd., Tokyo, Japan). We
calculated the power of the one-way ANOVA at an effect size of 0.45
(Cohen’s large effect size), an alpha error probability of 0.05, a total
sample size of 40, and four groups using Power analysis software (G
Power software version 3.1.9.2). The power of the one-way ANOVA
performed in this study was 0.61.

Results
Table 2 presents the results of the µTBS test. The number of

detachment between the adhesive and the cavity floor dentin in
specimens with PF, BB, GB and CS during beam preparation (pre-test
failure) was 4, 4, 2 and 3, respectively. The bond strength of these
specimens was considered 0 MPa. The number of detachment at

adhesive/pulp chamber dentin interface with PF, BB, GB and CS was 0,
2, 2 and 2, respectively. The bond strengths of these specimens were
excluded from the data. The minimum mean value of µTBS was 4.6
MPa in CS, and the maximum mean value was 12.4 MPa in GB. One-
way ANOVA revealed no significant differences in µTBS values among
all adhesives (p>0.05) (Figure 1).

Figure 1: Schematic illustration of specimen preparation for micro-
tensile bond strength test.

Group
ilTBS* (MPa) Failure mode** (number of

specimens)
Number of
detached

Mean (SD) A Cd Cr M specimens***

PF 5.7 (5.2) a 7 0 0 3 4

BB 5.6 (6.9) ab 6 0 0 2 4

GB 12.4 (8.3) b 5 1 0 2 2

CS 4.6 (4.2) a 6 0 0 2 3

Table 2: Results of ilTBS test and failure mode analysis (n=10), *Value
with the same superscript letters indicates no significant difference
(p>0.01); **A: Adhesive failure, Cd: Cohesive failure in dentin, Cr:
Cohesive failure in resin, M: Mixed failure; ***Detachment occurred
during preparation of specimens for ilTBS test.

All pre-test failures demonstrated adhesive failures. The results of
the failure mode analysis revealed adhesive failure (70.6%) as the
predominant failure mode, which was followed by mixed failure
(26.5%). Figure 2 shows representative SEM photographs of the de-
bonded surfaces of the resin rods after µTBS test in each group. In the
PF specimen, the de-bonded surface of the resin rod was covered with
the adhesive, thus, it was considered as an adhesive failure (Figure 2a).
The SEM photographs of BB, CS, and GB specimens partially
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demonstrated flat and fractured dentin surfaces on the resin rods, and
were therefore, labelled as mixed failures (Figures 2b-2d).

Figure 2: SEM photographs of the de-bonded surfaces in each
group; (a) PF, (b) BB, (c) GB, (d) CS Left, low magnification (70×);
Right, high magnification (1,000×); (a) The debonded surface of the
resin rod is covered with the adhesive; (b), (c) and (d) Dentin
fragments are observed on the debonded surfaces of resin rods.

Discussion
The flat dentin surface of the extracted tooth has been used to carry

out bond strength tests in the majority of the previous studies. Hence,
the findings of those studies may not simulate phenomena occurring
in clinical situations. It is well known that the adhesive interface
between the resin composite restoration and the dentin is stressed due
to contraction during the polymerization. Makishi P et al. evaluated
the sealing ability of resin composite restorations using optical
coherence tomography (OCT) in order to assess the micro-tensile
bond strength of different adhesive systems on the dentin in Class I
cavities [21]. They concluded that there was a significant correlation
between sealing performance and the bond strength of the adhesives in
the whole cavity [21]. In another study, Yoshikawa et al. reported that
the bond strength of resin composites to dentin decreased with the
increase in polymerization shrinkage [22]. In the present study, Class
V resin composite restorations were used to evaluate the micro-tensile
bond strength between the one-step self-etch adhesive and the cavity
floor dentin. The results of the present study showed high pre-test
failure rates (25% to 50%) and lower bond strength values in all groups
when compared with the values reported in previous studies after
short-term storage. This may be attributed to stress caused during
polymerization shrinkage of flowable resin composites. Bakhsh TA et
al. investigated class I cavity floor adaptation by OCT in combination
with µTBS using different filling methods, and reported that a value of
zero MPa was recorded in case a beam failed prior to µTBS testing
[19]. Moreover, they mentioned that specimens prepared from areas
containing interfacial gaps predominantly failed prior to the test, and
were recorded as null bond strength [19]. In the present study, the pre-
test failure beams were excluded and zero MPa values were not
recorded because of the possibility of beam detachment owing to
external stress during preparation, thereby compromising the bond
strength of the beam.

An adhesive system aids in removal of the smear layer and
penetration of the adhesive resin monomer into the dentin surface. The

simultaneous progression of the three steps (etching, priming, and
bonding) in the one-step self-etch adhesive system is thought to
weaken their effects. The two-step self-etch adhesives have shown
significantly higher bond strengths when compared with the one-step
self-etch adhesives following short-term storage [6,7]. In the present
study, the dentin bond strengths of GB were higher than that of CS,
whereas, no significant difference in all adhesives after long-term water
storage. Therefore, the null hypothesis, which the dentin bond
strengths of one-step self-etch adhesives would not be significantly
different from that of a two-step self-etch adhesive on the cavity floor
after long-term water storage, was accepted.

Previous studies have reported several disadvantages of the one-
bottle adhesive system, which include the transpiration of the solvent
and phase separation within the bottle [9,23]. These shortcomings were
found to occur because of an increase in the quantity of water and
solvents such as acetone or ethanol [23,24]. The one-step self-etch
adhesive contains HEMA and acetone or alcohol to dissolve TEGDMA
and Bis-GMA [17]. HEMA is a hydrophilic monomer, which promotes
the diffusion of the resin monomer into the demineralization layer of
the dentin surface [5,11,25]. The dentin bond strength of the one-step
self-etch adhesive containing 10% HEMA is reported to be higher than
that of the non-HEMA one-step self-etch adhesive [25]. On the other
hand, HEMA has been shown to decrease the physical properties of the
hybrid layer by increasing the water absorption due to its hydrophilic
nature [25,26]. Therefore, GB, a non-HEMA self-etching adhesive used
in the present study exhibited the highest dentin bond strength among
the four adhesives tested. It is speculated that the bonding interface of
the GB specimens might have retained the physical properties of the
hybrid layer when compared with the other adhesives, because of the
absence of poly-HEMA.

PF is a new adhesive system that is capable of adhering to the tooth
substance via a dedicated bonding agent and the resin composite. This
adhesive system does not require the application of the light-curing
process because chemical polymerization begins at the bonding
interface when the catalyst in the resin composite paste comes in
contact with the adhesive [12]. The results of the present study showed
that there were no significant differences in dentin bond strengths
among PF, BB, and CS, implying that this unique adhesive system,
which does not require light-curing for polymerization, may be as
effective as other adhesive systems which require light-curing after the
application of adhesives.

Many studies have reported significant improvements in the dentin
bond strength of resin composites owing to recent developments in
adhesive systems [3-7]. Recently, many studies have demonstrated the
durability of resin composite bonding to the dentin after long-term
storage [4,6-10,15-17,27]; however, the majority of these studies used
the self-etch adhesive system with a storage period of less than 2 years.
The study by Hashimoto et al. reported disorganization of dentin
collagen, a nanoleakage in the hybrid layer, and water tree and spot
mode formation in the bonding layer following the use of the one-
bottle self-etch adhesive [8]. In another study, increased nanoleakage
in the hybrid layer was reported after one year of storage with an etch-
and-rinse adhesive that contained a hydrophilic resin monomer [28].
These results indicate that the dentin bond strength of the self-etch
adhesive system decreases in a sequential manner. Although physical
factors including occlusal stresses are thought to deteriorate dentin
bond strength, recent studies have shown that water sorption by the
resin composite and disorganization of the collagen are also associated
with the decrease in dentin bond strength [8-10]. Moreover, matrix
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metalloproteinases (MMPs) released from the dentin matrix
contributes to the degradation of the adhesive interface. In this study,
the dentin bond strength of three one-step self-etch adhesives were
compared with that of a two-step self-etch adhesive after 2.5 years of
storage in distilled water. Specimen detachment during beam
preparation occurred in almost half of the specimens from each
adhesive. The mean values of all adhesives tested in the present study
were similar to or lower than those reported in other studies [15-17],
which were conducted using specimens with 1-3 year storage periods.
Therefore, it was speculated that long-term storage in water may have
resulted in the disorganization of collagen fibrils in the hybrid layer for
both one-step and two-step self-etch adhesives.

Conclusion
There was no significant difference between one-step and two-step

on the bond strength of self-etch adhesives to the cavity dentin floor
after a storage period of 2.5 year.
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