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INTRODUCTION

Abstract. The objective of this study is to evaluate the dentin microtensile bond strength of total etch-
ing and self-etch dental adhesives which have 10-MDP as a functional monomer used in class V cavity
restoration. This in vitro study evaluates the dentin microtensile bond strength at the gingival margin of
Class V cavities which were bonded with various 10-MDP contained dental adhesives for the resin com-
posite restorations. For this purpose, 45 freshly extracted sound human upper premolars were prepared
with water-cooled high-speed hand piece and cylindrical diamond bur [D8] at cemento-enamel junction
on buccal surface of the teeth. The occlusal margin of cavity is located on enamel, and the gingival margin
is located on cementum. The prepared teeth were randomly assigned into three groups of fifteen teeth.
Microtensile bond strength (4TBS) was recorded, the failure patterns were classified, and the micromor-
phology of resin-dentine interfaces was evaluated. Results were analyzed by one-way ANOVA and Tukey's
test (o = 0.05). There were statistically significant higher (p = 0.019) uTBS value of SBU (10.7664+4.2676
MPa) than CTS value (6.4257+4.1786 MPa) but no statistically significant difference (p > 0.05) between
SBU (10.7664+4.2676 MPa) and CSE (9.3257+3.6572 MPa), and between CSE (9.3257+3.6572 MPa) and
CTS (6.4257+4.1786 MPa) were found. The adhesive failure between resin-dentin interfaces of three adhe-
sive systems accounted for 75.33% of the total number of fractures and no cohesive failures were found in
dentin. Considering the limitations of this in vitro study, some 2-step total etching dental adhesive which
has 10-MDP as a functional monomer may be capable of producing higher microtensile bond strengths than
1-step self-etch dental adhesive which has 10-MDP as a functional monomer.

© 2017 The Author(s). Published by TAF Publishing.

The main objective of dental adhesive is to produce an adhesion between resin composite

and tooth surface.

Moreover, the suitable dental adhesive should be able to resist the me-

chanical force and shrinkage stress from polymerization procedure that cause the leakage
within restoration’s margin. In addition to poor seal ability of dental adhesive, the dis-
coloration of restoration’s margin could be found and the loss of restoration also finally

occurs [1, 2, 3].

The adhesion surface of dental adhesive is composed of two interfaces. First is the
interface of adhesive and tooth surface, and second is the interface of adhesive and resin

composite that develops from the polymerization process between oxygen inhibit layer
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of adhesive and resin composite. For the adhesion between adhesive and tooth surface
(enamel and dentin), micromechanical adhesion is supposed to be the major mechanism
[4]. This process of adhesion originates from replacing inorganic tooth material by resin
monomers that become interlocked between tooth surface and adhesive layer [5, 6]. In-
filtration of resin monomer into etched tooth surface is the primary mechanism to gain
micro-mechanical retention that appeared in microscope, called hybridization. Nakab-
ayashi et al. [7] in the enamel, mechanical retention is created by infiltration of resin
monomer into etched pits, whereas dentin obtains the retention from infiltration of resin
monomer into exposed collagen layer and dentinal tubules. However, there are some self-
etch adhesives using mild acidic property of monomer to obtain ionic bonding between
acidic monomer and calcium in hydroxyapatite, [8] which could explain the good perfor-
mance of this kind of self-etch adhesives in clinical usage [9, 10].

According to these bonding mechanisms, the primary bond efficiency may depend
on micromechanical interlocking that happens after resin infiltration and polymerization
happen in demineralized enamel and dentin. The chemical bonding could be initiated by
using the specific monomer (functional monomer) that has chemical bond to hydroxya-
patite. In addition, adequate co-polymerization between adhesive and resin composite
could create a strong adhesion to the resin composite.

Many studies have reported a good performance of 10-MDP functional monomer [8,
9] and also has been used in recent dental adhesives of many manufacturers. The objec-
tive of this study is to evaluate the dentin microtensile bond strength of self-etch and total
etching dental adhesives which have 10 MDP as a functional monomer used in class V cav-
ity restoration.

LITERATURE REVIEWE

For having a covalent bond between adhesive and resin composite from polymerization
process, dental adhesives should be composed of similar kind of resin monomers to the
resin composite. These kind of resin monomers act as a structural core providing physical
and mechanical properties, such as strength. The monomers composed of dental adhe-
sives could be divided into 2 groups; firstis cross-linker monomer and second is functional
monomer [11].

The cross-linker monomers have two polymerizable groups (vinyl-groups or -C=C-)
or more [11]; di-methacrylates, such as Bis-GMA, UDMA, and TEGDMA are commonly used
in dental adhesives and resin composite Figure 1. These monomers directly supply me-
chanical strength to dental adhesive by creating densely cross-linked polymers [12]. The
important characteristic of these monomers is hydrophobicity that prevents water ab-
sorption after curing [13]. A ranking in amount of water absorption could be sequenced:
TEGDMA > Bis-GMA > UDMA [14]. Almost all adhesives composed of mixtures of these,
and amount of each resin monomer will have a significant influence on the viscosity of the
uncured adhesive [15], and mechanical properties of the cured adhesive [16, 17].

Bis-GMA is not only used in dental adhesives but also commonly used in resin compos-
ite. Due to the high molecular weight of Bis-GMA, it provides low polymerization shrinkage
and rapid curing that result in good mechanical properties of the adhesives. In addition,
UDMA is also commonly used in dental adhesives alone or in combination with Bis-GMA.
Although UDMA has similar molecular weight to Bis-GMA, but UDMA exhibits lower vis-
cosity properties than Bis-GMA [13].
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FIGURE 1. Chemical structure of Bis-GMA, UDMA, and TEGDMA

Due to lower viscosity properties of TEGDMA, it is usually used together with Bis-GMA
and UDMA as diluents [18, 19]. The higher flexibility of TEGDMA will compensate for the
rigidity of Bis-GMA and admixture will result in higher conversion rate of resin [16]. In ad-
dition, TEGDMA increases tensile strength but reduces flexural strength of the cured resin
[17].

Most functional monomers also have a particular chemical group that forms linear
polymers upon curing, in contrast to cross-linkers that form cross-linking polymers [20].
The functional group in functional monomers usually exhibits hydrophilic properties. This
group may have many purposes, such as enhancing wetting and demineralization of dentin
that enhances bond strength of adhesives to dentin by their hydrophilic properties [21].
The functional groups generally used in commercial monomers are phosphate, carboxyl
acid, and alcohol groups. Sulfonic acid, phosphate, phosphonate, and carboxyl group will
dissociate to release protons in aqueous solutions, and will be able to react in acid-base re-
actions. Apart from “adhesion-promoting” or wetting effects, these proton-releasing func-
tional groups may establish surface demineralization to a certain extent when applied to a
sufficient concentration. A ranking on etching aggressiveness could be sequenced to acid-
ity of these groups: sulfonic acid > phosphonic > phosphoric > carboxylic acid > alcohol
[22, 23].

10-MDP: 10-Methacryloyloxydecyl Dihydrogenphosphate

10-MDP is amonomer that was originally synthesized by Kuraray (Osaka, Japan) and hence
patented by them Figure 2. It is mainly used as an etching monomer, due to the dihydro-
genphosphate group, which can dissociate in water to form two protons [24]. Structurally,
the long carbonyl chain renders this monomer quite hydrophobic. As a sequence, ethanol
and acetone are most suitable for this monomer. Also, it is clear that 10-MDP will be rel-
atively hydrolysis stable, as water will be kept at a distance. Yoshida et al. [8] showed
that this monomer is capable of forming strong ionic bonds with calcium due to the low
dissolution rate of resulting Ca-salt in its own solution.
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FIGURE 2. Chemical structure of 10-MDP
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The quality of the resin/tooth interface can be evaluated by the measurement of bond
strength. This test can reveal the adhesion of the adhesive in clinical use. Bond strength
can be evaluated by loading a specimen in shear or in tension until fracture is propagated.
The specimen of conventional bond strength test has a large bonding area of about 7-12
mm?. This usually demonstrates cohesive failure in dentin [25, 26]. Therefore, the conven-
tional method does not supply the accurate results of the adhesive strength of the bonding
agent. Furthermore, utilization of large surface area can produce the non-uniform inter-
face area by containing air bubbles and phase separation, which could lead to unreliable
results [27]. As a result, a new method of bond strength test, so called microtensile test,
has been invented by Sano et al. [28]. This method produces higher bond strength than
original methods. The primary adhesive failure at bonding interfaces, which are less than
2 mm?, could be detected [28]. The benefits of this method are to obtain more adhesive
failures or fewer cohesive failures, to reveal higher interfacial bond strengths, to allow
measurement of local bond strengths, to calculate means and variances for single teeth, to
have ability to test bond strength of the irregular surfaces, to allow testing of very small
area, and to utilize SEM examination to observe the failure mode of testing specimens. The
disadvantages of this method are labor intensive or technically demanding and difficulty
to measure bond strengths less than 5 MPa. Additionally, special equipment is required
and samples are very small, which risk to rapidly dehydrate [29].

Class V cavities are composed of either enamel and dentin margins at occlusal and
gingival margins accordingly. Dentin and enamel are different bonding substrates. Dentin
has more organic materials and water than inorganic materials. Therefore, bond to dentin
is harder than bond to enamel [30]. This in vitro study evaluates the dentin microtensile
bond strength at the gingival margin of Class V cavities which will be bonded with various
10-MDP contained dental adhesives for the resin composite restorations.

Hypothesis

HO: There was no significant difference of microtensile bond strength among various 10-MDP

contained dental adhesives used for class V resin composite restoration.
H1: There was significant difference of microtensile bond strength among various 10-MDP
contained dental adhesives used for class V resin composite restoration.

Objective
To compare the dentin microtensile bond strength of class V cavities which will be bonded
by various 10-MDP contained dental adhesives for class V resin composite restoration.

MATERIALS AND METHODS

Materials

- Scotchbond™ Etchant gel, 3M ESPE, Minnesota, USA 1 syringe.

- Single Bond Universal, 3M ESPE, Minnesota, USA 1 bottle.

- Clearfil SE Bond, Kuraray medical, Tokyo, Japan 1 set.

- Clearfil tri-S Bond, Kuraray medical, Tokyo, Japan 1 bottle.

- Estelite Sigma Quick [A3.5], Tokuyama Dental, Tokyo, Japan 3 tubes.
- 0.1% Thymol solution 3. bottles

- Cyanoacrylate adhesive: Model Repair II blue, SANKIN, Tokyo, Japan 2 sets.
- Diamond disk, Intensive, Switzerland 10 pieces.

- Cylinder diamond bur [D8], Intensive, Switzerland 20 pieces.

- C16 diamond bur, Intensive, Switzerland 20 pieces.
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- Soflex Disk, 3M ESPE, Minnesota, USA 4 sets.

- Diamond Wafering Blade3”Dia.X0.015”, Isocut™, Buehler, Lake Bluff, Illinois, USA.

- Epoxy resin, Epon815, Nissin, Tokyo, Japan.

- Silicon carbide paper: 600, 800, 1,000, 1,200 grit, Struers, Ballerup, Denmark. 100 pieces.
- Diamond paste, Dp-paste, Struers, Ballerup, Denmark.0.25,1,3,6 um [5g].

- Self-curing acrylic, Instant Tray Mix, Lang Dental Manufacturing Co., Inc. Wheeling, Illi-
nois, USA.

- Gold Sputter Coater, SC-701AT Quick Coater, Elionix Ltd., Tokyo, Japan.

- Scanning electron microscope, Model JSM 5410 LV, JEOL Company, Tokyo, Japan.

- Universal testing machine, Instron Model 5566, Instron crop., Buckinghamshire, UK.

Methods

Tooth specimen preparation

Forty-five freshly extracted sound human premolars will be used in this study. The in-
clusion criteria are the teeth free from decay, cracks or restorations. After extraction, the
teeth will be cleaned with pumice and stored in 0.1% thymol solution at 4°C before use.
V-shape cavities will be prepared with water-cooled high-speed hand piece and cylindri-
cal diamond bur [D8] at cemento-enamel junction on buccal surface of the teeth. A bur
will be used only for preparation of 4 cavities and then replaced by a new bur. The size
of cavity will be 4.0 x 2.6 mm. The depth of cavity, determined with periodontal probe,
will be approximately 2.0 mm. The occlusal margin of cavity is located on enamel, and the
gingival margin is located on cementum. The prepared teeth will be further randomly as-
signed into three groups of fifteen teeth and each will be restored with different materials
and kept in normal saline solution until use.

Restorative procedures
Materials used in this study are demonstrated in Table 1. The prepared teeth of three
groups of fifteen teeth will be restored according to the following conditions Figure 3.

Group 1: All cavity surfaces will be etched with 35% phosphoric acid [Scotchbond™
Etchant gel] for 15 seconds, rinsed for 10 seconds, and blot dried with a paper point. Bond-
ing [Single Bond Universal] will be applied onto enamel and dentin. The bonded specimen
will be gently dried for 5 seconds and light-cured for 10 seconds with a halogen curing unit
[Elipar™ Trilight]. A resin composite [Estelite Sigma Quick, A3.5 shade] will be placed into
the cavity with a bulk technique and cured for 40 seconds. Then, finishing and polishing
with abrasive disks [Soflex Disk] in sequence will be performed immediately after poly-
merization.

Group 2: All cavity surfaces will be primed with Clearfil SE Bond [primer] for 20
seconds and gently dried for 5 seconds. Clearfil SE Bond [bonding] will be applied onto
enamel and dentin. The bonded specimen will be gently dried for 5 seconds and light-
cured for 10 seconds with a halogen curing unit [Elipar™ Trilight]. The resin composite
[Estelite Sigma Quick, A3.5 shade] will be placed into the cavity with a bulk technique and
cured for 40 seconds. Finishing and polishing will be performed as previously mentioned
in group 1.

Group 3: All cavity surfaces will be applied with Clearfil tri-S Bond for 20 seconds
onto enamel and dentin, dried with gentle air blow for 5 seconds, and light-cured for 10
seconds with a halogen curing unit [Elipar™ Trilight]. The resin composite [Estelite Sigma
Quick, A3.5 shade] will be placed into the cavity with a bulk technique and cured for 40
seconds. Finishing and polishing will be performed previously mentioned in groups 1, 2.
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Material Type Manufacturer Composition
Single Bond One-bottle, 3M ESPE, MDP, Dimethacrylate resins,
Universal Adhesive  universal Seefeld, HEMA, Vitrebond™ copolymer,
(Group 1) adhesive Germany filler, ethanol, water,
silane, initiator

Scotchbond™ Etching gel 3M ESPE, 35% Phosphoric
Etchant (Group 1) Seefeld, acid

Germany
Clearfil SE Two-steps, Kuraray Medical, Primer: MDP, HEMA,

Bond (Group 2)

Clearfil Tri-S
Bond (Group 3)

One-step,

Esthelite sigma
quick (Group 1, 2, 3)

self-etch adhesive

self-etch adhesive

Nano-hybrid
resin composite

Tokyo, Japan

Kuraray Medical,
Tokyo, Japan

Tokuyama Dental,

Japan

hydrophilic dimethacrylate, photo-
initiator, water Bond:

MDP, HEMA, Bis-GMA, hydrophobic
dimethacrylate, photo-initiator,
silanated colloidal silica

MDP, HEMA, initiator,

ethanol, water, stabilizer,

filler, hydrophobic dimethacrylate
Bis-GMA,UDMA, hydrophobic
dimethacrylate, photo-initiator,
silanated colloidal silica

FIGURE 3. Flowchart of the specimen preparation

After complete restore, each group of fifteen teeth will be divided into two subgroups
of thirteen teeth and two teeth; first subgroup of thirteen teeth will be subjected to mi-

crotensile bond strength test, and second subgroup of two teeth will be subjected to mi-

cromorphology evaluation.

Evaluation of microtensile bond strength
The specimens for microtensile test will be sectioned bucco-lingually into 2 slabs of 0.7

mm. thick using low-speed diamond saw. The slabs of specimens will be trimmed at gin-

gival wall into dumbbell shape by a super-fine point bur [C16] under water coolant. The

cross-sectioned area at resin-dentin interface will be approximately 1.0 mm?. The
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trimmed specimens will be attached to a testing apparatus [Bencor-T Multi testing ap-
paratus] with a cyanoacrylate adhesive [Model Repair 1I Blue] on a universal testing ma-
chine [Instron Model 5566]. The tensile forces will be applied at a cross-head speed of 1
mm/min. The fracture strength will be calculated from maximal force with the attached
computer and converted into MPa.

Evaluation of mode of fracture

After microtensile bond strength evaluation, the couple of the specimens will be observed
for failure mode under a scanning electron microscope [JSM5410LV] at 1,500 and 3,500
magnifications.

Evaluation of micromorphology of resin-dentine interfaces

The two teeth selected from each group will be sectioned bucco-lingually with a low-speed
saw with diamond wafering blade and kept in 10% buffer formalin for 24 hours. Speci-
mens will be then rinsed with distilled water and embedded in epoxy resin in PVC ring.
After 24 hours, the embedded section will be polished with wet silicon carbide paper of
decreasing abrasiveness [600, 800, 1000, 1200 grit] and diamond paste down to 0.25 um
grain. The polished specimens will be immersed in 40% phosphoric acid for 30 seconds,
rinsed under distilled water for 20 seconds, and will be dried by air blow. The dried spec-
imens will be sputter-coated and observed resin-dentine interface under a scanning elec-
tron microscope [J[SM5410LV] at 1,500 and 3,500 magnifications.

Statistical analysis
- One-way ANOVA.
- Duncan multiple comparison.

RESULTS

Evaluation of Microtensile Bond Strength

The mean microtensile bond strength values and mode of fractured are presented in Ta-
ble 2. The ANOVA test at the 0.05 significance level demonstrated a difference between the
groups tested (df = 2, F = 4.186, p < 0.05) that was further compared with the Tukey HSD
test to show significant differences between SBU and CTS (p = 0.019). There was no signif-
icant difference between SBU and CSE (p = 0.617), and between CSE and CTS (p = 0.153).
The highest mean microtensile bond strength value (10.7664+4.2676 MPa) was found in
group bonded with Single Bond Universal and significantly higher than in the Clearfil Tri-s
Bond group (6.4257+4.1786 MPa). The mean microtensile bond strength value of Clearfil
SE Bond group (9.3257+3.6572 MPa) was higher but not significantly different from the
value of Clearfil Tri-S Bond group. Same letters connect groups that are not statistically
and significantly different (p < 0.05).

TABLE 2. Mean microtensile bond strength values
(MPa) of 10-MDP contained dental

adhesives
Adhesive System Mean + SD
Single bond universal 10.7664+4.2676%
Clearfil SE bond 9.3257+3.6572%°

Clearfil Tri-S bond 6.4257+4.1786°
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Evaluation of Mode of Fracture
The failure modes of three adhesive systems are presented in Table 3, the adhesive frac-

tures accounted for 75.33% of the total number of fractures, and no cohesive failures were
found in dentin.

TABLE 3. Percentage of
failure mode
(Aadhesive,
M-mixed) of
10-MDP conta-
ined dental

adhesives
Failure Mode
A% M%
62 38
71 29
93 7

Evaluation of Micromorphology of Resin-Dentine Interfaces
The SEM photomicrographs of each experimental group are shown in Figure 4. All systems
were able to penetrate the demineralized dentin that created hybrid layer and resin tags.
SBU demonstrates the longest resin tags, followed by the length of CSE and CTS, respec-
tively.

Scanning electron micrographs illustrating interfacial morphology of three 10-MDP

contained dental adhesives. Hybrid layer is represented by H and resin tag is represented
by T.

FIGURE 4. Scanning electron micrographs

DISCUSSION

The method utilized for bond strength testing was the microtensile bond strength test that
was reported to be suitable for the evaluation of interfacial bond strengths on areas below
1 mm? [31]. However, the trimming technique might have adopted the number of prema-
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ture failures during specimen preparation [32] that caused the microtensile bond strength
values in this study to be lower than some previous studies [25, 26, 27, 28, 29, 30].

SBU, CSE, and CTS are all 10-MDP-based adhesives that showed the low pH values and
also enabled simultaneous demineralization and monomer infiltration. Moreover, 10-MDP
is a recognized monomer able to chemically interact with tooth minerals [33], improving
the long-term stability of the adhesion formed. Espacially for SBU, it is also comprised of a

polyalkenoic acid copolymer (Vitrebond™

copolymer), which, according to the manufac-
turer, provides satisfactory bonding to dentin under moist or dry conditions [33]. Thease
reasons might cause the mean microtensile bond strength value of SBU to be the hightest
and significantly higher than in CTS group.

The lowest mean microtensile bond strength value was found in group bonded with
CTS that might be explained by the ‘all-in-one’ or ‘simplified’ characteristic of this kind of
adhesive. Lower bond strengths of simplified adhesives are usually explained as a conse-
quence of increased hydrophilicity due to joining primer and adhesive in one bottle [34].
The increased concentration of hydrophilic resin monomers in simplified all-in-one ad-
hesives may cause the remnants of water that remained or trapped in the adhesive layer.
Studies have shown that water may exist in the adhesive layer as free, within the collagen
matrix, or bound, if it forms hydrogen bonds with hydrophilic resin monomers [35, 36].
In areas where water remains, polymerization may be incomplete. Also, these areas rep-
resent porous regions which may facilitate hydrolytic degradation of adhesive interface.
Therefore, it is very important that water and solvents are completely removed, following
the adhesive application. In order to accomplish this goal, manufacturers recommend air
drying of various durations and intensities. Yiu et al. have investigated the percentage of
water and solvent that remains in the adhesive after drying, simulating clinical conditions
[37]. It was reported that the percentage of remaining solvent increases with the increas-
ing hydrophilicity of the adhesive.

More studies about the correlation between microtensile bond strength and the length
of resin tag are necessary to conclude this relationship. In this study, SEM photomicro-
graphs of SBU demonstrate the longest lehgth of resin tags, followed by the length of CSE
and CTS, respectively that correlate with mean microtensile bond strength value of each
group. Meanwhile, the study conducted by Garcia de Oliveira et al. [39] concludes that the
bond strength of dental adhesive to dentin is not dependent on the hybrid layer thickness
and length of resin tags.

CONCLUSION

Considering the limitations of this in vitro study, some 2-step total etching dental adhesive
which has 10-MDP as a functional monomer may be capable of producing higher microten-
sile bond strengths than 1-step self-etch dental adhesive which has 10-MDP as a functional

monomer.
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