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ABSTRACT

Background: The aim of this study was to compare the shear bond strength of four one-step 
self-etch adhesives with different pH values to enamel and dentin.
Materials and Methods: In this in vitro study, 200 bovine permanent mandibular incisors were 
used. Four one-step self-etch adhesives with different pH values were tested both on enamel and 
on dentin: Adper™ Easy Bond Self-Etch Adhesive (pH = 0.8-1), Futurabond NR (pH=2), G-aenial 
Bond (pH = 1.5), Clearfi l S3 Bond (pH = 2.7). After adhesive systems application, a nanohybrid 
composite resin was inserted into the bonded surface. The specimens were placed in a universal 
testing machine. The shear bond strength was performed at a cross-head speed of 1 mm/min until 
the sample rupture. The shear bond strength values (MPa) of the different groups were compared 
with analysis of variance after that Kolmogorov and Smirnov tests were applied to assess normality 
of distributions. P < 0.05 was considered as signifi cant.
Results: In enamel shear bond strength, the highest shear bond strength values were reported 
with Futurabond NR (P < 0.01); however, no signifi cant differences were found with Clearfi l S3 Bond. 
The others adhesive systems showed lower shear bond strength values with signifi cant differences 
between them (P < 0.05). When comparing the dentin shear bond strength, the lowest shear bond 
strength values were reported with Clearfi l S3 Bond (P < 0.05), while there were no signifi cant 
differences among the other three products (P > 0.05).
Conclusion: The pH values of adhesive systems did not infl uence signifi cantly their shear bond 
strength to enamel or dentin.
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infi ltration of adhesive resin into the porous zone 
results in the formation of resin tags, establishing 
micromechanical retention to etched enamel and 
dentin. In the self-etch approach demineralization 
and infi ltration occur simultaneously,[2] although with 
no perfect synchronism.[3] These simplifi ed systems 
are suggested to reduce technique sensitivity and 
shorten clinical procedures. Depending on the number 
of procedures required for bonding, the self-etch 
adhesives can be subdivided into two-step systems 
(that require a separate bonding step) or one-step 
systems (that combine all bonding procedures in a 
single application).[4] The self-etch adhesives are also 
classifi ed into three categories based upon their initial 
pH-value: Mild (pH of 2.5 or more), moderate (pH of 
approximately 1) and strong (pH < 1), depending on 
their composition and concentration of polymerizable 
acids and/or acid resin monomers.[5] Their interaction 

Received: August 2013
Accepted: May 2014

Address for correspondence: 
Dr. Claudio Poggio,
Department of Operative 
Dentistry, Piazzale Golgi 3, 
Pavia 27100, Italy.
E-mail: claudio.poggio@
unipv.it

INTRODUCTION

The contemporary adhesive systems can be classifi ed 
into etch-and-rinse and self-etch adhesives on the 
basis of the adhesive strategy with enamel and 
dentin substrates.[1] The etch-and-rinse approach 
with phosphoric acid has become a standard 
procedure for the surface conditioning of enamel 
and dentin prior to adhesive resin application: The 
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with enamel is characterized as nanoretentive 
interlocking with the dissolution of peripheral and 
central parts of the crystallites and an additional 
inter- and intra-crystallite monomer infi ltration. In 
literature, some authors[6] controversially discussed 
the bond strength of adhesive systems with different 
pH values to enamel and dentin. A morphological 
study conducted by Moura et al.[6] demonstrated that 
the application of a self-etch primer did not create a 
deep enamel etching pattern, unlike the application of 
phosphoric acid. The performance of self-etch systems 
in enamel and dentin are controversial because 
several factors such as the type of the acid, the acid 
concentration, the duration of etching, the method of 
application and the bond strength test vary among 
studies. Due to this fact, while some authors[7,8] have 
reported superior performance of more acidic systems 
in particular conditions, others authors[9] have shown 
that only mild self-etch systems can provide bond 
strength values as high as those of etch-and-rinse 
adhesives.

Therefore, the aim of this study was to compare 
the shear bond strength of four one-step self-etch 
adhesives with different pH values to enamel and 
dentin. The null hypothesis to be tested was that there 
was no difference in bond strengths among one-step 
self-etch adhesives with different pH values when 
bonding to dentin and to enamel.

MATERIALS AND METHODS

In this in vitro study, two hundred bovine permanent 
mandibular incisors freshly extracted and stored in a 
solution of 0.1% (weight/volume) thymol were used 
as a substitute for human teeth.[10,11] The criteria for 
tooth selection included intact buccal enamel with no 
crack caused by extraction. The teeth were cleansed 
of soft tissue and embedded in self-curing, fast-setting 
acrylic resin (Rapid Repair, DeguDent GmbH, Hanau, 
Germany). Specially fabricated cubical Tefl on mould 
(SSD- Rubber) were fi lled with the acrylic resin and 
allowed to cure, thus encasing each specimen while 
allowing the buccal surface of enamel to be exposed. 
Each tooth was oriented so that its labial surface was 
parallel to the shearing force.

Preparation of specimens (enamel)
Half of the incisors collected were used to investigate 
the pH infl uence when the adhesion was conducted 
on enamel surface. The buccal enamel surface of 
specimens was fl attened with aluminum oxide discs 

of sequentially decreasing granulation (400, 600, 1200 
grit) with copious water coolant to obtain fl at enamel 
surfaces.[12] This process standardizes the orientation 
of enamel prisms, removes the outer hypermineralized 
and acid-resistant enamel and it is also consistent 
with clinical practice when the outer 0.5 mm of 
labial enamel is removed during preparation for 
veneering.[13]

Preparation of specimens (dentin)
The remaining half of the incisors collected were used 
to investigate the pH infl uence when the adhesion 
was conducted on dentinal surface. The teeth were 
sectioned parallel to the occlusal surface to expose 
midcoronal dentin. The exposed dentin surfaces 
were polished using an automated machine (APL-4; 
Arotec S.A. Ind Com, Cotia, SP, Brazil) with 600-grit 
abrasive silicon carbide paper (SiC) disks under water 
irrigation to obtain a fl at and uniform dentin surface.

Materials tested
The materials tested in this study included four one-
step self-etch adhesives with different pH values: 
Adper™ Easy Bond Self-Etch Adhesive (pH = 0.8-1), 
Futurabond NR (pH = 2), G-aenial Bond (pH = 1.5), 
Clearfi l S3 Bond (pH = 2.7). The specifi cations of all 
adhesive systems are listed in Table 1.

Application of adhesive systems (enamel)
The teeth were randomly assigned to four groups of 
25 teeth in each and treated as follow:
• Group 1e: Adper™ Easy Bond Self-Etch 

Adhesive (pH = 0.8-1),
• Group 2e: Futurabond NR (pH = 2),
• Group 3e: G-aenial Bond (pH = 1.5),
• Group 4e: Clearfi l S3 Bond (pH = 2.7).

The adhesive systems were applied to the demarcated 
bonding area following the manufacturer’s 
instructions. Before application of the adhesive 
systems, the labial surface of each incisor was cleaned 
for 10 s with a mixture of water and fl uoride-free 
pumice in a rubber-polishing cup with a low-speed 
handpiece. The enamel surface was rinsed with water 
to remove pumice or debris and then dried with an 
oil-free air stream.

All adhesive systems were applied to the demarcated 
bonding area and then cured using a light emitting 
diode (LED) curing light in one light polymerization 
mode (Celalux 2 High-Power LED curing-light, 
Voco GmbH, Cuxhaven, Germany) for 20 s at a light 
intensity of 1000 mW/cm2.
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Application of adhesive systems (dentin)
The teeth were randomly assigned to four groups of 
25 teeth in each and treated as follow:
• Group 1d: Adper™ Easy Bond Self-Etch 

Adhesive (pH = 0.8-1),
• Group 2d: Futurabond NR (pH = 2),
• Group 3d: G-aenial Bond (pH = 1.5),
• Group 4d: Clearfi l S3 Bond (pH = 2.7).

The adhesive systems were applied to the demarcated 
bonding area following each manufacturer’s 
instructions. Manufacturers do not specify if the 
substrate of adhesion should be wet or dry. Due 
to this fact, in this study, the substrate was gently 
dried with a cotton pellet in order to avoid dentin 
dehydration. All adhesives were cured using a 
LED curing light in one light polymerization mode 
(Celalux 2 High-Power LED curing-light, Voco 
GmbH, Cuxhaven, Germany) for 20 s at a light 
intensity of 1000 mW/cm2.

Application of composite resin
After adhesive systems application, a nanohybrid 
composite resin (Grandio, Voco GmbH, Cuxhaven, 
Germany) was carefully inserted into the enamel 
or dentin surface by packing the material into 
cylindrical-shaped plastic matrices with an internal 
diameter of 2 mm and a height of 2 mm. Excess 
composite was carefully removed from the periphery 
of the matrix with an explorer. The composite 
was cured with a LED curing light in one light 
polymerization mode (Celalux 2 High-Power LED 
curing-light, Voco GmbH, Cuxhaven, Germany) for 
20 s at a light intensity of 1000 mW/cm2 according to 
manufacturer’s instructions. The composite buildups 

were created. Following polymerization, specimens 
were stored in distilled water for 24 h at 37°C.

Shear bond strength testing
After storing, all specimens were placed in a universal 
testing machine (Instron Single Column Testing 
Systems for Low-Force Testing-Model 3343, Instron 
Corporation, Norwood, MA, USA). Specimens were 
secured in the lower jaw of the machine so that the 
bonded cylinder base was parallel to the shear force 
direction. The bond strength was performed at a cross-
head speed of 1 mm/min for both enamel specimens 
and dentinal specimens until the sample rupture. The 
maximum load necessary to debond was recorded in 
Newton (N) and calculated in MPa as a ratio of Newton 
to surface area of the cylinder.[14,15] After the testing 
procedure, the fractured surfaces were examined with 
an optical microscope (Stereomicroscope SR, Zeiss, 
Oberkochen, Germany) at a magnifi cation of ×10 to 
determine failure modes and classifi ed as adhesive 
failures, cohesive failures within the composite, or 
cohesive failures within the tooth.

Statistical analysis
Statistical analysis was performed with Stata 
9.0 software (Stata, College Station, TX, USA). 
Descriptive statistics, including the mean, standard 
deviation, median, and minimum and maximum 
values were calculated for all groups. Kolmogorov 
and Smirnov test was applied to assess normality of 
distributions. An analysis of variance was applied to 
determine whether signifi cant differences in debond 
values existed among the groups. The Tukey test 
was used as post-hoc. P < 0.05 was considered as 
signifi cant.

Table 1: Adhesive systems tested

Adhesive Manufacturer Batch number Composition pH Application protocol
Adper™ Easy 
Bond SE 
Adhesive

3M ESPE, St. 
Paul, MN, USA

391517 HEMA, bis-GMA, methacrylated phosphoric 
ester, 1,6-hexanediol dimethacrilate, 
methacrylate functionalized polyalkenoic, 
Finelt dispersed bonded silica fi ller, ethanol, 
water, initiators based on CQ, stabilizers

0.8-1 Apply for 20 s
Dry with an air jet for 5 s
Light-cure for 10 s

Futurabond NR VOCO, Cuxhaven, 
Germany

Liquid A: 045191
Liquid B: 045193

Liquid A: Methacryloyloxalkyl acid 
phosphate
Liquid B: Bis-GMA, hroxylmethacrilate, BT, 
ethanol, organic acids, fl uorides

2 Mixing liquid A and liquid 
B for 5 s
Apply for 20 s
Dry with an air jet for 5 s
Light-cure for 10 s

G-aenial Bond GC Corporation, 
Tokyo, Japan

1007061 Acetone, distilled water, dimethacrylate, 
4-MET, phosphoric acid ester monomer, 
silicon dioxide, photo-iniziator

1.5 Apply and leave for 10 s
Dry with an air jet for 5 s
Light-cure for 10 s

Clearfi l S3 Bond Kuraray, 
Medical, Sakazu, 
Okayama, Japan

0155AA Bond: 10-MDP, bis-GMA, HEMA, CQ, 
ethanol, water, colloidal silica

2.7 Apply for 20 s
Dry with an air jet for 5 s
Light-cure for 10 s

UDMA: Urethanedimethacrylate; 4-MET: 4-methacryloxyethyl trimelliticacid; HEMA: 2-hydroxyethyl methacrylate; bis-GMA: bis-phenol A diglydidymethacrylate; 
CQ: Camphoroquinone; 10-MDP: Methacryl ol oxide cyl dihydrogen phosphate.
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RESULTS

The shear bond strength values (MPa) of the different 
groups were initially analyzed with descriptive 
statistics and illustrated in Tables 2 and 3. In the 
evaluation of the adhesive systems on enamel 
surface, the highest shear bond strength values were 
reported with Futurabond NR (P < 0.01); however, 
no signifi cant differences were found with Clearfi l 
S3 Bond (P > 0.05). The others adhesive systems 
showed lower shear bond strength values with 
signifi cant differences between them (P < 0.05). 
When comparing the adhesive systems values on 
dentin surface, the lowest shear bond strength values 
were reported with Clearfi l S3 Bond (P < 0.05), while 
there were no signifi cant differences among the other 
three products (P > 0.05).

DISCUSSION

Although it is preferable to use extracted human teeth 
for bonding research,[16,17] it has become increasingly 
diffi cult to obtain such samples for laboratory studies 
in Italy. In order to compare data from the current 
study with that reported in previous bovine enamel 
and dentin bond strength tests,[18] bovine teeth were 
used as a substitute for human teeth in the current 
study. Bovine teeth have some advantages, as they 
are easy to obtain in large quantities, are in good 
condition and have less composition variables than 
human enamel and dentin.[19] Bovine teeth also have 
large, fl at surfaces and are unlikely to have undergone 
prior caries challenges that could affect the test 
results. The mineral distribution within the carious 

lesions in bovine teeth is reportedly similar to that 
found in human teeth, and the structural changes that 
occur in human and bovine teeth are also similar.[20]

As reported in previous studies,[6] it is clear from 
micro-morphological fi ndings that the use of a 
stronger acid resulted in a considerable dissolution 
and a more defi ned etching pattern; however, this 
fact did not translate into higher bond strengths, 
as confi rmed in this study. In fact, Adper™ Easy 
Bond Self-Etch Adhesive (pH = 0.8-1) provides 
lower bond strength values, when tested on enamel 
surfaces, when compared under shear bond strength 
approach. The reason of these results is amenable to 
other factors, apart from the etching pattern, such 
as the viscosity of the adhesive, the surface tension 
of the adhesive itself, the chemical interaction 
of acidic monomers with enamel and the water 
concentration.[21-23] In particular, as reported in other 
studies and reviews,[24,25] the methacrylates monomers 
show low hydrolytic stability in acidic solutions 
because of the ester portion of the molecule, which 
could be hydrolyzed in aqueous solutions when pH 
values are below 1. Adper™ Easy Bond Self-Etch 
Adhesive contains different functional monomers, 
such as 2-hydroxyethyl methacrylate (HEMA) and 
bis-phenol A glycidyl-methacrylate, dissolved in 
water and ethanol to result in a pH of around 0.9. 
This composition provides an optimal ability to 
infi litrate demineralized dentin, which justify the 
high bond strength values of this adhesive system 
when tested on dentin. Futurabond NR, which is 
classifi ed as a moderate acidic adhesive system 
(pH = 2), maintains an acceptable hydrolytic 

Table 2: Descriptive statistics (in MPa) of shear bond strengths values when bonding to enamel of the four 
groups tested

Group Adhesive Mean SD Minimum Median Maximum Tukey*
1e Adper™ Easy Bond SE 13.37 5.27 10.27 12.80 21.17 A
2e Futurabond NR 18.05 2.10 11.58 17.70 27.55 B
3e G-aenial Bond 16.57 1.08 13.32 17.81 18.41 C
4e Clearfi l S3 Bond 17.60 1.52 15.19 16.90 23.73 B

*Tukey subgrouping: Means with the same letters are not signifi cantly different; SD: Standard deviation.

Table 3: Descriptive statistics (in MPa) of shear bond strengths values when bonding to dentin of the four 
groups tested

Group Adhesive Mean SD Minimum Median Maximum Tukey*
1d Adper™ Easy Bond SE 16.55 2.74 11.98 15.47 24.28 A
2d Futurabond NR 16.13 3.03 11.35 13.71 25.39 A
3d G-aenial Bond 15.96 1.79 11.90 15.29 19.10 A
4d Clearfi l S3 Bond 11.55 1.90 7.77 10.62 16.59 B

*Tukey subgrouping: Means with the same letters are not signifi cantly different; SD: Standard deviation.
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stability in acidic solutions despite of the ester 
portion of the molecule. This fact helps to create a 
balance between the advantages and disadvantages 
of the infl uence of pH values, allowing the adhesive 
system to provide high shear bond strength values 
on enamel surfaces. The optimal shear bond strength 
values obtained with G-aenial Bond both in enamel 
surfaces and in dentin surfaces are due to the 
composition of the adhesive and to the methodology 
of use provided. On enamel surfaces, the low pH 
value allows the dissolution of peripheral and central 
parts of the crystallites and an additional inter- and 
intra-crystallite monomer infi ltration. The adhesion 
involves the removal of calcium phosphates and the 
creation of micro-porosities followed by infi ltration 
and polymerization of resin. On dentin surfaces, the 
high shear bond strength provided by the adhesive 
system is due to the composition of the solution, 
which is based on 4-methacryloxyethyl trimellitic 
acid (4-META). In fact, the carboxylic group of 
4-META renders G-aenial Bond more hydrophilic 
than the other adhesive systems and more suitable 
for dentinal surfaces, which are rich in water. 
However, for the right application of the adhesive, a 
strong air blowing of the primed surface is requested 
to accelerate the evaporation of the solvent and of 
the resultant water droplets formed due to phase 
separation. The different adhesion strength in enamel 
and in dentin provided by the Clearfi l S3 Bond is due 
to the monomer and solvent contained in the bonding 
agent. The presence of 10-methacry lol oxy decyl 
dihydrogen phosphate provides intense and stable 
molecular adhesion to the enamel hydroxyapatite-
based structure, which justifi es high values in shear 
bond strength when tested on enamel surfaces. 
However, when the adhesive system is tested on 
dentinal surfaces, the shear bond values signifi cantly 
decreased. The presence of HEMA, a monomer 
with high water dispersion capacity, could allow, in 
association with alcohol (in particular ethanol), high 
bond strength values to dentin, but the association 
with water, used in Clearfi l S3 system as solvent 
together with ethanol, may interfere and provide 
an incomplete polymerization. Different from 
thermocycling, which it is demonstrated that should 
not infl uence signifi cantly the shear bond strength 
as reported in previous studies,[26] the formation of 
a porous hydrogel which allows water to permeate 
through the adhesive layer, compromising the 
adhesion, should be investigated with scanning 
electron microscopy and microleakage studies.

CONCLUSION

Based on the fi ndings of this research, the null 
hypothesis was supported. The pH values did not 
infl uence signifi cantly the shear bond strength of 
the tested adhesive systems. Enamel was the dental 
substrate that showed larger adhesive strength and 
the Futurabond NR (pH = 2) system showed the 
best performance. On dentinal surfaces the Adper™ 
Easy Bond SE (pH = 0.8-1) system showed the best 
performance.
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