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A b s t r ac t
Aim: To compare and assess the shear bond strength of 4th, 5th, 6th, and 7th generation dentin bonding agents in class V cavities.
Materials and methods: Freshly extracted 120 premolars were randomly divided into four different groups, that is, 4th generation
(3M Multipurpose Scotchbond adhesive: Group 4G), 5th generation (Prime and Bond: Group 5G), 6th generation (Clearfil SE: Group 6G), and 7th
generation (Tetric-N-Bond: Group 7G) dentin bonding agents. Class V cavities were prepared in all samples and dentin bonding agents were
applied as per the manufacturer’s instructions after placing a 26-gauge orthodontic wire at base of the cavity and cavities were then restored
with composite resin. The cavities were then stored in distilled water for a period of 24 hours and the shear bond strength was evaluated after
24 hours using the Universal Instron strength testing machine. Statistical analysis was done using one-way analysis of variance (ANOVA) and
post hoc Tukey’s test to compare the bond strength among four groups.
Results: Group 6G showed highest mean shear bond strength while the group 5G showed the lowest (p < 0.05). Scanning electron microscopic
(SEM) results showed gap-free resin dentin interface and hybrid layer in group 6G while maximum gap was seen at the resin-dentin interface
in group 5G.
Conclusion: Based on the data revealed, it appears that contemporary self-etching dentin bonding agent (6th generation) represented the
highest bond strength and has a significant difference than other groups.
Clinical significance: Based on results of this study, we can select the bonding agent of high bond strength so as to improve the success of
the restoration.
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Introduction

1–3

There has been tremendous improvement in dental adhesive
bonding materials and technologies over the years for
simplification of adhesive dentistry. The most common problems
of the traditional dentin adhesives are their limited durability,
when used in vivo.1 Adhesive restoration tends to fail mainly due
to poor marginal adaptation and loss of retention.2 Subsequently,
a feasible method to increase the longevity and efficacy of dental
adhesives is to improve the bonding between the restorative
resin and the dental hard tissues, especially dentin. Most current
adhesive systems have an acceptable immediate effective
bonding regardless of any modern adhesive used but still the
bond interface is pursued to be one of the greatest challenges
when placing an adhesive restoration. 3 The main factors
considered to destabilize the adhesive-tooth bond are water
sorption, moisture, stresses of masticatory forces, variations in
pH and temperature, chewing and eating habits.4
A revolutionary advancement in dentin bonding agents has
been the use of acidic adhesives which enable simultaneous
application of acid, primer, and bonding agent together in the sixth
and seventh generation bonding systems.5 Apart from the easy
steps, the mechanism of action of 6th and 7th generation bonding
agents is surface demineralization of dentin and simultaneous
penetration of monomers into the resultant porosities.6
Different types of bond strengths have been studied by
the researchers like shear bond strength, tensile bond strength,
micro-shear, and micro-tensile bond strength.7 Out of all the
bond strength tests, shear bond strength is the most considerate

way to determine the performance of dental adhesives. 8
The rationalization of this procedure is that, stronger the adhesion
between the tooth and the restorative material, the better it will
resist stresses generated by resin polymerization and oral functions
that will further result in a better clinical efficacy. The weakest part
should be fractured during the test. In this context, the assessment
of mechanical strengths between the interface components is
considered to correlate with the bond strength.9
Currently, several dentin bonding agents are available in
the market, but little is known about their ability to adhere to
dental hard tissues. Since bond strength testing is used to screen,
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Comparison of Different Generations of Dentin Bonding Agents
understand, and predict the clinical behavior of adhesives, this
in vitro study was performed to assess and compare the shear bond
strength of 4th, 5th, 6th, and 7th generation dentin bonding agents
in class V cavities.

M at e r ia l s

and

Methods

This in vitro study was conducted after approval from the Committee
of Institutional Review Board (BDC/BUDH/SF 24,617). A total of
120 maxillary and mandibular premolars which were extracted for
orthodontic purpose showing no decay or fractures were included
in study. Teeth were thoroughly cleaned and mounted in a block
of auto polymerizing acrylic resin for testing. The teeth were
randomly divided into four different groups of 30 samples each (n
= 30). Four kinds of bonding agents, that is, the 4th generation of
Total-Etch (Adper Multipurpose Scotchbond: 3M, St. Paul, MN, USA),
the 5th generation of Total-Etch (Prime and Bond NT: dentsply De
Trey, Konstanz, Germany), the 6th generation of Self-Etch (Clearfil
SE: kuraray Co., Osaka, Japan) and the 7th generation of Self-Etch
(Tetric-N-Bond: Ivoclar Vivadent, Schaan, Liechtenstein) were used
in groups 4G, 5G, 6G, and 7G, respectively.
A class V cavity with a depth of 2 mm and width of 3 mm was
prepared with a high speed air-rotor and water-cooled straight
fissure diamond bur (SF-41: MANI Inc. Tochigi Japan) under constant
water coolant. A 26-gauge orthodontic wire was placed at the axial
surface of the cavity and the end of the wire apart from the tooth
was shaped in the form of a hook (Fig. 1).
After the application of bonding agents according to the
manufacturer’s instructions, the composite (Tetric N Ceram: Ivoclar
Vivadent) was placed in two increments with the Optrasculpt
(Ivoclar Vivadent), and each increment was light-cured by using
Acteon Mini LED (Satelec Acteon Group, Mérignac-cedex, France)
for a time period of 10 seconds in all the groups.
The restored samples were then immersed in distilled water for
a period of 24 hours at 23°C room temperature prior to shear bond
testing to achieve full hydration of the teeth.
A shear bond strength test was then carried out using Universal
Strength Testing Machine to assess the shear bond strength of
dentin bonding agents at a cross-head speed of 0.5 mm/min. Each
specimen was loaded until failure and the force required to debond
the specimen was recorded. Debonding stress in megapascal was

then calculated by the ratio of maximum load in Newton to the
surface area of prepared resin cylinder (MPa = N/mm2 ).
The observations were tabulated and statistically analyzed
by using one-way ANOVA and post hoc Tukey’s test with the
significance level established at 95% (p < 0.05).
After the preparation of class V cavities, the teeth were bonded
and restored in a similar manner. Then teeth were sectioned
perpendicular to the bonded interface (buccolingually). Samples
were immersed in 2.5% sodium hypochlorite for 10 minutes to
remove collagen fibers and other organic parts of dentine. SEM,
(Model JSM IT 500) images of occlusal halves of the buccolingual
sections of teeth were taken to evaluate the bonding interface
under 1.5K × magnification. A total of four investigators participated
in the present study, the numerical variables were described with
a mean and standard deviation.

R e s u lts
The mean and standard deviation of the shear bond strength of
group 4G, 5G, 6G, and 7G were 27.26 ± 3.26, 17.24 ± 2.99, 30.99 ±
2.54, and 25.97 ± 3.10, respectively (Table 1). On comparison for
all the groups, group 6G (6th generation dentin bonding agent)
showed highest mean shear bond strength (30.99 ± 2.54) and group
5G (5th generation dentin bonding agent) showed lowest mean
shear bond strength [17.24 ± 2.99 (p < 0.05)].
Scanning electron micrographs of the resin-dentin interface
of all the tested generations are shown in Figure 2. In the SEM
evaluation, uniform adhesive hybrid layer formation and a good
adaptation of the resin-dentin interface were observed in the 6th
generation while relatively larger gaps were observed at the resin
dentin interface of the 5th generation dentin bonding agent.

Discussion
Adhesive dentistry is rapidly growing and over the years advanced
from mechanically retained restorations to adhesive restorations
for the purpose of tooth material conservation.10
Problems like microleakage, recurrent caries and pulpal
irritations can be effectively dealt by achieving a good marginal
adaptation.11 Considerable efforts have been directed toward
achieving a predictable long term bonding of composite restorative
resin to dentin, because integrity of bond between the resin

Figs 1A to C: (A) Specimen preparation showing class V cavity dimensions. Extracted tooth embedded in resin block; (B) Method to load the
specimen to measure the shear bond strength. Wire logged and engaged in the hook of testing machine; (C) Instron Universal testing machine
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Table 1: Shear bond strength (MPa: mean values ± standard deviation)
for each group
Bonding agent generation
4th
5th
6th

Group
Group 4G
Group 5G
Group 6G

Shear bond strength
27.26 ± 3.26b
17.24 ± 2.99a
30.99 ± 2.54c

7th

Group 7G

25.97 ± 3.10b

a, b,c, d

:The different small letter superscripts indicate a significant difference
between groups (p < 0.05)

Figs 2A to D: Scanning electron microscopic images (1.5K ×
magnification) of four generations of dentin bonding agents showing
resin-dentin interface A: 4th generation; B: 5th generation; C: 6th
generation; D: 7th generation. Dentin (De), Hybrid layer (HBL) and
Composite (Co)

adhesive and dentin is essential for improving the success of
composite resin restorations.
Most of the studies have been carried out to evaluate tensile
strength, whereas shear stress is considered more reliable for clinical
success of the restorations. Therefore, in this study, the shear bond
strength measurement has been conducted rather than a tensile
bond strength test.12
Recent advances have focused on enhancing the bonding
quality and shortening the chair side time. Dentin bonding is
influenced by various factors such as, type and age, degree of
mineralization of dentin, C-factor, bond strength test used (shear
or tensile), storage media, environmental relative humidity in
substrates, testing procedures, technique sensitivity, handling of
these systems, and composite resin material.13
In this study, to minimize the possible errors all the samples
were restored with the same brand of composite restorative resin
while the four dentin bonding agents were used. As per the results
obtained, it was estimated that group 6G (Clearfil SE) showed highest
shear bond strength in comparison to all other groups followed by
group 4G (Multipurpose Scotchbond) and group 7G (Tetric-N-Bond),
whereas group 5G (Prime and Bond NT) showed lowest. A study
done by De Munck et al.1 stated that 4th generation bonding agents
are still the gold standard in longevity where as one-step all-in-one
adhesives result in loss of bonding quality and durability with time.
They also said that two-step self-etch adhesives approach is close
to gold standard and offers many advantages because of finding
that dentin collagen fibrils contain inactive preforms of proteolytic

enzymes called matrix metalloproteinases (MMPs). Moreover,
upon full mineralization MMPs become totally inactive. Out of all,
the one-step all-in-one adhesives showed lower pH which further
causes more exposure to MMPs.14 Therefore, due to highly acidic
nature adhesion breakdown will take place over the time with better
infiltration and wetting of the exposed collagen fibrils.
Various studies have described that the shear bond strength
of self-etch bonding systems is significantly lower than the 4th
generation bonding agents.15–17 However, the data from the
present study revealed higher bond strengths with the self-etch 6th
generation dentin bonding agent. This might be because the primer
has hydrophilic comonomers including mono- and di-functional
methacrylate monomers, in a solvent of water, ethanol, and
acetone.18 Due to the presence of this three-part solvent, its
self-etching capability gets improved due to better penetration
of the hydrophilic monomers into the tooth, which leads to high
bond strengths.19 Also this adhesive system presents a molecular
dispersion technology, which enables the two-phase liquids of
hydrophilic and hydrophobic components to be maintained in a
homogeneous state even when the solvent is evaporated, which
results in improved bond quality.20
In a recent study, Van Meerbeek et al. stated that mild self-etch
adhesives particularly 6th generation may take advantage of
chemical interaction which helps in the improvement of the bond.
Though these one-step adhesives are simpler to use they have
lesser bonding durability than multistep adhesives. This is mainly
because of lesser bond strength and durability, phase separation
phenomena with hydroxyethyl-methacrylate (HEMA)— free
formulations, lesser water sorption with HEMA-rich formulations,
and a short shelf-life.
Favorable in vitro and clinical results related to the application
of 6th generation adhesive can be attributed to its double
bonding mechanism. Its mild pH can result in the formation of
a micromechanical bond by creating a thin and uniform hybrid
layer. It can resist debonding forces and shear loads applied during
shear bond strength testing. It contains 10-Methacryloyloxydecyl
Dihydrogen Phosphate functional monomer and can, therefore,
form a stable chemical bond with hydroxyapatite. It is resistant
to hydrolytic degradation and seals the restoration margins for
a long period. In a study by Alex G, 21 it was represented that
one of the biggest advantages of the 6th generation dentin
bonding agents is that its efficacy is not as dependent on the
hydration state of the dentin as that of the total-etch adhesive
systems. Particularly in 5th and 7th generation the property of
water sorption results in nanoleakage, and are thus more prone
to bond failure and thus fail prematurely in comparison 4th and
6th generation counterparts. 22
In the SEM evaluation, uniform adhesive hybrid layer
formation and good adaptation of the resin-dentin interface
were observed in 6th generation while relatively larger gaps
were observed at the resin dentin interface of the 5th generation
dentin bonding agent. Because the hybrid layer is visualized under
SEM only by sectioning the resin-dentine interface, even a slight
inclination of the cutting direction could make the hybrid layer
appear thicker or thinner. 23
Though 4th generation dentin bonding agent has been
considered to be the gold standard and has a significantly higher
shear bond strength than 7th generation dentin bonding agent,
the gap between the resin-dentin interface could be seen to some
extent in the SEM image of the 4th generation dental adhesive
while the 7th generation dental adhesive showed a gap-free
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but nonuniform resin-dentin interface and the formation of
hybrid layer.
Thus it can be drawn that the type of bonding agent used, its
composition and applied load does not affect the failure mode of
the resin-dentin interface. The type and amount of solvents, the

content and percentage of monomers, and diluents in the mixture
influence the bond strength. The filler load or percent mass load
depends upon the manufacturer’s technology. Also, there is little
information about the shrinkage and stiffness of filled adhesives
after polymerization. These factors could affect the shear bond
strength of an adhesive significantly, but may not be listed by the
manufacturer since the final formulation of the dental adhesive is
a proprietary secret. 24
As per the results obtained in the current study, significant
differences were noted between the shear bond strength of the
various dentin bonding agents generations tested. In previous
studies also, it was seen that 6th and 4th generation dentin
bonding agents showed stronger shear bond strength values
than the 7th and 5th generation dentin bonding agents. However,
these results have to be validated with further in vitro and long
term clinical investigations.

C o n c lu s i o n
Within the limitations of the present in vitro study, it can be
concluded that the 6th generation dentin adhesives showed
significantly higher mean shear bond strength than 4th, 5th, and
7th generation dentin bonding agents.
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