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ABSTRACT 
The aim of the study was to compare In-vitro the micro tensile bond strength of sixth generation (Clearfil SE Bond, Kuraray, Japan), seventh generation 
(Adper Easy One, 3 M ESPE, Germany) and eighth generation ((Futurabond DC, Voco, Germany) dentin bonding agents. Twenty freshly extracted caries free, 
unrestored human molars were selected. The occlusal surfaces were ground flat; divided into four groups of five each according to the bonding agent applied 
and covered with composite resin (10 mm in height). The teeth were sectioned into one mm thick specimens with a cross sectional area of 1 mm square in hard 
tissue microtome and subjected to tensile force in a universal testing machine. The highest strength was seen in 8th generation bonding agent (Futura bond DC, 
Voco, Germany) 34.9332 MPa followed by 6th generation bonding agent 32.3477 MPa (Clearfil SE Bond, Kuraray dental, Japan) and the 7th generation agent 
31.8826 MPa (Adper Easy One, 3M ESPE, Germany) respectively. The eighth generation dentin bonding agent appeared to be more advantageous in bonding 
than sixth and seventh generation dentin bonding agents. 
Keywords: Research, micro tensile bond strength, sixth, seventh and eighth generation bonding agents. 

 
INTRODUCTION 
The classic concepts of operative dentistry have been 
challenged by contemporary restorative techniques based on 
the adhesive properties of tooth colored restorative materials. 
The scientific beginnings of dental adhesion originated in the 
early 1950’s and now bonding agents are used routinely in 
restorative and preventive dentistry.1 Dentin bonding agent 
can be defined as a thin layer of resin applied between the 
conditioned dentin and resin matrix of a composite.2 Over the 
years there have been numerous classifications of dentin 
bonding agents that have been advocated by many 
authorities. Some of the commonly followed classifications 
include that; based on generations (e.g. First generation 
dentin bonding agents, second generation dentin bonding 
agents, third generation dentin bonding agents etc,); a 
scientific classification based on treatment of smear layer and 
number of clinical steps; classification based on modern 
adhesion strategy as total etch or self etch.3,4 The total-etch 
technique, initiated by Fusayama advocated etching both 
enamel and dentin simultaneously using phosphoric acid 
before the application of a phosphate ester type of bonding 
agent. Total etch adhesives can be two step adhesives or three 
step adhesives.5 The concept of self- etch primers was 
introduced with Scotch bond 2 in the early 90’s. However 
this system required a selective enamel etching step. The 
current self etch adhesives provide monomer formulations for 
simultaneous conditioning and priming of both enamel and 
dentin. Self etch adhesives are subdivided depending on their 
pH and etching potential as mild, moderate and intermediary 
strong self etch adhesives.6,7 Presently the sixth and seventh 
generation dentin bonding agents belong to the self-etch 
strategy. Nano dentistry with its technologically advanced 
clinical tools and devices has influenced every field of 
dentistry including restorative dentistry. Nano composites 
and nano adhesives are one of the greatest contributions of 
nano dentistry which contain nanosized fillers. Nano 
adhesives are solutions with nano particles which prevent 

agglomeration thus producing high dentin and enamel bond 
strength, high stress absorption, longer shelf life, durable 
marginal seal and the release of fluorides.8,9 Although most 
bonding agents are unfilled, some products contain inorganic 
fillers ranging from 0.5 % to 40 % by weight. Filler particles 
include micro fillers, also called nano fillers and sub-micron 
glass. Filled bondings agents tend to produce higher in vitro 
bond strength.6 Recently dentin adhesives that contain nano 
fillers have been introduced. The manufacturers of one such 
system of nano filler containing dentin bonding agent 
(Futurabond DC, Voco, Germany) have claimed them to be 
the eighth generation. The purpose of this study was to 
compare In-vitro the micro tensile bond strength of three 
different self etching adhesives; a sixth generation dentin 
bonding agent (Clearfil SE Bond, Kuraray, Japan), seventh 
generation dentin bonding agent (Adper Easy One, 3 M 
ESPE, Germany) with that of the nano filler containing  
eighth generation dentin bonding agent (Futurabond DC, 
Voco, Germany). 

 
MATERIALS AND METHODS 
A total of twenty freshly extracted caries free, unrestored 
human molars were selected and stored in distilled water. The 
teeth were divided into four groups of five each according to 
the bonding agent applied. 
Group 1   Control group (without any bonding agent) 
Group 2  Bonded using the sixth generation bonding agent, 

 Clearfil SE bond (Kuraray) 
Group 3   Bonded using seventh generation bonding agent, 
 Adper Easy One (3M ESPE) 
Group 4   Bonded using eighth generation bonding agent, 

 Futurabond DC (Voco America) 
 

The occlusal surfaces of these teeth were ground using a 
water cooled diamond disc mounted on an air motor hand 
piece until all occlusal enamel was removed. The entire flat 
surfaces were covered with composite resin following 
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application of bonding agents. The adhesives were applied 
according to the manufacturer’s instructions and cured via 
Light Emitting Diode (3M ESPE) unit set at 1000 milli 
Watt/cm². Resin composite build-ups (Filtek Z350, 3M 
ESPE, St. Paul, Minn, USA) were constructed on the bonded 
surfaces in 1.5 mm increments; each was light cured for 20 
seconds with the same light unit at a distance of 2 mm 
(Figure 1). The teeth were individually embedded in acrylic 
resin blocks. The blocks were mounted in hard tissue 
microtome and sectioned into one mm thick specimens 
(Figure 2). The resulting specimen was rotated another ninety 
degree and serial sectioning continued. The resulting 
specimens had a cross sectional area of 1 mm square (Figure 
3). The cross-sectional area of each stick/specimen was 
measured individually with a digital caliper. The sectioned 
teeth were divided into four experimental groups with twenty 
specimens in each group according to bonding agent applied. 
All the specimens were stored in distilled water for 24 hours 
prior to micro tensile bond strength testing. Micro tensile 
bond strength testing was done using a universal testing 
machine (KIC-2-050-C, Kalpak Instruments and Controls) 
which was available at Department of Mechanical 
Engineering, IIT Chennai (Figure 4). The specimens were 
attached to a modified device (Custom made jig for micro 
tensile testing) and subjected to a tensile force in a Universal 
Testing Machine at a crosshead speed of 0.5 mm/minute. 
Bond strength values were calculated in MPa, where the 
applied force (N) was divided by the stick cross-sectional 
area (mm²) Universal testing machine is a very precise 
machine used for subjecting small size specimens for various 
tests. The failure load was observed on the display panel 
attached to the universal testing machine. Tensile 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 the prepared 
specimen (Mpa = N/mm2). The data so obtained were 
tabulated and analyzed statistically. 
 
RESULTS 
The mean micro tensile bond strength and standard deviation 
were calculated for each group and are summarized in the 
Table 1. The mean micro tensile bond strength value for sixth 
generation adhesive was 32.3477 Mpa, seventh generation 
adhesive was 31.8826 Mpa and eighth generation adhesive 
was 34.9332 Mpa respectively. The highest strength was seen 
in 8th generation bonding agent (Futura bond DC, Voco, 
Germany) followed by 6th generation bonding agent (Clearfil 
SE Bond ,Kuraray dental, Japan) and the 7th generation agent 
(Adper Easy One, 3M ESPE, Germany). ANOVA Test was 
performed to determine any statistically significant 
differences among the groups compared in this study. The 
Analysis of variance test compared the mean scores of four 
groups. In this analysis the difference between the mean 
micro tensile bond strength values of Group 1, Group 2, 
Group 3 and Group 4 were compared. The results of 
comparison of all the four groups are shown in Table 2. The 
analysis of variance showed that there was statistically 
significant difference in micro tensile bond strengths between 
the four groups. The highest strength was seen in eighth 
generation bonding agent (Futurabond DC, Voco, Germany) 
followed by sixth (Clearfil SE Bond, Kuraray Dental, Japan) 
and the seventh generation (Adper Easy One, 3MESPE, 
Germany) respectively. To identify which sub group (control 
versus 6th, 7th and 8th generation; 6th generation versus 7th and 

8th generation; 7th generation versus, 8th generation) was 
showing the difference Post Hoc Tukey’s Test was done. The 
results are given in Table 3. The result showed that the eighth 
generation bonding agent( Futurabond DC, Voco, Germany) 
showed  highest bond strength followed by sixth generation 
bonding agent (Clearfil SE bond, Kuraray Dental, Japan) and 
seventh generation bonding agent (Adper Easy One, 3M 
ESPE, Germany) respectively. The results are summarized in 
Graph1. 
 
DISCUSSION 
The objective of bond strength test is to establish a 
demonstrative value for how strong the bonding of an 
adhesive system is to the dental hard tissues. Polymerization 
shrinkage is still a major problem when composites are 
bonded to tooth. Polymerization shrinkage is induced during 
the conversion of monomer molecules into a polymer 
network. During this process Vander Waals and hydrogen 
interactions are replaced with shorter covalent bonds. This 
creates contraction stress which initiates the failure of the 
composite-tooth interface if the forces of polymerization 
contraction exceed dentin bond strength. If this occurs, 
adverse consequences such as postoperative sensitivity, micro 
leakage, secondary caries and micro cracking of the 
restorative material can occur. An estimated bond strength of 
17-21MPa has been proposed as the critical value needed to 
withstand these stress of polymerization contraction of the 
composite material.11,12 Several factors influence in-vitro 
bond strength to dentin such as the type and age of the teeth, 
the degree of dentin mineralization, the dentin surface being 
bonded, the type of bond strength test (shear or tensile), the 
storage media, environmental relative humidity in substrates, 
complex nature of the testing procedures, sensitivity of 
manipulation of these systems and the composite restorative 
material.13 All the four dentin bonding agents tested in this 
study were self etching bonding agents. Self etch approach 
can in general be classified into a two step or one step 
application procedure. Self-etch adhesives differ in their 
aggressiveness. Therefore they are classified in three 
categories according to acidity: mild, moderate and 
aggressive. Since the self-etch adhesives are not as aggressive 
as the phosphoric acid gel in etch-and-rinse adhesives, most 
do not remove the smear layer.4 Strong self etch adhesives 
cause complete dissolution of nearly all hydroxyapatite 
crystals. The underlying bonding mechanism is primarily 
diffusion based and have been often documented with rather 
low bond strength values. Mild self etch systems, in general 
have a pH of around 2 and demineralise dentin only to depth 
of one micro meter. The superficial demineralization partially 
keeps the residual hydroxyapatite still attached to collagen.14 -

16 The pH of the bonding agents used in this study varied and 
was 1.9 for the sixth generation dentin bonding agent 
(Clearfil SE Bond, Kuraray Dental, Japan), 2.3 for the 
seventh generation bonding agent (Adper Easy One, 3M 
ESPE, Germany) and 2.0 for the eighth generation bonding 
agent (Futurabond DC, Voco, Germany). The pH of all the 
adhesives used comes around the range of two and belonged 
to the mild self etch category. However difference in bond 
strengths was shown between these adhesives. The recently 
introduced eighth generation dentin bonding agent 
(Futurabond DC, Voco, Germany) contains significant 
amounts of highly functional nano sized cross linking agents, 
the silica particles and has the advantage of being dual cured. 
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Table 1: Comparison of mean micro tensile bond strength and standard deviation of control, sixth generation, seventh generation and eighth bonding 
agents 

 
Group Range Mean SD 

Min Max 
Control 2.103 5.124 3.1000 0.91191 

Sixth Generation (Clearfil SE Bond) 30.124 35.510 32.3477 1.57502 
Seventh Generation (Adler Easy One) 28.786 35.784 31.8826 2.14201 
Eighth Generation (Futurabond DC) 30.122 38.541 34.9332 2.53679 

 
Table 2: Comparison of micro tensile bond strength of all four groups using ANOVA test 

 
Micro tensile Strength 

 N Mean Std. Deviation Mean Square F Sig. 
CONTROL 20 3.1000 0.91191 4522.368 1261.842 < 0.001 

6th Generation bonding agent (CLEARFIL 
SE BOND) 

20 32.3477 1.57502    

7th Generation bonding agent (ADPER 
EASY ONE) 

20 31.8826 2.14201    

8th Generation bonding agent (FUTURA 
BOND DC) 

20 34.9332 2.53679    

Total 80 25.5659 13.23568    
(N – Sample Size, F – Value of the test, Sig – Significance) 

 
Table 3: Multiple Comparison using Post Hoc Tukey’s Test 

 
Multiple Comparisons 

Dependent Variable: Micro tensile Strength,  Tukey HSD 
(I) Groups (J) Groups Mean Difference (I-J) Std. Error Sig. 

Control 6th generation bonding 
agent.(Clearfil SE Bond ) 

-29.24770 0.59866 < 0.001 

7th generation bonding agent 
(Adper Easy One). 

-28.78258 0.59866 < 0.001 

8th generation bonding agent 
(Futurabond DC) 

-31.83315 0.59866 < 0.001 

6th generation 
bonding agent 

7th generation bonding agent 
(Adper Easy One). 

0.46513 0.59866 0.865 

8th generation bonding agent 
(Futurabond DC) 

-2.58545 0.59866 < 0.001 

7th generation 
bonding agent 

8th generation bonding agent 
(Futurabond DC). 

-3.05057 0.59866 < 0.001 

 

 
 

Figure 1: Composite bonded to tooth samples after application of 
different bonding agents 

 

 
 

Figure 2: Sample mounted in the hard tissue microtome for sectioning 
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Figure 3: Specimens obtained after hard tissue microtome sectioning 

 
 

Figure 4: Universal Testing Machine 
 

 
 

Graph 1: Comparative evaluation of micro tensile bond strengths of sixth, seventh and eighth  generation bonding agents 
 
In this study the highest mean micro tensile bond strength 
(34.9332 MPa) exhibited by the eighth generation bonding 
agent (Futurabond DC, Voco, Germany) group may be 
attributed to this nano sized cross linking agents as claimed 
by the manufacturer. In the present study, the mean value 
showed by the sixth generation dentin bonding agent (Clearfil 
SE Bond, Kuraray Dental, Japan) was 32.3477 MPa and by 
the seventh generation dentin bonding agent (Adper Easy 
One) was 31.8827 MPa respectively which are almost in 
agreement with recent studies. In this case the two step self 
etch adhesive, Clearfil SE Bond showed slightly higher bond 
strength than Adper Easy One, the one step self adhesive. 
This may be due to the component 10-MDP (10-
methacryloxydecyl dihydrogen phosphate) in the Clearfil SE 
Bond, which has the potential to bond chemically with the 
hydroxyapatite crystal.17 In addition the one step self-etch 
adhesive systems generally have less cross-linking 
monomers. These cross-linking monomers provide most of 
the mechanical strength, therefore there is a potential for 
lower bond strength as shown by seventh generation bonding 
agent, Adper Easy One (3M ESPE, Germany). Other 
variables like functional monomers, cross-linking monomers, 
solvents, inhibitors and activators may also differ in 
proportions and can affect bond strength. In brief, the amount 

of monomers, diluents and filler loads differs between 
products according to manufacturer’s technology which is not 
well described in adhesive composition. Also little is known 
about the shrinkage and stiffness of these filled adhesives 
after polymerization. These factors could affect the micro 
tensile bond strength significantly but is not listed by 
manufacturer as the final formulation is proprietary secret. 
Errors in application technique, operator variability and 
inadequate primer drying time can also affect the bond 
strength of self etch adhesives specially water based system.18 

It can be concluded within the limitations of this study 
conducted and results obtained that eighth generation 
(Futurabond DC, Voco, Germany) dentin bonding agents 
showed higher mean micro tensile bond strength (34.9332 
MPa)  than sixth generation dentin bonding agent (Clearfil 
SE Bond, Kuraray Dental, Japan) and seventh generation 
dentin bonding agent (Adper Easy One ,3M ESPE,Germany).  
 
CONCLUSION 
Based on the results it was evaluated that eighth generation 
dentin bonding agent (Futurabond DC, Voco, Germany) 
performed the best in micro tensile bond strength to tooth 
than sixth generation dentin bonding agent (Clearfil SE 
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Bond, Kuraray Dental, Japan) and seventh generation dentin 
bonding agent (Adper Easy One, 3M ESPE, Germany). 
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