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and further, over a period of time affect the pulpal health and 
tooth vitality.

Through its evolution from generation one to eight, dentin 
adhesives have been continuously improvised through 30 years 
of development. Dentin bond agents are bonded to tooth surface 
using two techniques, total etch technique and self-etch technique.

In total etch technique, both enamel and dentin are 
simultaneously etched, which allows for removal of smear layer. 
But, the collagen fibrils in the hybrid layer incompletely expand 
which may diminish the resin infiltration thus compromising the 
bond between restoration and tooth.6 The self-etch technique 
involves etching, priming, and bonding simultaneously to the 

In t r o d u c t i o n
For many decades now, optimal adhesion is considered as the 
“holy grail” of restorative materials. In order to achieve maximum 
adhesion of restorative materials to tooth surface, the following 
conditions must be considered:

•	  Conservation of sound tooth structure.
•	  Retention of the restoration must be achieved.
•	  Prevention of micro/nanoleakage.1

Nanoleakage is defined as leakage of ions and molecules internally 
through spaces that are nanometer sized, usually around the collagen 
fibrils in hybrid layer at resin–tooth interface. These small ions 
permeate within the hybrid layer even without any gap formation, 
through spaces that are approximately 0.02 µm in size. The leakage 
occurs from the base of hybrid layer, exactly at the junction of resin 
monomers interfacing with decalcified/demineralized dentin and 
permeates laterally all over this layer. This lateral permeation has 
been reported to occur not only because of nanoleakage but also 
due to incomplete penetration of bonding agents/adhesives into 
demineralized dentin.2

Along with small ions, nanoleakage may lead to diffusion 
of microorganisms, bacterial products, and oral fluids along the 
resin–dentin interface. This will lead to “hydrolytic” breakdown 
of resin in bonding agent, and the collagen found in hybrid layer. 
Thus, weakening the bond strength of resin–dentin interface, 
which further compromises the retention of restoration.3–5 And a 
compromised resin–dentin bond directly impacts the success of 
treatment, failing which, can lead to continued micro/nanoleakage 
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Ab s t r ac t
Aim: To evaluate nanoleakage depth and pattern of cervical restorations bonded with different adhesive systems.
Materials and methods: Thirty-six extracted human premolar teeth were used for the study and grouped according to different bonding agents.
Group I: fifth generation dentin bonding agent—ONE COAT SL.
Group II: sixth generation dentin bonding agent—PARABOND.
Group III: seventh generation dentin bonding agent—ONE COAT 7.0.
For nanoleakage depth evaluation, 36 teeth were divided into three groups of 12 teeth each, according to adhesive systems used. For each 
adhesive system, teeth were subdivided into three subgroups of four teeth each, according to storage period, 24 hours, 1 month, and 3 months 
before the examination. In each tooth, two cavities were prepared (buccal and lingual), each cavity was lined with different adhesive systems 
and restored using a nanohybrid composite. The restored teeth were then immersed in water bath at temperature 37oC for intended period of 
time and then stored in 50% silver nitrate for 24 hours and photo developing solution for 8 hours. After this, the teeth were cut in buccolingual 
direction and subjected to scanning electron microscope (SEM) analysis for nanoleakage depth analysis.
Results: Group II showed the highest nanoleakage at all three periods. At 24 hours, group III showed more leakage than group I  
(mean = 0.2869 > 0.2506). At 1 month storage period, there was no significant difference in the leakage. At 3 months storage period, group III 
showed less leakage than group I (mean = 0.5544 < 0.7313).
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of each storage period, the samples were removed from the water 
bath and further submerged in 50% silver nitrate solution in total 
darkness for 24 hours again.

At the end of 24 hours, the samples were taken out and rinsed in 
running water for 60 seconds. Further, the samples were sectioned 
through the center of the restorations buccolingually, such that the 
tooth is longitudinally split into mesial and distal half (Fig. 4) and 
the split surfaces are polished with abrasives to achieve debris free 
surfaces. For evaluation of nanoleakage pattern, the stored samples 
were additionally immersed in 10% ethylene diamine tetra-acetic 
acid (EDTA) solution for 5 seconds to remove the smear layer.

The samples were subjected to SEM analysis in backscattering 
mode.

Re s u lts

Nanoleakage Depth Analysis
For nanoleakage depth calculation, percentage of the depth of 
silver particles penetration from the bonded surface to total length 
of bonded surface was calculated for statistical analysis (Table 1).

After 24 hours, group II shows maximum leakage, followed by 
group III and group I (Fig. 5). After 1 month, group II shows maximum 
leakage, not much difference in mean of group I and group III  

dentin surface,7 however in this technique, smear layer remains 
intact. In self-etching technique, depth of demineralization and 
depth of resin infiltration is almost similar.8

As the dentin adhesive systems evolved from three-step 
technique to one-step technique, new products have been 
introduced into the market which require prior studies. For this 
reason, in vitro studies have to be done before clinical application.9

A variety of different techniques for assessing nanoleakage 
have been developed and utilized. SEM analysis with silver nitrate 
penetration has an advantage over other methods because SEM 
provides us with higher magnification of the specimen and the use 
of silver nitrate is second to the organic dyes in usage.

Mat e r ia  l s a n d Me t h o d s
Thirty-six, sound, noncarious premolars with no anomalies were 
selected for the study, and divided into experimental groups as 
follows (Fig. 1):

•	 Group I: fifth generation dentin bonding agent—ONE COAT 
SL (n = 12).

•	 Group I I :  s ix th generation dentin bonding agent—
PARABOND (n = 12).

•	 Group III: seventh generation dentin bonding agent—ONE 
COAT 7.0 (n = 12).

The sample teeth in each experimental group were subdivided into 
three subgroups according to the storage period, that is, 24 hours, 
1 month, and 3 months, and each of the subgroup had four sample 
teeth each. Any debris or calculus that was present on each sample 
tooth was then removed using a hand scaler and polished with 
pumice in rubber cups.

Standardized 3 mm × 2 mm wide and 2 mm deep, buccal and 
lingual cavities were prepared in each tooth (Fig. 2), at level of 
cemento-enamel junction (CEJ) in midline of buccal and lingual 
surfaces, using a round diamond bur, yielding us a total of eight 
cavities for each experimental group tested at the designated 
storage period.

Each cavity was lined with different adhesive systems and 
restored using the nanohybrid composite 3M Espe Filtek Z250 and 
light cured for 40 seconds (Fig. 3). After the restorations were 
done, the samples were divided accordingly to their respective 
groups and stored in water bath at 23°C for 24 hours, 1 month, 
and 3 months according to their respective subgroups. At the end 

Fig. 1: Armamentarium

Fig. 2:  Prepared cavity on buccal aspect

Fig. 3: Restored buccal cavity
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bonding agents, stored in water at controlled temperature for three 
different periods, that is, 24 hours, 1 month, and 3 months. Results 
of the study show that:

•	 At 24 hours the maximum leakage was found in PARABOND 
(sixth generation; group II) followed by ONE COAT 7.0 (seventh 
generation; group III) and ONE COAT SL (fifth generation; 
group I).

•	 At 1 month storage period, there was no significant difference 
in the leakage seen in ONE COAT SL and ONE COAT 7.0, highest 
leakage was found in PARABOND (sixth generation; group III).

•	 At 3 months storage period, ONE COAT 7.0 (seventh generation; 
group III) showed less leakage than ONE COAT SL (fifth 
generation; group I). Group II, PARABOND showed highest 
leakage at all three time periods.

ONE COAT 7.0 is an ethanol based dentin adhesive. Ethanol is an 
alcohol, which has high vapor pressure in comparison to water, 
because of which water readily dissociates from demineralized 
dentin and helps in better resin infiltration thus facilitating 
nanoleakage reduction through the hybrid layer. Therefore, 
hydroxyethyl methacrylate (HEMA)/ethanol combination is 
advantageous than HEMA/water combination in adhesive resins. 
Ethanol also has high hydrogen bonding capacity [δh: 19.4 
(J/cm3)1/2]. This helps to expand the demineralized collagen fibrils 
which remain collapsed due to air drying of the dentin surface.

ONE COAT SL contains water as solvent. Since water is 
already present all along the dentinal surface into the depth of 
demineralization. Therefore, incorporation of water is logical in dental 
adhesives. Although, the solvent effect is not the primary role of water 
in dentin bonding agents, hence it is used as secondary “co-solvent.” 
According to Hiraishi et al., addition of water is unavoidable, but it 
should not be added excessively as this will affect the concentration of 
the resin monomers in the adhesives. Whether one-step or two-step 
dentin bonding agents, water based bonding agents tend to degrade 
with time when stored at higher than room temperatures.10

When water is used as solvent in two-step adhesives, the 
collapsed collagen fibrils caused due to air drying, get reexpanded, 
but the vapor pressure of water (17 mm Hg) is less than that of 
ethanol (40 mm Hg), also because water is a polar molecule, it has 
high affinity toward hydrogen bonds, this makes it difficult to 
remove the excess amount of residual water in the demineralized 
dentin which will further affect the integrity of the bond.

Jacobsen and Söderholm suggested that water is a poor solvent 
in HEMA containing dental adhesives.11 The water from the HEMA–
water mixture evaporates quickly leaving behind the concentrated 
HEMA in the solution, which reduces the vapor pressure of the 
residual water in dentin thus is more difficult for elimination.12

There are numerous studies which prove that, when the hybrid 
layer or the adhesive layer at the resin–dentin interface has excess 
amount of residual water, this will eventually lead to hydrolytic 
degradation of the bond due to water sorption, thus affecting the 
bond integrity, further leading to nanoleakage.13

(Fig. 6). After 3 months, group II shows maximum leakage, not much 
difference in mean of group I and group III (Fig. 7).

Two-way analysis of variance analysis shows that, p-value for 
intergroup comparison is 0.000 which indicates that types of groups 
are associated with different leakage values. p-value for subgroup 
is 0.000 which indicates that different subgroups values are also 
associated with leakage. p-value of interaction is also significant 
which indicates that leakage depends on relationship between 
groups and subgroups.

Result of two-way ANOVA indicated a significant effect for three 
different groups, F = 1899.946, p = 0.000 and a significant effect for 
subgroups for different durations, F = 1217.586, p = 0.000.

It indicates that there is sufficient evidence to conclude 
significant effect of different groups on leakage tendency of 
different materials at different duration. Additionally, the result 
shows no interaction between groups and subgroups, F = 111.609, 
p = 0.000.

Nanoleakage Pattern Analysis
Silver nitrate particle deposits were appreciable at higher 
magnification of 1000× and above. There was no distinct difference 
in the type of nanoleakage patterns observed, according to 
different type of adhesive system. However, the size and number 
of deposits increased as the storage time increased.

Also the pattern of deposits seemed to change from small 
circular dots to reticular patches distributed in the dentin from 
24 hours sample to 3 months, respectively (Figs 8 and 9).

Di s c u s s i o n
The bonding agents used in this study were fifth (ONE COAT SL), 
sixth (PARABOND), and seventh generation (ONE COAT 7.0).

In the present study, the depth of silver nitrate penetration 
was compared between the fifth, sixth, and seventh generation 

Fig. 4: Sectioning of tooth

Table 1:  Mean and standard deviation of groups I, II, and III at 24 hours, 1 month, and 3 months

Group I Group II Group III

p-valueMean SD Mean SD Mean SD

24 hours 0.2506 0. 02323 0.6106 0. 02863 0.2869 0. 01740 0.000
1 month 0.4069 0. 04771 0.9113 0. 03096 0.3838 0.0161 0.000

3 months 0.7313 0. 05427 0.9113 0. 03096 0.5544 0. 01788 0.000
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PARABOND, is a sixth generation chemically cured adhesive 
resin. It is well known that when chemically/self-cured resins are 
compared with light cured resins, the polymerization shrinkage of 
chemically cured resins is higher and in cervical class V restorations, 
which is bonded on five surfaces, has high c-factor which leads to 
bond failure at the adhesive and dentin interface.

Sixth generation dentin adhesives do not contain fillers, and 
absence of a separate primer affects the viscosity of the dentin 
adhesives wherein, the wettability of the dentinal surface reduces, 
thus reducing the adhesive property and sealing capacity leading 
to micro/nanoleakage.

The results of this study are comparable to Vinay and 
Shivanna’s study “Comparative evaluation of microleakage of fifth, 
sixth, and seventh generation dentin bonding agents: an in vitro 
study.” They concluded that seventh generation bonding agent 
showed least microleakage and sixth generation bonding agent 
showed the highest. The seventh generation adhesive they used 
was Clearfil S3 Bond, which is alcohol based like the one used in 
the present study.14

Fig. 5: After 24 hours group II shows maximum leakage, followed by 
group III and group I

Fig. 6: After 1 month, group II shows maximum leakage, not much 
difference in mean of group I and group III

Fig. 7: After 3 months, group III showed least leakage. Group II showed 
highest, followed by group I

Fig. 8: SEM image of sample stored for 24 hours showing “circular dot” 
pattern

Fig. 9: SEM image of sample stored for 3 months showing reticular 
pattern
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In another study conducted by Sánchez-Ayala et  al., who 
compared marginal microleakage of six different one-step self-etch 
dentin bonding agents. Among the six different adhesive systems, 
ONE COAT 7.0 showed least amount of microleakage.15

Not many studies are available evaluating the nanoleakage 
of ONE COAT 7.0 which is HEMA based adhesive. The hydrophilic 
and hydrophobic components in the adhesive resin are retained 
in a mixed state because of the presence of HEMA, including the 
less-miscible dimethacrylate monomer molecule.

Nanoleakage Pattern
In the present study, nanoleakage pattern did not differ between 
the different type of adhesive resin used, as it was noted in 
all the experimental groups but it was dependent on the  
storage period.

At 24 hours storage period, the type of pattern observed was 
found to be unevenly distributed tiny circular dots of silver nitrate 
particles, which showed increase in number and size as the storage 
time increased to 1 month and 3 months. Three months samples 
showed more reticular type of pattern.

Co n c lu s i o n
Under the limitations of this study, we can conclude that:

•	 Nanoleakage was present in all the groups at all three time 
periods. That is, nanoleakage was influenced not only by the 
type of dental adhesive, but also, by the duration of storage.

•	 Furthermore, nanoleakage was dependent on both technique 
of application and also in the chemistry of the adhesive resin. 
In this study, it was found that ethanol based dental adhesives 
showed least nanoleakage on long term analysis.

•	 The nanoleakage increased in depth, continuity, and its intensity 
because of storage in water.

Another conclusion to be drawn from this present study is that, 
further evaluation should be done by similar in vitro studies with 
larger sample sizes, longer storage period, and standardization 
of operator variability. Also long term clinical trials should be 
conducted to draw clinically relevant conclusions.

Cl i n i c a l Si g n i f i c a n c e
Dental hypersensitivity is one of the common postoperative 
complication we come across in clinical scenarios. Understanding 
the material aspect of bonding agents and their long term 
survivability helps us overcome such complications and adds to 
the benefit of the patients.
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