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ABSTRACT
Objective: The aim of the present study was to evaluate the effects 
of the simplified ethanol-wet bonding technique and conventional 
water-wet bonding technique on short term nanoleakage within 
hybrid layers made with two different etch-and-rinse adhesives 
(Single Bond 2 and Prime & Bond NT). Materials and methods: Flat 
dentin surfaces from bovine incisors were prepared and finished with 
wet 600-grit abrasive papers, then divided into groups to be bonded 
with one of the adhesives. After etching and rinsing, dentin surfaces 
were either moistened with water (water-wet bonding technique) 
or moistened with absolute ethanol for 1 min (ethanol-wet bonding 
technique). Then, adhesives were applied, and composite buildups 
were done. Bonded teeth samples were sectioned into resin–dentin 
samples by means of a low speed diamond saw under water cooling. 
Specimens were immersed into a 50% (w/v) solution of silver 
ammoniacal nitrate for 18 h and exposed to photodeveloping solution 
for 6 h. The amount of silver nitrate uptake within the adhesive layer, or 
hybrid layer, was measured with energy dispersive spectroscopy (EDS) 
in different regions (n = 30). Results: Simplified ethanol-wet bonding 
significantly reduced nanoleakage within resin–dentin interfaces 
made with Single Bond 2 and Prime & Bond NT, but improvement at 
the nanoleakage of Single Bond 2 was only significant. Conclusion: 
Simplified ethanol-wet bonding may improve quality of hybrid layers 
made with commercially available simplified etch-and-rinse adhesives. 
But benefits of ethanol-wet bonding may depend on product.

1. Introduction

The durability of the dentin bond strength with resin composites is one of the main research 
topics in adhesive dentistry today.[1] Several approaches to improve long-term bonding 
have been developed and tested. These include inhibition of dentinal endogenous proteases, 
matrix metalloproteinases, and cysteine cathepsins, thought to be responsible for degrading 
the hybrid layer’s collagenous matrix, and improved penetration and impregnation of the 
adhesive monomers into an ethanol-saturated demineralized dentin matrix.[1–3] However, 
despite promising results in in vitro research, clinically feasible and commonly accepted 
methods to improve long-term bonding are still lacking.
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Resin bonding with dentin is achieved by infiltration of resin monomer blends into 
dentin. Therefore, long term durability of resin–dentin interfaces rely on the creation of a 
homogenous hybrid layer.[1] Despite that, acid etching of dentin surfaces prior to resin infil-
tration not only removes the smear layer, but in addition, totally demineralizes the top few 
micrometeres, thus exposing the collagen fibrils.[1] It was shown that current adhesive sys-
tems failed to completely infiltrate demineralized dentin matrices.[4] However, Sano et al.,  
revealed that silver nitrate tracer penetration into the hybrid layer without any gap formation 
would occur. They reported that silver nitrate penetration might penetrate the full thickness 
of the hybrid layer in some areas. This phenomenon of tracer penetration without any gap 
formation was called ‘nanoleakage.’ The term nanoleakage has been used to distinguish silver 
uptake into resin–dentin interfaces without any gap from microleakage due to gaps because 
the spaces that permitted the silver ion leakage were only around 20–100 nm wide.[5] If the 
resin does not fully penetrate the whole thickness of the demineralized dentin matrices, this 
leads to a formation of non-homogenous hybrid layers with spaces for fluid penetration.[6] 
These nano-sized spaces provide pathways for the degradation of exposed collagen fibrils by 
oral and bacterial enzymes,[7,8] as well as endogenous proteolytic enzymes that are slowly 
released from the etched dentin after bonding.[9]

Ethanol-wet bonding is a novel wet-bonding technique that was recently introduced to 
improve the durability of resin-dentin bonding.[10] Unlike the water-wet bonding which 
is accepted as a conventional wet-bonding technique for etch-and-rinse adhesives, the 
ethanol-wet bonding uses additionally ethanol to saturate and prevent the collapse of dem-
ineralized dentin matrices prior to resin application. This means that water is replaced in 
interfibrillar spaces by ethanol during saturation of demineralized dentin matrices with 
ethanol prior to the application of the adhesive agent.[11] The rationale behind this is that 
the miscibility of adhesive resin monomers in the ethanol-saturated demineralized dentin 
matrices is better than those in the water-saturated dentin matrices, and thus, ethanol as a 
saturation solvent for demineralized dentin matrices may allow intimate encapsulations of 
collagen fibrils with adhesive resin monomers. Consequently, this technique can provide 
more homogenous and more ideal hybrid layers.[12]

Excellent saturation solvent properties when compared to water make ethanol a more 
attractive solvent to wet demineralized dentin matrices prior to resin bonding. Previous 
studies mostly investigated nanoleakage within hybrid layers made with experimental 
hydrophobic adhesives which deployed with ethanol-wet bonding technique on different 
substrates, under transmission electron microscope (TEM) [10] or scanning electron micro-
scope (SEM)[13,14] qualitatively. However, limited information exists regarding the effects 
of ethanol-wet bonding on nanoleakage within hybrid layers of commercial resin adhesive 
systems. Therefore, the aim of the present study was to evaluate the effect of simplified 
ethanol-wet bonding on nanoleakage of commercially available simplified etch-and-rinse 
adhesives. The hypothesis tested here was that the simplified ethanol-wet bonding technique 
would not affect the nanoleakage of both tested adhesives.

2. Material and methods

2.1. Specimen preparation and adhesive systems

Twenty bovine incisors obtained from bovines which were at least 2 years old were used in 
the present study. Teeth were stored in 0.02% sodium azide solution at 4 oC for a maximum 
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period of 6 months prior to use. Crowns were embedded into self-cure acrylic blocks using 
a double-sided adhesive band. Enamel surfaces were removed by grinding with wet 320-grit 
silicon carbide papers (SiC) to obtain expose flattened dentin surfaces. Dentin surfaces were 
further polished with 600-grit SiC papers under water cooling for 60 s to obtain standardized 
smear layers. Samples were randomly divided into the following four groups (n = 5) based 
on the adhesives and bonding techniques used:

(1)  Group I: Prime & Bond NT + water-wet bonding
(2)  Group II: Prime & Bond NT + ethanol-wet bonding
(3)  Group III: Single Bond 2 + water-wet bonding
(4)  Group IV: Single Bond 2 + ethanol-wet bonding

2.2. Bonding procedures

After acid-etching dentin surfaces for 15 s, acid-etching gel was removed by means of 
air-water spray for 5 s and demineralized dentin surfaces were kept wet with water prior 
to adhesive application in all groups. Then, adhesives were applied according to the manu-
facturer’s instructions in the water-wet bonding groups (Table 1). In ethanol-wet bonding 
groups, the simplified ethanol-wet bonding technique was deployed.[15] Namely, following 
acid-etching, absolute ethanol was applied onto water-wet demineralized dentin surfaces 
for 1 min. Special attention was paid toward keeping surfaces wet with ethanol during this 
step. Then, adhesives were applied to ethanol-wet demineralized dentin surfaces according 
to the manufacturer’s instructions. After application of adhesives, resin composite (Valux 
Plus; 3 M ESPE, St. Paul, MN, USA) build-ups were applied in 4–5 mm thickness with 1-mm 
thick increments. Photo-polymerization of resin composite and adhesives was performed 
with a halogen lamp (Ivoclar, Astralis 3 Ivoclar Vivadent AG, Schaan, Liechtenstein).

2.3. Specimen preparation for nanoleakage test

Bonded teeth were stored in tap water at 37 oC for 24 h before sectioning. Then, teeth were 
sectioned into approximately 0.9 × 0.9 mm resin–dentin specimens. Two specimens from 
the center of each tooth, a total of 10 specimens for each group, were used in the energy 
dispersive spectroscopy (SEM/EDS) analysis of interfaces. Then, resin–dentin specimens 
were immersed in 50 wt% ammoniacal silver nitrate solution for 18  h and exposed to 

Table 1. Materials, compositions, manufacturers, and manufacturer’s instructions for use.

Notes. Bis-gMa = bisphenol glycidyl methacrylate; heMa = 2-hydroxyethyl methacrylate; PenTa = dipentaerythritol pen-
taacrylate phosphate; udMa = urethane dimethacrylate.

Materials Compositions instructions for use
single Bond 2 (3 M esPe, st. Paul, Mn, 

usa) loT: n240989
Bis-gMa, heMa, dimethacrylates, pol-

yalkenoic acid co-polymer, initiator, 
34% water, ethanol

•etch for 15 s, rinse and dry gently
•scrub for 30 s, air thin, light cure 

for 10 s
Prime & Bond nT (denTsPly de 

Trey, Konstanz, germany) loT: 
0901000595

PenTa, udMa, T-resin (cross-linking 
agent), d-resin, small hydrophilic 
molecule), butylated hydroxytol-
uene, ethyl 4-dimethylaminoben-
zoate, cetilamine hydrofluoride, 
acetone, silica nanofiller

•etch for 15 s, rinse and dry gently
•apply primer/bond, leave for 20 s, 

gently air dry, light cure for 10 s
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photodeveloping solution for 6 h.[16] Samples were washed with running tap water for 
5 min. Then, specimens were embedded into self-cure acrylic resin. Specimens were pol-
ished using wet 800-, 1000-, 1200-, and 2000-grit SiC paper and finished with diamond 
polishing paste by means of a polishing machine (Buehler Metaserv, Lake Bluff, IL, USA).

2.4. SEM/EDS analysis

The specimens were air dried, mounted on aluminum stubs and placed in a desiccator 
for 24 h. The specimens were then coated with a thin layer of gold and the resin–dentin 
interfaces were analyzed by scanning electron microscopy (SEM) (JEOL JSM-6400 SEM, 
Tokyo, Japan) operated in the secondary electron mode and using an Iridium Ultra ener-
gy-dispersive X-ray spectrometer (IXRF Systems, Houston, TX, USA). The resin–dentin 
interfaces were photographed at 1.500× magnification. The amount of silver ion uptake 
within the adhesive layer, the hybrid layer of the slab, was measured with EDS in three 
regions across the photographed interface. Totally, elemental weight of silver nitrate was 
analyzed at 30 regions for each group (n = 30) (Figure 1). Calcium (Ca), phosphate (P), 
silica (Si), and silver (Ag) were selected for elemental analysis. Silica represents the com-
posite resin (considering that adhesives are less filled than composite). The elements of 
dentin were calcium and phosphate. The nearest point to the dentin is the point where the 
silica value drops to almost zero and where the calcium and phosphate elements start to 
increase. Silver element was used as a tracer to reveal the open nanometer-sized pathways 
which presents the absence of resin infiltration. Line scans were also performed to assess 
adhesive penetration/silver ion uptake gradients across hybrid layers.

2.5. Statistical analysis

Descriptive statistics, mean, ad standard deviations were computed for silver weight percent 
for each group. The normality of the data was checked with the Kolmogorov Smirnov test 

Figure 1. representative scanning electron image of resin–dentin interface, showing the regions were 
silver ion uptake was measured by seM/eds.
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and homogeneity of variance across the groups was controlled primarily with the Levene 
test. The measured silver ion uptake values were normally distributed according to the 
Kolmogorov-Smirnov test. Levene’s test indicated group variances were homogeneous. 
Therefore, parametric tests (one-way ANOVA and Tukey HSD test) were used to analyze 
data. A 5% significance level was used for all tests.

3. Results

Means and standard deviations of silver ion uptake (%) of each group were summarized in 
Figure 2. One-way ANOVA revealed that there was a significant difference among groups 
(p = 0.000). The simplified ethanol-wet bonding technique reduced silver nitrate uptake 
within resin–dentin interfaces of both of Single Bond 2 and Prime & Bond NT. However, 
post hoc comparisons showed that silver nitrate uptake of hybrid layers made with Single 
Bond applied with the ethanol-wet bonding technique was only significantly lower than 
those of water-wet bonding technique (p  =  0.000). There are no significant differences 
among other groups.

Line scan analyses showed that the thickness of hybrid layers differ as a function of 
the adhesive system but not as a result of the wet bonding techniques. The thickness of 
hybrid layers made with Single Bond 2 were almost 9 μm (Figures 3 and 4), whereas 
those of Prime & Bond NT were approximately 6 μm (Figures 5 and 6). Silver ion uptakes 
showed gradient across the hybrid layers and differ as a function of adhesive system 
and wet-bonding technique. Silver ion uptake was getting high even 2–3 microns below 
the top of the hybrid layers made with Single Bond 2 by water-wet bonding technique. 
However, silver uptake becomes heavy at the bottom half of hybrid layers in the other 
groups.

Figure 2. a bar graph showing the amount and statistical significance of silver ion uptake for each group. 
different letters on bars indicates significant difference (p < 0.05).
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4. Discussion

Nanoleakage patterns of dentin adhesive systems may differ significantly.[17] Silver ion 
accumulation occurs mainly within hybrid layers made with etch-and-rinse adhesive due 
to deeper demineralization depth of acid-etching. However, silver ion accumulation at the 
bottom of the hybrid layer is more pronounced.[18] It was shown that resin concentration 
in the demineralized dentin matrices has a gradual transition.[4,19] Resin concentration 
is the greatest at the top of the hybrid layer and the lowest near the bottom of hybrid layer. 
This indicates that resin does not completely permeate the demineralized dentin matrices. 

Figure 3. line scan analysis of resin–dentin interfaces of single Bond 2 applied with water-wet bonding 
technique. eds elemental energy spectra showed that only top of hybrid layer (almost 2 μm) was well 
infiltrated with resin (white arrow). however, most of hybrid layer toward bottom showed extensive silver 
ion uptake, indicating poor resin infiltration (black arrow).
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The ideal penetration of resin into the hybrid layer may not always be obtained due to the 
residual water content of collagen, the collapse of the collagen matrices, incomplete resin 
infiltration, and phase separation of adhesive resin.[1,4,11]

Spencer et al. [4] reported that Single Bond has very limited penetration ability into 
water-wet acid-etched dentin They revealed that adhesive filled only the top 2 μm of a 
8-μm-thick demineralized dentin layer, using confocal Raman microspectroscopy.[4] In 
the present study, line scan analyses revealed similar ultramorphological features of hybrid 
layers with gradual resin infiltration. However, quantitative EDS analysis showed that silver 
ion uptake was limited within only the top of the hybrid layer made with Single Bond 2 by 

Figure 4. line scan analysis of resin–dentin interfaces of single Bond 2 applied with ethanol-wet bonding 
technique. eds elemental energy spectra showed that peaks of silver ions were seen only at the bottom 
of the hybrid layer (black arrow), indicating that depth of resin infiltration increased significantly (almost 
5 μm) (white arrow).
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water-wet bonding technique, whereas several microns below the top of the hybrid layer, sil-
ver ion accumulate increased greatly through the rest of hybrid layer to the underlying sound 
dentin (Figure 3). Despite this, EDS analysis revealed that resin infiltration was enhanced 
and silver nitrate uptake was reduced when Single Bond 2 was applied with ethanol-wet 
bonding in the present study (Figure 4). Line scans of silver ion also showed that more than 
half of the hybrid layer was penetrated with resin, yielding significantly lower nanoleakage.

It may be speculated that separation of the hydrophobic and hydrophilic resin monomers 
under water-wet conditions was probably a contributing reason to the insufficient resin 
filtration, hence increased silver ion uptake into the hybrid layer when compared to etha-
nol-wet bonding condition. Previous reports showed that HEMA/Bis-GMA bonding resins 

Figure 5. line scan analysis of resin–dentin interfaces of Prime & Bond nT applied with water-wet bonding 
technique. eds elemental energy spectra showed that peaks of silver ions evident bottom half of hybrid 
layer (black arrow).
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undergo phase separation in the presence of water.[20] Under ‘water-wet’ bonding condi-
tions, the channels between the demineralized dentin collagen fibrils in the intertubular 
region and in the tubules are filled with water.[1] It is likely that when adhesive with higher 
concentrations of hydrophobic components, such as Bis-GMA (as is the case in Single Bond 
2), is applied to this wet surface, these adhesives will undergo phase separation. However, 
hydrophilic as well as hydrophobic resin monomers have better miscibility in ethanol than 
in water.[11] Therefore, wetting acid-etched dentin with absolute ethanol might reduce or 
even eliminate phase separation of resin monomers, enhancing resin filtration into hybrid 
layers. Excellent solvent properties may yield better resin infiltration when ethanol is used 

Figure 6. line scan analysis of resin–dentin interfaces of Prime & Bond nT applied with ethanol-wet 
bonding technique. eds elemental energy spectra showed that ethanol-wet bonding did not affect 
distribution of silver ions peaks when compared to water-wet bonding technique.
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to wet acid-etched dentin. Shi et al., reported that wet bonding with ethanol instead of water 
permits better Bis-GMA infiltration improving the quality of interface.[12]

In a comparison of tested adhesives, Prime & Bond NT adhesive penetrated into both 
water-wet and ethanol-wet substrates, unlike to Single Bond 2. Silver ion accumulations 
were seen only in the few microns at the bottom of the hybrid layers under both wet condi-
tions for Prime Bond NT (Figures 5 and 6). A similar finding was reported by Spencer et al.  
[4], who stated that this adhesive had been able to penetrate into almost the full depth of 
demineralized dentin matrices under water-wet conditions. It can be suggested that this 
difference might occur due to the differences in the composition of these adhesive systems, 
including a difference in the solvent and the composition of hydrophobic/hydrophilic mon-
omers (Table 1). Single Bond 2 consists of water–ethanol mixture as solvent and Bis-GMA 
and HEMA monomer blends, whereas Prime & Bond NT uses acetone as a solvent, and 
contains UDMA as a hydrophobic resin monomer instead of Bis-GMA. Therefore, chemical 
composition of Prime & Bond NT may not promote a phase separation of adhesive under 
water-wet conditions.

It was found that ethanol-wet bonding significantly reduced silver ion uptake within 
resin-dentin interfaces of Single Bond 2 in the present study. This finding is supported 
with Kuhn’s et al.’s study, in which nanoleakage of dentin bonded interfaces of Scothbond 
Multi-Purpose adhesive was produced with ethanol-wet bonding technique under in vivo 
conditions.[21] Scothbond Multi-Purpose adhesive has a similar monomer and solvent 
composition to Single Bond 2. Its primer consists of Bis-GMA and HEMA monomers. 
They reported that reduced nanoleakage was seen in adhesive interfaces produced with 
the ethanol-wet bonding technique, suggesting that the hybrid layer may be more resistant 
to degradation.

Effect of ethanol-wet bonding on the resistance of commercial adhesive to degradation 
have been investigated, recently.[22,23] Lin et al. assessed if bonds of contemporary etch-
and-rinse adhesives made with ethanol-wet bonding are more durable than those made with 
water-wet bonding. They reported that ethanol-wet bonding could improve the bonding 
efficacy of the tested commercial adhesives.[22] However, in other study, Yesilyurt et al. [23] 
reported that ethanol-wet bonding could not improve the resin–dentin bonding durability 
of tested adhesives after 12-month water storage. These differences probably arose from 
differences in the study designs and artificial aging strategies used. Li et al. assessed the 
effects of simplified ethanol-wet bonding technique on the dentin bond durability of com-
mercial etch-and-rinse adhesives, after immersion in 10% NaOCl, whereas Yesilyurt et al.  
deployed 12-month water storage as an aging regime.[23] NaOCl immersion is respon-
sible for only one aspect of the degradation process – namely, the chemical degradation 
of exposed collagen fibrils. However, the artificial aging of interface by long-term water 
storage induces degradation of exposed collagen fibrils as well as degradation process of 
resin.[23] Therefore, we can suggest that the initial nanoleakage assessment of resin–dentin 
interfaces of commercial adhesives would not provide certain evident regarding to benefits 
of ethanol-wet bonding on bond durability.

5. Conclusion

Within the limitations of the present study, it can be concluded that simplified ethanol-wet 
bonding technique may reduce the nanoleakage of commercially available resin adhesive 
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systems that have hydrophobic resin monomers. However, the benefits of ethanol-wet 
 bonding may depend on the product.

References

 [1]  Pashley DH, Tay FR, Breschi L, et al. State of the art etch-and-rinse adhesives. Dent. Mater. 
2011;27:1–16.

 [2]  Tjäderhane L. Dentin bonding: can we make it last? Oper. Dent. 2015;40:4–18.
 [3]  Breschi L, Mazzoni A, Ruggeri A, et al. Dental adhesion review: aging and stability of the 

bonded interface. Dent. Mater. 2008;24:90–101.
 [4]  Wang Y, Spencer P. Quantifying adhesive penetration in adhesive/dentin interface using 

confocal Raman microspectroscopy. J. Biomed. Mater. Res. 2002;59:46–55.
 [5]  Sano H. Microtensile testing, nanoleakage, and biodegradation of resin–dentin bonds. J. Dent. 

Res. 2006;85:11–14.
 [6]  Sano H, Yoshikawa T, Pereira P, et al. Long-term durability of dentin bonds made with a self-

etching primer, in vivo. J. Dent. Res. 1999;78:906–911.
 [7]  Hashimoto M, Ohno H, Kaga M, et al. In vivo degradation of resin–dentin bonds in humans 

over 1 to 3 years. J. Dent. Res. 2000;79:1385–1391.
 [8]  Hashimoto M, Ohno H, Sano H, et al. In vitro degradation of resin–dentin bonds analyzed 

by microtensile bond test, scanning and transmission electron microscopy. Biomaterials. 
2003;24:3795–3803.

 [9]  Pashley D, Tay F, Yiu C, et al. Collagen degradation by host-derived enzymes during aging.  
J. Dent. Res. 2004;83:216–221.

 [10]  Sadek FT, Castellan CS, Braga RR, et al. One-year stability of resin–dentin bonds created with 
a hydrophobic ethanol-wet bonding technique. Dent. Mater. 2010;26:380–386.

 [11]  Pashley DH, Tay FR, Carvalho RM, et al. From dry bonding to water-wet bonding to ethanol-
wet bonding. A review of the interactions between dentin matrix and solvated resins using a 
macromodel of the hybrid layer. Am. J. Dent. 2007;20:7–20.

 [12]  Shin TP, Yao X, Huenergardt R, et al. Morphological and chemical characterization of 
bonding hydrophobic adhesive to dentin using ethanol wet bonding technique. Dent. Mater. 
2009;25:1050–1057.

 [13]  Pei D, Huang X, Huang C, et al. Ethanol-wet bonding may improve root dentine bonding 
performance of hydrophobic adhesive. J. Dent. 2012;40:433–441.

 [14]  Huang X, Li L, Huang C, et al. Effect of ethanol-wet bonding with hydrophobic adhesive on 
caries-affected dentine. Eur. J. Oral Sci. 2011;119:310–315.

 [15]  Hosaka K, Nishitani Y, Tagami J, et al. Durability of resin–dentin bonds to water- vs. ethanol-
saturated dentin. J. Dent. Res. 2009;88:146–151.

 [16]  Tay FR, Pashley DH, Yoshiyama M. Two modes of nanoleakage expression in single-step 
adhesives. J. Dent. Res. 2002;81:472–476.

 [17]  Li H, Burrow M, Tyas M. Nanoleakage patterns of four dentin bonding systems. Dent. Mater. 
2000;16:48–56.

 [18]  Sano H, Takatsu T, Ciucchi B, et al. Nanoleakage: leakage within the hybrid layer. Oper. Dent. 
1994;20:18–25.

 [19]  Van Meerbeek B, Mohrbacher H, Celis J-P, et al. Chemical characterization of the resin–dentin 
interface by micro-Raman spectroscopy. J. Dent. Res. 1993;72:1423–1428.

 [20]  Jacobsen T, Söderholm K-J. Some effects of water on dentin bonding. Dent. Mater. 1995;11: 
132–136.

 [21]  Kuhn E, Farhat P, Teitelbaum AP, et al. Ethanol-wet bonding technique: clinical versus 
laboratory findings. Dent. Mater. 2015;31:1030–1037.

 [22]  Li F, Liu X-Y, Zhang L, et al. Ethanol-wet bonding technique may enhance the bonding 
performance of contemporary etch-and-rinse dental adhesives. J. Adhes. Dent. 2012;14: 
113–122.

 [23]  Yesilyurt C, Ayar MK, Yildirim T, et al. Effect of simplified ethanol-wet bonding on dentin 
bonding durability of etchand-rinse adhesives. Dent. Mater. J. 2015;34:441–448.


	1. Introduction
	2. Material and methods
	2.1. Specimen preparation and adhesive systems
	2.2. Bonding procedures
	2.3. Specimen preparation for nanoleakage test
	2.4. SEM/EDS analysis
	2.5. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	References



