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ABSTRACT

Background and Aim: The aim of the present study was to 

investigate adhesion ability of resin-modified glass ionomer 

adhesive (Vitrebond) to ethanol-saturated dentin following two 

different surface conditioning regimes in term of microtensile bond 

strength test. 

Materials and Methods: Freshly removed bovine incisors 

divided into four groups according to surface conditioning 

and dentin bonding techniques: Group I (37% phosphoric acid 

[PA]+conventional wet bonding+Vitrebond), Group II (37% 

PA+ethanol wet bonding+Vitrebond), Group III (polyacrylic acid 

conditioner [PAA]+conventional wet bonding+Vitrebond), Group 

IV (PAA+ethanol wet bonding+Vitrebond). After application of 

Vitrebond, adhesive resin procedures (Single Bond 2) and composite 

buildups (Valux Plus) were done and bonded teeth were sectioned 

into sticks with 1 mm2 interfacial area after immersion in water for 

7 days. Then microtensile bond strength test was performed. Data 

were submitted to statistical analyses using two-way ANOVA and 

Tukey tests. 

Results: Mean microtensile bond strength values (MPa) were as 

follows: Group I, 14.32 (3.9); Group II, 11.11 (3.3); Group III, 16.21 

(4.7); Group IV 9.96 (2.5). Statistical analysis indicated that ethanol 

wet-bonding reduced bond strength of Vitrebond significantly, 

regardless of surface conditioning regimes (p = 0.010 for PA groups, 

and p < 0.001 for PAA groups). 

Conclusion: It may be concluded that the saturation of conditioned 

dentin with ethanol might be deleterious to initial bonding 

performance of the resin-modified glass ionomer-based dentin 

adhesives.
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ETANOL-NEMLİ BAĞLANMA TEKNİĞİ İLE UYGULANAN REZİN-
MODİFİYE CAM İYONOMER ADEZİVİN DENTİN BAĞLANMA 

DAYANIMI

ÖZ

Amaç: Bu çalışmanın amacı, iki farklı yüzey düzenleyici ajan 

uygulaması sonrasında, etanol-nemli bağlanma tekniği ile 

uygulanan rezin-modifiye cam iyonomer adezivin (Vitrebond), 

dentin bağlanma dayanımının, mikrogerilim bağlanma dayanımı 

testi ile değerlendirmektir.

Gereç ve Yöntem: Yeni çekilmiş, sığır dişleri, farklı yüzey düzenleme 

metotlarına ve dentin bağlanma tekniklerine göre şu şekilde dört 

farklı gruba ayrıldı: Grup I (%37 fosforik asit [FA]+konvansiyonel 

nemli bağlanma tekniği+Vitrebond), Grup II (%37 FA+etanol-nemli 

bağlanma tekniği+Vitrebond), Grup III (poliakrilik asit düzenleyici 

[PAD]+konvansiyonel nemli bağlanma tekniği+Vitrebond), Grup 

IV (PAD+etanol-nemli bağlanma tekniği+Vitrebond). Vitrebond 

uygulaması, rezin adeziv uygulaması ve kompozit üstyapıların 

yapılmasından sonra, dişler 7 gün suda bekletildi. Dişler, 1 mm2 

arayüz alanına sahip çubuklar şeklinde kesildikten sonra, mikrogerilim 

bağlanma dayanımı testi gerçekleştirildi. Elde edilen verilerin 

istatistiksel analizi, iki-yönlü ANOVA ve Tukey testleri ile yapıldı.

Bulgular: Ortalama mikrogerilim bağlanma dayanımı değerleri 

(MPa) şu şekilde tespit edildi: Grup I, 14.32 (3.9); Grup II, 11.11 (3.3); 

Grup III, 16.21 (4.7); Grup IV 9.96 (2.5). İstatiksel analiz, etanol-nemli 

bağlanma tekniğinin, Vitrebond’un bağlanma dayanımını, farklı yüzey 

düzenleme ajanlarından bağımsız olarak anlamlı olarak düşürdüğünü 

gösterdi (FA grupları için p = 0.010, PAD grupları için p< 0.001).

Sonuç: Etanol-nemli bağlanma tekniği, rezin-modifiye cam 

iyonomer adezivlerin erken dönem dentin bağlanma dayanımını 

olumsuz etkileyebilir.kalmışlardır. Klinisyenler özellikle yanak 

derisinin irritasyonu ile ilgili olarak dikkatli olmalıdırlar.

Anahtar Kelimeler: Etanol-Nemli Bağlanma Tekniği, Dentin, 

Mikrogerilim, Rezin-Modifiye Cam İyonomer Adeziv
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INTRODUCTION

Currently, a number of novel in vitro adhesion strategies 
have been developed to improve resin-dentin bonds, which 
are accepted as generally problematic.1 One of them is 
ethanol wet bonding.1-3 Despite that it remains still an 
in vitro technique, there are plenty of current studies 
demonstrating its potential effectiveness in term of 
durability of resin–dentin bonds of both experimental and 
commercial adhesives.2, 4, 5

According to the basics of ethanol wet-bonding, dentin 
matrices are dehydrated chemically with ethanol priming/
saturation after acid etching, causing collapse of 
interfibrillar hydrogel consisting of a mixture of highly 
hydrated glycosaminoglycan (GAG) and water.2 This leads 
to the collapse of matrices horizontally more than vertically, 
thus widening interfibrillar spaces that act as a diffusion 
way for resin monomers blends. Furthermore, solubility of 
resin monomers within ethanol saturated dentin matrices 
is likely more favorable than within a water saturated one.2 
Therefore, hybridization of mineral-depleted and water-
rich demineralized dentin matrices would be achieved more 
ideally.2

The superior clinical retention of resin-modified glass 
ionomers has renewed interest in studying the bonding 
properties and mechanisms of interaction of these 
glass ionomer-based dental adhesives with the dental 
substrates.6 The self-adhesion ability of glass-ionomers 
to tooth tissues has recently been elucidated to be two-
fold in nature.7 Micromechanical interlocking is achieved by 
shallow hybridization of the micro-porous, hydroxyapatite-
coated collagen fibril network. As the second part of the 
self-adhesion mechanism, true primary chemical bonding 
occurs through the formation of ionic bonds between the 
carboxyl groups of the polyalkenoic acid and calcium of 
hydroxyapatite that remained around the exposed surface 
collagen.8-10

To maximize bonding effectiveness of resin modified glass 
ionomers, several pretreatments including polyalkenoic acid 
conditioner11, 12 and phosphoric acid etching were proposed.10 
These treatments remove or modify the surface smear that 
interferes to achieve more intimate contact between resin-
modified glass ionomers and sound dentin. Phosphoric acid 
pretreatment completely demineralizes dentin beyond 5-8 
µm from surface, whereas polyalkenoic acid conditioner 
leaves mineral on depleted exposed collagen fibrils.2 Thus, 
etching smear-covered dentin by using phosphoric acid 

increases micromechanical interlocking as a result of severe 
demineralisation, whereas conditioning with polyalkenoic 
acid treatment, which is milder than the former, provides 
mainly chemical ionic bonding.7

Meanwhile, there are some concerns about advocating 
using phosphoric acid with glass ionomer cements, including 
risk for the presence of denuded collagen fibrils prone to 
degrade overtime.7, 10 Although it was revealed that the 
effect of different etching pretreatments for resin modified 
glass ionomers on short-10 and long-term7 bond strengths 
was not significant, there is limited information on how the 
usage of current anti-degradation strategies (i.e., ethanol 
wet bonding) affect short- and long term-bond strengths of 
resin-modified glass ionomers to dentin. 
In this context, chemically drying dentin for clinically 
relevant time periods prior to bonding of resin-modified 
glass ionomers may reveal the further challenge that is 
special to ethanol wet bonding. It might be speculated that 
dehydration of dentin surfaces will prevent the formation of 
a layer called the “adsorption layer,” which provides effective 
bonding of resin-modified glass ionomers to dentin.13 
However, to the best knowledge of the author, information 
about adhesion abilities of resin-modified glass ionomers to 
ethanol-dehydrated and ethanol-saturated dentin according 
to ethanol wet bonding technique is limited in the literature. 
Therefore, in the present study, the tested null hypothesis is 
that water that would be removed by ethanol wet bonding 
doesn’t have any effect on short-term bond strength of 
resin-modified glass ionomers applied to conditioned dentin 
by different surface conditioning. 

MATERIALS AND METHODS

Sixteen freshly removed bovine incisors were stored in 
0.02% sodium azide solution at room temperature and 
were used within six months of extraction. Roots of teeth 
were removed using low-speed diamond saw (Micracut 125, 
Metkon, Bursa, Turkey) under water-cooling. The crowns 
were embedded in self-curing acrylic resin using plastic 
cylinder molds. Enamel was removed using abrasive papers 
under water, exposing flat dentin surfaces (Figure 1). Flat 
dentin surfaces were polished further using 600-grit SiC 
abrasive papers for 60 seconds to create standardized 
smear layer. The teeth were randomly divided in four 
groups according to surface conditioning and wet bonding 
techniques (n = 4) as follows:
Group I: Vitrebond (3M ESPE, St. Paul, MN, USA; Table 1), a 
resin-modified glass ionomer liner was applied with water 
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wet-bonding to dentin surfaces that were etched with 37% 
phosphoric acid gel according to manufacturer instructions 
(Table 1). 
Group II: Vitrebond was applied with ethanol wet-bonding 
to dentin surfaces that were etched with 37% phosphoric 
acid gel. Unlike water wet-bonding, during ethanol wet-
bonding, etched/conditioned-moist dentin surfaces were 
saturated with absolute ethanol for 1 minute and kept 
wet with ethanol carefully. While surfaces were wet with 
ethanol, Vitrebond was applied according to manufacturers’ 
instructions.
Group III: Vitrebond was applied with water wet-bonding to 
dentin surfaces that were conditioned using polyacrylic acid 
conditioner according to manufacturers’ instructions.

Group IV: Vitrebond was applied with ethanol-wet bonding 
(as described in Group II) to dentin surfaces that were 
conditioned using polyacrylic acid conditioner according to 
manufacturers’ instructions.
Then, etch-and-rinse adhesive (Single Bond 2, 3M 
ESPE, St. Paul, MN, USA; Table 1) was used according to 
manufacturers’ instructions to enhance bond between resin 
composite (Valux Plus, 3M ESPE, St. Paul, MN, USA; Table 1) 
and Vitrebond. Then composite buildups were done in three 
or four increments to a height of 4 mm.4, 14 Each increment 
was cured for 20 seconds using an LED curing unit (3M 
Elipar S10, 3M ESPE, St. Paul, MN, USA). The bonded teeth 
were stored in water for 7 days before being subjected to 
microtensile bond strength test.

Microtensile bond strength test 

The bonded teeth were sectioned perpendicular to the 
adhesive–tooth interface using a low-speed diamond saw 
(Micracut 125, Metkon, Bursa, Turkey) under water cooling 
to obtain microtensile bond strength test specimens 
of about 0.9 x 0.9 mm wide according to non-trimming 
method. Five sticks from the center of each tooth were 
selected randomly, yielding 20 sticks for each test group, 
in total. The specimens were fixed to jig with cyanoacrylate 
glue (Pattex, Henkel, Duesseldorf, Germany) and loaded to 
failure in tension at a crosshead speed of 1 mm/min using 
Bisco micro-tensile testing machine (Bisco Inc., Schaumburg, 
IL, USA). Specimens that failed during placement of the jig 
onto test machine were considered as pre-test failure. The 
μTBS was then calculated by dividing the enforced force 
at the time of fracture by the bond area (mm2). The mode 

Figure 1. A sample for the prepared dentin surface from bovine 
incisors. Black arrows indicate enamel–dentin border. D: Dentin, E: 
Enamel.

Table I. Chemical composition and clinical steps of the materials used in the present study. 

Brand Material Composition Application

Vitrebond, (3M ESPE, 
St. Paul, MN, USA)

Resin modified 
glass ionomer liner

Powder: (Zn) radiopaque fluoroaluminosilicate glass.
Liquid: Modified polyacrylic acid with pendant 
methacrylate groups, 2-hydroxiethylmethacrilate 
(HEMA), photoactivator, water.

Using a small spatula mix the powder 
and liquid for 10 sec.
Apply a thin layer of the mixed liner to 
the cavity floor using a ball applicator. 
Light-cure for 30 sec.

GC (GC Dental Co, 
Tokyo, Japan)

Cavity Conditioner 20% polyacrylic acid, AlCl3

Apply to dentin surfaces and leave 
undisturbed for 10 sec and rinse

Etch-37 (Bisco, Inc, 
Schaumburg, IL, USA)

Etching Agent 37% phosphoric acid
Apply to dentin surfaces for 15 sec 
and rinse.

Single Bond 2 (3M 
ESPE, St. Paul, MN, 
USA)

Adhesive resin
Dimethacrylates, HEMA, polyalkenoid acid copolymer, 
5 nm silane treated colloidal silica, ethanol, water, 
photoinitiator

Etch for 15 sec, rinse and dry gently. 
Apply adhesive and scrub for 30 sec, 
air thin, light cure for 10 sec.

Abbreviations: HEMA: hydroxyethyl methacrylate; PAA: polyacrylic acid; 
UDMA: urethanedimethacrylate
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of failure was evaluated with a stereomicroscope at 40X 
magnification (Meade Bresser Biolux, Meade Bresser, Rhede, 
Germany). Failure modes were recorded as adhesive failure 
at resin adhesive–Vitrebond interface (Type I), adhesive 
failure at dentin–Vitrebond interface (Type II), mix failure at 
resin adhesive–Vitrebond interface (Type III), mixed failure 
at dentin–Vitrebond interface (Type IV), and cohesive failure 
in Vitrebond (Type V) (Figure 2).
In order to evaluate interfaces of resin-modified glass 
ionomer-based dentin adhesive with dentin after different 
surface treatments and bonding techniques, one stick 
from the center of each tooth per group was selected for 
investigation under a scanning electron microscope (SEM). 
Selected sticks were fixed in 10% neutral buffered formalin 
for 48 hours, then dried at room temperature for 24 hours.15 
All fixed specimens were sputter-coated with gold and 
interfaces were observed under SEM (JEOL 6400, JEOL, 
Tokyo, Japan) at 1.500x magnification.

Statistical analysis

Following checking normal distributions and equalities 
of variance of µTBS data using Kolmogorov–Smirnov 
test and Levene tests, respectively, two-way analysis of 
variance (ANOVA) test was used to determine effects 
of independent variables (surface conditioning and wet-
bonding techniques) on dependent variable (microtensile 
bond strength data), to reveal possible interactions 
between independent variables. A p value of less than 0.05 
was considered as significant (p < 0.05).

RESULTS

The means and standard deviations of Microtensile bond 
strength and failure mode analysis for all groups are 
summarized in Table 2. Two-way ANOVA revealed that bond 
strength was not influenced by surface pretreatments (p= 
0.673) significantly, while bonding technique significantly 
affected the bond strength (p< 0.001). The interaction 
between two factors was not statistically significant (p= 
0.086). The mean bond strength values were as follows: 
16.21±4.7 MPa for Group III (polyacrylic acid conditioner + 
water wet-bonding); 14.32±3.9 MPa for Group I (phosphoric 
acid+water wet-bonding ); > 11.11±3.3 MPa for Group II 
(phosphoric acid+ethanol wet-bonding); 9.96±2.5 MPa 
for Group IV (polyacrylic acid conditioner+ethanol wet-
bonding). When resin-modified glass ionomer-based 
adhesive (Vitrebond) was applied to dentin with ethanol 
wet-bonding, it resulted in significantly lower bond 

strength when compared to water wet-bonding technique, 
regardless of surface treatment.
Failure mode analysis showed a higher percentage of 
mixed failure at Vitrebond–resin adhesive interfaces 
when phosphoric acid was used with either water-wet or 
ethanol wet-bonding. Higher percentages of mixed failure 
at Vitrebond–dentin interfaces were exhibited when 
polyacrylic acid was used with either water-wet or ethanol 
wet-bonding. It was found that ethanol wet-bonding 
increased the percentage of cohesive failure of Vitrebond 
when it was used with either polyacrylic acid or phosphoric 
acid (Table 2). 
SEM micrographs of the absorption layer (AL) of the 
surface treatment and bonding technique combinations 
are shown in Figure 3. These revealed that acid etching 
of dentin resulted in thicker AL layer in the interface (a, b), 
when compared to conditioning dentin with polyacrylic acid 
conditioner (c, d). Greater deepness of demineralization due 
to acid-etching should result in thicker absorption layers. 
Interestingly, chemical drying of dentin surfaces with 
absolute ethanol for 60 seconds did not show any influence 
on formation of absorption layer, regardless of surface 
conditioning regimes.

DISCUSSION

Results of this study did not support the null hypothesis 
that surface water, which would be removed by ethanol 
wet-bonding, doesn’t have any effect on short-term bond 

Figure 2. The representative digital images of failure modes through 
stereo microscope: (A) adhesive failure at resin adhesive–Vitrebond 
interface (Type I); (B) mix failure at resin adhesive–Vitrebond interface 
(Type III); (C) mix failure at dentin–Vitrebond interface (Type IV); (D) 
cohesive failure in GBDA (Type V).
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strength of resin-modified glass ionomer-based adhesive 
applied to the conditioned dentin by different surface 
conditioning regimes. When resin-modified glass ionomer-
based adhesive was bonded to dentin with ethanol wet-
bonding technique, significant reductions were seen in its 
short-term bond strength regardless of surface conditioning 
regimes. This would allow us to reject the null hypothesis.
In order to improve hybridization quality of resin–dentin 
interfaces made by resin-based etch-and-rinse adhesives, 
ethanol wet-bonding technique has been developed.2 

Better solvent properties of ethanol make ethanol a more 
effective solvent for both hydrophilic and hydrophobic 
resin monomers than water.2 However, saturation of acid-
etched dentin with absolute ethanol causes the collapse 
of interfibrillar hydrogel consisting of a mixture of highly 
hydrated GAG. This leads to collapse of matrices horizontally 
more than vertically, thus widening interfibrillar spaces that 
act as a diffusion way for resin monomers blends. Therefore, 
it was shown that resin infiltration into the demineralize 
dentin matrices had been improved, yielding more 
homogenous dentin hybrid layers when acid-etched dentin 
saturated with absolute ethanol, also called ethanol wet-
bonding technique, was compared to water wet-bonding 
technique.16, 17 Some benefits of ethanol wet-bonding on 
quality of the resultant dentin hybrid layers were shown as 
an increment in dentin bond strength5, 14 or just a reduction 
of in vivo nanoleakage of resin–dentin interfaces18 by 
previous studies.
Glass ionomer materials are able to bond dentin and enamel 
with both micromechanical retention and chemical bonding 
mechanisms.7, 8, 10 Chemical bond is formed between the 
carboxyl groups of polyacrylic acid with hydroxyapatite 
at the enamel and dentin.9 To maximize chemical 
bonding capacity, dentin surface should be conditioned 
with polyacrylic acid conditioner. A polyalkenoic acid 
conditioner only superficially demineralizes dentin, leaving 
hydroxyapatite around exposed collagen fibrils.7, 8, 10 As 
a result, a submicron hybrid layer is formed that provides 

Figure 3. (A) Phosphoric acid, (B) Phosphoric acid + Ethanol wet-
bonding, (C) Polyacrylic acid, (D) Polyacrylic acid + Ethanol wet-
bonding. VB: Vitrebond, glass ionomer-based dentin adhesive, D: 
dentin. White arrows: adsorption layer (AL).

Table II. Numbers of bond strength test specimens (N), pre-test failures (p), mean microtensile bond strength values (MPa), standard deviation 
(SD) and failure modes (%) of resin modified glass ionomer adhesive (VitreBond) by using different wet bonding techniques and surface 
conditionings. 

Groups N µTBS (MPa)

Failure Modes (%)

Ty
pe

 I

Ty
pe

 II

Ty
pe

 II
I

Ty
pe

 IV

Ty
pe

 V

Group I (phosphoric acid etching 
+ water-wet bonding)

20 (0 p) 14.32±3.9 a 0 0 20 70 10

Group II (phosphoric acid etching 
+ ethanol-wet bonding)

17 (3 p) 11.11±3.3 b 12 0 6 65 21

Group III (polyacrylic acid 
conditioner + water-wet 
bonding)

20 (0 p) 16.21±4.7 a 11 0 39 44 5

Group IV (polyacrylic acid 
conditioner + ethanol-wet 
bonding)

18 (2 p) 9.96±2.5 b 25 0 35 33 10

Different superscripts indicate significant differences (p< 0.05).
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micromechanical retention. The residual hydroxyapatite 
within the hybrid layer serves as receptor for additional 
chemical interaction. However, to maximize micromechanical 
retention, the phosphoric acid etching of enamel and 
dentin would be preferred.7, 10 Phosphoric acid removes the 
dentinal smear layer and completely demineralizes dentin 
up to a depth of 3–5 µm. Consequently, application of resin-
modified glass ionomer to acid-etched dentin excludes any 
chemical interaction with hydroxyapatite, while retention 
should only come from micro-mechanical interaction 
through hybridization. Therefore, it was speculated that 
micromechanical interlocking might provide better initial 
dentin bond strengths.7

In context of the implication of ethanol wet-bonding 
in bonding of resin-modified glass ionomers to dentin, 
it can be speculated that saturation of acid-etched or 
polyacrylic acid-conditioned dentin surfaces with ethanol 
would improve infiltration of resin monomers and even 
polyacrylic acid from resin-modified glass ionomer into 
demineralized dentin matrices, thus it might improve quality 
of interface and increase initial bond strength. However, 
this might contradict important role of water for bonding 
of glass ionomers to dentin. Tay et al. presented that 
intrinsic water is essential to obtain an effective bonding 
between resin-modified glass ionomer and dentin.13 In this 
study, it was found that ethanol wet-bonding reduced 
microtensile bond strength of resin-modified glass ionomer 
to dentin significantly regardless of surface pretreatments. 
Nevertheless, considering failure modes, mixed failures 
consist of both cement and dentin, or cement and resin 
adhesive were dominant in all groups (Table 2). Removal 
of water from surface by ethanol application would lower 
mechanical properties of resin-modified glass ionomer 
cement. Therefore, differences between bond strength 
means might be misleading, and actual bond strength of 
resin-modified glass ionomer to ethanol-saturated dentin 
might be masked.7

The occurrence of absorption layer in the interface of 
resin-modified glass ionomer and dentin indicate effective 
bonding.13 Tay et al.13 also showed that dehydration of dentin 
through an ascending ethanol series (70%, 80%, 95%, three 
changes in 100%) for 2 hours yielded resin-modified glass 
ionomer-dentin interfaces without any absorption layer. 
Conversely, the absorption layers in micrographs of the all 
groups were observed regardless of bonding technique in 
the present study (Figure 3). This might indicate that single 

application of absolute ethanol for only 60 seconds would 
not be able to remove all intrinsic water from dentin, thus 
residual water along with water from cement might be 
enough for formation of absorption layer.

CONCLUSION

Application of resin-modified glass ionomer-based adhesive 
to dentin with ethanol wet-bonding appeared to yield lower 
bond strength in the short term. Despite this, it was very 
interesting to observe the absorption layer in the resin-
modified glass ionomer-dentin interface. The removal of 
water from interface with ethanol would deteriorate the 
mechanical properties of the glass ionomer cement, but 
further studies would be necessary to evaluate interfacial 
morphological and chemical characteristics of the resultant 
resin-modified glass ionomer–dentin interface when the 
ethanol wet bonding technique is used.
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