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INTRODUCTION

The adhesion to dentin is a critical step because of 
the heterogeneous structure and humidity of this tissue 
(1). In this sense, self-etch adhesives emerged with the 
proposal to simplify the adhesive restorative procedure 
(2), making the technique less critical in controlling 
dentin moisture.

Self-etch adhesives are aqueous mixtures of 
hydrophilic and hydrophobic monomers and solvents 
(3), combining steps of etching and priming (self-etch 
primers) or etching, priming and bonding in a single 
bottle (all-in-one adhesives). They do not require a 
separate etching step; rather, they incorporate the smear 
layer into the hybrid layer (3). Although theoretically 
the discrepancy between the depth of demineralization 
and infiltration of monomers is not present in self-etch 
systems (4), in vitro studies have shown nanoleakage (3) 
and phase separation (5) in the adhesive/resin interface 
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of some self-etch systems, which is believed to result 
from the high water content of solvent formulations. 
Therefore, the durability of the adhesion has been 
questioned because the hydrophilic nature of the self-
etch primers would make them vulnerable to water 
sorption (6).

HEMA (2-hydroxyethyl-methacrylate) is the 
most frequent hydrophilic monomer present in adhesive 
systems (7). Due to its low molecular weight, HEMA 
acts as a co-solvent, minimizing phase separation 
and increasing the miscibility of hydrophobic and 
hydrophilic components into the solution (5). However, a 
formation of an aqueous and unstable gel was reported in 
adhesives containing HEMA; this should be susceptible 
to hydrolytic degradation (8) and should encourage 
more water update (9). Some studies have shown that 
the removal of HEMA from self-etch adhesives (10) 
would minimize water sorption, while others observed 
that the 10% of HEMA content would be beneficial for 
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the adhesive system performance (11). 
Surfactant dimethacrylate monomers have been 

added to adhesive systems to maintain hydrophilicity 
(12,13). They are solubility enhancers that facilitate 
penetration of hydrophobic components into wet, 
demineralized dentin, reducing phase separation (12,13). 
The advantage of these monomers is that they result 
in formation of more stable cross-linked polymers 
facilitated by two polymerizable groups (12,13). 

There is still a controversy about the performance 
of adhesives with or without HEMA. Therefore, the aim 
of this study was to evaluate the bond strength (BS) to 
dentin of commercial HEMA-containing and HEMA-
free self-etch adhesive systems. The null hypothesis 
tested in the study is that the adhesive systems do not 
differ with respect to BS to dentin regardless of the 
presence of HEMA.

MATERIAL AND METHODS 

This study was conducted after approval of the 
institutional Ethics Committee (Protocol #PP0104/09). 
Twenty third molars were disinfected in 0.5% chloramine 
solution at 4ºC, cleaned and randomly assigned to 4 
groups (n=5), which received self-etch adhesive systems 
with HEMA (Adper SE Plus; 3M ESPE, St Louis, MN, 
USA and Clearfil 3S Bond; Kuraray Medical Inc, Tokyo, 
Japan) and without HEMA (GO; SDI, Chicago, IL, USA 
and OptiBond All-In-One; Kerr Co, Orange, CA, USA).

The teeth were ground with 180-grit silicon 
carbide paper to remove the occlusal surfaces and 
expose flat coronal dentin, which was polished with 
600-grit silicon carbide paper under water cooling for 
60 s to produce a standardize smear layer. The adhesive 
systems were applied as described in Table 1. Light 

Table 1. Materials used, composition, and application modes.

Material
(batch number) Composition Application mode

GO
(070987)

Phosphoric acid and acidic ester monomer, 
dimethacrylate, monomethacrylate, silicon 
dioxide, water, acetone, photoinitiators, 

stabilizers and NaF

Keep dentin surface wet
Apply adhesive (20 s)

Dry with air stream (20 s)
Light cure (20 s)

Adper SE Plus
Primer (8BE)
Adhesive (8BB)

Primer (liquid A): water (80%), HEMA, 
rose bengal, surfactant;

Adhesive (liquid B): methacrylate resin 
(UDMA, TEGDMA, TMPTMA, HEMA 
phosphate and MHP acidic monomers, 

zirconia, photoinitiators

Apply liquid A
Vigorously apply liquid B (20 s)

Dry with air stream (20 s)
Apply a second coat of adhesive

Dry with air stream (20 s)
Light cure (10 s)

OptiBond All-In-One (#)
(3075076)

Uncured methacrylate ester (33-43%), 
ethyl alcohol (4-9%), water, acetone 
(35-45%), monomers, inert mineral 
fillers, ytterbium fluoride, photoinitiators, 

accelerators and stabilizers

Vigorously apply a first adhesive coat (20 s)
Vigorously apply a second adhesive coat (20 s)

Dry with and air stream (5 s at 10cm);
Light cure (20 s).

Clearfil 3S Bond (*)
(00006)

Primer/Adhesive:  10 MDP, Bis-
GMA, 2-HEMA, di-camphorquinone, 
hydrophobic dimethacrylate, ethanol 
(<20%), water and silanated colloidal silica

Shake the bottle
Vigorously apply one coat of primer/adhesive (20 s);

Dry with warm/cold air stream (10 s at 10 cm)
Light cure (10 s)

Bis-GMA (bisphenol A glycidyl methacrylate); UDMA (urethane dimethacrylate); TEGDMA (triethylene glycol dimethacrylate); 
HEMA (2-hydroxyethyl methacrylate); TMPTMA (trimethylolpropane trimethacrylate); MHP (methyl hydroxypropyl phosphates); 
10-MDP (10-methacryloyloxydecyl dihydrogen phosphate); (#) Material Safety Data Sheet, acc. to OSHA Hazard Communication 
Standard’s requirement (29 CFR 1910.1200) reviewed on 11/19/2008; Kerr; (*) Material Safety Data Sheet, acc. to ISO/DIS 11014 
reviewed on 10/01/08; Kuraray Co.
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Table 2. Number of specimens (representative percentages) distributed according to the 
failure mode for each experimental condition.

Adhesive system Mixed
 (%)

Cohesive resin 
(%)

Premature failure 
(%)

GO 30 (69.7) 0 (0) 13 (30.3)

Adper SE Plus 30 (81.1) 2 (5.4) 5 (13.5)

OptiBond All-In-One 32 (88.9) 1 (2.7) 3 (8.4)

Clearfil 3S Bond 42 (95.5) 2 (4.5) 0 (zero)

curing was carried with a commercial light-curing unit 
with irradiance of 600 mW/cm² (Ultralux; Dabi Atlante, 
Rio de Janeiro, RJ, Brazil) and blocks of Filtek Z350 
composite (3M ESPE) were build up in five 1-mm-thick 
increments, each one light cured for 40 s.

The restored teeth were stored in distilled water at 
37°C for 24 h and then cut on an Isomet 1000 machine 
(Buhler, Lake Bluff, IL, USA) in the mesiodistal and 
buccolingual directions, perpendicular to the bonded 
interfaces, to obtain sticks. The dimensions of each stick 
were measured with a digital caliper accurate to the 
nearest 0.1 mm (Absolute Digimatic; Mitutoyo, Japan) 
in order to calculate the cross-sectional area (0.8 mm²).

Each sample was fixed in a microtensile testing 
device (Odeme Biotechnology, Joaçaba, SC, Brazil) 
with cyanoacrylate-based adhesive (Super Bonder Gel; 
Loctite, Itapevi, SP, Brazil) and tested for tensile strength 
in a universal testing machine (EMIC DL 2000; São José 
dos Pinhais, PR, Brazil 0.5 mm/min). The fragments of 
fractured specimens were fixed in aluminum stubs with 
double-faced carbon tape, sputter-coated with gold (SCD 
050 Sputter Coater; Bal-Tec, Balzers, Liechtenstein), and 
the modes of fracture were observed and classified as 
adhesive, cohesive or mixed using a scanning electron 
microscope (JSM 5600; JEOL ,Tokyo, Japan) operating 
at 15 kv. The bond strength values (in N) were divided 
by the cross-sectional area (in mm2) of each specimen 
and the results obtained in MPa were analyzed by 
one-way analysis of variance and Tukey’s tests at 5% 
significance level.

RESULTS 

The mean values of cross-sectional areas ranged 
from 0.77 to 0.83 mm2, with no statistically significant 
difference among groups (p>0.05). The percentages of 
specimens tested and fractured before testing and the 

modes of failure for each experimental condition are 
presented in Table 2. Mixed fractures were the most 
prevalent in all groups. 

The means (in MPa) and standard deviations of 
the experimental groups are described as follows. GO 
presented the lowest mean bond strength value (10.57 ± 
3.72) and differed significantly from the other materials 
(p=0.001), which, in turn, presented statistically similar 
results (p>0.05) among themselves: Adper SE Plus 
(29.08 ± 8.93), OptiBond All-In-One (28.36 ± 6.49), 
and Clearfil 3S Bond (28.62 ± 6.97). 

DISCUSSION

Self-etch systems do not require etching as 
a separate step, as they run by acidic monomers 
incorporated into the primer (self-etch primers), and 
the penetration of monomers occurs simultaneously. 
Because the acidic monomers increase the wetness 
of dentin, some authors initially hypothesized that 
the presence of HEMA in these adhesives would 
not be necessary (10). Other problems reported due 
to the presence of HEMA on the adhesive systems 
were the possibility of allergenic reactions and high 
hydrophilicity, resulting in water sorption even after 
the end of the polymerization reaction (7). 

The null hypothesis of this study was partially 
rejected because bond strength varied depending on the 
presence of HEMA in GO, which presented the lowest 
mean value. It was difficult to obtain test specimens 
for this adhesive system, because restorations were lost 
during the sectioning step. The fragility of bond is also 
suggested by the number of premature fractures, which 
was larger than that observed for all other adhesives (Table 
2). This result agrees with those of Van Landuyt et al. 
(11) who tested the influence of different concentrations 
of HEMA (0, 10, 19, and 36%) on bond strength of 

experimental blend adhesives to 
dentin and found lower values 
for the adhesive without HEMA. 
On the other hand, significant 
improvement in bond strength was 
achieved after 24 h by adding 10% 
HEMA in formulations. Higher 
degree of conversion, lower water 
sorption and solubility and higher 
cohesive strength was achieved for 
experimental adhesives containing 
15% HEMA instead of 30 and 
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50% (14). 
The results of OptiBond All-In-One, however, 

were similar to those of Adper SE Plus and Clearfil 3S 
Bond, both containing 20% HEMA. One can assume 
that other factors, such as the solvent type and content, 
may have influenced the bond strength of these two 
materials. GO contains acetone, while OptiBond All-In-
One contains 35 to 45% acetone and 4-9% ethanol. The 
solvent evaporation from adhesives is influenced by the 
vapor pressure (15). As the vapor pressure of acetone is 
high, it volatilizes rapidly and may dehydrate the dentin. 

The presence of water in self-etch adhesives is 
necessary to ensure the ionization of the acidic monomers, 
but it is not as efficient as acetone or ethanol as a solvent 
because of its lower vapor pressure (7). Conversely, 
the presence of acetone and ethanol in OptiBond All-
In-One might balance the solvent evaporation without 
dehydrating dentin, because ethanol ensures the wetness 
of the substrate, and its vapor pressure is intermediate 
between acetone and water. The lower percentage of 
premature failures observed for OptiBond All-In-One 
compared to those of GO confirms this aspect (Table 
2). Another explanation for the good performance of 
OptiBond All-In-One could be the content of glycerol 
phosphate dimethacrylate monomer in its formulation, 
a surfactant monomer that may have facilitated the 
penetration of hydrophobic components into dentin, 
reducing the phase separation (12,13).

The disappearance of bubbles in the adhesive 
layer was observed when a small amount of HEMA 
was present (5). Adper SE Plus and Clearfil 3S Bond 
have similar amounts of HEMA, resulting in good bond 
strength, thus confirming that the presence of HEMA 
in small amounts might have prevented the phase 
separation, as suggested.

It was observed the influence of water content, 
type and amount of solvents in the absence of phase 
separation, on bond strength, and marginal adaptation 
in enamel and dentin (16). This was partly reinforced 
in the present study because although the bond strength 
values of Clearfil 3S Bond and Adper SE Plus were 
similar, several premature fractures were observed for 
Adper SE Plus (Table 2). This may be explained by 
the 80% of water in its composition and as the vapor 
pressure of water is low, the solvent evaporation in this 
adhesive may be decreased in the presence of HEMA 
(7). No premature fractures were observed for Clearfil 3S 
Bond, suggesting that its water content and solvent might 
have optimized solvent evaporation from this adhesive. 

Alternative techniques have been presented 
to improve solvent evaporation and bond strength of 
HEMA-containing and HEM-free adhesives, such as 
increasing the air drying time (15). Removal of solvent 
should be held at the maximum. It has been reported 
that the type of solvent and the mixture of components 
including HEMA may influence the solvent evaporation 
rate of commercial and experimental adhesives (17), 
with those containing acetone being the fastest ones. 

The increased content of HEMA in adhesives 
decreases the degree of conversion (14) due to its 
lower polymer rates, which is influenced by the lower 
concentration of polymerizable groups (18) and it may 
decrease the mechanical properties of the polymer 
(19,20). Other studies should be conducted to evaluate 
the performance of self-etch adhesives with and without 
HEMA, such as the replacement of HEMA by other 
surfactant monomers (13) and the evaluation of the 
durability of bonding. Torkabaki et al. (21) observed 
a decrease of bond strength to dentin for HEMA-
containing adhesives after 1 year of water storage, 
although this decrease was gradual for the adhesives 
without HEMA. Recently, Van Landuyt and others (22) 
evaluated the clinical performance of HEMA-free one-
step G-Bond with one three-step adhesive in noncarious 
cervical lesions and they found no statistically significant 
difference between the materials.

Within the limitations of an in vitro study, it 
may be concluded that the influence of HEMA on BS 
to dentin was material dependent and that the presence 
of HEMA in the self-etch adhesive systems evaluated 
was not a predominant factor that influenced their bond 
strength to dentin. 

RESUMO

O objetivo deste estudo foi avaliar a resistência de união (RU) 
de adesivos autocondicionantes com e sem HEMA à dentina. A 
superfície oclusal de 20 terceiros molares foi removida e a dentina 
abrasionada com lixa de carbeto de silício de granulação 600. Em 
seguida, os dentes foram divididos aleatoriamente em 4 grupos 
(n=5) e restaurados com os sistemas adesivos Go, Adper SE Plus, 
OptiBond All-In-One ed Clearfil 3S Bond e resina composta Filtek 
Z350. Após fotoativação (600 mW/cm²), eles foram armazenados 
em água destilada (37ºC/24 h) e secionados nas direções mésio-
distal e vestíbulo-lingual, para obter corpos-de-prova em formato 
de palito (0,8 mm²). Os palitos foram tracionados em máquina 
de ensaio universal com velocidade de 0,5 mm/min, e os modos 
de fratura observados em microscópio eletrônico de varredura e 
classificados em adesiva, coesiva ou mista. Os dados de RU  (em 
MPa) foram analisados estatisticamente por ANOVA a um critério  
e teste de Tukey com nível de significância de 5%. A menor 
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RU foi observada para o adesivo GO (10,57 ± 3,72) (p=0,001). 
Adper SE Plus (29,08 ± 8,93), OptiBond All-In-One (28,36 ± 
6,49) e Clearfil 3S Bond (28,62 ± 6,97) foram estatisticamente 
semelhantes entre si (p>0.05). Fraturas mistas predominaram 
nos grupos. Concluiu-se que a influência do HEMA na RU foi 
material-dependente.
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