
RESUMO
O Objetivo deste estudo foi avaliar o efeito do tempo e da téc-
nica de condicionamento ácido na resistência de união de um
sistema adesivo convencional de dois passos à dentina e ao
esmalte. Trinta terceiros molares humanos foram mésio-dis-
talemente seccionados, paralelo ao longo eixo, em duas
metades. As superfícies vestibular/lingual foram desgastadas
para obter dentina exposta e esmalte planos. O condicionador
foi aplicado com ou sem o uso da ponta aplicadora da seringa
disponibilizada pelo fabricante. Quando a ponta não foi usada,
o condicionador foi agitado (ativa) ou deixado (passiva) sobre
o substrato. Os condicionamentos foram realizados por 15 ou
30s. Após a lavagem do ácido, o adesivo XP Bond (Dentsply
Caulk, Milford, DE, USA) foi aplicado e fotoativado. Cilindros
de resina composta foram construídos sobre a dentina e o
esmalte. Carga de cisalhamento foi aplicada sobre as amostras

numa velocidade de 0,5 mm/min até a falha. Os dados foram
estatisticamente analisados usando ANOVA três fatores e teste
de Tukey (α=0.05). Não houve diferença entre as técnicas de
condicionamento no esmalte. As aplicações com a ponta ou
sem a ponta de forma ativa promoveram maior resistência de
união à dentina que a aplicação passiva. Aumentando o tempo
de condicionamento reduziu a resistência de união à dentina e
não alterou os valores do esmalte. A aplicação passiva sem a
ponta produziu os menores valores quando utilizada por 15s.
Todas as técnicas demonstraram valores similares na apli-
cação por 30s. O tempo e a técnica de condicionamento ácido
influenciam significativamente a resistência de união de adesi-
vo convencional à dentina. 

Palavras chave: Adesivo, Adesão dental, Condicionamento
dental. 

ABSTRACT
The aim of this study was to evaluate the effect of acid etching
time and technique on bond strength of a two-step etch-and-rinse
adhesive system to dentin and enamel. Thirty human third molars
were mesio-distally sectioned, parallel to the long axis of each
tooth, in two halves. Buccal/lingual surfaces were abraded to
obtain both flat exposed enamel and dentine. The etchant was
applied with and without the use of dispensing tips provided by
manufacturer. When the tip was not used, the etchant was agitat-
ed (active) over the substrate or left undisturbed (passive). The
etchings were done for 15 or 30s. After rinsing the acid, the adhe-
sive XP Bond (Dentsply Caulk, Milford, DE, USA) was applied
and light-cured. Resin composite cylinders were built up on
dentin and enamel substrates. A shear load was applied to the

samples at a crosshead speed of 0.5 mm/min until failure. Data
were statistically analyzed by three-way ANOVA and Tukey test
(α=0.05). There was no difference between the etching tech-
niques in bonding to enamel. Application with the tip or active
without the tip promoted higher bond strength to dentin than pas-
sive application. Extending the etching time reduced the bond
strength to dentin and did not alter the values for enamel. The
passive application without tips produced the lowest bond
strength when the etchant was applied for 15s. All techniques
demonstrated similar values for application during 30s. The acid
etching time and technique significantly influence the bond
strength of etch-and-rinse adhesive to dentin.

Key-words: Adhesives, Dental bonding, Dental etching. 
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EFEITO DO TEMPO E DA TÉCNICA DE CONDICIONAMENTO ÁCIDONA 
RESISTÊNCIA DE UNIÃO DE UM ADESIVO CONVENCIONAL

INTRODUCTION

The fundamental principle of bonding to dental hard
tissues is based on micromechanical interlocking of
the adhesive resin with dentin/enamel surfaces1.
While bonding to enamel depends on the microme-

chanical retention to the etched substrate,2 bonding
to dentin relies on hybridization with the exposed
collagen mesh3. With etch-and-rinse systems, an
acid conditioner selectively dissolves the hydroxya-
patite crystals and creates porosities4. This step is



followed by penetration of the adhesive resin
involving the apatite crystal. This approach has
shown a high success rate, primarily on enamel,
because its mineral content is high5. However, the
dentinal tissue has a higher content of organic phase
and water, representing a challenge to bonding.
The acid etching of dentin removes the mineral
phase from the surface layer and exposes the denti-
nal collagen mesh3. Because of the hydrophilic
nature of this mesh, it is necessary to use monomers
with both hydrophilic and hydrophobic groups for
improved adhesion. The hydrophilic functionality
permits the permeation of the monomer into the col-
lagen mesh, whereas the hydrophobic functionality
facilitates bonding to the hydrophobic resin matrix
in the restoration6. Thus, the hybridization process
is the result of infiltration of adhesive resin into col-
lagen mesh exposed by acid etching followed by its
in situ polymerization1, 3.
Acid etching is an essential step for obtaining prop-
er bonding both to dentin and enamel7,8. Several fac-
tors have been associated with the performance of
etchants. The buffering capacity of hydroxyapatite
could dramatically limit the reaction of the acid9.
The smear layer and the presence of dentinal col-
lapsed collagen may also act as a barrier that
decreases the demineralization rate10,11. Further-
more, limitation could be related to etchants them-
selves. Most commercial etchants are available as
gels at 30 to 40% phosphoric acid. However, it has
been demonstrated that the concentration of phos-
phoric acid is not the only factor responsible for pro-
moting proper etching. Similar concentrations of
phosphoric acid etchants containing distinct thick-
eners result in different demineralization depths as

well as different morphology of etched dentin12.
Thus, the interaction between the etchant and the
dental tissue is fundamental to proper etching.
Adequate viscosity permits the etchant to flow and
allows a reaction between the phosphoric acid and
the dental tissue. Wang & Spencer13 demonstrated
that the technique of etchant gel application on the
dentin surface has a significant effect on both the
depth and extension of demineralization. The
etchant application using dispensing tips had a
higher and more homogeneous pattern of etching
than when the acid gel came directly from the
syringe. The alteration of this physical property is
called “shear thinning”, where the gel becomes thin
and flows like a runny liquid under shear load.13

However, the same authors showed that the effica-
cy of etching can be improved even when the
etchant gel is used without dispensing tips. Longer
duration of etching or the agitation of etchant over
the dental tissue improved the performance of the
etchant gel. Thus, the aim of this study was to eval-
uate the effect of acid etching time and technique
on the bond strength of adhesive to dentin and
enamel. The null hypothesis is that neither time nor
etchant application technique hinder bond strength.

MATERIALS AND METHODS

Thirty non-carious human third molars stored in a
0.05% thymol saline solution for no more than 6
months were used. In order to obtain two halves, the
teeth were sectioned along the mesio-distal axis, par-
allel to the long axis of tooth, using a slow speed
diamond saw under water cooling. Each half was
embedded in acrylic resin (Class-Mold, Clássico,
São Paulo, SP, Brazil) to facilitate handling, keep-
ing the buccal/lingual surfaces exposed. Cavity
preparation was performed with a cylindrical dia-
mond bur (#3097, KG Sorensen, Barueri, SP, Brazil)
operated with a high-speed hand-piece using copi-
ous air-water spray. The bur was used parallel to the
bucco-lingual surface until a flat surface on both the
enamel and dentin was obtained, with sufficient sur-
face area to build up two resin composite cylinders
(1 mm in diameter). Afterwards, the surfaces were
additionally wet-ground with 320-grit SiC paper
(Norton, Lorena, SP, Brazil).
The specimens were randomly allocated according
to acid etching time and technique (n=10). Fig. 1
shows the experimental design. The etchant (34%
Tooth Conditioner Gel, Dentsply Caulk, Milford,
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Fig. 1. Experimental design.



DE, USA) was applied with or without dispensing
tips simultaneously over the dentin and enamel. In
the latter case, the etchant was placed, spread over
the substrates with an applicator brush and either
left to stand undisturbed (passive) or applied and
gently agitated (active) during the etching time. The
etchant remained on the dental tissues for 15 or 30s
for all application techniques. The passive applica-
tion of etchant using a dispensing tip for 15s was
considered the control group, as this application
technique is recommended by several manufactur-
ers of adhesive systems. 
After acid etching, the specimens were rinsed with
water for 10s and blot-dried, leaving the dentin moist.
The adhesive XP Bond (Dentsply Caulk, Milford,
DE, USA) was applied with an applicator brush and
left undisturbed for 20s. The solvent was gently
evaporated for 5s with directed low-pressure air
stream and the adhesive light-cured for 10s. After the
adhesive procedures, polyvinyl tubes with a cylin-
der-shaped orifice (1 mm in inner diameter × 2 mm
in height) were individually placed onto the dentin
and enamel surfaces. The composite resin Spectrum
TPH (Dentsply, Petrópolis, RJ, Brazil) was inserted
into the tube and light-polymerized for 20 s. Light-
polymerization procedures were performed using the
LED unit Optilight LD Max (Gnatus, Ribeirão Preto,
SP, Brazil) with approximately 500 mW/cm2 of irra-
diance. Afterwards, the tubs were removed to expose
the resin cylinders. Four cylinders (two per substrate)
were made for each specimen.

The embedded specimens were attached to the testing
device and each resin composite cylinder was tested
on a mechanical testing machine (EMIC DL 2000, São
José dos Pinhais, PR, Brazil). A thin steel wire (0.2
mm in diameter) was looped around each cylinder and
a shear load was applied to the base of the cylinder at
a crosshead speed of 0.5 mm/min until failure. Shear
bond strengths were calculated and expressed in MPa.
The average value of the two bonded cylinders for
each substrate in the same specimens was recorded as
the shear bond strength for that specimen. Data were
put into the three-way ANOVA and Tukey’s test, at a
95% confidence level. The factors evaluated were
“etching technique,” “etching time,” and “substrate”.

RESULTS 

The statistical analysis showed a significant effect
for all factors (p < .05) and interactions between fac-
tors (p < .05). Comparisons according to the Tukey’s
test are shown in Tables 1, 2, 3 and 4. Table 1 shows
the results for the interaction between factors “etch-
ing technique” and “substrate.” There was no differ-
ence between the etching techniques on bonding to
enamel. However, passive application of the etchant
without dispensing tips produced the lowest values
of bond strength to dentin. There was no difference
between substrates when the etchant was applied
with agitation. Conversely, the other techniques pro-
duced lower bond strength to dentin than enamel.
Table 2 shows the results for the interaction between
factors “etching time” and “substrate.” The 30-second
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Table 1: Bond strength means (SD) for interaction between factors “etching technique” and “substrate” in MPa.

Substrate

Enamel

Dentin

With tips

36.7 (10.1) Aa

29.5 (9.8) Ab

Without tips - Passive

32.0 (8.3) Aa

19.4 (7.8) Bb

Without tips - Active

33.4 (9.5) Aa

32.5 (14.1) Aa

Etching technique

Means followed by different capital letters in the same line, and lowercase letters in the same column, are significantly different at p < 0.05.

Table 2: Bond strength means (SD) for interaction between factors “etching time” and “substrate” in MPa.

Substrate

Enamel

Dentin

15 s

34.2 (9.7) Aa

30.8 (14.5) Aa

30 s

33.8 (9.2) Aa

23.5 (7.8) Bb

Etching time

Means followed by different capital letters in the same line, and lowercase letters in the same column, are significantly different at p < 0.05.



etching time produced lower bond strength to dentin
than the 15-second etching time. There was no signifi-
cant difference between times for bonding to enamel.
Within 30s of etching, the bond strength of the adhesive
was higher to enamel, while the values were similar for
both substrates when the etchant was applied for 15s. 
Table 3 shows the results for interaction between fac-
tors “etching technique” and “etching time” at dentin.
There was no difference between the techniques when
the etchant was applied for 30s. However, the passive
application of the etchant without dispensing tips for
15s produced the lowest bond strength compared to
other techniques used for the same time. Etchant use
for 30s did not alter the bond strength for the passive
use of an etchant without dispensing tips, while there
were reduced values for the other techniques. Table 4
shows the values obtained at enamel. The bond
strength was similar for all experimental conditions. 

DISCUSSION

Most available etchants on the market contain addi-
tional thickeners in order to facilitate handling. The
advantages of the gel form are that the clinicians
can easily control the placement of the acid on the
required dental tissue surface; without which the
etchant flows to other surfaces. The etching gels are
commonly thickened with the addition of silica or
polymers. However, acid gels have a lower diffu-
sion rate than acid liquid etchant.12 Pushing the gel
against the nozzle of the dispenser tip reduces its
viscosity and can improve its effectiveness.13 The

results of the present study show that using dispens-
ing tips affected the bond strength to dentin. Thus,
the null hypothesis was rejected. 
The etching technique presented a significant effect
only on dentin, while all techniques promoted similar
values of bond strength to enamel. Enamel bonding
has traditionally been dependent upon the infiltration
of adhesive resin into surface porosity created by acid
etchant agents. Etchants dissolve hydroxyapatite
crystals in enamel, creating pits through which the
adhesive resin is readily absorbed by capillary attrac-
tion14. The resin tags provide the bond strength to this
substrate1,2. The efficient etching of enamel seems
more related to the pH of the etchant versus other fac-
tors15,16. Furthermore, it has been demonstrated that
longer times do not significantly improve the bond
strength17. The same can be expected for viscosity and
application mode. A possible deeper etching promot-
ed by the lowest viscosity of etchant or by active
application does not result in higher bond strength8,17.
In contrast to enamel, dentin is a more heteroge-
neous substrate, consisting of hydroxyapatite and
collagen fibrils. The acid conditioning of dentin
leaves a wide opening in the dentinal tubules, which
exposes a layer of mineral depleted collagen fib-
rils18. An effective dentin bond depends on proper
adhesive resin penetration into the partially dem-
ineralized dentin to form the so-called hybrid
layer3,19. In this approach, the exposed collagen fib-
rils function as a micro-retentive network for
mechanical interlocking. It has been demonstrated
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Table 3: strength means (SD) for interaction between factors “etching technique” and “etching time” at dentin in MPa.

Etching time

15 s

30 s

With tips

36.6 (9.3) Aa

22. (6.4) Ab

Without tips - Passive

16.8 (4.7) Ba

23.0 (6.9) Aa

Without tips - Active

37.6 (10.3) Aa

23.8 (8.2) Ab

Etching technique

Means followed by different capital letters in the same line, and lowercase letters in the same column, are significantly different at p < 0.05.

Table 4: Bond strength means (SD) for interaction between factors “etching technique” and “etching time” 
at enamel in MPa.

Etching time

15 s

30 s

With tips

39.4 (8.6) Aa

34.4 (9.0) Aa

Without tips - Passive

30.4 (8.9) Aa

32.6 (9.4) Aa

Without tips - Active

34.4 (8.8) Aa

36.0 (9.6) Aa

Etching technique

Means followed by different capital letters in the same line, and lowercase letters in the same column, are significantly different at p < 0.05.



that penetration of acid etchant occurs primarily
along the tubules, while the penetration on intertubu-
lar dentin occurs at a lower rate12. The latter seems
be essential for providing proper bond strength once
it creates a space between collagen fibrils3.
Leaving the etchant applied without a tip on the
dentin undisturbed resulted in the lowest bond
strength. The passive application of the etchant was
found to promote only a non-uniform and partial
demineralization of dentin13. This non-effective
etching may be responsible for the low bond
strength using this etching technique. However, agi-
tating the etchant improved the bond strength to
dentin. This agitation helps to replenish H+ ions of
dentin and to remove the reaction products, result-
ing in more effective etching13. However, etchant
application with dispensing tips increases its flow
and dispenses its agitation on the substrate.
The outcomes of the present study show that
extending the etching time of dentin to 30s reduces
the bond strength. Conversely, time did not hinder
bonding to enamel. It has been demonstrated that
increasing the etching time on enamel can lead to
the formation of an insoluble reaction product and
result in weaker bond strength20. However, an upper
limit of 60s for enamel time is generally well agreed
upon17. Thus, the etching times used in this study
are safe for producing proper bonding.
Within dentine, extending the etching time pro-
motes deeper demineralization13,21. In etch-and-
rinse adhesives, there is often discrepancy between
the depth of dentin demineralization and adhesive
resin infiltration22. Higher discrepancy is expected
with deeper demineralization21. Thus, the increase
of etching time to dentin results in a thicker layer of
an unprotected mineral-depleted collagen at the
base of the hybrid layer. This mineral-depleted layer
can act as weak link during shear testing and reduce
the bond strength21. Another explanation may to
relate to possible collagen damage during acid etch-
ing23,24. Longer etching time could damage the ter-
tiary structure and result in poorer resin infiltration. 

The outcomes also demonstrated significant interac-
tion between etching time and technique only for
bonding to dentin. Extending the etching time reduced
the bond strength for application with tip as well as
for application without tip but with agitation (active
mode). This reduction could be related to poorer bond-
ing achieved on dentin with longer application times.
The same did not occur when the etchant was applied
without the tip in the passive mode. Despite the numer-
ical increase of bond strength, there was no difference
for the latter technique when applied for 15 or 30s.
Thus, the worst efficiency on dentin of etchant applied
passively without the dispensing tips was not compen-
sated by an increase in etching time. 
In several clinical conditions, proper bonding to
dentin substrate is essential to promote the retention
of restoration or adequate seal. In contrast to enam-
el, the etching technique of etchant application is
essential for reaching a proper bonding to dentin.
The outcomes of this study showed that the use of
etchants with their dispensing tips can produce prop-
er bonding to both enamel and dentin. Furthermore,
a time conditioning of 15s promoted the best results
in both substrates. However, in contrast to enamel,
the etching time should not exceed 15s on dentin. In
the absence of dispensing tips, the agitation of the
etchant on the dentin promoted similar results.

CONCLUSION

Based on the results of the present study, it can be
concluded that: 
The application mode of the etchant had a signifi-
cant effect only on bond strength to dentin.
The use of dispensing tips and agitation of etchant
(applied without the tips) promoted the highest val-
ues of bond strength to dentin.
The etching time did not influence the bond strength
to enamel. 
Extending the etching time to dentin reduced the
bond strength, except for the passive application of
etchant without the dispensing tips. For this tech-
nique, the longer time did not affect bond strength.
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