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Purpose: To evaluate the cumulative loss of mass of two-step solvent-based adhesives, examine the effect of
prolonged application time on the resin-dentin microtensile bond strength (µTBS), and correlate the µTBS with the
evaporation rate of adhesive systems.

Materials and Methods: An ethanol/water based (Single Bond: SB) and an acetone-based system (One Step: OS)
were employed. Approximately 16 µl of each product was transferred to a small glass container and placed in an
analytical balance. The cumulative loss of mass (CLM) was determined in every minute for 5 min to the nearest
0.0001 mg and again after 20 min (n = 4). For the µTBS test, a flat superficial dentin surface was exposed in
24 human third molars by wet abrasion. The adhesives were applied to a delimited area of 52 mm2 on wet
surfaces, for 40, 90, and 150 s. Four teeth were assigned to each experimental group. Composite crowns were
constructed incrementally. After storage in water at 37°C for 24 h, teeth were sectioned to obtain sticks with
cross-sectional areas of 0.8 mm2 to be tested in tension (0.5 mm/min). The CLM (%) for both adhesives was
compared using a Student-t test at each minute (α = 0.05). The µTBS values were analyzed by two-way ANOVA and
Tukey’s test (α = 0.05).

Results: The CLM for OS was higher than for SB during the first 5 min, but these values were only statistically
different at minutes 3, 4, and 5 (p < 0.05). A CLM of approximately 50% was observed for both adhesive systems
after 20 min. The factor application duration and the interaction between application duration and adhesive were
significant (p < 0.05). The increase in the application duration led to an increase in µTBS for both systems; how-
ever, the differences were only statistically significant for OS over the 150 s period (p < 0.05). A strong correlation
was found between the µTBS and the cumulative loss of mass of adhesives.

Conclusion: Prolonged application times can increase the resin-dentin µTBS of two-step adhesive systems, but the
application duration is dependent on the solvent present in the bonding system.
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ecent advances in esthetic restorations have contrib-
uted to establishing effective adhesion to the dental

structures.2 Bonding to enamel is generally known to be
very reliable.13,34 Conversely, dentin bonding is still a
challenge due to the heterogeneous and intrinsic mois-
ture of tubular ultrastructure, hydrostatic pressure from
the pulp, and presence of the smear layer.4,14,21,22

Contemporary total-etch adhesive systems require
smear layer removal and superficial demineralization of
underlying dentin through the application of an acid
conditioner.21 They are currently marketed as two- and
three-step products, depending on whether the primer
and adhesive resin are applied in combination or sepa-
rately, resp.36 It is generally accept that dentin bonding
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relies primarily on micromechanical interlocking mediated
by the permeation of resin monomers into demineralized
dentin. The entanglement of the polymerized monomers
with collagen fibrils and residual hydroxyapatite crystals
generates an interfacial structure called the “hybrid layer”
or “resin-dentin interdiffusion zone”.19,35

Among other factors, the bond strength of adhesive
resins to dentinal substrates can be altered by the rate of
monomer diffusion into the demineralized dentin, which
occurs after smear layer removal. The diffusion rate of the
monomer is a function of both penetrability of the dentin-
al substrate and the diffusability of the adhesive solution
itself.20 Based on this assumption, previous studies have
shown that longer priming steps for three-step smear-lay-
er removing systems improved the shear bond strengths
compared to a more brief application.5,10

In a similar manner, Miyazaki et al18 demonstrated
that increasing the application duration of a dentin primer
on demineralized dentin surfaces has a positive effect on
the dentin bond strength of three-step bonding systems.
However, it seems that this positive effect is dependent
on the solvent composition of adhesive solutions. For
instance, Jacobsen and Söderholm9 demonstrated that
compared to 30 s, a 2-min application time significantly
increased the shear bond strength of a water/HEMA
primer; however, no significant difference was found with
an acetone/HEMA primer. Thus, it is likely that the sol-
vent composition plays an important role in the efficacy
of priming steps. Basically, three types of solvents are
used to carry monomers: alcohol, acetone, and water. It
is known that acetone has a higher vapor pressure than
ethanol and water,25 and one may suggest that this
variation in composition may influence the time required
for evaporation of the solvents. In regard to two-step
smear-layer removing adhesive systems, few studies
have attempted to correlate the bond strength values with
the application duration of adhesive solutions.5

Therefore, the aims of this study were: 1) to evaluate
the cumulative loss of mass that occurs in different
two-step solvent-based adhesive systems over 20 min;
2) to examine the relationship between bonding agent
application duration and the µTBS of two different sol-
vent-based adhesives to dentin; 3) to correlate the bond
strength values with the evaporation rate of adhesive
systems.

MATERIALS AND METHODS

Adhesive Systems
Two different solvent-based systems were tested: Single
Bond (SB; 3M ESPE, St Paul, MN, USA), an ethanol/
water-based system, and One-Step (OS; Bisco, Schaum-
burg, IL, USA), an acetone based system. Their composi-
tion, application mode, and batch numbers are described
in Table 1.

Loss of Mass
Approximately 16 µl of each of the products was obtained
with a micropipette (Pipetman, Gilson, NY, USA) from the
original container and transferred to small glass contain-
ers of known weight. This volume corresponds to approx-
imately two coats with saturated microbrushs. No stopper
that could prevent evaporation was used. The containers
were then placed in an analytical balance (Mettler, type H6;
Columbus, OH, USA; capacity to 160 g) and loss of mass
was determined every minute for 5 min to the nearest
0.0001 mg and again after 20 min. Room temperature
was set at 18°C to 22°C and the relative humidity approx-
imately at 50%. Protection from light radiation was assured
by covering the analytical balance with appropriate light
filters. Four samples of each adhesive were used. The cu-
mulative loss of mass was calculated during the first 5 min
and after 20 min. The cumulative loss of mass at 40, 90,
and 150 s was also measured in order to allow correlation
with the bond strength values at these respective times.

Bond Strength Measurement
Initially, 24 extracted human third molars were used. The
teeth were collected after obtaining the patient’s in-
formed consent under a protocol approved by the Univer-
sity of São Paulo Institutional Review Board. The teeth
were disinfected in 0.5% chloramines and used within
6 months of extraction. The samples were divided into 6
experimental groups, using 4 teeth for each tested condi-
tion, as shown in Fig 1.

A flat dentin surface was exposed on each tooth after
wet grinding the occlusal enamel on 180-grit SiC paper.
The enamel-free, exposed dentin surfaces were further
polished on wet 600-grit SiC paper for 60 s to create a
standardized smear layer. The area for bonding was
approximately 52 mm2.

Table 1 Adhesive systems and application sequence

Adhesive systems Composition Application mode Batch number

Single Bond
(3M ESPE)

Scotchbond – 35% phosphoric acid
Adhesive – bis-GMA, HEMA, dimethacrylates, polyalquenoic acid copolymer, 
initiators, water and ethanol

a, b, c, d1, e, f, g OEH

One Step
(Bisco)

Uni-Etch – 32% phosphoric acid
Adhesive – bis-GMA, BPDM, HEMA, initiator and acetone

a, b, c, d2, e, f, g 0100007932

a: acid-etch (15 s); b: rinse (15 s); c: air dry (30 s); d1: dentin rewetted with 1.5 µl of water; d2: dentin rewetted with 3.5 µl of water; e: two coats of adhesive systems, brushed for 10 s 
each; f: each coat was followed by air drying for 10 s at 20 cm; g: light cured (10 s, 600 mW/cm2);
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After acid etching with the respective acids of the differ-
ent adhesives (Table 1), the surfaces were rinsed with
distilled water for 20 s and air dried for 30 s with oil-free
compressed air. The adhesives were applied on rewetted
surfaces. For SB, the surface was rewetted with 1.5 µl
water, and for OS, the surface was rewetted with 3.5 µl
water.29 The amount of water was measured by means of
a micropipette (Pipetman, Gilson, NY, USA). The time
elapsed between rewetting and adhesive application was
approximately 10 s, which was the time required to open
the bottles, pour the adhesive on the microbrush, and take
it to the tooth surface. Then, adhesives were applied. A
brush saturated with adhesive was applied on the wet
surface and brushed for 10 s, followed by a stream of air
for 10 s at a distance of 20 cm. The same procedure was
repeated for the second layer. This procedure took approx-
imately 40 s to be completed. In the 40-s group, the adhe-
sive was immediately light cured for 10 s using a VIP light
unit with a light intensity of 600 mW/cm2 (Bisco, Schaum-
burg, IL, USA; see Table 1). In the 90-s and 150-s groups,
the adhesives were left undisturbed for a further 50 s and
110 s, respectively, in a dark environment before light cur-
ing. Resin composite buildup “crowns” (Z 250, 3M ESPE,
St Paul, MN, USA) were constructed on the bonded sur-
faces in increments of 1 mm that were each light activated
for 30 s using the same light unit and light intensity. All
bonding procedures were carried out by a single operator.

After storage in distilled water at 37ºC for 24 h, the
specimens were longitudinally sectioned in both x and y
directions across the bonded interface with a diamond
blade in an Isomet 1000 (Buehler, Lake Bluff, IL, USA) at
300 rpm to obtain sticks with cross-sectional areas of
approximately 0.8 mm2.

The number of prematurely debonded sticks (D) per
tooth during specimen preparation was recorded. Speci-
mens originated from the areas immediately above the
pulp chamber, and the remaining dentin thickness (RDT)
was measured with a digital caliper and recorded (Abso-
lute Digimatic, Mitutoyo, Tokyo, Japan). The cross-section-
al area of each stick was measured with the digital caliper
to the nearest 0.01 mm and recorded for the calculation
of bond strength.

The sticks were individually attached to a jig for micro-
tensile testing27 with cyanoacrylate resin (Zapit, Dental
Ventures of North America, Corona, CA, USA) and subject-
ed to a tensile force in a universal testing machine (Model
4444, Instron, Canton, MA, USA) at a crosshead speed
of 0.5 mm/min.

Bond failure modes were evaluated at 400X (HMV-2,
Shimadzu, Tokyo, Japan) and classified as cohesive (fail-
ure exclusively within dentin or resin composite, C), and ad-
hesive or mixed (failure at resin/dentin interface or mixed
with cohesive failure of the neighboring substrates, A/M).

Data Treatment

Loss of mass
The cumulative loss of mass was expressed in percentag-
es per minute for the first 5 min and at 20 min. The data

from the 4 samples in every minute were averaged and
subjected to a Student t-test (α = 5%) in order to compare
the adhesive systems at each minute.

Bond strength measurement
For each tooth, a bond strength index was calculated
assuming the relative contribution of the possible mode
of failures as described by Reis et al,29 according to the
following formula (values in MPa):

Bond strength index:

It = (BA/M × %A/M) + (CD × %D) + (CR × %R) + (BDS × %DS)/100

Where:
BA/M Average bond strength of sticks with adhe-

sive/mixed fracture pattern
%A/M Percentage of sticks with adhesive/mixed

fracture pattern
CD Cohesive strength of dentin
%D Percentage of sticks that failed cohesively in

dentin
CR Cohesive strength of resin
%R Percentage of sticks that failed cohesively in

resin
BDS Bond strength attributed to sticks that sponta-

neously debonded during preparation (4 MPa)
%DS Percentage of sticks debonded during prepara-

tion.

The formula assumes the cohesive strength of the resin
composite (CR) as the average value of all specimens
(from a single tooth) that failed in that manner. Similarly,
the cohesive strength of dentin (CD) was calculated. The
value attributed to specimens that failed prematurely
during preparation and could not be tested was 4 MPa.
This value is arbitrary and corresponds to approximately
half of the minimum bond strength value that could be
measured in this study (ca 8.1 MPa).

Fig 1 Experimental design.
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A two-way ANOVA (adhesive system vs application
duration) and Tukey’s test were used to compare the mi-
crotensile bond strength indexes. The level of confidence
was established at α = 5%. A simple regression analysis
was applied between the variables loss of mass and bond
strength measurements. For this statistical approach, the
bond strength values of each adhesive at the experimen-
tal times were paired with the respective cumulative loss
of mass of each adhesive in these respective periods
(40 s, 90 s, and 150 s). The Pearson correlation was
also calculated (α = 5%).

RESULTS

Loss of Mass
The cumulative percentage loss of mass is demonstrated
in Table 2 and Fig 2. At 40, 90, and 150 s, the cumulative
loss of mass was 3.6 ± 1, 6.1 ± 2, and 9.2 ± 2 for SB,
respectively, and 3.8 ± 1, 8.2 ± 2, and 13.2 ± 3 for OS,
respectively. The cumulative loss of mass for OS was
higher than for SB during the first 5 min; however, these
differences were only statistically significant at minutes
3, 4, and 5 (p < 0.05). At minute 20, no statistically sig-
nificant difference was detected for the adhesives tested.

Bond Strength Measurements
A regression analysis demonstrated that there was no
influence of RDT on the bond strength (p > 0.05, not
shown). The mean cross-sectional area was 0.58 ±
0.14 mm2, and no difference among the treatment
groups was detected (p > 0.05). The percentage of sticks
that failed prematurely during specimen preparation (%DS)
as well as the frequency of specimens with adhe-
sive/mixed fracture pattern (%A/M), cohesive failure in
dentin (%D), and cohesive failure in resin (%R) are shown
in Table 3.

The means and standard deviations of the bond
strength indexes are shown in Table 4. Two-way ANOVA
showed statistical significant effects for the factor
application duration as well as for double interaction
(p < 0.05). For both adhesive systems, the increase in
application duration led to an increase in the bond
strength values. However, this increase was only signifi-
cant for OS, mainly in the 150-s group (see Table 4).
Thus, in order to determine whether a more prolonged
application of SB to dentin could produce significantly
higher bond strengths, a 300-s group was also evaluated
(see Table 4).

The bond strength values for each adhesive system
were also subjected to a one-way ANOVA. Similar results
were obtained, except for the fact that the 150-s group

Table 2 Means, standard deviation of the loss of mass (%) and 
the statistical significance for each adhesive at times tested (*)

Adhesive systems 

Time (minutes) SB OS (*)

1 4.0 ± 2 4.7 ± 2 =

2 7.4 ± 1 10.6 ± 3 =

3 10.4 ± 2 16.8 ± 4 ≠

4 13.6 ± 1 21.8 ± 2 ≠

5 16.2 ± 2 26.0 ± 3 ≠

20 46.0 ± 5.6 50.0 ± 2.3 =

 (*) Student t-test for each time period
Symbol “=” represents similar means in each column; symbol “≠” represents 
significantly different means in each column (p < 0.05).

Fig 2 Cumulative percent loss of mass during 5 min for each
adhesive system.

Table 3 Percentage of specimens by fracture pattern* or premature debonding for each experimental condition

Application duration (s) Adhesive systems

SB OS

%A/M %R %D %DS %A/M %R %D %DS

40 85 0 0 15 63.4 0 0 36.6

90 81.5 3.1 3.1 12.3 70.2 8.7 3.6 17.5

150 78.5 1 3 18.5 75 4.5 4.5 16

%A/M: % of sticks with adhesive/mixed fracture pattern; %R: % of sticks showing resin cohesive fracture pattern; %D: % of sticks showing dentin cohesive fracture pattern;
%DS: % of sticks showing premature debonding.
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reached higher bond strengths than the 90-s group for OS
(p = 0.001). A statistically significant increase in bond
strength values was detected for SB in the 300-s group.

A strong correlation was found between the bond
strength measurements and the cumulative loss of mass
at the respective times for OS (r = 0.79, p = 0.002). For
SB, a weak correlation was found when only the first three
application times were used (r = 0.2; p = 0.28). However,
after the inclusion of the 300-s group (µTBS = 48.7 ± 3.5,
Table 4; cumulative loss of mass = 16.2 ± 2%, Table 2),
a strong correlation could be detected for SB (r = 0.70,
p = 0.003). The results for each adhesive are depicted in
Figs 3 and 4.

DISCUSSION

Micromechanical interlocking through the creation of a
hybrid layer is currently accepted as one of the major
mechanisms of adhesive resin bonding to dentin.21 The
acid etching solutions demineralize the dentin substrate
to a certain depth, followed by resin infiltration into the
exposed collagen fibrils to form the hybrid layer.19,35

Several reports have shown that a moist dentin sur-
face is essential to allow resin infiltration with current
adhesives.11,29 When water is present within the collagen
interfibrillary and intrafibrillary spaces, it maximizes
expansion of the demineralized matrix and maintains
nanospaces necessary for resin infiltration. In the
present investigation, demineralized dentin was hydrated
with different amounts of water depending on the solvent
composition of the adhesive system. Recently, it was
demonstrated that the One Step (acetone as solvent) and
Single Bond systems (water/ethanol) achieved highest
bond strengths when the moisture of the demineralized
dentin was set at 3.5 µl and 1.5 µl, respectively.29 Ace-
tone-based systems are not able to provide collagen
expansion,23 and therefore the application of such adhe-
sives to a rather dry surface may lead to lower bond

strengths. On the other hand, adhesive systems which
contain water or ethanol cannot be applied to a relatively
wetter surface, since these solvents are not able to
displace water as fast and as efficiently as acetone, due
to their lower vapour pressure.25,29

Even when the dentin is adequately rewetted, com-
plete resin infiltration does not occur along the decalci-
fied dentin with total-etch adhesive systems applied
according to the time recommended by the manufactur-
ers.7,16,32,33 For instance, Spencer et al33 used micro-Ra-
man spectroscopy to demonstrate as little as 20%
monomer infiltration at the base of the hybrid layer for two
total-etch adhesive systems.

Incomplete resin infiltration of the demineralized
dentin can leave exposed collagen at the dentin-adhesive
interface.30 These naked collagen fibrils have been
blamed for the reported bond strength reduction over
time, since they are unprotected from exogenous sub-
stances, including bacterial proteases.6,8,12,30 In an in
vivo study, it was demonstrated that the appearance of 1-
to 3-year-old fractured surfaces was quite similar to the

Table 4 Mean, standard deviation (MPa) and statistical 
significance of bond strength indexes for each experimental 
condition (*)

Application 
duration (s)

Adhesive systems

SB (*) (**) OS (*) (**)

40 36.5 ± 4.1 b µ 29.8 ± 3.9 b,c α

90 34.6 ± 5.5 b µ 43.9 ± 7.4 a β

150 41.8 ± 7.4 a,b µ,£ 48.4 ± 4.4 a θ

300 48.7 ± 3.5 – £ – – –

(*) Two-way ANOVA for all groups, except the 300-s group: same letters indicate no 
satistically significant difference (p > 0.05).
(**) One-way ANOVA for each adhesive system: same symbols indicate no statistically 
significant difference (p > 0.05).

Fig 3 Linear correlation between the bond strength measure-
ments and the cumulative loss of mass for SB.

Fig 4 Linear correlation between the bond strength measure-
ments and the loss of mass for OS.
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appearance of demineralized dentin that had been further
deproteinized by sodium hypochlorite, except for the pres-
ence of resin tags on the fractured surfaces.6 Micromor-
phological alterations of the collagen network were also
detected for demineralized dentin specimens stored for
500 days.8 Therefore, efforts should be directed towards
the elimination or reduction of the demineralized dentin
zone within the bond structures in order to increase in the
longevity of a resin restoration. Although we did not eval-
uate the resin-dentin interfaces micromorphologically, it
is reasonable to suppose that a higher resin penetration
could have occurred when the adhesives were applied for
prolonged application times before light curing. Evidence
for this was found by Nakabayashi and Saimi,20 who de-
monstrated that the depth of hybrid layer formation was
time dependent, being thicker in specimens treated for
60 s than for 30 s. This approach, ie, lengthening the ap-
plication time, might make the specimens more resistant
to degradation in an oral environment. To date, no one
has addressed the percentage of monomer penetration
within the hybrid layer after prolonged application times
and its effects on bond strengths over time.

Based on the above findings, we cannot rule out the
hypothesis of higher monomer penetration within the
hybrid layer to explain the increase in the bond strength
values after prolonged application times. However, it is
worth emphasizing that studies have not found a correla-
tion between the thickness of the resin-infiltrated layer
and bond strengths, suggesting that the quality rather
than the thickness of the resin-infiltrated layer is more im-
portant for bond strength measurements.18,28,37 Another
possible factor which may explain the increase in bond
strength values is the reduction of monomer thinning by
solvent evaporation, followed by stronger polymer forma-
tion.

A numerical increase in bond strengths occurred for
both adhesive systems at application times of 90 and
150 s, but these values were only statistically significant
for One Step. Acetone, the solvent present in One Step
solution, has a high vapour pressure (ca 233 mbar) com-
pared to water and ethanol (ca 23 and 44 mbar, respec-
tively), and has a boiling temperature lower than any other
solvent present in adhesive compositions,1,25 thus
requiring less time to evaporate. Based on the first three
application periods tested, it was not possible for us to
determine whether prolonged application time allows in-
creased bond strengths for SB. Only the results obtained
in the fourth group (300 s) provided evidence that an
increased application time is required for water/ethanol
systems to cause higher bond strength values. As seen
in Table 2 at minute 3, the cumulative loss of mass for OS
was ca 16.8%, while for SB, loss was ca 10.4%. Only after
5 min did SB lose as much mass as OS after 3 min. This
is probably due to the differences in the vapour pressure
among the solvents presented in each system. An appli-
cation time of 90 s was enough to provide significant im-
provement in the resin-dentin bond strengths for OS. How-
ever, only after a 5-min application time were increased
bond strengths detected for SB. We believe that under in

vivo conditions, these periods of application are some-
what lower than the ones reported in the present investi-
gation, since the tooth structures have body temperature,
which is an effective factor to improve the evaporation of
solvents and water.

Our findings support the results of a micro-Raman
evaluation.33 At approximately 2 microns into the de-
mineralized dentin, Single Bond adhesive penetration
decreased to ca 55%. Single Bond adhesive penetration
continued to drop until it measured approximately 22% at
the floor of the demineralized dentin. These results sug-
gest that the contribution from the Single Bond adhesive
is less than 50% throughout nearly half of the demineral-
ized dentin. In contrast, the penetration of One Step
adhesive was over 50% throughout most of the deminer-
alized dentin layer.33 The micro-Raman spectroscopic
results also suggested that the OS diffused into the min-
eralized dentin substrate. Based on the results of the
present investigation, it is plausible that – similar to what
occurred in the bond strength evaluation – at prolonged
application times, SB could penetrate as deeply as OS
into the demineralized dentin. Further studies should be
conducted to evaluate this hypothesis.

Another explanation for the observed increase in the
bond strengths is the quality of the polymer formed within
the hybrid layer. Even if complete penetration into the
decalcified dentin occurs, the degree of conversion of the
bonding resin in the presence of intrinsic water from den-
tin and solvents from bonding agents are other aspects
that also affect the resin-dentin bond quality.15

In a theoretical model of dentin bonding, Pashley et
al24 evaluated the importance of several variables in a
simple model. They demonstrated an increase in bond
strength values as a function of the cohesive strength of
a hypothetical hydrophilic bonding resin. Residual water
or solvents entrapped in the monomer moieties compro-
mise the polymerization of the resin, and thus reduce its
physical properties,26 rendering the resin-dentin bond
weak and less stable over time.31

Cho and Dickers3 observed that a bonding agent con-
taining a higher concentration of acetone (47% to 67%)
lowered the resin-dentin bond strength values. Besides
that, a thin adhesive layer was formed when bonding was
performed with systems with higher acetone concentra-
tion. It seems reasonable to indicate prolonged applica-
tion times, if the bonding system has a higher solvent
content or a low vapour pressure solvent in its composi-
tion, since a strong and significant correlation between
the bond strength values and the evaporation rate (cumu-
lative loss of mass) was detected for both adhesive
systems used in this investigation.

In one study, increasing amounts of water (5 to 44
vol%) were added to a HEMA and bis-GMA formulation
which was subsequently light cured,9 and a reduction of
20% in the conversion degree was observed when as little
as 9% water was included. As pointed out by Paul et al,26

this fact represents a dilemma in dentin bonding.
Although the demineralized dentin must be kept moist to
prevent collapse of the exposed collagen fibrils, the resid-

Cardoso.fm  Seite 6  Mittwoch, 16. Februar 2005  3:10 15



Cardoso et al

Vol 7, No 1, 2005 7

ual water may dilute the priming components and
preclude the production of high-quality polymers, compro-
mising the integrity of dentin interface over time. Sano et
al31 observed microporosities between collagen fibrils
within the hybrid layer in monkey teeth in vivo after 1 year.
They suggested that the rate of polymerization of the
bonding resin within the hybrid layer was lower than that
of the bonding resin layer, which caused the elution of
uncured resin monomer from the hybrid layer.

It is likely that as much as 50% solvent is present in
both adhesive systems tested, since this was the loss of
mass that occurred for both adhesive systems over a
period of 20 min. These results partially disagree with the
results of Abate et al.1 They demonstrated a loss of mass
of 43% and 13.5% for an acetone and a water/ethanol
based system, respectively. Similar environmental condi-
tions were used in the present investigation. The absence
of replications in their study could have been responsible
for the observed differences between their results and
ours.

CONCLUSION

Prolonged application times can increase the resin-dentin
µTBS of two-step adhesive systems, but the application
duration is dependent on the solvent present in the bond-
ing system. Resin-dentin interfaces formed under pro-
longed application times might be more stable over time,
due to the possible formation of a more stable polymer
within the hybrid layer. Further studies must be conducted
in order to evaluate this hypothesis.
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Clinical relevance: An increase in the application
duration of total-etch, two-step adhesive systems can
improve the immediate resin-dentin bond strength.
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