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Clinical Relevance

When using multimode adhesives on sound dentin, clinicians can choose to use either an
etch-and-rinse or a self-etch strategy in terms of bond strength; however, on caries-affected
dentin, bonding degradation will be greater irrespective of etching mode.

SUMMARY

The purpose of this study was to evaluate the
influence of water storage on bond strength of
multimode adhesive systems to artificially
induced caries-affected dentin. One hundred
twelve sound bovine incisors were randomly
assigned to 16 groups (n=7) according to the
dentin condition (sound; SND, artificially in-
duced caries-affected dentin; CAD, cariogenic
challenge by pH cycling for 14 days); the
adhesive system (SU, Scotchbond Universal
Adhesive; AB, All-Bond Universal; PB, Prime

& Bond Elect; SB, Adper Single Bond 2; and CS,
Clearfil SE Bond), and the etching strategy
(etch-and-rinse and self-etch). All adhesive
systems were applied under manufacturer’s
instructions to flat dentin surfaces, and a
composite block was built up on each dentin
surface. After 24 hours of water storage, the
specimens were sectioned into stick-shaped
specimens (0.8 mm2) and submitted to a micro-
tensile test immediately (24 hours) or after six
months of water storage. Bond strength data
(MPa) were analyzed using three-way repeat-
ed-measures analysis of variance and post hoc
Tukey test (a=5%), considering each substrate
separately (SND and CAD). The etching strat-
egy did not influence the bond strength of
multimode adhesives, irrespective of the den-
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tin condition. Water storage only reduced
significantly the bond strength to CAD. The
degradation of bond strength due to water
storage was more pronounced in CAD, regard-
less of the etching strategy.

INTRODUCTION

To simplify the adhesive technique and improve its
clinical versatility, materials referred to as universal
or multimode adhesives have been developed. They
generally consist of one-bottle adhesives that can be
used both in etch-and-rinse and self-etch strategies.
Moreover, manufacturers and previous studies rec-
ommend an alternative protocol: the selective enam-
el etching technique, which combines the advantages
of acid etching on enamel with the simplified self-
etching technique in dentin.1,2

Moreover, several multimode adhesives present
phosphate monomers (such as 10-MDP)3 in the
composition in an attempt to improve bond strength
longevity by chemical adhesion to hydroxyapatite.
As the hybrid layer is prone to both collagen and
resin matrix hydrolytic degradation,4-6 it is extreme-
ly important to evaluate the bond stability achieved
with multimode adhesive systems on different
substrates.

Recent studies have evaluated different multi-
mode adhesive systems, comparing the performance
of etch-and-rinse and self-etch strategies.7-16 A
systematic review with meta-analysis demonstrated
that the etch-and-rinse strategy produces higher
values for enamel; however, on dentin, for the
majority of the multimode adhesive systems includ-
ed, both strategies produced similar values.17

High immediate bond strength values have been
found for multimode adhesives7-9,11,12,14,15; however,
the question about the long-term bonding effective-
ness to dentin remains controversial.7,10,11,13-16

Moreover, the influence of a substrate condition
such as caries-affected dentin on the bond strength
of multimode adhesives is unclear. In caries-affected
dentin of primary molars, the effect of etching
strategy was substrate dependent,18,19 whereas in
permanent dentin, the effect of approach strategy
was not significant.20

Caries-affected dentin left after selective removal
of carious tissue is a clinically relevant substrate in
everyday dental practice. The selective removal of
carious tissue can significantly reduce the risk of
pulp exposure and postoperative pulp symptoms,
which is advantageous for deep caries treatment.21

However, caries-affected dentin differs in composi-

tion and microstructure compared with sound den-
tin,22 and lower bond strengths have been reported
when bonding to this substrate, regardless of the
adhesive system tested.22-28 It is also known that
hybrid layer degradation is more pronounced on
caries-affected dentin due to substrate-intrinsic
characteristics.27 Based on this, laboratory assess-
ments of bonding to caries-affected dentin is rele-
vant,22 including the performance of universal
adhesive systems on this kind of substrate.

Therefore, the aim of this in vitro study was to
evaluate the influence of water storage on bond
strength of multimode adhesive systems to artifi-
cially induced caries-affected dentin. The null hy-
potheses tested were as follows: 1) water aging has
no effect on bond strength of multimode adhesives
systems to sound and artificially induced caries-
affected dentin, irrespective of the etching strate-
gies, and 2) the multimode adhesives present similar
bonding, independent of the etching strategies on
either sound or artificially induced caries-affected
dentin.

METHODS AND MATERIALS

Tooth Selection and Preparation

One hundred twelve freshly extracted bovine inci-
sors were stored in 0.5% aqueous chloramine T at
48C for a maximum of 30 days and used in this study.
The teeth were divided into dentin substrates (sound
and artificially induced caries affected), and for each
substrate, teeth were allocated into eight groups
(n=7). The root portion was removed using a
diamond disc in a low-speed hand piece. The buccal
surfaces were ground under water cooling using a
100-grit SiC paper in a polishing machine (EcoMet
250, Buehler, Lake Bluff, IL, USA) to expose and
obtain flat dentin surfaces. Further, for both sub-
strates (sound dentin and artificially induced caries-
affected dentin), buccal surfaces were ground man-
ually using 600-grit SiC paper for 60 seconds to
create a standardized smear layer.

Artificial Caries Induction

The teeth were randomly assigned in two groups
according to the substrate condition: sound (SND)
and artificially induced caries-affected dentin (CAD).
After procedures to obtain a standardized smear
layer, teeth allocated to the sound dentin group were
kept in distilled water and those to the artificially
induced caries-affected dentin group were submitted
to artificial caries induction by a pH-cycling mod-
el.29,30 Teeth were individually submitted to immer-
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sion for eight hours in 10 mL of demineralizing
solution (2.2 mM CaCl2, 2.2 mM NaH2PO4, and 50
mM acetic acid, adjusted pH of 4.8 with 1 M KOH)
and for 16 hours in the same volume of remineral-
izing solution (1.5 mM CaCl2, 0.9 mM NaH2PO4, and
0.15 mM KCl with adjusted pH of 7.0). Solutions
were changed at every cycle for 14 days, and the
solution pH was confirmed on each cycle using a
digital pH meter (Digimed, DM22, ServMed Analı́-
tica, Guarulhos, SP, Brazil).

Bonding and Restorative Procedures

Teeth from each dentin substrate (sound dentin and
artificially induced caries-affected dentin) were
randomly reallocated into eight groups according to
the adhesive system and etching strategy (n=7). The
three multimode adhesives systems evaluated were
as follows: Scotchbond Universal (SU; 3M ESPE, St
Paul, MN, USA), All-Bond Universal (AB; Bisco,
Shaumburg, IL, USA), and Prime & Bond Elect (PB;
Dentsply Caulk, Milford, DE, USA). All materials
were applied on dentin surfaces in either a self-etch
(SE) or etch-and-rinse (ER) protocol. As control
groups for each strategy, a two-step etch-and-rinse
Adper Single Bond 2 (SB; 3M ESPE) and a two-step
self-etch Clearfil SE Bond (CS; Kuraray Noritake
Dental, Tokyo, Japan) were used. A single trained
operator applied the adhesive systems on dentin
surfaces strictly under the manufacturers’ instruc-
tions (Table 1).

After hybridization, a block (;10 3 7 3 5 mm) of
resin composite (Filtek Z250, shade A2, 3M ESPE)
was incrementally built up on dentin surfaces, and
each increment was light cured for 20 seconds using
a light-emitting diode curing unit (Emitter B,
Schuster, Santa Maria, RS, Brazil) delivering 800
mW/cm2 and checked with a radiometer (Demetron
Research Corp, Danbury, CT, USA) every three
blocks. All specimens were stored in distilled water
at 378C for 24 hours.

Microtensile Bond Strength (lTBS)

Specimens were sectioned in two perpendicular axes
with an underwater cooled diamond saw in a cutting
machine (Labcut 1010, Extec Co, Enfield, CT, USA)
by a single blinded operator, obtaining stick-shaped
specimens with a cross-sectional area of approxi-
mately 0.8 mm2 measured individually with a digital
caliper (Carbografite, Petrópolis, RJ, Brazil). Then,
one half of the obtained specimens from each tooth
were randomly assigned to be tested immediately (24
hours) and the other half after six months (6Mos) of
water storage.

For microtensile testing, specimens were fixed to
metallic devices (Odeme Medical and Dental, Joaça-
ba, SC, Brazil) with cyanoacrylate glue (Three Bond
Super Gel, ThreeBond, Diadema, SP, Brazil) and
submitted to the microtensile test in a universal
testing machine (EMIC DL in 1000, Equipment and
Systems Ltda, São José dos Pinhais, PR, Brazil) at a
crosshead speed of 1 mm/min until fracture. Speci-
mens that failed prior to the test or during cutting or
fixing procedures were recorded as pretesting fail-
ures (PTFs) and included in the bond strength
means. A single blinded operator performed the
microtensile test. All fractured specimens were
observed under 403 magnifying stereoscope (Discov-
ery.v20, Zeiss, Oberkochen, Germany) to identify
and classify the type of failure as adhesive/mixed
(failure at the resin–dentin interface or mixed with
cohesive failure of the neighboring substrate) or
cohesive (dentin or resin).

Scanning Electron Microscopy

Representative specimens from each dentin sub-
strate (sound and artificially induced caries-affected
dentin) were gold sputtered and analyzed with
scanning electron microscopy (SEM; Jeol-JSM-
T330A, JEOL, Tokyo, Japan) operated in the
secondary electron mode with 5 kV.

Statistical Analysis

The experimental unit in the study was the tooth.
Thus, the means of lTBS (MPa) values of specimens
tested at 24 hours or 6Mos were averaged for
statistical purposes. The sample size had been
determined that, considering a mean difference of
20% among groups and expecting a variation
coefficient of 20%, a minimum of seven teeth per
group was required to achieve a power of 0.8 and an
a error probability of 5%.

Three factors were considered in statistical anal-
ysis: adhesive system (AB, PB, SU, SB, and CS),
etching strategy (ER and SE), and evaluation time
(24 hours and 6Mos). Analyses were performed for
each substrate separately (SND and CAD).

A normal distribution of the data was confirmed by
the Kolmogorov-Smirnov test. Data were analyzed
by a three-way repeated-measures analysis of vari-
ance (ANOVA) and post hoc Tukey tests at a
significance level of 0.05, using a statistical software
package (Minitab, Minitab Inc, State College, PA,
USA).

PTFs were included in the bond strength means
with a value of 0.31,32
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Table 1: Adhesive systems (manufacturers and batch number), composition, and application modea

Adhesive System/Batch Composition Application Mode

All Bond Universal (Bisco Inc,
Schaumburg, IL, USA) (1500000055)

Bis-GMA, 10-MDP, HEMA, ethanol,
initiators, water

SE: 1. Dispense one to two drops into a
clean well.
2. Apply two separate coats, scrubbing
the preparation with a microbrush for
10-15 seconds per coat. Do not light
cure between coats.
3. Evaporate excess solvent by
thoroughly air-drying with an air syringe
for at least 10 seconds, there should be
no visible movement of the adhesive.
The surface should have a uniform
glossy appearance.
4. Light cure for 10 seconds.
ER: 1. Etch enamel and dentin using an
etchant for 15 seconds. Rinse
thoroughly. Remove excess water by
blotting the surface with an absorbent
pellet or high volume evacuation for one
to two seconds, leaving the preparation
visibly moist.
2. Apply adhesive as self-etch
technique.

Prime Bond Elect (Dentsply Caulk,
Milford, DE, USA) (140304)

Mono-, di- and trimethacrylate resins,
PENTA, diketone, organic phosphine
oxide, stabilizers, cetylamine
hydrofluoride, acetone, water

SE: 1. Place two to three drops into a
clean well. Immediately apply generous
amounts of adhesive to thoroughly wet
all the tooth surfaces. Agitate the
applied adhesive for 20 seconds. Re-
wetting of the microbrush may be
required in order to coat the preparation
for the full 20 seconds.
2. Remove excess solvent by gently
drying with clean, dry air from a dental
syringe for at least five seconds.
Surface should have a uniform glossy
appearance.
3. Light cure for 10 seconds.
ER: 1. Apply Caulk 34% tooth
conditioner gel. Condition enamel for at
least 15 seconds and dentin for 15
seconds or less. Remove gel with
aspirator and/or vigorous water spray
and rinse conditioned areas thoroughly
for at least 15 seconds. Remove rinsing
water completely by blowing gently with
an air syringe or by blot drying with a
cotton pellet.
2. Apply adhesive as self-etch strategy.

Scotchbond Universal (3M-ESPE, St.
Paul, MN, USA) (509806)

MDP Phosphate Monomer,
Dimethacrylate resins, HEMA, Vitrebond
Copolymer, Filler, Ethanol, Water,
Initiators, Silane

SE: 1. Apply the adhesive to the entire
preparation with a microbrush and rub it
in for 20 seconds.
2. Direct a gentle stream of air over the
liquid for about five seconds until it no
longer moves and the solvent is
evaporated completely.
3. Light-cure for 10 seconds.
ER: 1. Apply etchant for 15 seconds.
Rinse thoroughly and air dry or cotton
pellet. Do not overdry!
2. Apply adhesive as in the self-etch
strategy.
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RESULTS

Statistical analyses were performed separately for

each substrate (SND and CAD). Significant cross-

interaction among the three factors (adhesive system

3 strategy 3 time) was found on both SDN (p=0.005)

and CAD (p=0.012) analyses. Table 2 presents the

lTBS values (means and standard deviation) and

contrasts found in the interactions separately for

each substrate.

On SND, the etching strategy did not influence

the bond strength for any tested universal adhe-

sive, regardless the water storage. After 6Mos of

water storage, all materials showed a trend of

reducing numerical values, but with no significant

differences, except the AB with ER strategy, which

showed a significant degradation of bond strength

values.

Etching strategies also produced similar values

when compared among each other on CAD. However,

considering degradation over time on CAD, different

behavior was observed because a significant reduc-

tion in bond strength values was found, except for

AB on ER strategy and PB on SE strategy.

Bond strength values of multimode adhesive

systems in the ER strategy were similar to SB,

which was used as the control etch-and-rinse system.

Only PB–ER after 6Mos of water storage presented

lower values than the control. The same was found

for multimode systems used in the self-etching

strategy on sound dentin; no significant differences

were found compared with CS, the self-etch system

that was used as a control. On CAD, significant

differences were only found for bond strength values

of PB and SU using the SE strategy, with values that

Table 1: Continued.

Adhesive System/Batch Composition Application Mode

Adper Single Bond 2 (3M-ESPE, St.
Paul, MN, USA) (N520165)

Dimethacrylate resins, HEMA, Vitrebond
Copolymer, Filler, Ethanol, Water,
Initiators

1. Apply etchant for 15 seconds. Rinse
for 10 seconds. Blot excess water using
a cotton pellet or mini-sponge. The
surface should appear glistening without
pooling of water.
2. Immediately after blotting, apply two
to three consecutive coats of adhesive
for 15 seconds with gentle agitation
using a fully saturated applicator. Gently
air thin for five seconds to evaporate
solvents.
3. Light cure for 10 seconds.

Clearfil SE Bond (Kuraray Noritake
Dental Inc., Tokyo, Japan) (Primer:
01233A Bond: 01865A)

PRIMER: 10-MDP, HEMA, Hydrophilic
aliphatic dimethacrylate, dl-
Camphorquinone, N,N-Diethanol-p-
toluidine, Water
BOND: 10-MDP, Bis-GMA, HEMA
Hydrophobic aliphatic dimethacrylate, dl-
Camphorquinone, N,N-Diethanol-p-
toluidine, Colloidal silica

PRIMER: 1. Dispense the necessary
amount of PRIMER into a well of the
mixing dish immediately before
application.
2. Apply PRIMER to the entire cavity
wall with a sponge or a disposable
brush tip. Leave it in place for 20
seconds. Use caution not to allow saliva
or exudate to contact the treated
surfaces for at least 20 seconds.
3. After conditioning the tooth surface
for 20 seconds, evaporate the volatile
ingredients with a mild oil-free air
stream.
BOND: 1. Dispense the necessary
amount of BOND into a well of the
mixing dish
2. Apply BOND to the entire surface of
the cavity with a sponge or a disposable
brush tip.
3. After application, make the bond film
as uniform as possible using a gentle
oil-free air stream.
4. Light-cure the BOND for 10 seconds
with a dental curing light.

Abbreviations: bis-GMA, bisphenyl-glycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, 10-methacryloyloxydecyl-dihydrogen-phosphate.
a According to information provided by manufacturers.
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were lower than the control at immediate evalua-
tion.

Significant differences were found between control
adhesives at immediate and 6Mos of water storage
because the etch-and-rinse system (SB) presented
higher values than the self-etch adhesive (CS).

Adhesive/mixed failure patterns were predomi-
nant for all experimental groups, except for SB ER
on SND after 6Mos of water storage. Cohesive
failures (resin or dentin) seemed to be more frequent
in sound dentin and increased in the 6Mos groups
(Figure 1). PTFs were numerically more evident in
CAD compared with SND (Table 2).

DISCUSSION

Caries-affected dentin has been a common substrate
through direct restoration procedures in a minimally
invasive adhesive dentistry approach. Several studies
tested different adhesive systems, with different
strategies in an attempt to achieve better perfor-
mance on this kind of substrate.18,22-26,28,33-35 Intrin-

sic characteristics of caries-affected dentin usually
lead to lower bond strength compared with sound
dentin.22,26,27,33 Thus, in our study, artificially in-
duced caries-affected dentin was considered separate-
ly in the statistical analyses, enabling us to evaluate
three universal adhesive systems while discriminat-
ing both etching strategy and storage time for each
dentin condition. This is one of the first studies that
assessed the long-term bond strength of different
multimode adhesives to caries-affected dentin.

The bond strength values to CAD were clearly
lower compared with SND. Carious dentin is more
porous than sound dentin due to the demineraliza-
tion process.22 Lower mineral content in CAD can
induce a decrease in bond strength.27 A previous
study reported that such a decrease could be the
consequence of the collapse of collagen fibrils that
prevents proper penetration of adhesive resin.36 This
behavior on substrates such as caries-affected dentin
is well stated in the literature for self-etch and etch-
and-rinse systems.22-26,28

Table 2: Bond strength mean values in MPa (standard deviation) for experimental groupsa [tested sps/pretest failures]

Material Strategy Sound Dentin Caries-Affected Dentin

24 Hours Six Months 24 Hours Six Months

AB ER 50.3 (12.4) A [52/0] 28.6 (11.3) B,C,D [57/0] 13.1 (2.7) b,c,d [46/14] 2.5 (0.3) d [49/2]

SE 34.7 (7.5) A,B,C,D [53/2] 34.1 (10.8) A,B,C,D [57/0] 22.5 (4.4) a,b [55/5] 3.7 (2.4) d [58/0]

PB ER 42.3 (8.3) A,B,C [62/2] 24.7 (8.1) C,D [71/0] 19.5 (6.1) a,b,c [49/10] 3.9 (1.6) d [58/0]

SE 26.2 (17.1) C,D [48/14] 20.0 (5.7) D [53/0] 16.3 (10.9) b,c [41/22] 9.4 (7.9) c,d [55/0]

SU ER 48.0 (14.2) A,B [53/4] 33.6 (15.4) A,B,C,D [58/0] 21.3 (6.1) a,b [56/5] 2.4 (0.2) d [63/0]

SE 40.1 (8.9) A,B,C,D [55/2] 34.7 (8.8) A,B,C,D [59/0] 17.7 (4.4) b,c [55/5] 4.7 (3.2) d [58/0]

SB 52.6 (11.8) A [51/1] 47.3 (10.4) A,B [61/0] 22.4 (6.4) a,b [60/6] 3.4 (1.8) d [64/0]

CS 26.5 (9.6) C,D [52/18] 23.2 (7.7) C,D [54/0] 29.2 (7.3) a [58/4] 12.5 (11.3) b,c,d [60/0]
a Different letters indicate statistically significant differences (p,0.05). Uppercase letters for sound dentin and lowercase for artificially induced caries-affected dentin.

Figure 1. Fracture type distribution
per experimental group.
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The bond strength values remained stable in
sound dentin after 6Mos of water storage, irrespec-
tive of the etching strategy, except for All Bond
Universal using the etch-and-rinse strategy, which
presented significant bond strength reduction after
storage.

On the other hand, bonding to CAD presented a
significant reduction for most experimental groups.
There was an evident numerical drop in bond
strength values for all the adhesive systems tested
on this substrate. Only All Bond Universal using the
ER strategy and Prime & Bond Elect using the SE
strategy presented similar values after water aging
on CAD. It is worth mentioning that these two
adhesives, using their respective strategies, already
produced the lowest immediate bond strength to
CAD. Less mineral content, wettability, and other
morphologic and chemical characteristics apparently
had a strong influence on resin–CAD bond longevity
due to higher permeability and a poor-quality hybrid
layer.22,26,37 In addition, the action of matrix metal-
loproteinase (MMPs) is more intense in caries-
affected dentin.27 The susceptibility to degradation
of the interfaces created on CAD was reported in
other studies evaluating self-etch and etch-and-rinse
systems33,34 and confirmed in our study, including
the universal adhesive systems. Despite using a
relatively short-term water storage, our study was
able to demonstrate a more pronounced decrease in
bond strength in caries-affected dentin, probably
because of the substrate characteristics.

The etching strategy did not influence the imme-
diate bond strength values for the multimode
adhesives, regardless of the dentin condition and
storage time, which is in accordance with previous
studies that also evaluated both sound8,11,12,15 and
caries-affected dentin.18

The three multimode adhesives evaluated in this
study present different compositions. Two of them
(All Bond Universal and Scotchbond Universal)
contain a monomer able to chemically bond to the
dentin substrate (10-MDP). In addition, Scotchbond
Universal incorporates a polyalkenoic acid copoly-
mer (PAC) that also chemically interacts with the
calcium of hydroxyapatite. Several studies showed
that MDP-mediated chemical bonds maintained
stable adhesion and prevented bond degradation
when using the two-step self-etch adhesive Clearfil
SE Bond, which was used as control in our study for
SE strategy.38-40

Considering the presence of MPD in the universal
adhesives evaluated in this study, Scotchbond

Universal (on both strategies) and All Bond Univer-
sal (on SE strategy) maintained bond strength after
storage. Yoshida and others3 showed that MDP-
containing adhesives were able to form a nano-layer
at the adhesive interface in different degrees,
depending on the adhesive composition. They spec-
ulated that compositional differences and possibly
different MDP concentrations could explain the
distinct behavior of the MDP-containing adhesives.
Moreover, they hypothesized that the presence of
other components such as PAC or 2-hydroxyethyl
methacrylate (HEMA) may compete with MDP on
bonding sites to the calcium of hydroxyapatite.3

These characteristics could explain the behavior of
the MDP-containing adhesives tested in our study.

Similar performance was observed by Muñoz and
others,13 which supports the speculation that the
presence of PAC is more important for etch-and-
rinse adhesives as only All Bond Universal on ER
strategy showed bond strength reduction after 6Mos.
They indicated that PAC improves stability on a
moist substrate, an important factor for etch-and-
rinse adhesives. We hypothesized that the decreased
performance of All Bond Universal on ER after water
storage could be due to the etching strategy. The
removal of available calcium by acid etching might
have prevented any potential chemical bonding
mediated by MDP since All Bond Universal with
the SE strategy maintained bond strength values
after 6Mos.

The other universal adhesive evaluated (Prime &
Bond Elect) is HEMA free and acetone solvated.
Zhang and others16 explained that the absence of
degradation observed for this system might be
related to the higher vapor pressure of acetone
(compared with ethanol) that improves solvent
evaporation and may lead to less retention of
residual water within the adhesive. A recent study
concluded that entrapment of residual water in
resin–dentin bonds could compromise the perfor-
mance of universal adhesives.9 Furthermore, Prime
& Bond Elect does not contain HEMA in composi-
tion, making it less hydrophilic. To avoid or reduce
hybrid layer hydrolytic degradation, researchers
have been developing less hydrophilic adhesives
such as HEMA-free adhesives.5,41 Therefore, we
hypothesized that these characteristics may explain
Prime & Bond Elect performance on dentin after
6Mos of aging.

The adhesive systems used as controls performed
differently on SND. The etch-and-rinse system used
as a control (Adper Single Bond 2) showed higher
bond strength values than the self-etch system
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(Clearfil SE Bond); results have been previously
reported.42-44 We speculated that the results ob-
tained with the self-etch system used as a control
compared with the ER adhesive might be related to
the fact that Clearfil SE Bond is the only tested
adhesive that manufacturers do not recommend for
active application. Several studies demonstrated
that the active application enhanced immediate
and long-term bond strength of self-etch adhe-
sives.45-48 The fact that Clearfil SE Bond has been
available on the market for a long time could explain
the manufacturer’s instructions without using active
application.39

This study used bovine dentin, which presents
similarity compared with human dentin in several
characteristics,49,50 enabling its use for this purpose.
A recent systematic review with meta-analysis
supported the use of bovine tooth as a substitute to
the human tooth in bond strength studies.51 To
confirm the differences for dentin substrates (SND
and CAD), representative specimens for sound and
artificially induced caries-affected dentin were ana-
lyzed by SEM (Figures 2 and 3).

Considering the obtained results, we failed to
reject the first null hypothesis because the universal
adhesives tested showed similar performance for
both strategies on SND and CAD. Moreover, we
partially rejected the second null hypothesis as
water aging had no effect on SND for both strategies,
and degradation over time was observed on CAD.

CONCLUSIONS

Premature bond strength degradation occurred only
to artificially induced caries-affected dentin. Etching

strategy did not influence the bond longevity of
universal adhesives tested to artificial caries-affect-
ed dentin.

Acknowledgement

We thank the CAPES for the financial support and scholar-
ship.

Regulatory Statement

This study was conducted in accordance with all the
provisions of the local human subjects oversight committee
guidelines and policies of the Federal University of Santa
Maria, Brazil.

Conflict of Interest

The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

(Accepted 29 August 2017)

References

1. Perdigao J, & Loguercio AD (2014) Universal or multi-
mode adhesives: why and how Journal of Adhesive
Dentistry 16(2) 193-194.

2. Perdigao J, & Swift EJ, Jr. (2015) Universal adhesives
Journal of Esthetic and Restorative Dentistry 27(6)
331-334.

3. Yoshida Y, Yoshihara K, Nagaoka N, Hayakawa S, Torii
Y, Ogawa T, Osaka A, & Meerbeek BV (2012) Self-
assembled nano-layering at the adhesive interface Jour-
nal of Dental Research 91(4) 376-381.

4. Pashley DH, Tay FR, Breschi L, Tjaderhane L, Carvalho
RM, Carrilho M, & Tezvergil-Mutluay A (2011) State of
the art etch-and-rinse adhesives Dental Materials 27(1)
1-16.

Figure 2. SEM image of representa-
tive specimen from sound dentin.

Figure 3. SEM image of representa-
tive specimen from artificially induced
caries-affected dentin.

Follak & Others: Degradation of Multimode Adhesives on Caries-Affected Dentin E99

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



5. Tjaderhane L (2015) Dentin bonding: can we make it last
Operative Dentistry 40(1) 4-18.

6. Tjaderhane L, Nascimento FD, Breschi L, Mazzoni A,
Tersariol IL, Geraldeli S, Tezvergil-Mutluay A, Carrilho
M, Carvalho RM, Tay FR, & Pashley DH (2013) Strategies
to prevent hydrolytic degradation of the hybrid layer: a
review Dental Materials 29(10) 999-1011.

7. Chen C, Niu LN, Xie H, Zhang ZY, Zhou LQ, Jiao K, Chen
JH, Pashley DH, & Tay FR (2015) Bonding of universal
adhesives to dentine: old wine in new bottles? Journal of
Dentistry 43(5) 525-536.

8. Hanabusa M, Mine A, Kuboki T, Momoi Y, Van Ende A,
Van Meerbeek B, & De Munck J (2012) Bonding
effectiveness of a new ’multi-mode’ adhesive to enamel
and dentine Journal of Dentistry 40(6) 475-484.

9. Luque-Martinez IV, Perdigao J, Munoz MA, Sezinando A,
Reis A, & Loguercio AD (2014) Effects of solvent
evaporation time on immediate adhesive properties of
universal adhesives to dentin Dental Materials 30(10)
1126-1135.

10. Makishi P, Andre CB, Ayres A, Martins AL, & Giannini
M (2016) Effect of storage time on bond strength and
nanoleakage expression of universal adhesives bonded to
dentin and etched enamel Operative Dentistry 41(3)
305-317.

11. Marchesi G, Frassetto A, Mazzoni A, Apolonio F, Diolosa
M, Cadenaro M, Di Lenarda R, Pashley DH, Tay F, &
Breschi L (2014) Adhesive performance of a multi-mode
adhesive system: 1-year in vitro study Journal of
Dentistry 42(5) 603-612.

12. Munoz MA, Luque I, Hass V, Reis A, Loguercio AD, &
Bombarda NH (2013) Immediate bonding properties of
universal adhesives to dentine Journal of Dentistry 41(5)
404-411.

13. Munoz MA, Luque-Martinez I, Malaquias P, Hass V, Reis
A, Campanha NH, & Loguercio AD (2015) In vitro
longevity of bonding properties of universal adhesives to
dentin Operative Dentistry 40(3) 282-292.

14. Sezinando A, Luque-Martinez I, Munoz MA, Reis A,
Loguercio AD, & Perdigao J (2015) Influence of a
hydrophobic resin coating on the immediate and 6-month
dentin bonding of three universal adhesives Dental
Materials 31(10) e236-e246.

15. Wagner A, Wendler M, Petschelt A, Belli R, & Lohbauer
U (2014) Bonding performance of universal adhesives in
different etching modes Journal of Dentistry 42(7)
800-807.

16. Zhang ZY, Tian FC, Niu LN, Ochala K, Chen C, Fu BP,
Wang XY, Pashley DH, & Tay FR (2016) Defying ageing:
an expectation for dentine bonding with universal
adhesives? Journal of Dentistry 45 43-52.

17. Rosa WL, Piva E, & Silva AF (2015) Bond strength of
universal adhesives: a systematic review and meta-
analysis Journal of Dentistry 43(7) 765-776.

18. Lenzi TL, Raggio DP, Soares FZ, & Rocha Rde O (2015)
Bonding performance of a multimode adhesive to artifi-
cially-induced caries-affected primary dentin Journal of
Adhesive Dentistry 17(2) 125-131.

19. Lenzi TL, Soares FZ, Raggio DP, Pereira GK, & Rocha RO
(2016) Dry-bonding etch-and-rinse strategy improves
bond longevity of a universal adhesive to sound and
artificially-induced caries-affected primary dentin Jour-
nal of Adhesive Dentistry 18(6) 475-482.

20. Nicoloso GF, Antoniazzi BF, Lenzi TL, Soares FZ, &
Rocha RO (2016) Is there a best protocol to optimize bond
strength of a universal adhesive to artificially induced
caries-affected primary or permanent dentin Journal of
Adhesive Dentistry 18(5) 441-446.

21. Schwendicke F, Dorfer CE, & Paris S (2013) Incomplete
caries removal: a systematic review and meta-analysis
Journal of Dental Research 92(4) 306-314.

22. Yoshiyama M, Tay FR, Doi J, Nishitani Y, Yamada T,
Itou K, Carvalho RM, Nakajima M, & Pashley DH (2002)
Bonding of self-etch and total-etch adhesives to carious
dentin Journal of Dental Research 81(8) 556-560.

23. Ceballos L, Camejo DG, Victoria Fuentes M, Osorio R,
Toledano M, Carvalho RM, & Pashley DH (2003) Micro-
tensile bond strength of total-etch and self-etching
adhesives to caries-affected dentine Journal of Dentistry
31(7) 469-477.

24. Erhardt MC, Lobo MM, Goulart M, Coelho-de-Souza FH,
Valentino TA, Pisani-Proenca J, Conceicao EN, & Pimen-
ta LA (2014) Microtensile bond strength of etch-and-rinse
and self-etch adhesives to artificially created carious
dentin General Dentistry 62(3) 56-61.

25. Erhardt MC, Rodrigues JA, Valentino TA, Ritter AV, &
Pimenta LA (2008) In vitro microTBS of one-bottle
adhesive systems: sound versus artificially-created car-
ies-affected dentin Journal of Biomedical Materials
Research Part B: Applied Biomaterials 86(1) 181-187.

26. Nakajima M, Kitasako Y, Okuda M, Foxton RM, &
Tagami J (2005) Elemental distributions and microtensile
bond strength of the adhesive interface to normal and
caries-affected dentin Journal of Biomedical Materials
Research Part B: Applied Biomaterials 72(2) 268-275.

27. Pinna R, Maioli M, Eramo S, Mura I, & Milia E (2015)
Carious affected dentine: its behaviour in adhesive
bonding Australian Dental Journal 60(3) 276-293.

28. Scholtanus JD, Purwanta K, Dogan N, Kleverlaan CJ, &
Feilzer AJ (2010) Microtensile bond strength of three
simplified adhesive systems to caries-affected dentin
Journal of Adhesive Dentistry 12(4) 273-278.

29. Lenzi TL, Calvo AF, Tedesco TK, Ricci HA, Hebling J, &
Raggio DP (2015) Effect of method of caries induction on
aged resin-dentin bond of primary teeth BMC Oral
Health 15 79.

30. ten Cate JM, & Duijsters PP (1982) Alternating demin-
eralization and remineralization of artificial enamel
lesions Caries Research 16(3) 201-210.

31. Pongprueksa P, De Munck J, Karunratanakul K, Barreto
BC, Van Ende A, Senawongse P, & Van Meerbeek B
(2016) Dentin bonding testing using a mini-interfacial
fracture toughness approach Journal of Dental Research
95(3) 327-333.

32. Van Ende A, De Munck J, Van Landuyt K, & Van
Meerbeek B (2016) Effect of bulk-filling on the bonding

E100 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



efficacy in occlusal class I cavities Journal of Adhesive
Dentistry 18(2) 119-124.

33. Erhardt MC, Toledano M, Osorio R, & Pimenta LA (2008)
Histomorphologic characterization and bond strength
evaluation of caries-affected dentin/resin interfaces: ef-
fects of long-term water exposure Dental Materials 24(6)
786-798.

34. Mobarak EH (2011) Effect of chlorhexidine pretreatment
on bond strength durability of caries-affected dentin over
2-year aging in artificial saliva and under simulated
intrapulpal pressure Operative Dentistry 36(6) 649-660.

35. Omar H, El-Badrawy W, El-Mowafy O, Atta O, & Saleem
B (2007) Microtensile bond strength of resin composite
bonded to caries-affected dentin with three adhesives
Operative Dentistry 32(1) 24-30.

36. Sattabanasuk V, Shimada Y, & Tagami J (2005) Bonding
of resin to artificially carious dentin Journal of Adhesive
Dentistry 7(3) 183-192.

37. Wang Y, Spencer P, & Walker MP (2007) Chemical profile
of adhesive/caries-affected dentin interfaces using Raman
microspectroscopy Journal of Biomedical Materials Re-
search Part A 81(2) 279-286.

38. Inoue S, Koshiro K, Yoshida Y, De Munck J, Nagakane K,
Suzuki K, Sano H, & Van Meerbeek B (2005) Hydrolytic
stability of self-etch adhesives bonded to dentin Journal
of Dental Research 84(12) 1160-1164.

39. Peumans M, De Munck J, Van Landuyt K, & Van
Meerbeek B (2015) Thirteen-year randomized controlled
clinical trial of a two-step self-etch adhesive in non-
carious cervical lesions Dental Materials 31(3) 308-314.

40. Toledano M, Osorio R, Osorio E, Aguilera FS, Yamauti M,
Pashley DH, & Tay F (2007) Durability of resin-dentin
bonds: effects of direct/indirect exposure and storage
media Dental Materials 23(7) 885-892.

41. Cardoso MV, de Almeida Neves A, Mine A, Coutinho E,
Van Landuyt K, De Munck J, & Van Meerbeek B (2011)
Current aspects on bonding effectiveness and stability in
adhesive dentistry Australian Dental Journal
56(Supplement 1) 31-44.

42. Aguilar-Mendoza JA, Rosales-Leal JI, Rodriguez-Valve-
rde MA, Gonzalez-Lopez S, & Cabrerizo-Vilchez MA

(2008) Wettability and bonding of self-etching dental
adhesives. Influence of the smear layer Dental Materials
24(7) 994-1000.

43. de Silva AL, Lima DA, de Souza GM, dos Santos CT, &
Paulillo LA (2006) Influence of additional adhesive
application on the microtensile bond strength of adhesive
systems Operative Dentistry 31(5) 562-568.

44. Hebling J, Castro FL, & Costa CA (2007) Adhesive
performance of dentin bonding agents applied in vivo
and in vitro. Effect of intrapulpal pressure and dentin
depth Journal of Biomedical Materials Research Part B:
Applied Biomaterials 83(2) 295-303.

45. do Amaral RC, Stanislawczuk R, Zander-Grande C,
Michel MD, Reis A, & Loguercio AD (2009) Active
application improves the bonding performance of self-
etch adhesives to dentin Journal of Dentistry 37(1) 82-90.

46. Loguercio AD, Stanislawczuk R, Mena-Serrano A, & Reis
A (2011) Effect of 3-year water storage on the perfor-
mance of one-step self-etch adhesives applied actively on
dentine Journal of Dentistry 39(8) 578-587.

47. Miyazaki M, Platt JA, Onose H, & Moore BK (1996)
Influence of dentin primer application methods on dentin
bond strength Operative Dentistry 21(4) 167-172.

48. Pleffken PR, de Almeida Lourenco AP, Torres CR, &
Buhler Borges A (2011) Influence of application methods
of self-etching adhesive systems on adhesive bond
strength to dentin Journal of Adhesive Dentistry 13(6)
517-525.

49. Soares LE, & Santo AM (2015) Morphological and
chemical comparative analysis of the human and bovine
dentin-adhesive layer Microscopy and Microanalysis
21(1) 204-213.

50. Teruel Jde D, Alcolea A, Hernandez A, & Ruiz AJ (2015)
Comparison of chemical composition of enamel and
dentine in human, bovine, porcine and ovine teeth
Archives of Oral Biology 60(5) 768-775.

51. Soares FZ, Follak A, da Rosa LS, Montagner AF, Lenzi
TL, & Rocha RO (2016) Bovine tooth is a substitute for
human tooth on bond strength studies: a systematic
review and meta-analysis of in vitro studies Dental
Materials 32(11) 1385-1393.

Follak & Others: Degradation of Multimode Adhesives on Caries-Affected Dentin E101

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access


