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SUMMARY: This study evaluated the effect of chlorhexidine dentin treatment on shear bond strength (SBS) of adhesive systems
after different storages. The work included 144 third molars that had their dentin exposed and were divided in 6 groups: G1 (ASB+CHX:
Adper Scotchbond 1XT + chlorhexidine 2 % prior Primer); G2(ASB); G3 (APP+CHX: Adper Prompt L-Pop + CHX); G4(APP); G5
(SBU+CHX: Single Bond Universal + CHX); and G6(SBU). Resin build-up was performed and teeth were subdivided regarding storage
times (n=8): 72 h, 3 and 6 months. Next, SBS test was performed. At 72 hours, all equivalent groups (same adhesive system, different
dentin treatment) showed no significant difference in SBS (P≥.05). Self-etch adhesive groups (with or without CHX) presented lower
SBS compared to other systems (P≤.05). After 3 and 6 months, all CHX-treated groups presented significantly higher SBS compared to
equivalent non-treated groups (P≤.05). For both storage times, Single Bond Universal presented the highest SBS values within the same
dentin treatment (P≤.05), while Adper Scotchbond and Adper Prompt-L-Pop were not significantly different among them, also within the
same dentin treatments [3 months (with CHX: P=.966; without: P=.958) and 6 months (with CHX: P =.887; without: P=.990)]. CHX
Dentin disinfection is indicated for all classes of adhesives studied.
KEY WORDS: Shear bond strength; Dentin bond strength; Chlorhexidine; Adhesive systems; Adhesion.

INTRODUCTION

Although bonding to enamel is already well
established in literature, the durability between dentin and
adhesive systems within hybrid layers may not be that long
and stable (Breschi et al., 2008; Leitune et al., 2011; Osorio
et al., 2013), and has been shown to be multifactorial in
nature. Long-term studies had proved that bond strength of
resin-bonded dentin decreased over time due to collagen
degradation (De Munck et al., 2003; Koshiro et al., 2004;
Breschi et al., 2010).
Degradation of hybrid layer can occur due to a series
of factors. Among them, many researches had been focused
on activation of endogenous matrix metalloproteinases
(MMPs) (Hebling et al., 2005; De Munck et al., 2009;
Breschi et al., 2010; Leitune et al.; André et al., 2015; Li et
al., 2015). MMPs are a group of zinc-calcium-dependent
1

enzymes that regulate the physiological ad pathological
mechanisms of collagen-based tissues (Chaussain-Miller et
al., 2006). Although they are present in their latent form
within the dentin substrate (Pashley et al., 2004), when the
inorganic scaffold surrounding the collagen fibrils of dentin
is missing due to caries and/or acid etching, collagen fibers
become denuded and express MMP activity, beginning the
degradation process (Chaussain-Miller et al.).
In order to inactivate MMPs and/or improve dentin
bond strength, different strategies have been proposed
(Dalkilic et al., 2012; Hirata et al., 2016). The most
commonly recommended is the application of CHX to dentin
(Hebling et al.; Li et al.; Ercan et al., 2009; Hiraishi et al.,
2009; Breschi et al., 2010; Leitune et al.; Osorio et al.;
Mohammed et al., 2014; Da Silva et al., 2015). CHX has an
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inhibitory effect on endogenous collagenolytic MMPs
activity (Hebling et al.), so, it has beneficial effects on
preserving dentin bond strength, and a broad spectrum of
action against both Gram-positive and Gram-negative
microbes (Christensen et al., 2002).
However, chlorhexidine pre-treatment can be a
problem if it interferes with the bonding procedures and
application of adhesive resin to dentine. Generally, a potential
problem in using a disinfectant before dentin bonding agents
is the possibility of an adverse effect on the bond strength of
composite resins (Da Silva et al.; Ercan et al.; Hiraishi et al.).

Thus, this study aimed to evaluate the effect of using
a CHX dentin disinfecting solution after different periods
of storage times (72 h, 3 months and 6 months) on the shear
bond strength of different types of adhesive systems; one
etch-and-rinse, one self-etch and one universal. Hypothesis
tested were that 1- CHX dentin treatment would result in
higher shear bond strength values when compared to groups
without dentin treatment; 2- different adhesive systems
would result in different shear bond strength values; and 3increased storage times would result in decreased shear bond
strength values.

Another issue of great importance among the several
factors that may interfere with the bonding quality remains
on the type of adhesive systems used. During the bonding
procedure with etch-and-rinse adhesive systems, dentin is
demineralized by phosphoric acid (Leitune et al.; Pashley
et al., 2011). This process exposes a dense layer of fibrils of
the organic matrix composed primarily of type I collagen
and proteoglycan, which must be completely infiltrated with
adhesive resin to form the hybrid layer (Carrilho et al., 2007;
Stanislawczuk et al., 2009), a hard task to be achieved due
to the organic nature of dentin. The incomplete impregnation
of collagen fibers and the need for protection against the
degrading mechanisms present in the oral cavity
environment, led to the development of the second category,
an adhesive using the self-etch strategy (Van Meerbeek et
al., 2011). In this strategy, there is no need of applying a
preliminary phosphoric acid gel on dental substrates, as
dentine demineralization and priming occur simultaneously.
Dissolved hydroxyapatite crystals and residual smear layer
are then incorporated in the hybridized complex (De Munck
et al., 2005). Considering the differences in professional
judgment regarding selection of the adhesive strategy and
number of steps, some manufacturers have released more
versatile adhesive systems that include etch-and-rinse (two
step) and self-etch (one or two step) options, the so called
‘universal’ adhesive systems (Muñoz et al., 2013).

MATERIAL AND METHOD

Discrepant results are found regarding dentin bond
strength of different adhesive systems after the use of CHX.
Its use has been shown to either increase (Hebling et al.; De
Munck et al., 2005; Breschi et al., 2010; Leitune et al.; Li et
al., Mohammed Hassan et al., 2014) or decrease (Ercan et
al.; Hiraishi et al.; Da Silva et al.) dentin bond strengths.
Moreover, acid etching showed to activate MMPs in dentin,
which occurs differently when an acid-etching is directly
put in contact to dentin or when ‘strong’ self-etching
adhesives get in contact with it (Nishitani et al., 2006; De
Munck et al., 2009; Osorio et al.). These discrepancies make
this a subject of great interest in restorative dentistry and
warrants investigation.

Teeth were then randomly divided in six groups (n =
24 each): G1-ASB+CHX; G2-ASB; G3-APP+CHX; G4APP; G5-SBU+CHX; G6-SBU. All groups were restored
with the same resin composite (Filtek Z350, 3M Oral Care).

One hundred and forty-four sound and freshly
extracted human third molars were used. Teeth were obtained
according to protocols approved by an Institutional Review
Board, cleaned and stored in distilled water at room
temperature until their use.
Teeth were mounted in acrylic resin to facilitate
sample preparation. Roots were removed and crowns were
sectioned with a low-speed diamond disk saw under watercooling to expose mid-coronal dentin. Exposed surfaces were
abraded in a semi-automatic polishing machine (IsoMet
1000, Buehler, Lake Bluff, IL, USA) with 620 grit silicon
carbide abrasive paper under water-cooling, in order to
standardize smear layer.
Following adhesive systems were used: one etch-andrinse (ASB, Adper Scotchbond 1XT, 3M Oral Care, St. Paul,
MN, USA), one self-etch (APP, Adper Prompt L-Pop, 3M
Oral Care) and one universal (SBU, Single Bond Universal,
3M Oral Care), each of them being used with and without a
previous dentin treatment with a cavity disinfectant (CHX,
2 % Chlorhexidine, Cavity Cleanser, Bisco, Inc.,
Schaumburg, IL, USA), applied for 20 s.

Application protocol for each group was performed
as follows: G1 (ASB+CHX) – dentin etch for 15s (37 %
ScotchBond Etchant, 3M Oral Care), water rinse for 30 s
and gently dried with a cotton pellet. Application of CHX
with a micro brush for 20 s and lightly air-dried for 10 s.
Application of the single-component adhesive Adper
Scotchbond 1XT followed by light-polymerization
(Bluephase G2, Ivoclar Vivadent, Schaan, Liechtenstein)
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according to manufacturer’s instructions. Resin composite
was incrementally built-up through a disc with a central
orifice (Ø=3.0 mm and 4 mm high), which was centered on
the tooth to obtain the standardized composite bar for the
test (2 increments, 2 mm each) with Filtek Z350 XT, each
layer being light-polymerized for 20s (Bluephase G2);
G2(ASB) – G2 followed the same steps previously described
for G1, except for the application of CHX; G3(APP+CHX)
– Application of CHX as previously described, application
of the self-etch adhesive system Adper Prompt L-Pop
followed by light-polymerization according to
manufacturer’s instructions. Resin composite build-up was
performed following the same steps previously described
for G1. G4(APP) – G4 followed the same steps previously
described for G3, except for the application of CHX;
G5(SBU+CHX) – Application of CHX as previously
described, application of the universal adhesive system
followed by light-polymerization according to the self-etch
protocol of the manufacturer’s instructions. Resin composite
build-up was performed following the same steps previously
described for G1. G6(SBU) – G6 followed the same steps
previously described for G5, except for the application of
CHX.
After restorative procedures, each group was
subdivided into 3 subgroups, according to different storage
times (n=8 each): 72 hours, 3 months and 6 months. Teeth
were stored in distilled water at room temperature.
Shear Bond Strength Test. After the designated
storage time period, each specimen was placed in a universal testing machine (Z100, Zwick Roell, Germany) and shear
bond strength was measured at a crosshead speed of 0.5 mm/
min. The shear bond strength of composite resin to dentin
was recorded in Newtons (N) and calculated in MPa taking
into account the cross-sectional area of the composite
buildup.
Stereoscopic Microscopy and Scanning Electronic
Microscopy. After the shear bond strength testing procedure,
fractured surfaces were examined in a stereoscopic
microscope to identify the types of failures, which were
classified as: adhesive (failure between tooth and restoration
material), mixed (both cohesive and adhesive), cohesive in
dentin (failure within dentin) or cohesive in composite
(failure within resin composite restoration). Some specimens
weresputter coated with gold and prepared for SEM
examination (JSM-5600LV, JEOL, Tokyo, Japan), with
different magnifications to analyze the hybrid layers among
the different adhesive systems. Hybrid layers were exposed
with a slow speed saw and dentin was dissolved by sequential
rinses in hydrochloric acid and sodium hypochlorite to reveal
resin penetration.
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Statistical Analysis. One-way ANOVA and Tukey post-hoc
tests were conducted to compare the groups with and without
CHX treatment of each separate adhesive protocol, at each
storage time (a=.05) .

RESULTS

Shear bond strength means of the different adhesive
systems and different storage times, according to CHX dentin
treatment, are shown in Table I. Statistical tests revealed
difference between groups when evaluated storage times (72
hours, 3 months and 6 months; P ≤ .05). Statistical difference
evaluated dentin treatment with CHX (P ≤ .05), and adhesive
systems (P ≤ .05) was also observed.
CHX dentin treatment proved to increase shear bond
strength for all adhesive systems after 3 and 6 months storage
times. After 72 hours, no adhesive systems showed statistical
difference, even with the use of CHX, although CHX dentin
treatment slightly increased the values for groups 1
(ASB+CHX) and 3 (APP+CHX). For all storage times, group
4 (APP) showed the lowest values of shear bond strength.
At 72 hours, none of the equivalent groups (same
adhesive system, comparing CHX dentin treatment)
presented significant differences in shear bond strengths (P
≤ .05). When different adhesive systems were compared
within this period of storage time, groups 1 (ASB+CHX), 2
(ASB), 5 (SBU+CHX) and 6 (SBU) presented the highest
values of shear bond strength, not being significantly
different between each other (P ≥ 0.05). Groups from the
self-etching adhesive system Prompt-L-Pop presented the
lowest values, although the use of CHX increased them.
Group 3 (APP+CHX) were not significantly different than
groups 2 (ASB), 5 (SBU+CHX) and 6 (SBU) (P ≥ .05).
Group 4 (APP) presented the lowest shear bond strengths,
although not different than group 3 (APP+CHX) (P = .862).
After 3 months storage time period, all equivalent
groups (same adhesive system, comparing CHX treatment)
presented higher values when CHX treatment was applied (P
≤ .05). Moreover, when evaluating different adhesive systems
after CHX dentin treatment, G5 (SBU+CHX) presented the
highest values of shear bond strength, significantly different
than G1 (ASB+CHX) (P = .000) and G3 (P = .000). Groups 1
and 3 were not significantly different between each other (P =
.966). When evaluating non-CHX dentin treated groups, again
the Universal adhesive system (G6 – SBU) presented the
highest bond strength values, significantly different than G2
(ASB) (P = .000) and G4 (APP) (P = .000). Groups 2 and 4
were not different between each other (P = .958).
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Table I: Shear bond strength means (standard deviation) from different groups concerning different storage times.
72 hours
3 months
6 months
G1 – ASB + CHX
28.98(4.99) Aa
20.91(4.57) Cb
16.57(1.19) Bb
G2 – ASB
24.87(3.20) ABa
12.42(4.32) Db
8.05(2.33) Dc
G3 – APP + CHX
19.43(6.08) BCa
22.66(5.30) BCa
17.59(2.19) Ba
G4 – APP
17.13(3.56) Ca
14.26(3.66) Da
7.48(1.13) Db
G5 – SBU + CHX
24.61(2.68) ABb
38.78(4.18) Aa
22.71(1.89) Ab
G6 – SBU
25.39(2.38) ABa
28.28(4.04) Ba
11.70(2.21) Cb
*Means followed by different letters (upper cases in columns and lower cases in rows) were statistically different (p ≤ 0.05).

When 6 months storage time was evaluated, results
from the adhesive systems without the use of CHX dropped
more drastically for all groups, and all adhesive systems
showed decreased results when CHX was not applied (P ≤
.05). The Universal adhesive system presented higher shear
bond strengths values either when dentin was treated with CHX
or not (P ≤ .05). Regarding the CHX-treated groups, G5
(SBU+CHX) presented the highest bond strengths,
significantly different than the other CHX-treated groups (P ≤
.05). Groups 1 (ASB+CHX) and 3 (APP+CHX) were not
significantly different between each other (P ≤ .0887). When
non-CHX treated groups were evaluated, G6 (SBU) presented
the highest shear bond strengths, significantly different than
G2 (ASB) (P = .005) and G4 (APP) (P = .001). G2 and G4 did
not present statistical significant difference (P = .990).

Regarding the same group within different storage
times, most of the groups presented a significant decrease
in shear bond strength after 3 and 6 months (P ≤ .05), except
for G3 (APP+CHX), that did not show statistical difference
between the different periods of time (P ≥ .05). Group 1
(ASB+CHX) presented a decrease in SBS after 3 and 6
months, being statistically different than 72h (P ≤ .05), but
not different between each other (P = .096). G2 (ASB)
presented a significant decrease from 72h to 3 months (P =
.000) and also from 3 to 6 months (P = .044). Groups 4 (APP)
and 6 (SBU) only showed a decrease after 6 months,
statistically different than 72h and 3 months storage times
(P ≤ .05). Group 5 (SBU+CHX) presented a different pattern,
and results after 3 months were significantly higher compared
to 72h (P = .000) and 6 months (P = .000).

Fig. 1. Distribution of failure patterns among the different adhesive system groups, regarding storage
times and CHX dentin treatment.
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When evaluating failure patterns, whatever the
storage time or CHX application evaluated, mixed failures
were the most observed within groups, ranging from 75100 %. Cohesive failure in dentin was the second most

observed, ranging from 0-25 %. Adhesive failure ranged
from 0-12.5 %, and cohesive failure in composite was not
observed (Fig. 1). Scanning electronic microscopy images
depicted longer resin tags for the etch-and-rinse adhesive
system (ASB), followed by the ‘strong’ self-etch adhesive
system (APP), and only a smear layer interaction for the
universal adhesive (SBU) (Fig. 2).

DISCUSSION

Until nowadays, with novel adhesive systems, dentin
bonding remains difficult because of its unique organic
nature. In order to develop increased bond strength and
decreased bonding degradation, different approaches have
been studied (Dalkilic et al.; Hirata et al.), such as dentin
CHX application (Hebling et al.; Breschi et al., 2010; Leitune
et al.; Li et al.; Mohammed Hassan et al.; Carrilho et al.). In
our study, the dentin treatment with CHX resulted in higher
shear bond strength for all groups of dentin adhesive systems
after 3 and 6 months, although after 72 hours, the values
comparing CHX-treated or non-treated groups remained
statistically insignificant, thus partially accepting the first
hypotheses. Dentin treatment with CHX has shown distinct
results in the literature. Among the contradictory results
related to CHX application in dentin, studies had shown a
decrease in bond strength after CHX application (Da Silva
et al.; Ercan et al.; Hiraishi et al.), while others showed the
opposite results (Hebling et al.; Breschi et al., 2010; Leitune
et al.; Li et al.; Mohammed Hassan et al.; Carrilho et al.). In
our study, the use of this disinfectant on dentin treatment
proved to be effective in improving the shear bond strengths
of simplified dentin adhesive systems, going in accordance
to several other studies (Hebling et al.; Breschi et al., 2010;
Leitune et al.; Li et al.; Mohammed Hassan et al.).
CHX is an amphiphilic molecule that binds to various
proteins by a cation-chelation mechanism, and may inhibit
the catalytic activity of MMPs by binding with Zn+2 or Ca+2
(Breschi et al., 2010). CHX has proved to significantly lower
the loss of bond strength and nanoleakage seen in acid-etched
resin-bonded dentin artificially aged for 2 years (Breschi et
al., 2010). The use of CHX can inhibit matrix
metalloproteinases (MMPs), which can be activatedvia
contemporary bonding agents and auto-degradate collagen
fibers within the dentin hybrid layer (De Munck et al., 2009;
Osorio et al.).
Fig. 2. SEM micrographs of the (A) etch-and-rinse (ASB), (B) selfetch (APP) and (C) universal (SBU) adhesive systems used in this
study. The difference within the resin tags can be observed among
the different adhesive systems (the more acidic the treatment, the
deeper the adhesive penetrated).
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Another issue that can affect the bond strength is the
capability of an adhesive system to activate MMPs. Adhesive
systems with higher pH seems to activate those enzymes
less, thus showing less degradation over time (De Munck et
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al., 2009; Osorio et al.). This fact was observed in our study,
accepting the second hypothesis, which showed that different
adhesive systems would result in different shear bond
strength values. After 3 months, whether dentin was treated
with CHX or not, Single Bond Universal adhesive system
presented higher shear bond strengths values, compared to
other groups within the same dentin treatment. After 6
months, again, the universal adhesive system presented
higher shear bond strengths values either when dentin was
treated with CHX or not, compared to other adhesive systems
within the same dentin treatments.
Although the adhesive system APP is presented as a
self-etch approach, its pH is relatively low (pH=1.0), and in
this case, after 6 months of storage time, showed results similar as the etch-and-rinse adhesive system ASB, which with
uses an acid etching of also a low pH (pH=0.1). On the other
hand, the universal adhesive of pH=2.7 showed higher values
of bond strength during all time periods. Possibly, this
adhesive system activated less MMPs in the dentin, thus
promoting lower hybrid layer degradation (De Munck et al.,
2009). It was previously shown that mild self-etch adhesive
systems were less prone to release those enzymes when
compared to strong self-etch adhesive systems (De Munck
et al., 2009; Osorio et al.). The pH values can also explain
the SEM images shown in this study, where the lower pH
achieved in the dentin treatment, the deeper the resin tags.
Moreover, the universal adhesive system used in this study
presents 10-methacryloyloxydecyl dihydrogen phosphate
monomer (MDP) in their composition, a molecule that is
capable of bonding chemically to dentine (Muñoz et al.;
Yoshida et al., 2012). It was shown an effective chemical
interaction between MDP and hydroxyapatite, forming a
stable nanolayer that could result in a stronger phase at the
adhesive interface, increasing the mechanical strength of the
adhesive interface (Muñoz et al.; Yoshida et al.), which can
also explain the higher shear bond strength values obtained
by this adhesive system, whether or not it was used with
CHX. The lower results of the adhesive system APP groups
even in the 72 hours storage time, compared to the other
adhesive systems, can be related to its low pH. Very low pH
and high hydrophilicity might have a detrimental effect on
the mechanical stability as a result of excessive water
sorption. It was shown that its porous hybrid layer facilitates
diffusion of water through the adhesive layer (Samimi et
al., 2016). However, as it has been mentioned, after 6 months,
this adhesive system did not present statistical difference
when compared to the etch-and-rinse adhesive system
groups, either when dentin was treated with CHX or not.
The third research hypotheses, that tested whether
increased storage times would decrease shear bond strength
was also accepted, since most of the adhesive systems groups

resulted in a degradation of the shear bond strength after
storage. The storage medium may simulate the time and
conditions to which restorations will be exposed in the
mouth, and this is of great value in the evaluation of bond
strength degradation (Hashimoto et al., 2000). In general,
water, artificial saliva and mineral oil are the media most
used for storage during in vitro tests for evaluating bond
strength degradation over time. These results go in
accordance with other studies, which show a significant
decrease in dentin bond strength over time (Breschi et al.,
2010; De Munck et al., 2009). However, groups treated with
CHX presented less degradation compared to non-treated
groups, in accordance to a study that showed that the use of
CHX as an MMP inhibitor resulted in the arrest of the in
vivo degradation of the hybrid layers after six months in an
etch-and-rinse adhesive system (Hebling et al.). Long-term
in vivo studies still warrants investigation in the CHX dentin
treatment scenario of different types of adhesive systems.
Within the limitations of this laboratory study, it may
be stated that dentin treatment with chlorhexidine increases
the bond strength of different adhesive systems when
evaluated in different storage times. This fact seems to be
more pronounced after storage times of 3 and 6 months,
respectively, while immediate 72 hours bond strength was
not affected by CHX treatment. The Universal adhesive
system presented higher bond strength results after 3 and 6
months, whether or not CHX dentin treatment is used. The
authors highly indicate the use of CHX dentin treatment
when dealing with any adhesive system.
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RESUMEN. Este estudio evaluó el efecto del tratamiento de
la dentina con clorhexidina sobre la resistencia al cizallamiento (SBS)
de sistemas adhesivos después de diferentes almacenamientos. Se removió el esmalte oclusal a 144 terceros molares y se dejó su dentina
media expuesta, posteriormente se dividieron al azar en 6 grupos: G1
(ASB + CHX: Adper Scotchbond 1XT + clorhexidina 2 % antes del
Primer); G2 (ASB); G3 (APP + CHX: L-Pop + CHX de Adper); G4
(APP); G5 (SBU + CHX: Single Bond Universal + CHX); y G6 (SBU).
Se realizó la aplicación de la resina compuesta y se subdividieron los
grupos con respecto a los tiempos de almacenamiento (n = 8): 72h, 3
y 6 meses. A continuación, se realizó la prueba SBS. A las 72 horas,
todos los grupos equivalentes (el mismo sistema adhesivo, diferentes
tratamientos de dentina) no mostraron diferencias significativas en
los valores de SBS (P≥.05). Los grupos de adhesivo de auto-grabado
(con o sin CHX) presentaron valores de SBS más bajos en comparación con otros sistemas (P≤.05). Después de 3 y 6 meses, todos los
grupos tratados con CHX presentaron valores de SBS
significativamente mayores en comparación con los grupos no trata-
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dos equivalentes (P≤.05). Para ambos tiempos de almacenamiento,
Single Bond Universal presentó los valores de SBS más altos dentro
del mismo tratamiento dentinario (P≤.05), mientras que el Adper
Scotchbond y el Adper Prompt-L-Pop no fueron significativamente
diferentes entre ellos, también dentro de los mismos tratamientos
dentinarios [3 meses (con CHX: P = .966, sin: P = .958) y 6 meses
(con CHX: P = .887; sin: P = .990)]. La desinfección de la dentina con
CHX está indicada para todas las clases de adhesivos estudiados.
PALABRAS CLAVE: Resistencia al cizallamiento; Adhesión dentinaria; Clorhexidina; Sistemas adhesivos; Adhesión.
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