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Abstract
Introduction: There is a consensus that dentine/resin bonding
deteriorates over time, and such degradation is one of the main
reasons for limiting adhesive restoration longevity. Enzymes known
as matrix metalloproteinases (MMPs) are responsible by enzymatic
degradation of collagen fibrils without protection, which are present
in the resin-dentine interface. Therefore, these enzymes are involved
in the process of adhesive interface degradation. Currently, studies
point out chlorhexidine digluconate has antiproteolytic function by
inhibiting the action of MMPS. Thus, it is thought this substance
application prior to the use of bonding agents could slow the process
of degradation of the tooth-restoration interface, resulting in longevity.
Objective: To review the literature on the influence of chlorhexidine
application on the stability of the adhesive interface. Literature
review: Chlorhexidine digluconate proprieties and its application in
Dentistry were discussed. Next, hybrid layer formation and degradation
was discussed and the mechanism of action of chlorhexidine on
preserving this layer was detailed. Finally, scientific studies from the
last six years were analyzed on the performance of adhesive systems
after chlorhexidine application. Results: Considering the results of
reviewed studies, it can be concluded that chlorhexidine application
did not interfere on the immediate bond strength to dentin and
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hybrid layer degradation over time occurred later and/or with lower
intensity. Conclusion: Chlorhexidine application interferes positively
when incorporated into the adhesion protocols, by promoting hybrid
layer stability over time.

Introduction
The improvement of dental adhesive materials
has allowed important advancements in restorative
technique, providing more conservative and esthetic
treatments. Currently, scientific researches have
targeted the assessment and improvement of bonding
to dentine because bonding to this tooth substrate is
critical. Dentine has a structural complexity because
of its high organic content and intrinsic variations
in mineralization and humidity. Moreover, caries
removal forms the smear layer on dentinal surface.
Smear layer contains debris making difficult the
interaction of substances applied to dentine [53].
The adhesive systems can remove total or
partially the smear layer and the mineral of
underly ing dentine, replacing t hem by resin
monomers which are involved within a collagen
fibrils-rich layer [17]. Thus, bonding to dentine is
based on hybridization mechanisms in which the
micromechanic bonding between adhesive polymers
and collagen fibrils of demineralized dentine,
forming the hibrid layer [40]. The literature agress
that the bonding of resin to dentin deteriorates
over time, and such degradation is one of the
main reasons for limiting adhesive restoration
longevity [41].
The mechanism of adhesive interface degradation
is the result of the deterioration of both the
resin components, hydrolysis, and enzymatic
degradation of collagen fibrils without protection
within resin/dentine bonding. With regard to these
enzymes (metalloproteinases – MMPs), studies have
demonstrated its effect on collagen fibril degradation
and indicated the possibility of slowing this process
through inhibiting its activity [3, 5, 15, 47, 49].
Clorhexidine digluconate, usually employed as
antimicrobial agent, has demonstrated antiproteolytic
function by inhibiting MMP action. Thus, studies
have emploied this solution after acid etching
and prior to bonding agents, as slowing adhesive
interfaces [3, 5, 15, 47, 49].
In some studies, chlorhexidine use a fter
acid etching and prior to bonding agent did not
compromise adhesion [3, 5, 15, 47, 49]. Moreover,
these studies indicated that the application of
chlorhexidine solution may slow the adhesive

interface degradation, and can be considered as a
promising alternative in the search for long-term
longevity of adhesive restorations.
This present literature review aimed to evaluate
the influence of chlorhexidine on adhesive interface
stability.

Literature review
The bibliographic sea rch was performed
through using the following databases: Scopus,
Medline, Scielo, PubMed, ScienceDirect and Portal
of journals sponsored by Capes. The search was
not limited by the year of publication, except from
the subitem “Performance of bonding agents with
prior use of chlorhexidine”, from 2007 to 2013.
The following keywords were used to search
the journals: chlorhexidine and dental adhesives,
chlorhexidine and dentine.

Properties and application of chlorhexidine
digluconate
Chlorhexidine digluconate solution at low
concentrations acts as bacteriostatic agent, and at
high concentrations it acts as bacteriolitic agent.
Additionally, chlorhexidine may also inhibit bacterial
adherence to surfaces through calcium competition
[39].
Chlorhexidine is commercially available at
different concentrations, in the formo f gel or
solution, and associated with other compounds, i.e.,
dentifrices, phosphoric acid for tooth etching [1].
Generally, chlorhexidine gluconate solution
concentration ranges from 0.02 to 5% and can be
employed in wound and burn treatment and as
antiseptic [28]. Orally, chlorhexidine is found in
mouthrinses at 0.12 % to 0.2 % [20]. Chlorhexidine
gels are presented at 0.5 % to 1 % concentrations
applied with toothbrushing or trays to reach all
tooth surfaces, although both ways can be less
effective [2]. Specifically, dentifrices contain 0.6 or
0.8 % chlorhexidine [46].
Chlorhexidine digluconate can be employed as
cavity disinfectant, as solution, just after the removal
of all caries tissue and prior to acid etching [13].
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Other application currently proved by recent studies
is chlorhexidine digluconate after acid etching. This
step seems to promote and increase in restoration
longevity by slowing the degradation process of
adhesive interface [11].
When chlorhexidine digluconate is applied
aiming to preserve the hibrid layer, used after
acid etching, the concentrations should be equal or
greater than 0.1% [54]. Most studies have employed
concentrations of 2% [3-5,7-13, 24, 27].

Formation and degradation of hybrid layer
Hybrid layer is a zone of bonding between
dentine and resin composite which is formed
after dentine demineralization by phosphoric
acid, exposing collagen fibrils. Accordingly, this
surface receives the bonding agent which allows the
organic substrate adhesion to restorative material.
This adhesion is stablished by micromechanical
phenomena between the adhesive polymers and
collagen fibrils that were demineralized [40].
The mechanism of bonding to dentine is much
more complex than that of enamel. Dentine has
smaller content of inorganic substances and greater
amount of water, making more difficult to achieve
a long-lasting adhesion of resin to dentin [36].
Adhesion of resin to dentin becomes viable
due to hydrophilic bonding agents capable of
infiltrating and polymerizing within the collagen
net exposed through dentine decalcification [4].
However, despite of significant improvements in
bonding agents, adhesive interface is the area most
susceptible to failure between tooth and restoration.
If dentine/adhesive interface is exposed to oral cavity,
marginal discoloration, loss of marginal adaptation
and subsequent loss of restoration retention may
occur [6].
Once hybrid layer is formed, adhesive interface
stability will be based on the creation of a compact
and homogenous layer. Notwithstanding, this
adhesion degrades over time, due to MMPs hydrolysis
and proteolytic action [4].

Mechanism of action of chlorhexidine in
preserving hybrid layer
Dentine contains matrix metalloproteinases
(MMPs), which are a group of zinc- and calciumdependent enzymes regulating the physiologic and
pathologic mechanism of collagen-based tissues
[14]. In a study conducted by Pashley et al. [44],
MMPs action was inhibited by the use of proteases,

preserving the structural integrity of collagen fibrils,
which would minimize hybrid layer degradation.
In vivo [27] and in vitro [10] studies have
revealed that dentinal collagen degradation activities
may be reduced through the use of chlorhexidine
digluconate on dentine surface after phosphoric acid
application and prior to adhesive application.
Meta lloproteinases a re a set of 23 zincand calcium-dependent endopeptidases having
the capacity of degrading extracellular matrix
components. Dentine has MMP-2 (gelatinase-A),
MMP-8 (collagenase-2), MMP-9 (gelatinase-B), MMP14 and MMP-20 (enamelysin) [38, 51].
Chlorhexidine digluconate solutions are capable
of completely inhibiting MMP-2 and MMP-9 activity,
even at concentrations as small as 0.03%. Thus,
chlorhexidine digluconate is effective at very low
concentrations of 0.02% and 0.002%, but it is not
known yet which concentration is more effective
and how much time is required for such application
[26].
Recently, in vitro [4, 8, 10] and in vivo [11, 27]
studies have demonstrated good results in inhibiting
subclinical degradation after the application of
chlorhexidine digluconate (2%) onto dentine etched
by phosphoric acid prior to conventional singlecomponent bonding agent.
Some authors affirmed that chlorhexidine
digluconate solution application onto etched dentine
did not negatively influence the immediate bond
strength of adhesive systems to this substrate [4,
10, 11, 13, 25, 45].
Consequent ly, chlorhex idine digluconate
solution application after dentine acid, etching
and prior to adhesive application acts as an
antimicrobial agent in addition to a more important
function: the prevention or slowing of collagen fibril
degradation, resulting in more stable long-term
adhesive interfaces [11, 19].

Performance of adhesives after
chlorhexidine use
Brackett et al. [4] conducted an in vivo study
in which hybrid layer degradation in deep oclusal
restorations was evaluated through transmission
electron microscope (TEM). Control group was
restored according to the manufacturer’s instructions
through one-bottle adhesive (Single Bond/3M Espe).
Experimental group received the application of 2%
chlorhexidine digluconate solution for 30 seconds
after acid etching. After two and six months of
saliva storage, microtensile tes was performed.
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During the analysis of adhesive failures, the authors
observed that all failures were adhesive. Both groups
did not exhibit degradation after two months. A
small degradation was found in control group after
six months, but not in experimental group. No
statistically significant differences were observed
in microtensile strength between groups.
Carrilho et al. [11] tested the hypothesis that
adhesive interface degradation could be prevented
or slowed through application of 2% chlorhexidine
digluconate, for 60 seconds, after acid etching.
Single Bond (3M Espe) was applied at two moments
(immediately and 14 months after saliva storage).
Through microtensile test and TEM analysis, in vivo
bond strength was stable in the specimens treated
with - chlorhexidine digluconate, but significant
decrease in control group. Test groups exhibited
normal structured of collagen net. The authors
concluded that the self-degradation of the collagen
matrix may occur in the adhesive interface, but it
can be avoided by applying an inhibitor agent.
Carrilho et al. [10] conducted an in vitro study on
adhesive interface preservation with chlorhexidine
digluconate through microtensile test. The authors
hypothesized whether chlorhexidine digluconate
would slow interface degradation through inhibiting
the action of metalloproteinases. The two-step
conventional adhesive (Single Bond/3M Espe) was
used. The authors observed that 2% chlorhexidine
digluconate used for 60 seconds significantly
preserved the bond strength after six months
of artificial saliva storage. Scanning electronic
microscopy (SEM) analysis showed no failures in
hybrid layer compared with control group after
six months; cohesive failure was predominant.
Therefore, the authors suggested chlorhexidine
digluconate use to preserve the bond strength of
adhesive interface.
Erhardt et al. [23] performed a study aiming
to investigating whether the use of protease
inhibitors such as EDTA and 5% chlorhexidine
digluconate, for 120 seconds may influence on the
microtensile bond strength of an adhesive system
(Adper Scothbond/3M Espe) to dentine affected by
caries. SEM analysis showed predominantly mixed
failures. The authors concluded that the use of
inhibitors did not compromise bond strength to
dentine affected by caries and suggested that further
studies are necessary to discover which is the ideal
MMPs inhibitor that would result in hybrid layer
preservation and longevity of restorations.
Campos et al. [9] conducted a study aiming to
investigate the effects of chlorhexidine digluconate
at 0,2% and 2% for 60 seconds on bond strength

to dentin of two adhesive systems (Single Bond/3M
Espe and Clearfil Tri-S Bond/Kuraray). Three-cycle
thermocycling tests were carried out immediately
and after si x months, at every 8 hours. The
results showed that 2% chlorhexidine digluconate
was capable of decreasing the loss of microtensile
bond strength over time for both adhesive agents.
SEM analysis found most adhesive failures. Small
concentrations of chlorhexidine digluconate (0.2%)
did not have the same effect when associated with
self-etching adhesive.
Komori et al. [30] evaluated the effect of 2%
chlorhexidine digluconate, for 60 seconds on the
bond strength of two adhesive agents (Scothbond
Multipurpose and Single Bond 2, a 3M Espe)
to sound a nd ca ries a ffect dentine, t hrough
microtensile test immediately and after six months of
artificial saliva storage. The authors concluded that
chlorhexidine digluconate did not affect immediate
bond strength to sound and caries affected dentine.
Chlorhexidine digluconate significantly decreased
the bonding loss after six months in sound dentine
group, but did not altered bond strength in caries
affected dentine group. SEM analysis revealed that
most failures were mixed, followed by interface
failures.
Log uercio et al. [33] eva luated di fferent
concentrations of chlorhexidine digluconate (0.002%,
0.02%, 0.2%, 2%, and 4%) at two application times
(15s and 60s) after acid etching. The following
adhesive agents were used: Prime & Bond 2.1
(Dentsply) and Adper Single Bond (3M Espe).
The authors concluded that 0.002% chlorhexidine
digluconate, applied for 15 seconds on demineralized
dentine is already capable to degrade resin/dentin
adhesive interface for six months. SEM analysis
showed that failure types were similar for all
adhesives tested.
Stanislawczuk et al. [49] studied the effect of
2% chlorhexidine digluconate for 60 seconds, after
acid etching on bond strength of resin to dentine,
immediately and after six months; and evaluated
the nanoinfiltration pattern when chlorhexidine
digluconate was applied in aqueous solution alone
or aqueous solution associated with phosphoric
acid. The following adhesive agents were tested:
Adper Single Bond (3M Espe) and Prime & Bond
NT (Dentsply). SEM analysis revealed that most
failures were mixed. The authors concluded that
the use of chlorhexidine digluconate aquous solution
associated with acid was effective for reducing
tooth/restoration interface degradation, immediately
and six months after water storage.
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Z ho u e t a l. [5 4] i n v e s t i g a t e d w he t he r
chlorhex idine digluconate applicat ion could
preserve the interface bond strength. The following
concentrations were employed: 0.05%, 0.1%, 0.5%
and 1.0%, applied for 60 seconds to dentine
after acid etching. The adhesive agent used for
microtensile test was Clearfil SE Bond (Kuraray).
Samples were analyzed in SEM showing tendency
towards cohesive failures. The authors concluded
that chlorhexidine digluconate may preserve bond
strength since it was used at concentration equal
or greater than 0.1%.
Dalli et al. [15] evaluated the effect of 1%
chlorhexidine digluconate gel on bond strength to
dentine in resin composite restorations using two
adhesive systems (Prime & Bond NT/Dentsply and
Clearfil SE Bond/Kuraray). The authors employed
immediate shear bond test and the specimens
were evaluated through SEM, which exhibited the
predominance of adhesive failures. The authors
concluded that 1% chlorhexidine digluconate gel
did not adversely affect shear bond strength of
adhesive agents to dentine.
De Munck et al. [16] verified the enzymatic
endogenous degradation associated to self-etching
bonding agents. For this purpose, the authors
added MMP inhibitors: chlorhexidine, a nonspecific inhibitor; and SB-3CT, a specific inhibitor
of MMP-2 and MMP-9. The authors concluded that
endogenous MMP-2 and MMP-9 involvement in the
process of bond strength degradation is minimum
for self-etching adhesive agents.
Manfro et al. [36] evaluated the use of chlorhexidine
digluconate at 0.5% and 2% concentrations, for 30
seconds, after acid etching on immediate bond
strength of deciduous teeth. The adhesive agent was
Apder Single Bond 2 (3M Espe), and microtensile test
was immediately carried out. SEM analysis found
adhesive or mixed failures. The authors reported
that 0.5% and 2% chlorhexidine digluconate showed
similar behaviors and did not adversely affected
the immediate bond strength to dentine when
compared with control group. The authors affirmed
that adhesion to dentinal substrate is much more
complex than that of enamel because dentine has
smaller inorganic content and more water amount,
which makes difficult a long-lasting adhesion.
Ricci et al. [47] evaluated the mechanical
stability of resin/dentine interface in the presence
of 2% chlorhexidine digluconate, applied for 60
seconds, after acid etching. The authors performed
the immediate microtensile test with Prime &
Bond NT (Dentsply), and the specimens were
analyzed in TEM. Mostly, the failures were adhesive

types. The authors concluded that the use of
chlorhexidine digluconate did not jeopardize the
immediate adhesion and was capable to reduce
the interface degradation rate at the first months
after restoration.
Shafiei et al. [48] evaluated the effect of 2%
chlorhexidine digluconate use, for 40 seconds, on
microleakage of restorations by using four different
adhesive agents (Scothbond Multipurpose/3M Espe,
Excite/Ivoclar Vivadent, Clearfil SE Bond/Kuraray
and Ibond/Heraeus Kulzer). The authors concluded
that chlorhexidine digluconate did not affect
microleakage of the four adhesive tested.
Z h o u e t a l. [5 5] i n v e s t i g a t e d w h e t h e r
ch lorhe x id i ne d i g luconate at t he fol low i n g
concentrations of 0.05%, 0.1%, 0.5% and 1%, for
60 seconds, after acid etching associated with
Clearfil SE Bond (Kuraray), would affect the
bond strength of adhesive interface. The authors
concluded that chlorhexidine digluconate associated
with the adhesive did not jeopardize the immediate
bond strength at concentrations equal or greater
than 1%.
Leitune et al. [31] evaluated the influence of 2%
chlorhexidine digluconate for 30 seconds after acid
etching of dentine. The author performed shear bond
strength tests immediately and after six months
in deciduous teeth. The adhesive agent tested was
Scothbond Multipurpose (3M Espe). The authors
observed that there were no statistically significant
differences between the groups evaluated.
Osorio et al. [42] conducted tests that indicating
the amount of degradation suffered by the collagen
exposed after acid etching and 24 hour, one and
three week storage, in the presence of absence
of chlorhex idine digluconate. Chlorhex idine
digluconate reduced the collagen degradation in 30%.
The dentine treated with self-etching adhesive, the
MMPs inhibiting effect by chlorhexidine digluconate
lasted for until three weeks.
Islam et al. [29] conducted an in vitro study
investigating the effect of the incorporation of the
extract of grape seed, hesperidin, and chlorhexidine
digluconate to Clearfil SE Bond (Kuraray) on the
bond strength of adhesive interface. SEM analysis
showed that mostly cohesive types occurred. The
authors concluded that hesperidin incorporated
to primer exerted positive influence on immediate
microtensile test and mechanical properties, while
chlorhexidine digluconate did not affect the bond
strength.
Manfro et al. [35] evaluated the effect of different
concentrations of chlorhexidine digluconate at 0.5%
and 2% on immediate bond strength to deciduous
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dentine, immediately and after 12 months of saliva
storage. Single Bond (3M Espe) adhesive was used
in microtensile tests. The results confirmed the
concept that chlorhexidine digluconate, at different
concentrations, can prevent the degradation of the
adhesive interface in deciduous teeth. Also, no
significant reduction was found in bond strength
values when 0.5% and 2% chlorhexidine digluconate
was used.
The inf luence of chlorhexidine on bond of
self-etching and conventional adhesive systems to
dentine was evaluated through microtensile and
nanoinfiltration tests after thermocycling. The
results demonstrated a preservation of interface
in conventional adhesives; no significant effect was
found in self-etching adhesives [21].
Dutra-Correa et al. [22] clinically evaluated
the hypothesis that 2% chlorhexidine digluconate
use would not affect the clinical behavior of two
adhesive systems: XP Bond (Dentsply) and Xeno
V (Dentsply). The results demonstrated t hat
chlorhexidine application prior to the application
of adhesive systems did not exert influence on the
clinical performance of the adhesive systems at six
and 18 month periods.
Lin et al. [32] evaluated in vitro the influence
of peripheral enamel presence, the dentinal pretreatment with chlorhexidine digluconate, and
storage time on microtensile bond stregth of a
two-step self-etching adhesive system and selfetching resin cement. The authors concluded that
the absence of peripheral enamel and longer storage
times decreased the bond strength of two-step selfetching adhesive systems self-etching resin cement.
Moreover, dentinal pre-treatment with chlorhexidine
improved bonding stability.
Stanislawczuk et al. [50] evaluated the effect of
chlorhexidine added at concentrations ranging from
0.01 to 0.2% on two experimental adhesive systems.
The authors analyzed the bond strength, conversion
degree, water sorption, solubility, chlorhexidine
release, microtensile, and immediate and 1-year
nanoinfiltration. The results were positive for
chlorhexidine addition which increased the longevity
of adhesive interface, without compromising the
mechanical properties evaluated.

Discussion
Despite the large number of studies on the
mechanisms of resin/dentine degradation, the
subject has not been completely elucidated. The
last-longing adhesion to a vital and moist substrate,

as dentine, is deficient. To achieve the bonding of
adhesive resin to dentinal substrate, the mineral
phase has to be totally or partially removed and
replaced by adhesive solution. The bonding agent
has to infiltrate into this collagen fibril-rich layer
and polymerize in situ, forming the so-called hybrid
layer [37, 40].
Currently, the use of chlorhexidine digluconate
has been discussed after acid etching and prior
to adhesive application because chlorhexidine
digluconate inhibits MMPs, which account for the
degradation of the collagen exposed on the base of the
hybrid layer. Thus, its action slowed the degradation
of the adhesive interface over time [33].
By evaluating studies that employed bond
strength tests between dentine and restoration,
immediately and with chlorhexidine digluconate
use after acid etching and prior to adhesive agent
application, no alteration was found in the values
of control group (without chlorhexidine) [3, 5, 6, 911, 13, 15, 19, 27, 30, 33, 47, 49, 54]. Accordingly,
this result is favorable to the use of chlorhexidine
digluconate because its addition did not affect
immediate bond strength, important for the initial
maintainance of the restoration [17].
Other studies conducted after the specimen
storage for some months aiming to simulate the
restoration aging, the authors found reduction
in bond strength over time. Notwithstanding,
chlorhexidine digluconate group showed a significant
smaller reduction than that of control group [8, 11,
32]. Similar researches pointed out to a reduction
in bond strength without alteration in the group
where chlorhexidine digluconate was applied [5, 10,
13, 27, 33, 54]. Based on these results, it is possible
to confirm that chlorhexidine digluconate has a
positive effect on slowing the adhesive interface.
S i m i l a rl y, s o m e i n v i v o s t u d i e s h a v e
demonstrated that chlorhexidine digluconate
reduced the degradation of resin/dentin interface
and decreased nanoinfiltration without promoting
adverse effects on the effectivity of adhesive materials
[3, 5, 15, 22, 47, 49].
However, in other in vitro studies in which the
storage of specimens over time was performed, a
different result was observed because no significant
difference between the use or not of chlorhexidine
digluconate [19, 30].
The difference in results among studies possibly
occur because of methodological differences and
the use of different adhesive systems, which makes
their comparison different.
With regard to the methodology employed,
by analyzing the studies, it was verified that
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microtensile test was the most used aiming to
verify the bond strength between tooth/restoration
[3-5, 8-11, 13, 15, 23, 24, 32]. This test has been
largely employed in the literature due to accurate
and safe results, because of the reduced bonding
area (smaller than 2 mm²), enabling the occurrence
of minor structural failures at adhesive interface.
Moreover, microtensile test provides obtaining
many specimens from a single tooth, performing
the evaluation of bond strength on small areas,
and analyzing the adhesion in clinically relevant
substrates, such as sclerotic dentine or caries
affected dentine [34, 41, 43, 52].
With regard the adhesive systems used, among
the studies evaluated, one-step self-etching and
two-step conventional adhesive systems have been
the most employed. Possibly, this occurred because
these systems are already simplified and the use of
chlorhexidine digluconate will increased one more
step for the execution of the restoration.
Additionally, conventional adhesive systems
seemed to have more favorable results in relation
to chlorhexidine use [4, 9-11, 30, 33, 35, 47, 49],
because studies conducted with self-etching adhesive
systems have shown positive effect, [32, 42], little
or none influence on adhesion durability [9, 16, 21,
54]. It has been reported the need of a chlorhexidine
concentration 0.1% [54] and 0.2% [9] to achieve
any effect on preserving tooth/restoration interface.
This fact can be explained by the involvement of
endogenous MMP-2 and MMP-9 in the process of
bonding degradation are minimum for self-etching
adhesive systems, according to the study of De
Munck et al. [16].
With regard to chlorhexidine digluconate
concentration, it was observed a predominance
of studies at 2%, ranging from 0.0001% to 5% [35, 7-13, 24, 27]. At 2%, satisfactory results were
obtained with reduction and/or stabilization of
adhesive interface degradation over time.
Most of researches employed the chlorhexidine
application time for 60 seconds, and among the
studies this time period varied from 15 to 120
seconds. Loguercio et al. [33] evaluated two application
times (15 and 60 seconds) and concluded that at
concentration of 0.002% of chlorhexidine digluconate
for 15 seconds, it was already possible to slow the
resin/dentine interface degradation for a period of
six months in conventional adhesive systems.
Concerning to the storage time for posterior
evaluation of the adhesive interface in in vitro
studies, mostly immediate, six-, and 12-month tests
were performed. The most used storage media was
artificial saliva and distilled water [3, 4, 8-11, 13,

15, 24]. The storage mimics the adhesion aging,
aiming to evaluate the bonding durability in in
vitro studies, and the immediate analysis was
performed to verify the initial resistance of the
restoration [17].
In vivo studies were found in smaller number,
probably because of the execution difficulty, and
most studies were performed in vitro [3, 4, 11, 12,
21, 27, 50].
Based on the aforementioned discussion, it
could be observed a great variation among the
scientific studies regarding to methodology; however,
the results seem to pint out to confirm the hybrid
layer preservation with chlorhexidine digluconate
use after acid etching, which would enable the
increase of the longevity of restorations.

Conclusion
Based on the results obtained in the revised
studies, it can be concluded that chlorhexidine
digluconate application did not interfere in most
of studies on immediate bond strength to dentin
when conventional and self-etching adhesive systems
were used.
Hybrid layer degradation occurred later and/or
with less intensity when chlorhexidine digluconate
was incorporated to adhesion protocols. Thus, it
positively interfered in hybrid layer stability over
time.
Therefore, changes in adhesion protocol aiming
to incorporate this MMPs inhibitor agent can be
considered and further investigated. However,
further studies are necessary to incorporate this
step to clinical restorative protocol.

References
1. Attin T, Kielbassa AM, Schwanenberg M, Hellwig
E. Effect of fluoride treatment on remineralization
of bleached enamel. J Oral Rehabil. 2003;
24(4):282-6.
2. Bohrer MP, Baylis C, Humes HD, Glassock RJ,
Robertson CR, Brenner BM. Permselectivity of
the glomerular capillary wall facilitated filtration
of circulating polycations. J Clinical Invest.
1978;61(1):72-8.
3. Brackett MG, Tay FR, Brackett WW, Dib A, Dipp
FA, Mai S et al. In vivo chlorhexidine stabilization of
hybrid layers of an acetone-based dentin adhesive.
Oper Dent. 2009;34(4):379-83.

283 – RSBO. 2014 Jul-Sep;11(3):276-85
Miranda et al. – Influence of the chlorhexidine application on adhesive interface stability: literature review

4. Brackett WW, Tay FR, Brackett MG, Dib A,
Sword RJ, Pashley DH. The effect of chlorhexidine
on dentin hybrid layers in vivo. Oper Dent.
2007;32(2):107-11.

15. Dalli M, Ercanb E, Zorbac YO, İncea B, Şahbaza
C, Bahşia E et al. Effect of 1% chlorhexidine gel
on the bonding strength to dentin. J Dent Sci.
2010;5(1):8-13.

5. Breschi L, Mazzoni A, Nato F, Carrilho M,
Visintini E, Tjäderhane L et al. Chlorhexidine
stabilizes the adhesive interface: a 2 year in vitro
study. Dent Mat. 2010;26(4):320-5.

16. De Munck J, Mine A, Van den Steen PE,
Van Landuyt KL, Poitevin A, Opdenakker G et
al. Enzymatic degradation of adhesive-dentin
interfaces produced by mild self-etch adhesives.
Eur J Oral Sci. 2010;118(5):494-501.

6. Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, Di
Lenarda R, De Stefano Dorigo E. Dental adhesion
review: aging and stability of the bonded interface.
Dent Mat. 2008;24(1):90-101.
7. Calabrich CFC, Barbosa MC, Simionato
MRL, Ferreira RFA. Evaluation of antimicrobial
activity of orthodontic adhesive associated with
chlorhexidine-thymol varnish in bracket bonding.
Dental Press J Orthod. 2010;15(4):62-8.
8. Campos EA, Correr GM, Leonardi DP, BaratoFilho F, Gonzaga CC, Zielak JC. Chlorhexidine
diminishes the loss of bond strength over
time under simulated pulpal pressure and
thermo-mechanical stressing. J Dent. 2009;
37(2):108-14.
9. Campos EA, Correr GM, Leonardi DP, Pizzatto E,
Morais EC. Influence of chlorhexidine concentration
on microtensile bond strength of contemporary
adhesive systems. Braz Oral Res. 2009;23(3):3405.
10. Carrilho MR, Carvalho RM, de Goes MF, di
Hipólito V, Geraldeli S, Tay FR et al. Chlorhexidine
preserves dentin bond in vitro. J Dent Res.
2007;86(1):90-4.
11. Carrilho MR, Geraldeli S, Tay F, de Goes
MF, Carvalho RM, Tjäderhane L et al. In vivo
preservation on hybrid layer by chlorhexidine. J
Dent Res. 2007;86(6):529-33.
12. Carrilho MR, Carvalho RM, Sousa EN, Nicolau
J, Breschi L, Mazzoni A et al. Substantivity
of chlorhexidine to human dentin. Dent Mat.
2010;28(8):779-85.

17. De Munck J, Van Landuyt K, Peumans M,
Poitevin A, Lambrechts P, Braem M et al. A critical
review of the durability of adhesion to tooth tissue:
methods and results. J Dent Res. 2005;84(2):11832.
18. De Munck J, Van Meerbeek B, Yoshida Y,
Inoue S, Vargas M, Suzuki K et al. Four-year water
degradation of total-etch adhesives bonded to
dentin. J Dent Res. 2003;82(2):136-40.
19. De Munck J, Van den Steen PE, Mine
A, Van Landuyt KL, Poitevin A, Opdenakker
G et al. Inhibition of enzymatic degradation
of adhesive-dentin interfaces. J Dent Res.
2009;88(12):1101-6.
20. Denardi BB. O uso da clorexidina na
prática odontológica. Rev Assoc Paul Cir Dent.
1994;48(2):1279-85.
21. Deng D, Huang X, Huang C, Yang T, Du X,
Wang Y et al. Effects of chlorhexidine on bonding
durability of different adhesive systems using
a novel thermocycling method. Aust Dent J.
2013;58(2):148-55.
22. Dutra-Correa M, Saraceni CH, Ciaramicoli
MT, Kiyan VH, Queiroz CS. Effect of chlorhexidine
on the 18-month clinical performance of two
adhesives. J Adhes Dent. 2013;15(3):287-92.
23. Erhardt MC, Osorio R, Toledano M. Dentin
treatment with MMPs inhibitors does not alter
bond strengths to caries-affected dentin. J Dent.
2008;36(12):1068-73.

13. Castro FLA. Effect of 2% chlorhexidine on
microtensile bond strength of composite resin. J
Adhes Dent. 2003;5(2):129-38.

24. Ersin NK, Candan U, Aykut A, Eronat C, Belli
S. No adverse effect to bonding following caries
disinfection with chlorhexidine. J Dent Child.
2009;76(1):20-7.

14. Chaussain-Miller C, Fioretti F, Goldberg M,
Menashi S. The role of matrix metalloproteinases
(MMPs) in human caries. J Dent Res.
2006;85(1):22-32.

25. Filler SJ, Filler SJ, Lazarchik DA, Givan DA,
Retief DH, Heaven TJ. Shear bond strengths of
composite to chlorhexidine-treated enamel. Am J
Dent. 1994;7(2):85-8.

284 – RSBO. 2014 Jul-Sep;11(3):276-85
Miranda et al. – Influence of the chlorhexidine application on adhesive interface stability: literature review

26. Gendron R, Grenier D, Sorsa T, Mayrand
D. Inhibition of the activities of matrix
metalloproteinases 2, 8, and 9 by chlorhexidine.
Clin Diag Lab Immunol. 1999;6(3):437-9.

37. Marshall Jr GW, Inai N, Wu-Magidi IC,
Balooch M, Kinney JH, Tagami J et al. Dentin
demineralization: effects of dentin depth, pH and
different acids. Dent Mat. 1997;13(6):338-43.

27. Hebling J, Pashley DH, Tjäderhane L, Tay FR.
Chlorhexidine arrests subclinical degradation
of dentin hybrid layers in vivo. J Dent Res.
2005;84(8):741-6.

38. Martin-De Las Heras S, Valenzuela A,
Overall CM. The matrix metalloproteinase
gelatinase A in human dentine. Arch Oral Bio.
2000;45(9):757-65.

28. Hortense SR, Carvalho ES, Carvalho FS,
Silva RPR, Bastos JRM, Bastos RS. Uso da
clorexidina como agente preventivo e terapêutico
na Odontologia. Rev Odontol Univ Cid São Paulo.
2010;22(2):178-84.

39. Matthijs S, Andriaens PA. Chlorexidine
varnishes: a review. J Clin Periodontol.
2002;29(1):1-8.

29. Islam S, Hiraishi N, Nassar M, Yiu C, Otsuki
M, Tagami J. Effect of natural cross-linkers
incorporation in a self-etching primer on dentine
bond strength. J Dent. 2012;40(12):1052-9.
30. Komori PC, Pashley DH, Tjäderhane L, Breschi
L, Mazzoni A, de Goes MF et al. Effect of 2%
chlorhexidine digluconate on the bond strength to
normal versus caries-affected dentin. Oper Dent.
2009;34(2):157-65.
31. Leitune VC, Portella FF, Bohn PV, Collares FM,
Samuel SM. Influence of chlorhexidine application
on longitudinal adhesive bond strength in deciduous
teeth. Braz Oral Res. 2011;25(5):388-92.
32. Lin J, Kern M, Ge J, Zhu J, Wang H, Vollrath
O et al. Influence of peripheral enamel bonding
and chlorhexidine pretreatment on resin bonding
to dentin. J Adhes Dent. 2013 [Epub ahead of
print].
33. Loguercio AD, Stanislawczuk R, Polli LG, Costa
JA, Michel MD, Reis A. Influence of chlorhexidine
digluconate concentration and application time on
resin-dentin bond strength durability. Eur J Oral
Sci. 2009;117(5):587-96.

40. Nakabayashi N, Kojima K, Masuhara E.
The promotion of adhesion by the infiltration of
monomers into tooth substrates. J Biomed Mater
Res.1982;16(3):1240-3.
41. Nakornchai S, Harnirattisai C, Surarit R,
Thiradilok S. Microtensile bond strength of a
total etching versus self-etching adhesive to cariesaffected and intact dentin in primary teeth. J Am
Dent Assoc. 2005;136(4):477-83.
42. Osorio R, Yamauti M, Osorio E, Ruiz-Requena
ME, Pashley D, Tay F et al. Effect of dentin etching
and chlorhexidine application on metalloproteinase
– mediated collagen degradation. Eur J Oral Sci.
2011;119(1):79-85.
43. Pashley DH, Sano H, Ciucchi B, Yoshiyama M,
Carvalho RM. Adhesion testing of dentin bonding
agents: a review. Dent Mat. 1995;11(2):117-25.
44. Pashley DH, Tay FR, Yiu C, Hashimoto M,
Breschi L, Carvalho RM et al. Collagen degradation
by host-derived enzymes during aging. J Dent Res.
2004;83(3):216-21.
45. Perdigão J, Denehy GE, Swift Jr EJ. Effects of
chlorhexidine on dentin surfaces and shear bond
strengths. Am J Dent. 1994;7(2):81-4.

34. Lopes GC, Vieira LC, Monteiro Jr. S, Caldeira
de Andrada MA, Baratieri CM. Dentin bonding:
effect of degree of mineralization and acid etching
time. Oper Dent. 2003;28(4):429-39.

46. Pinheiro CE, Vono AZ, Pavarini A, Bijella MFTB,
Bastos JRM, Moraes N et al. Goma de mascar
contendo clorexidina: avaliação da sua capacidade
antiplaca e anticárie. RGO. 1985;33(1):67-70.

35. Manfro ARG, Reis A, Loguercio AD, Imparato
JC, Raggio DP. Effect of different concentrations of
chlorhexidine on bond strength of primary dentin.
Ped Dent. 2012;34(2):11-5.

47. Ricci HA, Sanabe ME, de Souza Costa CA,
Pashley DH, Hebling J. Chlorhexidine increases
the longevity of in vivo resin-dentin bonds. Eur J
Oral Sci. 2010;118(4):411-6.

36. Manfro ARG, Reis A, Loguercio AD, Imparato
JC, Raggio DP. Effect of chlorhexidine on the bond
strength to dentin in primary teeth. Rev Odonto
Ciênc. 2010;25(1):88-91.

48. Shafiei F, Memarpour M, Khajeh F, Kadkhoda
Z. The effect of chlorhexidine disinfectant on
microleakage of adhesive systems in composite
restorations. J Dent. 2010;11(3):228-34.

285 – RSBO. 2014 Jul-Sep;11(3):276-85
Miranda et al. – Influence of the chlorhexidine application on adhesive interface stability: literature review

49. Stanislawczuk R, Amaral RC, ZanderGrande C, Gagler D, Reis A, Loguercio AD.
Ch l orh e xi di n e- c on t ai n i n g a ci d con di t i on er
preserves the longevity of resin-dentin bonds.
Oper Dent. 2009;34(4):481-90.
50. Stanislawczuk R, Pereira F, Muñoz MA, Luque
I, Farago PV, Reis A et al. Effects of chlorhexidinecontaining adhesives on the durability of resindentine interfaces. J Dent. 2013 [Epub ahead of
print].
51. Tjäderhane L, Larjava H, Sorsa T, Uitto VJ,
Larmas M, Salo T. The activation and function
of host matrix metalloproteinases in dentin
matrix breakdown in caries lesions. J Dent
Res.1998;77(8):1622-9.

52. Van Meerbeek B, De Munck J, Mattar D, Van
Landuyt K, Lambrechts P. Microtensile bond
strengths of an etch&rinse and self-etch adhesive
to enamel and dentin as a function of surface
treatment. Oper Dent. 2003;28(5):647-60.
53. Van Meerbeek B, Perdigão J, Lambrechts P,
Vanherle G. The clinical performance of adhesives.
J Dent. 1998;26(1):1-20.
54. Zhou J, Tan J, Chen L, Li D, Tan Y. The
incorporation of chlorhexidine in a two-step selfetching adhesive preserves dentin bond in vitro. J
Dent. 2009;37(10):807-12.
55. Zhou J, Tan J, Yang X, Cheng C, Wang X,
Chen L. Effect of chlorhexidine application in a
self-etching adhesive on the immediate resin-dentin
bond strength. J Adhes Dent. 2010;12(1):27-31.

