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ABSTRACT

Background: Considering the possibility of remaining bacteria in the cavity or invading via 
microgaps, the use of antibacterial agents in adhesive restoration may be beneficial. This study 
evaluated the effect of chlorhexidine on immediate and long-term shear bond strength of adhesives 
with and without antibacterial agent to dentin.
Materials and Methods: In this in vitro study, the occlusal surfaces of 80 intact human premolars 
were removed to expose the flat midcoronal dentin. The teeth were assigned to four groups. Two 
adhesive systems, Clearfil SE Bond (SE) and Clearfil Protect Bond (PB) were used according to 
manufacturer’s instructions as the control groups. In the experimental groups, 2% chlorhexidine 
was applied prior to acidic primer of two adhesives. Then, resin composite was applied. Half of the 
specimens in each group were submitted to shear bond test after 24 h without thermocycling, and 
the other half were submitted to water storage for 6 months and thermocycling before testing. The 
data was analyzed using three-way analysis of variance (ANOVA) and t-test (a = 0.05).
Results: Chlorhexidine application significantly decreased the initial bond strength (BS) of the two 
self-etch adhesives to dentin (P < 0.05). There was a significant reduction in BS of SE and PB after 
aging compared to initial bonding (P < 0.05). However, there was no significant difference between 
BS of the control and chlorhexidine-treated groups for the tested adhesives after aging. PB showed 
a lower BS than SE in two time periods (P < 0.05).
Conclusion: Chlorhexidine was capable of diminishing the loss of BS of these adhesives over 
time. However, considering the negative effect of chlorhexidine on the initial BS, the benefits of 
chlorhexidine associated with these adhesives cannot possibly be used.
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INTRODUCTION

Despite the significant improvement in adhesive 
systems, they are not capable of preventing the 
formation of microgaps at the dentinal margins of 
composite restorations.[1,2] Even when immediate 
complete marginal sealing was established, 

degradation of resin-dentin interface can occur 
rapidly over time.[1] Also, the plaque accumulation 
containing microorganisms on the composite surface 
is more than that of the enamel surface and other 
restorative materials.[2] Hence, microorganisms are 
always in contact with cured adhesives via microgaps. 
Additionally, some active microorganisms may be 
left in the cavity due to lack of definitive and reliable 
assessment criteria for detection of carious dentin 
and complete elimination of microorganisms in the 
cavity. Particularly, this problem is more serious 
by increasing predilection to a minimally invasive 
tissue-saving dentistry.[3] Subsequently, the adjunctive 
treatment with antibacterial agents during dentin 
bonding would be beneficial for preventing the 
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detrimental effects caused by residual bacteria or by 
microleakage. Achieving the biologic sealing can lead 
to improvement of the longevity of the restoration.[3]

The self-etching primer systems have become popular 
in adhesive dentistry due to their advantages over etch-
and-rinse adhesives including less technique sensitivity; 
reduced postoperative sensitivity; and elimination of 
etching, washing, and drying as a separate step.[4]

However, demineralized smear layer possibly 
containing microorganisms is incorporated into the 
hybrid layer,[5] so the effect of antibacterial activity 
is of major importance in these adhesives. The 
antibacterial activity is provided by two types of 
materials, disinfecting solution as agent releasing type 
and adhesive containing antibacterial monomer as a 
nonagent releasing type.[6]

Methacryloyloxydodecylpyridinium bromide (MDPB) 
is a quaternary ammonium monomer with a 
methacryloyl group. Unpolymerized MDPB exhibits 
strong bactericidal activity similar to a disinfecting 
solution, such as chlorhexidine digluconate (CH).[3,7] 
This monomer is named contact antibacterial agent. 
This name was given due to the fact that the agent 
is immobilized at the adhesive-dentin interface after 
copolymerization with other monomers. Therefore, 
it inactivates only bacteria that come into contact 
with its surface. This unique antibacterial effect is 
long lasting and it may have no adverse effect on 
mechanical properties and bonding efficiency of 
the adhesive.[6-8] Commercially available product 
containing MDPB is Clearfil Protect Bond (PB) which 
is derived by addition of this monomer to the self-
etching primer adhesive, Clearfil SE Bond (SE) as its 
parent.[9] The latter contains no antibacterial agent.

CH has an immediate bactericidal effect in the 
cavity that is well documented.[10] Apart from 
antibacterial effect of CH, it functions as a matrix 
metalloproteinases (MMPs) inhibitor. This additional 
effect of CH can prevent collagen degradation at the 
bonding interface over time.[11]

MMPs are a class of metal-dependent endopeptidases 
that were expressed by human pulp fibroblasts 
in dental extracellular matrix. These remain in 
the dentin matrix in their latent form during tooth 
development.[12,13] These enzymes can be activated 
during dentin demineralization process following 
carious lesions formation or application of the acidic 
adhesives.[11] Self-etch adhesives induce human pulp 
fibroblasts to express/activate MMPs.[13]

The beneficial preservation effect of CH on the bond 
stability was reported in restorations bonded by 
simplified etch-and-rinse and self-etch adhesives. The 
naked collagen fibrils at the base of the hybrid layer 
following incomplete resin penetration are susceptible 
to degradation by MMPs.[11,12]

If CH has no adverse effect on dentin bond strength of 
two self-etch adhesives with or without antibacterial 
monomer, it may preserve bonding interface of these 
adhesives. Furthermore, little information is available 
on the effect of CH on the long-term bond strength 
of these adhesives, particularly the antibacterial self-
etching adhesive. The simultaneous application of 
two types of antibacterial materials may improve the 
durability of the self-etch adhesive. Therefore, the aim 
of the present study was to test the null hypothesis 
that adjunctive use of CH with a self-etch adhesive 
(SE) and a self-etch adhesive containing MDPB (PB) 
has no effect on immediate (24 h) bond strength to 
dentin, or after water storage for 6 months plus 
thermocycling.

MATERIALS  AND METHODS

Eighty sound human premolars extracted for 
orthodontic treatment were used in the current study. 
The teeth were stored in 1% chloramine T solution 
for 2 weeks, then in distilled water at 4°C before 
use. After removing the roots, teeth were mounted 
in cold-curing acrylic resin. The midcoronal dentin 
surfaces were exposed by removing the occlusal 
enamel with a diamond saw under a water spray. 
The dentin surfaces were examined under a 
stereomicroscope (Carl Zeiss Inc, Oberkochen, 
Germany) to ensure that no enamel or pulp tissue 
remained. The flat dentin surfaces were polished 
with 600-grit silicone carbide abrasive paper (Snam 
Abrasives Pvt. Ltd, India) to provide a standardized 
smear layer. After ultrasonic cleaning, rinsing, and 
drying; the adhesive tape was applied to the prepared 
surfaces to limit the bonding area. The prepared 
teeth were randomly divided into four main groups 
of 20 teeth each according to the adhesive system 
used: SE and PB. Each adhesive was assigned to 
two control and experimental groups. In the latter 
groups, 2% chlorhexidine digluconate solution 
(CH, Consepsis, Ultradent, USA) was applied on the 
dentin surface prior to application of acidic primer 
of the adhesives. All of the materials were used 
according to manufacturer’s instructions [Table 1].
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The resin composite (Filtek Z250, 3M, USA) was 
placed on the cured adhesives using a cylindrical 
split mold with a height of 2.5 mm and surface 
diameter of 2 mm in two increments of 1 and 1.5 
mm. Each increment was light-cured for 40 s at 
600 mW/cm2 with a light-curing unit (VIP Junior, 
Bisco, Schaumburg, IL, USA). Half of the specimens 
(n = 10) in each group were stored in tap water at 
37°C for 24 h and the other half (n = 10) were stored 
in tap water containing 0.4% sodium azide with a 
stable pH at 37°C for 6 months and additionally 
thermocycled 1,000 times (between 5° and 55°C 
with 20 s dwell times) during 6 months prior to bond 
strength testing.

The shear test was performed using universal testing 
machine (Instron Z020, Zwick, Roell, Germany). A 
knife-edge shearing rod at a crosshead speed 1 mm/min 
was used to load the specimens until fracture. Shear 
bond strength in MPa was calculated from the peak 
load at failure divided by the specimen’s surface area.

One specimen from the control and experimental 
groups pretreated with CH and bonded with the 

self-etch adhesive (PB) were prepared for SEM 
examination. Approximately, 2-mm thick disks were 
prepared from each specimen with Accutom-50 cut-
off machine (Struers, Denmark) prior to examination 
with scanning electron microscope (SEM, XL30, 
Philips, Netherland) operating at 17 kV.

All data were analyzed with three-way analysis of 
variance (ANOVA) for the effect of adhesive system, 
CH, and storage time. For each adhesive, a two-
way ANOVA was done to evaluate the interaction 
effect of storage time and CH, and t-test was done 
to compare the effect of two factors. All tests were 
done at a 0.05 level of significance and all analyses 
were performed using SPSS version 11.5 software 
(Chicago, IL, USA).

After testing, the fracture modes were evaluated using 
a stereomicroscope (Carl Zeiss Inc, Oberkochen, 
Germany) at ×10 and classified according to the 
predominant mode of fracture including: 1) Adhesive, 
2) cohesive in dentin, 3) cohesive in composite, and 
4) mixed, a combination of adhesive and cohesive.

Table 1: Materials used in the current study
Material/batch # Composition Application procedure Manufacturer
Clearfil SE Bond (SE) Primer: HEMA, 10-MDP Apply primer with microbrush for 20 s and gently 

air dried for 10 s
Hydrophilic dimethacrylate,
N,N-diethanol-p-toluidine, CQ water
Bond: Apply bond with microbrush, gently air dried and 

cured for 10 s
Kuraray

HEMA, Medical Inc
10-MDP,
Bis-GMA Okayama, Japan
Hydrophobic dimetacylate,
N,N-diethanol-p-toluidine, CQ
Silanized colloidal Silica

Clearfil Protect Bond (PB) Primer: HEMA, 10-MDP Apply primer with microbrush for 20 s and gently 
air dried for 10 s

Hydrophilic dimethacrylate,
MDPB, water
Bond: Apply bond with microbrush, gently air dried and 

cured for 10 s
Kuraray

HEMA, Medical Inc
10-MDP,
Bis-GMA, Okayama, Japan
Hydrophobic dimetacylate,
N,N-diethanol-p-toluidine, CQ
Silanized colloidal Silica, Sodium fluoride

Consepsis Solution (CH) Chlorhexidine digluconate 2%, water Apply CH on dentin surface with microbrush for 60 
s, then air dried for 10 s

Ultradent 
Products, South 
Jordan, UT, USA

HEMA: Hydroxyethyl methacrylate, MDP: Methacryloyloxydecyldihydrogen phosphate, MDPB: Methacryloxydodecylpiridinium bromide,  
BIS-GMA: Bisphenol glycidyl methacrylate, CQ: Camphorquinone
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RESULTS

The mean strength and standard deviations in 
the eight experimental groups are summarized in 
Figure 1. Three-way ANOVA showed that bond 
strength was significantly influenced by the adhesive 
type (P < 0.001) and time (P = 0.004). The effect of 
CH, the interactions between adhesive type and time, 
between adhesive type and CH, and the interaction 
among all the three factors was not significant 
(P > 0.05). However, the interaction between CH 
and time was statistically significant (P < 0.001). 
This interaction was statistically significant for each 
adhesive, SE (P = 0.02) and PB (P = 0.006). The 
bond strength of PB was significantly lower than that 
of SE in two time periods (P = 0.001).

The bond strength of two adhesives was significantly 
reduced after aging (P = 0.004). For two adhesives 
(SE, PB), CH had a significantly negative effect 
on the initial bond strength (P = 0.04 and 0.004, 
respectively), but bond strength was not altered 
over the 6 months of storage (P = 0.84 and 0.70, 
respectively). After a 6-month period, bond strength 
of two adhesives associated to CH did not vary 
with their control groups (P = 0.25 and 0.48). The 
frequencies of different failure modes are presented 
in Table 2. Representative SEM images of the dentin/
restoration interface for the control and experimental 
groups are shown in Figures 2 and 3.

DISCUSSION

In spite of a potential benefit for antibacterial activity, 
it is noteworthy that achieving effective durable 
bonding to dentin is still one of the most critical 
factors affecting long-term clinical success of a 
restoration. Hence, in the current study, the effect of 

Figure 1: The mean shear bond strength for eight tested 
groups

Figure 3: A representative SEM image of a bonded interface 
in experimental group (self-etch adhesive + chlorhexidine). 
Notice the gap between dentin and restoration (×250). C = 
Composite, D: dentin

Figure 2: A representative scanning electron microscope 
(SEM) image of a bonded interface in control group (self-etch 
adhesive), where gap-free interface can be observed (×250). 
C = Composite, D = dentin

Table 2: The frequency of fracture modes of eight 
groups
Groups Adhesive Cohesive 

in dentin
Cohesive 

in 
composite

Mixed Total

SE 
(control)

24 hours 2 1 3 4 10
6 months 4 2 2 2 10

SE+CH 24 hours 4 1 1 4 10
6 months 3 2 1 4 10

PB 
(Control)

24 hours 3 — 2 5 10
6 months 6 2 — 2 10

PB+CH 24 hours 5 1 2 2 10
6 months 5 1 — 4 10
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two types of antibacterial agents on the bond strength 
of the two self-etch adhesives to dentin was tested in 
two time periods.

The present results revealed that although the 
CH application prior to the two tested adhesives 
significantly decreased the immediate bond strength, 
this bond was stable after aging in water; there was 
no significant difference between the control and 
experimental groups treated with CH after 6 months 
of storage. Therefore, our results cannot support 
complete acceptance of null hypothesis.

The adverse effect of CH solution on initial bonding 
performance of SE was previously reported by 
Ercan et al.[14] Also, Meiers and Shook[15] reported 
that CH application prior to acidic primer of Syntac 
significantly decreased its bond strength to dentin. 
However, in other studies, no adverse effect was 
found on sealing ability of SE[16,17] and bond strength 
of SE to dentin.[18,19] In a study by Siso et al.,[20] 
although there was no significant difference between 
the control and CH-treated groups, the latter group 
revealed a higher value of microleakage than that 
of the control group bonded by SE. It was reported 
that the application of CH prior to self-etch adhesives 
(Clearfil Tri S Bond and SE) did not affect immediate 
bond strength resin composite to dentin.[21,22]

The self-etch adhesives used in this study contain 
a functional acidic monomer, 10-MDP. It was 
demonstrated that dissociated CH cations could 
bind to phosphate groups and calcium of the 
hydroxyapatite.[23] The remaining cations might form 
bonds with phosphate anions of 10-MDP molecules 
of the self-etch adhesives after application of the 
adhesive on the surface treated with CH. This 
inhibitory effect on 10-MDP may impair the bonding 
ability of this functional acidic monomer (10-MDP) 
to dentinal calcium, reducing the bond strength to 
dentin.[24]

According to our results, a significant decrease in 
bond strength of the two adhesives was exhibited 
after aging. This finding is consistent with some 
studies.[25-27] However, the higher bond stability of PB 
was reported.[27,28]

Although self-etch adhesives are capable of 
simultaneous etching and priming, a discrepancy in 
the depth of demineralization and resin infiltration 
may occur in these adhesives. The incomplete resin 
infiltration could lead to creation of unprotected 
collagen fibrils.[29] The disintegration of these 

collagens could contribute to a decrease in the dentin 
bond strength of two self-etch adhesives observed in 
the current study after aging. Moreover, it has been 
shown that mild versions of self-etch adhesives can 
activate MMPs, resulting in degradation of suboptimal 
infiltrated collagen and loss of bond strength.[30]

The results of the present study revealed that although 
CH application compromised the immediate bond 
strength, it diminished loss of bond strength after 
aging. This result could be related to the preservative 
effect of CH on bonding interface. CH was applied 
on the smear layer-covered dentin, and then covered 
with acidic primer and adhesive resin may protect 
the unprotected collagen created during bonding 
procedures. The beneficial effect of 2% CH on 
stability of hybrid layer formed by an etch-and-rinse 
and a self-etch adhesives was reported in a recent 
study.[31]

Few studies have so far reported the effect of CH 
application prior to two-step self-etch adhesives on 
long-term bonding effectiveness to dentin. In a study 
by Campos et al.,[21] the preservative effect of CH 2% 
on bond strength of an all-in-one self-etch adhesive, 
Clearfil Tri S Bond, to dentin was reported during 
a 6-month aging period. However, Mobarak[22] has 
recently demonstrated that pretreatment with 2 or 5% 
CH is not able to diminish the loss of bond strength 
of SE to normal dentin over 2-year aging in artificial 
saliva under simulated intrapulpal pressure. Only 5% 
CH could preserve the bond strength to the affected 
dentin. These divergent results may be due to the 
difference in the CH concentration, aging condition, 
and aging duration time, bonding substrate, and 
testing method.

The results of the current study indicated that PB 
showed significantly lower bond strength to dentin 
than that of SE. This result was in agreement with 
those of two other studies.[32,33] The nonuniform 
distribution of NaF fillers may contribute to a 
relative poor mechanical property in some areas of 
bonding interface, resulting in lower bond strength 
of PB compared to SE.[32] Contrary to our results, 
some studies have suggested that incorporation of 
antibacterial monomer into primer did not adversely 
affect the dentinal bond strength of the adhesive.[6,8,34]

When evaluating the fracture modes of the eight 
tested groups in this study, the higher number of the 
adhesive fracture was detected in two groups of PB + 
CH and control group of PB (24 h). It seems that the 
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higher number of the adhesive fracture was associated 
to the lower bond strength of these groups.

Further studies should investigate the interaction of 
CH with other two-step self-etch adhesives and the 
long-term effect of CH on bond strength of these 
adhesives to dentin.

CONCLUSION

Within the limitations of the current study, it may be 
concluded that although CH was capable of decreasing 
the loss of bond strength of the two-step self-etch 
adhesives to dentin over time, it compromised the 
initial bonding of the self-etch adhesives. Thus, further 
in vitro and in vivo studies should be conducted 
before the combined application of CH, and two-step 
self-etch adhesives can be recommended in clinical 
practice.
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