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Abstract 
Background and Aim: Application of disinfectants in pits and fissures 
is a commonly used method to lower the cariogenic bacterial count in 
teeth. This study compared the effect of applying chlorhexidine on 
microleakage of pit and fissure sealant therapy using two adhesive 
systems.  
Materials and Methods: In this in vitro study, 60 extracted molar 
teeth were randomly assigned to four groups (n=15): control group 1 
(etch-and-rinse adhesive), control group 2 (self-etch adhesive), group 3 
(etch-and-rinse adhesive and 0.2% chlorhexidine), and group 4 (self-
etch adhesive and 0.2% chlorhexidine). After applying the sealant and 
subjecting the teeth to thermocycling, the teeth were immersed in 5% 
methylene blue solution. The teeth were sectioned into four parts and 
the dye penetration depth was measured under a stereomicroscope. 
Data were analyzed by the Mann–Whitney and Kruskal–Wallis tests 
using SPSS 24 (alpha=0.05).   
Results: Microleakage was significantly lower in the self-etch adhesive 
system compared to the etch-and-rinse system in the control groups 
(P<0.05). For the etch-and-rinse adhesive, there was no significant 
difference in microleakage between the two groups with chlorhexidine 
(1.67±1.11) and without chlorhexidine (1.33±0.81) (P>0.05). 
Similarly, in the self-etch adhesive, microleakage did not significantly 
differ between groups with chlorhexidine (1.07±0.45) and without 
chlorhexidine (1.07±0.70) (P>0.05). The interaction effect of adhesive 
type and chlorhexidine on microleakage was not significant (P=0.428). 
Conclusion: Application of chlorhexidine with both self-etch and etch-
and-rinse adhesive systems did not significantly affect the microleakage 
of fissure sealant therapy. Chlorhexidine may be used under fissure 
sealants for its antimicrobial effects without increasing microleakage.  
Keywords: Chlorhexidine; Dental Leakage; Dentin-Bonding Agents; Pit 
and Fissure Sealants 
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Introduction 
Occlusal pits and fissures pose a significant 

risk for caries development, particularly 
affecting permanent first molars in children up 
to 12 years of age, even in developed countries 
[1]. To prevent such caries, sealing the pits and 
fissures is recommended [2,3]. Resin-based 
sealants are preferred over other sealants due to 
their higher retention rate after five years [4].  

Polymerization shrinkage of adhesives during 
light curing is a noticeable factor that can result 
in gap formation between the enamel and 
adhesive, thus allowing the bacteria, fluids, and 
ions to penetrate into the gaps [5,6]. One of the 
crucial factors resulting in fissure sealant failure 
is microleakage, which happens through the gap 
between the enamel and sealant [7] and leads to 
pain, recurrent caries, and discoloration [4]. 
Therefore, strong bond strength plays an 
essential role in longevity of fissure sealant 
therapy and prevention of gap formation [4,7].  

Various antibacterial solutions including 
chlorhexidine, sodium hypochlorite, hydrogen 
peroxide, and iodine have been used as cavity 
disinfectants to eradicate residual bacteria from 
prepared surfaces [8]. Chlorhexidine exhibits 
broad-spectrum antimicrobial activity against 
yeast and bacteria, including both Gram-positive 
and Gram-negative species. It also acts as a 
bacteriostatic agent by inhibiting bacterial 
proliferation [9]. 

The concentration of chlorhexidine, choice of 
adhesive system, and timing of chlorhexidine 
application can influence the bond strength of 
composite resins to dentin [10]. In fissure 
sealants, the substrate is enamel which differs 
extensively from dentin [11]. Previous studies by 
Agrawal and Shigli [12] and Sobhi and Hatam 
Zade [13] indicated that chlorhexidine 
application did not compromise the sealant 
performance. Additionally, Shanmugaavel et al. 

[14] demonstrated that chlorhexidine incurpo-
ration enhanced the antibacterial activity of 
sealants without adverse effects on mechanical 
properties. However, conflicting findings exist; 
for instance, Memarpour and Shafiei [15] 
reported increased microleakage with 
chlorhexidine application in fissure sealant 
therapy, possibly due to differences in study 
design and methodology. 

Most studies on the application of 
chlorhexidine have been conducted on dentin 
[11]. Few studies have been conducted on 
enamel [12,13] mostly showing contradictory 
results [15]. Therefore, the objective of this 
study was to compare the microleakage in 
fissure sealant therapy using different adhesives 
(etch-and-rinse and self-etch adhesives) with 
and without the application of chlorhexidine as 
an antimicrobial agent. 
 
Materials and Methods 

In this in vitro, experimental study, 60 
recently extracted maxillary and mandibular 
first and second molars obtained from various 
dental clinics were evaluated. The inclusion 
criteria were teeth free from caries, teeth 
without any previous restorations, and teeth 
with deep pits and fissures on their occlusal 
surface [16]. The present study was ethically 
approved by the regional Ethical Review 
Committee (IR.TBZMED.REC.1399.621). 

The sample size was determined based on a 
previous study by Memarpour and Shafiei [15], 
which reported mean (±standard deviation) 
microleakage scores of 1.36±0.703 and 
0.734±0.66 for etching+ bonding+fissure sealant 
and chlorhexidine + etching+ bonding+fissure 
sealant groups, respectively. Considering a type I 
error of 5% and 80% study power, 13 samples 
per group were calculated. To enhance study 
reliability, 10% was added, resulting in 15 
samples per group. 
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Immediately after extraction, the teeth were 
cleaned using fluoride-free pumice powder 
(Nikdarman, Iran) under running water to 
remove organic residues and were then placed 
in 0.9% sodium chloride solution (Iranian 
Parenteral and Pharmaceutical Company, Iran) 
at room temperature. Twenty-four hours before 
the beginning of the experiment, the teeth were 
removed from saline solution and immersed in 
deionized water (Kimia, Tehran Acid, Iran) at 
37°C temperature [17].   

Sixty prepared teeth were divided into 4 
groups by simple randomization (n=15) and 
treated based on their group as follows: 

Group 1: Phosphoric acid etching+etch-and-
rinse adhesive+fissure sealant (control group 1).  

Group 2: Phosphoric acid etching + self-etch 
adhesive + fissure sealant (control group 2) 

Group 3: 0.2% chlorhexidine+phosphoric acid 
etching+etch-and-rinse adhesive+fissure sealant 

Group 4: 0.2% chlorhexidine+phosphoric acid 
etching+self-etch adhesive+fissure sealant 

The occlusal surfaces were etched for 30 
seconds using 37% phosphoric acid gel (Master 
Dent, Charlotte, USA), rinsed for 30 seconds, and 
air-dried for 10 seconds. In groups 3 and 4, 0.2% 
chlorhexidine (Najo, Tehran, Iran) was applied 
with an applicator, and left to dry by itself for 1 
minute before etching. 

In groups 1 and 3, Tetric N-Bond (Ivoclar 
Vivadent, Schaan, Liechtenstein) was applied for 
20 seconds, and air thinned for 5 seconds. In 
groups 2 and 4, Optibond all-in-one (Kerr, 
Orange, CA, USA) was applied for 20 seconds, 
and air thinned for 5 seconds. All samples were 
cured with a LED curing unit (Demetron A2; 

Kerr, Orange, CA, USA) at 1000 mW/cm2 light 
intensity for 20 seconds. 

The sealing material (Avant Dental Supply, 
Miami, USA) was applied to the pits and fissures 
and light-cured for 30 seconds. Table 1 lists the 
materials used in this study. 

To simulate the oral cavity conditions, all 
specimens were incubated in distilled water at 
37°C for 24 hours. Next, the teeth were subjected 
to accelerated aging by 1000 cycles of 
thermocycling. The samples were alternatively 
immersed in 5°C and 55°C baths for 20         
seconds [18]. 

After thermocycling, in order to evaluate the 
degree of microleakage, 5% methylene blue 
(Pars Shimi Ebtekar, Iran) was used. The apices 
were sealed with sticky wax (Chemical Dental 
Laboratory Oppermann, Schwedler, Germany), 
and the teeth were covered with 2 layers of nail 
varnish, leaving a 1 mm uncovered area around 
the margins of the fissure sealant [16]. The teeth 
were immersed in 5% methylene blue for 24 
hours. Then, the specimens were rinsed for 1 
minute to eliminate excess methylene blue [19].  

Then, the teeth were cut into approximately 4 
equal parts by mounting them in acrylic blocks 
and using a low-speed diamond saw (Diamond. 
GmbH, D&Z, Berlin) under continuous water 
spray [20]. The sectioned teeth were examined 
under a stereomicroscope (Nikon, SMZ 1000, 
Tokyo, Japan) at x20 magnification. Methylene 
blue penetration at the material/tooth interface 
was scored as 0: no penetration, 1: penetration 
to the outer half of sealant, 2: penetration to the 
inner half of sealant, and 3: penetration into the 
underlying groove [21]. 

 
Table 1. Materials and their application instructions 
 
Material Application instruction Manufacturer 

Phosphoric acid gel (37%) Apply for 30 seconds, rinse for 30 seconds and 
air dry for 10 seconds. Master Dent, Charlotte, USA 

Etch and rinse adhesive Apply for 20 seconds, air dry for 5 seconds, 
light cure for 20 seconds 

Tetric N-Bond, Ivoclar Vivadent, 
Schaan, Liechtenstein 

Self-etch adhesive Apply for 20 seconds, air dry for 5 seconds, 
light cure for 20 seconds 

Optibond all-in-one, Kerr, 
Orange CA, USA 

Chlorhexidine 0.2% solution Apply with an applicator, let it dry by itself for 
1 minute Najo, Tehran, Iran 
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Statistical analysis: 
Descriptive statistics, and Kruskal–Wallis, 

and Mann-Whitney tests were used to analyze 
microleakage based on the type of adhesive and 
presence or absence of chlorhexidine. Data 
analysis was done using SPSS 24. A probability 
value of less than 5% was considered significant. 
 
Results 

The mean microleakage score was 1.33±0.81 
in group 1, 1.07±0.70 in group 2, 1.67±1.11 in 
group 3 and 1.07±0.45 in group 4. Considering 
the adhesive system without considering the 
effect of chlorhexidine, there was a significant 
difference between the microleakage scores of 
the two adhesive systems; and the microleakage 
of the self-etch system was significantly lower 
than the microleakage of the etch-and-rinse 
system (P=0.042).  

In each adhesive system, applying the 
chlorhexidine did not have any significant effect 
on microleakage (P=0.428). Table 2 exhibits the 
frequency of microleakage scores in the study 
groups. Score 1 was the most common in all 
groups (Figure 1). 
 

 
 
 
 
 
 
 
 

Figure 1. Stereomicroscopic image showing microleakage 
score 1 between the enamel surface and the fissure sealant 
(x50) 
 

The interaction effect of adhesive and 
chlorhexidine on the microleakage was not 
significant (P=0.428), indicating that 
chlorhexidine did not influence the adhesive's 
effect on microleakage. 

 
Discussion  

This study assessed the impact of adhesive 
type (self-etch and etch-and-rinse) used in 
fissure sealant therapy and applying 
chlorhexidine under the fissure sealant layer on 
microleakage. The results showed that the self-
etch adhesive system resulted in a significantly 
lower amount of microleakage in fissure sealant 
therapy; however, applying chlorhexidine did 
not have any significant effect on microleakage.  

Microleakage is a major problem in adhesive 
dentistry, and it is the primary reason for failure 
of fissure sealant therapy. Methylene blue 
penetration test is considered as a reliable 
approach to evaluate microleakage, and has 
been extensively used for this purpose [22]. One 
of the problems in using methylene blue for 
evaluation of microleakage in in vitro studies is 
that it penetrates more easily than oral    
bacteria [23]. 

Self-etch adhesives do not require acid 
etching of dentin or enamel, but bonding 
effectiveness is a concern on uncut enamel due 
to high mineralization [20]. Research indicates 
that pre-etching of enamel before applying self-
etch adhesives significantly enhances the 
bonding efficacy [24]. For this reason, the 
enamel was etched before the application of self-
etch adhesive in this study.  

Table 2. Frequency of microleakage scores in the study groups 
 
Microleakage score (Number and Percentage) 0 1 2 3 
Group 1: (Etch-and-rinse without chlorhexidine) 1 (6.7%) 10 (66.7%) 2 (13.3%) 2 (13.3%) 
Group 2: (Self-etch without chlorhexidine) 2 (13.3%) 11 (73.3%) 1 (6.7%) 1 (6.7%) 
Group 3: (Etch-and-rinse with chlorhexidine) 2 (13.3%) 6 (40%) 2 (13.3%) 5 (33.3%) 
Group 4 (Self-etch with chlorhexidine) 1 (6.7%) 12 (80%) 2 (13.3%) 0 (0%) 
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Antimicrobial agents can reduce caries 
following microleakage in enamel margins by 
decreasing the microflora in the pits and fissures 
[20]. Chlorhexidine is a well-known 
antimicrobial agent and has considerable ability 
to disrupt bacterial cytoplasmic membrane [25]. 
As chlorhexidine does not have any negative 
effect on dental materials’ mechanical 
properties, its application can maximize the 
success of restorations [26]. Chlorhexidine has 
an affinity to enamel and increases its free 
surface energy [27]. 

Chlorhexidine remnants might interact with 
the calcium and phosphate ions, and decrease 
the bond strength; however, some studies have 
shown that when it is used before sealant 
application, 0.2% chlorhexidine does not seem 
to have a negative effect on the sealing ability of 
dental materials [12,13]. Agrawal and Shigli [12] 
demonstrated that pit and fissure sealant 
therapy without using chlorhexidine resulted in 
greater loss of surface texture and marginal 
discoloration in comparison to pit and fissure 
sealant therapy using chlorhexidine after 3, 6, 
and 12 months; however, the difference was not 
statistically significant. Also, Sobhi and Hatam 
Zade [13] found that using 0.2% chlorhexidine 
prior to sealant placement did not compromise 
the sealing ability of sealant material. These 
findings are in accordance with the results of the 
present study. 

Shanmugaavel et al. [14] showed that adding 
1% chlorhexidine to conventional glass ionomer 
sealant and resin-based sealant significantly 
increased the antibacterial activity of both 
sealants; in addition, adding chlorhexidine to 
sealants did not have an adverse effect on their 
mechanical properties. Their methodology was 
different from the methodology of the current 
study because in the present study, 
chlorhexidine was applied on the tooth surface. 
However, some studies have shown different 

results regarding the effect of chlorhexidine on 
microleakage. In contrast to the present study, 
Memarpour and Shafiei [15] showed that using 
chlorhexidine increased microleakage in fissure 
sealant therapy. In their study, the teeth were 
kept in water for 6 months and fuchsin was used 
as dye. However, Haidari Gorji et al. [28] 
reported that chlorhexidine did not affect the 
microleakage. Probably the bond to inorganic 
enamel is more stable than that to dentin; 
therefore, application of chlorhexidine does not 
affect the microleakage. This might be due to 
higher hydroxyapatite inorganic content of the 
enamel. Due to the presence of controversial 
results in this regard, more in vitro and clinical 
studies are needed to reach a definite 
conclusion. 

This study only used methylene blue 
penetration test; using additional evaluation 
techniques would allow a more comprehensive 
analysis. Another limitation of the present study 
was lack of pH cycling to simulate oral 
conditions. Long-term clinical trials are 
warranted to assess the performance of various 
adhesive systems and chlorhexidine application 
on maintaining the sealant integrity over 
extended periods of time. 

 
Conclusion 

Application of self-etch adhesive yielded 
lower microleakage than etch-and-rinse method 
in fissure sealant therapy. This study also 
showed that applying chlorhexidine did not have 
any significant effect on microleakage in using 
etch-and-rinse or self-etch methods in fissure 
sealant therapy; thus, it can be used due to its 
antimicrobial effect in fissure sealant treatments. 
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