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ABSTRACT 

Objective: The purpose of this study was to analyze the effect of 2% chlorhexidine gluconate 

on the degradation of composite resin –dentin bond strength when using self-etch adhesive 

systems. 

 

 Methods: Chlorhexidine gluconate (2%) was applied prior to application of two-step self-

etch and one-step self-etch adhesive. Resin composite was applied incrementally. Specimens 

from the degradation treatment group were immersed in 10% NaOCl for 1 hour. Shear bond 

strength was tested with a universal testing machine and analyzed  using one-way ANOVA 

and Dunnett’s T3 post hoc test. The composite resin –dentin bonds were observed using 

scanning electron microscopy and energy dispersive spectroscopy. 

 

Results: In the treatment group without 10% NaOCl, shear bond strength values were higher 

in the 2% chlorhexidine gluconate-treated group (two-step self-etch 11.67±1.76 MPa; one-

step self-etch 10.19±1.44 MPa) than in the untreated group (two-step self-

etch10.93±1.31MPa; one-step self-etch 9.97±1.41 MPa), although this difference was not 
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significant. In samples exposed  to10% NaOCl, shear bond strength values were higher in the 

2% chlorhexidine gluconate-treated group (two-step self-etch11.14±1.22 MPa and one-step 

self-etch 9.95±1.21 MPa) than in the untreated group (two-step self-etch10.08±0.45MPa and 

one-step self-etch 8.62±0.85MPa), although this difference was not significant. The scanning 

electron micrographs of samples from the 2% chlorhexidine gluconate-treated group showed 

less degradation than samples from the untreated group did.  

 

Conclusion: Application of 2% chlorhexidine gluconate may decrease the degradation of the 

resin composite–dentin bond. 

 

Key Words:2% Chlorhexidine Gluconate, Self-Etch Adhesive Systems, Shear Bond Strength 
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INTRODUCTION 

 

Currently, composite resins are widely used 

for aesthetic restoration[1]. However, 

composite resin restorations may fail in the 

long term, particularly at the adhesive resin-

dentin interface because of degradation 

processes that occur in the oral cavity [2,3]. 

Degradation can be caused by hydrolysis 

due to continuous exposure in water or 

saliva [4,5]. One of the enzymes that 

contribute to the degradation process of the 

composite resin–dentin bond is the matrix 

metalloproteinase (MMP) enzyme [6,7]. The 

MMP enzyme is a proteolytic enzyme that 

can degrade collagen fibrils and 

extracellular matrices in demineralized 

dentin. This enzyme can be activated by the 

etching material used in total-etch or self-

etch adhesive systems, and thus, can 

decrease the stability of the collagen matrix. 

Bonding to dentin is currently achieved by 

using total-etch and self-etch adhesive 

systems, which vary in the treatment of the 

smear layer [8,9]. Self-etch adhesive 

systems aim to preserve the smear layer for 

the resin monomer to diffuse to, and bond 

the resin monomer to the collagen in the 

dentin tubule to form a hybrid layer [9]. 

Self-etch adhesive systems have a simpler 

application procedure but may reduce dentin 

sensitivity. Two techniques are used in the 

application of self-etch adhesive systems: a 

two-step and a one-step technique. These 

two techniques differ in the composition and 

number of application steps [8]. 

Theoretically, self-etch adhesive systems 

produce demineralization and monomer 

infiltration into the dentin substrate 

simultaneously. However, studies have 

shown that not all acids can be neutralized. 

This results in incomplete monomer 

infiltration and the formation of a 

demineralization zone below the hybrid 

layer, which exposes the collagen fibrils 

[10,11]. 

 

Chlorhexidine gluconate (CHX) is used in 

dental practice as a cavity disinfectant after 

cavity preparation and prior to cavity filling 

[12,13]. It has been extensively studied as an 

MMP inhibitor for maintaining the hybrid 

layer in the resin–dentin bond. Dentin 

collagen fibrils may be degraded by MMP 

enzymes if they are not coated with resin, 

which can occur because of deficient 

infiltration of adhesive monomers [14,15]. 

Application of CHX solution prior to the 

priming procedure (self-etch) and after 

etching (total-etch) brings CHX in contact 

with the adhesive system[14]. The bond 

strength of the adhesive system is believed 

to decrease if CHX interferes with the 

ability of the hydrophilic monomers to 

infiltrate dentin properly[15,16]. In contrast, 

other studies have suggested that CHX does 

not affect the adhesion of the adhesive resin 

to dentin[14,17]. 

 

The long-term stability of the adhesive 

resin–dentin bond in composite resin 

restorations can be tested in vitro by using 
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an aging method to simulate the degradation 

of the adhesive resin–dentin bond under 

conditions occurring in the oral cavity [18]. 

The most common in vitro method used is 

immersion in water-based liquid media, 

which takes months to years. The 10% 

NaOCl method can significantly reduce the 

immersion time to as low as a few hours by 

removing the organic component of the 

organic collagen fibrils in the dentin 

matrix[18,19]. Immersion in 10% NaOCl 

solution for 1–3 hours can damage some of 

the collagen fibrils. This pattern also occurs 

in the degradation of exposed collagen 

fibrils, since they are not infiltrated by 

adhesive resins, and result in resin 

hydrolysis[20]. Kim et al. (2012) suggested 

that CHX could reduce the bond strength of 

the resin–dentin bond in the total-etch 

adhesive system during long-term water 

immersion [21]. Currently, studies on the 

application of CHX in total-etch adhesive 

systems have used different CHX 

concentrations and application durations 

[14]. Thus, limited information is available 

on the effect of CHX on self-etch adhesive 

systems, and further research on this 

particular subject is warranted. 

 

The effect of 2% CHX on self-etch adhesive 

systems can be studied by observing the 

interaction of 2% CHX with the smear layer 

and acid primer in self-etch adhesive 

systems. This is accomplished by analyzing 

the hybrid layer and resin tag formed 

between the adhesive resin and dentin, and 

by performing elemental analysis of the 

composite resin–dentin bond [22,23]. This 

analysis is performed by using scanning 

electron microscopy (SEM) and energy 

dispersive spectroscopy (EDS) along with a 

shear bond strength test to assess the 

strength of the bond between the adhesive 

system and dentin. The composite resin’s 

durability is evaluated by clarity analysis 

[24].  

 

Degradation of collagen in dentin due to 

MMP enzymes should ideally be studied by 

using MMP enzymes, but because of the 

enzymes’ instability and complex utilization 

procedure, the collagen degradation 

chemical test is performed using the 10% 

NaOCl immersion method, which is 

expected to produce the same pattern of 

collagen degradation as that caused by MMP 

enzymes [21,25,26]. 

 

The objective of the study was to analyze 

the effect of 2% CHX solution on the bond 

strength of composite resin when using two-

step self-etch (TSC) and one-step self-etch 

(OSC) adhesive systems. Adhesive systems 

that did not receive degradation treatment 

(baseline bond strength) were compared 

with systems subjected to degradation 

treatment by immersion in 10% NaOCl for 1 

hour to determine the effect on composite 

resin–dentin bond degradation. This study 

also aimed to analyze the differences 

between dentin surfaces treated with2% 

CHX and untreated dentin surfaces, after 

immersion in 10% NaOCl solution. 
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MATERIALS AND METHODS The materials, their compositions, and the 

application procedures used are presented in 

Table 1. 

 

Table 1: Materials, composition, and application procedure used inthe study  

 

Materials Manufacturer Composition Application Procedure 

Clearfil SE 

BondTM 

Kuraray Co. 

LTD,  Osaka, 

Japan 

Primer+ Etch : 10-MDP, HEMA, 

hydrophilic dimethacrylate, 

photoinitiator, water 

Bonding: 10-MDP, HEMA, Bis-

GMA, hydrophobic 

dimethacrylate, photoinitiator,  

silanated colloidal silica 

-App ly for 20 s 

-Spray light air for 5 s 

-Apply bonding agent 

-Spraylight air for 5 s 

-Polymerizewithlightfor  

10 s 

 

Clearfil Tri S 

BondTM 

Kuraray Co. 

LTD, Osaka, 

Japan 

Primer +Etch + Bonding : 

MDP, Bis-GMA, HEMA, 

Hydrophobic dimethacrylate, 

champorquinone, ethyl ethanol, 

water, silanated colloidal silica 

-Applyfor 20 s 

-Spray light air for 5 s 

-Polymerizewith ligh tfor  

10 s 

-Applycomposite resin  

Consepsis Ultradent, 

South Jordan, 

UT, USA 

2% chlorhexidine gluconate Using microbrush / tip applicator 

 

Filtek Z-

350TM 

3M 

ESPE,St.Paul, 

MN,USA 

Bis-GMA, UDMA, BIS-EMA, 

nanosilicafiller, 

zirconia/silicananocluster 

Apply and polymerize for 20 s 

MDP, 1,10-methacryloyloxydecyl-dihydrogen phosphate; HEMA (2-hydroxyethyl-ethacrylate); 

UDMA (urethane dimethacrylate); EMA(2,2-bis-4-2-(hydroxi-3-methylacriloxietoxi)-

phenylpropane); GMA (2,2-bis-4-2-(hydroxi-3-metacriloxiprop-1-oxi) propane) 
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The specimens used were extracted human 

premolars (indicated for orthodontic 

treatment) that had been stored in saline 

solution until used. These non-carious 

specimens had  passed ethical clearance, and 

had no cracks or crown fractures. A total of 

64 premolar teeth were cut and planted in a 

decorative resin, and the buccal surfaces 

were ground with Struers silicon carbide 

grinding paper No 600 to obtain an area of 3 

mm2. Afterwards, the specimens were 

divided into eight groups (each consisted of 

eight specimens) for shear bond strength 

testing. The groups were based on 

differences in2% CHX application, self-etch 

adhesive system used, and degradation 

treatment by immersion in 10% NaOCl for 1 

hour. The full description of the 

classification of specimen groups is listed in 

Table 2. 

 

 

Table 2:Description of the groups based on 2% chlorhexidine gluconate application and 

the adhesive system used 

Groups Number of 

Specimens 

Description 

TSC 

8 Without CHX, applied with two-step self-etch adhesive 

system  

TSC+CHX 

8 With CHX, applied with two-step self-etch adhesive 

system  

OSC 

8 Without CHX, applied with one-step self-etch adhesive 

system  

OSC+CHX 

8 With CHX, applied with one-step self-etch adhesive 

system  

TSC+NaOCl 

8 Without CHX, applied with two-step self-etch adhesive 

system, immersed in10% NaOCl for 1 hour 

TSC+CHX+NaOCl 

8 With CHX, applied with two-step self-etch adhesive 

system, immersed in 10% NaOCl for 1 hour 

OSC+NaOCl 

8 Without CHX, applied with one-step self-etch adhesive 

system, immersed in 10% NaOCl for 1 hour 
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OSC+CHX+NaOCl 

8 With CHX, applied with one-step self-etch adhesive 

system, immersed in 10% NaOCl for 1 hour 

Abbreviations: TSC, two-step self-etch Clearfil SE ™; OSC, one-step self-etch Clearfil Tri S™; 

CHX,2% chlorhexidine gluconate 

 

Shear bond strength testing was performed 

using a universal testing machine (Auto 

Graph AG-5000E: Shimadzu Corporation, 

Japan), with a load of 50 kgF and cross head 

speed of 0.5 mm/min until the specimen 

fractured. The results were then calculated 

with the formula SBS = F/A to obtain shear 

bond strength with A = πr2. The data were 

analyzed using a one-way ANOVA test 

followed by Dunnett’s T3 post hoc test. 

To capture the SEM and EDS images, we 

prepared 12 teeth specimens as described in 

the shear bond strength test. SEM and EDS 

were used to observe the morphology and 

analyze the elements on the surface of the 

resin–dentin interface. Four teeth specimens 

were prepared using the following 

treatment: abrasion of the teeth, application 

of 2% CHX to the abraded teeth, application 

of TSC primer to the abraded teeth, and 

application of TSC primer to the abraded 

teeth treated with CHX 2%. The other eight 

teeth specimens were prepared according to 

each group treatment. 

 

RESULTS 

 

As shown in Table 3, specimens in the TSC 

with 2% CHX application and without 

immersion in10% NaOCl (11.67 MPa) 

group had the highest mean shear bond 

strength, whereas the OSC with immersion 

in 10% NaOCl (8.62 MPa) group had the 

lowest mean shear bond strength.  

 

The mean shear bond strength in the TSC 

with 2% CHX application group with or 

without 10% NaOCl immersion was higher 

than that in the TSC group, although this 

difference was not significant (Table 3). The 

mean shear bond strength in the OSC with 

2% CHX application group with or without 

10% NaOCl  immersion was greater than 

that in the OSC group, although this 

difference was not significant (Table 3). The 

mean shear bond strength in the TSC group 

without 10% NaOCl immersion was greater 

than that in the OSC group, although this 

difference was not significant (Table 3). The 

mean shear bond strength in the TSC with 

10% NaOCl immersion group was 

significantly greater than that in the OSC 

with 10% NaOCl immersion group (Table 

3).  

 

The mean shear bond strengths in each 

group using TSC with 2% CHX application, 

with or without 10% NaOCl immersion 

were greater than those in the OSC with 2% 

CHX group, although this difference was 

not significant (Table 3). The mean shear 

bond strength in groups with immersion in 

10% NaOCl was lower than that in the 

groups without 10% NaOCl immersion, 
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although this difference was not significant 

(Table 3). 

 

 

Table 3: Shear bond strength values for each treatment group (MPa) 

Treatment 

TSC TSC+CHX OSC OSC+CHX 

Mean±SD Mean±SD Mean±SD Mean±SD 

Without 10% NaOCl 10.93±1.31A 11.67±1.76AB 9.97±1.41AB 10.19±1.44AB 

With 10% NaOCl 10.08±0.45AB 11.14±1.22AB 8.62±0.85B 9.95±1.21AB 

*Value with different superscript letters shows a significant difference at p<0.05. Abbreviations: 

TSC, two-step self-etch Clearfil SE ™; OSC, one-step self-etch Clearfil Tri S™; CHX, 2% 

chlorhexidine gluconate; SD, standard deviation. 

 

 

 

The results of SEM and elemental analysis 

of the dentin surface are shown in Figures 1 

and 2. The dentin surface that was abraded 

with No.600 silicon carbide abrasive paper 

displayed a smear layer with smear plug that 

covered the dentin tubules and part of the 

exposed dentin tubules (Fig. 1). The dentin 

surface that was abraded with No. 600 

silicon carbide abrasive paper, followed by 

application of2% CHX (Fig. 2) showed no 

difference from the dentin tubules in 

specimens that were only abraded (Fig. 1).  

 

The presence of strokes (scratches) was the 

result of abrasion with theNo.600 silicon 

carbide abrasive paper. The dentin surface 

that was abraded with No. 600 silicon 

carbide abrasive paper, followed by 

application of TSC primer displayed porous 

areas that were the dentin tubules (Fig. 2b). 

These areas were 2–4 µm in diameter and 

contained smear layer particles and collagen 

with demineralized dentin products that 

formed 2–5μm acid globules. Figure 2.c 

shows an illustration of the continuation of 

the working phase shown in figure 2a. After 

abrasion, 2% CHX and acid primer were 

applied, and we observed exposed 1–3 μm 

dentin tubules with acid globules that were 

dispersed evenly and uniform in size (±1 

μm). The Element of Ca, P, C, and O, the 

main components of dentin, and Cl, an 

element present in CHX 2%, were almost 

completely absent on the dentin surface that 

was only abraded and the surface to which 

TSC primer was applied. 
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Fig. 1: Scanning electron microscopy(1000×) after abrasion of the dentin surface with No. 600 

silicon carbide abrasive paper 

 

 

      a       b     c 

Fig. 2: Scanning electron microscopy(1000×) of the dentin surface, a. Abraded dentin surface, 

with 2% CHX. b. Abraded dentin surface, with two-step self-etch primer. c. Abraded dentin 

surface, with CHX and two-step self-etch primer 

 

 

Figure 3 displays the results of SEM and 

elemental analysis of the hybrid layer 

surface of the composite resin–dentin bond 

with the TSC adhesive system. SEM 

imaging of the composite resin–dentin bond 

with the TSC system showed varied hybrid 

layers. In the group without the application 

of 2% CHX (Fig. 3a), a hybrid layer of 5 μm 

thickness, with a 2–9-μm-long resin tag was 

observed.  

 

The resin tag in the group without 2% CHX 

application appeared to be longer than that 

in the group with 2% CHX application (Fig. 

3b). The group without the 2% CHX 

application and 10% NaOCl immersion (Fig. 

3c) showed 3–8 µm pores along with a 30-

µm-long resin tag, composed of the 

dissolved organic component (collagen) as 

well as inorganic components in the 

peritubular and intertubular dentin.  
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The group with 2% CHX application and 

10% NaOCl immersion (Fig. 3d) showed 

more widely maintained organic 

components in the dentin than the group 

without the 2% CHX application and 10% 

NaOCl immersion did (Fig. 3c). 

Concentrated peritubular dentin, a 10–15 μm 

resin tag, and 2–5μm pores were still 

observed in the dentin tubules. 

 

 

 

    a      b 

 

      c      d 

Fig. 3: Scanning electron microscopy (2000×) of the hybrid layer of the composite resin–dentin 

bond with the two-step self-etch adhesive system. a) Without CHX 2%. b. With 2% CHX 

application. c. Without 2% CHX application and immersed in 10% NaOCl solution. d. With 2% 

CHX application and immersed in 10% NaOCl solution 

 

 

EDS analysis of the elemental content at the 

adhesive resin and dentin interface revealed 

the presence of Ca, P, C, and O as the main 

composition of dentin, and Cl as an element 

present in CHX2%, found in almost equal 

proportions (0.4–0.5%) in all surfaces of 

composite resin–dentin interface. 
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Figure 4 shows the results of the SEM and 

elemental analysis of the hybrid layer 

surface of the composite resin–dentin bond 

with the OSC adhesive system. The OSC 

group (Fig. 4a) showed a 5-µm-thick hybrid 

layer  with  an  almost  non-existent  or short  

 

resin tag. The presence of black spaces 

indicated that adhesive resins had not 

properly infiltrated into the dentin. The OSC 

with 2% CHX group (Fig. 4b) showed a 5-

µm-thick hybrid layer with an almost non-

existent resin tag. In the OSC with 10% 

NaOCl immersion group (Fig. 4c), the 

dissolved organic dentin components were 

visible below the damaged and dissolved 

hybrid layer, with the presence of large 

space between the dentin and adhesive layer. 

The dissolved organic component was also 

observed in the OSC group with 2% CHX 

application and 10% NaOCl immersion (Fig. 

4d), although it was not as large as that of 

the OSC with 10% NaOCl immersion group 

(Fig. 4c). Figure 4d shows a broken bond 

between the adhesive resin and dentin. 

 

 

 

     a      b 

 

           c      d 

Fig. 4: Scanning electron microscopy (1000×) of the composite resin–dentin bond with the one-

step self-etchadhesive system.a. Without 2% CHX application. b. With 2% CHX application.c. 
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Without 2% CHX application and immersed in 10% NaOCl solution. d. With 2% 

CHXapplication and immersed in 10% NaOCl solution 

 

EDS analysis of elemental content at the 

adhesive resin and dentin interface showed 

the presence of Ca, P, C, and O as the main 

components of dentin, and Cl as an element 

present in CHX2%. Different percentages of 

Cl element were found along the entire  

 

 

surface of the composite resin–dentin 

interface, with the largest percentage 

observed in the OSC group with 2% CHX 

application and 10% NaOCl immersion. 

 

DISCUSSION 

 

Although the increase was not significant, 

2%  CHX  usage  resulted  in  an  increase in  

mean shear bond strength in the TSC 

(Clearfil  SE)  group  and  the  OSC (Clearfil  

S3) group. This indicates that 2% CHX 

application  may increase the shear strength 

of the composite resin–dentin bond when 

using self-etch adhesive systems. In 

contrast, several studies conducted by 

Shafiei et al. (2013) and Chaharom et al. 

(2011) have shown a decrease in the shear 

strength of the composite resin–dentin bond 

after the application of CHX 2%,when using 

a self-etch adhesive system [14,22]. This 

inconsistency in findings may be caused by 

differences in the duration of 2% CHX 

application, 2% CHX application  technique, 

composition of the adhesive system, testing 

method used, and specimen preparation 

[14,22]. 

 

In the study by Shafiei et al. (2013), the 

duration of 2% CHX application was 60 s, 

whereas in the present study, the duration 

was 15s [22]. The shorter duration of 2% 

CHX application does not affect the 

adhesive monomer’s penetration to the 

dentin. However, the difference in 

application duration may affect the shear 

bond strength of the composite resin–dentin 

bond. This hypothesis is supported by the 

findings of Collares et al. (2013), which 

suggested that the duration of application 

affected the shear bond strength [10].In 

addition, Stanislawczuk et al. (2011) 

reported that an application time of 15 s was 

sufficient for inhibiting the degradation of 

the adhesive resin–dentin bond because the 

bond between 2% CHX and dentin collagen 

fibrils had already formed in that time 

[11,23]. 

 

In the present study, we observed an 

increase in shear bond strength in all groups 

after 2% CHX application, although this 

increase was not significant. This is 

consistent with the findings of Carrilho et al. 

(2007), who reported that 2% CHX 

application may increase the shear strength 
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of the composite resin–dentin bond [24]. 

CHX10% has a positive ionic charge 

(cation) that is powerful enough to allow it 

to bind with the phosphate cluster on dentin, 

and has a strong affinity that can increase 

the surface energy of dentin [25].2% CHX 

application after acid etching and before 

primer application on the self-etch adhesive 

system increases the primer’s wet ability, 

which increases the adhesion; however, 

excess water needs to be removed by drying 

after 2% CHX application [26]. 

 

The adhesive system used in this study had a 

different composition than the adhesive 

system used by Shafiei et al. (2013) [22]. 

Clearfil SE is better than other TSCs 

because the 1,10-methacryloyloxydecyl-

dihydrogen phosphate (MDP) monomer can 

form an ionic bond with the calcium from 

dentin’s hydroxyapatite, and form 

nanolayers of calcium salt-MDP[27]. This 

nanolayering does not occur in other self-

etch adhesive systems. In addition, the 

nanolayer formed is more resistant to 

dissolution than that formed in other 

adhesive systems. A calcium salt-MDP 

nanolayer is also formed when using 

Clearfil S3, although it not as prominent as 

the one formed with Clearfil SE [27,28]. 

 

Among the groups with 2% CHX 

application and without 10% NaOCl 

immersion, the shear strength of the 

composite resin–dentin bond with the TSC 

adhesive system was greater than that with 

the OSC adhesive system. A study by 

Knobloch et al. (2007) revealed that the 

composite resin–dentin bond strength with 

the TSCClearfil SE Bond adhesive system 

(20.4 MPa) was higher than that with the 

OSCClearfil S3 Bond adhesive system (16.5 

MPa) [29]. However, a study conducted by 

Chaharom et al. (2011) showed that the 

composite resin–dentin bond strength did 

not differ significantly between the TSC 

Clearfil SE Bond (22.86 MPa) and the OSC 

Clearfil S3 Bond (22.13 MPa) adhesive 

systems [14]. According to Chaharom et al. 

(2011), this non-significant difference was 

because the same monomer, MDP, was used 

with both systems[16]. 

 

The mean shear bond strength was 

significantly different between the 

specimens using TSC without 2% CHX and 

those using OSC without CHX 2%, after 

immersion in 10% NaOCl. This indicates 

that the TSC adhesive system is more 

resistant to degradation than the OSC 

adhesive system because it contains a higher 

proportion of hydrophilic components than 

the OSC does [28-31]. 

 

The increase in shear bond strength after the 

application of 2% CHX found in this study 

was supported by SEM findings. A hybrid 

layer with a thickness of 5 µm was observed 

when using the TSC adhesive system with 

2% CHX application. In addition, a 

homogenous and even resin tag was also 

observed. This indicates that adhesive resin 

can infiltrate demineralized dentin, thus 

forming a resin tag that enables good 
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bonding. The SEM image of the composite 

resin–dentin bond with the TSC adhesive 

system corresponded with the SEM image of 

the dentin surface after abrasion and prior to 

application of primer. The smear observed 

on dentin without the application of 2% 

CHX did not differ from the smear observed 

on dentin with the application of 2%CHX. 

However, a significant difference was 

observed after primer was applied, with the 

smear layer interacting with the CHX 2%. 

After the primer was applied, it also reacted 

with smear layer and 2%CHX.This finding 

can be explained by the results of a study by 

Hipolito et al. (2012), which revealed that 

CHX cation could bind with the phosphate 

group and calcium from hydroxyapatite, 

forming phosphate salt. The remaining 

cation can form a bond with the anion 

phosphate from MDP [32]. Moreover, this 

interaction does not interfere with the 

infiltration of the adhesive resin. This was 

supported by our finding that the resin tag 

still forms with a length of 10–15 µm, 

indicating the formation of an adequate 

adhesive resin–dentin bond.  

 

In the OSC adhesive system, 2% CHX 

application did not interfere with the 

infiltration of adhesive monomer into the 

dentinal tubules. The resin tag formed was 

short, with a length of ±2 µm, or almost 

non-existent. This was similar to the SEM 

findings in dentin without the application of 

CHX 2%. This shows that an adequate bond 

can be achieved. This is also supported by 

the finding that the shear strength of the 

adhesive resin–dentin bond in the OSC 

adhesive system without 2% CHX 

application increased after the application of 

CHX 2%, although this increase was not 

significant. 

 

In the TSC adhesive system with 10% 

NaOCl immersion, the effect of the 

inhibition of collagen degradation was 

observed by comparing SEM imaging of the 

dentin surface without 2% CHX to the 

dentin surface with CHX 2%. With 2% 

CHX application, peritubular dentin inside 

the dentinal tubules was still present and 

undissolved, and the pores in the dentinal 

tubules decreased in size (2–5 µm) because 

of the degradation process. This indicates 

that 2% CHX protects the dentinal collagen 

matrix. In the OSC adhesive system, 

degradation in the groups with 2% CHX 

treatment was not as prominent as 

degradation in the group without 2% CHX 

treatment. Among the groups without CHX 

2%, the group with the OSC adhesive 

system showed greater degradation in the 

composite resin–dentin bond than the group 

with the TSC adhesive system, after 

immersion in 10% NaOCl. This finding is 

also supported by the significant difference 

in mean shear bond strength between OSC 

and the TSC groups after immersion in 10% 

NaOCl. In addition to the lower shear bond 

strength, the OSC adhesive system was 

more prone to degradation than the TSC 

adhesive system was. 

 

The EDS findings from the surface of 

abraded dentin, with the application of 2% 
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CHX and primer (data not shown), revealed 

that the organic components of dentin in all 

the groups were primarily C and O, 

constituting 14–36%, compared to Ca and P, 

which constituted 9-27%. C, N, and O are 

the elements that make up the organic 

collagen matrix, which contains carboxyl (-

OOH), hydroxyl (-OH), and amino (-NH2) 

groups [31].In contrast, Ca and P are the 

elements that makeup hydroxyapatite, which 

has a chemical formula of Ca10(PO4)6) H2 

[26]. The element P is the primary 

component of the monomer MDP in the 

adhesive region. [28]. 

 

Other elements such as Si, Al, and Mg are 

considered contaminants from abrasive 

materials such as alumina (Al2O3) and silica 

(SiO2) that are incorporated during the 

preparation of the specimen. Cl was also 

detected on the dentin surface, with the 

highest percentage being present in the 

abraded surface with 2% CHX application 

(0.15%). CHX was considered the source of 

this Cl. However, EDS only detects 

elements that are present on the surface, and 

cannot detect elements underneath the 

dentin surface [34,35].Elemental analysis 

from SEM/EDS analysis of the composite 

resin-bonding surface revealed different Cl 

contents, ranging from 0.4% to 0.5% and 

0.26 to 1.02%. These elements may be 

contained within 2% CHX or in the residue 

from soaking in the 1% NaOCl used for 

preparing the specimens for SEM. Si was 

also detected in all groups (data not shown) 

and may have been derived from silica 

(SiO2), which is the matrix particle on the 

adhesive resin Clearfil SE Bond and Clearfil 

S3. 

 

The decrease in shear bond strength due to 

the smearing induced by 10% NaOCl was 

not as high in the group treated with 2% 

CHX as in the group without 2% CHX 

treatment. This shows that the application of 

2% CHX can inhibit the degradation 

process, resulting in greater shear bond 

strength in the group with2% CHX 

application. The degradation still takes 

place, but at a much  slower rate, and it is 

not as prominent as the degradation in the 

group without 2% CHX application. In 

theory, 2% CHX can protect the open 

collagen fibers that are generated by acid 

exposure and  that have not been infiltrated 

by adhesive, and  thus prevent degradation 

of collagen fibers by MMP enzymes. MMP 

enzymes can  be activated  by the acid in the 

etching material, and only degrade open 

collagen fibers. Another possibility is that 

the cation in 2% CHX binds with the 

calcium and zinc ions that act as catalysts 

for MMP enzymes, thereby interfering with 

the catalytic activity [10,23,24]. 

 

CONCLUSIONS 

 

The shear strength of the composite resin–

dentin bond is higher with the application of 

2% CHX than without its application, 

although this difference was not statistically 

significant. SEM imaging in the specimens 

treated with 2% CHX shows less 
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degradation compared to the specimens 

without 2% CHX application. Thus, 2% 

CHX may inhibit the degradation of the 

composite resin–dentin bond. 
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ABSTRACT 

The purpose of this study was to analyze the effect of 2% chlorhexidine gluconateon the 

degradation of resin composite–dentin bond strength when using self-etch adhesive systems. 

Chlorhexidine gluconate (2%) was applied prior to application of two-step self-etch and one-

step self-etch adhesive. Resin composite was applied incrementally. Specimens from the 

degradation treatment group were immersed in 10% NaOCl for 1 hour. Shear bond strength 

was tested with a universal testing machine and analysed using one way ANOVA and 

Dunnett’s T3 post hoc test. The resin composite–dentin bonds were observed using scanning 

electron microscopy and energy dispersive spectroscopy. In the treatment group without 10% 

NaOCl, shear bond strength values were higherin the 2% chlorhexidine gluconate-treated 

group (two-step self-etch 11.67±1.76 MPa; one-step self-etch 10.19±1.44 MPa) than in the 

untreated group (two-step self-etch10.93±1.31MPa; one-step self-etch 9.97±1.41 MPa), 

although this difference was not significant. In samples exposed to10% NaOCl, shear bond 

strength values were higher in the 2% chlorhexidine gluconate-treated group (two-step self-

etch11.14±1.22 MPa and one-step self-etch 9.95±1.21 MPa) than in the untreated group (two-

step self-etch10.08±0.45MPa and one-step self-etch 8.62±0.85MPa), although this difference 

was not significant. The scanning electron micrographs of samples from the 2% 

chlorhexidine gluconate-treated group showed less degradation than samples from the 
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untreated group did. Application of 2% chlorhexidine gluconatemay decrease the degradation 

of the resin composite–dentin bond. 

 

Key Words:2% Chlorhexidine Gluconate, Self-Etch Adhesive Systems, Shear Bond Strength 
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INTRODUCTION 

 

Currently, composite resins are widely used 

foraesthetic restoration[1]. However, 

composite resin restorations may fail in the 

long term, particularly at the adhesive resin–

dentin interface because of degradation 

processes that occur in the oral cavity [*2,3]. 

One of the enzymes that contribute to the 

degradation process of the composite resin–

dentin bond is the matrix metalloproteinase 

(MMP) enzyme[4,5]. The MMP enzyme is a 

proteolytic enzyme that can degrade 

collagen fibrils and extra cellular matrices in 

demineralized dentin. This enzyme can be 

activated by the etching material used in 

total-etch or self-etch adhesive systems, and 

thus, can decrease the stability of the 

collagen matrix. Bonding to dentin is 

currently achieved by using total-etch and 

self-etch adhesive systems, which vary in 

the treatment of the smear layer [6,7]. Self-

etch adhesive systems aim to preserve the 

smear layer for the resin monomer to diffuse 

to, and bond the resin monomer to the 

collagen in the dentin tubule to form a 

hybrid layer [7]. Self-etch adhesive systems 

have a simpler application procedure, but 

may reduce dentin sensitivity. Two 

techniques are used in the application of 

self-etch adhesive systems: a two-step and a 

one-step technique. These two techniques 

differ in the composition and number of 

application steps [6]. Theoretically, self-etch 

adhesive systems produce demineralization 

and monomer infiltration into the dentin 

substrate simultaneously. However, studies 

have shown that not all acids can be 

neutralized. This results in incomplete 

monomer infiltration and the formation of a 

demineralization zone below the hybrid 

layer, which exposes the collagen fibrils 

[8,9]. 

 

Chlorhexidine gluconate (CHX) isused in 

dental practice as a cavity disinfectant after 

cavity preparation and prior to cavity filling 

[10,11]. It has been extensively studied as an 

MMP inhibitor for maintaining the hybrid 

layer in the resin–dentin bond. Dentin 

collagen fibrils may be degraded by MMP 

enzymes if they are not coated with resin, 

which can occur because of deficient 

infiltration of adhesive monomers [12,13]. 

Application of CHX solution prior to the 

priming procedure (self-etch) and after 

etching (total-etch) brings CHX in contact 

with the adhesive system[12]. The bond 

strength of the adhesive system is believed 

to decrease if CHX interferes with the 

ability of the hydrophilic monomers to 

infiltrate dentin properly[14]. In contrast, 

other studies have suggested that CHX does 

not affect the adhesion of adhesive resin to 

dentin[12,15]. 

 

The long-term stability of the adhesive 

resin–dentin bond in composite resin 

restorations can be tested in vitro by using 

an aging method to simulate the degradation 

of the adhesive resin–dentin bond under 

conditions occurring in the oral cavity [16]. 

The most common in vitro method used is 

immersion in water-based liquid media, 

which takes months to years. The 10% 
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NaOCl method can significantly reduce the 

immersion time to as low as a few hours by 

removing the organic component of the 

organic collagen fibrils in the dentin 

matrix[16,17]. Immersion in 10% NaOCl 

solution for 1–3 hours can damage some of 

the collagen fibrils. This pattern also occurs 

in the degradation of exposed collagen 

fibrils, since they are not infiltrated by 

adhesive resins, and result in resin 

hydrolysis[18]. Kim et al. (2012) suggested 

that CHX could reduce the bond strength of 

the resin–dentin bond in the total-etch 

adhesive system during long-term water 

immersion [19]. Currently, studies on the 

application of CHXin total-etch adhesive 

systemshave used different CHX 

concentrations and application durations 

[12]. Thus, limited information is available 

on the effect of CHX on self-etch adhesive 

systems, and further research on this 

particular subject is warranted. 

 

The effect of 2% CHX on self-etch adhesive 

systems can be studied by observing the 

interaction of 2% CHX with the smear layer 

and acid primer in self-etch adhesive 

systems. This is accomplished by analysing 

the hybrid layer and resin tag formed 

between the adhesive resin and dentin, and 

by performing elemental analysis of the 

composite resin–dentin bond [20,21]. This 

analysis is performed by using scanning 

electron microscopy (SEM) and energy 

dispersive spectroscopy (EDS) along with a 

shear bond strength test to assess the 

strength of the bond between the adhesive 

system and dentin. The composite resin’s 

durabilityis evaluated by clarity analysis 

[22].  

 

Degradation of collagen in dentin due to 

MMP enzymes should ideally be studied by 

using MMP enzymes, but because of the 

enzymes’ instability and complex utilization 

procedure, the collagen degradation 

chemical test is performed using the 10% 

NaOCl immersion method, which is 

expected to produce the same pattern of 

collagen degradation as that caused by MMP 

enzymes [19,23,24]. 

 

The objective of the study was to analyse the 

effect of 2% CHX solution on the bond 

strength of composite resin when using two-

step self-etch (TSC) and one-step self-etch 

(OSC) adhesive systems. Adhesive systems 

that did not receive degradation treatment 

(baselinebond strength) were compared with 

systems subjected to degradation treatment 

by immersion in 10% NaOCl for 1 hour to 

determine the effect on composite resin–

dentin bond degradation. This study also 

aimed to analyse the differences between 

dentin surfaces treated with2% CHX and 

untreated dentin surfaces, after immersion in 

10% NaOCl solution. 

 

MATERIALS AND METHODS 

The materials, their compositions, and the 

application procedures used are presented in 

Table 1. 
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Table 1: Materials, composition, and application procedure usedinthe study  

 

Materials Manufacturer Composition Application Procedure 

Clearfil SE 

BondTM 

Kuraray Co. 

LTD,Osaka,Japan 

Primer+ Etch : 10-MDP, HEMA, 

hydrophilic dimethacrylate, 

photoinitiator, water 

Bonding: 10-MDP, HEMA, Bis-

GMA, hydrophobic 

dimethacrylate, photoinitiator,  

silanated colloidal silica 

-Apply for 20 s 

-Spray light airfor 5 s 

-Apply bonding agent 

-Spraylight airfor 5 s 

-Polymerizewithlightfor  

10 s 

 

Clearfil Tri S 

BondTM 

Kuraray Co. 

LTD,Osaka,Japan 

Primer +Etch + Bonding : 

MDP, Bis-GMA, HEMA, 

Hydrophobic dimethacrylate, 

champorquinone, ethyl ethanol, 

water, silanated colloidal silica 

-Applyfor 20 s 

-Spray light airfor 5 s 

-Polymerizewithlightfor  

10 s 

-Applycomposite resin  

Consepsis Ultradent, South 

Jordan, UT, USA 

2% chlorhexidine gluconate Using microbrush / tip 

applicator 

 

Filtek Z-

350TM 

3M 

ESPE,St.Paul, 

MN,USA 

Bis-GMA, UDMA, BIS-EMA, 

nanosilicafiller, 

zirconia/silicananocluster 

Apply and polymerizefor 20 s 

MDP, 1,10-methacryloyloxydecyl-dihydrogen phosphate; HEMA (2-hydroxyethyl-ethacrylate); 

UDMA (urethane dimethacrylate); EMA(2,2-bis-4-2-(hydroxi-3-methylacriloxietoxi)-

phenylpropane); GMA (2,2-bis-4-2-(hydroxi-3-metacriloxiprop-1-oxi) propane) 
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The specimens used were extracted human 

premolars (indicated for orthodontic 

treatment) that had been stored in saline 

solution until used. These non-carious 

specimens had passed ethical clearance, and 

hadno cracks or crown fractures. A total of 

64 premolar teeth were cut and planted in a 

decorative resin, and the buccal surfaces 

were ground with Struers silicon carbide 

grinding paper No 600 to obtain an area of 3 

mm2. Afterwards, the specimens were 

divided into eight groups (each consisted of 

eight specimens) for shear bond strength 

testing. The groups were based on 

differences in2% CHX application, self-etch 

adhesive system used, and degradation 

treatment by immersion in 10% NaOCl for 1 

hour. The full description of the 

classification of specimen groups is listed in 

Table 2. 

 

 

Table 2:Description of the groups based on 2% chlorhexidine gluconateapplication and the 

adhesive system used 

Groups Number of 

Specimens 

Description 

TSC 

8 Without CHX, applied withtwo-step self-etchadhesive 

system  

TSC+CHX 

8 With CHX, applied withtwo-step self-etchadhesive 

system  

OSC 

8 Without CHX, applied withone-step self-etch adhesive 

system  

OSC+CHX 

8 With CHX, applied withone-step self-etchadhesive 

system  

TSC+NaOCl 

8 Without CHX, applied withtwo-step self-etchadhesive 

system, immersedin10% NaOCl for 1 hour 

TSC+CHX+NaOCl 

8 With CHX, applied withtwo-step self-etchadhesive 

system, immersed in 10% NaOCl for 1 hour 

OSC+NaOCl 

8 Without CHX, applied withone-step self-etchadhesive 

system, immersed in 10% NaOCl for 1 hour 

OSC+CHX+NaOCl 

8 With CHX, applied withone-step self-etchadhesive 

system, immersed in 10% NaOCl for 1 hour 
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Abbreviations: TSC, two-step self-etch Clearfil SE ™; OSC, one-step self-etch Clearfil Tri S™; 

CHX,2% chlorhexidine gluconate 

 

Shear bond strength testing was performed 

using a universal testing machine (Auto 

graph AG-5000E: Shimadzu Corporation, 

Japan), with a load of 50 kgF and cross head 

speed of 0.5 mm/min until the specimen 

fractured. The results were then calculated 

with the formula SBS = F/A to obtain shear 

bond strength with A = πr2. The data were 

analysed using a one-way ANOVA test 

followed by Dunnett’s T3 post hoc test. 

To capture the SEM and EDS images, we 

prepared 12 teeth specimens as described in 

the shear bond strength test. SEM and EDS 

were used to observe the morphology and 

analyse the elements on the surface of the 

resin–dentin interface. Four teeth specimens 

were prepared using to the following 

treatment: abrasion of the teeth, application 

of 2% CHX to the abraded teeth, application 

of TSC primer to the abraded teeth, and 

application of TSC primer to the abraded 

teeth treated with CHX 2%. The other eight 

teeth specimens were prepared according to 

each group treatment. 

 

RESULTS 

 

As shown in Table 3, specimens in the TSC 

with 2% CHX application and without 

immersion in10% NaOCl (11.67MPa) group 

had the highest mean shear bond strength, 

whereas the OSC with immersion in 10% 

NaOCl (8.62MPa) group had the lowest 

mean shear bond strength.  

 

The mean shear bond strength in the TSC 

with 2% CHX application group with or 

without 10% NaOC limmersion was higher 

than that in the TSC group, although this 

difference was not significant (Table 3). The 

mean shear bond strength in the OSC with 

2% CHX application group with or without 

10% NaOCl immersion was greater than that 

in the OSC group, although this difference 

was not significant (Table 3). The mean 

shear bond strength in the TSC group 

without 10% NaOCl immersion was greater 

than that in the OSC group, although this 

difference was not significant (Table 3). The 

mean shear bond strength in the TSC with 

10% NaOCl immersion group was 

significantly greater than that in the OSC 

with 10% NaOCl immersion group (Table 

3).  

 

The mean shear bond strengths in each 

group using TSC with 2% CHX application, 

with or without 10% NaOCl immersion 

were greater than those in the OSC with 2% 

CHX group, although this difference was 

not significant (Table 3). The mean shear 

bond strength in groups with immersion in 

10% NaOCl was lower than that in the 

groups without 10% NaOCl immersion, 

although this difference was not significant 

(Table 3). 
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Table 3:Shear bond strength values for each treatment group (MPa) 

Treatment 

TSC TSC+CHX OSC OSC+CHX 

Mean±SD Mean±SD Mean±SD Mean±SD 

Without 10% NaOCl 10.93±1.31A 11.67±1.76AB 9.97±1.41AB 10.19±1.44AB 

With 10% NaOCl 10.08±0.45AB 11.14±1.22AB 8.62±0.85B 9.95±1.21AB 

*Value with different superscript letters shows significant difference at p<0.05. 

Abbreviations:TSC, two-step self-etch Clearfil SE ™; OSC, one-step self-etch Clearfil Tri S™; 

CHX, 2% chlorhexidine gluconate; SD, standard deviation. 

 

The results of SEM and elemental analysis 

of the dentin surface are shown in figures 1 

and 2. The dentin surface that was abraded 

with No.600 silicon carbide abrasive paper 

displayed a smear layer with smear plug that 

covered the dentin tubules and part of the 

exposed dentin tubules (fig. 1). The dentin 

surface that was abraded with No. 600 

silicon carbide abrasive paper, followed by 

application of2% CHX (fig. 2) showed no 

difference from the dentin tubules in 

specimens that were only abraded (fig. 1).  

 

The presence of strokes (scratches) was the 

result of abrasion with theNo.600 silicon 

carbide abrasive paper. The dentin surface 

that was abraded with No. 600 silicon 

carbide abrasive paper, followed by 

application of TSC primer displayed porous 

areas that were the dentin tubules (fig. 2b). 

These areas were 2–4 µmin diameter, and 

contained smear layer particles and collagen 

with demineralized dentin products that 

formed 2–5μm acid globuls. Figure 2.c 

shows an illustration of the continuation of 

the working phase shown in figure 2a. After 

abrasion, 2% CHX and acid primer were 

applied, and we observed exposed 1–3 

μmdentin tubules with acid globules that 

were dispersed evenly and uniform in size 

(±1 μm). Element of Ca, P, C, and O, the 

main components of dentin, and Cl, an 

element present in CHX 2%,were almost 

completely absent on the dentin surface that 

was only abraded and the surface to which 

TSC primer was applied. 
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Fig. 1:Scanning electron microscopy(1000×) after abrasion ofthe dentin surface with No. 600 

silicon carbide abrasive paper 

 

 

      a       b     c 

Fig. 2:Scanning electron microscopy(1000×) of the dentin surface, a. Abraded dentin surface, 

with 2% CHX.b. Abraded dentin surface, with two-step self-etch primer. c. Abraded dentin 

surface, with CHXand two-step self-etch primer 

 

 

Figure 3 displays the results of SEM and 

elemental analysis of the hybrid layer 

surface of the composite resin–dentin bond 

with the TSC adhesive system. SEM 

imaging of the composite resin–dentin bond 

with the TSC system showed varied hybrid 

layers. In the group without the application 

of 2% CHX (fig. 3a), a hybrid layer of5μm 

thickness, with a 2–9-μm-long resin tag was 

observed.  

 

 

 

 

The resin tag in the group without 2% CHX 

application appeared to be longer than that 

in the group with 2% CHX application (fig. 

3b). The group without the 2% CHX 

application and 10% NaOCl immersion (fig. 

3c) showed 3–8 µmpores along with a 30-
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µm-long resin tag, composed of the 

dissolved organic component (collagen) as 

well as inorganic components in the 

peritubular and intertubular dentin.  

 

The group with 2% CHX application and 

10% NaOCl immersion (fig. 3d) showed 

more widely maintained organic 

components in the dentin than the group 

without the 2% CHX application and 10% 

NaOCl immersion did(fig. 3c). Concentrated 

peritubular dentin, a 10–15 μm resin tag, 

and 2–5μm pores were still observed in the 

dentin tubules. 

 

 

 

    a      b 

 

      c      d 

Fig. 3: Scanning electron microscopy (2000×) of the hybrid layer of the composite resin–dentin 

bond with the two-step self-etch adhesive system. a) Without CHX 2%. b. With 2% CHX 

application. c. Without 2% CHX application and immersed in 10% NaOCl solution. d. With 2% 

CHX application and immersed in 10% NaOCl solution 

 

 EDS analysis of the elemental content at the 

adhesive resin and dentin interface revealed 
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the presence of Ca, P, C, and O as the main 

composition of dentin, and Cl as an element 

present in CHX2%, found in almost equal 

proportions (0.4–0.5%) in all surfaces of 

composite resin–dentin interface. 

 

Figure 4 shows the results of the SEM and 

elemental analysis of the hybrid layer 

surface of the composite resin–dentin bond 

with the OSC adhesive system. The OSC 

group (fig. 4a) showed a 5-µm-thick hybrid 

layer  with  an  almost  non-existent  or short  

 

resin tag. The presence of black spaces 

indicated that adhesive resins had not 

properly infiltrated into the dentin. The OSC 

with 2% CHX group (fig. 4b) showed a 5-

µm-thick hybrid layer with an almost non-

existent resin tag. In the OSC with 10% 

NaOCl immersion group (fig. 4c), the 

dissolved organic dentin components were 

visible below the damaged and dissolved 

hybrid layer, with the presence of large 

space between the dentin and adhesive layer. 

The dissolved organic component was also 

observed in the OSC group with 2% CHX 

application and 10% NaOCl immersion (fig. 

4d), although it was not as large as that of 

the OSC with 10% NaOCl immersion group 

(fig. 4c). Figure 4d shows a broken bond 

between the adhesive resin and dentin. 

 

 

 

     a      b 

 

           c      d 
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Fig. 4: Scanning electron microscopy (1000×) of the composite resin–dentin bond with the one-

step self-etchadhesive system.a. Without 2% CHX application. b. With 2% CHX application.c. 

Without 2% CHX application and immersed in 10% NaOCl solution. d. With 2% 

CHXapplication and immersed in 10% NaOCl solution 

 

EDS analysis of elemental content at the 

adhesive resin and dentin interface showed 

the presence of Ca, P, C, and O as the main 

components of dentin, and Cl as an element 

present in CHX2%. Different percentages of 

Cl element were found along the entire 

surface of the composite resin–dentin 

interface, with the largest percentage 

observed in the OSC group with 2% CHX 

application and 10% NaOCl immersion. 

 

DISCUSSION 

 

Although the increase was not significant, 

2%  CHX  usage  resulted  in  an  increase in  

 

 

mean shear bond strength in the TSC 

(Clearfil  SE)  group  and  the  OSC (Clearfil  

S3) group. This indicates that 2% CHX 

application may increase the shear strength 

of the composite resin–dentin bond when 

using self-etch adhesive systems. In 

contrast, several studies conducted by 

Shafiei et al. (2013) and Chaharom et al. 

(2011) have shown a decrease in the shear 

strength of the composite resin–dentin bond 

after the application of CHX 2%,when using 

a self-etch adhesive system [12,20]. This 

inconsistency in findings may be caused by 

differences in the duration of 2% CHX 

application, 2% CHX application technique, 

composition of the adhesive system, testing 

method used, and specimen preparation 

[12,20]. 

 

In the study by Shafiei et al. (2013), the 

duration of 2% CHX application was 60 s, 

whereas in the present study, the duration 

was 15s [20]. The shorter duration of 2% 

CHX application does not affect the 

adhesive monomer’s penetration to the 

dentin. However, the difference in 

application duration may affect the shear 

bond strength of the composite resin–dentin 

bond. This hypothesis is supported by the 

findings of Collares et al. (2013), which 

suggested that the duration of application 

affected the shear bond strength [8].In 

addition, Stanislawczuk et al. (2011) 

reported that an application time of 15 s was 

sufficient for inhibiting the degradation of 

the adhesive resin–dentin bond because the 

bond between 2% CHX and dentin collagen 

fibrils had already formed in that time 

[9,21]. 

 

In the present study, we observed an 

increase in shear bond strength in all groups 

after 2% CHX application, although this 
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increase was not significant. This is 

consistent with the findings of Carrilho et al. 

(2007), who reported that 2% CHX 

application may increase the shear strength 

of the composite resin–dentin bond [22]. 

CHX10% has a positive ionic charge 

(cation) that is powerful enough to allow it 

to bind with the phosphate cluster on dentin, 

and has a strong affinity that can increase 

the surface energy of dentin [23].2% CHX 

application after acid etching and before 

primer application on the self-etch adhesive 

system increases the primer’s wet ability, 

which increases the adhesion; however, 

excess water needs to be removed by drying 

after 2% CHX application [24]. 

 

The adhesive system used in this study had a 

different composition than the adhesive 

system used by Shafiei et al. (2013) [20]. 

Clearfil SE is better than other TSCs 

because the 1,10-methacryloyloxydecyl-

dihydrogen phosphate (MDP) monomer can 

form an ionic bond with the calcium from 

dentin’s hydroxyapatite, and form nano 

layers of calcium salt-MDP[25]. This nano 

layering does not occur in other self-etch 

adhesive systems. In addition, the nano layer 

formed is more resistant to dissolution than 

that formed in other adhesive systems. A 

calcium salt-MDP nano layer is also formed 

when using Clearfil S3, although it not as 

prominent as the one formed with Clearfil 

SE [25,26]. 

 

Among the groups with 2% CHX 

application and without 10% NaOCl 

immersion, the shear strength of the 

composite resin–dentin bond with the TSC 

adhesive system was greater than that with 

the OSC adhesive system. A study by 

Knobloch et al. (2007) revealed that the 

composite resin–dentin bond strength with 

the TSCClearfil SE Bond adhesive system 

(20.4 MPa) was higher than that with the 

OSCClearfil S3 Bond adhesive system (16.5 

MPa) [27]. However, a study conducted by 

Chaharom et al. (2011) showed that the 

composite resin–dentin bond strength did 

not differ significantly between the 

TSCClearfil SE Bond (22.86 MPa) and the 

OSCClearfil S3 Bond (22.13 MPa) adhesive 

systems [12]. According to Chaharom et al. 

(2011), this non-significant difference was 

because the same monomer, MDP, was used 

with both systems[12]. 

 

The mean shear bond strength was 

significantly different between the 

specimens using TSC without 2% CHX and 

those using OSC without CHX 2%, after 

immersion in 10% NaOCl. This indicates 

that the TSC adhesive system is more 

resistant to degradation than the OSC 

adhesive system because it contains a higher 

proportion of hydrophilic components than 

the OSC does [27-29]. 

 

The increase in shear bond strength after the 

application of 2% CHX found in this study 

was supported by SEM findings. A hybrid 

layer with a thickness of 5 µm was observed 

when using the TSC adhesive system with 

2% CHX application. In addition, a 
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homogenous and even resin tag was also 

observed. This indicates that adhesive resin 

can infiltrate demineralized dentin, thus 

forming a resin tag that enables good 

bonding. The SEM image of the composite 

resin–dentin bond with the TSC adhesive 

system corresponded with the SEM image of 

the dentin surface after abrasion and prior to 

application of primer. The smear observed 

on dentin without the application of 2% 

CHX did not differ from the smear observed 

on dentin with the application of 2%CHX. 

However, a significant difference was 

observed after primer was applied, with the 

smear layer interacting with the CHX 2%. 

After the primer was applied, it also reacted 

with smear layer and 2%CHX.This finding 

can be explained by the results of a study by 

Hipolito et al. (2012), which revealed that 

CHX cation could bind with the phosphate 

group and calcium from hydroxyapatite, 

forming phosphate salt. The remaining 

cation can form a bond with the anion 

phosphate from MDP [30]. Moreover, this 

interaction does not interfere with the 

infiltration of adhesive resin. This was 

supported by our finding that the resin tag 

still forms with a length of 10–15 µm, 

indicating the formation of an adequate 

adhesive resin–dentin bond.  

 

In the OSC adhesive system, 2% CHX 

application did not interfere with the 

infiltration of adhesive monomer into the 

dentinal tubules. The resin tag formed was 

short, with a length of ±2 µm, or almost 

non-existent. This was similar to the SEM 

findings in dentin without the application of 

CHX 2%. This shows that an adequate bond 

can be achieved. This is also supported by 

the finding that the shear strength of the 

adhesive resin–dentin bond in the OSC 

adhesive system without 2% CHX 

application increased after the application of 

CHX 2%, although this increase was not 

significant. 

 

In the TSC adhesive system with 10% 

NaOCl immersion, the effect of the 

inhibition of collagen degradation was 

observed by comparing SEM imaging of the 

dentin surface without 2% CHX to the 

dentin surface with CHX 2%. With 2% 

CHX application, peritubular dentin inside 

the dentinal tubules was still present and 

undissolved, and the pores in the dentinal 

tubules decreased in size (2–5 µm) because 

of the degradation process. This indicates 

that 2% CHX protects the dentinal collagen 

matrix. In the OSC adhesive system, 

degradation in the groups with 2% CHX 

treatment was not as prominent as 

degradation in the group without 2% CHX 

treatment. Among the groups without CHX 

2%, the group with the OSC adhesive 

system showed greater degradation in the 

composite resin–dentin bond than the group 

with the TSC adhesive system, after 

immersion in 10% NaOCl. This finding is 

also supported by the significant difference 

in mean shear bond strength between OSC 

and the TSC groups after immersion in 10% 

NaOCl. In addition to the lower shear bond 

strength, the OSC adhesive system was 

more prone to degradation than the TSC 

adhesive system was. 
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The EDS findings from the surface of 

abraded dentin, with the application of 2% 

CHX and primer (data not shown), revealed 

that the organic components of dentin in all 

the groups were primarily C and O, 

constituting 14–36%, compared to Ca and P, 

which constituted 9-27%. C, N, and O are 

the elements that make up the organic 

collagen matrix, which contains carboxyl (-

OOH), hydroxyl (-OH), and amino (-NH2) 

groups [31].In contrast, Ca and P are the 

elements that make up hydroxyapatite, 

which has a chemical formula of 

Ca10(PO4)6) H2 [26]. The element P is the 

primary component of the monomer MDP in 

the adhesive region. [26]. 

 

Other elements such as Si, Al, and Mg are 

considered contaminants from abrasive 

materials such as alumina (Al2O3) and silica 

(SiO2) that are incorporated during the 

preparation of the specimen .Cl was also 

detected on the dentin surface, with the 

highest percentage being present in the 

abraded surface with 2% CHX application 

(0.15%). CHX was considered the source of 

this Cl. However, EDS only detects 

elements that are present on the surface, and 

cannot detect elements underneath the 

dentin surface [32,33].Elemental analysis 

from SEM/EDS analysis of the composite 

resin-bonding surface revealed different Cl 

contents, ranging from 0.4% to 0.5% and 

0.26 to 1.02%. These elements may be 

contained within 2% CHX or in the residue 

from soaking in the 1% NaOCl used for 

preparing the specimens for SEM. Si was 

also detected in all groups (data not shown), 

and may have been derived from silica 

(SiO2), which is the matrix particle on the 

adhesive resin Clearfil SE Bond and Clearfil 

S3. 

 

The decrease in shear bond strength due to 

the smearing induced by 10% NaOCl was 

not as high in the group treated with 2% 

CHX as in the group without 2% CHX 

treatment. This shows that the application of 

2% CHX can inhibit the degradation 

process, resulting in greater shear bond 

strength in the group with2% CHX 

application. The degradation still takes 

place, but at a much slower rate, and it is not 

as prominent as the degradation in the group 

without 2% CHX application. In theory, 2% 

CHX can protect the open collagen fibres 

that are generated by acid exposure and that 

have not been infiltrated by adhesive, and 

thus prevent degradation of collagen fibres 

by MMP enzymes. MMP enzymes can be 

activated by the acid in the etching material, 

and only degrade open collagen fibres. 

Another possibility is that the cation in 2% 

CHX binds with the calcium and zinc ions 

that act as catalysts for MMP enzymes, 

thereby interfering with the catalytic activity 

[8,21,22]. 

 

CONCLUSIONS 

 

The shear strength of the composite resin–

dentin bond is higher with the application of 

2% CHX than without its application, 
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although this difference was not statistically 

significant. SEM imaging in the specimens 

treated with 2% CHX shows less 

degradation compared to the specimens 

without 2% CHX application. Thus, 2% 

CHX may inhibit the degradation of the 

composite resin–dentin bond. 
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ABSTRACT

Objective: The purpose of this study was to analyze the effect of 2% chlorhexidine gluconate (CHX) on the degradation of composite resin–dentin 
bond strength when using self-etch adhesive systems.

Methods: CHX (2%) was applied before application of two-step self-etch (TSC) and one-step self-etch (OSC) adhesive. Resin composite was applied 
incrementally. Specimens from the degradation treatment group were immersed in 10% NaOCl for 1 h. Shear bond strength was tested with a universal 
testing machine and analyzed using one-way ANOVA and Dunnett’s T3 post-hoc test. The composite resin–dentin bonds were observed using scanning 
electron microscopy (SEM) and energy dispersive spectroscopy (EDS).

Results: In the treatment group without 10% NaOCl, shear bond strength values were higher in the 2% CHX-treated group (TSC 11.67±1.76 MPa 
and OSC 10.19±1.44 MPa) than in the untreated group (TSC 10.93±1.31MPa and OSC 9.97±1.41 MPa), although this difference was not statistically 
significant. In samples exposed to10% NaOCl, shear bond strength values were higher in the 2% CHX-treated group (TSC 11.14±1.22 MPa and OSC 
9.95±1.21 MPa) than in the untreated group (TSC 10.08±0.45 MPa and OSC 8.62±0.85 MPa), although this difference was not statistically significant. 
The SEM of samples from the 2% CHX-treated group showed less degradation than samples from the untreated group did.

Conclusion: Application of 2% CHX may decrease the degradation of the resin composite-dentin bond.

Keywords: 2% chlorhexidine, Self-etch adhesive systems, Shear bond strength.
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INTRODUCTION

Currently, composite resins are widely used for esthetic restoration [1]. 
However, composite resin restorations may fail in the long term, 
particularly at the adhesive resin-dentin interface because of degradation 
processes that occur in the oral cavity [2,3]. Degradation can be caused 
by hydrolysis due to continuous exposure in water or saliva [4,5]. 
One of the enzymes that contribute to the degradation process of the 
composite resin–dentin bond is the matrix metalloproteinase (MMP) 
enzyme [6,7].

The MMP enzyme is a proteolytic enzyme that can degrade collagen 
fibrils and extracellular matrices in demineralized dentin. This enzyme 
can be activated by the etching material used in total-etch or self-etch 
adhesive systems, and thus, can decrease the stability of the collagen 
matrix. Bonding to dentin is currently achieved using total-etch and 
self-etch adhesive systems, which vary in the treatment of the smear 
layer [8,9]. Self-etch adhesive systems aim to preserve the smear layer 
for the resin monomer to diffuse to, and bond the resin monomer to 
the collagen in the dentin tubule to form a hybrid layer [9]. Self-etch 
adhesive systems have a simpler application procedure but may reduce 
dentin sensitivity. Two techniques are used in the application of self-
etch adhesive systems: A two-step and a one-step technique. These 
two techniques differ in the composition and number of application 
steps [8].

Theoretically, self-etch adhesive systems produce demineralization 
and monomer infiltration into the dentin substrate simultaneously. 
However, studies have shown that not all acids can be neutralized. 
This results in incomplete monomer infiltration and the formation 
of a demineralization zone below the hybrid layer, which exposes the 
collagen fibrils [10,11].

Chlorhexidine gluconate (CHX) is used in dental practice as a cavity 
disinfectant after cavity preparation and before cavity filling [12,13]. It 
has been extensively studied as an MMP inhibitor for maintaining the 
hybrid layer in the resin–dentin bond. Dentin collagen fibrils may be 
degraded by MMP enzymes if they are not coated with resin, which can 
occur because of deficient infiltration of adhesive monomers [14,15]. 
Application of CHX solution before the priming procedure (self-etch) 
and after etching (total-etch) brings CHX in contact with the adhesive 
system [14]. The bond strength of the adhesive system is believed to 
decrease if CHX interferes with the ability of the hydrophilic monomers 
to infiltrate dentin properly [15,16]. In contrast, other studies have 
suggested that CHX does not affect the adhesion of the adhesive resin 
to dentin [14,17].

The long-term stability of the adhesive resin–dentin bond in composite 
resin restorations can be tested in vitro using an aging method to 
simulate the degradation of the adhesive resin–dentin bond under 
conditions occurring in the oral cavity [18]. The most common in vitro 
method used is immersion in water-based liquid media, which takes 
months to years.

The 10% NaOCl method can significantly reduce the immersion time to 
as low as a few hours by removing the organic component of the organic 
collagen fibrils in the dentin matrix [18,19]. Immersion in 10% NaOCl 
solution for 1–3 h can damage some of the collagen fibrils. This pattern 
also occurs in the degradation of exposed collagen fibrils, since they are 
not infiltrated by adhesive resins and result in resin hydrolysis [20].

Kim and Shin suggested that CHX could reduce the bond strength of the 
resin–dentin bond in the total-etch adhesive system during long-term 
water immersion [21]. Currently, studies on the application of CHX in 
total-etch adhesive systems have used different CHX concentrations 
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and application durations [14]. Thus, limited information is available 
on the effect of CHX on self-etch adhesive systems, and further research 
on this particular subject is warranted.

The effect of 2% CHX on self-etch adhesive systems can be studied by 
observing the interaction of 2% CHX with the smear layer and acid 
primer in self-etch adhesive systems. This is accomplished by analyzing 
the hybrid layer and resin tag formed between the adhesive resin 
and dentin and by performing elemental analysis of the composite 
resin–dentin bond [22,23]. This analysis is performed using scanning 
electron microscopy (SEM) and energy dispersive spectroscopy (EDS) 
along with a shear bond strength test to assess the strength of the 
bond between the adhesive system and dentin. The composite resin’s 
durability is evaluated by clarity analysis [24].

Degradation of collagen in dentin due to MMP enzymes should ideally 
be studied using MMP enzymes, but because of the enzymes’ instability 
and complex utilization procedure, the collagen degradation chemical 
test is performed using the 10% NaOCl immersion method, which is 
expected to produce the same pattern of collagen degradation as that 
caused by MMP enzymes [21,25,26].

The objective of the study was to analyze the effect of 2% CHX solution 
on the bond strength of composite resin when using two-step self-etch 
(TSC) and one-step self-etch (OSC) adhesive systems. Adhesive systems 
that did not receive degradation treatment (baseline bond strength) 
were compared with systems subjected to degradation treatment by 
immersion in 10% NaOCl for 1 h to determine the effect on composite 
resin–dentin bond degradation. This study also aimed to analyze 
the differences between dentin surfaces treated with 2% CHX and 
untreated dentin surfaces, after immersion in 10% NaOCl solution.

METHODS

The materials, their compositions, and the application procedures used 
are presented in Table 1.

The specimens used were extracted human premolars (indicated for 
orthodontic treatment) that had been stored in saline solution until 
used. These non-carious specimens had passed ethical clearance and had 
no cracks or crown fractures. A total of 64 premolar teeth were cut and 
planted in a decorative resin, and the buccal surfaces were ground with 
Struers silicon carbide grinding paper No 600 to obtain an area of 3 mm2. 
Afterward, the specimens were divided into eight groups (each consisted 
of eight specimens) for shear bond strength testing. The groups were 
based on differences in 2% CHX application, self-etch adhesive system 
used, and degradation treatment by immersion in 10% NaOCl for 1 h. The 
full description of the classification of specimen groups is listed in Table 2.

Shear bond strength testing was performed using a universal testing 
machine (Auto Graph AG-5000 E: Shimadzu Corporation, Japan), with a 

load of 50 kgF and a crosshead speed of 0.5 mm/min until the specimen 
fractured. The results were then calculated with the formula SBS=F/A 
to obtain shear bond strength with A = πr2. The data were analyzed 
using a one-way ANOVA test followed by Dunnett’s T3 post hoc test.

To capture the SEM and EDS images, we prepared 12 teeth specimens 
as described in the shear bond strength test. SEM and EDS were used 
to observe the morphology and analyze the elements on the surface of 
the resin–dentin interface. Fourteenth specimens were prepared using 
the following treatment: Abrasion of the teeth, application of 2% CHX 
to the abraded teeth, application of TSC primer to the abraded teeth, 
and application of TSC primer to the abraded teeth treated with CHX 
2%. The other eight teeth specimens were prepared according to each 
group treatment.

RESULTS

As shown in Table 3, specimens in the TSC with 2% CHX application and 
without immersion in10% NaOCl (11.67 MPa) group had the highest 
mean shear bond strength, whereas the OSC with immersion in 10% 
NaOCl (8.62 MPa) group had the lowest mean shear bond strength.

The mean shear bond strength in the TSC with 2% CHX application 
group with or without 10% NaOCl immersion was higher than that in 
the TSC group, although this difference was not statistically significant 
(Table 3).

The mean shear bond strength in the OSC with 2% CHX application 
group with or without 10% NaOCl immersion was greater than that in 
the OSC group, although this difference was not statistically significant 
(Table 3).

The mean shear bond strength in the TSC group without 10% NaOCl 
immersion was greater than that in the OSC group, although this 
difference was not statistically significant (Table 3).

The mean shear bond strength in the TSC with 10% NaOCl immersion 
group was significantly greater than that in the OSC with 10% NaOCl 
immersion group (Table 3).

The mean shear bond strengths in each group using TSC with 2% CHX 
application, with or without 10% NaOCl immersion, were greater than 
those in the OSC with 2% CHX group, although this difference was 
not statistically significant (Table 3). The mean shear bond strength 
in groups with immersion in 10% NaOCl was lower than that in the 
groups without 10% NaOCl immersion, although this difference was 
not statistically significant (Table 3).

The results of SEM and elemental analysis of the dentin surface are 
shown in Figs. 1 and 2. The dentin surface that was abraded with No. 600 
silicon carbide abrasive paper displayed a smear layer with smear plug 

Table 1: Materials, composition, and application procedure used in the study

Materials Manufacturer Composition Application procedure
Clearfil SE BondTM Kuraray Co. LTD, Osaka, Japan Primer + Etch: MDP, HEMA,

hydrophilic dimethacrylate, photoinitiator, water
Bonding: 10-MDP, HEMA, Bis-GMA, hydrophobic 
dimethacrylate, photoinitiator,
silanated colloidal silica

Apply for 20 s
Spray light air for 5 s
Apply bonding agent
Spray light air for 5 s
Polymerize with light for 10 s

Clearfil Tri S BondTM Kuraray Co. LTD, Osaka, Japan Primer + Etch + Bonding:
MDP, Bis-GMA, HEMA, Hydrophobic 
dimethacrylate, champorquinone, ethyl ethanol, 
water, silanated colloidal silica

Applyfor 20 s
Spray light air for 5 s
Polymerize with light for 10 s
Apply composite resin

Consepsis Ultradent, South Jordan, UT, USA 2% CHX Using microbrush/tip applicator
Filtek Z-350TM 3M ESPE, St. Paul, MN, USA Bis-GMA, UDMA, BIS-EMA, Nanosilica filler, 

zirconia/silica nanocluster
Apply and polymerize for 20 s

MDP: 10-1,10-methacryloyloxydecyl-dihydrogen phosphate, HEMA: 2-hydroxyethyl-ethacrylate, UDMA: Urethane dimethacrylate, 
EMA: 2,2-bis-4-2-(hydroxi-3-methylacriloxietoxi)-phenylpropane, GMA: 2,2-bis-4-2-(hydroxi-3-metacriloxiprop-1-oxi) propane, CHX: Chlorhexidine
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that covered the dentin tubules and part of the exposed dentin tubules 
(Fig. 1). The dentin surface that was abraded with No. 600 silicon 
carbide abrasive paper, followed by application of 2% CHX (Fig. 2), 
showed no difference from the dentin tubules in specimens that were 
only abraded (Fig. 1).

The presence of strokes (scratches) was the result of abrasion with 
the No. 600 silicon carbide abrasive paper. The dentin surface that 
was abraded with No. 600 silicon carbide abrasive paper, followed by 
application of TSC primer displayed porous areas that were the dentin 
tubules (Fig. 2b). These areas were 2–4 µm in diameter and contained 
smear layer particles and collagen with demineralized dentin products 
that formed 2–5 μm acid globules. Fig. 2c shows an illustration of the 
continuation of the working phase as shown in Fig. 2a.

After abrasion, 2% CHX and acid primer were applied, and we observed 
exposed 1–3 μm dentin tubules with acid globules that were dispersed 
evenly and uniformly in size (±1 μm). The element of Ca, P, C, and O, 
the main components of dentin and Cl, and an element presents in CHX 
2% were almost completely absent on the dentin surface that was only 
abraded and the surface to which TSC primer was applied.

Fig. 3 displays the results of SEM and elemental analysis of the hybrid 
layer surface of the composite resin–dentin bond with the TSC adhesive 
system. SEM imaging of the composite resin–dentin bond with the 
TSC system showed varied hybrid layers. In the group without the 
application of 2% CHX (Fig. 3a), a hybrid layer of 5μm thickness, with a 
2–9 μm-long resin tag, was observed.

The resin tag in the group without 2% CHX application appeared to be 
longer than that in the group with 2% CHX application (Fig. 3b). The 
group without the 2% CHX application and 10% NaOCl immersion 
(Fig. 3c) showed 3–8 µm pores along with a 30 µm-long resin tag, 
composed of the dissolved organic component (collagen) as well as 
inorganic components in the peri- and inter-tubular dentin.

The group with 2% CHX application and 10% NaOCl immersion 
(Fig. 3d) showed more widely maintained organic components in the 
dentin than the group without the 2% CHX application and 10% NaOCl 
immersion did (Fig. 3c). Concentrated peritubular dentin, a 10–15 μm 
resin tag, and 2–5 μm pores were still observed in the dentin tubules.

EDS analysis of the elemental content at the adhesive resin and 
dentin interface revealed the presence of Ca, P, C, and O as the main 
composition of dentin, and Cl as an element present in CHX2%, found in 
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almost equal proportions (0.4–0.5%) in all surfaces of composite resin–
dentin interface.

Fig. 4 shows the results of the SEM and elemental analysis of the hybrid 
layer surface of the composite resin–dentin bond with the OSC adhesive 
system. The OSC group (Fig. 4a) showed a 5 µm-thick hybrid layer 
with an almost non-existent or short  resin tag. The presence of black 
spaces indicated that adhesive resins had not properly infiltrated into 
the dentin. The OSC with 2% CHX group (Fig. 4b) showed a 5 µm-thick 
hybrid layer with an almost non-existent resin tag. In the OSC with 
10% NaOCl immersion group (Fig. 4c), the dissolved organic dentin 

Table 2: Description of the groups based on 2% CHX application and the adhesive system used

Groups Number of specimens Description
TSC 8 Without CHX, applied with two-step self-etch adhesive system 
TSC+CHX 8 With CHX, applied with two-step self-etch adhesive system 
OSC 8 Without CHX, applied with OSC adhesive system 
OSC+CHX 8 With CHX, applied with OSC ch adhesive system
TSC+NaOCl 8 Without CHX, applied with two-step self-etch adhesive system, immersed in10% NaOCl for 1 h
TSC+CHX+NaOCl 8 With CHX, applied with two-step self-etch adhesive system, immersed in 10% NaOCl for 1 h
OSC+NaOCl 8 Without CHX, applied with OSC ch adhesive system, immersed in 10% NaOCl for 1 h
OSC+CHX+NaOCl 8 With CHX, applied with OSC ch adhesive system, immersed in 10% NaOCl for 1 h
TSC: Two-step self-etch Clearfil SE™, OSC: One-step self-etch Clearfil Tri S™, CHX: 2% chlorhexidine gluconate

Table 3: Shear bond strength values for each treatment group (MPa)

Treatment Mean±SD

TSC TSC+CHX OSC OSC+CHX
Without 10% NaOCl 10.93±1.31A 11.67±1.76AB 9.97±1.41AB 10.19±1.44AB
With 10% NaOCl 10.08±0.45AB 11.14±1.22AB 8.62±0.85B 9.95±1.21AB
*Value with different superscript letters shows a significant difference at p<0.05. TSC: Two-step self-etch Clearfil SE™, OSC: One-step self-etch Clearfil Tri S™, CHX: 2% 
chlorhexidine gluconate, SD: Standard deviation

Fig. 1: Scanning electron microscopy (×1000) after abrasion of 
the dentin surface with No. 600 silicon carbide abrasive paper

Fig. 2: Scanning electron microscopy (×1000) of the dentin 
surface, (a) abraded dentin surface, with 2% chlorhexidine 

gluconate (CHX), (b) abraded dentin surface, with two-step self-
etch (TSC) primer, (c) abraded dentin surface, with CHX and TSC 

primer

cba
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components were visible below the damaged and dissolved hybrid 
layer, with the presence of the large space between the dentin and 
adhesive layer. The dissolved organic component was also observed 
in the OSC group with 2% CHX application and 10% NaOCl immersion 
(Fig. 4d), although it was not as large as that of the OSC with 10% NaOCl 
immersion group (Fig. 4c). Fig. 4d shows a broken bond between the 
adhesive resin and dentin.

EDS analysis of elemental content at the adhesive resin and dentin 
interface showed the presence of Ca, P, C, and O as the main components 
of dentin and Cl as an element present in CHX2%. Different percentages 
of  Cl element were founded along the entire surface of the composite 
resin–dentin interface, with the largest percentage observed in the OSC 
group with 2% CHX application and 10% NaOCl immersion.

DISCUSSION

Although the increase was not statistically significant, 2% CHX usage 
resulted in an increase in  mean shear bond strength in the TSC 

(Clearfil SE) group and OSC (Clearfil S3) group. This indicates that 
2% CHX application may increase the shear strength of the composite 
resin–dentin bond when using self-etch adhesive systems. In contrast, 
several studies conducted by Shafiei et al. and Chaharom et al. have 
shown a decrease in the shear strength of the composite resin–dentin 
bond after the application of CHX 2%, when using a self-etch adhesive 
system [14,22]. This inconsistency in findings may be caused by 
differences in the duration of 2% CHX application, 2% CHX application 
technique, composition of the adhesive system, testing method used, 
and specimen preparation [14,22].

In the study by Shafiei et al., the duration of 2% CHX application was 
60 s, whereas in the present study, the duration was 15 s [22]. The shorter 
duration of 2% CHX application does not affect the adhesive monomer’s 
penetration to the dentin. However, the difference in application duration 
may affect the shear bond strength of the composite resin–dentin bond.

This hypothesis is supported by the findings of Collares et al., which 
suggested that the duration of application affected the shear bond 
strength [10]. In addition, Stanislawczuk et al. reported that an 
application time of 15 s was sufficient for inhibiting the degradation of 
the adhesive resin–dentin bond because the bond between 2% CHX and 
dentin collagen fibrils had already formed at that time [11,23].

In the present study, we observed an increase in shear bond strength 
in all groups after 2% CHX application, although this increase was not 
statistically significant. This is consistent with the findings of Carrilho 
et al. who reported that 2% CHX application may increase the shear 
strength of the composite resin–dentin bond [24]. CHX 10% has a 
positive ionic charge (cation) that is powerful enough to allow it to bind 
with the phosphate cluster on dentin and has a strong affinity that can 
increase the surface energy of dentin [25]. 2% CHX application after 
acid etching and before primer application on the self-etch adhesive 
system increases the primer’s wet ability, which increases the adhesion; 
however, excess water needs to be removed by drying after 2% CHX 
application [26].

The adhesive system used in this study had a different composition than 
the adhesive system used by Shafiei et al. [22]. Clearfil SE is better than 
other TSCs because the MDP monomer can form an ionic bond with the 
calcium from dentin’s hydroxyapatite and form nanolayers of calcium 
salt-MDP [27]. This nanolayering does not occur in other self-etch 
adhesive systems. In addition, the nanolayer formed is more resistant 
to dissolution than that formed in other adhesive systems. A calcium 
salt-MDP nanolayer is also formed when using Clearfil S3, although it 
not as prominent as the one formed with Clearfil SE [27,28].

Among the groups with 2% CHX application and without 10% NaOCl 
immersion, the shear strength of the composite resin–dentin bond with 
the TSC adhesive system was greater than that with the OSC adhesive 
system. A study by Knobloch et al. revealed that the composite resin–
dentin bond strength with the TSC Clearfil SE Bond adhesive system 
(20.4 MPa) was higher than that with the OSC Clearfil S3 Bond adhesive 
system (16.5 MPa) [29]. However, a study conducted by Chaharom et al. 
showed that the composite resin–dentin bond strength did not differ 
significantly between the TSC Clearfil SE Bond (22.86 MPa) and the 
OSC Clearfil S3 Bond (22.13 MPa) adhesive systems [14]. According to 
Chaharom et al., this non-significant difference was because the same 
monomer, MDP, was used by both systems [16].

The mean shear bond strength was significantly different between the 
specimens using TSC without 2% CHX and those using OSC without CHX 
2%, after immersion in 10% NaOCl. This indicates that the TSC adhesive 
system is more resistant to degradation than the OSC adhesive system 
because it contains a higher proportion of hydrophilic components than 
the OSC does [28-31].

The increase in shear bond strength after the application of 2% CHX 
found in this study was supported by SEM findings. A hybrid layer 

Fig. 3: Scanning electron microscopy (×2000) of the hybrid layer 
of the composite resin–dentin bond with the two-step self-etch 

adhesive system, (a) without chlorhexidine gluconate (CHX) 2%, 
(b) with 2% CHX application, (c) without 2% CHX application and 

immersed in 10% NaOCl solution, (d) with 2% CHX application 
and immersed in 10% NaOCl solution

dc

ba

Fig. 4: Scanning electron microscopy (×1000) of the composite 
resin–dentin bond with the one-step self-etch adhesive system, 
(a) without 2% chlorhexidine gluconate (CHX) application, (b) 
with 2% CHX application, (c) without 2% CHX application and 
immersed in 10% NaOCl solution, (d) with 2% CHX application 

and immersed in 10% NaOCl solution

dc

ba
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with a thickness of 5 µm was observed when using the TSC adhesive 
system with 2% CHX application. In addition, a homogenous and even 
resin tag was also observed. This indicates that adhesive resin can 
infiltrate demineralized dentin, thus forming a resin tag that enables 
good bonding. The SEM image of the composite resin–dentin bond with 
the TSC adhesive system corresponded to the SEM image of the dentin 
surface after abrasion and before application of primer. The smear 
observed on dentin without the application of 2% CHX did not differ 
from the smear observed on dentin with the application of 2%CHX. 
However, a significant difference was observed after the primer was 
applied, with the smear layer interacting with the CHX 2%. After the 
primer was applied, it also reacted with smear layer and 2% CHX. This 
finding can be explained by the results of a study by Hipolito et al., which 
revealed that CHX cation could bind to the phosphate group and calcium 
from hydroxyapatite, forming phosphate salt. The remaining cation can 
form a bond with the anion phosphate from MDP [32]. Moreover, this 
interaction does not interfere with the infiltration of the adhesive resin. 
This was supported by our finding that the resin tag still forms with a 
length of 10–15 µm, indicating the formation of an adequate adhesive 
resin–dentin bond.

In the OSC adhesive system, 2% CHX application did not interfere 
with the infiltration of adhesive monomer into the dentinal tubules. 
The resin tag formed was short, with a length of ±2 µm, or almost 
non-existent. This was similar to the SEM findings in dentin without 
the application of CHX 2%. This shows that an adequate bond can be 
achieved. This is also supported by the finding that the shear strength of 
the adhesive resin–dentin bond in the OSC adhesive system without 2% 
CHX application increased after the application of CHX 2%, although 
this increase was not statistically significant.

In the TSC adhesive system with 10% NaOCl immersion, the effect of 
the inhibition of collagen degradation was observed by comparing SEM 
imaging of the dentin surface without 2% CHX to the dentin surface 
with CHX 2%. With 2% CHX application, peritubular dentin inside the 
dentinal tubules was still present and undissolved, and the pores in the 
dentinal tubules decreased in size (2–5 µm) because of the degradation 
process. This indicates that 2% CHX protects the dentinal collagen 
matrix. In the OSC adhesive system, degradation in the groups with 
2% CHX treatment was not as prominent as degradation in the group 
without 2% CHX treatment. Among the groups without CHX 2%, the 
group with the OSC adhesive system showed greater degradation in 
the composite resin–dentin bond than the group with the TSC adhesive 
system, after immersion in 10% NaOCl. This finding is also supported 
by the significant difference in mean shear bond strength between OSC 
and the TSC groups after immersion in 10% NaOCl. In addition to the 
lower shear bond strength, the OSC adhesive system was more prone to 
degradation than the TSC adhesive system was.

The EDS findings from the surface of abraded dentin, with the 
application of 2% CHX and primer (data not shown), revealed that 
the organic components of dentin in all the groups were primarily C 
and O, constituting 14–36%, compared to Ca and P, which constituted 
9-27%. C, N, and O are the elements that make up the organic collagen 
matrix, which contains carboxyl (-OOH), hydroxyl (-OH), and amino 
(-NH2) groups [31]. In contrast, Ca and P are the elements that make 
up hydroxyapatite, which has a chemical formula of Ca10(PO4)6) H2 [26]. 
The element p is the primary component of the monomer MDP in the 
adhesive region [28].

Other elements such as Si, Al, and Mg are considered contaminants 
from abrasive materials such as alumina (Al2O3) and silica (SiO2) that 
are incorporated during the preparation of the specimen. Cl was also 
detected on the dentin surface, with the highest percentage being 
present in the abraded surface with 2% CHX application (0.15%). 
CHX was considered the source of this Cl. However, EDS only detects 
elements that are present on the surface and cannot detect elements 
underneath the dentin surface [34,35]. Elemental analysis from SEM/
EDS analysis of the composite resin-bonding surface revealed different 

Cl contents, ranging from 0.4% to 0.5% and 0.26 to 1.02%. These 
elements may be contained within 2% CHX or in the residue from 
soaking in the 1% NaOCl used for preparing the specimens for SEM. 
Si was also detected in all groups (data not shown) and may have been 
derived from silica (SiO2), which is the matrix particle on the adhesive 
resin Clearfil SE Bond and Clearfil S3.

The decrease in shear bond strength due to the smearing induced by 
10% NaOCl was not as high in the group treated with 2% CHX as in the 
group without 2% CHX treatment. This shows that the application of 
2% CHX can inhibit the degradation process, resulting in greater shear 
bond strength in the group with 2% CHX application. The degradation 
still takes place, but at a much slower rate, and it is not as prominent 
as the degradation in the group without 2% CHX application. In theory, 
2% CHX can protect the open collagen fibers that are generated by acid 
exposure and that have not been infiltrated by adhesive, thus prevent 
degradation of collagen fibers by MMP enzymes. MMP enzymes can 
be activated by the acid in the etching material and only degrade open 
collagen fibers. Another possibility is that the cation in 2% CHX binds 
with the calcium and zinc ions that act as catalysts for MMP enzymes, 
thereby interfering with the catalytic activity [10,23,24].

CONCLUSIONS

The shear strength of the composite resin–dentin bond is higher with 
the application of 2% CHX than without its application, although 
this difference was not statistically significant. SEM imaging in the 
specimens treated with 2% CHX shows less degradation compared to 
the specimens without 2% CHX application. Thus, 2% CHX may inhibit 
the degradation of the composite resin–dentin bond.
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ABSTRACT

Objective: The purpose of this study was to analyze the effect of 2% chlorhexidine gluconate (CHX) on the degradation of composite resin–dentin 
bond strength when using self-etch adhesive systems.

Methods: CHX (2%) was applied before application of two-step self-etch (TSC) and one-step self-etch (OSC) adhesive. Resin composite was applied 
incrementally. Specimens from the degradation treatment group were immersed in 10% NaOCl for 1 h. Shear bond strength was tested with a universal 
testing machine and analyzed using one-way ANOVA and Dunnett’s T3 post-hoc test. The composite resin–dentin bonds were observed using scanning 
electron microscopy (SEM) and energy dispersive spectroscopy (EDS).

Results: In the treatment group without 10% NaOCl, shear bond strength values were higher in the 2% CHX-treated group (TSC 11.67±1.76 MPa 
and OSC 10.19±1.44 MPa) than in the untreated group (TSC 10.93±1.31MPa and OSC 9.97±1.41 MPa), although this difference was not statistically 
significant. In samples exposed to10% NaOCl, shear bond strength values were higher in the 2% CHX-treated group (TSC 11.14±1.22 MPa and OSC 
9.95±1.21 MPa) than in the untreated group (TSC 10.08±0.45 MPa and OSC 8.62±0.85 MPa), although this difference was not statistically significant. 
The SEM of samples from the 2% CHX-treated group showed less degradation than samples from the untreated group did.

Conclusion: Application of 2% CHX may decrease the degradation of the resin composite-dentin bond.

Keywords: 2% chlorhexidine, Self-etch adhesive systems, Shear bond strength.

INTRODUCTION

Currently, composite resins are widely used for esthetic restoration [1]. 
However, composite resin restorations may fail in the long term, 
particularly at the adhesive resin-dentin interface because of degradation 
processes that occur in the oral cavity [2,3]. Degradation can be caused 
by hydrolysis due to continuous exposure in water or saliva [4,5]. 
One of the enzymes that contribute to the degradation process of the 
composite resin–dentin bond is the matrix metalloproteinase (MMP) 
enzyme [6,7].

The MMP enzyme is a proteolytic enzyme that can degrade collagen 
fibrils and extracellular matrices in demineralized dentin. This enzyme 
can be activated by the etching material used in total-etch or self-etch 
adhesive systems, and thus, can decrease the stability of the collagen 
matrix. Bonding to dentin is currently achieved using total-etch and 
self-etch adhesive systems, which vary in the treatment of the smear 
layer [8,9]. Self-etch adhesive systems aim to preserve the smear layer 
for the resin monomer to diffuse to, and bond the resin monomer to 
the collagen in the dentin tubule to form a hybrid layer [9]. Self-etch 
adhesive systems have a simpler application procedure but may reduce 
dentin sensitivity. Two techniques are used in the application of self-
etch adhesive systems: A two-step and a one-step technique. These 
two techniques differ in the composition and number of application 
steps [8].

Theoretically, self-etch adhesive systems produce demineralization 
and monomer infiltration into the dentin substrate simultaneously. 
However, studies have shown that not all acids can be neutralized. 
This results in incomplete monomer infiltration and the formation 
of a demineralization zone below the hybrid layer, which exposes the 
collagen fibrils [10,11].

Chlorhexidine gluconate (CHX) is used in dental practice as a cavity 
disinfectant after cavity preparation and before cavity filling [12,13]. It 
has been extensively studied as an MMP inhibitor for maintaining the 
hybrid layer in the resin–dentin bond. Dentin collagen fibrils may be 
degraded by MMP enzymes if they are not coated with resin, which can 
occur because of deficient infiltration of adhesive monomers [14,15]. 
Application of CHX solution before the priming procedure (self-etch) 
and after etching (total-etch) brings CHX in contact with the adhesive 
system [14]. The bond strength of the adhesive system is believed to 
decrease if CHX interferes with the ability of the hydrophilic monomers 
to infiltrate dentin properly [15,16]. In contrast, other studies have 
suggested that CHX does not affect the adhesion of the adhesive resin 
to dentin [14,17].

The long-term stability of the adhesive resin–dentin bond in composite 
resin restorations can be tested in vitro using an aging method to 
simulate the degradation of the adhesive resin–dentin bond under 
conditions occurring in the oral cavity [18]. The most common in vitro 
method used is immersion in water-based liquid media, which takes 
months to years.

The 10% NaOCl method can significantly reduce the immersion time to 
as low as a few hours by removing the organic component of the organic 
collagen fibrils in the dentin matrix [18,19]. Immersion in 10% NaOCl 
solution for 1–3 h can damage some of the collagen fibrils. This pattern 
also occurs in the degradation of exposed collagen fibrils, since they are 
not infiltrated by adhesive resins and result in resin hydrolysis [20].

Kim and Shin suggested that CHX could reduce the bond strength of the 
resin–dentin bond in the total-etch adhesive system during long-term 
water immersion [21]. Currently, studies on the application of CHX in 
total-etch adhesive systems have used different CHX concentrations 
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and application durations [14]. Thus, limited information is available 
on the effect of CHX on self-etch adhesive systems, and further research 
on this particular subject is warranted.

The effect of 2% CHX on self-etch adhesive systems can be studied by 
observing the interaction of 2% CHX with the smear layer and acid 
primer in self-etch adhesive systems. This is accomplished by analyzing 
the hybrid layer and resin tag formed between the adhesive resin 
and dentin and by performing elemental analysis of the composite 
resin–dentin bond [22,23]. This analysis is performed using scanning 
electron microscopy (SEM) and energy dispersive spectroscopy (EDS) 
along with a shear bond strength test to assess the strength of the 
bond between the adhesive system and dentin. The composite resin’s 
durability is evaluated by clarity analysis [24].

Degradation of collagen in dentin due to MMP enzymes should ideally 
be studied using MMP enzymes, but because of the enzymes’ instability 
and complex utilization procedure, the collagen degradation chemical 
test is performed using the 10% NaOCl immersion method, which is 
expected to produce the same pattern of collagen degradation as that 
caused by MMP enzymes [21,25,26].

The objective of the study was to analyze the effect of 2% CHX solution 
on the bond strength of composite resin when using two-step self-etch 
(TSC) and one-step self-etch (OSC) adhesive systems. Adhesive systems 
that did not receive degradation treatment (baseline bond strength) 
were compared with systems subjected to degradation treatment by 
immersion in 10% NaOCl for 1 h to determine the effect on composite 
resin–dentin bond degradation. This study also aimed to analyze 
the differences between dentin surfaces treated with 2% CHX and 
untreated dentin surfaces, after immersion in 10% NaOCl solution.

METHODS

The materials, their compositions, and the application procedures used 
are presented in Table 1.

The specimens used were extracted human premolars (indicated for 
orthodontic treatment) that had been stored in saline solution until 
used. These non-carious specimens had passed ethical clearance and had 
no cracks or crown fractures. A total of 64 premolar teeth were cut and 
planted in a decorative resin, and the buccal surfaces were ground with 
Struers silicon carbide grinding paper No 600 to obtain an area of 3 mm2. 
Afterward, the specimens were divided into eight groups (each consisted 
of eight specimens) for shear bond strength testing. The groups were 
based on differences in 2% CHX application, self-etch adhesive system 
used, and degradation treatment by immersion in 10% NaOCl for 1 h. The 
full description of the classification of specimen groups is listed in Table 2.

Shear bond strength testing was performed using a universal testing 
machine (Auto Graph AG-5000 E: Shimadzu Corporation, Japan), with a 

load of 50 kgF and a crosshead speed of 0.5 mm/min until the specimen 
fractured. The results were then calculated with the formula SBS=F/A 
to obtain shear bond strength with A = πr2. The data were analyzed 
using a one-way ANOVA test followed by Dunnett’s T3 post hoc test.

To capture the SEM and EDS images, we prepared 12 teeth specimens 
as described in the shear bond strength test. SEM and EDS were used 
to observe the morphology and analyze the elements on the surface of 
the resin–dentin interface. Fourteenth specimens were prepared using 
the following treatment: Abrasion of the teeth, application of 2% CHX 
to the abraded teeth, application of TSC primer to the abraded teeth, 
and application of TSC primer to the abraded teeth treated with CHX 
2%. The other eight teeth specimens were prepared according to each 
group treatment.

RESULTS

As shown in Table 3, specimens in the TSC with 2% CHX application and 
without immersion in10% NaOCl (11.67 MPa) group had the highest 
mean shear bond strength, whereas the OSC with immersion in 10% 
NaOCl (8.62 MPa) group had the lowest mean shear bond strength.

The mean shear bond strength in the TSC with 2% CHX application 
group with or without 10% NaOCl immersion was higher than that in 
the TSC group, although this difference was not statistically significant 
(Table 3).

The mean shear bond strength in the OSC with 2% CHX application 
group with or without 10% NaOCl immersion was greater than that in 
the OSC group, although this difference was not statistically significant 
(Table 3).

The mean shear bond strength in the TSC group without 10% NaOCl 
immersion was greater than that in the OSC group, although this 
difference was not statistically significant (Table 3).

The mean shear bond strength in the TSC with 10% NaOCl immersion 
group was significantly greater than that in the OSC with 10% NaOCl 
immersion group (Table 3).

The mean shear bond strengths in each group using TSC with 2% CHX 
application, with or without 10% NaOCl immersion, were greater than 
those in the OSC with 2% CHX group, although this difference was 
not statistically significant (Table 3). The mean shear bond strength 
in groups with immersion in 10% NaOCl was lower than that in the 
groups without 10% NaOCl immersion, although this difference was 
not statistically significant (Table 3).

The results of SEM and elemental analysis of the dentin surface are 
shown in Figs. 1 and 2. The dentin surface that was abraded with No. 600 
silicon carbide abrasive paper displayed a smear layer with smear plug 

Table 1: Materials, composition, and application procedure used in the study

Materials Manufacturer Composition Application procedure
Clearfil SE BondTM Kuraray Co. LTD, Osaka, Japan Primer + Etch: MDP, HEMA,

hydrophilic dimethacrylate, photoinitiator, water
Bonding: 10-MDP, HEMA, Bis-GMA, hydrophobic 
dimethacrylate, photoinitiator,
silanated colloidal silica

Apply for 20 s
Spray light air for 5 s
Apply bonding agent
Spray light air for 5 s
Polymerize with light for 10 s

Clearfil Tri S BondTM Kuraray Co. LTD, Osaka, Japan Primer + Etch + Bonding:
MDP, Bis-GMA, HEMA, Hydrophobic 
dimethacrylate, champorquinone, ethyl ethanol, 
water, silanated colloidal silica

Applyfor 20 s
Spray light air for 5 s
Polymerize with light for 10 s
Apply composite resin

Consepsis Ultradent, South Jordan, UT, USA 2% CHX Using microbrush/tip applicator
Filtek Z-350TM 3M ESPE, St. Paul, MN, USA Bis-GMA, UDMA, BIS-EMA, Nanosilica filler, 

zirconia/silica nanocluster
Apply and polymerize for 20 s

MDP: 10-1,10-methacryloyloxydecyl-dihydrogen phosphate, HEMA: 2-hydroxyethyl-ethacrylate, UDMA: Urethane dimethacrylate, 
EMA: 2,2-bis-4-2-(hydroxi-3-methylacriloxietoxi)-phenylpropane, GMA: 2,2-bis-4-2-(hydroxi-3-metacriloxiprop-1-oxi) propane, CHX: Chlorhexidine
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that covered the dentin tubules and part of the exposed dentin tubules 
(Fig. 1). The dentin surface that was abraded with No. 600 silicon 
carbide abrasive paper, followed by application of 2% CHX (Fig. 2), 
showed no difference from the dentin tubules in specimens that were 
only abraded (Fig. 1).

The presence of strokes (scratches) was the result of abrasion with 
the No. 600 silicon carbide abrasive paper. The abraded dentin then 
followed by application of TSC primer displayed porous areas that were 
the dentin tubules (Fig. 2b). These areas were 2–4 µm in diameter and 
contained smear layer particles and collagen with demineralized dentin 
products that formed 2–5 μm acid globules. Fig. 2c shows an illustration 
of the continuation of the working phase as shown in Fig. 2a.

After abrasion, 2% CHX and acid primer were applied, and we observed 
exposed 1–3 μm dentin tubules with acid globules that were dispersed 
evenly and uniformly in size (±1 μm). The element of Ca, P, C, and O, 
the main components of dentin and Cl, and an element presents in CHX 
2% were almost completely absent on the dentin surface that was only 
abraded and the surface to which TSC primer was applied.

Fig. 3 displays the results of SEM and elemental analysis of the hybrid 
layer surface of the composite resin–dentin bond with the TSC adhesive 
system. SEM imaging of the composite resin–dentin bond with the 
TSC system showed varied hybrid layers. In the group without the 
application of 2% CHX (Fig. 3a), a hybrid layer of 5μm thickness, with a 
2–9 μm-long resin tag, was observed.

The resin tag in the group without 2% CHX application appeared to be 
longer than that in the group with 2% CHX application (Fig. 3b). The 
group without the 2% CHX application and 10% NaOCl immersion 
(Fig. 3c) showed 3–8 µm pores along with a 30 µm-long resin tag, 
composed of the dissolved organic component (collagen) as well as 
inorganic components in the peri- and inter-tubular dentin.

The group with 2% CHX application and 10% NaOCl immersion 
(Fig. 3d) showed more widely maintained organic components in 
the dentin than the group without the 2% CHX application and 10% 
NaOCl immersion did (Fig. 3c). Concentrated peritubular dentin, 
a 10–15 μm resin tag, and 2–5 μm pores were still observed in the 
dentin tubules.

Based on EDS analysis conducted with SEM imaging of the elemental 
content at the adhesive resin and dentin interface revealed the presence 
of Ca, P, C and O as the main composition of dentin, and Cl as an element 

present in CHX 2%, found in almost equal proportions (0.4–0.5%) in all 
surfaces of composite resin– dentin interface.

Fig. 4 shows the results of the SEM and elemental analysis of the hybrid 
layer surface of the composite resin–dentin bond with the OSC adhesive 
system. The OSC group (Fig. 4a) showed a 5 µm-thick hybrid layer 
with an almost non-existent or short  resin tag. The presence of black 
spaces indicated that adhesive resins had not properly infiltrated into 
the dentin. The OSC with 2% CHX group (Fig. 4b) showed a 5 µm-thick 
hybrid layer with an almost non-existent resin tag. In the OSC with 
10% NaOCl immersion group (Fig. 4c), the dissolved organic dentin 

Table 2: Description of the groups based on 2% CHX application and the adhesive system used

Groups Number of specimens Description
TSC 8 Without CHX, applied with two-step self-etch adhesive system 
TSC+CHX 8 With CHX, applied with two-step self-etch adhesive system 
OSC 8 Without CHX, applied with OSC adhesive system 
OSC+CHX 8 With CHX, applied with OSC ch adhesive system
TSC+NaOCl 8 Without CHX, applied with two-step self-etch adhesive system, immersed in10% NaOCl for 1 h
TSC+CHX+NaOCl 8 With CHX, applied with two-step self-etch adhesive system, immersed in 10% NaOCl for 1 h
OSC+NaOCl 8 Without CHX, applied with OSC ch adhesive system, immersed in 10% NaOCl for 1 h
OSC+CHX+NaOCl 8 With CHX, applied with OSC ch adhesive system, immersed in 10% NaOCl for 1 h
TSC: Two-step self-etch Clearfil SE™, OSC: One-step self-etch Clearfil Tri S™, CHX: 2% chlorhexidine gluconate

Table 3: Shear bond strength values for each treatment group (MPa)

Treatment Mean±SD

TSC TSC+CHX OSC OSC+CHX
Without 10% NaOCl 10.93±1.31A 11.67±1.76AB 9.97±1.41AB 10.19±1.44AB
With 10% NaOCl 10.08±0.45AB 11.14±1.22AB 8.62±0.85B 9.95±1.21AB
*Value with different superscript letters shows a significant difference at p<0.05. TSC: Two-step self-etch Clearfil SE™, OSC: One-step self-etch Clearfil Tri S™, CHX: 2% 
chlorhexidine gluconate, SD: Standard deviation

Fig. 1: Scanning electron microscopy (×1000) after abrasion of 
the dentin surface with No. 600 silicon carbide abrasive paper

Fig. 2: Scanning electron microscopy (×1000) of the dentin 
surface, (a) abraded dentin surface, with 2% chlorhexidine 

gluconate (CHX), (b) abraded dentin surface, with two-step self-
etch (TSC) primer, (c) abraded dentin surface, with CHX and TSC 

primer

cba
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components were visible below the damaged and dissolved hybrid 
layer, with the presence of the large space between the dentin and 
adhesive layer. The dissolved organic component was also observed 
in the OSC group with 2% CHX application and 10% NaOCl immersion 
(Fig. 4d), although it was not as large as that of the OSC with 10% NaOCl 
immersion group (Fig. 4c). Fig. 4d shows a broken bond between the 
adhesive resin and dentin.

EDS analysis of elemental content at the adhesive resin and dentin 
interface showed the presence of Ca, P, C, and O as the main components 
of dentin and Cl as an element present in CHX2%. Different percentages 
of  Cl element were founded along the entire surface of the composite 
resin–dentin interface, with the largest percentage observed in the OSC 
group with 2% CHX application and 10% NaOCl immersion.

DISCUSSION

Although the increase was not statistically significant, 2% CHX usage 
resulted in an increase in  mean shear bond strength in the TSC 

(Clearfil SE) group and OSC (Clearfil S3) group. This indicates that 
2% CHX application may increase the shear strength of the composite 
resin–dentin bond when using self-etch adhesive systems. In contrast, 
several studies conducted by Shafiei et al. and Chaharom et al. have 
shown a decrease in the shear strength of the composite resin–dentin 
bond after the application of CHX 2%, when using a self-etch adhesive 
system [14,22]. This inconsistency in findings may be caused by 
differences in the duration of 2% CHX application, 2% CHX application 
technique, composition of the adhesive system, testing method used, 
and specimen preparation [14,22].

In the study by Shafiei et al., the duration of 2% CHX application was 
60 s, whereas in the present study, the duration was 15 s [22]. The shorter 
duration of 2% CHX application does not affect the adhesive monomer’s 
penetration to the dentin. However, the difference in application duration 
may affect the shear bond strength of the composite resin–dentin bond.

This hypothesis is supported by the findings of Collares et al., which 
suggested that the duration of application affected the shear bond 
strength [10]. In addition, Stanislawczuk et al. reported that an 
application time of 15 s was sufficient for inhibiting the degradation of 
the adhesive resin–dentin bond because the bond between 2% CHX and 
dentin collagen fibrils had already formed at that time [11,23].

In the present study, we observed an increase in shear bond strength 
in all groups after 2% CHX application, although this increase was not 
statistically significant. This is consistent with the findings of Carrilho 
et al. who reported that 2% CHX application may increase the shear 
strength of the composite resin–dentin bond [24]. CHX 10% has a 
positive ionic charge (cation) that is powerful enough to allow it to bind 
with the phosphate cluster on dentin and has a strong affinity that can 
increase the surface energy of dentin [25]. 2% CHX application after 
acid etching and before primer application on the self-etch adhesive 
system increases the primer’s wet ability, which increases the adhesion; 
however, excess water needs to be removed by drying after 2% CHX 
application [26].

The adhesive system used in this study had a different composition than 
the adhesive system used by Shafiei et al. [22]. Clearfil SE is better than 
other TSCs because the MDP monomer can form an ionic bond with the 
calcium from dentin’s hydroxyapatite and form nanolayers of calcium 
salt-MDP [27]. This nanolayering does not occur in other self-etch 
adhesive systems. In addition, the nanolayer formed is more resistant 
to dissolution than that formed in other adhesive systems. A calcium 
salt-MDP nanolayer is also formed when using Clearfil S3, although it 
not as prominent as the one formed with Clearfil SE [27,28].

Among the groups with 2% CHX application and without 10% NaOCl 
immersion, the shear strength of the composite resin–dentin bond with 
the TSC adhesive system was greater than that with the OSC adhesive 
system. A study by Knobloch et al. revealed that the composite resin–
dentin bond strength with the TSC Clearfil SE Bond adhesive system 
(20.4 MPa) was higher than that with the OSC Clearfil S3 Bond adhesive 
system (16.5 MPa) [29]. However, a study conducted by Chaharom et al. 
showed that the composite resin–dentin bond strength did not differ 
significantly between the TSC Clearfil SE Bond (22.86 MPa) and the 
OSC Clearfil S3 Bond (22.13 MPa) adhesive systems [14]. According to 
Chaharom et al., this non-significant difference was because the same 
monomer, MDP, was used by both systems [16].

The mean shear bond strength was significantly different between the 
specimens using TSC without 2% CHX and those using OSC without CHX 
2%, after immersion in 10% NaOCl. This indicates that the TSC adhesive 
system is more resistant to degradation than the OSC adhesive system 
because it contains a higher proportion of hydrophilic components than 
the OSC does [28-31].

The increase in shear bond strength after the application of 2% CHX 
found in this study was supported by SEM findings. A hybrid layer 

Fig. 3: Scanning electron microscopy (×2000) of the hybrid layer 
of the composite resin–dentin bond with the two-step self-etch 

adhesive system, (a) without chlorhexidine gluconate (CHX) 2%, 
(b) with 2% CHX application, (c) without 2% CHX application and 

immersed in 10% NaOCl solution, (d) with 2% CHX application 
and immersed in 10% NaOCl solution

dc

ba

Fig. 4: Scanning electron microscopy (×1000) of the composite 
resin–dentin bond with the one-step self-etch adhesive system, 
(a) without 2% chlorhexidine gluconate (CHX) application, (b) 
with 2% CHX application, (c) without 2% CHX application and 
immersed in 10% NaOCl solution, (d) with 2% CHX application 

and immersed in 10% NaOCl solution

dc

ba
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with a thickness of 5 µm was observed when using the TSC adhesive 
system with 2% CHX application. In addition, a homogenous and even 
resin tag was also observed. This indicates that adhesive resin can 
infiltrate demineralized dentin, thus forming a resin tag that enables 
good bonding. The SEM image of the composite resin–dentin bond with 
the TSC adhesive system corresponded to the SEM image of the dentin 
surface after abrasion and before application of primer. The smear 
observed on dentin without the application of 2% CHX did not differ 
from the smear observed on dentin with the application of 2%CHX. 
However, a significant difference was observed after the primer was 
applied, with the smear layer interacting with the CHX 2%. After the 
primer was applied, it also reacted with smear layer and 2% CHX. This 
finding can be explained by the results of a study by Hipolito et al., which 
revealed that CHX cation could bind to the phosphate group and calcium 
from hydroxyapatite, forming phosphate salt. The remaining cation can 
form a bond with the anion phosphate from MDP [32]. Moreover, this 
interaction does not interfere with the infiltration of the adhesive resin. 
This was supported by our finding that the resin tag still forms with a 
length of 10–15 µm, indicating the formation of an adequate adhesive 
resin–dentin bond.

In the OSC adhesive system, 2% CHX application did not interfere 
with the infiltration of adhesive monomer into the dentinal tubules. 
The resin tag formed was short, with a length of ±2 µm, or almost 
non-existent. This was similar to the SEM findings in dentin without 
the application of CHX 2%. This shows that an adequate bond can be 
achieved. This is also supported by the finding that the shear strength of 
the adhesive resin–dentin bond in the OSC adhesive system without 2% 
CHX application increased after the application of CHX 2%, although 
this increase was not statistically significant.

In the TSC adhesive system with 10% NaOCl immersion, the effect of 
the inhibition of collagen degradation was observed by comparing SEM 
imaging of the dentin surface without 2% CHX to the dentin surface 
with CHX 2%. With 2% CHX application, peritubular dentin inside the 
dentinal tubules was still present and undissolved, and the pores in the 
dentinal tubules decreased in size (2–5 µm) because of the degradation 
process. This indicates that 2% CHX protects the dentinal collagen 
matrix. In the OSC adhesive system, degradation in the groups with 
2% CHX treatment was not as prominent as degradation in the group 
without 2% CHX treatment. Among the groups without CHX 2%, the 
group with the OSC adhesive system showed greater degradation in 
the composite resin–dentin bond than the group with the TSC adhesive 
system, after immersion in 10% NaOCl. This finding is also supported 
by the significant difference in mean shear bond strength between OSC 
and the TSC groups after immersion in 10% NaOCl. In addition to the 
lower shear bond strength, the OSC adhesive system was more prone to 
degradation than the TSC adhesive system was.

The EDS findings from the surface of abraded dentin, with the 
application of 2% CHX and primer (data not shown), revealed that 
the organic components of dentin in all the groups were primarily C 
and O, constituting 14–36%, compared to Ca and P, which constituted 
9-27%. C, N, and O are the elements that make up the organic collagen 
matrix, which contains carboxyl (-OOH), hydroxyl (-OH), and amino 
(-NH2) groups [33]. In contrast, Ca and P are the elements that make 
up hydroxyapatite, which has a chemical formula of Ca10(PO4)6) H2 [26]. 
The element p is the primary component of the monomer MDP in the 
adhesive region [28].

Other elements such as Si, Al, and Mg are considered contaminants 
from abrasive materials such as alumina (Al2O3) and silica (SiO2) that 
are incorporated during the preparation of the specimen. Cl was also 
detected on the dentin surface, with the highest percentage being 
present in the abraded surface with 2% CHX application (0.15%). 
CHX was considered the source of this Cl. However, EDS only detects 
elements that are present on the surface and cannot detect elements 
underneath the dentin surface [34,35]. Elemental analysis from SEM/
EDS analysis of the composite resin-bonding surface revealed different 

Cl contents, ranging from 0.4% to 0.5% and 0.26 to 1.02%. These 
elements may be contained within 2% CHX or in the residue from 
soaking in the 1% NaOCl used for preparing the specimens for SEM. 
Si was also detected in all groups (data not shown) and may have been 
derived from silica (SiO2), which is the matrix particle on the adhesive 
resin Clearfil SE Bond and Clearfil S3.

The decrease in shear bond strength due to the smearing induced by 
10% NaOCl was not as high in the group treated with 2% CHX as in the 
group without 2% CHX treatment. This shows that the application of 
2% CHX can inhibit the degradation process, resulting in greater shear 
bond strength in the group with 2% CHX application. The degradation 
still takes place, but at a much slower rate, and it is not as prominent 
as the degradation in the group without 2% CHX application. In theory, 
2% CHX can protect the open collagen fibers that are generated by acid 
exposure and that have not been infiltrated by adhesive, thus prevent 
degradation of collagen fibers by MMP enzymes. MMP enzymes can 
be activated by the acid in the etching material and only degrade open 
collagen fibers. Another possibility is that the cation in 2% CHX binds 
with the calcium and zinc ions that act as catalysts for MMP enzymes, 
thereby interfering with the catalytic activity [10,23,24].

CONCLUSIONS

The shear strength of the composite resin–dentin bond is higher with 
the application of 2% CHX than without its application, although 
this difference was not statistically significant. SEM imaging in the 
specimens treated with 2% CHX shows less degradation compared to 
the specimens without 2% CHX application. Thus, 2% CHX may inhibit 
the degradation of the composite resin–dentin bond.
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