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ABSTRACT 

Statement of the Problem: Several improvements in dental adhesive technology and advances in bonding knowledge have been 

achieved, but the issue of bond durability between resin composite and dentine is still a major challenge in adhesive dentistry. 

Purpose: The aim of the present study was to evaluate the effect of chlorhexidine (2% inhibitor matrix metallo proteinase) and 

collagen cross-linking agent (Quercus extract for stabilizer of collagen fibers) on tensile bond strength of composite to dentin. 

Materials and Method: A total of 75 extracted human upper premolar teeth were selected for the study. The samples were stored in 

0.5% thymol solution. Then, the occlusal enamel was removed and the surface of dentine was etched by phosphoric acid and rinsed 

with distilled water for 30 s and air dried. The specimens were divided into five groups as follow: chlorhexidine, Quercus extract, 

chlorhexidine+Quercus extract, Methanol (solvent of Quercus extract), and control group (without applying specific solution). 

Following the etch-and-rinse adhesive, the resin composite was placed on the dentin surface. The micro-tensile bond strength 

(μTBS) of the specimens after three months water storage and 1500-cycle thermocycling was examined. Data were analysed using 

Multiple T-tests, ANOVA, and SPSS ver.20. Results: Variance analysis and t test showed that the Quercus extract group had the 

highest bond strength compared to control group, but the difference was not significant. Chlorhexidine showed negative effects on 

the composite-dentin bond strength. Conclusion: The clinical application of 2% chlorhexidine and Quercus extract could not increase 

the tensile bond strength of composite resin to dentine. 

 

Keywords: Chlorhexidine, Collagen cross-linking, Microtensile bond strength, Quercus extract. 

 

 

1. INTRODUCTION 

Achieving a stable and effective bond between composite and dentin is a topic of interest in adhesive dentistry. The loss of marginal 

sealing and the reduction of the bond strength of the adhesive restoration decrease the success rate of the resin-enamel and resin-

dentin bonding (Monticelli et al., 2008). Hybrid layer degradation is the foremost mechanism responsible for the degradation of 

resin-dentin bond (Donmez et al., 2005; Liu et al., 2011; De Munck et al., 2003). Matrix metallo proteinases (MMPs) is responsible for 

hydrolysis and enzymatic degradation of the exposed collagen and can participate in the destruction of dentin collagen fibers 

(Chaussain-Miller et al., 2006). Recent studies have suggested the use of chlorhexidine after acid-etching to prevent the destruction 

of dentin collagen fibers (Pashley et al., 2004). Therefore, CHX can act as a potential inhibitor of MMPs and contribute to the long-

term stability of the hybrid layer and resin–dentin bond strength (Gendron et al., 1999). 

Despite many advances have been made in the adhesive dentistry and dentin bonding agents and adhesion techniques, limited 

study has been cited the contribution of collagen structure/stability to bond strength. In recent years, various collagen cross linking 

agents such as glutaraldehyde (GTA) and proanthocyanidins have been examined (Bedran‐Russo et al., 2007; Han et al., 2003; Ritter 

et al., 2001). The aim of the present study was to examine the effect of chlorhexidine and collagen cross-linking agent (Quercus 

extract) on tensile bond strength of composite to dentin.  

 

2. MATERIALS AND METHODS 

In this study, a total of 75 premolar teeth extracted due to orthodontic treatment were selected for the study. The teeth were 

thoroughly cleaned and the soft tissues and debris were removed using Scalpel. The samples were stored in 0.5% thymol solution. 

Ethical Code is IR.AJUMS.REC.1393.124. The occlusal enamel was removed to obtain a flat dentin surface by a section perpendicular 

to the long axis of the tooth using trimmer (Dentaurum, GmbH & Co. KG, Germany) under water cooling. A smear layer was created 

on the occlusal side by grinding the tooth surface with 600-grit silicon carbide paper (Matador Softflex 991A, Germany) and cooling 

water for 30 seconds. The samples were randomly divided into five groups. In the present study, since methanol was used as 

effective solvent for extraction of Quercus (Oak) another group was also considered to examine the effect of this solvent. Afterwards, 

all the samples were etched with 37% phosphoric acid gel (Pulpdent, USA) for 15s and washed for 10s, then dried with a cotton-

pellet. The surface preparation was carried out as follow: 

CHX group: chlorhexidine (CHX) 2% (Ultradent product, USA) was applied to dentin for 30 seconds and excess liquid was removed 

with dry cotton-pellet. 

Quercus (Oak) group: Quercus extract with a concentration of 333.3 mg/ml was applied to dentin for 30 seconds and excess fluid was 

washed with water for 10 seconds. 

CHX /Quercus group: Quercus extract with a concentration of 333.3 mg/ml was applied to dentin for 30 seconds and after washing 

the excess fluid CHX 2% was applied to dentin for 30 seconds and excess liquid was removed with dry cotton-pellet. 
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Methanol group: methanol was applied to dentin for 30 seconds and excess liquid was removed with dry cotton-pellet. 

Control group: no surface preparation was performed after etching.  

Following the surface preparation of each group, Adper Single Bond 2 adhesive system (3M/ESPE, USA) was applied according to 

manufacturer's instructions and light-cured with light intensity of 470mW/cm2 using Quartz-tungsten-halogen light-curing unit 

(Bonart Co. Taiwan). The intensity of the curing light measured by the radiometer which was mounted on the light-curing unit. A 

microhybrid composite resin (Filtek TM Z250, 3M ESPE, USA) was placed in 5-mm-thick layers (first layer= 1mm and the next layers= 

2 mm) and cured according the curing procedures given in the manufacturer's instructions. After removal of the matrix band, 

restorations were post cured for 20 seconds from four directions. 

The specimens were fixed in cylinders containing autopolymerizing acrylic resin (Vertex, Netherlands) and then longitudinally 

sectioned across the bonded interface to yield beams with 1.0 mm of adhesive. All specimens were stored in distilled water and kept 

in an incubator at 37 °C for three months and thermocycled (1,500 cycles) in 5 degrees C and 55 degrees C (28 s) water baths (15s 

dwell time). The samples were loaded on a universal testing machine (Instron, ADMET, Enkay Enterprises, New Delhi, DL, India) and 

pulled with a crosshead speed of 5 mm/min until bond failure occurred (Figure 1). 

 

  

Figure 1 Universal testing machine (data were recorded automatically, and the stress-strain curve diagram was generated). 

 

The mean and standard deviation of tensile bond strength were calculated. Data were analysed using Multiple T-tests, ANOVA, 

and SPSS version 20 (Statistical Package, SPSS Inc., Chicago, IL, USA). P-value of .05 (95% confidence) was considered on the 

borderline of statistical significance. 

 

3. RESULTS 

The mean and standard deviation of the tensile bond strength (TBS) for the control group was 22.15 ± 0.91 MPa, and for the 

chlorhexidine group was 17.15 ± 1.92 Mpa. As well as, the mean±SD value of TBS for the Quercus group was 23.15 ± 7.45 Mpa and 

for the methanol group was 15.06±1.39, and for the CHX /Quercus group was equal to 19.46±1.37 (Table 1). 

   

Table 1 The mean and standard deviation of the tensile bond strength among the studied groups 

 Group N Mean Std. Deviation Std. Error Mean 

Bond strength 

CHX 15 17.1547 7.45923 1.92596 

Quercus 15 23.156 28.87 7.45 

Control 15 22.1535 3.53534 0.91282 

CHX+Quercus 15 19.46 5.3202466 1.3736818 

Methanol 15 15.06 5.408652 1.396508 
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The Kolmogorov-Smirnov normality test showed that the variables are normally distributed, so two independent samples t-test 

was used for the comparison of values of the means from two samples (95% confidence interval) (Table 2) (figure 2).  

 

 

Figure 2 The mean tensile bond strength in the studied groups 

 

Table 2 The comparison of values of the means from two samples 

t-test p-value Group 2 Group 1 

-2.345 0.026 CHX 

 

Control 

-3.650 0.001 Quercus 

-3543 0.001 CHX+ Quercus 

-4.251 0.001 Methanol 

 

The comparison between the control and CHX groups showed that the mean value of bond strength between the two groups (t 

= -2.345, P-value = 0.026) was significant and the difference between the two groups was 4.99. The confidence interval for the 

difference between two sample means was 0.632 and -9.364, respectively. 

The comparison between the control and Quercus groups showed that the mean value of bond strength between the two 

groups (t = -3.65, P-value = 0.001) was significant and the difference between the two groups was -5.637. The confidence interval 

for the difference between two sample means was -2.54 and -9.05, respectively. The comparison between the control and CHX+ 

Quercus groups showed that the mean value of bond strength between the two groups (t = -3.543, P-value = 0.001) was significant 

and the difference between the two groups was -2.693. The confidence interval for the difference between two sample means was -

0.53 and -5.78, respectively. The comparison between the control and methanol groups showed that the mean value of bond 

strength between the two groups (t =-4.251, P-value = 0.001) was significant and the difference between the two groups was -7.209. 

The confidence interval for the difference between two sample means was -3.67 and -10.509, respectively. Table 3, Tests of Within-

Subjects Effects, presents the ANOVA results (P=0.043). 

 

Table 3 The variability between groups and within groups (One way-ANOVA) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 685.586 4 171.397 0.891 0.474 

Intercept 28422.385 1 28422.385 147.698 0.000 

group 1685.586 4 421.390 2.365 0.043 

Error 12470.471 70 178.142 - - 

Total 42578.441 75 - - - 

Corrected Total 14156.057 74 - - - 

 

Analysis of one-way ANOVA revealed a significant effect of between groups and within groups. Table 4 compares the effect of 

each studied group to the control group to determine if the treatment had an effect. 
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Table 4 Comparison of the effect of between groups and within groups’ variables. 

Parameter B Std. Error t Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

Intercept 22.153 3.582 6.185 .000 15.010 29.297 

[group=CHX] -4.999 5.065 -2.987 .033 -15.101 -3.240 

[group=Quercus] 1.003 5.065 .198 .844 -9.099 11.106 

[group=CHX+Quercus] -2.344 5.065 -2.463 .045 -12.447 -.758 

[group=Methanol] -7.092 5.065 -3.400 .016 -17.195 -3.360 

[group=Control] 0a 0 0 0 0 0 

     a. This parameter is set to zero because it is redundant. 

 

The most negative effects on the tensile bond strength was observed in methanol, CHX, and CHX+ Quercus groups, respectively. 

Quercus extract with positive value of 1.003 showed a positive effect on bond strength, but the difference was not significant 

compared to control group (P= 0.844). Methanol group showed the most negative effects (-7.092) on the tensile bond strength, and 

CHX+ Quercus group revealed the least negative effects (-2.344) on the tensile bond strength.  

 

4. DISCUSSION 

In the present study, the results revealed that CHX application after etching (followed by three months storage period, and 

thermocycling) did not affect the bond strength of resin composite to dentin compared to control group. Unprotected collagen after 

acid etching can be susceptible to proteolytic degradation. Such degradation may occur by matrix metalloproteinase (MMP) that 

may be activated during demineralization and bonding and slowly destroy collagen fibers (Pashley et al., 2004; Stanislawczuk et al., 

2009; Kim et al., 2010). Some researchers have suggested that the inhibition of MMPs can be obtained via protease inhibitors 

(Simões et al., 2014). Carrilho et al. 2007, as well as Breschi et al. 2008, introduced chlorhexidine gluconate as an effective MMP 

inhibitor and an effective disinfectant (Carrilho et al., 2007; Breschi et al., 2008). Gendron et al., 1999 showed that low chlorhexidine 

concentration had favorable inhibitory properties on MMP-2 (gelatinase A), MMP-9 (gelatinase B), and MMP-8 (collagenase 2) 

activity after six months of sample storage (Gendron et al., 1999). However, some studies suggested that 0.2% chlorhexidine had no 

significant effect on bond strength and moreover it had an adverse effect on immediate bond strength (Montagner et al., 2014). 

Similarly, some studies have shown that the association between the concentration of CHX and the bond strength is obscure 

(Collares et al., 2013). Although studies have not yet achieved the required conclusion regarding the desired effect of 0.2% CHX after 

sample storage, many studies such as Breschi et al., 2009 introduced chlorhexidine as a factor in reducing degradation of bond 

strength after a period storage (Breschi et al., 2008). However, in the long-term period storage (12 months) different result has been 

achieved (Collares et al., 2013). 

A large amount of heterogeneous data in various studies has shown a large spectrum of bond strength outcome in experimental 

study, the reason could be explained due to different experimental parameters including storage solution, adhesive system, and 

storage method (De Munck et al., 2012). Carrilho et al., 2005 reported that storage method had great effect on data heterogeneity 

and storage in water media displayed the higher heterogeneity compared to artificial saliva and other aging methods (Carrilho et al., 

2005). The reason could be explained due to different water solution, sample size, storage temperature, switching water supplier, 

and PH. 

In this study, 2% CHX did not influence the bond strength of resin composites to dentin. Tezvergil-Mutluay et al., (2010) studied 

the requirement of zinc and calcium ions for functional MMP activity in demineralized dentin matrices. The results of the study 

showed that water storage stimulate the loss of calcium and zinc ions from the dentin matrices, instead of restoring them. So, 

artificial saliva was substituted for long-term storage and better simulation of clinical conditions. The reason could be explained that 

water medium failed to display the hydrolytic activity of MMPs. In the Tezvergil-Mutluay et al.'s study, distilled water was used as a 

storage medium, and due to the absence of calcium and zinc in the solution activity of MMPs was decreased. So, the role of 

chlorhexidine as an inhibitor of MMP activity in bond strength was under estimated (Tezvergil-Mutluay). Similarly, in another study 

Simo˜es et al., 2014 reported that the use of chlorhexidine reduces bond strength and chlorhexidine cannot prevent destruction of 

the adhesive interface (Tezvergil-Mutluay et al., 2010). In the Simo˜es et al.'s study the size of the stored samples was at the micro-

level, so storage and aging has been able to accelerate, so that the water can easily be penetretated from the surface to the center, 

leading to the dilution or displacement of chlorhexidine and the loss of its inherent property (Simões et al., 2014). 
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Another way of preventing the destruction of the hybrid layer and reducing stability to bond strength is up surging the collagen 

biodegradation resistance in dentin/adhesive through cross linkers. In the present study, Quercus extract with high hydroxyl groups 

was used as collagen cross-linking agents to enhance dentin bond strength. So far, studies on natural collagen cross-linkers like 

proanthocyanidin as dentin pretreatment agents has reached to the desired results, improving bond strength (Castellan et al., 2011). 

Studies on cross-linking agents have come to the conclusion that the effectiveness of the extract depends on extract source and 

adhesive system (Castellan et al., 2013). It has been shown that cross-linking agents can reduce the absorption of water and swelling 

ratio, leading to a decrease in the collagenase absorption (Castellan et al., 2010). The correlation between proanthocyanidins and the 

type of adhesive is also important. It has been shown that proanthocyanidines with Adper single bond (ethanol/water-

based adhesive) has more predictable results, which may be due to the high affinity of solvents in adhesive and cross linking agent 

(Castellan et al., 2013). In the present study, Adper single bond adhesive was applied and to reduce the interactions of solvents with 

extracts, compatible solvents such as methanol was used in Quercus extract. 

Likewise, the potential interaction of Quercus extract with non-collagen proteins such as proteoglycan and MMPs may affect 

tissue structure, for example the mechanism of action of proanthocyanidins, potential inhibitor of MMP 2-9, is through the three-

dimensional deformation of enzymes (Nandakumar et al., 2008; Matchett et  al., 2005; Busenlehner & Armstrong, 2005). In this 

study, Quercus extract, which contains a large amount of proanthocyanidins, was used as collagen cross-linking agents to enhance 

dentin bond strength. Despite the more positive results, statistical analyzes showed no significant differences in the resin-dentin 

bond strength compared to the control group. Carina et al. (2013), Al-ammar et al. (2009), and Al-ammar et al. (1983) in their studies 

suggested that the pretreatment time may be decreased by up surging the concentration of cross-linkers. In this study, Quercus 

extract (cross-linking agent) was used in clinically applicable periods of time (30s) and did not lead to a noticeable increase in bond 

strength. The reason could be explained due to time of agent application and the solvent (methanol) which may be influenced the 

effect of Quercus extract. 

Bedran-Russo et al. (2007) examined the effect of three collagen crosslinking agents (glutaraldehyde (GD), proanthocyanidin PBS 

solution (PA), and genipin PBS solution (GE) on the ultimate tensile strength of undemineralized and demineralized dentin and 

concluded that the application of two naturally occurring crosslinkers, i.e., proanthocyanidin PBS solution (PA) and genipin PBS 

solution (GE), to dentin collagen considerably improves ultimate tensile strength, emphasising its potential value in restorative 

dentistry. The results of Bedran-Russo et al. (2007) s' study was consistent with the results of the present study. Proanthocyanidin 

PBS solution (PA) is bioflavanoid which can be segregated from Quercus petraea and Quercus robur heartwood and has been used in 

the adhesive and restorative dentistry as a natural collagen cross-linking agent (Fang et al., 2012; Liu et al., 2013; Castellan et al., 

2013). 

 

5. CONCLUSION 

The clinical application of 2% chlorhexidine plus Adper single bond adhesive (followed by three months storage period, and 

thermocycling 1500 cycles) did not affect the bond strength of resin composite to dentin. Quercus extract showed a positive effect 

on bond strength, but the difference was not significant. The bond strength that resulted from the combination of Quercus extract 

with CHX was more than the CHX and less than the Quercus extract. 

 

Recommendation  

Based on experimental condition and its limitations on applying chlorhexidine effect, further research on new methodology for 

creating an environment such as oral status is required. In addition, according to various herbal extracts and different cross linking 

agents, more studies can be performed on herbal extract considering their density and appropriate clinical duration for applying the 

extract. Since methanol has negative effect on bond strength, better result may be achieved via changing type of oak extract type.  
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