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ABSTRACT 

BACKGROUND 

Adhesion between tooth structure and the restoration is one of the most important factors determining the success of the restoration. 

The main reason for the failure and replacement of restorations is secondary caries. Dentin bonding agents with antibacterial effects 

may inhibit secondary caries formation and pulp inflammation by eliminating residual bacteria in and on dentin. Remineralisation 

by release of fluoride is representative, but the antibacterial effect is another important property because inactivation of bacteria 

means a direct strategy to eradicate the cause of dental caries. 

Aim- To evaluate and compare the antibacterial effect of two different Self-Etch Adhesives- FL-Bond II (fluoride releasing bonding 

agent), Single Bond Universal and 0.2% Chlorhexidine (Control) against Streptococcus salivarius and Streptococcus Mutans strains 

using agar well diffusion method. 

 

MATERIALS AND METHODS 

Two commercially available dentinal bonding agents to be selected, 0, 2% Chlorhexidine solution to be included as a positive control. 

The bacteria to be used in the experiments: Streptococcus mutans and Streptococcus salivarius isolated from Mutans Agar and Mitis 

Salivarius Agar and both strains to be grown overnight in brain heart infusion (BHI) broth. Strains were subcultured in Tryptone 

Soya Agar (Enriched Media). Samples were transferred to fresh BHI medium and incubated at 37°C for 6 to 8 hours to achieve an 

appropriate bacterial density. The susceptibility tests to be performed on blood agar and for the mutans streptococci, tests also to 

be conducted on mitis salivarius bacitracin (MSB) agar. For the agar well diffusion test, wells were cut on agar plates and were 

impregnated with 10 μL of each adhesive system and then immediately used. Plates were incubated at 37°C and examined at 24 hrs. 

The size of the inhibition zone (mm) was measured with sliding callipers. 

 

RESULTS 

The test results of the two different self-etch adhesives used were significantly different. 

 

CONCLUSION 

Both the tested adhesives showed promising antibacterial activity. In relation to S. mutans, FL Bond II showed similar antibacterial 

activity to Chlorhexidine. Although in relation to both strains (S. mutans and S. salivarius), SBU exhibited antibacterial activity; future 

studies comparing adhesives with and without MDP monomer have to be carried out to confirm its antibacterial activity. 
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BACKGROUND 

In spite of considerable improvement in recent years, 

polymerisation shrinkage and the resultant contraction gaps 

at tooth-restoration interfaces continue to be a significant 

problem associated with composite resin restorations.1 Poor 

adaptation to the surrounding tooth substance may 

predispose to discolouration and bacterial colonisation. 

Secondary caries and/or pulpal inflammation may ensue. To 

minimise the contraction gap formation and the potential 

bacterial leakage, enamel and dentinal bonding resins have 

been developed, but so far no bonding system has been proven 

effective2,3,4,5 
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to prevent pulpal involvement and hypersensitivity reactions. 

The placement of protective liners or base materials must still 

be regarded as a necessary precaution.6,7 Secondary caries 

may be prevented by coupling a slowly releasing compound, 

active against cariogenic organisms, with the resin material.8,9 

Mutans streptococci, in particular Streptococcus mutans and 

Streptococcus sobrinus, are associated with the irritation of 

human dental caries, and lactobacilli are associated with the 

progression of the established lesion.10,11 A reduction in the 

amount of these bacteria in the tooth-restoration interface 

would be expected to influence the caries incidence. The 

possibility that composite or bonding resins may have an 

antibacterial effect is therefore attractive. Chlorhexidine has 

so far been the most potent antimicrobial agent to combat 

mutans Streptococci,12 but is not incorporated in any of the 

currently marketed dental restorative resin materials. On the 

other hand, recent studies have demonstrated antimicrobial 

properties8 as well as reduced demineralisation rates around 

a fluoride-releasing composite resin.9 Glass-ionomer cement 

used as a lining material under restorations has shown 

antibacterial activity in vitro towards mutans streptococci and 

lactobacilli.  
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The Gluma dentinal bonding system appears to inhibit 

bacterial presence in cavity-restoration interfaces in vivo.13 

The purpose of the present in vitro study was to compare the 

antibacterial effect/activity of two different self-etch 

adhesives, FL Bond II and Single Bond Universal on bacterial 

growth. 

 

Current adhesive systems interact using two different 

strategies: 

 

 
 

- (Franklin R. Tay; Ricardo M. Carvalho; David H. Pashley; 

2004) 

 

Major Shortcomings of current Self-etch Adhesives: 

 

 
 

Attempts of functionalising adhesive system with 

antibacterial activity have been made to ensure the biological 

sealing of the restoration even when microleakage occurs.14 

For dentin bonding systems, their antibacterial effects are 

discussed in terms of inactivation of bacteria which invade the 

adhesive interface by microleakage.15 

 

Aim 

To evaluate and compare the in vitro inhibitory effect of 2 

different self-etch adhesives on bacterial growth. 

 

MATERIALS AND METHODS 

This is a prospective case-control study carried out in the 

Department of Dentistry, Sree Gokulam Medical College and 

Research Foundation. The duration of the study was 45 days. 

The materials used in this study included two different self-

etch adhesives: FL-Bond II (fluoride releasing bonding agent), 

Single Bond Universal (Single-bottle solution for all surfaces, 

used reliably in total-etch, self-etch or selective-etch mode for 

both direct and indirect restorations). 

0.2% Chlorhexidine solution (ICI Dental) was included as a 

positive control. 

The specifications of the two self-etch adhesives are listed 

in Table 1. 

 

Adhesive Manufacturer Batch number Type 

FL Bond II SHOFU Pn1308 
2 bottles 

2 steps 

Single bond 

universal 
3m 41453 

1 bottle 

1 step 

Table 1. Adhesive Systems Tested 

 

Both the adhesives used as well as the positive control 

were impregnated on Paper disks to be placed onto the Agar 

petri dishes. 

 

Saliva Collection 

Unstimulated saliva was collected from 30 volunteers with 

high plaque index. The Collected saliva was stored in sterile 

containers and was diluted with saline (1:4 ratio). 

 

Bacterial Strains and Growing Conditions 

Selective media used for bacterial isolation were Mutans-

Sanguis Agar and Mitis Salivarius Agar. The strains, 

Streptococcus Mutans and Streptococcus Salivarius, isolated 

from the selective media were obtained from Culture 

Collection Centre, Microbiology Department of Sree Gokulam 

Medical College, KUHS, Trivandrum. Strains were subcultured 

in Tryptone Soya Agar (enriched media) to enhance bacterial 

growth. Both isolated strains were cultured in Brain Heart 

Infusion Agar (1.8% w/v) (BHI, Difco, CA, USA) supplemented 

with 10% (v/v) Horse serum (Oxoid, Rodano Milan, Italy). 

These source cultures for the experiments were statically 

incubated at 37°C under aerobic conditions and reduced to a 

final density as determined by comparing the sample with a 

standard curve relating to cell number. 

 

Preparation of Specimens 

There are three groups (2 test groups and 1 control group), 

each of which comprises 10 samples as shown in the table 

below. For the agar plate well diffusion test, two 90 mm Petri 

plates were prepared. Wells were cut on these Agar plates. 

Both the adhesives (FL Bond II and Single Bond Universal) 

were cured using a LED curing light in soft start-

polymerisation mode (Celalux 2 High-Power LED curing-light; 

Voco GmbH, Cuxhaven, Germany) for 20 seconds at a light 

intensity of 1000 mW/cm2. All materials were prepared 

according to manufacturer’s recommendations. The positive 

control used was 0.2% solution of Chlorhexidine digluconate 

(CHX). 

 

Agar Well Diffusion Test 

Approximately, 3 mL of an overnight suspension of each 

bacterial strain (1 × 108 colony forming unit/mL, CFU/mL) 

grown in BHI with 10% horse serum was used as inoculum 

onto the agar plates. The incubation was performed for 20 

minutes at 37°C and finally the excess of bacterial cells was 

removed. Each paper disk impregnated with the adhesive 

system and positive control, as previously indicated was then 

aseptically placed onto the wells on each of the agar plate one 

at a time.  
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The plates were incubated at 37ºC and examined at 24 hrs. 

The antibacterial activity of each adhesive system was 

measured from clear circular areas (halos) around them. The 

size of the inhibition zone was measured with sliding callipers 

and calculated as follows: 

Size of inhibition zone = diameter halo – diameter 

specimen /2. 

The results were recorded in terms of the average 

diameter of inhibition zone. 

 

Statistical Analysis 

Kolmogorov-Smirnov tests result shows that the data follows 

normal distribution. Therefore, to analyse the data, one way 

ANOVA is used followed by Tukey’s HSD post hoc test for 

multiple comparison. SPSS 22.0.0.0 version was used for 

statistical analysis. 

Descriptive statistics, including mean, standard deviation, 

minimum, median and maximum were calculated for each 

group tested. Data were assessed to be normal by means of the 

Kolmogorov and Smirnov test. 

An Analysis Of Variance (ANOVA) was carried out to 

compare mean values within each group and Tukey HSD test 

was performed to compare pair wise, multiple pair wise 

comparisons, as post hoc. Significance was set at p<0.05. 

 

RESULTS 

Table 1 compares the two dentin bonding systems- FL Bond II, 

Single Bond Universal and the Control Group Chlorhexidine 

Digluconate in the production of inhibition zones against 

Streptococcus Mutans and Streptococcus Salivarius 

Descriptive statistical analyses are reported in Table II. 

One Way ANOVA test showed the presence of significant 

differences between the groups. 

Tukey HSD test showed that when testing antibacterial 

activity with S. salivarius the highest growth inhibition values 

(p<0.001) were reported with Chlorhexidine solution 

(positive control). FL Bond II showed significantly lower 

values than Chlorhexidine, but significantly higher values than 

Single Bond Universal (p<0.001). 

 

 Group N Mean 
Std. 

Deviation 
P-Value 

S. Mutans 

FL 10 27.10 1.663 

<0.001 SBU 10 23.70 2.111 

Control 10 28.20 1.932 

Total 30 26.33 2.682  

S. Salivarius 

FL 10 27.20 1.317 

<0.001 SBU 10 24.50 1.434 

Control 10 30.80 1.229 

Total 30 27.50 2.921  

 
 

Dependent Variable Pair P-Value 

S. Mutans 
FL 

SBU 0.001 

Control 0.414 

SBU Control <0.001 

S. Salivarius 
FL 

SBU <0.001 

Control <0.001 

SBU Control <0.001 

When testing antibacterial activity with S. mutans, highest 

growth inhibition values (p<0.001) were reported with 

Chlorhexidine solution (Control). FL Bond II showed lower 

value than Chlorhexidine, but either values showed no 

significant difference (p>0.414) but FL Bond showed 

significantly higher value than Single Bond Universal (p<0.05). 

When testing antibacterial activity with Streptococcus 

salivarius, the highest growth inhibition values were reported 

with Chlorhexidine solution (Control) (p<0.001). Significantly 

lower values were reported with FL Bond II (p<0.001), which 

showed significantly higher values than Single Bond Universal 

(p<0.001). 

 

 
 

 
 

Graphs I and II compare the mean values of antibacterial 

activity of the two Self-etch Adhesives and Chlorhexidine 

digluconate (Control) against both strains Streptococcus 

Mutans and Streptococcus Salivarius. 

 

DISCUSSION 

Secondary caries is still the main cause for replacement of 

restorations. During removal of carious tissue, bacteria can 

remain entrapped in the dentinal substrate.16,17 Many 

attempts have been made to produce dental materials that 

inhibit bacterial growth and no currently available adhesive 

system completely eliminates microleakage at the 

tooth/restoration interface.4,18 

The current study used the agar diffusion test to evaluate 

the efficacy of two different self-etch adhesives in inhibiting 

the bacterial growth of two microorganisms.  

The bacterial species used in this study are related to 

caries disease: S. salivarius is commonly found colonising the 
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healthy oral cavity and is related to the initial colonisation of 

dental surfaces or to smaller caries lesions; while 

Streptococcus mutans is related to the progression of caries 

lesions. 19-22 The agar diffusion test has been widely used to 

evaluate the antibacterial activity of dental materials. The 

zones of growth inhibition provided by the materials depend 

on the toxicity of the material against the bacteria tested, and 

on the diffusibility of the material across the culture medium 

used.23 So, although the agar diffusion test is easier to perform, 

the inhibitory properties of solid materials placed on agar 

surfaces are dependent upon the hydrophilicity of the 

material, its diffusion coefficient in agar gel, and the ability of 

material to wet the agar surface.24 A material that diffuses 

more easily, in addition to its direct cytotoxicity, will provide 

larger zones of inhibition. The self-etch adhesives that were 

tested presented different antibacterial effects, however, they 

resulted in different mean values of inhibition zones. The 

adhesive system that presented the highest growth inhibition 

values was FL Bond II. In relation to S. mutans, FL Bond II 

showed similar antibacterial activity to Chlorhexidine. The 

primer of Single Bond Universal incorporates a MDPB 

monomer, which is synthesised by combining a methacryloyl 

group with a quaternary ammonium that present antibacterial 

growth promoters and plaque accumulation inhibitors, and 

therefore have the potential to kill or inhibit bacteria which 

are inadvertently left in a prepared cavity. 

 

CHX 

Chlorhexidine being a positively charged hydrophobic and 

lipophilic molecule interacts with phospholipids and 

lipopolysaccharides on the cell membrane of bacteria and then 

enters the cell through some type of active or passive transport 

mechanism. Its efficacy is because of the interaction of the 

positive charge of the molecule and the negatively charged 

phosphate groups on microbial cell walls, thereby altering the 

cell’s osmotic equilibrium. This increases the permeability of 

the cell wall, which allows the CHX molecule to penetrate into 

the bacteria.25 

 

FL Bond II 

In order to provoke antimicrobial effect, fluoride enters the 

bacterial cell. Fluoride diffuses into cariogenic bacteria in the 

form of HF. At the lower external pH, more HF is formed and 

more of it diffuses into the cell. Once inside the cell, the HF 

dissociates into H + and F –, because of a higher internal pH of 

cells, such as oral streptococci, than external.26 

This continued diffusion and dissociation leads to the 

accumulation of fluoride in the cell and the acidification 

(accumulation of H+) of the cytoplasm. Fluoride ions within 

the cell interfere with the glycolytic enzyme (enolase) activity 

and adenosine triphosphatase. 

Thus, fluoride inhibits effectively the carbohydrate 

metabolism of acidogenic oral bacteria. It is reported that the 

S-PRG filler forms an acid resistant layer in and beneath the 

complex of resin-reinforced dentin (hybrid layer) due to the 

continuous release of cariostatic fluoride that stimulates the 

remineralisation of areas prone to secondary caries.14 

 

 

 

Single Bond Universal 

Primer incorporates a MDPB, which is synthesised by 

combining a methacryloyl group with a quaternary 

ammonium that present antibacterial growth promoters and 

plaque accumulation inhibitors and therefore have the 

potential to kill or inhibit bacteria.27 

MDPB monomer has a strong antibacterial activity and 

after curing, MDPB monomer is covalently bonded to the 

polymer network and acts as a contact inhibitor against the 

bacteria that comes in direct contact with the polymer.27 

A self-etch primer containing 5% MDPB killed S. mutans 

within 30 seconds of contact before curing.24 

Following copolymerisation with other monomers, this 

self-etch primer had an inhibitory effect on the growth and 

adherence of bacteria on its surface.24 

The properties of materials used in this experiment may 

have influenced the results, but these factors are less 

important when using bacterial suspensions because the 

materials are in direct contact with aqueous media. Further 

studies with another method such as microdilution broth 

technique are necessary to evaluate the bactericidal activity of 

these adhesive systems. 

 

CONCLUSION 

Within the limitations of this study, it can be concluded that: 

Both the tested adhesives showed promising antibacterial 

activity. 

In relation to S. mutans, FL Bond II showed similar 

antibacterial activity to Chlorhexidine. 

Although in relation to both strains (S. mutans and S. 

salivarius), SBU exhibited antibacterial activity; future studies 

comparing adhesives with and without MDP monomer have to 

be carried out to confirm its antibacterial activity. 
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