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ABSTRACT 

Objectives: 

The objectives of this research are to evaluate the effects of using different dentin pre-

treatments: chlorhexidine (CHX), grape seed extracts (GSE) in acid etchant, and GSE in primer, 

on bond strength, and to determine the effects of aging with thermal cycling by dentin pre-

treatment protocol. 

Material and Methods: 

One hundred and twenty bovine mandibular incisors were gathered. The dentin samples 

were randomly allocated into six groups (n=20) according to pre-treatment protocol (1-control, 

2-CHX, 3-GSE Etch, 4-GSE Etch + CHX, 5-GSE primer, and 6-GSE primer + CHX). After 

bonding, all samples were placed in distilled water for 24 hours, and then each group was further 

segmented into two groups (A and B) with 10 samples in each. Group A samples had the shear 

bond strength (SBS) measured immediately after water storage, while Group B samples were 

exposed to thermocycling for 10000 cycles, and then tested for SBS. Shear forces were applied 

to the adhesive interface in a universal testing machine with cross-head speed 1 mm/min until 

fracture occurred. The mean peak force was measured in MPa. 

Results: 

There were significant differences in mean shear bond strength between manufacturer’s 

etchant and both GSE etchant (p=.021) and GSE primer (p<.001). There was a significant two-

way interaction effect between etchant and thermocyclying (p=.006), and a three-way interaction 

among primer, thermocycling, and chlorhexidine (p=.029). 
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Conclusion: 

The addition of GSE into Kerr primer negatively impacted the bond strength of 

composite to dentin. Thermocycling did not decrease the shear bond strength of GSE etched 

dentin. 2% chlorhexidine surface pretreatment did not affect the mean shear bond strength of 

dentin at 24h storage or after thermal cycling. 
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INTRODUCTION: 

Resin composite is increasingly being used throughout the world for both anterior and 

posterior restorations. Ease of handling, versatility of use and also conservative tooth preparation 

has made composite restorations favorable. The average annual failure rate has been reported to 

be between 1-3%. (1) The most common failures with composite are due to breakdown of the 

restorations, secondary caries, and marginal gap. 1,2 Polymerization shrinkage and micro leakage 

(micro gaps) were claimed to be attributing factors to secondary caries and marginal gaps. 2 In a 

study done by Kuper the critical size of gaps that could lead to caries in the interface gap was 60 

μm. 3 The contraction shrinkage was reported in terms of volume and was ranging between 1.5 -

5 %. 4 Another issue that is related to the bonding technique is the host reaction to the procedure, 

that is, enzymes-induced biodegradation of the interface. Even if a good seal is obtained initially, 

that seal may undergo degradation in both components of the hybrid layer. Hydrolytic degradation 

can occur to the polymer network of the resin. Also, enzymatic degradation by salivary esterase 

enzymes can play a role in the deterioration of the resin. 2 In a clinical study evaluating micro 

tensile bond strength of restored and extracted teeth for orthodontic reasons, there were a loss of 

36% to 70% of micro tensile bond strength after a period of twelve to fourteen months of oral 

5 6 7aging. 

Acid etch removes the minerals of the mineralized collagen fibrils of dentin and weakens 

the mechanical properties of the collagen matrix. 8 Matrix metalloproteinase (MMPs) activity in 

etched dentin and in etched and bonded resin was shown to be increased by the acid etchant. 9 

MMP-8 is a major collagenase that is present in mineralized human dentin. 10 Current adhesive 

techniques etch and rinse and self-etch increased the expression of MMP-2 and MMP-9 with the 

1 

https://MMP-8isamajorcollagenasethatispresentinmineralizedhumandentin.10


 

            

             

                

                

             

   

  

  

            

                

               

               

              

               

               

                

                 

               

                 

                

 

former technique having more profound MMPs activation effects. 11 Furthermore, cysteine 

cathepsin, a collagen degrading enzyme, was detected by immunostaining in sound and carious 

dentin. The activity of cysteine cathepsin was shown to be increased in deep carious lesions. 12 

There is a need for dentin pre-treatment that may prevent such a consequence to the bonding 

procedure. In fact, several agents have been used in this capacity namely proanthocynidins, 

chlorhexidine, and glutaraldehyde. 

Literature Review 

Proanthocynidins 

Proanthocynidins are naturally occurring cross linking agents with low toxicity found 

abundantly in grape seeds. Research in which grape seed extracts (GSE) were used to cross link 

the dentin matrices found the modulus of elasticity to be significantly affected and the stiffness 

increased. 13 One of the mechanisms by which GSE works is through decreasing the 

hydrophilicity of the dentin matrix and influencing the mechanical properties of the hybrid layer 

which eventually provides the dentin a higher modulus of elasticity even after 30 months of 

aging. 14 Proanthocynidins were also tested as a potential dentin pre-treatment and showed an 

increase in Ultimate Tensile Strength UTS. 15 One of the options of GSE application is 

incorporating GSE into the acid etchant, which has been shown to turn the acid etchant into a 

matrix stabilizer. 16 Another trial incorporated GSE into the bonding agent and compared the 

effects on micro tensile bond strength with its use as a primer. Their conclusion was that GSE 

has a positive influence on the long term strength sustainability of the bonding interface. 17 

2 

https://hasapositiveinfluenceonthelongtermstrengthsustainabilityofthebondinginterface.17
https://matrixstabilizer.16
https://increaseinUltimateTensileStrengthUTS.15
https://aging.14
https://increased.13
https://dentin.Theactivityofcysteinecathepsinwasshowntobeincreasedindeepcariouslesions.12
https://formertechniquehavingmoreprofoundMMPsactivationeffects.11


 

          

 
 

    
  

 
 

 

   

        

  
   

 

 

     

 
  

  

 

 

 
 

                

 

 

  

       

   
 

 

 
  

    

 

 

  
 

  

  

    

 

   

 
 

  

 

       

 

  

 
 

  

 
 

    

 
 

  
 

  
   

  

  
 

 

    
 

  
  

 

 

  
 

  
 

 

 

      
  

  

 
 

 

  
  

 

 
 

  
  

  

 
  

        
 

   
  

 
 

 

 
 

  
  

 
 

 

 

    

 

       

 

 
 

 

 
 

 
 

 

 

  

   

 

  

 
 

 

  
 

  
 

 

Table 1 Summary of studies that used GSE 

GSE 
study 

AUTHOR YEAR Duration Concentration 
Wt % 

GSE 
Application 

Mode 

Bond test Results 

1 16 Liu 2014 30 sec 2% GSE, 

Etch 20%, 
15% and 5% 

phosphoric 

acid 

GSE in Etch Fourier- transformed 

infrared 
spectroscopy and 

digestion assay 

stabilized 
collagen 

2 15 Russo 2006 4/40 h 0.5 % GSE In PBS Ultimate Tensile 

Strength 

Increased 

tensile strength 

3 13 Russo 2007/ 10 min 30 

min 1h 2h 
4h 

0.65/6.5% 

GSE 
in PBS 

In PBS Modulus of 

Elasticity 

Increased 

modulus of 
elasticity 

4 Bradley 
18 Green

2010 5% GSE In Adhesive Collagenase 

Treatment, 
SEM/TEM 

PA stabilized 

collagen 

5 19 Radhika 2013 / 6 mo 

storage 

30% GSE 

2% 
chlorhexidine 

As a 

separate 
primer 

SBS CHX & PA 

maintained 
SBS 

6 Castellan 
20 

2011 Baseline, 
10 min, 30 

min, 60 

min, 120 
min, 

240min 

6.5 % GSE In distilled 
water and 

ethyl 

alcohol 

Modulus of 
Elasticity 

Improve and 
stabilized 

collagen 

matrix 

7 21 Hechler 2012 3.75 
%(wt/wt) PA 

dissolved in 

distilled 
water 

In Primer 
and in 

adhesive 

(μTBS) Stabilized the 
interface and 

protected from 

degradation 
over time 

8 22 Liu 2013 5, 15, or 30 
sec 

(3.75 or 15 
wt% in de-

ionized 
water) 

Separate 
primer 

SEM/TEM Extraordinarily 
efficient in 

stabilizing 
demineralized 

dentin 

collagen 

9 14 Leme 2015 10 min 6.5 % Separate 

primer 

Contact angle/ 

Modulus of elasticity 

Increased 

water contact 

angle, 
decreased 

hydrophilicity 

of dentin, 
increased 

stability of 
interface 

components 
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Chlorhexidine 

Chlorhexidine (CHX) is a broad-spectrum anti-microbial agent, and an inhibitor of 

proteolytic activity of matrix metalloproteinases MMP-2, MMP-8, and MMP-9. 23 As an MMP 

inhibitor, CHX was applied as a pre-treatment and found to have no immediate effects on bond 

strength, but maintained the strength of the bond after six months. 19 Similarly, chlorhexidine 

was applied to normal dentin (not caries affected) which resulted in preservation of the bond 

strength after six months of storage in artificial saliva. 24 CHX concentration was found to be a 

factor; a concentration of 0.05% CHX was not effective while concentrations of 0.1%, 0.5% and 

1.0% had similar effects on bond strength. 25 The results of a review of the literature suggest the 

use of 2% CHX for 60 seconds after etching with phosphoric acid. 5 Using self-etch adhesive 

system, a new method was developed to have CHX replace component A of self etch system, 

and showed no significant effects on microtensile bond strength (mTBS) after 6 months of 

storage. 26 

4 

https://storage.26
https://1.0%hadsimilareffectsonbondstrength.25
https://strengthaftersixmonthsofstorageinartificialsaliva.24
https://strength,butmaintainedthestrengthofthebondaftersixmonths.19
https://proteolyticactivityofmatrixmetalloproteinasesMMP-2,MMP-8,andMMP-9.23


 

         

 

 

    

 

 

 

 

 

  

  

  

 

   

  

 

   

  

 

   

 

  

  

   

  

   

 

   

  

 

 

 

     

 

  

 

 

 

 

   

 

 

 

   

 

    

   

 

  

 

 

    

  

 

  

 

   

 

 

 

 

 

  

 

    

  

 

 

 

 

   

 

 

    

  

  

  

  

 

           

  

 

 

 

 

 

   

  

 

  

 

 

 

    

  

 

  

  

 

 

 

   

  

 

 

 

 

 

   

 

 

  

  

  

 

 

 

 

 

 

Table 2 Summary of studies that used CHX 

CH 

X 

stud 

y 

Author Year Concentration Application 

mode 

bond 

tests 

Storage 

duration 

Results 

1 Jianfeng 
25 Zhou

2009 0.1%, 0.5% 

and 1.0% 

In primer of 

self-etch 6th 

gen. 

M.TBS over 12 

mo. 

Preserved bond 

strength CHX 

<0.1% did not 

preserve B.S. 

2 24 Komori 2009 2% CHX 

(60 seconds) 

Separate 

primer. 

M.TBS 6 mo. Preserved bond 

strength 

3 EH 

Mobarak 
27 

2011 2% or 5% 

CHX 

Separate 

primer 

Microsh 

ear bond 

strength 

24 mo. Diminished the 

loss in bonding 

4 Talungchit 

S 
28 

2014 2% CHX for 

30 sec 

Separate 

primer 

M.TBS/ 

Raman 

Spectros 

copy 

12 mo CHX 

preserved 

collagen 

integrity 

5 F.T. Sadek 
29 

2010 2% CHD for 

60 sec 

chlorhexidine 

diacetate 

Separate 

primer 

WW vs EW 

M.TBS 

/TEM 

18 mo EW bonding 

preserved bond 

regardless of 

CHD use 

6 Yesilyurty 
30 

2015 No CHX No CHX M.TBS 12 mo EW did not 

improve BS 

7 Ekambara 

m  
23 

2014 2% CHX for 

60 s 

100% Ethanol 

Separate 

primer 

M.TBS 12 mo Adjunctive 

app. Preserved 

BS. 

8 Yun-Hee 
31 Kim

2012 2% CHX for 

15 sec 

Separate 

primer 

μTBS thermoc 

ycling of 

10,000 

Alleviated the 

decrease in 

bond strength 
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Glutaraldehyde 

Glutaraldehyde has been used as a cross linking agent to stabilize the dentin matrix and 

increase its biodegradation resistance. In a study by Changqi et al. (2012), glutaraldehyde was 

added to the adhesive, resulting in significant enhancement against collagenolytic degradation. 32 

Statement of the Problem: 

Different dentin pre- treatments have been suggested in the literature, and some have been 

shown to be effective in stabilizing the dentin matrix. However, some of these materials have 

only been shown to increase degradation resistance. The effect on bond strength has not yet been 

evaluated. Choosing the best material between these various pretreatments requires comparison 

in terms of bond strength longevity and biocompatibility. 

Objectives: : 

1-Evaluate the effects of using various dentin pre-treatments on shear bond strength. 

2- Identify which dentin pre-treatment can significantly sustain bond strength. 

3- Compare between the effects of grape seed extracts in acid etchant vs. in primer. 

The hypotheses of the study: 

1- There will be a difference in mean bond strength by dentin surface pre-treatment 

method. 

2- Stability of bond strength will vary by category of pre-treatment. 

6 

https://addedtotheadhesive,resultinginsignificantenhancementagainstcollagenolyticdegradation.32


 

 

    

    

            

               

                

                  

            

              

                

                

    

    

             

               

                 

              

             

       

           

MATERIALS AND METHODS: 

1- Specimen preparation: 

One hundred and twenty bovine mandibular incisors were collected. The incisors were 

used within one month of extraction and stored in an aqueous disinfectant (0.5% chloramine T 

solution at 4°C) until ready to be used. A slow-speed saw (Isomet, Buehler, Lake Bluff, IL, 

USA) with a diamond disk under cooling water was used to separate the crowns from the roots at 

the CEJ level. The sectioned crown specimens were embedded in a chemically-polymerized 

methacrylate (Fastray, HJ Bos- worth, Skokie, IL, USA) with the facial surface exposed. The 

exposed surface was ground flat on a model trimmer until superficial dentin was revealed. A 

uniform smear layer was then created on the dentin surface utilizing wet 600 grit silicon carbide 

grinding paper (Buehler). 

2- Adhesion procedures: 

The specimens were placed on a specially fabricated bonding jig (Ultradent) using a 

cylindrical mold 2.38 mm in diameter. The mold was filled with resin composite (Herculite Ultra 

from Kerr Dental CA, USA) in a single increment no greater than 2 mm. All the composites 

were of the same shade (A2) and were placed following manufacturer’s instructions. The dentin 

specimens were randomly divided into 6 groups (n=20) according to pre-treatment protocols: 

1- control (regular bonding with no pre-treatment) 

2- regular etch + chlorhexidine + primer + bonding + composite 
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3- GSE treatment in etchant (2 wt% GSE powder dissolved in 20 wt% ethanol solvent that is 

mixed with 10 wt% phosphoric acid etchant for 30s) + Kerr primer + bonding + composite 

Concentrations of etch and PA are based on data from (Addition of GSE renders Phosp. A 

collagen stabilizing agent (Liu et al, 2014) 16 

4- regular etch + 2.5 wt % GSE in Kerr primer + bonding adhesive +composite resin. 

Concentration of primer is based on data from Proanthocyanidins Rapidly Stabilize the 

Demineralized Dentin Layer (Liu et al, 2013) 22 

5- GSE etch + chlorhexidine + primer + bonding adhesive +composite resin. 

6- Regular etch + Chlorhexidine pretreatment + GSE in Kerr primer + bonding adhesive 

+composite resin. 

Mega Natural Gold GSE powder was donated by the manufacturer (Polyphenolics, 

Madera, CA, USA). Chlorhexidine used in the study was 2 % Consepsis (Ultradent Products 

Inc., South Jordan, UT, USA). 

3- Shear bonding strength test: 

After 24 hours of storage time, half of the specimens (10) of each group underwent shear 

bond strength tests using the testing machine (Ultratester, Ultradent) at a cross head speed of 1 

mm/ min with a load cell of 1000 lbs (453.6 Kg). The bond strength was recorded in MPa. The 

remaining half for each group were thermocycled for 10,000 cycles between +5 and +55°C 

(10,000 cycles correspond to approximately one year of clinical service) 33 before shear bond 

8 



 

   

       

            

       

  

     

                 

             

               

               

               

              

               

              

         

           

             

             

  

              

                

strength testing. 

4- Analysis of Failure Mode: 

Mode of failure was analyzed by stereoscopic zoom microscope (Nikon SMZ-U, Nikon, 

Japan) for the 24H tested groups. 

RESULTS: 

Shear Bond Strength (SBS): 

Four –way ANOVA for SBS by group is shown in Table 3. There was a significant 

three-way interaction among primer, thermocycling, and CHX (F1,108 = 4.92, p=.029). The three-

way interaction effect indicates that type of primer used and thermocycling also depend on the 

use of CHX. For the manufacturer’s primer (brown and blue lines), mean bonds were stronger 

than for the GSE primer (green and purple lines), regardless of thermocycling or whether CHX 

was used. However, for these groups, bond strength decreased for those using CHX and 

increased for those not using CHX after thermocycling. For those groups using GSE primer, the 

opposite was true: bond strength increased for samples treated with CHX, and decreased for 

those not treated with CHX after thermocycling. (See Fig.1) 

There was a significant two-way interaction effect between etchant and thermocyclying 

(F1,108 = 8.00, p=.006). Samples etched with the manufacturer’s etchant showed lower mean 

bonds after thermocycling, whereas those etched with GSE showed higher mean bonds after 

thermocycling. 

In addition to the interaction effects, there were significant main effects for both etchant 

(F1,108 = 5.52, p=.021) and primer (F1,108 = 5.52, p<.001). Samples etched with the GSE etchant 
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(n=40) had a significantly higher mean bond than those etched with the manufacturer’s etchant, 

but a higher mean bond resulted from using the manufacturer’s primer than the GSE primer. 

Table 3. Results of four-way ANOVA: effects of etching material, CHX pre-

treatment, type of primer and aging on shear bond strength (MPa). 

Source df SS MS F P 

Etchant 1 218.791 218.791 5.517 .021 * 

CHX 1 2.116 2.116 .053 .818 

Primer 1 1067.260 1067.260 26.914 .000 * 

TC 1 2.368 2.368 .060 .807 

Etch * CHX 1 8.256 8.256 .208 .649 

Etch * TC 1 317.206 317.206 7.999 .006 * 

CHX * primer 1 40.613 40.613 1.024 .314 

CHX * TC 1 27.115 27.115 .684 .410 

Primer * TC 1 105.340 105.340 2.656 .106 

Etch * CHX * TC 1 48.205 48.205 1.216 .273 

primer * CHX * 

TC 

1 195.313 195.313 4.925 .029 * 

Error 108 4282.753 

Total 120 30188.230 

*Statistically significant at the 0.05 level 

10 
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Figure 1 SBS results of the three-way interaction among primer, CHX, and 

thermocycling 
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Figure 2 Results of the two-way interaction between etchant and 

thermocycling 
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Table 4 Mean (SD) of shear bond strength by group. 

Group Etchan 

t type 

Chlorhexi 

dine 

Primer type Aging Mean 

SBS 

(SD) 

Mean 

total 

Control Kerr 

Etch 

No Kerr primer 24 H storage 18.28 

(6.72) 16.05 

(5.99) Thermo cycling 13.82 

(4.42) 

CHX Kerr 

Etch 

Yes Kerr primer 24 H storage 16.62 

(8.40) 14.12 

(7.56) Thermo cycling 11.60 

(6.04) 

GSE 

Etch 

GSE 

Etch 

No Kerr primer 24 H storage 15.41 

(5.59) 18.71 

(7.88) Thermo cycling 22.02 

(8.69) 

GSE 

Etch + 

CHX 

GSE 

Etch 

Yes Kerr primer 24 H storage 18.14 

(4.73) 18.07 

(4.57 Thermo cycling 18.00 

(4.65) 

CHX + 

GSE 

primer 

Kerr 

Etch 

Yes GSE Primer 24 H storage 5.32 

(3.40) 8.24 

(6.45) 
Thermo cycling 11.7 

(7.82) 

GSE 

primer 

Kerr 

Etch 

No GSE Primer 24 H storage 10.38 

(8.78) 7.32 

(7.05) Thermo cycling 4.26 

(2.63) 

13 
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Figure 3: Mean SBS and standard deviation 

Mode of Failure Analysis 

Both the control and the GSE etched groups showed mixed cohesive fractures in dentin and 

resin. The CHX group and the GSE etched + CHX group showed cohesive fractures in dentin, 

whereas the GSE primer group and CHX + GSE primer group showed adhesive failures. 

14 



 

     

          

            

 

 

           

          

 

Micrographs of fractured samples 

Figure 4: Control group stereomicroscope photograph of fractured dentin side 

shows mixed fracture with some part the resin cylinder is still bonded. 

Figure 5: CHX group stereomicroscope photograph of fractured dentin side shows 

cohesive fracture with resin cylinder area shows the underneath dentin. 

15 



 

 

           

           

 

           

            

 

 

Figure 6: GSE etch group stereomicroscope photograph of fractured dentin side 

shows cohesive fracture with resin cylinder area shows the underneath dentin. 

Figure 7: GSE etch + CHX group stereomicroscope photograph of fractured 

dentin side shows cohesive fracture with resin cylinder area shows the underneath 

dentin. 

16 



 

 

           

            

       

 

          

            

      

 

Figure 8: CHX + GSE primer group stereomicroscope photograph of fractured 

dentin side shows adhesive fracture with resin cylinder area and bonding agent 

layer completely removed showing the underneath dentin. 

Figure 9: GSE primer group stereomicroscope photograph of fractured dentin 

side shows adhesive fracture with resin cylinder area and bonding agent layer 

completely removed showing the underneath dentin. 

17 



 

 

              

              

              

               

                

                

                 

               

              

               

                 

               

             

           

                

                   

                

    

               

                

              

DISCUSSION: 

This study was done to evaluate the effects of incorporating grape seed extract and 

chlorhexidine into the bonding system and compare their effects on shear bond strength after 

aging. Incorporation of GSE in phosphoric acid etch maintained shear bond strength after 

thermal cycling. In contrast, when GSE is incorporated into the primer of a three-steps bonding 

system, the bond strength was negatively affected. It was noticed in this study and in similar 

studies that GSE could stain dentin with a reddish brownish stain which could affect the esthetic 

outcome of the restoration. The degree of staining of dentin when the GSE was applied as a 

primer and left on the surface was more than the staining caused by GSE etchant. 

Shear bond strength tests have been criticized for producing high stresses at the bonded 

interface when compared to tension tests. Also, the stress distributions at the adhesive interface is 

not near homogenous; yet, the test assumes equal force applied to the interface that is required to 

break the bond between the tooth and restoration. 34’35The actual stress can far exceed the 

calculated stress at the stress concentration area. Consequently, the mechanism of shear test 

structure could introduce monolithic fracture, making cohesive failure the predominant fracture 

pattern. However, SBS tests are still used due to their relative simplicity. 35 The present study 

used a rod that is considered to distribute less stress on the interface than a chisel edge of similar 

crosshead speed. The bonded area has an effect too; small bonded areas tend to have higher 

bonding strength. 36 

The mean SBS of the control group was comparable to a similar study which used 

Optibond FL. 37 However, in that study, the mean SBS of bovine dentin bonded with Optibond 

FL dropped approximately to half after thermal cycling, while Clearfil SE Bond doubled its 
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initial SBS after thermal cycling. 37 Also, Rüttermann et al. did a study on bovine teeth on both 

enamel and dentin, but used molars and Optibond FL; the mean SBS for dentin was 16 mPa at 24 

hours. 37 The mean of the control group of our samples was 16 MPa as well. Analysis of failure 

mode revealed that use of GSE in the primer results in adhesive failures consistent with the lower 

SBS values. 

The characteristics of proanthocyanidins are that they are potent cross linker, antioxidant, 

and low toxicity. 38 The application of proanthocyanidin as a separate primer can be time 

consuming as it’s left for one hour which can be clinically inapplicable.38 The other option for 

proanthocyanidin application is to incorporate it in the adhesive to have it persist in the hybrid 

layer for a prolonged time and boost the amount of collagen cross-linking. In the GSE primer 

group we have encountered premature failures in up to about half of the group samples which did 

not make it to the ultra tester machine. The bonding strength for GSE primer group was expected 

to be low, so we started with 15 wt. % concentration which did not generate any bonding. The 

lower concentration was 2.5 wt. % which yielded similarly lower bonding strength when 

compared to the control and other groups. There could be two explanations for this phenomenon. 

First, GSE is a strong antioxidants and may interfere with the polymerization of the resin. 

Second, even with lower concentration the primer mixture could be too thick to flow and wet the 

etched dentin surface. A similar study has shown that a 3% concentration of GSE could 

adversely affect dentin bonding. However, 2% GSE did not interfere with bonding or have any 

adverse effect. 38 

This study was done with bovine teeth; as sound human teeth are not readily available in 

the amount required for laboratory studies.39 Micro-morphology study showed that the number 

of dentinal tubules of bovine teeth is similar to human dentin. 40 Sano et al. found that the 
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mineralized or demineralized dentin has similar ultimate tensile strength or modulus of 

elasticity.41 According to Soares, bovine teeth can be a reliable substitute for human teeth for 

bond testing studies of adhesive systems for enamel and dentin substrates. 39 The results of this 

study found an effect of thermal cycling on bond strength of aged and non aged groups. Thermal 

cycling is used very frequently as artificial aging technique to imitate intra-oral thermal stresses 

by subjecting the samples to severe temperature variations, thus fostering shrinkage and 

enlargement of the material. 42 The interface between the tooth and the filling is a junction of 

two different materials which have different coefficients of thermal expansion and contraction, 

which generate stresses that may affect bond strength. 42 Also, thermal cycling can generate 

thermal stresses and lead to development of micro cracks in the matrix of resin/filler joint. These 

micro cracks could end in the fracture of resin matrix, exposure of filler particle of the composite 

and increased surface roughness. 43 

Acid etching increases the hydrophilicity of dentin. 44 The ingredients of current adhesive 

systems need to link between the hydrophilic dentin and the hydrophobic resin polymer. The 

amphiphilic component of the hybrid layer is prone to hydrolysis. 45 GSE has been shown to 

increase the contact angle of water making the dentin less hydrophilic when used as a cross 

linking primer after acid etch. 14 Conversely, aqueous chlorhexidine did not make a difference in 

contact angle of caries affected dentin and sound dentin, although, ethanol wet or ethanol- based 

1% chlorhexidine resulted in smaller contact angles for non-carious dentin.46 Water content (v/v) 

of acid etched (demineralized) dentin is three times greater than that of normal dentin. 47 

The current study was done on bovine teeth and in-vitro. Obviously, the human oral 

environment has more challenges, such as chewing, different kinds of foods and drinks, and 

salivary enzymes. Additionally, more research is needed with different bonding agents or 
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different types of resin. 

CONCLUSION: 

The addition of GSE into Kerr primer negatively impacted the bond strength of 

composite to dentin. Thermocycling did not decrease the shear bond strength of GSE etched 

dentin; 2% chlorhexidine surface pretreatment did not affect the mean shear bond strength of 

dentin at 24h storage or after thermal cycling. 
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Table 5 Composition and handling of Materials Used in the study 

To dispense OptiBond FL Bottle 

delivery: 

. Guidelines for bonding to 

enamel and/or dentin 

using the Bottle delivery 

system:   

Composition/information on 

ingredients 

% 

. Dispense one drop of . Isolate prep and dry.   glass, oxide, chemicals 30-60 

OptiBond FL Prime into . Place Kerr Gel Etchant* with  2-hydroxyethyl methacrylate  10-30 

disposable mixing well. 37.5% phosphoric acid on ytterbium trifluoride  10-30 

  enamel  and dentin for 15 3-trimethoxysilylpropyl 5-10 

. Dispense one drop of OptiBond 

FL Adhesive into 
seconds. Rinse with water 

until etchant has been 

methacrylate 

2-hydroxy-1,3-propanediyl 

5-10 

disposable mixing well. 

  
. Use applicator brush to apply 

primer first and adhesive 

second.   

completely removed – 

approximately 15 

seconds. Gently air dry 

for a few seconds being 

careful not to desiccate 

dentin.   
. Dispense OptiBond FL Prime 

(Bottle #1) into 

disposable mixing well. 

Apply material over 

enamel and dentin 

surfaces with a light 

scrubbing motion for 15 

seconds. Gently air dry 

for approximately 5 

seconds. At this point the 

dentin surface should 

have a slightly shiny 

appearance. Do not allow 

salivary contamination. 

. Dispense and apply OptiBond 

FL Adhesive (Bottle #2) 

over enamel and dentin 

uniformly creating a thin 

coating. Blow to margin 

or to thin if necessary 

using a light application 

of air.   
. Light cure **.   
. Proceed with composite 

placement.   
.   

bismethacrylate 

alkali fluorosilicates(Na) 

FL Prime (1) HEMA, GPDM, 

mono (2-methacryloxy ethyl) 

phthalate (PAMM), ethyl 

alcohol, camphorquinone, and 

water. 

FL Adhesive (2) BIS-GMA, 

HEMA, barium aluminum 

borosilicate glass (0.6μ particle 

size), fumed silica, disodium 

hexafluorosilicate, glycerol 

dimethacrylate, and 

camphorquinone. 

1-5 
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Table 6: Summary of Material Used in the study 

Materials used 

Material and Manufacturer Type Lot# 
Expiration 

date 

GSE powder from 

Polyphenolics 
Mega Natural Gold 5244001 08-2018 

OptiBond FL Primer bottle 

from Kerr 

Primer bonding 

agent 
325774 07 - 2019 

OptiBond FL Adhesive 

bottle from Kerr 

Adhesive bonding 

agent 
5263268 07 - 2019 

Herculite Ultra from Kerr Composite U21319 04 - 2019 

Kerr Gel Ethant 
37.5% phosphoric 

acid gel 
BBY5S 06-2020 

Consepsis (Ultradent) 
2.0% chlorhexidine 

gluconate solution 

Conflict of interest  

The author declares no conflict of interest. 
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