
ISSN: 2320-5407                                                                                Int. J. Adv. Res. 6(10), 1165-1179 

1165 

 

Journal Homepage: -www.journalijar.com 

 

 

 

 

Article DOI:10.21474/IJAR01/7920 

DOI URL: http://dx.doi.org/10.21474/IJAR01/7920 

 

RESEARCH ARTICLE 

 
EVALUATION OFMICROTENSILE BOND STRENGTH AND NANOLEAKAGE AFTER DOUBLE 

LAYER ADHESIVE COATING APPLICATION USING BULK FILL COMPOSITE. 

 

Labib Mohamed Labib
1
, Sameh Mahmoud Nabih

2
 and Hamed elkady

3
. 

1. Lecturer atdepartments of Restorative Dental Sciences and Preventive Dental Sciences, Alfarabi Colleges, 

Riyadh, Kingdom of SaudiArabia.  

2. Department of Operative Dentistry, Al‑Azhar University, Cairo, Egypt.  

3. Lecturer at department of Operative Dentistry, Al‑Azhar University. 

…………………………………………………………………………………………………….... 

Manuscript Info   Abstract 

…………………….   ……………………………………………………………… 
Manuscript History 

Received: 13 August 2018 

Final Accepted: 15 September 2018 

Published: October 2018 

 

Keywords:- 
Energy Dispersive X-ray spectrometry, 

Filtek Bulk fill composite resin, 

Heliobond, Scanning Electron 
microscope, Scotch bond universal. 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aim:The present study used toevaluatenanoleakage and microtensile 

bond strength after double layer adhesive coating application. The 

tensile bond strength of an adhesive system is mostly influenced by the 

hybrid layer, followed by resin tags in the dentinal tubule and finally by 

chemical bonding. However, porosities can be observed at the bottom 

of hybrid layers. This phenomenon was termed “nanoleakage” Sano et 

al,They had seen incomplete penetration of hybrid layers during 

adhesive bonding techniques.Thenanoleakage effect has been discussed 

to be one factor negatively affecting the quality of dentinal bonding. 

Influence of nanoleakage on microtensile bond strength was 

determined using different visualization techniques. For instance, 

resin–dentin specimens were prepared and immersed in silver nitrate 

that penetrated into nanoleakage. Subsequently, specimens were broken 

at the adhesive interface (commonly using tensile testing), and 

nanoleakage was visualized indirectly on the exposed surface using 

scanning electron microscopy (SEM). It has been postulated that, 

between polymerization shrinkage and microtensile bond strengths 

( TBS) a highly significant correlation was found because forces 

developed during the polymerization of dental restorative composites 

placed in a restricted setting, cause tension in the material, with 

possible subsequent distortion of the bond to the tooth. 

Material and methods: 40 human molars stored in deionized water 

will used. Teeth will be divided into four equal groups according to 

application mode (self-etch vs. Etch-and-rinse mode). group A: using 

filtek
TM

 bulk fill with single bond universal adhesive (self-etching 

mode), then application of hydrophopic resin coating (Heliobond). 

group B: using filtek
TM

 bulk fill with single bond universal adhesive 

(self-etching mode), without application of hydrophobic resin coating. 

group C: using filtek
TM

 bulk fill with single bond universal adhesive 

(etch and rinse mode), then application of hydrophobic resin coating. 

group D: using filtek
TM

 bulk-fill with single bond universal adhesive 

(etch-and-rinse mode), without application of hydrophobic resin 

coating.  
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Results: It was found that the filtek
TM

 bulk fill composite with self-etch 

mode application of adhesive followed by coating application revealed 

the highest mean µ-TBS value (41.9 MPa) followed by filtek
TM

 bulk 

fill composite with self-etch mode application of adhesive without 

coating application (39.7MPa). Filtek
TM

 bulk fill with self-etch mode 

followed by coating, showed the highest Nanoleakage results (55.4%), 

while Filtek
TM

 bulk fill with etch-and-rinse mode followed by coating, 

showed the lowest Nanoleakage results (39.9%).Conclusion: multiple 

consecutive coating during dentin bonding improved the bond strength 

for etch-and-rinse adhesive and reduced nanoleakage due to increases 

in the amount of resin impregnation within the hybrid layer. 

Nevertheless the better performance of the bulk-fill composites, all 

clinician should not consider that the bulk-fill composites are perfect 

substitutes for conventional composites. 
 

                 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The tensile bond strength at tooth restoration-interface is mostly influenced by the hybrid layer, followed by resin 

tags in the dentinal tubule 
[1,2]

. However, porosities can be observed at the bottom of hybrid layers. This 

phenomenon was termed “nanoleakage” in which incomplete penetration of hybrid layers during adhesive bonding 

techniques 
[3]

. Silver nitrate used to detect nanoleakage around composite resin restorations 
[4]

. The low molecular 

weight silver nitrate tracer diffusion is similar to that of water and has been used to trace nanometer-sized water-

filled spaces or “nanoleakage” within bonded interfaces, examination used scaning electron microscope
[5,6]

.Several 

factors have a positive effect on the development of nanoleakage, including the type of solvent 
[7,8,9,10]

. It has been 

pointed out that the defective dentinal sealing and fluid conductance across resin-bonded dentin may be significantly 

affected by the solvent used to saturate the acid-etched dentin
[11,12]

.New resin adhesives contain more acidic 

hydrophilic monomers, that already have higher amounts of water to increase monomer pollinate into wet dentin, 

this decrease the degrees of polymerization of adhesive resin. This leadsto increased amount of silver uptake into the 

hybrid and adhesive layers (increased micropermability). Different visualization techniques used to detect the Effect 

of nanoleakage on microtensile bond strength. Resin–dentin beams were prepared thin immersed non-destructively 

in silver nitrate that penetrated into nanoleakage. Then the specimens were broken at the adhesive 

interfaceandnanoleakage was analyzed on the exposed surface using scanning electron microscopy 
[5,6]

.It has been 

revealed that, there isa highly significant correlation was found between polymerization shrinkage and microtensile 

bond strengths ( TBS) because forces developed during the polymerization of dental restorative composites placed 

in a restricted setting, cause tension in the material, with possible subsequent debonding at the tooth-restoration 

interface
[13]

. Furthermore, the quality of the bond between tooth and restorative materials could, also, be affected by 

the incompatibility between adhesive and restorative material as well as by the surface tensions of the two 

components coming into contact with each other 
[14]

.The polymerization shrinkage of composites is also influenced 

by the geometric form of the cavity. When the ratio between the bounded to unbounded surfaces is higher than two, 

the stress generated by the composite shrinkage may exceed the bond strength to the cavity walls and produce 

marginal gaps
[15]

. When these problems are added to an incorrect placement technique and finishing mistakes, 

marginal leakage, inadequate anatomic form and proximal contacts occur clinically, which lead to a consequent 

reduction in the longevity of the restoration 
[16,17]

.  

 

Materials and methods:- 
The study was an in vitro study conducted in Al-Azhar University for three years.Filtek

TM
 Bulk Fill, shade A1, it is a 

visible light-curing posterior restorative resin based composite. Scotchbond Universal Adhesive also known as 

Single Bond Universal, Hydrophobic resin coating (Heliobond). 

 

Specimen preparation:  

A flat occlusal dentin surface was exposed in all teeth. The exposed dentin surfaces were further polished to 

standardize the smear layer 
[18]

.The adhesive systems were applied according to the respective manufacturer‟s 

instructions. Resin composite was built up in oneincrement then light-cured for40 s using a LED light-curing unit set 

at 1200 mW/cm
2
 (Radiical, SDI Limited, Bays water, Victoria, Australia).the specimens were sectioned 
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longitudinally in mesio-distal and bucco-lingual directions across the bonded interface with a slow-speed diamond 

saw (Isomet, Buehler Ltd., Lake Bluff, IL, USA) to obtain resin–dentin beams with a cross sectional area of 

approximately 1 mm
2
(Fig A) measured with a digital caliper (Digimatic Caliper, Mitutoyo, Tokyo, Japan)(Fig B).  

 

Regarding group A: 

Regarding subgroup A: (self-etching mode), Apply  single bond universal adhesive to the entire preparation with a 

micro brush (3M, ESPE,USA) and rub it in for 20s. Air spread gently over the liquid for about 5s till no longer 

moves and the solvent is evaporated completely. Light-cure for 10s, then apply a very thin layer of Heliobond with a 

microbrush on the dental surface. Apply air to achieve an optimally thin layer. Light-cure applied for 10s. Then 

filtek
TM

 bulk fill composite resin crowns were built up in one increment and cured using a light-cured for 40 s using 

a LED light-curing unit.  

 

Regarding group B: 

The same technique used in group A with one exception Heliobond will not applied.  

 

Regarding group C: 
(etch-and-rinse mode) using etchant (37% phosphoric acid gel) for 15s, rinse for 10s, Air dry 5s, Apply single bond 

universal adhesive, Heliobond and filtek
TM

 bulk fill composite resin crowns were built up in one increment as 

mentioned before.  

 

Regarding group D:  

The same technique used in group C with one exception Heliobond will not applied. 

 

Testing procedures: 

For microtensile bond strength (µTBS): 
The resin–dentin bonded beam tested under tension (Model5565, Instron Co., Canton, MA, USA) at 0.5 mm/min 

until failure. The µTBS values were calculated by dividing the load at failure by the cross-sectional bonding area 
[19,20]

. The µTBS values (MPa) of all beams from the same tooth were averaged for statistical purposes. 

 

For nanoleakageanalysis: 

The beams were placed in an ammonical silver nitrate solution in darkness for 24 h 
[21]

, and immersed in photo 

developing solution for 8 h under a fluorescent light to decrease silver ions into metallic silver grains. Resin–dentin 

interface were analyzed with a scanning electron microscope (Philips, XL 30, Eindhoven, The Netherlands)also 

analyzed using Energy dispersive X-ray spectrometry (EDX Philips, XL 30 W/TMP, Eindhoven, The 

Netherlands)The micrograph was taken in the center of the beam
[21]

. The mean NL (%) of all beams from the same 

tooth was averaged for statistical purposes. Comparison between the twelve different groups was made using four-

dimensional mapping which was performed over 100 mm x 100 mm areas across the resin-dentine bonded interface, 

these areas covered the adhesive layer. The hybrid layer and un-affected dentine were visualized at 1000x 

magnification. Amount of silver grains that was penetrated at resin-dentin interface was calculated and statistically 

analyzed through energy levels of EDX analysis
[22]

. 

 

Statistical analysis:  

Data analysis was performed in several steps. Initially, descriptive statistics for each group results. Multi-factorial 

ANOVA was used to detect effect of each variable (composite groups, adhesive type, application mode and resin 

coating). One way analysis of variance ANOVA was done between all subgroups. Student t-test was performed to 

detect significance between coat subgroups. Statistical analysis was calculated using software for Windows 

(Campina Grande, Paraiba state, Brazil). P values ≤0.05 are considered to be statistically significant in all tests. 

 

Results:- 
µ-Tensile bond strength (µ-TBS):  

Comparison of µ-tensile bond strength results between all groups as function of adhesive type, resin coating with 

self-etching application mode are summarized in Table/Fig 1representatethe column chart of µ-tensile bond strength 

mean values for all groups as function of adhesive type, resin coating with self-etching application mode. It was 

found that the filtek
TM

bulk fill composite with self-etch mode application of adhesive followed by coating 

application (SE with coating) revealed the highest mean µ-TBS value (41.9 MPa) followed byfiltek
TM

bulk fill 

composite with self-etch mode application of adhesive without coating application (SE without coating)(39.7MPa).It 
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was found that the filtek
TM

bulk fill composite with self-etch mode application of adhesive followed by coating 

application revealed the highest mean µ-TBS value (41.9 MPa) followed by filtek
TM

bulk fill composite with self-

etch mode application of adhesive without coating application (39.7MPa). 

 

Filtek
TM

 bulk fill (A2);it was found that group with Resin coating recorded statistically non-significant (P>0.05) 

higher µ-tensile bond strength mean value than groups without Resin coating as indicated by paired t-test 

Composite type  Bulk fill (B) P value 

Application mode& 

coating application 

Self-etch with coating 41.9±5.4 0.2127 ns 

Self-etch without 

coating 

39.7±3.5 0.002* 

Etch and rinse with 

coating 

38.6±4.7 0.0276* 

Etch and rinse without 

coating 

34.1±4.9 0.0299* 

Mean± SD 

 

38.6±5.5  

t-test P value <0.0001* 

*; significant (p < 0.05)              ns; non-significant (p>0.05)  

Etch-and-rinse application mode 

With Resin coating;it was found that Filtek
TM

 bulk fill recorded statistically significant (P<0.05) highest µ-tensile 

bond strength mean value 

 

WithoutResin coating; 

It was found that Filtek
TM

 bulk fill recorded statistically significant (P<0.05) highest µ-tensile bond strength mean 

value 

*; significant (p < 0.05)              ns; non-significant (p>0.05)  

For Nanoleakage: 

Nanoleakage results (%) for all composite groups as function of adhesive type, application mode and resin coating 

are summarized in Table/Fig 2representate the column chart of total nanoleakage mean values as function of 

application mode. Regarding different composite groups the Nanoleakage results revealed non statistical significant 

difference. For filtek bulk fill composite the group C (etch-and-rinse with coating) showed the lowest results 

(39.9%) while the group A (self-etch with coating) showed the highest results (55.4%). 

 

Effect ofcomposite material; 

Irrespective of different adhesive (type, application mode) or resin coating, totally it was found that Filtek
TM

 bulk 

fill (recorded statistically significant (P<0.05) highest nanoleakage mean value (46.3±5.49 %) as indicated by chi 

square test.  

Composite type Bulk fill (B) Mean± SD Chi square test (P value) 

 

 

application 

mode& 

coating 

application 

Self-etch with coating 

 

55.4%  

39.94±21.86 0.06 ns 

Self-etch without 

 

48.25%  

48.03±0.32 

Etch and rinse with 

coating 

39.9%  

23.4±23.33 0.101 ns 

Application mode Self-etch(1) Etch&rinse(2) P value 

Composite 

type& coating 

application 

Bulk fill with 

coating 

41.9±5.4 38.6±4.7 0.169 ns 

Bulk fill 

without coating 

39.7±3.5 34.1±4.9 0.035* 

Mean± SD 

 

37.42±7.2 32.0±8.7  

t-test P value 0.0017*  
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Etch and rinse without 

coating 

 

41.78%  

44.84±4.33 

Mean± SD 

 

46.3±5.49   

Chi square test (P value) 

 

0.4679 ns   

*; significant (p < 0.05)              ns; non-significant (p>0.05)   

Effect of application mode on Nanoleakage: 

The results (%) of Nanoleakage with different application mode regarding of adhesive coating application and 

composite type are summarized in the following table: 

 

Application mode Self-etch(1) Etch-&-rinse(2) Mean± SD 

 

Chi square test 

(P value) 

 

Composite 

type& coating 

application 

Bulk fill with 

coating 

 

55.4% 39.9%  

 

 

46.95±9.97 

 

Bulkfill without 

coating 

 

48.25% 41.78%  

45.02±4.57 

 

0.201 ns 

 

40.76±8.48 26.26167±7.7   

Mean± SD 

 

0.001*    

*; significant (p < 0.05)              ns; non-significant (p>0.05)  

Nanoleakage (SEM and EDX analysis): 

Nanoleakage patterns for all composite groups as function of adhesive type, application mode and resin coating are 

summarized as a following; The silver nitrate penetration method, combined with high magnification SEM by 

means of secondary electron or backscattered electron mode was used to provide much better information 

concerning the sealing ability of the restorations and the quality of the hybrid layer. In this study a comparison was 

performed between different four groups and their corresponding adhesive system by the use of Energy-dispersed X-

ray (EDX) spectrum that recorded the amount of silver grains (wt%) presented in area (100-100 µm) at resin dentin 

interface and demonstrated it by Ag peaks. A thin layer of resin composite was used to avoid the possible effects of 

polymerization shrinkage. The length of silver penetration along the interface was not recorded, since this study was 

focused to determine if a variation in the nanoleakage patterns occurred among the materials tested. The results in 

this study demonstrated different leakage patterns depending on the dentin bonding systems tested. However, silver 

ion accumulations were often noted at the base of the hybrid layer for all materials.  

 

GroupA; 

Table/Fig 3 a,b exhibited a highest amount of nanoleakage,with highest  peak of Ag and the amount of Ag shown in 

Table4/Fig-4 was the highest one (55%) compared to the other samples.  

 

Regarding Group B; 

Table/Fig 4a,bthe granules of silverdepositions on the top of the hybrid layer showed that silver uptake was smaller 

than group A. Thisaccommodated with amount of silver (48 wt%). The EDX spectrum demonstrated and identified 

those granules as silver by the sharp Ag peak. 

 

Regarding Group C; 

Table/Fig 5 a,bthe granules of silverdepositions on the top of the hybrid layer showed that silver uptake was very 

smallest, when compared with the other groups this accommodated with amount of silver (39 wt%). The EDX 

spectrum of the granules demonstrated and identified those granules as silver by the sharp Ag peak. 

 



ISSN: 2320-5407                                                                                Int. J. Adv. Res. 6(10), 1165-1179 

1170 

 

Regarding Group D; 

Table/Fig 6 a,b the granules of silverdepositions on the top of the hybrid layer showed that silver uptake was slightly 

decreased than group C. Thisaccommodated with amount of silver (41wt%). The EDX demonstrateand analyze 

those granules of silver by the sharp Ag peak.Overallmicrotensile bond strength (MPa) and overall Nanoleakage 

values (%) are summarized in the (Table/Figure7). Column chart of the mean values of µ-tensile bond strength 

measured in mega Pascal (MPa) with different composite restoration regarding application mode of adhesive and 

coating application. Also this chart show, the results (%) of Nanoleakage with different composite restoration 

regarding application mode of adhesive and coating application. The group A showed the highest µTBS values and 

the highest Nanoleakage values. The group C revealed the lowest µTBS values and high Nanoleakage value. 

 

Discussion:- 
The evaluation of relationship betweenmicrotensile and nanoleakage is an important procedures, further more 

development of adhesive systems that increase microtensile hence minimizing Nanoleakage to optimize dentin 

bonding also is more important. But the influences in marginal discoloration, recurrent caries, post-operative 

symptoms and the longevity of the composite restoration cannot be excluded. 

 

For microtensile: 

Bonding degradation typically occurs with hydrophilic simplified adhesives 
[23,24]

. The demineralized collagen fibrils 

are vulnerable to time-dependent hydrolytic degradation by water, regardless of the bonding strategy. When the 

exposed collagen is not fully encapsulated by the polymerized adhesive monomers, nano-channels are left within the 

hybrid layer and/or demineralized dentin
[25]

, disclosing areas of NL. Adhesive interfaces formed by simplified ER 

and SE adhesives behave as permeable membranes 
[26,27]

. Once cured, SE adhesives allow transudation of dentinal 

fluid to the sur-face where it accumulates as droplets. However, degradationis less frequent when a more 

hydrophobic solvent-free adhesive coating is used 
[28,29]

. HC has been shown to reduce the potential for 

hydrolytically degradation of the bonds andincrease the longevity of resin–dentin interfaces both in vitro and in vivo 
[30,31]

.Regarding hydrophobic resin coating vs. non coating, in our study, the use of HC may improve the mean 

( TBS)for any of the adhesives in ER mode. However, when HC was omitted, this may reduce significantly mean 

TBS for all adhesives. This finding highlights the protective role that a HC may have on the adhesive interface when 

dentin is etched with phosphoric acid. In fact, adhesive for which the respective manufacturer recommends the ER 

strategy, SBU and GBP, resulted in lower NL when HC was used.Perdigão et al. speculated that the SBU have low 

variable nature, this may be due to its water content (10–15% by weight) 
[32]

. the absorbed water may form hydrogen 

bonds with the hydrophilic and ionic domains (i.e. hydroxyl, carboxyl and phosphate groups) present in these 

hydrophilic adhesives 
[33]

.Water is an important component of 1-step self-etch adhesives as it allows their ionization 

and permeation through the smear layer and underlying mineralized dentin 
[34]

.However, the intrinsic hydrophilicity 

of self-etch adhesives jeopardizes their in vitro and clinical performance 
[35]

. The application of HC over SBU 

improved mean ( TBS) for the SE strategy. However, no differences were observed between 24h and 6m mean (  

TBS) for the ER strategy when compared to the group without HC. SBU is an “ultra-mild” self-etch adhesive (pH 

2.7), with a two-fold bonding ability: (1) mechanical-interlocking on dentin surface and (2) chemical interaction 
[36]

. 
Stable calcium-methacryloyloxydecyl dihydrogen phosphate (MDP) complexes 

[37,38]
formed within the partial 

demineralized dentin through nanolayering
[39]

. A second additional chemical mechanism is associated to the 

interaction of a polyalkenoic acid co-polymer (also known as Vitrebond co-polymer, or VCP) with calcium in 

hydroxyapatite
[39]

.This self-adhesiveness may be responsible for the excel-lent long-term performance of 

polyalkenoic-based materials 
[40]

.It is believed that the composition and the resulting mechanical strength of the 

adhesives are better predictors for the immediate bond strength than the acidity of the adhesive. But chemical 

composition may be responsible for extent of diffusion-induced water movement and the amount of water within 

resin–dentin interfaces in the long-term 
[41]

.HC resulted in greater mean µTBS of SBU/SE. The thickness of the 

adhesive layer may have increased 
[41]

 allowing the formation of a more densely packed hybrid layer with improved 

mechanical properties. The HC also increased the mean µTBS of SBU/SE, which may have been a result of 

enhanced adhesive layer hydrophobicity. The adhesive layer becomes less permeable to water movement, and less 

susceptible to water degradation 
[41]

. Coating with a hydrophobic layer may couple more unsolvated hydrophobic 

monomers to the adhesive interface through copolymerization with the uncured adhesive surface, decreasing the 

relative concentration of retained solvent and unreacted monomers, thus enhancing the in situ degree of conversion. 

The monomer conversion continues after the polymerization process has finished, due to continuous propagation of 

free radicals, independently of the water storage conditions 
[42]

. The hydrophobic layer may have protected the post-

polymerization process. In a previous report, a 2-stepmild self-etch adhesive (Opti Bond XTR, Kerr Co., Orange, 
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CA,USA) resulted in higher mean TBS after 6 month water aging, in the same magnitude than the self-etch “golden 

standard” Clearfil SE Bond 
[43]

. This may have been a result of the presence of the hydrophobic resin step in the 2-

step self-etch adhesive, besides and a potential chemical bonding between a functional monomer molecule (GPDM, 

glycerol phosphate dimethacrylate) with calcium in hydroxyapatite. 

 

For Nanoleakage: 

Regarding analysisof NL results for ER and SE, we were unable to find a cause–effect relationship from the 

application of HC, as it occurred for µTBS. Some reductions were observed within groups with HC (SBU/ER). NL 

may be more related to the adhesive infiltration and sealing capability. It is well known that the quality of the resin–

dentin bonds is affected by the extent of resin infiltration into the exposed collagen 
[44,45]

. For ER, peritubular 

hybridization of the resin tags may not occur. For SE, the weakest zone in aged specimens is below the hybrid layer, 

due to poorer polymerization of the monomers within the bottom of the hybrid layer 
[46]

. These findings corroborate 

our NL pattern observations for both ER and SE modes. Even if resin hydrolysis may negatively affect the long-term 

bonding stability, collagen depletion may also occur due to enzymatic degradation. Adhesive chemical formulations 

on both mineralized and demineralized dentin, cause induction and activation of matrix metallo-proteinases 

(MMP‟s) regardless of the bonding strategy 
[47]

. However, MMP‟s activation that subsequently cause degradation, is 

believed to be less destructive for mild SE hybrid layers, than for ER hybrid layers as SE adhesives bond to dentin 

with less demineralization 
[48]

.Regarding effect of bulk-fill composite, the lower shrinkage observed in FBF can be 

explained by the exclusion of the commonly added TEGDMA (286 g/mol), which has approximately half the 

molecular weight of the aforementioned dimethacrylates.Regarding the modulus development, higher modulus 

values were obtained in the high-viscosity composites. This finding is in agreement with the generally reported 

observation that the modulus of composites, which is in direct contrast with the shrinkage, increases with increased 

filler content 
[49,50,51,52]

.The Acoustic emission analysis technique was used by Rayan Kim et al, evaluate the 

debondingbehaviour of composites in human teeth. The quality of the bonded interface can also be assessed by 

confocal microscopy,
[53]

dye penetration,
[54]

microtensile bond strength,
[55]

 and SEM.
[56]

. However, these methods only 

provide post-evaluation of the interface after debonding has already occurred by polymerization shrinkage 

stress.Recent studies using this technique have confirmed that a slower rate of polymerization
[57]

, better bonding 

surface, low-shrinkage composites, and lower C-factor
[58,59,60,61]

,  are strongly associated with better resistance to 

interfacial debonding as evidenced by fewer Acoustic emission analysis (AE) events.The high-viscosity bulk-fill 

composites may not have advantages over the high-viscosity conventional composite. In contrast, compared with the 

low-viscosity conventional composite, the low-viscosity bulk-fill composites showed better performance in terms of 

shrinkage stress and debondingbehavior
[62,63,64]

. Therefore, provided that low-viscosity bulk-fill composites have the 

mechanical properties required to replace dentine for clinical function, the low-viscosity bulk-fill composites would 

save clinical time for filling deep cavities, assuming a 2-mm occlusal space is left for subsequent capping with a 

conventional high-viscosity composite. Recent evidence from a clinical study by van Dijkenet al.
[65-66]

has shown that 

the bulk-fill composite demonstrated comparable clinical outcomes to a conventional incrementally placed 

composite, when the specific bulk-fill composite was placed in bulk, followed by a 2 mm capping with a hybrid 

composite, as per manufacturer‟s instruction
[67,68,69,70]

. However, despite the benefits of the bulk-fill composites, 

since their mechanical properties appear to be lower when compared with conventional composites,clinicians should 

keep in mind that bulk-fill composites cannot entirely replace conventional composites. 

 

Significance: 

This study was done to improve the clinical performance of adhesive application and composite restoration at the 

tooth restoration interface. This had achieved by increase the microtensile bond strength also decrease the 

Nanoleakage at the bottom of the hybrid layer, hence increase the longevity of the restoration which is the main goal 

of each dentist nowadays. 

 

Limitation: 

The Microtensile and nanoleakage measurements might be done by two methods to compare the results and evaluate 

the methodology used in this study. 

Conclusion:- 
Under the conditions of this study and with respect to the materials used, following conclusion could be drawn: 

1.The application of hydrophobic coating enhances the microtensile bond strength (µTBS). 2. Nanoleakage is 

positively affected by the application of hydrophobic coating. 3.The types and composition of the composite filling 

material produces different effects on microtensile bond strength (µTBS) and Nanoleakage. 4. Adhesive application 
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mode has positive effect on microtensile bond strength (µTBS). 5. Although Nanoleakage (NL) pattern is material-

dependent, it seems not to be related with the adhesive strategy. 6.The degree of Nanoleakage (NL) and its location 

depends on the adhesives used. 
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Abbreviations:  

SEM= Scanning Electron Microscope. EDX= energy dispersive X-ray spectrometery. FBF=filtek bulk fill. HB= 

heliobond. SBU= single bond universal. MTBS= microtensile bond strength. NL= Nanoleakage. SE= self-etch 

mode. ER= etch-and-rinse mode. 

 

Trade names: 

The materials, sinle bond universal and filtek bulk fill composite (3M ESPE, St. Paul, MN, USA also Heliobond 

(IvoclarVivadent, Schaan, Liechtenstein) 
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Figure 2 
 

Fig 3 
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Fig.5a 

0
5

10
15
20
25
30
35
40
45

 with coating withoutcating

SE mode

ER mode

m
ic

ro
te

n
si

le
 b

o
n

d
 s

tr
en

g
th

 

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

with coating without

coating

SE mode

ER mode

N
a
n

o
le

a
k

a
g

e 
%

 

Composite resin 

Root  

dentin 



ISSN: 2320-5407                                                                                Int. J. Adv. Res. 6(10), 1165-1179 

1174 

 

 

 

 

 

 

 

 

 

 

Fig.5b 

Representative backscattered SEM images of resin–dentin interfaces (Co = composite resin; HL = hybrid layer; De 

= dentin). For IEC0a slight decrease in NL was observed when HC was omitted (white arrows) Backscattered 

electron image of SEM 29(a) and corresponding EDX spectrum 29(b) of the fractured surface of resin dentin beam 

side. The granules of silver depositions at the bottom of the hybrid layer show that silver uptake was more than ISC, 

due to absence of hydrophobic coating. This accommodated with amount of silver (47.8 wt%) in table 15 at energy 

level (L). 

 

 

Fig 6 a 

 

 
Fig.6b 

 

Representative backscattered SEM images of resin–dentin interfaces (Co = composite resin; HL = hybrid layer; De 

= dentin). For BSC0 a slight decrease in NL was observed (white arrows) when compared to BSC. Backscattered 

electron image of SEM 31(a) and corresponding EDX spectrum 31(b) of the fractured surface of resin dentin beam 

side. The granules of silver depositions on the top of the hybrid layer, showed that silver uptake was highest among 

the all tested groups and this accommodated with amount of silver (48.25 wt%) in table 17 at energy level (L). 

 

  

Fig 7 a 
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Fig.7b 

 

Representative backscattered SEM images of resin–dentin interfaces (Co = composite resin; HL = hybrid layer; De 

= dentin). For BEC an increase in NL was observed when HC was used (white arrows) Backscattered electron 

image of SEM 32(a) and corresponding EDX spectrum 32(b) of the fractured surface of resin dentin beam side. The 

granules of silver depositions at the bottom of the hybrid layer, showed that silver uptake was low when compared 

with BSC, BSC0 tested groups and this accommodated with amount of silver (39.9 wt%) in table 18 at energy level 

(L). 
 

  

Fig 8 a 
 

 

 

 

 

 

 

Fig.8b 

 

Representative backscattered SEM images of resin–dentin interfaces (Co = composite resin; HL = hybrid layer; De 

= dentin). a slight decrease in NL was observed when HC was omitted (white arrows) Backscattered electron image 

of SEM and corresponding EDX spectrum of the fractured surface of resin dentin beam side. The granules of silver 

depositions at the bottom of the hybrid layer show that silver uptake was more than BEC, due to absence of 

hydrophobic coating. This accommodated with amount of silver (41.78 wt%) at energy level (L). 
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Fig 9 

 
Fig 1:-mitotoya digital calipaer 

Fig 2:-resin dentin beam after specimen preparation 

Figure legend 3:-Microtensile bond strength column chart (Mpa) 

Figure legend 4:-Nanoleakage column chartFigure legend 5: SEM & EDX analysis for group A 

Figure legend 6:-SEM & EDX analysis for group BFigure legend 7: SEM & EDX analysis for group C 

Figure legend 8:-SEM & EDX analysis for groupD 

Figure 9:-column chart representate the total effect of both Nanoleakage and microtensile 
 

Table 1:-results of microtensile bond strength test 

Composite type  Bulk fill (B) 

Application mode& 

coating application 

SE with coating 41.9±5.4 

SE without coating 39.7±3.5 

ER with coating 38.6±4.7 

ER wtithout coating 34.1±4.9 

 

Table 2:- results of Nanoleakage analysis 

Composite type Bulk fill (B) 

application mode& 

coating application 

SE with coating 55.4% 

SE without coating 48.25% 

ER with coating 39.9% 

ER wtithout coating 41.78% 

 

Table 3:- amount of silver ions at energy level L between different groups 

Groups element Amount of silver Energy level 

Group A Ag 55.4% L 

Group B Ag 48.25% L 

Group C Ag  39.9% L 

Group D Ag 41.78% L 

 

Table 4:- overall amount for Nanoleakage &microtensile 

Composite type Bulk fill (B) 

application mode& 

coating application 

SE with coating 55.4% 

SE without coating 48.25% 

ER with coating 39.9% 

ER wtithout coating 41.78% 

 Bulk fill (B)  

Application SE with coating 41.9±5.4 
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SE= self-etch                                N=nanoleakage 

ER= etch-and-rinse                       T=microtensile 
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mode&coating 

application 

 SE without coating 39.7±3.5 

 ER with coating 38.6±4.7 

 ER wtithout coating 34.1±4.9 
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