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Abstract: Aim: This study evaluates the Nano-leakage of 3 different composite restorations.  

Materials and Methods: Group-A:  Silorane Composite Resin (Filtek Silorane, 3m Espe) bonded with 

Silorane Adhesive; n=5. Group-B: Nano-Composite (Ceram X Nano) bonded with two Step Self-Etch 

Adhesive; n=5. Group-C: Giomer bonded with two Step Self-Etch Adhesive; n=5. 15 extracted 

premolars were taken class V cavity preparations were made on the buccal surfaces of the teeth. All 

the cavities in group A were restored with silorane composite. Group-B was restored with nano-

composite, Group-C with giomer and bonding agent used were self etch primer. Nano-leakage 

patterens were then viewed under SEM (Scanning Electron Microscope)   

Results: Silorane shows lesser silver uptake than other two composite restorations. There was 

statistically significant difference between Nano-leakage of group- A, group- B and group- C. 

Discussion: Silver nitrate solution 50% (w/v) (AgNO3) is the most used tracer for evaluation of the 

nanoleakage phenomenon. This solution can penetrate the dentin due to the small silver ion size. 

Silorane is Biocompatable, Hydrophobic and  low – shrinking posterior restorative material. Silorane 

adhesive consists of self etch primer and a adhesive bonding. The silorane bonding agent is a self etch 

adhesive which is easy to use and has low technique sensitivity. The silorane resin is more 

hydrophobic than conventional methacrylate resins - results in reduced water uptake.  

 Conclusion: It is generally accepted that heavy silver uptake along the interfacial layer and in the 

adhesive layer can be due to imperfect resin infiltration, retained water or other solvent, poor 

polymerization, or phase separation. 
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I. Introduction 
In the past 15yrs a dramatic improvement in adhesive technology and resin composite formulations has 

occurred
 [1]

. The utmost goal of bonded restorations is to achieve a marginal and internal seal 
[4]

. 

The term nano leakage was introduced by Sano, et al in 1995
[13] 

to describe a specific type of leakage, 

which exists even in the absence of marginal gaps. This leakage occurs laterally, through sub-microns porosities 

(estimated to be about 20 to 100mm in width) at the base of hybrid layer, which have not been left poorly 

polymerized
 [14, 15]

. This de-mineralized but not fully hybridized dentin layer can be considered a weak point in 

the adhesion mechanism that could allow dentinal fluid to slowly permeate the interface, and this is believed to 

degrade the adhesive resin 
[13]

. 

Silver nitrate solution 50% (w/v) (AgNO3) is the most used tracer for evaluation of the nano-leakage 

phenomenon. This solution can penetrate the dentin due to the small silver ion size (0.059) nm in diameter 
[3]

. 

Contrasting the size of this ion with the size of some bacteria (0.5-1.0µm) 
[16] 

yields considerable information 

about the results obtained in evaluating the Nano-leakage phenomenon. 

Two major properties of dental composites that have still to be improved are their polymerization 

shrinkage and related polymerization stress. Both parameters contribute to different clinical challenges such as 

reduced marginal integrity and post-operative sensitivity. Imperfect margins result in marginal staining and 

eventually secondary caries, and represent the most important reason for the replacement of existing insufficient 

composite fillings. Polymerization shrinkage also leads to cuspal displacement and even up to cracks in healthy 

tooth structure.  

Two main strategies to reduce polymerization shrinkage: 

 Reduction of reactive sites per volume unit. 

 Reduction of shrinkage using different types of resin. 

 

The density of reactive sites per volume unit can be reduced principally in two ways: 

 By increasing the molecular weight per reactive group. 
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 By increasing the filler load. 

 

This aim of the study was to evaluate the Nano-leakage of 3 different composite restorations. 

 

II. Materials And Methods 
 Three commercially available composites were used in this study. 15 extracted premolars were taken, 

and randomly assigned into 3 different groups. Group-A:  Silorane Composite Resin (Filtek Silorane, 3M Espe) 

bonded with Silorane Adhesive; Group-B: Nano-Composite (Ceram X nano) bonded with two Step Self-Etch 

Adhesive; Group-C: Giomer bonded with two Step Self-Etch Adhesive. Class V cavity preparations were made 

on the buccal surfaces of the teeth. Standardized saucer shaped cervical cavities (2.0mm high, 2.0mm wide were 

and 2.0mm deep) with cervical margins located in dentin were cut on buccal and lingual surfaces of teeth. 

Diamond burs were used for cavity preparation. Hand cutting instruments were used to provide adequate cavity 

finishing. Group-A: Application of silorane system adhesive self etch primer for 15secs with black micro-brush, 

followed by gentle air dispersion and 10secs of light curing, then adhesive bond applied by gentle air dispersion 

and 10secs of light curing. Placement of filtek silorane low shrink composite resin (3m Espe) and 20secs of light 

curing (Elipar free light) Group B and C were bonded by two step self etch adhesive followed by nano-

composite and giomer restorations and light cured. Teeth were coated with nail varnish leaving 1mm around the 

restoration and placed in ammonical silver nitrate solution for 24hrs after removing from photo-developing 

solution, the specimens were rinsed under running water for 5mins
[5].  

Teeth were sectioned bucco- lingually 

through the center of restorations by using a low speed diamond saw. The specimens were dried mounted on 

aluminum stubs and sputter-coated with Au-Pd. The nano-leakage patterns were observed by scanning electron 

microscopy using the backscattered electron image mode.  
 

III. Results 
 Total no of teeth included and excluded were presented in table 1. The mean and standard deviations 

and statistical significance of percentage of silver penetration for three adhesive systems are presented in table 2. 

Anova presented in table 3. Regarding the nano-leakage depth at 24 hrs, there is statistically significant 

difference between group-A, group-B and group-C. Giomer showed higher penetration depth of silver ions than 

nano-composite and silorane (p≤ 0.05). Nano-composite showed higher penetration depth of silver ions than 

silorane (p≤ 0.05). No water trees were found in any of the restorations.  

 

 

Cases 

Included Excluded Total 

N Percent N Percent N Percent 

NANOLEAKAGE  * 

GROUP 

15 100.0% 0 .0% 15 100.0% 

 

Table – 1 Total No of Cases 

Group Mean N Std. Deviation 

Silorane .40 5 .548 

Nano composite 1.80 5 .837 

Giomer 3.00 5 .707 

Total 5.20 15 2.092 

 

Table – 2 Mean and Standard Deviation 

Silorane showed least nano-leakage when compared with Nano-Composite and Giomer. 

Group Sum of Squares df Mean Square F Sig. 

Between Groups 7.583 4 1.896 7.845 .004 

Within Groups 2.417 10 .242   

 

Table – 3 Anova 
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IV. Discussion 
 Nano-leakage of composite restorations occurs because of stressed placed along the tooth / restoration 

interface from polymerization shrinkage, temperature fluctuations in oral environment and mechanical fatigue 

through repetitive masticatory loading 
[16]

.
 
Despite their different formulations, adhesive systems should be able 

to provide adequate cavity wall-resin interface sealing. The adhesive systems are composed of a distinct 

association of hydrophilic and hydrophobic monomers dissolved in an organic solvent such as water, ethanol or 

acetone. The adhesive mechanism includes dentin surface de-mineralization either by phosphoric acid solutions, 

or by self-etch primers. The nano-spaces created on the collagen mesh after etching filled with resin monomers 

that co-polymerize in situ, creating the so called hybrid layer. 

 The term nano-lekage was introduced by Sano, et al in 1995
[13]

 to describe a specific type of 

leakage, which exists even in the absence of marginal gaps. This leakage occurs laterally, through sub-microns 

porosities (estimated to be about 20 to 100mm in width) at the base of hybrid layer, which have not been left 

poorly polymerized
 [14, 15]

. This de-mineralized but not fully hybridized dentin layer can be considered a weak 

point in the adhesion mechanism that could allow dentinal fluid to slowly permeate the interface, and this is 

believed to degrade the adhesive resin 
[13]

. 

Silver nitrate solution 50% (w/v) (AgNO3) is the most used tracer for evaluation of the nano-leakage 

phenomenon. This solution can penetrate the dentin due to the small silver ion size (0.059 nm in diameter
[3]

. 

Contrasting the size of this ion with the size of some bacteria (0.5-1.0µm)
[16]

 yields considerable information 

about the results obtained in evaluating the Nano-leakage phenomenon. 

NaOCl is a well-known non-specific proteolytic agent and its collagen removal ability has been 

evaluated. Recent studies reported that collagen removal with 10% NaOCl prevented the nano-leakage 

phenomenon
 [17, 18]

. According to previous studies this nano-leakage patterns represents discontinuous islands of 

silver deposits within the hybrid layer, and could be related to water removal from dentin-resin interface, instead 

of incomplete adhesive infiltration. 

 

V. Conclusion 
Long term further clinical evalutions are needed to further conclude the nano-leakage phenomenon. 
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