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ABSTRACT

Purpose: This study was designed to evaluate and compare the effect of different 
cavity disinfectants on microleakage and interfacial micromorphology of class V resin 
composite restorations using two adhesive systems. Materials and Methods: Thirty 
six freshly extracted sound maxillary human premolar teeth were selected. Seventy two 
standardized class V cavities were prepared on both buccal and lingual surfaces of the 
selected premolars and randomly divided into three main groups (n=24) according to 
the cavity disinfectant used (A): silver nanoparticles (A1), ozone (A2), both of them 
(silver nanoparticles and ozone) (A3). Each group was subdivided into 2 subgroups 
(n=12) according to the type of the adhesive used (B): total-etch adhesive (B1), self-
etch adhesive (B2). All cavities were restored with resin composite according to the 
manufacturer’s instructions and subjected to thermocycling (500 cycles, 5oC -55oC). 
Ten cavities from each group were examined for microleakage. The interfacial mi-
cromorphology of the remaining 2 cavities was examined by environmental scanning 
electron microscope (ESEM). Data were expressed in scores. Results: There was a 
statistical significant difference between the different groups, where the highest leak-
age scores were found in the silver nanoparticles groups, followed by the combination 
groups (p ≤ 0.05). While the least leakage scores were found in the ozone groups. Also 
the highest leakage scores were more frequent in the self-etch groups as well as at the 
gingival margins of the restorations. Conclusions: Microleakage of class V resin com-
posite restoration is affected by the type of cavity disinfectant; being improved by using 
ozone though deteriorated by using silver nanoparticles. It is better to use the total etch 
adhesive rather than the self-etch one.
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INTRODUCTION

Oral microorganisms that are inadvertently left 
underneath restorations or those invading through 
microgaps between the restoration and the tooth, 
may induce not only secondary caries, but also 
damage the pulp. Therefore, antimicrobial treat-
ment before restoration could be beneficial for the 
success of a restoration (1). Two different bulk fill 
restoration materials were evaluated in Class V 
cavities disinfected by ozone gas in terms of micro-
leakage. It was found that, applying ozone gas as 
a cavity disinfectant didn’t affect Microleakage(2). 
The antibacterial activity of silver nanoparticles 
and their synthesis by chemical reduction method 
were studied. It was found that, the nanoparticles 
of silver showed high antimicrobial and bactericidal 
activity against gram positive bacteria (3). One of the 
major threats to the long-term success of resin res-
torations is microleakage. The microleakage of a pit 
and fissure sealant containing silver nanoparticles 
(AgNPs) were evaluated. It was found that, the ad-
dition of AgNPs does not affect the microleakage of 
the sealant (4). Two different classes of adhesives are 
currently used: Etch-and-rinse adhesives and self-
etching adhesives. A study was held to analyze the 
interfacial micro morphology of total-etch and self-
etch adhesives using scanning electron microscopy. 
The results of this study suggested that, total-etch 
adhesives bond better with sound dentin than self-
etch adhesives (5).

MATERIALS AND METHODS

Thirty-six freshly extracted sound maxillary hu-
man premolar teeth extracted for orthodontic pur-
pose from an age group of 18-30 years were col-
lected. Seventy-two standardized round class V 
cavities were prepared on both buccal and lingual 
surfaces of the selected premolars 1mm coronal to 
the cemento-enamel junction using round bur size 
#023 (Komet, Lemgo, Germany), with high speed 
hand piece (W&H, Austria) under water coolant, 
the depth of the cavity was 2 mm. No bevels were 

made at any of the enamel margins of the prepared 
cavities. The prepared teeth were stored in saline at 
room temperature (23±1°c) until being used within 
1 month.

Samples grouping: 

Cavities were divided into 3 main groups (24 
cavities each) according to the cavity disinfectant 
used (A): silver nanoparticles (A1), ozone (A2), 
both of them (A3). Each group was subdivided into 
2 subgroups (12 cavities each) according to the type 
of the adhesive used (B): total-etch adhesive (B1), 
self-etch adhesive (B2). Ten cavities from each sub-
group were examined for microleakage. The inter-
facial micromorphology of the remaining 2 cavities 
was examined by environmental scanning electron 
microscope (ESEM).

Preparation and characterization of silver 
nanoparticles

Silver nanoparticles were prepared by chemical 
reduction method. They were prepared by 
microwave irradiation of silver nitrate (AgNO3) 
solution in ethanolic medium using PVP (polyvinyl 
pyrrolidone) as a stabilizing agent. Ethanol was 
observed to act as a reducing agent in the presence 
of microwave oven (SHARP, model: R-259). The 
concentration of the resultant solution was 107 µg/
ml. It was diluted in ethanol solution till it reached 
50 μg /ml (6).  Monitoring of the formation of silver 
nanoparticles was done using Visible Near Infra-
Red (VIS-NIR) absorption spectroscopy. Size, 
shape, and particles distribution were recorded by 
using JEOL JEM-2100 high resolution transmission 
electron microscope (TEM) (Tokyo, Japan) at 
an accelerating voltage of 200 kV. The TEM 
micrographs clearly showed that, the prepared silver 
NPs had spherical shape and size ranging between 
10 ± 5 nm.

Cavity disinfection procedures

Group (A): Silver nanoparticles solution was ap-
plied on the dentin surface using a fully saturated 
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disposable micro-brush, left for 30 seconds and then 
gently air-dried for 5 seconds to allow the ethanol to 
evaporate (7).  Group (B): Each cavity was subjected 
to gaseous ozone at a concentration of 2100 ppm 
+/- 5% and a flow rate of 615 cm3/ minute for 60 
seconds. The ozone gas was generated by an ozone 
generator system (Ozonita 1). Ozonita 1 was de-
signed for the sake of ozone generation with high 
efficiency and controlled concentration. 

Restorative procedures: 

Two adhesive systems were applied accord-
ing to the manufacturer’s instructions [A total-etch 
adhesive system (Adper single bond 2) and a self-
etch adhesive system (Single bond universal)].  
Scotchbond ™ Etchant gel was used to etch the 
enamel and dentin before the application of the to-
tal etch adhesive (Adper single bond 2). Both ad-
hesives were light cured for 10 seconds using LED 
Light Curing Unit according to manufacturer’s in-
structions. Resin composite was applied into the 
prepared cavities that were bulk-filled and light 
cured for 20 seconds using LED Light Curing Unit. 

The specimens were subjected to 500 cycles be-
tween 5°C (the low-temperature point) and 55°C 
(The high-temperature point). Dwell times were 30 
seconds in each water bath with a lag time 10 sec-
onds (8).

Microleakage assessment:

Ten cavities (five teeth) from each group were 
examined for microleakage. The apex of each tooth 
was sealed by wax and the surface of each tooth 
(except for 1 mm around the restoration margin) 
was covered with two layers of nail polish (Max 
Factor, France). Then, specimens were immersed 
in a solution of 2% methylene blue dye (Supreme 
organization for drugs, Germany) for 24 hours at 
room temperature (9).  Subsequently, the teeth were 
taken out of the dye solution and washed with wa-
ter. The teeth were sectioned bucco-lingually with a 
low speed diamond saw (Top Dent, Edenta Golden, 
Swiss) under water spray.

The specimens were rinsed under running water 
and then dried with tissue paper. The dye penetra-
tion along the cavity wall (including both occlusal 
and gingival margins) was assessed with a measur-
ing Stereomicroscope (Nikon Eclips E600, Tokyo, 
Japan) at 45x magnification. Microleakage evalua-
tion was performed according to the scoring system 
[0=No dye penetration, 1=Dye penetration through 
the cavity margin reaching the enamel, 2=Dye pene-
tration through the cavity margins reaching the den-
tin (beyond the dentino-enamel junction), 3=Dye 
penetration through the cavity margin reaching the 
cavity floor (axial wall)] (10).  Results were collected, 
recorded, tabulated and statistically analyzed. 

Environmental Scanning Electron Microscope 
(ESEM):

The interfacial micromorphology of the remain-
ing two cavities (one tooth) from each group was 
examined by using the ESEM. The teeth were sec-
tioned bucco-lingually with a low speed diamond 
saw under water spray to be ready for the examina-
tion. The magnification used was 2000x.  

Data were expressed in scores and statistically 
analyzed. 

RESULTS

Microleakage results: (table 1 and 2)

The highest leakage scores were found in the 
silver nanoparticles groups (A1), followed by the 
combination groups (A3). While the least leakage 
scores were found in the ozone groups (A2). There 
was a significant difference (p ≤ 0.05) between the 
different types of cavity disinfectants.

(Scores 0&1) were more frequent in the total 
etch group (B1), denoting less leakage while (scores 
2&3) were more frequent in the self-etch group (B2) 
denoting more leakage. There was a significant dif-
ference (p ≤ 0.05) between total etch (B1) and self-
etch (B2) subgroups. 
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(Scores 0&1) were more frequent in the occlusal 
margin, denoting less leakage while (scores 2&3) 
were more frequent in the gingival margin denoting 
more leakage. There was a significant difference  
(p ≤0.05) between the occlusal and gingival margins.

Environmental scanning electron microscope 
(ESEM) results:

Tracing the interface in the silver nanoparticles/
total-etch adhesive group (A1B1) revealed a thin 
uniform hybrid layer that appeared with long, thin 
and numerous dentin resin tags. No lateral branching 
was observed, while in the silver nanoparticles/self-
etch adhesive group (A1B2) revealed a thin uniform 
hybrid layer that appeared with few and thin dentin 
resin tags. No lateral branching was observed .

Tracing the interface in the ozone/total-etch ad-
hesive group (A2B1) revealed a thin uniform hybrid 

layer that appeared with thin long and numerous 
dentin resin tags some of them extended to a very 
long distance. Multiple lateral branching was ob-
served, while in the ozone/self-etch adhesive group 
(A2B2) revealed a thin less uniform hybrid layer 
that appeared with thin and numerous dentin resin 
tags of variable lengths. No lateral branching was 
observed.

Tracing the interface in the combination/total-
etch adhesive group (A3B1) revealed thin uniform 
hybrid layer that appeared with numerous slightly 
thicker dentin resin tags of variable lengths. No lat-
eral branching was observed, while in the combina-
tion/self-etch adhesive group (A3B2) revealed thin 
uniform hybrid layer that appeared with less num-
ber of slightly thicker dentin resin tags of variable 
lengths. No lateral branching was observed.

Table (1): Scores and significance test for the effect of the cavity disinfectant type (A) in the total etch 
adhesive groups (B1) for both the occlusal and gingival margins.

Cavity margin Score
A1B1

(Silver nanoparticles)
A2B1

(Ozone)
A3B1

(Combination)

Occlusal

Score 0 10 18 17

Score 1 1 2 0

Score 2 2 0 1

Score 3 7 0 2

Chi square 15.2

P value 0.0188*

Gingival

Score 0 4 15 10

Score 1 0 0 0

Score 2 4 2 4

Score 3 12 3 6

Chi square 13.08

P value 0.0418*

*significant at p<0.05
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DISCUSSION

Any positive benefits for the use of cavity disin-
fectants would be negated if the disinfectant solution 
significantly increased the amount of microleakage. 
The total etch adhesive system used in the current 
study was Adper™ Single Bond 2(11). The acid etch 
as a first step is useful for smear layer removal and 
opening the dentinal tubules for resin impregnation. 
It was thought that using ethanol based adhesive 
system may be in harmony with silver nanoparticles 
that is also ethanol based. 

The self-etch adhesive system used in the cur-
rent study was Single Bond Universal that has a 
very unique set of properties. In the current study 
Filtek™ Z350 XT was used. It is a nano filled resin 
composite restorative material. Due to the reduced 
dimension of the particles and the wide size distri-
bution, an increased filler load can be achieved with 

the consequence of reducing polymerization shrink-
age and increasing the mechanical properties (12).

A 2% solution of methylene blue dye was used, 
its particle size is less than that of the bacterial 
one(13). The use of environmental scanning electron 
microscope (ESEM) preserved the dentin character-
istics as no surface treatment or film deposition as 
gold or carbon deposition was performed on dentin 
surfaces (14).

Silver nanoparticles sizes of 9 and 11 nm 
showed the highest activity against Gram +ve and 
Gram –ve bacteria (15). In spherical type, a total of 
50 to 100 μg of silver caused 100% inhibition of 
bacterial growth(16). Silver nanoparticles are ef-
fective against Streptococcus mutans with a mini-
mum inhibitory concentration (MIC) of 50 μg/ml(6).  
The preparation was done by microwave synthesis 
that has the advantage of improving kinetics of the  

Table (2): Scores and significance test for the effect of the cavity disinfectant type (A) in the self-etch 
adhesive groups (B2) for both the occlusal and gingival margins.

Cavity margin Score
A1B2

(Silver nanoparticles)
A2B2

(Ozone)
A3B2

(Combination)

Occlusal

Score 0 3 11 3

Score 1 3 2 4

Score 2 0 2 1

Score 3 14 5 12

Chi square 14.52

P value 0.0243*

Gingival

Score 0 0 6 1

Score 1 0 1 0

Score 2 2 2 2

Score 3 18 11 17

Chi square 12.73

P value 0.0475*

*significant at p<0.05
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reaction. Ethanol is a reducing agent in the prepa-
ration of ethanol based silver nanoparticles (17). A 
previous study showed that Streptococcus mutans 
are affected to various degrees by ozone gas with 
almost 100% killing after 60 seconds of ozone ap-
plication when ozone gas was delivered with a flow 
rate of 615 cm3/ minute and a concentration of 2100 
ppm +/- 5% (18). 

The results of this study were in agreement with 
a previous study that showed that the least micro-
leakage was found in the ozone treated group. The 
reason may be that ozone dissolves the microscopic 
rests of organic component in the fissure, such as 
bacteria and their products and produces a cleaner 
enamel surface and hence better adhesion of the ma-
terial (19).

It was thought that, silver nanoparticles left on 
the dentin surface and inside the dentinal tubules, 
acted as a separating medium that interfered with 
bonding effectiveness. However, in contrary, a pre-
vious study reported that, surface treatment with 
ozone may significantly decrease marginal quality 
in dentin. This may be due to the potential inter-
action between residual oxygen or oxide-related 
substances and resin-based materials, which might 
interfere with adhesion (20). 

The results of this study were in accordance 
with some researchers who found that the etch-and-
rinse adhesive system showed less microleakage 
than the self-etch adhesive system(21). This may be 
due to the incomplete etching of enamel and den-
tin  by the acidic monomers of the self-etch adhe-
sives. However, in contrary to this study, previous 
studies concluded that there was no difference in 
microleakage between different bonding agents.  It 
was suggested that the bonding effectiveness of the 
self-etch adhesives may result from a combined mi-
cromechanical and chemical interaction with tooth 
substrate. The chemical component may be able to 
compensate for the decreased micromechanical in-
terlocking(22). 

Results of this study were in agreement with a 
study that reported that the gingival sealing was sig-
nificantly poorer than the occlusal sealing. This can 
be related to the structure of these two walls (23).

CONCLUSIONS

Under the conditions of the present study, the 
following conclusions could be delivered: 

1.	 Microleakage of class V resin composite res-
toration is affected by the type of cavity disin-
fectant; being improved by using ozone though 
deteriorated by using silver nanoparticles.

2.	 Both adhesive systems failed to prevent micro-
leakage for resin restorations particularly at the 
gingival margins, but it is better to use the total 
etch one. 

3.	 The use of different cavity disinfectants and 
different adhesive systems presented obvious 
changes in the interfacial micromorphology of 
the teeth.
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