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ABSTRACT

INTRODUCTION: Silver has long been recognized for its antimicrobial effect on a wide spectrum of microorganisms. Consequently, silver 
nanoparticles became among the most common therapeutic nanoparticles under research in the field of caries prevention. Pit-and-fissure sealants 
are among the major components in the field of caries prevention which could have an additional antibacterial benefit through silver nanoparticles 
addition. 
OBJECTIVES: The aim of the study was to evaluate, in-vitro, the marginal seal of silver nanoparticle-added pits and fissure sealant in 
comparison to the conventional sealant in permanent teeth. 
MATERIALS AND METHODS: Thirty sound premolar teeth extracted for orthodontic purposes were randomly assigned into two main 
groups; Group I (n=15) for silver nanoparticle-added ClinproTM sealant and Group II (n=15) for the conventional ClinproTM sealant. Silver 
nanoparticle-added sealant was prepared by mixing the contents of one syringe of ClinproTM sealant to silver nanopowder of particle size 50-
80nm at a concentration of 6.25μg/ml. For microleakage testing, after sealant application and thermocycling for 500 thermal cycles, the sealed 
teeth was immersed into 1% methylene blue solution for 24h, sectioned longitudinally in a bucco-lingual direction and then examined under 
stereomicroscope for dye penetration assessment at x60 magnification. 
RESULTS: Using Mann Whitney U test there was no statistically significant difference in microleakage between both groups (P= 0.325) 
CONCLUSION: Addition of silver nanoparticles to pit-and-fissure sealant did not affect its sealing ability.  
KEYWORDS: Caries, Pit-and-fissure sealants, Silver nanoparticles, Microleakage. 
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INTRODUCTION 
Caries is one of the most prevalent chronic diseases affecting 
human kind, accounting for about 60% to 90% of school 
children and the majority of adults worldwide (1). Occlusal 
surfaces are the most susceptible surfaces for caries lesions 
representing 80-90% of caries present in permanent teeth (2). 
Pit-and-fissure sealants have become among the major 
components of the comprehensive caries management 
approach. These materials penetrate and seal the imperfections 
in the occlusal pits and fissures, forming a physical barrier that 
acts as a protective layer preventing cariogenic bacteria and 
their products from accessing these surfaces (3). 
Although the advances obtained in restorative dental 
materials, current dental resins including pit-and-fissure 
sealants are mostly bioinert with minimal interaction with 
oral biofilms (4). Therefore, developing a new generation of 
bioactive materials with additional functional or therapeutic 
capabilities to aid in caries management is being adopted 
(4,5). This could be achieved through the innovation of 
nanotechnology. 
 Nanotechnology is the science of manipulating matter at a 
nanometer scale (<100 nm in diameter) with exhibition of 
novel physical, optical, chemical, and biological properties 
(13). Preventive dentistry has become  

one of the major dental disciplines that can benefit from the 
application of many therapeutic nanoparticles that can fight 
microbial biofilm formation and effectively remineralize 
initial dental decay (10, 12). 
Silver nanoparticles (AgNPs) have been recognized for their 
antibacterial property (6, 7). In the year 2008(8), Hernández-
Sierra et al determined the antibacterial effect of AgNPs 
against streptococcus mutans with a minimum inhibitory 
concentration of 4.86 ± 2.71μg/ml and a minimum 
bactericidal concentration of 6.25μg/ml. In addition, several 
studies have shown that AgNPs exihibit a synergistic effect 
to fluoride through inhibition of bacterial action of acid 
production in dental plaque allowing the fluoride component 
to enhance the net remineralization of dental structures (9, 
10).  Moreover, AgNPs do not lead to color change of dental 
tissues in contrary to other materials of similar effect such as 
silver diamine fluoride (11, 12).  
Dental resins with addition of silver nanoparticles have been 
introduced into research field. In 2014 (13), Das Neves et al 
evaluated physical properties and antibacterial activity of a 
light-activated composite modified with silver nanoparticles at 
two different concentrations (0.3% wt and 0.6% wt). It was 
concluded that the composite modified with 0.3% wt of 
AgNPs was less conducive to biofilm growth, without 
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compromising the strength in compression and surface 
roughness when compared to the conventional composite.  
Pit-and-fissure sealants could have an additional antibacterial 
benefit through the addition of AgNPs (9, 14, 15). The caries 
preventive feature of dental sealants depends on the ability to 
thoroughly fill pits and fissures with adequate marginal 
integrity at the enamel- sealant interface as marginal 
microleakage allows passage of bacteria, fluids, ions and 
molecules to prompt caries progression (16).  Morales-
Quirogas et al in 2014 (14) studied the effect of silver 
nanoparticles addition to pit- and-fissure sealant. It was 
found that; there was no significant difference with respect to 
marginal seal or microleakage in comparison to the 
conventional sealant when applied to primary teeth.  
The aim of the present study was to evaluate the effect of the 
addition of silver nanoparticles to pit-and-fissure sealant on 
the microleakage in comparison to the conventional sealant 
when applied to permanent teeth. The null hypothesis of the 
study was that there would be no significant difference in 
microleakage between silver nanoparticle-added sealant and 
conventional sealant when applied to permanent teeth.  

MATERIALS AND METHODS 
This study was an experimental in-vitro study, which was 
approved by the Scientific Research Ethical Committee, 
Faculty of Dentistry, Alexandria University, Egypt. 
Thirty sound premolars extracted for orthodontic purposes 
that were free from cracks, caries, restorations or any 
developmental defects were included in the study. The 
occlusal surfaces of the teeth were cleaned with fluoride free 
prophylaxis paste using brushes at low speed and stored in 
distilled water until use. Teeth were randomly divided into 
two groups. Group I: (study group) (n = 15) for silver 
nanoparticle-added ClinproTM sealant and group II: (control 
group) (n = 15) for the conventional ClinproTM sealant.  
Preparation of silver nanoparticle-added sealant involved 
extraction of the entire content of one syringe of  ClinproTM 
sealant (3M ESPE, St. Paul, MN, USA) from its container to a 
clean dry capsule. Then, it was mixed with silver nanopowder 
of particle size from 50-80 nm (US- Research-Nanomaterials, 
Inc.) at a concentration of 6.45μg/mL using an amalgamator (de 
GotzenS.R.l Italy) for 10 seconds to obtain a homogenous mix. 
Silver nanoparticles-added ClinproTM Sealant was reloaded 
immediately to the original syringe in a dark container (9, 14). 
Microleakage Test Procedure 
The root apices of the teeth (fifteen for each group) were 
sealed using sticky wax. Each tooth was mounted in self-
curing acrylic resin using rounded copper moulds with the 
occlusal surface facing upwards and perpendicular to the long 
axis of the block. The occlusal surface of each tooth was 
etched with 32 % by weight phosphoric acid gel (3M ESPE, 
St. Paul, MN, USA) for 15 sec, rinsed for 10 sec and then air-
dried for 5 sec following the manufacturer’s instructions. In 
group I: Silver nanoparicle-added sealant was applied and 
light cured for 40 seconds (15). In group II: Conventional 
Sealant was applied and light-cured for 20 seconds according 
to the manufacturer instructions. Both types of sealant were 
cured using LED light curing system (Ivoclar Vivadent, 
Germany). All teeth were then subjected to 500 thermal 

cycles, with changing temperature between 5°±C and 55±5°C 
in a water bath with a dwell time of 30 seconds (17). 
All teeth surfaces were coated with two layers of nail varnish 
except for 1.5mm of the sealant margins. Teeth were then 
immersed in a 1% solution of methylene blue for 24 hours 
(18). Teeth were rinsed with distilled water, dried and 
sectioned longitudinally in a bucco-lingual direction using a 
water-cooled diamond disk to provide two sections for each 
tooth. The extent of dye penetration at sealant/enamel 
interface was assessed by a single examiner using the light 
stereomicroscope (OLYMPUS SZ II. Olympus optical Co. 
Tokyo, Japan) under x60 magnification.  
A ranked scale described by Overbo and Raadal, (1990)(19) 
was used to score dye penetration:(0) no dye penetration; (1) 
dye penetration limited to the outer half of the sealant; (2) 
leakage up to the inner half of the sealant; (3) dye 
penetration extending to the underlying fissure. Both 
sections were scored and the section with the greatest dye 
infiltration was considered the score of dye penetration for 
this tooth.  
Prior to the study, training on the application of scoring 
criteria was done under supervision of a gold standard 
(second supervisor) on a group of 10 specimens with all 
levels of dye penetration. Calibration was as done by 
examining another 20 specimens with one week interval. The 
kappa statistic was used to determine the intra-examiner 
reliability for evaluating the degree of dye penetration. For 
both groups, there was a significant very good agreement 
between two assessments of microleakage as K = 0.95 at 
95% CI, P<0.001 which indicates consistency of the 
examiner in the application of scoring criteria overtime. 
Statistical analysis 
Sample size was calculated using the following assumptions: 
Using the microleakage values reported by Bahrololoomi et 
al in 2011 (16) with an Alpha error = 5%, power= 80%, the 
minimum required sample size per group was calculated to 
be 13. It was increased by 10% to make up for lab error to 
reach n= 15 per subgroup. 
A non-parametric Mann Whitney U test was performed to 
identify statistically significant differences between both 
study and control groups. The level of significance was set at 
P< 0.05, with a statistical power of 80%.  

RESULTS  
The distribution of dye penetration scores among study and 
control groups is presented in table 1 and figures 1-4. There 
was no dye penetration (Score 0) in 60% of specimens sealed 
with silver nanoparticle-added sealant (group I) and in 40% 
of specimens sealed with the conventional ClinproTM sealant 
(group II). Median score of group I was 0 and that of group 
II was 2. Using Mann Whitney U test; there was no 
statistically significant difference in microleakage between 
both groups (p=0.325). 
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Table (1) : Comparison of microleakage scores between 
group I (test group) and group II (control group). 

\U: Mann Whitney test 
 

 
Figure (1): Score 0 of dye penetration in group 

 

 
Figure (2): Score 3 of dye penetration in group I 

 
Figure (3): Showing score 0 of dye penetration in group II 

 
Figure (4): Showing score 3 of dye penetration in group II. 

 
DISCUSSION 
The contemporary approach of minimal intervention dentistry 
relies primarily on caries prevention and non-invasive 
management of incipient carious lesions (20). Pit-and-fissure 
sealants (PFS) have become among the major components in 
the comprehensive caries management approach (21).  
The addition of silver nanoparticles (AgNPs) to PFS can 
increase the protective effect against the formation of carious 
lesions (14). Several studies clarified that silver in its 
nanoparticulated form possess an antimicrobial effect against 
Streptococcus mutans and lactobacilli (8, 23-26) which are 
considered the main microbial causative factor of dental 
caries (27). In addition, silver nanoparticles have a 
synergistic effect to fluoride by enhancing remineralization 
of incipient lesions (28) and arresting established lesions 
with the advantage of not staining teeth (11). 
The preventive feature of dental sealants depends on the 
ability of the material to promote an appropriate sealing of 
pits and fissures with adequate marginal integrity at the 
enamel-sealant interface (16). Therefore, the aim of this 
study was to evaluate the marginal microleakage of silver 
nanoparticle-added ClinproTM pit-and-fissure sealant and 
compare it to the conventional ClinproTM sealant.   
In the present study, the type of sealant used was ClinproTM 
pit-and-fissure sealant. It is a light cure, fluoride-releasing, 
unfilled, resin-based sealant with a color changing property 
in an attempt to facilitate detection of polymerization (29). It 
was mixed with silver nanoparticles of particle size of 50-
80nm according to Salas-López et al in 2017(9). Hernandez-
Sierra et al in 2011(30) evaluated the possible toxic cellular 
effects of different concentrations and sizes of silver 
nanoparticles. It was demonstrated that silver nanoparticles 
of size more than 20nm didn't modify the viability of human 
primary culture cells isolated from human periodontal tissue.  
In addition, silver nanopowder was added to the sealant at a 
concentration of 6.25μg/ml according to Morales-Quiroga et 
al in 2014 (14). Hernandez-Sierra et al in 2008 (8) studied 
the antibacterial properties of silver nanoparticles on 
streptococcus mutans. It was found that, the minimum 
bactericidal concentration of silver nanoparticles was 
6.25μg/ml. Moreover, in 2012 (31), Martínez-Gutierrez et al 
demonstrated that exposure of AgNPs at low concentrations 
up to 6.25 μg/ml exhibited only minimal cytotoxic effects on 
macrophages and inflammatory cells. Moreover, it was 
found that low concentration of silver nanoparticles did not 

microleakage 
scores 

Subgroup IA 
 (n=15) 

Subgroup IIA 
 (n=15) 

No % No % 
0 9 60 6 40 
1 1 6.7 1 6.7 
2 2 13.3 3 20 
3 3 20 5 33.3 

Median 
(Min – Max) 

0  
(0 - 3) 

2 
(0 – 3) 

Test of 
significance(p) (U=137, p=0.325) 
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cause staining of tooth structure (11).  Consequently, silver 
nanoparticles could have high antimicrobial effect against S. 
mutans at a low and safe concentration without affecting the 
color of tooth structure.   
In the present study, the curing time of the silver 
nanoparticle-added  sealant was increased to 40 seconds 
according to Al-Niami et al in 2015 (15). This was in 
accordance with Durner et al in 2011 (32) who showed an 
interaction between AgNPs and the curing light in the form 
of scattering of light photons, absorption of the photons 
,electron transfer from or to the silver nanoparticles or 
formation of complexes with  silver ions. This could  affect 
the  degree of polymerization of monomers. 
In the present study, thermocycling was used to evaluate 
aging under in vitro conditions. Thermal changes controlled 
in a laboratory environment have been used to replicate the 
oral environment and to imitate the normal aging process 
(16, 33). During thermocycling, repetitive contraction-
expansion stresses are generated at the interface between 
resin and tooth structrue. This is mainly attributed to higher 
contraction-expansion coefficient of the resin material than 
that of tooth structure which may lead to crack propagation 
along the resin-tooth structure interface (34). 
In the present study, silver nanoparticle-added sealant  group 
showed microleakage in only 40% of the specimens while it 
occurred in 60% of the specimens sealed by the conventional 
ClinproTM sealant. However, this difference was not 
statistically significant (p= 0.325). The possible explanation 
of these results is that; when added to some polymers,  
AgNPs could enhance the thermal stability of the resultant 
nano-polymer (35). This could possibly decrease marginal 
defects between the material and tooth substrate especially 
when exposed to thermocycling.    
These results were supported by Morales-Quiroga et al in 2014 
(14) who reported no significant difference between the 
marginal seal and microleakage of ClinproTM  modified with 
AgNPs when compared to the conventional sealant in primary 
molars. It was also in agreement with Salas-López et al  in 2017 
(9) who demonestrated no significant difference of 
microleakage scores between silver nanoparticle-added sealant 
mixed with silver nanopowder at a concentration of 98 μg/ml 
and  the conventional sealant in permanent teeth.  
Although the present study methodology attempted to 
simulate the clinical conditions by prevention of specimen 
dehydration and thermocycling to simulate aging, a possible 
limitation would be that extracted teeth lack the pulp 
pressure and intertubular fluid pressure present in natural 
teeth (36). This could have an influence on tooth moisture 
level, affecting microleakage at tooth restoration interface.  
Another limitation of this study was that it was an in vitro 
study and moisture control was easy to achieve.  
The overall results of this study necessitated the acceptance of 
the null hypothesis that there is no difference in microleakage 
between   silver nanoparticle-addition to ClinproTM pit-and-
fissure sealant and the conventional sealant when applied to 
permanent teeth. 

 
 
 

CONCLUSION 
Within the limitation of this study, it was concluded that, the 
addition of silver nanoparticles to pit-and –fissure sealant did 
not affect its sealing ability. 
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