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ABSTRACT

Aim: To compare the micro shear bond strength and the solubility of resin sealer with and 
without the addition of Nano silver.

Materials and Methods: This study was carried out on 30 human freshly extracted upper 
first premolars. After preparation of tooth surfaces for microshear bond strength test, The prepared 
teeth were assigned to three groups 10 of each: Group A: AH Plus sealer was used, Group B: AH 
Plus sealer with 0.2% Nano silver incorporated to the already mixed sealer was used, group C: 
AH Plus sealer in addition to 0.5% Nano silver incorporated to the already mixed sealer was used. 
A shear load with tensile mode of force was applied via materials testing machine, Micro-shear 
bond strength was measured. For solubility test 30 PVC rings with 20 mm in internal diameter 
and 5 mm in thickness were placed onto a thin cellophane sheet supported by a glass plate and 
filled with sealers as follows: Group A, 10 rings filled with AH Plus sealer mixed according to 
the manufacturer’s instructions. Group B, 10 rings filled with AH Plus sealer mixed according 
to the manufacturer’s instructions, in addition to 0.2% Nano silver incorporated to the already 
mixed sealer. Group C, 10 rings filled with AH Plus sealer mixed according to the manufacturer’s 
instructions, in addition to 0.5% Nano silver has incorporated to the already mixed sealer. The 
samples were kept in an environment with temperature of 37˚C for up to three times the setting 
time of each sealer group. After that, the samples were removed from the rings. Each sample was 
weighed on precision scale and suspended through the nylon thread inside a large opening flask 
containing 50 ml of ultrapure water and all samples were maintained into the incubator at 37˚C for 7 
days. Then the samples were placed into desiccators for 24 hours for new weighing. The difference 
between the first and the second weight represents the mass loss for each of the specimens.

Results: Group A showed the highest mean value of microshear bond strength among all 
groups. Group B showed a mean value of microshear bond strength, lower than Group A and there 
was a statistically significant difference between them, but was higher than that of Group C and 
there was no statistically significant difference between these two groups B and C. Group C showed 
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INTRODUCTION 

The key to successful endodontic treatment 
is the thorough cleaning and shaping of the root 
canal system and placement of fluid tight seal 
obturation. Root canal sealers work as lubricants 
for gutta percha cones, adhesives for gutta-percha 
and dentin, assist in filling irregularities in canal 
walls and fill additional canals. [1], [2] An important 
requirement of the root canal sealers is the ability 
to adhere to dentin. This adhesiveness should 
prevent fluid percolation between the gutta-percha 
and the canal wall in static condition, [3] and it 
should prevent dislodgement of the root filling 
during the functional situation, thereby reducing 
the risk of contamination. [4] Nowadays, it has 
been available in dental market many sealers with 
different formulations, and consequently different 
physical and chemical properties. [5] Endodontic 
sealers can be classified into: resin, zinc oxide and 
eugenol, calcium hydroxide, and glass ionomer 
cement based sealers. A proper bond between the 
root filling materials and the dentin walls should 
provide an effective barrier against reinfection. 
Epoxy resin-based sealers have proven their 
capability in this respect in many in vitro and in vivo  
investigations. [6, 7] 

 Numerous studies have examined the adhesion 
of different types of root canal sealers to root 
dentin and gutta-percha.(8,9,10,11,12,13) Although the 
American Dental Association (14) has issued a series 

of regulations and tests for study of the physical 
properties of root canal sealers, adhesion tests have 
not yet been standardized because no agreement on 
test parameters has been reached among researchers. 
The shear bond strength (SBS) test, in which the 
force is, applied parallel to the interface between 
the material and the tested surface. (15) seems to be 
the simplest, most effective and reproducible. It 
was initially developed to evaluate the bonding of 
endodontic sealers to dentin and gutta-percha.[16], 

[17] In comparison with introducing new, adhesive 
materials to fill root canals (successful dentin 
adhesives have been available since the 1980’s), 
adding Nano silver to resin sealers seems an 
innovative idea. Some studies of the antibacterial 
effect of dental materials incorporating silver were 
made. [18, 19, 20– 21] The aim of present study was to 
compare the micro shear bond strength and the 
solubility of resin sealer with or without the addition 
of Nano silver.

MATERIALS AND METHODS

Resin-based sealer AH Plus was chosen to be 
used in this study. AH Plus (Dentsply De Trey, 
Germany) is an epoxy resin-based cement which is 
a paste-paste type material. Paste A (epoxide paste) 
consists of two epoxy resins, calcium tunngstate 
and zirconium dioxide. Paste B (amine paste) also 
contains calcium tungstate, zirconium oxide plus 
silicone dioxide. 

the least mean value of microshear bond strength among all groups, it showed statistically 
significant difference with group A, and although it was also lower than Group B but there was 
no statistically significant difference between them. For solubility test group C showed the least 
mean value of solubility among all groups, it showed statistically significant difference with group 
A, and although it was also lower than Group B but there was no statistically significant difference 
between them.

Conclusion: The results of the present study showed that the incorporation  of 0.2%& 0.5% 
nano silver particles to the already mixed AH plus sealer although decreased the microshear bond 
strength to dentin but it increased the resistance of the sealer to solubility..  
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Nano silver particles solution was supplied from 
NanoTech Center (Dreamland, 6 Oct, Cairo) in a 
concentration of 2200 part/million. Nano silver 
particles are insoluble particles smaller than 100 nm 
in size.

Evaluation of the microshear bond strength

This study was carried out on 30 human freshly 
extracted upper first premolars. In order to achieve 
a smooth, flat dentin surface for microshear bond 
strength test; teeth were stored in distilled water 
at 37˚C for 24 hours to achieve thorough wetting 
then mesial surfaces were wet-ground with #600 
grit silicon carbide paper in long axis direction( 
according ISO 11405). They were embedded then in 
Futura Self acrylic resin and placed in square Teflon 
templates (3 cm× 3 cm×2 cm). All samples were 
rinsed several times with 2 % NaOCl and finally 0.9 
NaCl, and then gently dried with air syringe. 

Three mixing pads were prepared, equal amounts 
of AH Plus was mixed on each pad according to the 
manufacturer’s instructions, the first was mixed 
purely while in the second group 0.2% Nano silver 
was incorporated to the already mixed sealer while 
in the third 0.5% was incorporated to the already 
mixed sealer.

The prepared teeth were assigned to three groups 
(10 teeth each) :

Group A: AH Plus sealer was used.

Group B: AH Plus sealer with 0.2% Nano silver 
incorporated to the already mixed sealer was used.

Group C: AH Plus sealer in addition to 0.5% 
Nano silver incorporated to the already mixed sealer 
was used.

The materials being tested were placed in a 
4 mm diameter round hole, prepared in a silicon 
mould which was placed on the teeth surfaces of 
each group, in the center of dentin. The materials 
being tested formed cylinders 2 mm high and 4 mm 
in diameter, with a circular contact area with dentin 
ranging from 11 to 14 mm2. 

After initial setting, the samples were transferred 
to an incubator at 37˚C for 48 hours. Silicone forms 
were removed just before testing. 

Each acrylic embedded tooth with the bonded 
tested material cylinders was secured with 
tightening screws to the lower fixed compartment of 
the materials testing machine ( Model 3345; Instron 
Universal Testing Machine, England Instruments 
with a load cell of 500 N and data were recorded 
using computer software BlueHill 3 Instron). A loop 
prepared from an orthodontic wire (0.14 mm in 
diameter) was wrapped around the bonded cylinder 
assembly as close as possible to the base of the 
cylinder and aligned with the loading axis of the 
upper movable compartment of the testing machine.

A shear load with tensile mode of force was 
applied via materials testing machine at a crosshead 
speed of 0.5mm/min. the relatively slow crosshead 
was selected in order to produce a shear bonding 
force that resulted in de-bonding of the tested 
material cylinders along the dentin-sealer interface. 
The load required for de-bonding was recorded in 
Newton.

Micro-shear bond strength calculation was mea-
sured as follows; the load at failure divided by the 
bonding area to express the bond strength in MPa:

δ= P/πr2

δ is the bond strength in MPa

P is the load at failure in Newton

π =3.14

r = radius of cylinder of the tested material.

Solubility test:

PVC rings with 20 mm in internal diameter and 
5 mm in thickness were employed. The rings were 
placed onto a thin cellophane sheet supported by a 
glass plate and filled with sealers as follows:

Group A: 10 rings filled with AH Plus sealer 
mixed according to the manufacturer’s instructions.
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Group B: : 10 rings filled with AH Plus sealer 
mixed according to the manufacturer’s instructions 
in addition to 0.2% Nano silver incorporated to the 
already mixed sealer.

Group C: 10 rings filled with AH Plus sealer 
mixed according to the manufacturer’s instructions 
in addition to 0.5% Nano silver incorporated to the 
already mixed sealer

Just after that, a nylon thread with about 0.5 
mm in diameter with the material mass and another 
cellophane sheet and glass plate were placed onto 
the samples filled with the sealers mix. A mass of 
100 g was placed over this set. The samples were 
kept in an environment with temperature of 37˚C 
for up to three times the setting time of each sealer 
group. After that, the samples were removed from 
the rings.

Each sample was weighed in precision scale 
(Ohaus Adventure – Toledo do Brasil, Sặo Bernardo 
do Campo, SP. Brasil) and suspended through the 
nylon thread inside a large opening flask containing 
50 ml of ultrapure water. The ring was then placed 
into it without contacting the flasks walls. These 
samples were maintained into an incubator at 
37˚C for seven days. Elapsed that period, the 
samples were removed from the flask and washed 
in deionized water to remove the possible residues. 
Then the samples were placed into desiccators for 
24 hours for new weighing. The difference between 
the first and the second weight represents the mass 
loss for each of the specimens. 

RESULTS

Statistical analysis

Data were expressed as mean ± SD. Comparison 
between mean values of different parameters in 
three studied groups were performed using Kruskal-
Wallis ANOVA test followed by Mann-Whitney test 
if significant results were recorded.  Statistical 
Package for Social Sciences (SPSS) computer 

Fig. (1) Showing the mould used to form the sealers cylinders

Fig. (2) Showing the tooth in acrylic block with the bonded 
sealers cylinders

Fig. (3) Showing the Instron machine during the force loading.
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program (version 19 windows) was used for data 
analysis. P value ≤ 0.05 was considered significant 
and < 0.01 was considered highly significant.

Results of the evaluation of the Microshear bond 
strength

Group A showed the highest mean value of 
microshear bond strength (5.13±1.33 MPa) among 
all groups. Group B showed a mean value of 
microshear bond strength equals to (4.31±0.97 
MPa) which was lower than Group A and there was 
statistically significant difference between them 
but was higher than that of Group C which showed 
a mean value of microshear bond strength equals 
to  (3.70±0.80 MPa) and there was no statistically 
significant difference between them. Group C 
showed the least mean value of microshear bond 
strength among all groups, it showed statistically 
significant difference with group A, and although 
it was also lower than Group B but there was no 
statistically significant difference between them.

TABLE (1) Showing mean values of Microshear 
bond strength in MPa in the three studied 
groups.

Group A Group B Group C

Mean 5.13 4.31 3.70

Std. Deviation 1.33 0.97 0.80

Std. error 0.54 0.40 0.33

Minimum 3.32 2.79 2.39

Maximum 6.70 5.65 4.57

TABLE (2) Comparison between mean values of 
Microshear bond strength in the three 
studied groups.

Group A Group B Group C
Mean ± SD 5.13 ± 1.33 4.31 ± 0.9a 3.70 ± 0.80a

p> 0.05= not significant.        ap< 0.05 relative to Group A.

Results of the Solubility test

Group A showed the highest mean value of 
solubility (0.25 ± 0.05) among all groups. Group 
B showed a mean value of solubility equals to 
(0.19±0.05) which was lower than Group A 
and there was statistically significant difference 
between them but was higher than that of Group C 
which showed a mean value of solubility equals to 
(0.17±0.06) and there was no statistically significant 
difference between them. Group C showed the least 
mean value of solubility among all groups, it showed 
statistically significant difference with group A, and 
although it was also lower than Group B but there 
was no statistically significant difference between 
them.

TABLE (3) Showing mean values of the solubility 
test in the three studied groups.

Group A Group B Group C

Mean 0.25 0.19 0.17

Std. Deviation 0.05 0.05 0.06

Std. error 0.02 0.02 0.03

Minimum 0.18 0.13 0.07

Maximum 0.31 0.24 0.24

Fig. (4) Mean values of Microshear bond strength in different 
studied groups.
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TABLE (4) Comparison between mean values of the 
solubility in the three studied groups.

Group A Group B Group C 

Mean ± SD 0.25 ± 0.05 0.19 ± 0.05a 0.17 ± 0.06a

p> 0.05= not significant.        ap< 0.05 relative to Group A.

DISCUSSION

Three-dimensional obturation of the root canal 
systems is one of the important objectives of 
endodontic treatment by preventing the reinfection 
of the canal and, therefore; maintaining the health 
status of the periapical tissues. Since the proper 
selection of a root canal sealer may influence the 
success of endodontic therapy; the biological and 
mechanical properties of different endodontic 
sealers have been extensively investigated. The root 
canal sealers are subject to International Standards 
and national regulations regarding their physical 
properties, but there is no agreement among 
researchers on adhesion testing, in other words, 
these tests are not standardized (22). The methods 
for measuring shear strength are the simplest, most 
effective and reproducible. They were developed 
to evaluate and measure the bonding of dentin to 
endodontic sealers. Although numerous types of 

sealers have been used, the development of adhesive, 
resin-based filling material with better properties 
could increase the rate of endodontic therapy  
success (23). In the present study,  flat surfaces of 
dentin were used to measure the shear bond strength 
of the selected sealers to the dentin; using flat surfaces 
will ease specimen standardization, which allows 
comparing the bond strength of root canal sealers 
to dentin. The load was applied perpendicular to the 
direction of the dentin tubules, since it simulates 
the real forces that act inside the root canal system. 
Eventually the strength of root canal sealers must 
be adequate and studies showed that uniform 
distribution of highly separated nanoparticles 
into dental resins/composites could significantly 
improve the mechanical properties of the resins/
composites. (24) Nano silver is metallic silver, which 
is distributed uniformly on the surface of the dental 
materials. It does not cause its corrosion or changes 
its color. Sufficient Nano silver was added into the 
root filling materials to prevent further spread of 
bacteria and was highly biocompatible. [25]   

For these reasons we decided to incorporate 
silver nanoparticles (0.2%, 0.5%) in to AH plus 
resin sealers and evaluating the solubility and the 
micro shear bond strength of this material to dentin. 
In the present study it was shown that the addition 
if 0.2%&0.5% Nano silver to the already mixed 
AH plus mixed sealer can lower the microshear 
bond strength to root dentin but at the same time it 
decresed the rate of solubility if the sealer. 

AH Plus sealer makes chemical bond to dentine 
on the other hand nano silver as metal particles don’t 
form this chemical bond to dentine which explains 
the decrease of the bond strength between the sealer 
and dentine in case of the incorporation of silver 
nano particles with the sealer mix. The results of 
this study, concerning the shear bond strength came 
in conjugation with Akhavan et al. (26) who found 
the incorporation of nano silver particles containing 
1&5% silver can maintain or mildly reduce the micro 

Fig. (5) Mean values of the solubility test in different studied 
groups.
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shear bond strength of orthodontic adhesives. Also 
Chladeket et al.(27) showed that adding nano silver 
particles to the composite resin can lower the bond 
to dentin but still didn’t render worse mechanical 
properties than those of the composites used without 
the incorporation of nano silver particles. However 
Mahrous et al.(28) concluded that silver nano particles 
incorporation within the acrylic resin denture base 
material can improve mechanical properties of resin 
including the viscoelasticity.

Cheng et al. [29] reported the effect of AgNPs 
incorporation, at different concentrations, to 
a composite resin, in order to investigate its 
mechanical properties and biofilm formation. In that 
study, composites were synthesized with AgNPs 
at 0.028, 0.042, 0.088, and 0.175%. Mechanical 
properties of composites with AgNPs at 0.028% 
and 0.042% were similar to those with no AgNPs. 
Besides that, counts of colony forming units (CFU) 
for total streptococci and S. mutans, using AgNPs 
at 0.042%, were 75% smaller than the control group 
without AgNPs. These data suggest that AgNPs 
incorporation to composite resins enables good 
mechanical properties and notable antimicrobial 
potential, even at low concentration. As well as, 
Melo et al. [30] who evaluated the influence of AgNPs 
incorporation on bond strength to dental substrate 
added AgNPs, at 0.1% by mass, to an adhesive 
system. The results have shown that AgNPs did not 
compromise the bond strength, at the same time that 
it decreased metabolic activity on biofilm, compared 
to control group without AgNPs. 

Concerning the sealer solubility, AH Plus sealer 
in addition to Nano silver showed resistance to 
solubility higher than AH plus sealer without 
Nano silver. Addition of insoluble metallic nano 
silver particles decreases the solubility of the resin 
sealer which occurs mainly in the organic matrix 
of the sealer. This result is in agreement with study 
developed by Chladeket et al. (27)  who  assured 

that the addition of low concentrations of nano 
silver to soft lining material decresed the solubility 
and increased the hardness. Also Deus et al. (31) 
who showed that GuttaFlow has nano silver in its 
composition distributed uniformly on the surface of 
the filling and It does not cause corrosion or color 
changes in the GuttaFlow. 

CONCLUSION

The results if the present study showed that the 
incorporation  of 0.2%& 0.5% nano silver to the 
already mixed AH plus sealer although decreased 
the mucroshear bond strength to dentin but it 
increased the resistance of the sealer to solubility.
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