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Introduction: The aim of this study was to evaluate the effect of addition of nano-silica (SiO,)
to mineral trioxide aggregate (MTA) on its setting time and porosity. Methods and Materials:
The concentration 8% of nano-silica were prepared and added to the MTA powder. After
mixing with water the setting time and porosity were evaluated and compared with pure MTA.
Statistical analysis was performed using the t-test. The level of significance was set at 0.001.
Results: The mean setting time of MTA+8% nano-silica (9.8+0.78) was significantly lower than
MTA (23.3£2.16) (P<0.001). Also the mean porosity by imbibition method in MTA+8% nano-
silica (23.49+0.48) was significantly higher than MTA (15.69+2.10) (P<0.001). There was no
significant difference in mean porosity by scanning electron microscope (SEM) method in
MTA+8% nano-silica (31.26+10.73) and MTA (32.74+5.26) (P>0.001). Conclusion: This in
vitro study showed us an addition of 8% of nano-silica to MTA reduced the setting time.
Although evaluation by imbibition test showed increasing of porosity in nano-silica MTA

compared with pure MTA.
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Introduction

other words, MTA is made of refined Portland cement [9, 10].
When mixed with water, MTA forms a colloidal gel that

Ithough mineral trioxide aggregate (MTA) was initially
used as a root-end filling material [1], it then widely used
in all fields of endodontics [2]. Before that time restorative
materials used in endodontics, did not have ideal properties [3].
Recently MTA has been used for pulp capping, apexogenesis,
pulpotomy, repair of root perforations, apical barrier formation
in teeth with open apices, and as a root canal filling material.
MTA has also been considered as a bioactive material [4-7] that
is hard tissue conductive, hard tissue inductive, and
biocompatible [8].
Composition of MTA consists of tricalcium silicate (CasSiOs,
CsS), dicalcium silicate (Ca,SiO,),

(Ca3AlL 06, CsA) and tetracalcium aluminoferrite. Moreover,

tricalcium aluminates

bismuth oxide is added for radiopacity and a little amounts of
mineral oxides such as Si0,, CaO, MgO, K;SO, and Na,SO,. In

solidifies into a hard structure also in the presence of moisture.
MTA is a bioactive material able to form apatite on its surface
when in presence of phosphate [11, 12]. MTA also releases some
of its components in phosphate-buffered saline, which promotes
a bio mineralization process [13].

Previous studies have shown that MTA has better sealing
ability and biocompatibility versus traditional dental materials
[1, 14, 15]. However, the long setting time (3-4 h) is one of the
major defects of this material [8, 9]. As a result, the studies on
change in MTA in order to decrease setting time, with same
mechanical properties, is underway. Several studies have
evaluated and suggested different strategies to improve the
properties of MTA. One strategy is to incorporate ingredients,
such as disodium hydrogen phosphate, into MTA to decrease its
setting time [16].
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The amorphous or glassy silica (Si02), which is the major
component of a pozzolan, reacts with calcium hydroxide to
form front calcium silicate hydration. The rate of the
pozzolanic reaction is proportional to the amount of surface
area available for the reaction. Therefore, it is plausible to add
nano-silica (NS) particles to make high-performance
concrete. [17]

In recent years, increasingly NS is noticed as a mineral
compound for cements. Nanoscale silica reacts with calcium
hydroxide crystals, which are in the interfacial transition
zone (ITZ) between hardened cement paste and aggregates,
and create calcium silicate hydrate (C-S-H) gel [18]. NS
particles also can act as nucleus to bond strongly with cement
hydrates [19].

The results of studies with scanning electron microscope
(SEM) showed that NS behaves as filler and activator to
improve microstructure and promote pozzolanic reaction [17].

The pozzolanic reaction is the chemical reaction that
occurs in Portland cement containing pozzolans. At the basis
of the pozzolanic reaction stands a simple acid-base reaction
between calcium hydroxide, also known as portlandite, or
(Ca(OH)2), and silicic acid (H4SiO4 or Si(OH)4) [20].

The aim of this study was to compare initial setting time
(the initial setting time of the cement was considered as the
time between the onset of mixture and the moment when
the marks of light needles could not be observed on the
cement surface [21]) and porosity of MTA+ NS with those
of pure MTA.

Table 1. Setting time of MTA and MTA+NS Mixed with Water

Group Setting time [Mean(SD)]
MTA 23.3(2.16)
MTA+NS  9.8(0.78)

Table 2. Porosity (by SEM method) of MTA and MTA+NS Mixed

with Water
Group Porosity [Mean(SD)]
MTA 32.74(5.26)
MTA+NS  31.26(10.73)

Table 3. Porosity (by imbibition method) of MTA and MTA+NS

Mixed with Water
Group Porosity [Mean(SD)]
MTA 15.69(2.10)
MTA+NS  23.49(0.48)
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Materials and Methods

In this in vitro study, 8% NS (Huaxuan, China) was added to the
MTA powder using Ball Mill machine (Noah, Guangdong,
China). Materials were divided into the following groups: group 1
(control): MTA (Angelus, Londrina, PR, Brazil), group 2: MTA+NS.
According to manufacturer's instruction for MTA, a 3:1 (w/w)
powder to liquid ratio was used for all samples.

Setting time

Materials were mixed and placed in 20 brass molds (5 mm in
diameter and 5 mm in height). After mixing, all samples were
placed in an incubator at 37°C and 95% relative humidity. A flat-
end indenter with 1.0 mm diameter was used with a 400-g load
and carefully lowered vertically to the surface of materials. These
stages were repeated at 60-sec interval. The setting time was
recorded when the needle failed to make a mark on the surface of
materials [20].

Porosity (Imbibition method)

Four specimens from each group were set at 37°C and 95% relative
humidity. After 70% setting of samples, each sample was
unmolded, dried with filter paper, and weighed (initial mass- m1).
Then each specimen was immersed in 20 mL distilled water at
37°C. After 24 h, additional water was removed, and the saturated
mass was recorded (m2). Weight measurement process was
repeated 3 times for each sample to the nearest 0.001 g [22]. The
percentage of porosity for each sample was calculated using the
following formula: %porosity=[(m2/m1)-1]x100 [23].

Porosity: Scanning electron microscopy (SEM)

Three specimens from each group were evaluated under the field
emission scanning electron microscopy (FESEM) (Tescan, Mira3)
under 1.07kx magnification mode to analyze elemental distribution.

Statistical analysis
Statistical analysis was performed using the - test. The level of
significance was set at 0.001.

Results

The mean setting times of MTA+NS (9.8+0.78min) was
significantly shorter than pure MTA (23.3+2.16 min) (P<0.001)
(Table 1). There was no significant difference between MTA+NS
(31.26+10.73) and pure MTA (32.74+5.26) in the mean of
porosity by SEM method (P>0.001) (Table 2); but the mean of
porosity for MTA+NS group (23.49+0.48) was significantly
higher than MTA group (15.69+2.10) by imbibition method
(P<0.001) (Table 3). SEM method showed that the microstructure
of the MTA+NS particles is denser and more homogeneous than
of the pure MTA (Figure 1).
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Figure 1. These pictures show; A, B, C) MTA group; D, E, F) MTA+NS group with 1.07kx magnification by SEM

Discussion

The purpose of this study was to evaluate the effect of adding NS
to MTA on the setting time and porosity. MTA is primarily
composed of type 1 Portland cement and bismuth oxide (4:1
ratio). Previous studies have shown that Portland cement has
similar physical properties and behaviors in comparison with
MTA [24-26]. The results of our study showed that microscopic
structure in MTA+NS group was denser and more homogeneous
than pure MTA. Also, there was no significant difference between
MTA+NS and pure MTA group in mean porosity by SEM
method; but the mean porosity of MTA+NS group was
significantly higher than pure MTA by imbibition method.

Despite its different benefits, MTA has some defects such as
long setting time. Many studies have been made to overcome these
drawbacks by adding materials into its structure; however, adding
or removing different materials to overcome these shortcomings
can affect adversely MTA’s properties. Thus, producing new
compositions of MTA needs to comprehensive studies [27].

The purpose of this study was to evaluate effect of addition of
NS to MTA on setting time and porosity. Short-setting time of
MTA prevents washout of MTA plugs. Previous studies have been
made to decrease setting time of MTA by adding some additives
such as CaCl,, polymers, plasticizers or other materials [28, 29].

Although, some additives increase toxicity, decrease physical
properties or jeopardize bioactivity [1].

The aim of the usage of ultra-fine additives like NS, is
improving the properties of plastic and hardened cement. Micro-
and nano-scaled silica particles have a filler effect; it means filling
up the spaces between the cement particles. Also, nano-silica
particle has a pozzolanic reactivity [16].

Recent researches have been reported that Portland cement
has similar physical characteristics and behaviors to MTA [17, 18].
Most of added elements have a similar effect in Portland cement
and MTA [12].

Black et al. [30] showed that because of seeding effect (By
placing a seed or solution of seeds in a drop which is saturated to
the “Metastable Zone” one can use the seeds to grow larger single
crystals) [30], the hydration of tricalcium silicate (C5S) can be
accelerated by addition of nanoscaled silica or calcium silicate
hydrate (C-S-H) particles [30]. It is expected that acceleration of
hydration can affect physical properties in cements. Black et al.
[31] showed that Ca;ALL,Os accelerate the hydration process and
improve short-term compressive strength of Cas;SiOs/CasALOg
composites versus pure CasSiOs.

In our study, addition of nano silica particles to MTA
decreased setting time but porosity by imbibition method
increased. So it will be helpful to do porosity test in longer periods
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of time. As mentioned in the study by Marciano [31], some
properties of MTA powder mixed with 80% distilled water and
20% propylene glycol (PG) was studied versus MTA mixed only
with distilled water. MTA+PG group showed higher final setting
time and high porosity at 1 day of hydration but porosity reduced
between 1 and 28 days for MTA+PG [31].

In the previous studies, the effect of different additives such as
sodium fluoride, strontium chloride, hydroxyapatite, and
tricalcium phosphate in Gandolfi’s study [22], and distilled water,
phosphate buffered saline, 5% calcium chloride (CaCly), 3%
sodium hypochlorite (NaOCl), or lidocaine in Zapfs study to
MTA on the final setting time were investigated [32]. Result in
Gandolfi’s study [22] showed that final setting time of all
experimental cements was faster than MTA. But results of Zapf’s
[32] study showed that only CaCl act as an accelerator.

Some studies investigated influence of adding NS to cement.
The result of these studies showed that addition of NS decrease
porosity and pores sizes [33, 34], also suggested it would be
beneficial to investigate MT A+ NS+SF composition [34].

Moreover, there have been some studies about MTA surface
porosity, the results showed that there was no significant
difference between Nano MTA and MTA [35, 36].

According to the results of this study, addition of NS to MTA
caused a decrease in porosity and final setting time. However, all
of the abovementioned results should be compared in standard
settings. Result of imbibition test is the opposite of some recent
results. At the end it would be suggested to repeat this pilot test in
more samples and longer periods of time.

Introducing new compositions of MTA needs further
investigations. It is important to note that changes in the physical
and/or chemical components of MTA can adversely affect other
properties such as biocompatibility. Finally, every new
formulation has to be tested in vitro as well as in vivo conditions
before their applications in humans.

Conclusion

The addition of 8% nano-SiO, to MTA accelerated the hydration
process, reduced the setting time, and had adverse effect on the
porosity of MTA (by imbibition method).

Introducing new compositions of MTA needs further
investigations. It is important to note that changes in the physical
and/or chemical components of MTA can adversely affect other
properties such as biocompatibility. Finally, every new
formulation has to be tested in vitro as well as in vivo conditions

before their applications in humans.
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