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1. Introduction

Mineral trioxide aggregate (MTA) is
described as an endodontic cement with good
biocompatibility and sealing property in
clinical application (M. Torabinejad and N.
Chivian, 1999). MTA is widely used as root-
end filling material and perforation repair.
Two types of MTA have been introduced:
grey MTA and white MTA. White MTA is
derived from grey MTA by removing iron
from the MTA composition. MTA consists
primarily of tricalcium silicate, dicalcium
silicate, tricalcium aluminate, and bismuth
oxide (S. Asgary et al, 2008), (J. Camilleri et al,
2005).

The properties of hardened MTA
depend on several factors, including particle
size, powder-to-liquid ratio, environmental
temperature, and the presence of air in the
mixture (M. Torabinejad et al, 1993). Some
previous studies reported that pH also
influenced the surface hardness of the cement
(M. S. Namazikhah et al, 2008), (M. A. Saghiri
et al, 2009). In clinical application, varying
water-to-powder (WP) ratios are one of the
common factors impacting the properties of
MTA since clinicians usually mix water and
powder in certain ratios chairside (F. B.
Basturk et al, 2013). Porosity and compressive
strength are also affected by the amount of
water in the mixture .(F. B. Basturk et al,
2015), (M. Fridland and R. Rosado, 2003).
However, some properties, such as setting
expansion, are not influenced by WP ratio (M.
Hawley et al, 2010). This research was also
driven by the hope to reduce MTA
importation by domestically producing MTA.
Hence, it is deemed important to perform
characterization of the properties of
commercial MTA to produce MTA with
locally derived materials.

The purpose of this research was to
investigate the effect of varying water-to-
powder ratios on the microhardness and
microstructure of mineral trioxide aggregate

(MTA).

2. Materials and Methods

2.1. Materials

ROOTDENT  (compounded by
‘TehnoDent” Co. Ltd, Belgorod region,
Russia) was selected for this study. The
composition includes calcium oxide, silicon
oxide, aluminum oxide, and zirconia oxide.

2.2. Samples Preparation

The specimens were separated into 3
groups. One gram of MTA powder of each
group was mixed with 0.28, 0.33, or 0.40 gram
of distilled water, respectively, and submerged
in the water for 1, 7, and 28 days, respectively.
A cylindrical aluminum mold (internal
diameter of 4 mm and depth of 8 mm) was
prepared by lubricating it with a mold release
agent (Sika Separol, Switzerland). MTA and
water were hand-mixed with a spatula on a
glass plate. The slurry was later transferred to
the cylindrical aluminum mold. The slurry was
compacted into each hold of the mold by a
dental plugger. The mold was stored for 24

hours at room temperature (28+3°C) and
room humidity (60-80%). The samples were
removed from the mold and were submerged
in the water (humidity of 100%) at room
temperature. The specimens were taken out
from the water after 1, 7, or 28 days and left
to dry at room temperature and humidity.

2.3. X-ray Diffraction

Samples of different WP ratios,
presented in powder, were subjected to phase
analyses by X-ray diffraction (XRD). XRD
was performed by MAXima X XRD-7000
powder diffractometer (SHIMADZU, Kyoto,
Japan) at an angle of rotation of between 5°
and 4>° with an angle increment of 0.05% and

a scanning speed of 2°/min  |qentification
was later derived from the phase analysis.

2.4. Scanning Electron Microscopy

Zeiss Evo MA10 SEM (Catl Zeiss,
Oberkochen, Germany) used to
investigate the microstructure of the cement.
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Three specimens of different WP ratios were
grinded, polished, and coated with carbon.
Then, the specimens were observed under a
scanning electron microscope, and the data
were recorded.

2.5. Hardness

The specimens were submitted to
hardness tests. The specimens were grinded
with 800-grit silicon carbide paper, then 2000-
grit. A black drawing pen (SNOWMAN 700,
Japan) was used for amplifying the thin layer
color on the sample surface to aid the
observation of the impression left by an
indenter. The samples were then loaded onto
a Vickers micro hardness tester machine
(Buehler, Chicago, USA) with a diamond
indenter. A load of 100 gf was applied on the
surface of the specimens for 10 seconds using
the indenter, then released. The two diagonals
of the impression were measured and the
Vickers hardness number calculated using Eq.

(D):

Hl”

where is Vickers hardness

2
number (K [ ") , d is the mean diagonal
(mm), and P is the applied load.

3. Results and Discussion

The results of X-ray diffraction
(XRD) of the hydrated MTA specimens at
0.28, 0.33, and 0.40 WP ratios which were
submerged 28 days in the water are shown in
Figure 1. The phases identified are in
agreement with previous studies (F. B.
Basturk et al, 2018), (S. Chen et al, 2018). All
samples of three different ratios showed peak
intensities at similar diffraction angles. The
phases identification of MTA at the 0.28 WP
ratio included tricalcium silicate (CasSiOs)
with a peak at the angle of 29.39°, dicalcium
silicate (CaxSiO4) with a peak at the angle of
43.07°, zirconium dioxide (ZrOs) with two
peaks at the angles of 23.12° and 31.34°,
calcium carbonate (CaCOj) with a peak at the
angle of 39.46°, and calcium hydroxide

H = 18542.41) (Ca(OH)y) with a peak at the angle of 17.85°.
W
‘ L] Ca(OH)z 0 ZrO: ACasSiOs 4 CaCO:s ® Ca:SiOs
A
8 A
L 4 °
O SOOI N SOV DOV
A
o P
%WWW (a)
0 10 20 30 40 50

Two theta (20)

Figure 1. X-ray diffractogram of hydrated MTA submerged in the water for 28 days at (a) the 0.28 WP
ratio, (b) the 0.33 WP ratio, and (c) the 0.40 WP ratio
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Figure 2. Séanning electron rnicros;o_py (SEM)T)f
hydrated MTA at the 0.28 WP ratio submerged
28 days in the water

EHT= 5004V
Mag= 1500KX

Figure 3. Scanning electron microscopy (SEM) of
hydrated MTA at the 0.33 WP ratio submerged
28 days in the water

The phases identification of MTA at
the 0.33 WP ratio included tricalcium silicate
(CasSiOs) with a peak at the angle of 29.49°,
dicalcium silicate (CaxSiO4) with a peak at the
angle of 43.22° zirconium dioxide (ZrO»y)
with two peaks at the angles of 23.12° and
31.49°, calcium carbonate (CaCO3) with a
peak at the angle of 39.46° and calcium
hydroxide (Ca(OH)2) with a peak at the angle
of 17.30°. The phases identification of MTA
at the 0.40 WP ratio included tricalcium
silicate (Ca3SiOs) with a peak at the angle of
29.54°, dicalcium silicate (Ca2S1Oy) with a peak
at the angle of 43.22°, zirconium dioxide
(ZrO») with two peaks at the angles of 23.12°
and 31.54° calcium carbonate (CaCO3) with a
peak at the angle of 39.51°, and calcium

Signal A= SE1
WD =7.33 mm

hydroxide (Ca(OH)2) with a peak at the angle
of 17.50°.
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Fi_gure 4. Scaﬁ;ﬂng electron microscope (SEM)_of
hydrated MTA with 0.40 WP ratio submerged 28
days in the water.

The scanning electron microscopy
(SEM) images of the hydrated MTA surface
submerged 28 days in the water at the 0.28,
0.33, and 0.44 WP ratios are shown in Figure
2—4. The SEM images for different WP ratios
show the presence of amorphous, porous
capillary channel and capillary structure on the
surfaces of the specimens.

The results of the microhardness
tests are presented in Figure 5. The MTA
microhardness mean and standard deviation
at the 033 WP ratio were higher

(91.00£13.12) than those at the 0.28 WP
o (64.88£7.91) , while those at the 0.40

ratio
WP ratio were found to be the lowest

(42'87i10'10). The mean and standard
deviation of microhardness of the MTA
specimen with 0.33 WP ratio submerged in
the water for 1, 7, and 28 days had no
statistically significant differences. However,
the mean value of microhardness of that with
the 0.33 WP ratio and submerged in the water
for 28 days was the highest.

Discussions
X-ray diffraction analysis is a very
useful tool for assessment of crystalline
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materials. It has been used for the phase
composition, chemical analysis, and
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Figure 5. Means and standard deviations of
microhardness of MTA (a) WP 0.28, WP 0.33,
and WP 0.40 after Day 28 in the water; (b) Day 1,
Day 7, and Day 28 in the water of WP 0.33.

hydration  characteristization ~ of
mineral trioxide aggregate(F. B. Basturk et al,
2018). Zirconium dioxide was not involved in
hydration process (S. Chen et al, 2018) and
might used as a radiopacifying material for the
cement(A. Cutajar et al, 2011). Tricalcium
silicate took 28 days to fully hydrate, while
dicalcium silicate took longer (S. Chen et al,
2018). The hydration reaction of MTA
produced calcium silicate hydrate and calcium
hydroxid (J. Camilleri, 2007). However, since
calcium silicate hydrate was amorphous, its
presence was not detected by XRD(L. M.
Formosa et al, 2013).

The porosity of dental cement is
usually caused by mixing cement and liquid.
The porosity is due to the incorporation of
microscopic air bubbles during the mixing
operation (M. Torabinejad et al, 1995). A
study reported that the presence of an
amorphous, porous capillary structure was
also one of the important factors causing
porosity in MTA (M. Fridland and R. Rosado,
2003). However, in this research, these SEM

images failed to show any difference between
the 0.28, 0.33, and 0.44 WP ratios.

The microhardness of the cement
depends on particle size, water-to-powder
ratio, temperature, humidity, and air
entrapment (M. Torabinejad et al, 1995). In
this research, the storage temperature of set
MTA affected the microhardness, for
example, room temperature or higher could
provide better hardness. Porosity had a
negative corrolation with surface hardness, or
in other words, as the porosity increased, the
hardness of the cement decreased ( M. A.
Saghiri et al, 2009). The porosity increased
with the amount of water (M. A. Saghiri et al,
2009). This indicates that higher WP ratios
resulted in lower surface hardness. However,
the lacking amount of water in the mixture
produced lower hardness since water is
important in the setting reaction of MTA. The
hardness of the cement is influenced by other
fundamental properties such as yield strength,
tensile strength, and modulus of elasticity (M.
Fridland and R. Rosado, 2005). In this
research, the compressive strength of MTA
increased over time in the water and was
found to be the highest in 28 days of
submersion (D. P. Bentz, 2007). This
confirms that the microhardness of MTA
increases over time in the water as the MTA
continued to set until 28 days. MTA with the
0.33 WP ratio which was submerged for 28
days in the water provided sufficient hydration
for the microhardness of MTA.

4. Conclusion

Tricalcium silicate, dicalcium silicate,
zirconium dioxide, calcium carbonate, and
calcium hydroxide were detected by XRD.
SEM showed the presence of amorphous,
porous capillary channel and capillary
structure on the surface of the specimens.
SEM images showed no differences between
the 0.28, 0.33, and 0.40 WP ratios. The highest
microhardness was shown by the MTA
specimen with the 0.33 WP ratio that was
submerged in the water for 28 days.
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