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Aim: the purpose of this study was to
evaluate and compare the chemical
composition, pH and solubility of whi-
te and gray mineral trioxide aggregate
(MTA) and Portland cement. 
Methodology: materials underwent
atomic absorption spectroscopy to
quantify their components. pH values
were assessed with a pH-meter using a
temperature-compensated electrode.
Six samples of each material were used
for the analysis of solubility. Samples
were weighed and stored in distilled wa-
ter at 37°C for 7 days and then weighed
again. 
Results: the three materials showed the
same chemical components, except bi-
smuth oxide, which is not found in Por-
tland cement. Statistical analysis of re-
sults revealed significant differences in
the relative proportion of components
in each material. All samples had pH va-
lues close to 12.0, and Portland cement
had a pH result significantly less alka-
line than the ones found for white and
grey MTA samples. None of the mate-
rials tested had significant solubility. 
Conclusions:
- The materials studied had similar che-
mical compositions, except for the pre-
sence of bismuth oxide in white and
grey MTA. 
- There were significant differences in
the amount of components in the dif-
ferent samples.
- All samples had pH values close to 12

immediately after mixing; Portland ce-
ment had significantly lower alkalinity
than white or grey MTA.
- There were no significant signs of so-
lubility in the three materials tested.
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Mineral trioxide aggregate (MTA) was
introduced in 1993 (1) and was exten-
sively studied by Torabinejad and col-
leagues, and has been indicated for se-
veral uses, such as root-end filling (2-7),
repair of perforations (8-10), and con-
servative dental pulp treatment (11, 12).
MTA is a powder composed of trioxides
combined with other hydrophilic mine-
ral particles that crystallize in the pre-
sence of humidity (13). Its pH value is
10.2, but this increases to 12.5 three
hours after mixing, which promotes
alkalinization of the medium. Therefo-
re, MTA plays the role of an antimicro-
bial agent (3-6).
MTA has physical and chemical proper-
ties which depend on the number of
particles, water-powder ratio, and tem-
perature and air humidity. Its setting ti-
me is about 2 hours and 45 minutes; in
the presence of humidity, it undergoes
slight expansion and converts to a col-
loidal gel that crystallizes and later ex-

pands, promoting marginal adaptation.
It provides better sealing than amalgam,
IRM®, and Super EBA® (3-7, 9, 14). Its
radiopacity is greater than that of den-
tin or bone, and is close to that of gut-
ta-percha, which makes its visualization
easier for surgical radiographic control
and follow-up regardless of its clinical
applications (13). 
The C 150 guideline of the American So-
ciety for Testing and Materials (ASTM), is-
sued in 1991, defines Portland cement
as a hydraulic aggregate produced by
grinding clinker, which consists of hy-
draulic calcium silicate usually with one
or more forms of calcium sulfate as an
admixture. The cement is mostly com-
posed of calcium silicates (tricalcium si-
licate and dicalcium silicate, both cor-
responding to about 75% of its total
composition), and aluminates (trical-
cium aluminate and tetracalcium alumi-
noferrite), in addition to other compo-
nents, such as impurities and sulfates
added to the mixture to regulate setting
(15).
Recent studies have described similar
microbiological characteristics for MTA
and Portland cement, which is used in
civil construction. In one of these stu-
dies, chemical analysis showed a simi-
larity between most of the components
in both materials (13).
The low cost of Portland cement com-
pared to MTA suggests the possibility of
using Portland cement for the same pur-
poses that MTA is used. Possible diffe-
rences between white and grey MTA be-
come relevant in this context.
The purpose of this study was to evalua-
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te the chemical composition, pH and
solubility of white and grey mineral
trioxide aggregate (MTA) and Portland
cement.  

Analysis of Chemical Composition 
and pH
Samples were weighed on a precision
scale reading to 0.0001 g (Analíticas
Ohaus AP, Toledo, Pinais, PR, Brazil)
and calibrated according to the manu-
facturer’s reference standard. Three
samples of each material under study
were prepared: white MTA (Ângelus ®,
Londrina, Brazil), grey MTA (Ângelus ®,
Londrina, Brazil) and Portland cement
(Cia de Cimento Itambé®, Balsa Nova–
PR, Brazil). The powder cement of each
weighed sample was kept in a previou-
sly labeled plastic container. A volume-
tric pipette was used to add 100 ml of
Milli-Q to the powder in the container.
The Milli-Q system was designed to pro-
vide type I water (18 Wcm resistivity at
25°C and total organic carbon –TOC-
below 10 ppb), therefore free of any
contaminant. Samples were diluted and
stirred with plastic rods until a homo-
geneous solution was obtained. 
The same samples were used for the
chemical composition and pH tests. The
pH-meter (CG 840, Schott-Mainz, Ger-
many) was calibrated with pH 7 and pH
10 buffer solutions, and the pH of each
sample was then measured 15 minutes
following mixing. The pH reading
membrane was immersed in Milli-Q wa-
ter every time it was moved from one
sample to the other to avoid interferen-
ce with the results. The samples then
underwent atomic absorption spectro-
scopy. The presence of the following
metals was investigated: silicon, magne-
sium, iron, aluminum and calcium. The-
se were the chemical components with
the best reading potential through this
technique. 
The spectrophotometer (Perkin-Elmer
4000, Perkin-Elmer Corp, Wellesley,
MA, USA) was optimized with standard
solutions for the reading of each metal.
For the analysis of calcium, the equip-

ment was optimized with Merck’s Cal-
cium Standard Solution (Merck & Co.,
Whitehouse Station, NJ, USA). Three
samples of each material were indivi-
dually placed in the spectrophotometer
to obtain the reading. Each metal was
analyzed individually in each sample. A
total of 45 calibrations were made (5
elements x 3 samples x 3 materials).
Results and data obtained in chemical
composition and pH tests were analy-
zed statistically with Student’s t test or
one-way ANOVA, followed by the Dun-
can test in the cases for which F was si-
gnificant. SPSS software was used. Signi-
ficance was established at P < 0.05.

Solubility Test
Materials were measured and mixed by
a single operator according to manufac-
turer’s directions. After mixing, each
material was poured in to a cylindrical
mold of about 6 mm x 2 mm and fixed
between two boards. Six disks of each
material were made and tested. The di-
scs were placed in a container protected
from heat, light and humidity for 3
hours to set. On the next day, the sam-
ples were individually stored in glass
containers with 50 ml distilled water at
37°C. After one day, they were removed
from the water and dried for one hour
at 37oC. Each disk was weighed in an
electronic precision scale and returned
to the same container, without chan-
ging the water, for the final period of te-
sts. Drying and weighing were perfor-
med at one and seven days.

Results of the chemical analysis are
shown in Table 1. Atomic absorption
spectroscopy showed that silicon, ma-
gnesium, iron, aluminum and calcium
are found in white MTA, grey MTA and
Portland cement. Measurements showed
that calcium was the major component
in all samples. There were significant dif-
ferences between the amounts of metals
found in the three materials. Portland ce-
ment had 3.6 times more silicon than
white MTA and 2.6 times more than grey
MTA. (Value of ANOVA F (2.8) =

307.972; P < 0.001).
Portland cement had 2.45 times more
magnesium than white MTA and 1.5 ti-
mes more than grey MTA. (Value of
ANOVA F (2.8) = 24.095; P < 0.001)
The amount of iron in white MTA was
significantly greater than the amount in
Portland cement (Value of ANOVA F
(2.8) = 4.807; P = 0.057), and there was
no significant difference between the
amount of iron in Portland cement and
in grey MTA. 
White MTA had 2.7 times more alumi-
num than grey MTA and 1.2 times mo-
re than Portland cement. Portland ce-
ment had 2.3 times more aluminum
than grey MTA. (Value of ANOVA F
(2.8) = 188.927;  P < 0.001)
Mean amount of calcium found in grey
MTA was significantly greater than the
amounts in Portland cement (1.3 times
greater) and white MTA (1.2 times grea-
ter). (Value of ANOVA F (2.8) = 12.401;
P = 0.007)
The results of the pH analysis are
shown in Table 2. All samples had a pH
close to 12 immediately after mixing,
and this value was constant. The com-
parison between mean pH values revea-
led that the pH of Portland cement was
significantly lower (Value of ANOVA F
(8.2) = 43.988; P < 0.0001) than that of
white MTA or grey MTA. 
Table 3 shows the results of the solubi-
lity test for the samples of white and
grey MTA and Portland cement. Sam-
ples were weighed before and after im-
mersion in water. White and grey MTA
and Portland cement in this study did
not have statistically significant signs of
solubility.

Several studies have investigated the
physical properties of MTA (3-7, 9, 12,
13, 16, 17). However, the data on the
properties of this material are still insuf-
ficient. Most studies of MTA do not spe-
cify the color of the material used. A re-
port on the comparison of the results of
white and grey MTA used in dental pul-
ps of dogs demonstrated that grey MTA
gave better results than white MTA (18).
Another biocompatibility study found
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that differences between grey and whi-
te MTA, like the color of cement after
final set, and a shorter time to final set
for the white MTA sample, did not af-
fect their similar behavior and mecha-
nism of action (19). 
Most comparative studies of the chemi-
cal composition of MTA and Portland
cement have been conducted by means
of the X-ray spectrophotometer (20), in
which a point in the sample is selected
for evaluation. In the atomic absorption
technique used in this study, the sam-
ple was mixed and therefore it was pos-
sible to conduct a global analysis of it,
which provides more accurate results
about metals in the sample.
A comparative study of the chemical
composition of MTA and Portland ce-
ment (13) using X-ray spectrophotome-
ter reported that both materials have
the same components, except that
MTA also contains bismuth. The com-
ponents found in Portland cement and
MTA were: CaO (58.5%), SiO (17%),
AlO (4.5%), MgO (3.3%), SO (3.0%),
FeO (2.9%), KO (0.9%), NaO (0.2%). 
Our results are similar to these reported,
and confirm the presence of the same
materials in the chemical composition
of white and grey MTA and Portland ce-
ment. Metal components are: calcium
(the largest relative proportion), silicon,
aluminum, iron and magnesium.
However, statistical analysis of the re-
sults revealed significant differences
for the amounts of each component in
the different materials.  
A chemical analysis to quantify bismuth
in the samples was not possible in this
study because of the method used.
However, previous studies (1) showed
that this is the component responsible
for MTA’s radiopacity, and that it is not
found in Portland cement. 
MTA has a high pH, similar to that of
calcium hydroxide cement and may in-
duce hard tissue formation when used
as a capping or filling material (21). The
pH value when MTA is first exposed to

humidity is 10.2, and it increases to
12.5 about 3 hours after mixing, which
promotes both the alkalinization of the
medium in which it is used and its an-
timicrobial action (3-6).
When Portland cement is mixed with
water, its pH has initial values close to
7, but gradually increases to up to 12.9
after 3 hours (22). 
White MTA showed the largest inter-
group weight value range. Being from
the same stock, it could be speculated
that the ideal homogeneity of this ma-
terial was not achieved. This lack of
uniformity was not found in a different
study using ProRoot MTA (23).
This study found that all samples had
a pH greater than 11. However, in con-
trast to other results in the literature,
these pH values were observed imme-
diately after mixing and did not take 3
hours to reach stability.  As the pH mea-
surement method was the same as used
in all other studies, this difference may
be explained by the greater solubiliza-
tion of the samples in this study.
However, pH is believed to be constant
and not to require so much time to sta-
bilize. Statistical analysis of pH results
showed that the alkalinity of Portland
cement was significantly lower than
that of white or grey MTA. This differs
from other studies in the literature (24,
25), and this could be explained by the
different brands of MTA as well as Por-
tland cement used. The differences in
pH profile during and after setting (24),
and from different manufacturers (25),
have only relative clinical relevance, be-
cause they all show levels of pH high
enough to provide alkalinity to the tis-
sues in contact. 
The risk of presence of impurities in Por-
tland cement is still a matter of concern
(23, 25), and this should be taken into
consideration when deciding which
materials would consistently give relia-
ble results. 
This study used MTA Angelus, which is
different from ProRoot MTA. This can

explain some differences in the litera-
ture with regards to amount of iron
content (20, 26, 27). Also, this study did
not detect, in MTA composition, sub-
stances found in other studies, such as
TiO2 (20) and SO3 (27).  
White and grey MTA and Portland ce-
ment in this study did not have stati-
stically significant signs of solubility,
which confirmed their desirable proper-
ties as a filling material. However,
other long term solubility tests invol-
ving MTA have been reported in the li-
terature (28), with results showing the
potential of this material to solubilize
up to 31% especially if the water-pow-
der ratio is increased. 
The constituents of MTA (29) and its
biological properties (30) have influen-
ced many operators to use in various cli-
nical situations. However, as any mate-
rial used in dentistry, MTA and Portland
cements have variations depending on
the manufacturers. Understanding their
differences allows clinicians to make
their choices considering all desirable
and undesirable factors in each of the-
se materials. Therefore, the study of
MTA is far from being exhausted and
further questions will arise with regards
to its physical and biological properties.

The materials studied had similar che-
mical compositions, except for the pre-
sence of bismuth oxide in white and
grey MTA. 
There were significant differences in the
amount of components in the different
samples.
All samples had pH values close to 12
immediately after mixing; Portland ce-
ment had significantly lower alkalinity
than white or grey MTA.
There were no significant signs of solu-
bility in the three materials tested.
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