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Evaluation of physico-chemical 
properties of Portland cements and MTA

Abstract: The purpose of this study was to evaluate the hydrogenionic 
potential and electrical conductivity of Portland cements and MTA, as 
well as the amount of arsenic and calcium released from these materi-
als. In Teflon molds, samples of each material were agitated and added 
to plastic flasks containing distilled water for 3, 24, 72 and 168 h. The 
results were analyzed with a Kruskal-Wallis non-parametric test for 
global comparisons and a Dunn-Tukey test for pairwise comparisons. 
The results revealed no significant differences in the pH of the materials 
(p > 0.05). The electrical conductivity of the cements were not statisti-
cally different (p > 0.05). White non-structural cement and MTA BIO re-
leased the largest amount of calcium ions into solution (p < 0.05), while 
arsenic release was insignificant in all of the materials (p > 0.05). The re-
sults indicated that the physico-chemical properties of Portland cements 
and MTA were similar. Furthermore, all materials produced an alkaline 
environment and can be considered safe for clinical use because arsenic 
was not released. The electrical conductivity and the amount of calcium 
ions released into solution increased over time.

Descriptors: Endodontics; Mineral trioxide aggregate; Root canal 
filling materials.

Introduction
In the 1990’s, a research team led by Professor Mahmoud Torabi-

nejad developed mineral trioxide aggregate (MTA), a novel retrofilling 
material.1 A patent for MTA was granted in 1999,2 and the material was 
commercialized as ProRoot MTA. According to the manufacturer, this 
material is composed of 50-75% calcium oxide and 15-25% silicium di-
oxide.3,4 Studies revealed that MTA displays similar behavior to type 1 
ordinary Portland cement5 with bismuth oxide,6,7 which is added to im-
prove the radiopacifier properties of the material.8

In dentistry, Portland cements have been studied extensively as a sub-
stitute for MTA. Due to the presence of iron, the materials can be white 
or gray in color.7,8 White Portland cement is classified as either struc-
tural or non-structural cement.9 Non-structural cement contains minor 
amounts of clinker and gypsum (50-74%), which alters the structural 
properties of the material. For example, clinker increases the resistance 
of the material and decreases its solubility.9 Portland cement and MTA 
display similar antimicrobial activity,6 biocompatibility,4 sealing ability, 
marginal adaptation,10 tissue and perirradicular healing,11 dentine barri-
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er formation,12 dimensional stability13 and moisture 
tolerance.14

Portland cement and MTA are rich in calcium 
oxide, which is converted to calcium hydroxide in 
aqueous solution.15 The dissociation of calcium and 
hydroxyl ions increases the pH of the solution and 
promotes an unfavorable environment to bacterial 
growth.6 Alternatively, an increase in the pH and 
calcium ion concentration improves biocompatibil-
ity16 and promotes the action of cementoblasts,17 
which can repair the material.12

Although the concentration of arsenic and other 
elements in MTA and Portland cements is low,18 the 
effect of these chemicals is a concern for clinical ap-
plications. To understand the physico-chemical pro-
prieties of Portland cements and MTA, the amount 
of arsenic and calcium ions released from these ma-
terials must be evaluated. Moreover, the change in 
pH over time and the effect on the properties of the 
materials must be understood. The aim of this work 
was to evaluate the pH, electrical conductivity and 
release of calcium ions and arsenic from Portland 
cements and MTA.

Material and Methods
The materials used in this study are described in 

Table 1.
To establish the water/powder ratio, 3 g of ce-

ment was weighed and a portion was added to 
0.20 mL of distilled water to achieve the desired 
consistency. The amount of remaining powder was 
subtracted from the initial quantity. This procedure 
was repeated five times for each material.

pH analysis 
For each material, 5 samples with a thickness 

of 1.5 mm and an inner diameter of 7.75 mm were 
analyzed. Each tube was sealed in a flask contain-
ing 7.5 mL of distilled water. The pH was measured 
(PH 30 Sensor Corning; Corning Inc., New York, 
NY, USA) with a pH meter at 3, 24, 72, and 168 h 
of spatulation. During the experiment, the pH of 
each sample was analyzed in the plastic recipient 
without liquid substitution.

Electrical conductivity analysis
After the pH of the material was evaluated, the 

sample was retained in the plastic recipient and the 
electrical conductivity of the solution was measured. 
Thus, all 5 samples of each material were analyzed 
with a condutivitymeter (Marconi CA-150, Piraci-
caba, SP, Brazil). The device was calibrated accord-
ing to a calibration curve obtained from a solution 
of 1.412 µS/cm-1. 

Analysis of calcium ion release 
A total of 5 samples were analyzed for each type 

of material. Each tube was sealed in a flask contain-
ing 7.5 mL of distilled water, and the amount of cal-
cium released from the material was determined after 
3, 24, 72, and 168 h of spatulation. The measure-
ments were performed with an atomic absorption 
spectrometer (Perkin Elmer, Uberlingen, Germany) 
equipped with a hollow cathode calcium lamp. The 
following conditions were maintained: lamp cur-
rent: 3 mA; fuel: acetylene; support: oxygen; stoi-
chiometry: reducing; wavelength: 422.7 nm; slit: 
0.2 nm. To prevent the interference of phosphates 
and alkaline metals, all glassware was prewashed 
with 5% nitric acid. A standard solution of 10 mg/
dL of calcium was diluted in 10% EDTA to obtain 
standard solutions. To calibrate the apparatus for 

Table 1 - The composition of tested materials.

Cement Composition Manufacturers

White structural Clinker (100-75%), Gypsum (3%), Carbonatic Material (0-25%) Votorantin, Corumbá, MS, Brazil

White non-structural Clinker (74-50%), Gypsum (3%), Carbonatic Material (26-50%) Votorantin, Corumbá, MS, Brazil

Gray Portland Clinker (97%), Gypsum (3%) Votorantin, Corumbá, MS, Brazil

MTA BIO Portland Cement (80%), Bismuth oxide (20%) Ângelus Ind.Prod. Odontol., Londrina, PR, Brazil

White ProRoot MTA Portland Cement (75%), Bismuth oxide (20%), Gypsum (5%) Dentsply, Tulsa, OK, USA
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zero absorbency, 10% EDTA was used as a blank. 
The calcium concentration of the samples was deter-
mined according to a calibration curve of solutions 
with known concentrations of calcium (0.025, 0.05, 
0.1, 0.2, and 0.3 mg/dL).

Arsenic release
Excess solution from previous tests was diluted 

with HCl (Merck, Darmstadt, Germany), which 
lowered the pH to 2.0. The solution was acidified 
to guarantee that arsenic was released in the form 
of arsenic III. For the atomic absorption spectrom-
etry, the following operating conditions were main-
tained: 3 psi of nitrogen at a flow rate of 50 mL/
min, 10 mol/L of HCl at a flow rate of 1 mL/min, 
1% sodium borohydride in 1% sodium hydroxide 
solution at a flow rate of 1 mL/min, sample flow rate 
of 8 mL/min and an integration time of 90 s. Atom-
ic absorption spectrophotometry was conducted at a 
wavelength 193.7 nm with a arsenic hollow cathode 
lamp, a slit width of 0.5, and an air-acetylene flame. 
Standard solutions with arsenic concentrations of 
2.0, 4.0, 6.0, 8.0 and 10.0 µg/L were prepared from 
a solution of 10.0 µg/L arsenic trichloride in reagent 
grade water at a pH of 2.0. In total, 5 samples were 
analyzed at 4 different spatulation times.

Statistical analysis
The results were compared at each time point 

by conducting a Kruskal-Wallis non parametric test 

of global comparisons and a complementary Dunn-
Tukey test of pairwise comparisons. A significance 
level of 5% was adopted in the statistical analysis.

Results
The average pH of each material is shown in Ta-

ble 2. Significant differences in the pH of the mate-
rials were not observed (p > 0.05). However, the pH 
at 3 h of immersion was statistically different from 
that of other time periods (p < 0.05). Alternative-
ly, similar pHs were observed at other spatulation 
times (p > 0.05), as shown in Graph 1.

Table 3 presents the mean electrical conductiv-
ity of the samples over time. The results indicated 
that the conductivity of the materials were not sta-
tistically different (p > 0.05). However, at 168 h, a 
significant difference in conductivity was observed 
(p < 0.05). Alternatively, at 24 and 72 h, differences 
were not observed between samples (p > 0.05), but 
these results were different from those obtained at 
3 h (p < 0.05) (Graph 2).

Table 4 presents the average amount of calcium 
released from the materials. The results indicated 
that the amount of calcium released from white 
non-structural was statistically similar to that of 
MTA BIO (p > 0.05), but was different (p < 0.05) 
from that of the other materials. Likewise, ProRoot 
MTA, white structural and gray Portland released 
similar amounts of calcium (p > 0.05). At 168 h, the 
concentration of calcium released from the materi-

Table 2 - The average pH of the materials (α = 0.05).

Material White Non-Structural ProRoot MTA MTA BIO White Structural Gray Portland

Mean ± SD 11.63 ± 0.44 11.80 ± 0.14 11.81 ± 0.11 11.94 ± 0.14 12.00 ± 0.17 

Table 3 - Electrical conductivity (µS/cm-1) of the materials (α = 0.05).

Material White Non-Structural ProRoot MTA MTA BIO White Structural Gray Portland

Mean ± SD 1,677.5 ± 1,563.4 1,388.7 ± 263.5 1,294.4 ± 407.3 1,603.4 ± 553.6 1,394.8 ± 486.8

Table 4 - Amount of calcium ions released (mg/dL) from the materials (α = 0.05).

Material White Non-Structural ProRoot MTA MTA BIO White Structural Gray Portland

Mean ± SD 135.7 ± 185.4 15.64 ± 21.3 74.9 ± 106.9 8.5 ± 12.2 17.7 ± 22.6
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als was different (p < 0.05) than at other time peri-
ods, which were similar to each other (p > 0.05), as 
shown in Graph 3.

Atomic absorption spectrometry and hydride 
generation were used to determine the amount of 
arsenic released from the materials. The spectrom-
eter possessed a maximum and minimum detection 
limit, which specifies the range of concentrations 
that produce a linear response. For the chosen spec-
trometer, the detection interval ranged from 2 to 
10 µg/L. The equipment used to quantify the release 
of arsenic indicated that the concentration of arsenic 
released from the samples was below the lower limit 

of detection. Thus, the concentration of arsenic re-
leased from the materials was less than 2 µg/L.

Discussion
Because a specific normative for retrofilling ma-

terials has not yet been developed,17 the aforemen-
tioned tests were conducted according to specifica-
tion No. 57 from the ANSI/ADA19 (2000) for filling 
materials. During clinical use, retrofilling materials 
are often in close contact with periodontal tissues 
and are used under the same conditions as filling 
materials; thus, this standard was assumed to be ap-
plicable to the materials under investigation.8 How-
ever, to limit the amount of cement used in the anal-
ysis, the volume of the samples was reduced by 80%, 
and the quality of the results was not affected.20

The water/powder ratio was determined to verify 
the exact quantity of powder that should be incor-
porated into a specific volume of water. Portland 
cement is designed for civil engineering, and a spe-
cific ratio for its use in dentistry has not been es-
tablished. Thus, Portland cement is often used in 
the same ratio as MTA cements.21 According to the 
MTA cement manufacturer, the recommended ratio 
is 3:1,22 which results in a fluid that has a consis-
tency similar to that of soup.17 Thus, the manufac-
turer suggests that excess powder can be added to 
the mixture. The effect of additional powder on the 
physico-chemical characteristics of the cement is 

Graph 2 - Electrical conductivity (µS/cm-1) variation ac-
cording to period of time.
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unknown. The results indicated that cements with 
different powder/liquid ratios were not statistically 
different (p < 0.05). Moreover, the chemical compo-
sition of Portland cements and MTA are similar.5,6,7

Distilled water at a pH of 5.6 was used to evalu-
ate the pH of the materials. During the first 3 h, the 
samples were strongly alkaline, and the pH remained 
high until the end of the experiment. Portland ce-
ments and MTA are rich in calcium ions, which are 
converted to calcium hydroxide upon contact with 
the water. Calcium hydroxide dissociates into cal-
cium and hydroxyl ions, which increases the pH of 
the solution.13 Thus, the variation in the concen-
tration of calcium hydroxide leads to different pH 
values. Gray and white structural Portland cements 
contain large amounts of clinker; thus, these materi-
als possessed a high pH.9 Moreover, soluble forms 
of calcium such as calcium oxide are readily trans-
formed into calcium hydroxide, which increases the 
alkalinity of the solution.13,23 However, the pH sta-
bilizes over time as the solution becomes saturated 
with calcium hydroxide.24

Similar results were observed in studies conduct-
ed by Islam et al.21 (2006). Specifically, the pH of 
gray and white Portland cements was higher than 
the pH of gray and white MTA. Alternatively, Du-
arte et al.13 (2003) obtained contradictory results 
because the solution was removed and fresh water 
was added after each pH measurement. As a result, 
the pH of the solution decreased due to the addition 
of distilled water, and longer periods of time were 
required to achieve re-equilibration.

Electrical conductivity is directly related to the 
concentration of ions in the medium, which is pro-
portional to the solubility of the material.23,24 The 
results indicated that the concentration of ions in 
solution increased as the solubility of the sample in-
creased, which led to higher conductivity values. In 
general, this phenomena was observed in all of the 
cements. During the sample solubilization process, 
the components that were the most soluble in water 
were the first to release ions into solution. Samples 
components solubilize at different rates and possess 
different solubility products (Kps).24 Because of the 
complexity of these materials, the ionic equilibrium 
that is established is equally complex. Moreover, the 

common-ion effect is significant for calcium, which 
is the main species present in cement.24 The solubili-
ty of individual components increases as the contact 
time with the solvent increases; thus, the concentra-
tion of ions and the electrical conductivity increases 
over time.24

According to the results, the conductivity of the 
cements were statistically similar (p > 0.05), sug-
gesting that all samples were affected similarly by 
solvolysis. Moreover, the volume of solvent used in 
the test was insufficient (7.5 mL). Although the con-
ductivity significantly increased over time, the elec-
trical conductivity should eventually stabilize due to 
solution saturation.24 In this study, the solution was 
not removed or exchanged once the samples were 
immersed; thus, the results obtained in this study 
were different from those obtained by Santos et al.23 

(2005).
White non-structural cement is composed of 

many compounds that contain calcium. Moreover, 
this material is highly soluble due to the low concen-
tration of clinker (50-74%). Thus, high concentra-
tions of calcium ions are released upon contact with 
water.9 In the presence of water, clinker reacts with 
other cement components, and is a strong hydraulic 
ligament. Therefore, the large amount of calcium re-
leased from white non-structural cement is related 
to the low concentration of clinker.9 White struc-
tural cement is composed of 75-100% clinker and 
gypsum, while gray portland cement contains 100% 
clinker and gypsum.4,25

MTA BIO released significantly more calcium 
ions into solution than ProRoot MTA. Accord-
ing to the manufacturer, MTA BIO contains 80% 
Portland cement, while ProRoot MTA contains only 
75%.25,26 The larger quantity of Portland cement in 
MTA BIO results in a higher concentration of clin-
ker, which limits the solubility of the material. The 
main difference between MTA BIO and ProRoot is 
the concentration of gypsum, which is 5% higher 
in ProRoot.25,26 If gypsum (calcium sulfate) was not 
present, cement would harden immediately upon 
contact with water.3,9 The increase in setting time 
allows the components of the cement to reorganize, 
which produces a more resistant and durable struc-
ture.9 The results obtained in this study are in accor-
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dance with those of Duarte et al.13 (2003), which in-
dicated that MTA Ângelus contains higher amounts 
of Portland cement or other calcium-related com-
pounds than ProRoot MTA. Moreover, Oliveira et 
al.26 (2007) showed that the calcium concentration 
of MTA Ângelus was greater than that of ProRoot 
MTA. Thus, unlike the results of Duarte et al.13 

(2003), these authors found that the amount of ions 
released from the cement could be attributed to the 
setting time of the material as well as the original 
concentration of calcium.

At 3, 24 and 72 h of spatulation, the average con-
centration of calcium in solution was similar. How-
ever, at 168 h, the amount of calcium released from 
the materials was statistically different. The differ-
ences in calcium concentration at extended periods 
of time may be attributed to the solubility of the ma-
terial and the concentration of clinker.9 Individual 
components of the materials solubilize at different 
rates because each compound possesses a different 
solubility product (Kps).24 The results indicated that 
solubilization was slow during the first 72 h; how-
ever, solubility significantly increased after extended 
periods of time. The high solubility and calcium 
concentration observed at 168 h can be attributed to 

the length of contact time between the material and 
the solvent.24

The concentration of trivalent arsenic (As III) 
was determined because it is the most toxic form 
of arsenic.18 In Brazil, resolution 20 of the National 
Council of the Environment indicates that the maxi-
mum arsenic concentration of water for human con-
sumption is 0.05 mg/L.27 To quantify the amount 
of arsenic released from the materials, atomic ab-
sorption spectrometry with hydride generation was 
employed. The equipment used in this study could 
accurately quantify the amount of arsenic at concen-
trations between 2 and 10 µg/L. In all of the materi-
als analyzed, the spectrometer could not determine 
the arsenic content, indicating that the concentra-
tion of this metal was below 2 µg/L, which is safe 
for human consumption.27

Conclusions
In spite of several limitations, the results of this 

in vitro study revealed that the physico-chemical 
proprieties of Portland cements and MTA were sim-
ilar. However, further biocompatibility studies on 
Portland cements should be conducted before clini-
cal use.
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