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Abstract

Introduction: Recently, several kinds of mineral
trioxide aggregate (MTA)-based products have been
introduced in endodontics. Ortho MTA (BioMTA, Seoul,
Republic of Korea) is one of those products, which was
developed for retrograde filling, perforation repair,
orthograde root canal obturation, and direct pulp
capping. The inclusion of heavy metals in MTA-based
materials is of concern because they come into direct
contact with hard and soft tissues. The aim of this study
was to investigate and compare the levels of arsenic
(As), chromium (Cr), hexavalent chromium (Cr6+), and
lead (Pb) in Ortho MTA and ProRoot MTA. Methods:
One gram of each MTA was digested using a mixture
of hydrochloric and nitric acids and filtered. The As,
Cr, and Pb in the resulting filtrates were analyzed by
inductively coupled plasma–optical emission spectrom-
etry. The level of Cr6+ was measured by the methods
suggested in the Korean Standard L 5221. The results
were statistically analyzed using the Mann-Whitney U
test. Results: The concentration of As in ProRoot MTA
was 1.16 ppm, but As was not detected in Ortho
MTA. Cr6+ and Pb were not detected in either MTA.
Ortho MTA contained significantly less Cr than ProRoot
MTA (P < .05). Conclusions: Ortho MTA and ProRoot
MTA meet the ISO specification 9917-1 regarding the
safety limits of As and Pb and are safe biomaterials
when the purity of As, Cr6+, and Pb is considered. (J En-
dod 2011;-:1–4)
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Mineral trioxide aggregate (MTA) was introduced in 1993(1) and has been widely
used in perforation repair (2), root end filling (3), and apex closure of wide

immature apexes (4) because of its good biocompatibility (3), sealing ability (5, 6),
and its ability to promote hard-tissue formation (7). In addition, there are studies
that reported the sealing ability or biocompatibility of MTA as endodontic sealers
(8–14). Furthermore, as was suggested in the recent review article by Parirokh and
Torabinejad (1), various biomaterials with biological activities similar to those of
MTA, such as Bioaggregate (Innovative Bioceramix, Vancouver, BC, Canada) (15)
and MTA Angelus (Angelus, Londrina, PR, Brazil) (16), have been introduced and
have shown good biocompatibilities and sealing abilities.

However, at present, there is concern that heavy metals may leach out of MTAs.
Several studies investigating the arsenic (As) contents of MTA and Portland cement
(PC) have shown different results (17–20) because of the different methods used to
leach the As out of MTA. Standard ISO 9917-1 (21) recommends the use of diluted
hydrochloric acid for the leaching of As. However, two previous studies have used
a stronger acid to measure the total amount of heavy metals rather than the
amount that is leached out (18, 22) because a strong acid could better dissolve
the sample powders and release the heavy metals for detection and observation.
Standard ISO 9917-1 (21) stipulates that As and lead (Pb) contents in dental
water-based cements should be less than 2 and 100 ppm, respectively. Although
ISO 9917-1 does not regulate any other heavy metals than As and Pb, another toxic
heavy metal, hexavalent chromium (Cr6+), is a known carcinogen and mutagen
(23, 24). One previous study (22) reported that Pb was not detected in either
white MTA or white PC. The presence of chromium in ProRoot MTA was also
reported (20, 22).

Recently, Ortho MTA (BioMTA, Seoul, Republic of Korea) was introduced for
apex closure of an immature root, orthograde root canal filling, perforation repair,
and retrograde filling. The manufacturer claims that Ortho MTA has similar compo-
nents as ProRoot MTA but less heavy metal contents than ProRoot MTA (25).
However, to date, no studies on Ortho MTA have been published to support these
claims. Therefore, the purpose of this study was to investigate the heavy metal
contents (As, Cr, Cr6+, and Pb) of Ortho MTA and compare them with those of
ProRoot MTA.
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TABLE 1. Components of the MTA Materials Tested in this Study*

Commercial brand Composition

ProRoot MTA Tricalcium silicate, (CaO)3 SiO2

Dicalcium silicate, (CaO)2 SiO2

Tricalcium aluminate, (CaO)3 Al2O3

Tetracalcium aluminoferrite,
(CaO)4 Al2O3 Fe2O3

Gypsum, CaSO4$2H2O
Free calcium oxide, CaO
Bismuth oxide, Bi2O3

Ortho MTA Tricalcium silicate, (CaO)3 SiO2

Dicalcium silicate, (CaO)2 SiO2

Tricalcium aluminate, (CaO)3 Al2O3

Tetracalcium aluminoferrite,
(CaO)4 Al2O3 Fe2O3

Free calcium oxide, CaO
Bismuth oxide, Bi2O3

*The ProRoot MTA was from Dentsply (Tulsa Dental, Tulsa, OK), and the Ortho MTA was from Bio-

MTA (Seoul, Republic of Korea).
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Materials and Methods
Sample Preparation

The materials tested in this study were tooth-colored formula of
ProRoot MTA (LOT number: 10003598A, obtained from Dentsply Tulsa
Dental, Tulsa, OK) and Ortho MTA (LOT number: O 1005 T 30 A 1, ob-
tained from BioMTA, Seoul, Republic of Korea; Table 1). Five samples
were prepared for ProRootMTA and OrthoMTA, respectively. One gram
of each sample, to the nearest 0.001 g, was weighed and transferred to
a 100-mL Teflon tube (Sanplatec, Osaka, Japan). A mixture of 7.0 mL
nitric acid (70% by volume) and 21 mL hydrochloric acid (37% by
volume) was added to the Teflon tube and allowed to stand for 2 hours.
The vessel was loosely capped and transferred to a hood containing an
exhaust vent, where it was heated to 105�C by placing it on a heating
block (SCP Science, Baie D’Urf�e, Qu�ebec, Canada) and was then al-
lowed to equilibrate for 2 hours. The temperature of the mixture was
increased slowly to eliminate the loss of metal traces by abrupt boiling.
After the reaction vessel was cooled to room temperature, the mixture
was filtered through a Whatman No. 40 filter paper (Whatman plc,
Maidstone, UK) to obtain a filtrate. A blank test was performed in
parallel by the same procedure with the use of the same quantities of
all reagents but omitting the test sample.

Contamination Control during the Analytic Procedure
To eliminate leaching of the trace metals from the walls of the

sample bottles and pipette tips, these were soaked in an 8:1:1 (by
volume) mixture of water, nitric acid, and hydrochloric acid for
more than 48 hours. Then, they were rinsed several times with ultrapure
water with a resistance of 18 MU, dried at room temperature on a clean
bench, and stored in a clean air environment before use. To avoid
contamination, the analyst wore polyvinyl chloride gloves during clean-
ing and the analytic procedure.

Determination of Heavy Metal Elements
The resulting filtrates were analyzed by inductively coupled

plasma–optical emission spectrometry (ICP-OES; Varian Inc, Santa
Clara, CA). The concentrations of three heavy metals (As, Cr, and Pb)
were analyzed by ICP-OES in five replicates. The detection wavelengths
of As, Cr, and Pb were 188.980, 267.716, and 220.353 nm, respectively;
a 27.12-MHz and 1.2-Kw radiofrequency generator was used in this
experiment. Plasma gas flow was 15 L/min, and the entrance/exit slit
width was 20 mm/30 mm, respectively.

Reagents and Calibration
Quantities of 1,000 mg/L or 10,000 mg/L of stock standard solu-

tions of three heavy metal species (As [catalog #140-051-335], Cr
[catalog #140-062-245], and Pb [catalog #140-061-825]; SCP
Science) were purchased and diluted into five different concentrations.
Deionized water, having a resistance of 18 MU, was obtained with the
use of a three-stage ion exchange filter system. All reagents used in this
experiment were of analytic grade or higher. The equipment was cali-
brated using a five-point calibration method. Once the spectrometer
was calibrated, the calibration was verified with the use of standard
solutions, as described previously. A representative calibration curve
for As is shown in Figure 1A.

Determination of Cr6+

Analysis of Cr6+ was performed with Korean Standard KS (Korean
Standard) L 5221 (26). One gram of each sample (ProRoot MTA and
Ortho MTA) and 100 mL deionized water were transferred to a 200-mL
container. The container was capped, and the solution was stirred with
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a magnetic stirrer for 10 minutes. The water was then filtered, and 25
mL of the resulting filtrate was taken and moved to another 50-mL
container. A 0.6-mL quantity of 1:1 hydrochloric acid was added to
this container and cooled at room temperature. A 1.0-mL quantity of
diphenyl carbazide (1%, wt/vol) solution was added and mixed. Deion-
ized water was then added to make up the solution to a 50-mL volume.
Five minutes later, the resulting solution was moved into an absorption
cell (Standard Quartz Cell; Mecasys, Seoul, Korea), and the absorbance
was measured at 540 nm using spectrophotometer (Optima 5300 DV;
PerkinElmer, Waltham, MA). For control purposes, another 25 mL of
filtrate was transferred to another container. A 0.6-mL quantity of 1:1
hydrochloric acid and a 1-mL quantity of an ethanol (99.5%, wt/vol)
mixture were added to this container. The mixture was boiled for 15
minutes to reduce the chromium acid content. The boiled samples
were cooled to room temperature and moved to another 50-mL
container. In this container, diphenyl carbonate (1%, wt/vol) was
added and mixed, and the deionized water was added to make up 50
mL of the mixture. Five minutes later, the resulting solution was moved
into an absorption cell (Standard Quartz Cell). Using this solution as
a control, we calculated the Cr6+ concentration by use of a standard
curve.

Statistical Analysis
The results were analyzed statistically using the Mann-Whitney U

test. Differences with a P value <.05 were considered significant.

Results
As, Total Cr and Cr6+, and Pb Contents

In ProRoot MTA, the concentration of As was 1.16 � 0.63 ppm
(n = 5), whereas As was not detected in Ortho MTA (n = 5). Pb was
not detected in either MTA (Table 2). The concentration of total Cr
in ProRoot MTA (5.88 ppm) was significantly higher than that in the
Ortho MTA (3.47 ppm) (P < .05, Table 2). Cr6+ was not detected in
either MTA. Representative peaks for As, Pb, and Cr are shown in
Figure 1B.

Discussion
As is known to be carcinogenic (27), and it has been reported that

As inhibits cellular functions and distorts intracellular microstructures
(28). In the present study, ProRoot MTA was found to contain 1.16 ppm
of As, and Ortho MTA did not contain As. The amount of As in ProRoot
MTA was considerably lower than the cutoff value of As (2 ppm)
JOE — Volume -, Number -, - 2011



Figure 1. (A) The standard curve for As determination using a five-point calibration method and (B) the representative peaks (mm) of As, Cr, and Pb by ICP-OES.

TABLE 2. Concentrations (ppm) of As, Pb, Cr, and Cr6+ in ProRoot MTA and
Ortho MTA*

Metal ProRoot MTA Ortho MTA ISO limit

As 1.16 � 0.63 ND 2
Pb ND ND 100
Cr 5.88 � 0.54 3.47 � 0.90†

Cr6+ ND ND

ND, not detected; ISO, International Standardization Organization 9917-1.

*The ProRoot MTA was from Dentsply (Tulsa Dental, Tulsa, OK), and the Ortho MTA was from Bio-

MTA (Seoul, Republic of Korea).
†Statistically significant (P < .05).
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suggested by ISO 9917-1, considering that a much stronger acid (a
mixture of nitric and hydrochloric acids) was used than the acid sug-
gested by the ISO 9917-1. Pb has also been reported to be cytotoxic
and genotoxic (29). Pb was not detected in ProRoot MTA, which is
similar to the results of a previous study (22). Pb was also not detected
in Ortho MTA. These results suggest that both MTA cements satisfy the
ISO specification regarding As and Pb.

Currently, there is no specification on Cr content in ISO 9917-1. In
the present study, ProRoot MTA and Ortho MTA showed a difference in
the total Cr content (3.47 ppm in Ortho MTA vs 5.88 ppm in ProRoot
MTA). However, the Cr content of ProRoot MTA was much lower than
that reported in a previous study (87.71 ppm) (20). This difference
could be the result of the sample treatment method or interlaboratory
variability (20).

Regarding the content of Cr6+, one MSDS (material safety data
sheet) stated that the oral 50% lethal dose of Cr6+ is 1,790 ppm for
a rat (30). Furthermore, one previous review article on Cr reported
that the human body possesses an effective detoxification mechanism
for some degree of exposure to Cr6+ (31). Considering that Cr6+ was
not detected in either ProRoot MTA or Ortho MTA and there were negli-
gible Cr contents in both MTA cements, it could be speculated that the Cr
content would not impose a serious health problem under a clinical
situation.

The total extractionmethod used in the present study was not iden-
tical to the method described in ISO 9917-1, which estimates the leach-
able ions by using a dilute acid. This might be a limitation of this study
because heavy metal ions in MTA cements will be slowly released
in vivo. However, because the amount of heavy metals released under
the clinical situation depends on the total amount of heavy metals con-
tained in material itself, we used an ‘‘aqua-regia’’ method, which is
a modified method of ISO 11466 that can extract the total amount of
heavy metals from specimens by using strong acids (32). ISO 11466
(extraction of trace elements soluble in aqua regia) suggests the use
of 12.0 mol/L (37%) of hydrochloric acid and 15.8 mol/L (70%) of ni-
JOE — Volume -, Number -, - 2011
tric acid to sample treatment. In this experiment, we used the same
protocol as was indicated in ISO 11466 (32). The difference of the
ISO 11466 method (32) compared with the ISO 9917-1 method
(21) is that the former can investigate the total heavy metal amount,
whereas the latter evaluates the leaching out amount of heavy metal
samples.

Aqua-regia is widely used for the detection of trace heavy metal
elements in contaminated soils (33) and in the dental field (34), where
it was shown to be effective for heavy metal analysis in a previous study
(22). The advantages of this method are its ease of application, cost-
effectiveness, and consistency of results (35). The aqua-regia method
is known to be able to releasemore heavymetals than a single acid alone
(36). The difference in detection methods resulted in a difference from
the amounts of As detected in previous studies (17–20, 22, 37). Duarte
et al (19) used diluted hydrochloric acid and reported that a negligible
amount of As (0.0002 ppm) leached out from ProRoot MTA. In
contrast, Monteiro Bramante et al(18)used a strong acid (20% HCl)
and reported that the As content of ProRoot MTA was 5.25 ppm, which
is a similar result to that in the Chang et al study (22). Within the results
of the present study, Ortho MTA showed an As content lower than the
detection limit of the equipment used.
Heavy Metal Analysis of Ortho MTA 3
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One important aspect of the present study is that it investigated the

presence of Cr6+. Cr6+ is a known carcinogen and mutagen (23, 24). In
this study, neither the ProRoot MTA nor the Ortho MTA cement
contained Cr6+. This result suggests that both MTAs are safe in terms
of toxicities related to Cr6+.

The experimental method used in heavy metal analysis is technique
sensitive, and the results tend to vary widely. For this reason, we repeated
the experimental procedures in their entirety (from the acid treatment to
the measurement of the heavy metals using ICP-OES) five times. In other
words, we made five samples of ProRoot MTA and another five samples
for Ortho MTA for heavy metal analysis, whereas in previous studies the
experiment was performed with only three replicates (20, 37).
Considering that the increasing sample size could reduce the risk of
incorporating bias into the data, our results could be considered to
give more solid evidence than in previous studies (12–17).

In conclusion, ProRoot MTA and Ortho MTA meet the ISO speci-
fication 9917-1 regulation regarding the safety limits of As and Pb and
are safe biomaterials when the purity of As, Cr6+, and Pb is considered.
However, further studies on the heavy metals contents other than As, Pb,
Cr, and Cr6+ as well as the biocompatibility and the physical properties
of Ortho MTA should be followed before clinical application.
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