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Abstract

Aim: The aims of this study were to analyze the chemical constitution and the presence of heavy metals in MTA Fillapex and AH

Plus sealers.

Methods: The main components of the sealers were analyzed by using a Scanning Electron Microscopy equipped with Energy
Dispersive X-ray analysis (SEM/EDX), and the concentration of 11 heavy metals (arsenic, bismuth, cadmium, calcium, copper,
chromium, iron, lead, manganese, nickel and zinc) was measured by Atomic Absorption Spectrophotometry (AAS).

Results: SEM/EDX revealed that MTA Fillapex contained silicon (16.79 wt%), calcium (14.87 wt%), bismuth (18.37 wt%),
carbon (17.79 wt%) and oxygen (26.29 wt%), and AH Plus, zirconium (31.16 wt%), tungsten (15.72 wt%), carbon (34.98 wt%)
and oxygen (14.36 wt%). AAS revealed increased levels of arsenic, copper, chromium, iron, nickel and zinc in AH Plus, and of

bismuth, calcium and lead in MTA Fillapex.

Conclusions: The chemical composition of MTA Fillapex and AH Plus was in accordance to MSDS provided by manufacturers.
Evidence of the presence of heavy metals was found in both root canal sealers.

Key Words: Atomic absorption spectrophotometry, Chemical elements, Energy dispersive X-ray spectroscopy, Heavy metals, Root

canal sealers

Introduction

Root canal sealers (RCS) are used to promote an airtight seal
and prevent oral pathogens from colonizing and re-infecting the
root and periapical tissues [1]. The sealers currently available
are classified according to main chemical components: zinc-
oxide-eugenol sealers, sealers containing calcium hydroxide,
resin-based,  glass-ionomer-based, silicone-based and
bioceramic sealers [2-4].

AH Plus is an epoxy-resin-based material used as reference
because of its good physicochemical properties, such as
long-term dimensional stability, apical sealing ability and
adherence to root dentine [5-9]. However, the AH Plus’s low
solubility has not been fully explained, because its chemical
characteristics remain unknown [8]. In addition, a moderate to
severe cytotoxicity postoperative effect of AH Plus has been
reported, which may be related to release of constitutional
compounds [10]. MTA Fillapex® has been recently introduced
in the market as a new option for root canal filling. It was
designed in an attempt to combine the physicochemical
properties of a sealer with the biological properties of
Mineral Trioxide Aggregate (MTA) [11,12]. It is composed
of MTA, salicylate resin, natural resin, bismuth oxide and
silica [3,4,13]. Compared to others RCS, MTA Fillapex has
short working and setting times [4,13], adequate radiopacity
[12], high flowability [4,12] and alkaline pH [12]. Despite
these characteristics, MTA Fillapex presents low compressive
strength, which has been related to the presence of unknown
additives in its composition and its high solubility [4,14].

Although specific properties of root canal sealers have
been widely studied [1,3-5,7,12,13,15], limited data are
available about their exact chemical composition [3,16]. The
chemical characteristics of the constituents found in root canal
sealers may define important physicochemical, mechanical

and, above all, biological properties [4,5,7]. During root canal
filling procedures, the sealer may extrude through the apical
foramen, and its contact with periapical tissues may lead to
undesirable effects [5,17]. Some sealers may release toxic
substances after mixing, which may interfere with healing or
cause adverse reactions [2,13,15]. Therefore, a study about
their chemical characteristics may contribute to a better
understanding of their clinical behavior and performance.

Different techniques have been used to study the chemical
composition of dental materials: energy dispersive X-ray
spectroscopy (EDX), Atomic Absorption Spectrometry (AAS),
fluorescence spectrometer X-ray, X-ray diffraction analysis
and inductively coupled plasma emission spectrometry [18-
22]. EDX has been used in conjunction with Scanning Electron
Microscopy (SEM) wherein SEM does the structural analysis
and elemental analysis is done by EDX [23,24]. AAS has been
used as an analytical tool to measure the concentration of a
particular chemical in solutions or directly in solid samples
[25,26]. The combination of the use of SEM/EDX and AAS
is important to analyze the exact composition of RCS and
to describe all trace elements and chemical elements that
determine their properties. The aims of the present study were
to identify the chemical elements in AH Plus and MTA Fillapex
using SEM/EDX and to determine heavy metal contents in the
two sealers using AAS.

Materials and Methods
Tested materials
The materials evaluated in this study and their compositions
are described in 7able 1. All materials were handled according
to the manufacturer’s instructions.
Scanning electron microscopy and energy-dispersive X-ray
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Table 1. Composition of the materials and their manufacturer.

Materials Composition (MSDS data) Manufactures
Component A: epoxy resin, calcium tungstate, zirconium oxide, aerosil, iron oxide;
AH Plus Component B: adamantane amine, N,N-Dibenzyl-5-oxanonane, TCD-Diamine, calcium Dentsply De Trey Gmbh,
. . . Konstanz, Germany
tungstate, zirconium oxide, aerosol
MTA Fillapex Components after m%xture: resins (sal'lcylate, .dlh.ltmg, natural), rgdlopaque bismuth, Angelus, Londrina, PR, Brazil
nanoparticulated silica, mineral trioxide aggregate, pigments
analysis (SEM/EDX) each element under analysis were determined according to the

Six standard polyethylene tubes measuring 3 mm in its
internal diameter and 3 mm long, were prepared using a digital
caliper reading to 0.01 mm (Mitutoyo MTI Corporation,
Tokyo, Japan) and a number 11 disposable scalpel blade
(Swann Morton, Sheffield, UK). Three tubes for each group
were placed on a polished glass slab (75 x 25 x 1 mm) and filled
with freshly mixed sealers. The specimens were placed in a
chamber at 95% relative humidity and 37°C for 48 hours. The
specimens were fixed to a metal stub, surface-sputtered with
gold-palladium (Bal-Tec AG, Balzers, Germany) at 20 mA
and examined using a Leo Stereoscan 4201 scanning electron
microscope (Leica Electron Optics, Cambridge instruments,
Cambridge, UK) at 8-10 kV and 2-nm resolution, without any
preparation. Images at S000X magnification were captured.
EDX was performed using the NSS Spectral Analysis System
2.3 (Thermo Fischer Scientific, San Jose, CA) to determine
the chemical composition of the materials under evaluation.
One EDX spectrum was obtained from the central region
of each specimen under the following conditions: 25 kV
accelerating voltage, 110 pA beam current, 10 Torr pressure
(high-vacuum), 130 x 130 pum area of analysis at 1000X
magnification, 100 s acquisition time and 30-35% detector
dead time. The elemental analysis (weight% and atomic %) of
samples was conducted using nonstandard analysis mode and
the Phi-Rho-Z (Proza) correction method. High-resolution
elemental maps were created using the net count method and
the same detection-analysis system (NSS Spectral Analyses
System 2.3).

Atomic absorption spectrophotometry (AAS)

Total metal content was determined according to the ISO
9917-1 method [27]. The metals analyzed were: arsenic,
bismuth, calcium, chromium, lead, copper, chrome, iron,
manganese, nickel and zinc. Five samples were prepared
for each material. One gram of each sample, to the nearest
0.001 g, was weighed and transferred to a 100-mL Teflon
tube. A mixture of 7.0 mL of nitric acid (65% v/v) and 21
mL of hydrochloric acid (37% v/v) was added to the Teflon
tube and allowed to stand for 2 hours. The tube was loosely
capped and transferred to a hood with an exhaust vent, where
it was heated to 80°C by placing it on a heating block and
then allowed to equilibrate for 150 min. After the reaction
tube was cooled to room temperature, the mixture was filtered
to obtain a filtrate in 50 mL of distilled water. A blank test
was performed in parallel using the same procedure and the
same quantities of all the reagents but not the test sample.
For each metal, specific patterns were determined from
universal standards (Merck, Darmstadt, Germany). A Spectra
A atomic absorbance spectrometer (Varian, Ind. ¢ Com. Ltda,
Séo Paulo, Brazil) with an aspiration rate of 2 mL/min and a
specific cathode for each metal was used. The parameters for
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electric current, wavelength and slit aperture of the device.

For arsenic, the quantification was performed using an
atomic absorption spectrophotometer (Spectra A, Varian
Ind. e Com. Ltda, Sao Paulo, Brazil) equipped with a hydride
generator at 3 psi of hydrogen pressure, nitrogen at 50 mL/
min, HCL solution in 10 mol and aspiration rate of 1 mL/
min and 1% sodium borohydride in 1% sodium hydroxide
(Merck, Darmstadt, Germany) at an aspiration rate of 1 mL/
min. The aspiration rate of the sample was 6 mL/min in 40 s
of integration time. The analytical conditions were: arsenic
hollow cathode lamp (Varian Ind. ¢ Com. Ltda, Sao Paulo,
Brazil) operating at 193.7-nm wavelength with a 10-mA lamp
operation current and slit width of 0.5 nm. Arsenic patterns
were created in concentrations of 0.1, 0.25, 0.5, 1 and 2 mg/L.
All the measurements were performed in quintuplicate.

The data were statistically analyzed by one-way
analysis of variance and the Tukey’s test at 5% level of
significance, with Kolmogorov-Smirnov and Levene tests
(normality and variances homogeneity). The tests were
performed using IBM SPSS statistical software, version 21.0
for Windows (IBM Corporation, Somers, NY, USA).

Results
SEM/EDX
Table 2 shows the quantitative results of the main components
of the RCS under test. EDX profiles of MTA Fillapex
revealed high peaks of silicon (Si), calcium (Ca), bismuth
(Bi), carbon (C) and oxygen (O), whereas peaks of zirconium
(Zr), tungsten (W), carbon (C) and oxygen were found in AH
Plus (Figure 14 and 1B).
AAS
Table 3 shows the mean values of metal contents, standard
deviations and the differences between the cements according
to AAS.

The values of cadmium for both RCS were lower than
the quantification limit of the device. The difference between
RCS was significant (P<0.05). The levels of arsenic, copper,
chromium, iron, nickel and zinc were higher in AH Plus.
MTA Fillapex had high values of bismuth, calcium and lead.
Manganese was detected only in MTA Fillapex.

Discussion

The standard reference of a RCS should provide a complete
seal after setting, dimensional stability, a long setting time to
ensure sufficient working time, insolubility to tissue fluids,
adequate adhesion to root canal walls and biocompatibility
[28]. Studies compared the biological and physicochemical
properties of RCS [1,3,11,12,29], and various products have
been suggested as innovative materials. However, the ideal
RCS has yet to be found.
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The chemical characteristics of dental materials used in
close contact with periapical tissues are predictive factors of
their physical, chemical and biological properties [4,16,22].
Their chemical composition is decisive in choosing the
standard material for clinical practice [14]. EDX is a
reliable, accurate and reproducible method to quantify the
main constituents or components on the surface of different
materials or mixtures [16,22,24]. Each element produces
its own characteristic set of X-ray lines at precisely defined
energies [19]. The measurement of these line energies
indicates what elements are present [24,30,31]. However, by
EDX may be difficult to determine whether the counts on the
X-ray map come from the X-ray line of a certain element,
from continuum radiation, or from overlapped elements
[31]. Organic compounds, which have carbon, hydrogen and
oxygen, may not be accurately quantified [30].

EDX revealed that MTA Fillapex was mostly composed
of oxygen, carbon, silicon, calcium and bismuth, whereas AH
Plus was essentially formed by carbon, zirconium, tungsten
and oxygen.

Interestingly, traces of Ti were identified in MTA Fillapex.
The MTA Fillapex manufacturer has not described this

Table 2. Main components of tested materials analyzed by using
energy-dispersive X-ray spectroscopy.

element, and its presence may be attributed to contamination
during manufacture or to industrial secrets. EDX analysis was
unable to detect iron (Fe), which is described in the AH Plus
MSDS as iron oxide (Tables 1 and 2).

Other studies [3,16,23] found slightly different chemical
compositions of AH Plus and MTA Fillapex. Sampaio et al.
[16] evaluated the chemical elemental composition of MTA
Fillapex and AH Plus by using SEM/EDX and observed that
MTA Fillapex was composed of aluminum, titanium, sulfur,
silicon, calcium and bismuth, while AH Plus was formed by
Al, Ca, iron (Fe), chlorine (Cl), zirconium (Zr), tungsten (W)
and hafnium (Hf). Gandolfi & Prati [23] used SEM/EDX to
verify the chemical characteristics of the root canal filling
material in the dentine/sealer interface and on the surface of
sealer samples. The root sections filled with calcium silicate
MTA cements had aluminum (Al) and bismuth (Bi) and high
peaks of calcium (Ca) and silicon (Si), whereas the samples
filled with AH Plus had Si, tungsten (W) and platinum
(Pt), as well as Ca, zinc (Zn) and zirconium (Zr). The EDX
analysis of the outer surface of the sealers found the same
chemical elements. In a recent study [3], SEM/EDX and
AAS were used to evaluate the changes in the structure of
the surface of endodontic sealers after a solubility test. EDX
analysis of MTA Fillapex revealed that the external surface
was composed of carbon (C), Zr, oxygen (O), W, Ca and Si
initially, and after the solubility test, there was a reduction of
C, Zr and Si values and an increase of Ca, W, O and titanium
(Ti). In AH Plus, C, Zr, W, Bi and Ca were identified before
the solubility test, and, after that, there was a reduction of C,
Zr and Bi and an increase of O, W, Ca and Si. No bismuth was
detected after the solubility test. The AAS analysis revealed
a high level of Ca?* in all materials, except AH Plus sealer.
The differences between those studies might be explained by
variations in experimental conditions. For the EDX analysis,
five pieces of each sample were selected at random, and the
result was based on their mean values, differently from the
parameters used in our study.

Moreover, MTA Fillapex and AH Plus are paste-to-paste
sealers, and some components may get deposited at the lower
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Titanium (Ti) 0.42 0.88 0.00 0.00
Tungsten (W) 0.00 0.00 1.97 15.72
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Figure 1. Representative EDX spectrum of the tested endodontic sealers. A: MTA Fillapex; B: AH Plus.
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Table 3. Means and standard deviations of metal contents
(mg/kg) for the tested materials by using atomic absorption

spectrophotometry.
Endodontic sealers
Metal MTA Fillapex AH Plus
Arsenic (As) 0.0020 (0.00)" 0.0032 (0.00)"
Bismuth (Bi) = 61.02553 (13.22382)* = 0.017 (0.000816)"
Cadmium (Cd) *<QL *<QL
Calcium (Ca) | 72.8668 (5.04399246)* 0.345033 (0.023163)"
Copper (Cu)  0.00023333 (0.0012472) 0.006533 (0.001837)"
Chromium (Cr) | 0.004067 (0.000471)* 0.036333 (0.002055)"
Iron (Fe)  0.0260667 (0.00124989)" 0.255667 (0.02655)"
Lead (Pb) 0.021467 (0.002347)  0.014667 (0.001886)"
Manganese (Mn) 0. 01763333 #<QL
(0.00135728)
0. 003667
Nickel (Ni) | 0.002833 (0.000634)
(0. 000471)"
. 0. 0074667 0.010933
Zinc (Zn)
(0. 00073636)* (0. 000624)"

*<QL — lower than the quantification limit of the device (0.002 mg/kg).
On horizontal lines the different superscript represents statistically
significant difference (P<0.05).

end of the tube. Therefore, depending on the portion of the
tube from where the sealer was taken, results may differ from
those found for the upper portions [13,14].

The bond strength to root dentin of MTA-based and epoxy
resin-based sealers was evaluated [9]. The Endo-CPM sealer
had the highest bond strength, and there were no significant
differences between AH Plus and MTA Fillapex. The
similarities between the bond strength of MTA Fillapex and
AH Plus were expected and corroborated by the composition
of the sealers, because MTA Fillapex has a combination of
resin and silica. However, our study found clear differences in
the chemical composition of these two materials.

The use of net counts (elemental maps) ruled out questions
about the chemicals represented in each energy peak and
provided a precise analysis of the chemical structure of the
sealers. Moreover, the 2D observation provided information
about basic morphology and a comparison of the elemental
distribution on the surface of sealers. Some chemicals not
detected using EDX, such as Ni and Mg in MTA Fillapex
and Al and Fe in AH Plus, were then detected. The analysis
of AH Plus revealed the presence of W, whose energy peak
is very similar to that of Si. Thus, no conclusion was made
about whether this sealer has Si in its composition [17,18].
The molecules released from the material and its surface
structures are critical factors in material-cell interactions [17].

AAS is a powerful tool to determine the concentration of
a particular metal in a sample. Atoms of different chemicals
absorb light according to characteristic wavelengths, and the
analysis of a sample to see if it contains a particular chemical
means using light that corresponds to that element. The
amount absorbed is compared with the calibration curve to
calculate the concentration of that chemical in the unknown
sample. The main advantages of AAS are: the decomposition
step is omitted; no reagents are added; and only small sample
amounts are required [25]. However, the sample is destroyed,
and only one element can be determined at a time. In addition,
the evaporation of the matrix may introduce systematic errors
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[20,25,26,32]. In dentistry, AAS has been used to study the
concentration of heavy metals released from Portland and
MTA-based cements [20] and to determine the components
released from RCS during solubility tests [1,3,6,7,29].

The determination on the levels of heavy metals in
commercially available RCS is very important. ISO 9917-
1 [27] was adopted to ensure reproducibility and further
comparisons. In the present study, other toxic heavy
metals, such as antimony, beryllium, molybdenum, barium,
uranium, cerium, mercury, cobalt, silver, strontium, titanium
and indium, were not investigated Ours results showed
that MTA Fillapex contained higher contents of calcium,
bismuth and lead than AH Plus, which, in contrast, had
higher concentrations of arsenic, copper, chromium, iron,
nickel and zinc. Calcium oxide is one of the most important
components of MTA-based cements [22]. Calcium ions, the
most frequent in MTA Fillapex, are associated with calcium
hydroxide formation during hydration. Calcium hydroxide
increases RCS biocompatibility by stimulating periapical
repair, collagenization and mineralization [33]. Bismuth has
low toxicity as a result of its low absorbance by humans [34].
It can be found freely in nature, as well as in minerals such
as bismuthine and in bismuth oxide. This element is added to
improve the radiopacity of materials, but it may affect their
physicochemical properties [8].

Arsenic is a metalloid encountered in nature in both
inorganic and organic forms and in different stages of
oxidation. It can inhibit cellular respiration, alter genetic
expression of stress proteins and react with sulthydryl groups
to deactivate proteins and enzymes [34,35]. The maximum
specified for arsenic in ISO 9917-1 [27] is 2 mg/kg, and both
sealers meet the ISO standard. Iron is important for cellular
homeostasis and, mainly, for oxygen transport by hemoglobin
in blood vessels [34]. The maximum level of iron in drinking
water should be 0.3 mg/L [35]. Iron in dental materials may
cause discoloration of teeth [35], because Fe™ is one of the
strongest chromophores [18]. Chromatic changes in human
tooth crowns induced by MTA Fillapex and Roth-811 was
evaluated, and minimal color differences after the application
of MTA Fillapex was found [36,37].

As important as calcium, bismuth, arsenic and iron are
copper, zinc, chromium and nickel. Copper, found in nature
mostly in impure mineral forms, participates in iron fixation
to hemoglobin, the synthesis of neurotransmitters, cardiac and
vascular integrity, bone resistance and neutrophil maturation.
Copper has been known to be one of the chromospheres
of MTA [18]. The minimum acceptable daily oral intake
for copper is 0.020 mg/kg of body weight for adults. Zinc
contributes to the functioning of the immune system and
is essential to wound healing and ammonium dinitramide
synthesis [34]. Metallic zinc is not toxic, but some zinc
compounds, such as zinc oxide or sulfide, are harmful, and
their excessive absorption may interfere with the organic
absorption of iron and copper. Chromium is fundamental for
human life, although excess chromium, as well as its oxidative
form, may damage the respiratory system, mucosa, and skin
and contribute to the development of lung cancer [35]. Nickel
is an allergen and a possible carcinogen [34].
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The results obtained using both methods complemented
each other remarkably, which confirms that EDX and AAS
are suitable for use in association as methods for the study
of the chemical composition of different dental materials.
The understanding of the physical, mechanical and chemical
properties of RCS and the interactions between these
materials and periapical tissues should contribute to develop
new products. Further studies should be conducted to evaluate
the effect of chemical composition on the physicochemical
and biological characteristics of RCS.
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