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Composition

and microstructure
of MTA and Aureoseal
Plus: XRF, EDS, XRD
and FESEM evaluation

ABSTRACT

Aim The am of this study was to determine the
chemcal compusiton and the phases’ mirostructure of
Auregseal Plus {OGNA, taly] a0d Profoot MIA (DentseNy
lulsa Dental, USA) and to compare 1hair chavactenstics.
Methods Sty Desgn: Companing Auweaseal s
and ProRoot (1A microstructure by means of several
analyses type. The chemical analysie of the wo
coments was wsessed folloving the UM EN SO 196-2
norm. X-Ray fluorescence (XRE was used to detarmine
the elernent camposiGon, The Crystaline structure was
analysed quantitatively using x-ray diffraction (XRI3)
Powders marphalogy was evaluated using @ scanning
slectron  microscope  (SEM) with  backsgatteng
deteclors, and o field emission scanning electron
microscope (FESENT). Elamental analysis was parformed
by energy dispersae x-ray analysis {EDS).

Results he semi-quantiative XRF analysis showed the
presenceofheavy metal oxdias o bath coments The XR0)
spectra of the twa coments reparied the presence of
aicaloum saitate, tatakum silftote, titaklym aluminare,
feracaloum aiumincfemta, Bismuth oxicke and Gypsum,
S analyses showed hat FroRoot MTA powder 5 fess
toarse and move homegencews than Auressaal. Both
powders are Tormed by particles of different shapes
mund. posmalic and oblony. The ECS analysis shoned
ot some FProfoct MTA partides, differently from
Aursoseal, contain (3, 56 Al s Fe. Obong partivies in
FoRoot and Aureoseal are nch of bismuth.
Conclusions 1hp strong wterest in developing new
Fortand cement-Basey endodentic sealers will creare
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matenials with increased handling charactenstics and
physicochermical properties. A tharough ivestigation
an twe cemen? povwders wes carned out by using
XRI, XR0, SEM ardf EDS analysis. To date there was
& fack of studies on Aureoseal Plus This cerment s
SiTar in compasition 10 Prafoot MIA Despite that
it has dstmcive eloments that could improve its
charaatenstics, résulting in @ good alternatve o MTA
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Introduction

Mineral lrioxide agaregate (MTA) (ProRoot; Dentsply
Tulsa Dental, Tulsa, USA) was developed at Lama Linda
University in the 19905 by Torabinejad and subsequently
appraved by the Feod and Drug Admanistration [Torabinejad
et al, 1995). MTA consists of a fine powder of ricalcium
dlicate (3C30#%0,), tialcium  aluminate (€ a,ALO),
dicakium sifcate (2C 20Si0 ), Calcum sulphate dchydrato
(H,C30,5) and bismuth oxide (B 20, [Torabinead et

al, 1995, Lee el al 1993, Camlllen etal, 2005. it s
basically a Portland Cement (PC) with 4-1 proportion of
hismuth oxide added for radiopadly [Camillen et al,
2005, Camillert et al, 2006; Mitchell et al, 1998]. When
hydrated, the silicate phases of PCs undergo a seriks of
physicochemical reactions resulling in the formation of a
nanoprous matrix/gel of caldum silicate hydrates (CS H
phases), and of o soluble fraction of cakivm hydroxide
CalOH), leading to an alkaline pH, MTA can set and
developrs its peaperbes in a wet environment because of its
hydrophilic nature. The hydration setling reaction reaches
an initial set in 3-4 hours, but maturation and resistance to
dislodgement inaeases with time [1orabinejad et al., 1995,
Dammaschke et al, 2005]. Hydrated MTA's initial pH is
10.2 and it grows to 3 maximum value of 12.5 three hours
after mixing [locabinsad et al., 199%5; Camilleri et a1, 2005;
Dammaschke et al, 2005; Asgary el al, 2005). MIAs
alkalnity can explain its induction ot hard tssues formation
and its antibax terial and antifungal activity [Roberts ot al,
2008]. its biocompatibiity, hydrophilic nature, antibax terial
and good sealing ability, guod marginal adaptation and
leng-term stability [Tarabinejad et al, 1995, Abdullah et al,
2002; Torabinejad et al., 1995b; lorabincjad et al., 1993;
Brwo et al, 20086; Pereira et al, 2004; Ribeiro et al., 2005),
make it useful in several dinical situations as direct pulp
capping [Camilleri et al, 2008|, apexification, root end
filing and reparabion of oot perforation [Parirokh et al,
2010], internal root resorption [Lee et al., 1993; Torabinejad
et al, 1999; Titte ot al, 1996; Shabahang et al, 1999
Pit! Ford et al, 1995]. However, MTA has some drawbacks
including long setting time [lang ct al, 2013], intial
loaseness [Choret al, 2013], pnor handling characteristics
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[Kogan et al, 2006], limited physical strength propertics
[islam et ol 20‘[)6 Camilleri, 2008, 2010; Nekoofar et al,
2010], gumn darkening and high cosl [kxobovitz et al,
2008|. These properlies raised the interest of scienlsts
worldwide to mprove the handling characteristics and
some physicachermial properties of MTA. Comseguently,
new MTA-based mot end filing coments have been
proposed, such as Aurcoseal Plus (OGNA, Milano, [taly).
it mainly corsists of PC type 1, with bismuth oxide,
accelerator and plasticiang agents that are not specified by
the manufacturer. Due to the lack of studies on Aurcoseal
Plus (OGNA), the aim of the study was to assess the
chermcal compasition and the phases’ microstructures of
this cement, and to compare its characteristics to those of
ProRoat MTA (Denlsply Tulsa Dental).

Materials and methods

ProRoot MTA (Dentsply Tulsa Dental) and Aurecseal Plus
(OGNA) were used in the study. The chemical analyss of
the two cement powders followed the UNIEN 150 196 2
norm, X-ray fluorescence (XRF) (EDXRF, Bruker 52 Ranger,
Bruker Corporation, Madison, USA) was used to determine
the elements composition. Powders were  analysed
quantitatively by X-ray dif frac tion analysis OXRD) using CuKa
radiation (1.54439 A) in order to investigate the crystalline
structure of coments. 1.5 g of each specimen was placed
inta a sampke holder and packed with a slerile glass slide
to provide a uniform surface. The diffractometer (XPERT
PRO Alpha 1, PANalytical, Almelo, The Netherlands) was
sel lo run at 40 kV and 40 mA in continuous mode. The
scan range was 10-70°28 with a scan speed of 2928 per
minute. Peaks of diffraction patterns of each sample were
matched with those of the standard data in the powder
diffraction files (PDF) {X-PERT JCPDS DATABASE 32 P
POFWIN) The marphology of the powders was evaluated
using & scanning electron microscope (SEM) (J5M-66; Leol
Ltd., Tokyo, Japan), also with backscattering detectors,
and a tield emission scanning electron microscope (FESEM)
(FESEM LEQ SUPRA 35, Oxford instruments). Elermental
analysts was performed by energy dispersive x-ray analysis
(EDS), using INCA X-SIGTH detector, which was attac hed
10 the SEM. Cements were sprinkled on the top side of
carbon double-sided tape attached to an aluminium stub.
High magnifications were used to discern the chemical
compaositions of specific crystal types within a sample. Via
this process a spectrum was obtained, and elements could
be identified

Results

XRF Analysis

The chemical composition of Aureaseal Plus was
established wath the UNI EN ISO 196-2 norm (Table 1).
The semi-guantitative XRF analysis showed the presence
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hemical

Weight | | Chemical | Weight
formula  percentage | ' Formula | percentane |
€a0 | 3800, | a0 | 42.00
RBC 3600 | REC.  167R|
9, 1200f | S0 L
ALO, 303 | ALO, | 4.5
S0, | 200 | 0, 46|
8,0, | vzl | g, 12
fe0, 152, | feo, 258
MO 40| | MO | 0.16 |
K20 060 | K20 011
Na O ' .20 | N, O i 0.0% |
1o, 014 10, | a%ol
Iqrulux\ Lass 3‘ 10 .. lgmmn Loss : 3.7'10 '
IABLE 1C hemical dna?yas of TABlE 2 Chermical dnalySIS oé
Aureoseal Plus, ProRoot MTA.

of heavy metal oxides: P,0, (0,140%), ThO, (0, 0944%,),
La,0, (0,0777%), 5rO (0, 0678%} MnO (0, ()1193%) Ba0
(00!80%) V205 (0,02479), CuO (0,0211%), Cr,0,
{0,01579%) The chemical composition of ProRoot MIA
followed the UNIEN 150 196 2 noem only tor the main
odes (Ca0, 50, ALO,, MgO, Fe,0)). Other oxides were
analysed with a semi- quamnatrve xm analysis. Combining
the two analyses ProRoot MTA  compostion  was
determined (Table 2). Similarly Lo the Aurcoseal Plus the
semi-quantitative analysis showed the presence of metals
and metal oxdes, as PO, (0,0232%), ThO, (0,433%),
12,0, {0.364%), SO (0, 03011%) MnO {0, 0826%) BaO
(0001‘57%) V.0, (0,105%), Cr,O, (0,0518%), AsO,
(0,0/65%), Rh(001139) !(00331%) Ce, {0, ?‘53%)
Pr.O, , (0,011%), Nd, O, (0, 195%), Sm,0, (002]9%) tu,0,
(00110%) Gd,0, (0 0‘:6‘:%) Ha (0, 0038?%)

XRD Analysis

The XRD spectrum of the Aureoseal Plus powder
& reported in Figure 1. The main peaks are related to
dicalcium sk ate, lricakium silicate, tricalcium aluminate,
tetracal ium aluminoferrite, bismuth oxide and gypsum. In
Figure 1 only the main peaks are visible, while the peaks
of the other phases are pointed by syrmbols, as shown in
the legend. The curve visible at 20 = 18° - 21,5° mears
that the material has an amerphous companent. The XRD
spex trum of the ProRoot MTA puwvder is reported in Fgure
2. The analyses revealed the presence of dicaldium silicate,
tricakcium  silicate, tricaloum  aluminate,  tetracalaum
aluminoferrite, bismuth oxide and gypsum. Fiqure 2 shows
anly the peaks of the main phases, while the peaks of Lhe
other phases are indicated by symbols, as shown in the
legend In Table 3 and Table 4 crystalline phases of both
terments are listed

SEM/EDS Analysis
Particles forming Aurecseal Plus powder (Hg. 3)are quite
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FIG. 3 Aurcoseal's SEM micrograph (400x), ' | A, FiG. 5 Aureoseal's SEM NMicrograph
ovendew. A= large roundish aggregate ; .o iS St | {100x). Detail: particles containing Bi,0,.

B - cubic particles

coarse, with different morphology and dimension ranging
from 5 to 100 pm. The mast common microstructures
are large rourdish aggregates, cubic partickes and oblong
particles. Examining the round particks with a greater
magnification, 1.2 pm spheres are clearly visible

The EDS analysis (Fig. 4) showed the preserxe of large
amount of Ca and Si, while other materials, as e, AL Bi, S, K
and Mg are less represented. 1he EDS determined that the
Iictle spheres and the bigger partides are mainly composed
by silca. Cubic particles are rich of all those elerments
that form the silicates, the aluminates and the femites
of calcium aluminate They also show a greal amount of

tassium. These particles are equally distributed in the
sampde, and with a greater magnification, a tight link with
the round partides is otk eable. In keng partides bismuth

Evmceenn Joussial oF Pasowatnr Dermsmy vou. 17/4 2016

FIG. 4 Aureosesl’s EDS anzlysis,

is mainly represented, They are not equally distributed in
the sample: they are abundant in some areas bul missing in
some others (Fig. 5) These particdes are visible only in back-
scattering mode, because they are completely covered
by other partidles and are not detectable with standard
observations. ProRoot MIA powder = less coarse and
more homogeneous than Aurcoseal Pus. It is composed
by partcles of different shapes (round, prismatic, long),
ranging from 1 to 10 um in size. The EDS analysis (Fig. 5)
showveed an increased presene of Ca, S and Bi and traces
of Al, Fe, S and Mg. Spedtic EDS analysis on some round
particles showed that 5-pm aggregates and 1-um particles
are rich of Ca, S, Al and Fe. Moreover, differently from
Aureoseal Plus, some partides contained Ca, Siand Al and
some other contained Fe. The EDS analysis showed high
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HiG. 6 ProRoot MTA's EDS analysis,

level of sulphur and caldum in the prismatic partices. The
long partides in ProRoot MTA, similarly to Aureoscal Plus,
are rich of bismuth, only visible in back-scattering mode
Howvever, differently from Auweoseal Plus, these particles
are equally distributed in the sample (Fig. 7)

Discussion

New MTA based sealers and cerments were studied since
the early investigation of lorabincjad et al. [Torabinejad
el al., 1995; Torabinejad and White, 1995]. MTA contains
a synificant amount of PC, whose major components
have been imvestigated and identified [lorabinciad ct al.,
1995; Asgary el al, 2005). Earlier studics reported that
it is mainly composed by tricalcium silicate, tricakium
aluminate, tricalcium oxide, silicate wade and bismuth
oxide [Torabinejad ot al, 1995; Asgary et al,, 2005]. In the
present study different technigues were used to analyse
the characteristics of wwo endodontic Portland-based
coments, ProRaot MTA and Aureaseal Plus. The chemical
analysis showed that both cements contain the main oxides
of PC (C&0, 5i0,, Fe,0,, ALO, Bi.O, 50, MO, Na,0,
KJQ), plus bismuth ox:de (B 0,) added for radiopac ity.
The MTA patent [Tmahu‘ne}ad and While, 1995] reports
a 20% bismuth axde loading. This was confirmed for
FroRoeot MTA [Camilleri, 2008; Belio-Rejes et al,, 2009].
In the present study Aureoseal Plus shows a percentage
of Bi,O, lower than the one contained in ProRoot MIA
{1, 72% against 11,7%).

The strong interest in developing MTA-based endodontic
materials originates from different characteristxs:  the
excellentbiocompatibility, bioactivity, andosteorondud tivity
of MTA [Torabinejad and Parirokh, 2010]. It & daimed that
ProRoot MIA is produced specifically for Dentsply Tulsa
Dental under clean and segregated conditions to prevent
any contamination. The ingredients used are certified for
Lhesr purity and the absence ot heavy metal contarmination
[Dentsply data sheet, Accessed August 15, 2015). Despite
that, it was shown that MTA contairs toxic heavy metals
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FIF1G, 7 ProRoot MTA's SEM Micrograph
¢ |(800x). Detail: particles containing Bi,0,.

- -~
B TR oy

FIG. 8 FFSEM Micrograph (800x), Detail:
Silica Furne

and their compounds fike arseni (As), chromium (Cr), lead
(Ph), alurnmium (Al) and potassium (K) [Dammaschke,
2005; Danesh, 2006, Achternbosch, 2003; Bramante,
2008] According lo Achternbosch ot al. [2003], the
heavy metals originate from the use of waste materials
as inorganic raw material or from secondary fuels used
to fire the kiln during cement manufacture, These wastes
are used to reduce production costs. Trace elements found
in wastes used in cement production may be transferred
1o the cement [Achternbosch et al, 2003]. Chromium
and lead contamination were never reported for MIA
[Schembyi et al,, 2010], while there has been a spedal
concern regarding the presence of Arsenic. Arsenic reac1s
with protein thiols, and exposure 1 high concentrations
of this element may induce genotoxicty [Salles et al,
2012]. its toxicity can affect the skin and mduce digestive,
glandular, blood, and respiratory disorders. Arsenic
exists in different stages of oxidation {3, 0, 43, 5},
where the trivalent and pentavalent stages are the most
taxic [Hughes et al, 2002]. it is not known if the arsenic
released by cements & harmiul to the health of the host
because the 1SO 9917-1 (2007) standards only specify the
limits for the total arsenic content, which & set at 2 mg
kg ', and not for the released species [%hembri et al,
2010] The level of Arsenic detected in ProRoot MTA was
reported to be higher than levels specified in 150 991/
[Britsh Standard Instilulion Bentistry, 2007], while other
studies reported levels of Arsenic below the limit, with As
Il being the speces mostly present in cements [De Deus
et al, 2009; Matsunaga ct al,, 2010]. In root-end filing
materials any toxic component could lead to imitation,
degeneration or lssue necrosis [Huang et al, 2005).
Iherefore, knowing the precise composition of materials
used i important and it may assume a groater relevance
in paediatric patients, In our study the semi-quantitatve
XRF analysis shvved the presence of heavy metal oxides
n both coments. Some of them could also be present
3 impurities of the bismuth oxide. The two cements
differ for the content of metats and heavy metal oxides:
Aureoseal Plus contains V, 0, Cr,0,, MnQ and La,0,, while
ProRoot MTA contairs A5,0,, CeQ, and Hg. Aureoseal
Plus contains also 3 remafkabbe percentage (36%) of silica
fume, whose role is to improve the resistarke to ackds
and the handling characteristic. The XRD analysis showed
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that the main phases of the two cements are (.5, €5,
CA. CAF and B,O,. PCs are compased by particles with
a wide size range [Achternbosch et al, 2003]. Partkle
size and shape might influence the surface area and the
biclogical quality of materials [Komabayashi et al, 2008).
Surface charactenstics may influence  biocompatibility
bacause they affect cell adhesion and spreading [Hwang
et ok, 2009], SEM and FDS were used in provious studies
1o evaluate morphology and composition of materials
[Camilleri et al, 2005] The microstructure of ProRoot
MTA posvder is more homogeneous than Aureaseal
Plus and #t & compossd by particles ranging from 1 to
10 ym. This may be explained by the different elements
corkentration, even though they have the same main
components. EDS analysis showed that in both cements,
small and bigger round particles are mainly composad by
silica. As the silica fume s composed by 98% of Si0, in
i-pm microspheres, it can be hypothesized that it & ahways
added in cements and it appears as big agglomerate (Fig
8). Moreover, regarding the pozzolanic material detex texd
during the chemical analysss, it can be considered not a
generc pozzolanic matenal, but silica fume itself EDS
analyses of the oblong particles in Aureoseal Plus and XRD
analysis within the same spedmens, showed the presence
of bisruth oxide, typically aggregated in such rectangular
shapes.

Conclusions

Results of our study showed that Aureoseal Plus
and ProRoot MITA are made by similar elements but in
different concentrations. Moreover Aurenseal Plus has
dstinctve elements in its composition.  Differences in
1erm of chemical composition and phases' microstructure
between Awecseal Plus axd ProRoot MTA may not
have significant effects on the characteristks of the two
cements. As a result, Aureoseal Plus could be considered
35 2 good aiternative to ProRoct MIA. More in wiro and
n vivo dinical studies are required to assess Aurcoseal Plus
chemical, physical and biological properties.
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