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A number of materials has been developed by various 
manufacturers for use as root-end filling materials. 

The first material to be developed specifically for this pur-
pose was mineral trioxide aggregate (MTA). Although 
MTA is considered to have ideal properties, its usage 
remained limited due to its high-cost, difficult handling 

characteristics, long setting time, and the potential of dis-
coloration.[1] These shortcomings of MTA led to continu-
ous efforts in developing the modified versions of MTA. 
In 2001, MTA Angelus (MTA-A, Angelus Dental Solu-
tions, Londrina, Brazil) was introduced as an alternative 
to ProRoot MTA, the first MTA product, and used in cer-

Objective: To investigate and compare the composition and micro surface structure of two different 
calcium silicate–containing filling materials using energy dispersive X-ray spectroscopy (EDX) and scan-
ning electron microscopy (SEM).

Methods: The materials investigated included DiaRoot BioAggregate (BA) and MTA Angelus (MTA-A). 
After mixing, each filling material was placed into cubes of 3 mm3. The hardening samples were com-
pressed and broken and these samples were used for SEM examination. For elemental analysis and 
chemical composition, some samples were powdered and EDX was performed.

Results: EDX findings indicated that the major constituents of BA included calcium, oxygen, tantalum, 
and silicon. The chemical structure of MTA-A was similar to that of BA except for the absence of tanta-
lum (radiopacifier). In addition, MTA-A contained some elements, e.g., aluminum, sodium, potassium, 
phosphorus, iron, rubidium, and strontium in trace amounts. The chemistry of compounds of BA filling 
material is more biologically compatible as a restorative material. In SEM images, BA was noted to be 
granular and almost spherical and particles of all sizes were observed. MTA-A was detected as a porous 
structure; its particles were granular, but locally planar layers were also detected.

Conclusion: The mineralogical composition of BA was different from that of MTA-A. As opposed to 
MTA-A, BA did not contain tricalcium aluminate phase and it included tantalum oxide as a radiopacifier. 
SEM images of MTA-A represented a more porous surface structure than that of BA. In light of these 
findings, BioAggregate seems to be a more suitable root-end filling material in terms of mineral content 
and surface structure.
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tain regions with its lower price. The chemical difference 
between ProRoot MTA and MTA Angelus is that MTA 
Angelus lacks calcium sulfate dehydrate as one of its main 
compounds, resulting in MTA Angelus having shorter set-
ting time than ProRoot MTA (165 minutes for ProRoot 
MTA, while 10 minutes for MTA Angelus).[2,3] MTA An-
gelus is less radiopaque than ProRoot MTA because of the 
lower content of bismuth oxide in its composition.[3] Bio-
Aggregate (BA, Innovative BioCeramix, Vancouver, BC, 
Canada) was released in 2007 as a bioceramic material, 
in which most of the constituents are similar to those in 
ProRoot MTA. It differs from MTA in being aluminum-
free and containing calcium phosphate monobasic and 
tantalum pentoxide.[4] Aluminum-free content is one of 
the most significant features of BA since aluminum has a 
toxic effect on the human body.[5,6] 

Clinically, the composition of the set material is im-
portant. Once placed and in contact with tissue fluids, 
root-end filling materials can leach trace elements and 
compounds that can affect the surrounding periapical tis-
sues.[4] Energy-dispersive X-ray spectroscopy (EDX) is a 
powerful method used for identifying and characterizing 
the crystalline phase composition of the materials. Even 
though EDX analysis of the material, BA, has been pre-
viously performed, few studies have compared the major 

constituents of this material with MTA-A.[5] The aim of 
this study was to characterize particle size and to investi-
gate the micro surface structure and chemical composition 
of MTA-Angelus and DiaRoot BioAggregate using EDX 
and scanning electron microscopy (SEM).

Materials and methods
Materials used in this study included white MTA Ange-
lus (MTA-A, Angelus Dental Solutions, Londrina, Brazil) 
and DiaRoot BioAggregate (BA, Innovative BioCeramix, 
Vancouver, BC, Canada). The materials were mixed ac-
cording to manufacturer’s instructions. After mixing, 
specimens were prepared by placing the mixed materials 
into standard polyethylene tubes with an internal diameter 
of 3 mm and length of 3 mm. The tubes were placed on a 
glass slab (75 × 25 × 1 mm), slightly overfilled with freshly 
prepared materials and transferred to a chamber with 95% 
relative humidity and 37oC for a period corresponding 
to three times the manufacturer’s recommended setting 
time. Nine homogeneous specimens of each material were 
created.

The morphological analysis of the outer surface of the 
materials was performed using a scanning electron micro-
scope (JSM-6610; Jeol Ltd., Tokyo, Japan) at ×500 mag-
nification, using an accelerating voltage of 20-25 kV and a 

Fig. 1. (a-d) SEM images of BioAggregate surface.
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working distance of 15 mm. The specimens were sprinkled 
on carbon double-sided tape over a metallic stub, critical-
point dried, and sputter-coated with gold-palladium (Bal-
Tec AG, Balzers, Germany). EDX was performed with the 
energy dispersive X-ray micro-analyser (EDAX; JEOL, 
JSM-840A, Tokyo, Japan) for examining the elemental 
composition of the tested materials. One EDX spectrum 
was collected from the central region of each specimen un-
der the following conditions: 25 kV accelerating voltage, 
110-μA beam current, 10-6 Torr pressure (high-vacuum), 
130 × 130 μm area of analysis at ×1000 magnification, 
100 s acquisition time and 30%–35% detector dead time. 
The elemental analysis (weight % and atomic %) of sam-
ples was performed in nonstandard analysis mode using 
PROZA (Phi-Rho-Z) correction method. The elemental 
maps were archived by NETCOUNTS method, with high 
resolution, using the same detection-analysis-system (NSS 
Spectral Analyses System 2.3).

Results
The results of EDX analysis are presented in Tables 1 
and 2. The following concentrations of Ca were found 
in samples: BA, 43.2%; MTA-A, 45.7%. EDX profile on 
MTA-A revealed high concentrations of Ca, O, Si, and 
Al and traces of Na, K, P, Fe, Rb, and Sr, while the EDX 

profile on BA revealed high concentrations of Ca, O, and 
Si and the presence of Ta. SEM images of the materials are 
shown in Figures 1a-d, 2a-d. Figures 1a-d show the mi-
crographs from BA surfaces, while Figures 2a-d show the 
micrographs from MTA-A surfaces. Figures 1a-d indicate 
that BA was composed of granular powders of various ox-
ides as presented by the chemical analysis shown in Table 
1. As seen in Table 1, the chemistry of compounds are 
expectantly more biologically compatible as a restorative 
material. The appearance of unbound nature of powders 
are very characteristic of different powder sizes with which 
a strong bond is expected following the compaction pro-
cess, improving the capacity of filling the intrinsic voids 
inside the compacted volume. This makes the filling less 
vulnerable to microleakage. Figures 2a-d show the frac-
ture surface from MTA-A. The filling contains a signifi-
cant amount of porosity of different sizes and appears to 
have a flaky structure owing to the different composition 
as seen in Table 2. 

Discussion
The identification of the major constituents or compounds 
present in a material is important as it contributes to the 
understanding of the material’s physical, chemical, and me-
chanical properties. The use of EDX permits the identifica-
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Fig. 2. (a-d) SEM images of MTA Angelus surface.
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tion of the major constituents or compounds present in a 
material. The materials investigated in this study included 
two commercially available tricalcium silicate–based ce-
ments (MTA-A and BA) manufactured by different com-
panies. Both MTA-A and BA exhibited similar constituents 
(Ca, Si, and O). MTA-A and BA exhibited similar amounts 
of Ca (>40%), which explains their antimicrobial proper-
ties. Both material powders were composed of tricalcium 
silicate and included a radiopacifier phase, tantalum oxide, 
and bismuth oxide, respectively. All these phases were also 
verified by EDX analysis in this study. The absence of bis-
muth oxide in BA reduces the risk of tooth discoloration 
although with root-end filling materials, this is not a major 
clinical problem.[7] Our results indicate that both materi-
als contained aluminum. Even though the manufacturer 
of BA claimed that it lacked aluminum in composition, 
we found that BA contained trace amounts of aluminum 
(0.041%). On the contrary, MTA-A contained higher levels 
of aluminum (1.913%) when compared with that of BA 
and contained the tricalcium aluminate phase as one of its 
main phases as opposed to BA. The presence of aluminum 
is not indicated in dental and biomaterials owing to the 
risk of Alzheimer’s from excessive exposure to aluminum 
in close contact with human tissues.[8] The lack of heavy 

element contamination in BA in comparison with that of 
MTA-A has been verified and this finding is in agreement 
with that of previous reports.[9] The EDX results obtained 
from BA and MTA-A samples in this study were largely 
similar to those by Park et al.[5] and Camilleri et al.[10] Con-
sidering these major differences between MTA-A and BA, 
it may be important to examine the differences between 
contents such as radiopacifiers, phases, and heavy elements 
in terms of toxicity and biocompatibility. 

The external surface analysis of BA with SEM method 
demonstrated granular, spherical particles of approximately 
7–10 μ. Particle sizes of both materials were similar, so that 
the surface available for hydration, handling properties, 
and material strength may not differ so much between the 
groups. While BA surface exhibited granular, spherical cal-
cium silicate grains, MTA-A exhibited granular but plate-
like planar images in some regions and also a more po-
rous surface structure than that of BA. The higher material 
porosity of MTA-A in comparison with that of BA could 
result in a reduction in material strength. This is clinically 
undesirable as the increased porosity may attract more bac-
terial adhesion to the material surface.[11] Although both 
materials are used as a root-end filling material and thus 
are placed in nonstress-bearing areas, poor physical char-

Table 1. EDX results of BioAggregate

Analyte Compound formula Measured (kcps) Used (kcps) Concentration (%)

O O 0.029 0.029 25.019
Mg Mg 0.060 0.060 0.068
Al Al 0.044 0.044 0.041
Si Si 6.769 6.766 9.313
P P 2.799 2.799 1.421
Ca Ca 20.461 20.461 43.217
Zr Zr 1.057 1.057 0.412
Ta Ta 7.308 7.308 20.509

Table 2. EDX results of MTA Angelus

Analyte Compound formula Measured (kcps) Used (kcps) Concentration (%)

O O 0.029 0.029 26.831
Na Na 0.038 0.038 0.157
Mg Mg 0.095 0.095 0.122
Al Al 1.838 1.838 1.913
Si Si 4.070 4.070 4.759
P P 0.025 0.025 0.009
K K 0.021 0.021 0.043
Ca Ca 19.511 19.511 45.701
Fe Fe 0.072 0.072 0.258
Rb Rb 0.648 0.648 0.041
Sr Sr 0.577 0.577 0.296
Bi Bi 117.723 117.723 19.870
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acteristics will lead to material deterioration with possible 
dislodgement and loss caused by high solubility. 

Conclusion
The mineralogical composition of BioAggregate was dif-
ferent from that of MTA Angelus. As opposed to MTA 
Angelus, BioAggregate did not contain tricalcium alumi-
nate phase and it included tantalum oxide as a radiopaci-
fier. SEM images of MTA Angelus represented a more 
porous surface structure than that of BioAggregate. In 
light of these findings, BioAggregate seems a more suit-
able root-end filling material in terms of mineral content 
and surface structure.
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