
SUMMARY
Background/Aim: The components of calcium silicate-based materials 

can be identified through X-Ray Diffraction Analysis. This study aimed 
to determine the hydration reactions and particle size of MTA Angelus, 
Biodentine, and NeoMTA Plus as calcium-silicate-based materials. Material 
and Methods: The powder and set cement samples using divergence and 
scatter slits of 1○ and a receiver slit of 0.10 mm. The scanning range was set 
at 5○ to 70○, and ongoing scans for the theta-2theta range was performed 
with a scan speed of 2○/minute (-1). The patterns obtained were analyzed 
using search-match software. The three most substantial peaks were used to 
identify hydration reactions and major crystalline structures. Also, Scanning 
Electron Microscope (SEM) analysis was performed and the particle 
size of set materials were determined using an image analysis software. 
Results: According to X-Ray Diffraction Analysis, the main components 
were determined as tricalcium silicate and dicalcium silicate in the three 
calcium silicate-based materials. We determined that the main components 
of the materials were similar. We also identified the extensive presence of 
tricalcium aluminate in MTA Angelus, calcium carbonate in Biodentine, 
and calcium phosphate salts in NeoMTA Plus. Furthermore, the results of 
the present particle analysis show that the calcium-silicate-based materials’  
distribution of particle count and size varies. Biodentine has the widest, and 
MTA Angelus has the narrowest particle size distribution range. NeoMTA 
Plus has the largest number of fine, large-sized particles (p < 0.0001), 
while MTA Angelus and Biodentine have a more homogeneous and non-
statistically significant particle distribution range (p > 0.05). Conclusions: 
The present findings provide insight into variations in performance between 
different calcium-silicate-based materials.
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Introduction

Mineral	 trioxide	 aggregate	 (MTA)	 is	 a	 biomaterial	
consisting	 of	 tricalcium	 silicate	 (53.1%),	 dicalcium	
silicate	 (22.5%),	 tricalcium	 oxide,	 and	 hydrophilic	
particles	 of	 silicate	 oxide.1 Due to its biocompatibility 
and	physicochemical	 characteristics,	MTA	has	been	used	
in	 pulp	 capping,	 pulpotomy,	 apexification,	 apexogenesis,	
perforation	 repairs,	 retrograde	 fillings,	 and	 orthograde	
canal fillings.2	 The	 calcium,	 phosphate,	 and	 hydroxyl	

ions	 released	 during	 the	 MTA’	 setting	 reaction	 induce	
regeneration and remineralization of dental hard tissues.3,4

Biodentine is a calcium-silicate-based material 
with a broad clinical application range similar to MTA.5 
Biodentine powder mainly consists of tricalcium silicate 
and dicalcium silicate. Calcium carbonate has been 
added as a filler to improve its mechanical characteristics 
and	 zirconium	 dioxide	 to	 accelerate	 the	 setting	 reaction	
and provide radiopacity.6 Biodentine powder contains 
hydrosoluble polymers that reduce the water/powder ratio.7
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patterns using search–match software (MATCH!-Phase 
Identification	 from	 Powder	 Diffraction	 Data,	 Crystal	
Impact,	Germany,	2020).	The	 three	strongest	peak	points	
were used to identify the components of the different 
types of calcium silicate-based cement. The powder 
and set samples were also analyzed using a scanning 
electron	microscope	(SEM)	(LEO	440,	Leike	Zeiss,	K61n,	
Germany) at 1000× and 5000× magnification.

The particle sizes of the set samples were measured 
at 1000× magnification on the SEM images using ImageJ 
(National	 Institute	 of	 Health,	 Bethesda,	 Maryland,	 USA),	
an image analysis software. The data were analyzed using 
the	 statistical	 software	 package	 IBM	 SPSS	 Statistics	 16.0.	
The particle sizes of calcium-silicate-based materials were 
compared	using	the	Kruskal–Wallis	and	Mann–Whitney	tests.	
A level of p < 0.05 was considered statistically significant.

Results

The XRD measurements of the MTA Angelus 
powder	and	set	samples	are	shown	in	Figures	1a		and	1b,	
respectively. The highest peak value of tricalcium silicate 
(Ca3[SiO4]O) was measured at 2𝜃	=	34.36°	in	the	powder	
sample and at 2𝜃	 =	 32.79°	 in	 the	 set	 sample.	Regarding	
dicalcium silicate (Ca2[SiO4]),	 the	 highest	 peak	 value	
was measured at 2𝜃	 =	 32.11°	 in	 the	 powder	 sample	 and	
2𝜃	 =	 32.01°	 in	 the	 set	 sample.	 Other	 components	 had	
their highest peak values in the powder and set samples 
at	 the	 following	 values,	 respectively:	 2𝜃	 =	 33.29°	
and 2𝜃	 =	 33.19°	 for	 tricalcium	 aluminate	 (Ca3Al2O6),	
2𝜃	 =	 29.08°	 and	 2𝜃 =	 29.22°	 for	 calcium	 carbonate	
(CaCO3),	 2𝜃	 =	 34.22°	 and	 2𝜃	 =	 36.07°	 for	 calcium	
hydroxide	 (Ca[OH]2),	 2𝜃	 =	 45.77°	 and	 2𝜃	 =	 45.95°	
for	 aluminum	 oxide	 (Al2O3),	 and	 2𝜃	 =	 28.23°	 and	
2𝜃	=	27.88°	for	bismuth	oxide	(Bi2O3). Calcium tungstate 
(CaWO4) was identified in the powder sample but not 
in	 the	 set	 sample,	 with	 its	 highest	 peak	 value	 found	
at 2𝜃	 =	 28.76°.	 On	 the	 other	 hand,	 calcium	 phosphate	
(Ca3[PO4]2) was identified in the set sample but not in the 
powder	sample,	with	its	highest	peak	value	at	2𝜃	=	25.40°.

The XRD measurements of the Biodentine 
powder and set samples are shown in Figures 1c and 
1d,	 respectively.	 The	 highest	 peak	 of	 tricalcium	 silicate	
(Ca3[SiO4]O) was measured at 2𝜃	=	32.22°	in	the	powder	
sample and at 2𝜃	 =	 33.18°	 in	 the	 set	 sample.	Regarding	
dicalcium silicate (Ca2[SiO4]),	 the	 highest	 peak	 value	
was measured at 2𝜃	 =	 32.23°	 in	 the	 powder	 sample	 and	
at 2𝜃	 =	 31.90°	 in	 the	 set	 sample.	 The	 peak	 values	 for	
other	 components	 in	 the	 powder	 and	 set	 samples	 were,	
respectively,	 2𝜃	 =	 29.51°	 and	 2𝜃	 =	 29.80°	 for	 calcium	
carbonate (CaCO3),	 2𝜃 =	 29.14°	 and	 2𝜃	 =	 29.39°	 for	
calcium chloride (CaCl2),	 2𝜃	 =	 28.12°	 and	 2𝜃	 =	 30.15°	
for	zirconium	oxide	(ZrO2),	2𝜃	=	34.05°	and	2𝜃	=	36.41°	
for	 calcium	 hydroxide	 (Ca[OH]2),	 and	 2𝜃	 =	 37.90°and	
2𝜃	=	37.61°	for	calcium	oxide	(CaO).

NeoMTA Plus is another novel calcium silicate-
based material with a wide application range obtained 
by	 mixing	 tricalcium	 silicate	 containing	 tantalum	 oxide	
(Ta2O5) with a water-based gel.8 It can be prepared with 
a fluid consistency for root canal filling or with a dense 
consistency for retrograde filling by adjusting its powder/gel 
ratio. The manufacturer states that this material can be used 
in	vital	pulp	treatments	(pulp	capping,	pulpotomy,	or	cavity	
lining/base),	 root	 apexification,	 root	 repairs	 (resorption	 or	
perforation),	root	tip	filling,	and	root	canal	sealing.8

The X-ray diffraction (XRD) method is an analytic 
technique widely used to investigate and identify major 
crystalline structures.9 A substance either in pure form or 
as	 a	 mixture	 always	 produces	 a	 characteristic	 diffraction	
pattern.	Due	 to	 this	property,	 the	content	of	any	substance	
can be identified by comparing its diffraction pattern 
with a database or using a software.10 XRD enables the 
identification of the main components or compounds within 
a	 substance	or	mixture,	which	 is	 essential	 for	determining	
its	 physical,	 chemical,	 and	 mechanical	 properties.	
XRD	 is	 a	 reliable,	 precise,	 and	 reproducible	 method	 for	
measuring	the	relative	phase	abundances,	physicochemical	
characteristics,	 and	 crystalline	 phases	 of	 materials.11 The 
particle sizes of dental cements can affect their physical and 
biological properties and their setting time.12,13 Calcium-
silicate-based materials can penetrate into dentinal tubules 
to provide effective sealing at the material–dentin interface 
owing to the fine-sized particles it contains.14

This study aimed to determine the hydration 
reactions and particle	 size	 of	MTA	Angelus,	 Biodentine,	
and NeoMTA Plus as calcium-silicate-based materials 
based on the null hypothesis that “there are no differences 
between the particle size and hydration reactions 
of calcium-silicate-based materials tested by X-ray 
diffractometry.” 

Material and methods

The powder/liquid ratios of the different types of 
calcium-silicate-based cement were adjusted according 
to	 the	 manufacturers’	 instructions.	After	 being	 placed	 on	
a	 clean,	 moisture-free	 glass	 plate,	 the	 powder	 and	 liquid	
were	 mixed	 manually	 using	 a	 metal	 cement	 spatula	 until	
the consistency of a homogenous paste was achieved. The 
mixed	cement	samples	were	squeezed	into	wax	molds	of	10	
mm in diameter and 2 mm in height. The samples were kept 
in an incubator at 37○C	and	100%	humidity	for	96	hours.	

X-ray	 diffractometry	 (GNR,	 APD	 2000	 Pro,	 Italy)	
was performed on the powder and set cement samples 
using divergence and scatter slits of 1○	 and a receiver 
slit of 0.10 mm. The diffractometer was operated with 
a	 step	 size	 of	 0.02°	 and	 an	 exposure	 time	 of	 500	 s	 at	
45	 kV	 and	 40	 mA.	 The	 samples’	 diffraction	 patterns	
were	 obtained	 at	 a	 scanning	 speed	 of	 0.01°/min	 and	
2θ	=	5–70.0°	using	copper	radiation	(λ[CuKα]	=	1.541874	
Å). Phase identification was performed on the obtained 
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Figure 1a. X-ray diffraction analysis of MTA Angelus powder sample. 
The three strongest peak points were used to identify the components of 

the material.

Figure 1b. X-ray diffraction analysis of MTA Angelus set sample. The 
three strongest peak points were used to identify the components of the 

material.

Figure 1c. X-ray diffraction analysis of Biodentine powder sample. The 
three strongest peak points were used to identify the components of the 

material.

Figure 1d. X-ray diffraction analysis of Biodentine set sample. The 
three strongest peak points were used to identify the components of the 

material.

Figure 1e. X-ray diffraction analysis of NeoMTA Plus powder sample. 
The three strongest peak points were used to identify the components of 

the material.

Figure 1f. X-ray diffraction analysis of NeoMTA Plus set sample. The 
three strongest peak points were used to identify the components of the 

material.

XRD measurements are shown in Figure 1e for 
the NeoMTA Plus powder sample and Figure 1f for the 
set sample. The highest peak values of the components 
in	 the	 powder	 and	 set	 samples	 were,	 respectively,	 as	
follows: 2𝜃=32.29°	and	2𝜃=31.99°	 for	 tricalcium	silicate	
(Ca3(SiO4)O),	 2𝜃=32.29°	 and	 2𝜃=27.11°	 for	 dicalcium	

silicate (Ca2(SiO4)),	 2𝜃=29.50°	 and	 2𝜃=29.61°	 for	
calcium pyrophosphate (Ca2P2O7),	 2𝜃=25.24°	 and	
2𝜃=25.33°	 for	 calcium	 metaphosphate	 (Ca(PO3)2),	
2𝜃=28.34°	 and	 2𝜃=29.61°	 for	 tantalum	 oxide	 (Ta2O5),	
2𝜃=27.94°	 and	2𝜃=29.79°	 for	 silicium	oxide	 (SiO2),	 and	
2𝜃=35.96°	and	2𝜃=37.41°	for	calcium	oxide	(CaO).	
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Figure 2c. SEM images of the powder samples of NeoMTA Plus at 
1000x magnification. The NeoMTA Plus powder samples consisted 

of interconnected particles of different sizes, and the particles had an 
angular, flat-surfaced, or globular appearance.

SEM micrographs of the powder and set samples 
of three materials at 1000× and 5000× magnification 
are displayed in Figures 2a–c and 3a–c. Irregular 
particles with different shapes and sizes were observed 
in the MTA Angelus powder samples. In addition to 
flat-surfaced	 and	 angular	 particles,	 small,	 round,	 and/or	
popcorn-like particles were also observed. The particle 
samples of the Biodentine powder were observed to 
have nested structures. They had either a round or oval 
appearance,	 and	 like	 the	 MTA	Angelus	 particles,	 varied	
in size. The NeoMTA Plus powder samples consisted 
of	 interconnected	 particles	 of	 different	 sizes,	 and	 the	
particles	 had	 an	 angular,	 flat-surfaced,	 or	 globular	
appearance.

Figure 2a. SEM images of the powder samples of MTA Angelus at 1000x 
magnification. Irregular particles with different shapes and sizes were 

observed in the MTA Angelus powder samples.

Figure 2b. SEM images of the powder samples of Biodentine at 1000x 
magnification. The particle samples of the Biodentine powder were 

observed to have nested structures

Figure 3a. SEM images of the set samples of MTA Angelus at 1000x 
magnification. All three materials showed a dissimilar particle count and 

size distribution on set samples.

Figure 3b. SEM images of the set samples of Biodentine at 1000x 
magnification. All three materials showed a dissimilar particle count and 

size distribution on set samples.
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Figure 4c. Drawing of NeoMTA Plus set sample for particle size 
assessment using image analysis software (ImageJ). The mean particle 

size of material was calculated to be min-max: 0.21-47.69 μm.

Discussion

X-ray diffraction (XRD) is an analytic method 
that enables the identification of the crystallographic 
characteristics and phases of materials. The XRD method 
is based on the principle that each crystal diffracts X-rays 
in a characteristic order related to the specific atomic 
sequence	 of	 its	 phase.	 Thus,	 the	 crystalline	 structure,	
phases,	 and	 particle	 size	 of	 a	 sample	 can	 be	 identified	
by directing X-rays into it. Additional information about 
the	 sample’s	 phases	 can	 be	 determined	 by	 comparing	
the data obtained from the X-ray to a related database of 
samples with unidentified phases. Diffraction profiles 
in such databases provide crystal information for each 

Figure 3c. SEM images of the set samples of NeoMTA Plus at 1000x 
magnification. All three materials showed a dissimilar particle count and 

size distribution on set samples.

All three materials showed a dissimilar particle count 
and size distribution (Figure 4a-c). The mean particle 
number of each material was calculated to be 882 for 
MTA	Angelus,	692	for	Biodentine,	and	973	for	NeoMTA	
Plus. Particle size ranged more widely for Biodentine 
(min-max:	0.22-49.46	μm)	and	NeoMTA	Plus	 (min-max:	
0.21-47.69	 μm)	 than	 for	MTA	Angelus	 (min-max:	 0.22-
46.15	μm).	While	MTA	Angelus	(2.30	μm)	was	observed	
to have a lower mean particle size compared to Biodentine 
(2.66	 μm),	 the	 difference	 was	 not	 significant	 (p>	 0.05).	
However,	 the	mean	 particle	 size	 of	 NeoMTA	 Plus	 (3.28	
μm)	 is	 significantly	 higher	 than	 that	 of	 both	Biodentine 
and MTA Angelus (p < 0.0001).

Figure 4a. Drawing of MTA Angelus set sample for particle size 
assessment using image analysis software (ImageJ). The mean particle 

size of material was calculated to be min-max: 0.22-46.15 μm.

Figure 4b. Drawing of Biodentine set sample for particle size assessment 
using image analysis software (ImageJ). The mean particle size of 

material was calculated to be min-max: 0.22-49.46 μm.
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at peak values compared to baseline measurements. 
However,	 the	densities	of	calcium	carbonate	(2𝜃=29.22°)	
and calcium phosphate (2𝜃=25.40°)	 at	 peak	 values	
increased.	 Following	 the	 setting	 reaction,	 we	 could	 not	
identify calcium tungstate (2𝜃=28.76°)	 in	 the	 powder	
sample.	Calcium	tungstate	is	known	to	be	a	radiopacifier,	
so our inability to detect it shows that this component 
might be a reactant in the setting reaction. Therefore 
calcium	tungstate,	might	have	contributed	to	the	formation	
of other components and/or their increased densities.

The principal component of Biodentine is tricalcium 
silicate6,	 and	 Biodentine	 powder	 includes	 refined	 grains	
of calcium silicate and calcium chloride (CaCl2). The 
liquid form of CaCl2 serves both as an accelerator for 
tricalcium silicate and a water-soluble polymer7. Calcium 
carbonate,	 present	 in	 Biodentine,	 serves	 as	 a	 nucleation	
site for carbon-sulfur-hydrogen and reduces the induction 
period.	 In	 our	 study,	 we	 considered	 that	 an	 increase	 in	
Biodentine’s	 mechanical	 endurance	 occurs	 following	
the rapid peak observed after 30 minutes6.	We	 identified	
tricalcium silicate (2𝜃=32.22°)	 and	 dicalcium	 silicate	
(2𝜃=32.23°)	 in	 the	 Biodentine	 samples.	 Moreover,	 we	
determined that the densities of the tricalcium silicate 
(2𝜃=33.18°)	and	dicalcium	silicate	(2𝜃=31.90°)	decreased	
after	 the	 setting	 reaction,	 whereas	 the	 density	 of	 the	
calcium carbonate (2𝜃=29.80°)	 increased.	 In	 their	 XRD	
analysis,	Camilleri	et al.6	reported	that	tricalcium	silicate,	
calcium	 carbonate,	 and	 zirconium	 oxide	were	 identified,	
but	unlike	in	our	study,	dicalcium	silicate	was	not.

NeoMTA	 Plus,	 a	 novel	 calcium	 silicate-based	
material,	 was	 introduced	 as	 a	 rapidly	 setting	 root	 repair	
material	 that,	due	to	the	presence	of	gel	within	its	 liquid,	
has	 optimal	 consistency,	 is	 easily	manipulated,	 and	 does	
not cause any coloration21,22.	However,	 little	 information	
about	 NeoMTA	 Plus	 is	 available	 in	 the	 literature,	 and	
its hydration reaction is not yet fully understood. In the 
XRD analysis performed by Abu Zeid et al.23,	 calcium	
silicate,	 calcium	 phosphate,	 calcium	 aluminum	 oxide,	
and calcium sulfate were determined to be present in 
NeoMTA Plus. In the energy dispersive X-Ray (EDX) 
analysis	conducted	in	the	same	study,	NeoMTA	Plus	was	
determined to have a higher sulfur and aluminum content 
than	MTA	Angelus,	 and	 these	 elements	were	 reported	 to	
be possibly related to the more rapid setting of NeoMTA 
Plus.	In	addition,	it	was	reported	that	NeoMTA	Plus	could	
be used as an alternative to MTA Angelus because of its 
higher crystallinity and better bioactivity. On the other 
hand,	 in	 our	 study,	 we	 identified	 tricalcium	 silicate	 (2𝜃 
=	 32.29°;	 2𝜃	 =	 31.99°),	 dicalcium	 silicate	 (2𝜃	 =	 32.29°;	
2𝜃	 =	 27.11°),	 calcium	 phosphate	 pyrophosphate	 (2𝜃 
=	 29.50°;	 2𝜃	 =	 29.61°),	 calcium	 metaphosphate	 (2𝜃 = 
25.24°;	2𝜃	=	25.33°),	 tantalum	oxide	(2𝜃	=	28.34°;	2𝜃 = 
29.61°),	silicium	oxide	(2𝜃	=	27.94°),	and	calcium	oxide	
(2𝜃	 =	 35.96°,	 2𝜃	 =	 37.41°)	 in	 the	 content	 of	 NeoMTA	

crystalline phase. X-ray diffraction peaks are created by 
the interaction of monochromatic X-ray beams scattered 
by a sample at specific angles. The peak densities are 
determined according to the distribution of atoms within 
the	 crystalline	 structure.	 In	 other	 words,	 the	 X-ray	
diffraction model is the fingerprint of the periodic atomic 
sequence in a particular material15. 

The components of calcium silicate-based dental 
materials can be identified through XRD analysis. The 
principle component and most reactive of these materials 
is	 tricalcium	silicate,	which	has	high	biocompatibility	 and	
bioactivity1,16,17. Tricalcium silicate reacts with tissue fluids 
to	 induce	 hydroxyapatite	 formation	 through	 the	 creation	
of	calcium	silicate	hydrate	and	calcium	hydroxide16.	Also,	
tricalcium	 silicate,	 which	 is	 a	 biocompatible	 content,	
induces the differentiation of human dental pulp cells18. 
With	 the	 presence	 of	 calcium	 chloride	 and	 tricalcium	
silicate,	 the	 setting	 reaction	 is	 accelerated	 and	 bioactivity/
biocompatibility are improved19. 

In	 this	 study,	 we	 used	 XRD	 analysis	 to	 investigate	
hydration reactions and crystalline phases of MTA 
Angelus,	 Biodentine,	 and	 NeoMTA	 Plus,	 which	 are	
calcium	 silicate-based	materials.	We	 determined	 that	 the	
main	 components	 of	 the	materials	were	 similar.	We	 also	
identified	 the	 extensive	 presence	 of	 tricalcium	 aluminate	
in	 MTA	Angelus,	 calcium	 carbonate	 in	 Biodentine,	 and	
calcium phosphate salts in NeoMTA Plus. 

According	to	the	literature,	the	essential	components	
of	 MTA	 Angelus	 are	 tricalcium	 silicate,	 dicalcium	
silicate,	 and	 tricalcium	 aluminate.	 In	 addition	 to	 these	
components,	 calcium	 oxide,	 aluminum	 oxide,	 and	
silicium	 oxide	 are	 also	 present.	 Tricalcium	 aluminate,	
which is considered one of the main phases of MTA 
Angelus,	 is	 among	 the	 most	 reactive	 components	 and	
reacts	 very	 rapidly	with	water;	 however,	 its	 contribution	
to physical endurance is minimal19. In a study that 
called	 the	 literature	 into	question,	 Islam	et	al.	used	XRD	
analysis	 to	 show	 that	 MTA’s	 essential	 components	 are	
tricalcium	 silicate,	 tricalcium	aluminate,	 calcium	 silicate,	
tetracalcium	 aluminoferrite,	 and	 bismuth	 oxide9. In their 
XRD	analysis,	 Lee	 et al.20 observed several sharp peaks 
of	 tricalcium	 silicate,	 tricalcium	 aluminate,	 and	 calcium	
silicate	 in	 unhydrated	 MTA.	 Furthermore,	 they	 reported	
that	 tricalcium	 silicate,	 calcium	 silicate,	 and	 tricalcium	
aluminate phases were observed but with decreased linear 
densities in hydrated samples. 

Contrary to the findings of Lee et al20.,	 our	
study showed that the components with firm peaks 
of the MTA Angelus powder sample were tricalcium 
silicate (2𝜃=34.36°),	 calcium	 tungstate	 (2𝜃=28.76°),	
dicalcium silicate (2𝜃=32.11°),	 and	 tricalcium	 aluminate	
(2𝜃=33.29°).	 We	 observed	 that	 in	 set	 samples	 of	
tricalcium	 silicate	 and	 dicalcium	 silicate,	 their	 densities	
(2𝜃=32.79°	 and	 2𝜃=32.01°,	 respectively)	 decreased	
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Using	zirconium	oxide	has	provided	sufficient	radiopacity	
and	 stability	without	 the	 risk	of	discoloration,	which	has	
been	 associated	 with	 all	 materials	 using	 bismuth	 oxide	
as a radiopacifier7,33.	 In	 our	 study,	 similar	 to	 previous	
studies,	 the	 presence	 of	 bismuth	 oxide	 in	MTA	Angelus	
samples1,6,23,	 zirconium	 oxide	 in	 Biodentine24,	 and	
tantalum	 oxide	 in	 NeoMTA	 Plus23 were confirmed as 
radiopacifier ingredients.

The conventional method of quantifying a phase 
within a composite compares the peak height and peak 
area10.	 However,	 when	 a	 comparative	 analysis	 is	 made	
on	 Powder	 Diffraction	 Files	 (PDF),	 various	 challenges,	
including	 errors	 in	 an	 unknown	 diffraction	 model,	
overlapping	 peaks,	 and	 PDF	 errors,	 are	 encountered.	
Additionally,	 the	absolute	amounts	of	 the	peaks	cannot	be	
determined in the presence of overlapping peaks9. In their 
study in which they performed a manual match-analysis 
on	 PDF	 without	 using	 any	 software,	 Abu	 Zeid	 et al.23 
claimed	 that	 zirconium	oxide	was	 used	 as	 a	 radiopacifier,	
and no other radiopacifying agent was present in MTA 
Angelus. Similar to previous studies using search-
match software1,6,20,	 bismuth	 oxide	 was	 identified	 as	 a	
radiopacifying	 agent	 in	 our	 study’s	MTA	Angelus	 powder	
sample.	 Moreover,	 unlike	 previous	 studies,	 we	 identified	
calcium tungstate in the powder sample of MTA Angelus. 
Analysis with search-match software might be an effective 
method	to	meticulously	investigate	the	material’s	content.	

The particle size of cements is fundamental to 
regarding	 the	 cement’s	 setting	 reactions,	 biological	 and	
physical	 properties,	 and	 the	 extent	 of	 penetration	 into	
dentin tubules12-14. The results of the present particle 
analysis	 show	 that	 the	 calcium-silicate-based	 materials’		
distribution of particle count and size varies. Biodentine 
has	 the	 widest,	 and	 MTA	 Angelus has the narrowest 
particle size distribution range. NeoMTA Plus has the 
largest	 number	 of	 fine,	 large-sized	 particles	 (p<	 0.0001),	
while MTA Angelus and Biodentine have a more 
homogeneous and non-statistically significant particle 
distribution	range	(p	>	0.05).	The	present	findings	provide	
insight into variations in performance between different 
calcium-silicate-based materials14. 

Conclusions

The main components of the materials were similar. 
We	 also	 identified	 the	 extensive	 presence	 of	 tricalcium	
aluminate	 in	 MTA	 Angelus,	 calcium	 carbonate	 in	
Biodentine,	 and	 calcium	 phosphate	 salts	 in	 NeoMTA	
Plus.	 Furthermore,	 The	 results	 of	 the	 present	 particle	
analysis	 show	 that	 the	 calcium-silicate-based	 materials’		
distribution of particle count and size varies. The present 
findings provide insight into variations in performance 
between different calcium-silicate-based materials.

Plus.	Contrary	to	the	abovementioned	study,	in	our	study,	
we identified no sulfur or aluminum in their pure forms 
and determined that these components were involved in 
the structure of various compounds. 

Whether	calcium	oxide	is	present	in	calcium	silicate-
based materials and how it is formed is not identified in 
the current literature. One study reported that calcium 
hydroxide	was	released	during	the	setting	reaction	due	to	
calcium	oxide’s	very	rapid	hydration	following	an	intense	
exothermic	 reaction.	 In	 addition,	 calcium	 hydroxide	was	
reported to be produced as a by-product of the reaction 
and was intensely released in MTA Angelus due to 
calcium	oxide’s	hydration6.	On	 the	contrary,	Camilleri	et 
al.24 reported that all tricalcium silicate-based materials 
did	 not	 necessarily	 produce	 calcium	 hydroxide	 after	 the	
hydration reaction. Even though the reaction product was 
free	 calcium	 hydroxide,	 various	 ingredients	 might	 have	
reacted	with	it,	and	thus,	its	amount	might	have	decreased.	
According to Abu Zeid et al.23,	 the	 fact	 that	 calcium	
hydroxide	 was	 not	 present	 in	 set	 samples	 revealed	 that	
this component had participated in the setting reaction. On 
the	other	hand,	in	our	study,	calcium	oxide	was	identified	
in Biodentine and NeoMTA Plus in the XRD analysis 
of	 powder	 and	 set	 samples.	 Calcium	 hydroxide	 was	
determined to be present at similar levels in the powder 
and	set	MTA	Angelus	samples,	whereas	 it	was	present	at	
an	 exceptionally	 high	 level	 in	 the	 set	Biodentine	 sample	
and could not be identified in the powder and set samples 
of NeoMTA Plus. This result is consistent with previous 
studies	showing	that	calcium	oxide	and	calcium	hydroxide	
participated in hydration reactions23-25. 

As	 radiopacifying	 phases,	 Biodentine	 involves	
zirconium	 oxide,	 MTA	 Angelus	 involves	 bismuth	
oxide,	 and	 NeoMTA	 Plus	 involves	 tantalum	 oxide26. 
Bismuth	 oxide,	 present	 as	 a	 radiopacifier	 in	 powder	
MTA,	 also	 plays	 a	 significant	 role	 in	 cement	 hydration.	
Bismuth	 oxide	was	 reported	 to	 cause	 coloration	 of	 tooth	
tissues,	 reduced	 calcium	 hydroxide	 release,	 increased	
solubility,	 and	 thus,	 deterioration	 of	 the	 material’s	
structure27.	 Moreover,	 bismuth	 oxide	 significantly	
increased	 the	 setting	 period	 and	 reduced	 the	 cement’s	
compressive endurance1;	 additionally,	 it	 was	 shown	 to	
interfere with cellular growth28. Such adverse features 
affect	 the	 material’s	 biocompatibility29,	 and	 it	 has	 been	
recommended	 that	 bismuth	 oxide	 be	 replaced	 by	 an	
alternative radiopacifying ingredient30.	 In	 this	 regard,	
tantalum	oxide	was	added	as	a	 radiopacifying	agent,	and	
NeoMTA	 Plus,	 a	 calcium	 silicate-based	 material,	 was	
developed.	 It	 has	 been	 reported	 that	 tantalum	 oxide	was	
biocompatible with calcium phosphate-based materials 
that can replace the bone31,	 and	 due	 to	 its	 low	 toxicity	
and	radiopacity,	could	be	used	as	a	scaffold	for	restorative	
treatments32.	 Zirconium	 oxide,	 another	 alternative	
radiopacifying	component,	has	been	added	to	Biodentine.	
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