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Introduction

Calcium silicate cement (CS cement) is generally named
as MTA (Mineral Trioxide Aggregate). Since the first report
of the clinical use of Portland cement to root canal filling
by a German dentist Dr. Witte (1). MTA was introduced
to dentistry after a patent for a Portland cement-based
endodontic material issued by Torabinejad and White
was registered in 1995 and 1998 (2, 3). The major
components of Portland cement are tricalcium silicate
(C39), dicalcium silicate (C2S), tricalcium aluminate (C3A),
and calcium aluminoferrite (CAF). MTA is a dental cement
formulated by adding radiopacifier such as bismuth oxide
and zirconia oxide to Portland cement. In virtue of its
excellent biocompatibility, sealing ability, and particularly
excellent antibacterial and hard tissue forming ability (4-6),
its clinical application fields are widening to pulp capping,
pulpotomy, apexification, root perforations repair,
intra/extra root resorption, orthograde root filling,
retrograde root-end filling, and pulp vitalization (7, 8).
However, its poor operability and too long setting time
are significant drawbacks which limit its use in clinical
cases (9, 10). Therefore, many studies are performed to
improve these handling and sluggish setting properties,
and to enhance the remineralization and hermetic sealing
at the pulp-dentin interface (11, 12).

After mixing the MTA powder with water, tricalcium
aluminate and calcium sulfate react with water to form
ettringite, and tricalcium silicate and dicalcium silicate
react with water to precipitate calcium silicate hydrate
and calcium hydroxide crystals called portlandite,
providing an initial high alkali environment (13).
Tricalcium silicate hydrates faster than dicalcium silicate
(14). In the in witro biological solution, amorphous calcium
phosphate is produced by electrostatic interaction
between the calcium-rich calcium silicate hydrate (CSH)
surface and HPO,” ions, which are converted over time

to carbonate apatite found in bone, cartilage, enamel,
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and dentin (15),

However, MTA has several disadvantages such as high
price, inconvenient operability, difficulty in removal
during root canal retreatment, long setting time, and
discoloration (12, 16-18). Among those, slow setting of
MTA is the most significant disadvantage which hinder
the satisfactory usage in clinical cases.

Many investigations were performed to shorten the
setting time. For example, inclusion of hydration
accelerators such as calcium chloride (CaCly) (16, 19, 20),
citric acid (21), calcium lactate gluconate solution (22),
or sodium phosphate dibasic (23) in the composition were
studied, There are various strategies in the MTA
formulation like removal of calcium sulfate (24), addition
of carboxylic ether polymer (superplasticizer) (25), use
of gelatin (26) and chitosan oligosaccharide solution (27)
in liquid form, or changing the proportions of C3S, C2S,
calcium carbonate, and calcium aluminate in the material
(28, 29). Particle size refinement (30) and delivering a
photo- polymerization system using various organic resins
(31) are another approaches to solve the long setting
problem,

Comparing the setting times of MTA cements based
on published reports needs careful consideration because
test method details they adopt are frequently different
between papers. By electronic searching the published
articles relating to the setting time measurement, we could
find that the experimental methods were quite inconsistent
(9, 18, 20, 21, 31, 33-68). Even for the same MTA material,
the reported setting time results were various among
papers. This problem will make the clinicians difficult
to objectively guess how the material will set and to select
appropriate material for various clinical cases, In this
study, the setting time of nine commercially available
MTA cements were evaluated to provide information for
correct selecting of MTA cement having an appropriate
setting time in relation to various clinical cases.

The X-ray diffraction analysis (XRD), X-ray fluorescence



spectroscopy (XRF), and particle size analysis were
performed to investigate the effect of the compositional

variations on the setting time of MTA,

Materials and Methods

1. Article search related to setting time
measurement

An electronic published article search was conducted
of the ScienceDirect (https://www.sciencedirect.com) site
using keywords of MTA, mineral trioxide aggregate, and
setting time for the papers published during 1995-2020,
and thirty-seven papers that reported experimental
descriptions and result values related to setting time were
selected as analysis target papers among the eighty-five
searched papers, In addition, for the MTA products
included in this study that were not included in the papers
searched via the above search method, four papers related
to setting time were added to analysis target papers by
additionally searching the Google Scholar Internet site,
and a total of forty-one papers were selected and analyzed,

Differences in the setting time results reported for each

Table 1, Commercial MTA cements tested in this study

product, and the type of test standard, mold and test
equipment used, and environmental test conditions

applied were compared,

2. Setting time measurement

The setting time of nine commercially available MTA
was evaluated according to ISO 6876:2012 method (32).
The materials tested were ProRoot MTA (PR; Dentsply,
USA), Ortho MTA (Ortho; BioMTA, Korea), Retro MTA
(Retro; BioMTA, Korea), Endocem MTA (Endocem;
Maruchi, Korea), Endoseal MTA (Endoseal; Maruchi,
Korea), One-Fil (OF; Mediclus, Korea), MTA Cem (MGC;
Nexobio, Korea), EZ-Seal (EZ; Ezekiel, Korea), and
Biodentine (BD; Septodont, France) (Table 1).

Gypsum molds having five holes (Diameter 10 mm,
Height 1 mm) that can hold a sample were prepared
under the procedure shown in Figure 1. Test materials
were mixed at (23£2) C and (50%£5)% relative humidity
according to the manufacturers’ instructions, The MTA
mixture was filled in the preconditioned gypsum mold
stored for 24 h maintained at (37£1) C and not less
than 95% relative humidity, and the surface was flattened

using a slide glass, and the assemble was left in the

Brand Name Code Supplied Form Manufacturer Lot No.
ProRoot MTA PR Powder, liquid Dentsply / USA 246228
Ortho MTA Ortho Powder BioMTA / Korea OM1704D12
Retro MTA Retro Powder, liquid BioMTA / Korea RMBJ02D04
Endocem MTA Endocem Powder Maruchi / Korea AD201211
Endoseal MTA Endoseal Premixed Maruchi / Korea CD210129A
One-Fil OF Premixed Mediclus / Korea 05137453
EZ-Seal Ez Powder Ezekiel / Korea ES300190320
MTA Cem MC Powder Nexobio / Korea MC200904
Biodentine BD Powder, liquid Septodont / France B20211
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Figure 1, A) Metal mold (holes with 10 mm diameter and 1 mm depth; B) cover the metal mold with rubber impression material;
C) cover the top with slide glass and weight; D) after setting of the rubber impression material, remove the metal mold to leave
the negative form of the holes; E) box the periphery of the silicone mold with boxing wax leaving a space to be filled with secondary
rubber impression material (after the setting of the rubber materials, remove the boxing wax); F) fill the boxed space with plaster
(W/P ratio = 0.45); G) after the plaster set, remove the plaster mold from the rubber scaffold, The prepared plaster mold has the
same shape as the metal mold with five sample holding holes.

Figure 2, The setting time is measured in an incubator at (37+1) C and not less than 95% relative humidity. Test material mixed
at (23+2) C was filled in the moist plaster mold cavities and the setting time was measured using Gillmore indenter,

incubator cabinet during setting and measurement, The
setting time was measured using a Gillmore-type indenter
having a mass of (100£0.5) g and a flat end of diameter
(2£0.1) mm, When the setting time stated by the
manufacturer approaches, the indenter needle was gently
placed vertically on to the test material. The time elapsed

from the start of mix until indentation ceased to be visible
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was recorded as a setting time (Figure 2). Five replicates
were tested for each product. The significance between
the setting time results of each product group was analyzed
by the Kruskal-Wallis test as a non-parametric ANOVA
followed by Duncan’s post-hoc test using SPSS 26.0
(Statistical Product and Service Solutions 26.0, IBM Co.,
Armonk, NY, USA).



3. X-ray diffractometric analysis

Crystalline phase analysis was performed for
commercial MTA cement powder and for the MTA
mixtures using X-ray diffractometer (XRD; EMPyrean,
PANalytical, Netherlands). To hydrate MTA, it was mixed
according to the manufacturer’s instructions, and the
mixture was filled in a metal mold (Inner diameter 10
mm, Height 2 mm) and cured for 72 h in an oven at
(37£1) € and a relative humidity of 95% or more, The
72 h-aged specimen was dried for additional 72 h at
60 T, and then pulverized to a particle using agate mortar,
The collected fine powder under 325 mesh was analyzed
using XRD, The diffraction patterns were collected using
a EMPyrean X-ray diffractometer (40 kV and 30 mA) with
CuKe (A =154056 A). The scanning speed was 1.8°/
min and the scanning angle ranged from 26 = 10-70°,
The position and intensity of the diffraction peaks were
analyzed using HighScore Plus (Panalytical, Netherlands)
software with reference to the International Center for
Diffraction Data (ICDD) to identify the crystalline

materials,

4, X-ray fluorescence spectrometry analysis

An X-ray fluorescence spectrometry (XRF; Axios

Minerals, Panalytical, Netherlands) was used for
quantitative chemical analysis of the commercial MTA
cements, The powder sample of about 5 g was mixed
with a wax binder, and pressure molded to a circular
pellet. We used Rh (rhodium) target and selected 3 kW
(4 kW max.) for X-ray generator, The scan speed was
10° 28 /s. Among the tested samples, Endoseal and OF
were paste type and were calcined at 800 C in an electric

furnace in the air for 1 h for XRF analysis,

5. Particle size analysis

To analyze the particle size of the powder, a laser

particle size analyzer (LS 13 320 XR, Beckman Coulter,

103

Pasadena, CA, USA) was used. After dispersing in
isopropyl alcohol for 30 s with an ultrasonic disperser,
measurement was repeated three times by the DLS
(dynamic laser light scattering) method. The particle size
distribution was described using three reference points
of d10, d30, and d90, The particle size value ‘d90" means
that 90% of the particles fall under this size. Measuring
the particle size of Endoseal and OF was not appropriate

because those were paste type.

Results

1. Article search results in relation to setting
time measurement

By analyzing the forty-one papers (published during
1995-2020) relating to setting time of MTA cement, the
reported setting times for the MTA cements included in
this study were shown in Table 2, And, the detailed test
conditions, such as applied standards, mold material type,
environmental conditions of temperature and humidity,
and used test equipment, were widely different as shown
in Table 2.

The applied standards were different as either 1SO 6876,
ISO 9917-1, ASTM C266, or ADA Spec #57 and the
publication years of those applied standards were not
consistent, And, there were even a number of papers
that did not denote the referenced standard (18, 20, 33,
37, 38, 42, 44, 48, 55).

The mold materials used were different as metal, Teflon,
acrylic, and dental gypsum, and metal molds were used
most, followed by acrylic mold. The diameter and depth
of the hole filled with the material were also inconsistent,
Most of the measurement environmental conditions were
37 € and 95% relative humidity, but there were quite
a number of papers that did not specify them (9, 20,
31, 34, 30, 37, 39-41, 47, 48, 55, 57, 60, 62-64). The



Table 2, Comparison of the reported setting times and test conditions used for the measurement of setting time

of various commercial MTA cements

. Test
Average Setting . Reference
o Referenced . Atmosphere Testing
Brand Name Time Used Mold e no, of the
il Standard (Temp & Apparatus report
Humidity) ;
ProRoot 318 - Metal, D10 , H5 37 ¢, 95% V, 400 g (83)
MTA 230 ISO 6876:2001 G 34
(White) ' ) ) (34
2192 ISO 9917-1 Metal, D10 , H5 37 ¢, 95% V, 400 g (35)
165 ASTM C266-99-A - - G (36)
155 - - - V, 300 g 37)
151 - Metal, D5, H5 37 ¢, 100% G, 453 g (38)
180 ISO 6876 Acrylic, D10, H1 - V, 300 g (89)
140 ADA Spec, #57 Metal, D10, H2 - V, 300 g (40)
G
36 () '
168 () ASTM C266-03 - - 1134 g, D212 () (81)
4536 g, D1.06 (F)
40 () ISO 6876:2001 . . G (1)
140 (F) ASTM C266-03
ProRoot 3455 - Metal, D10 , H5 37 ¢, 95% Indenter, 400 g (33)
MTA
(Grey) 195 - - N/S, D10, H2  S.S. indenter, 100 g (42)
50 - - - V, 300 g (20)
ProRoot ° i
318 ISO 6876 Metal, D10, H5 o © FUMid 0 g, D 43)
MTA Incubator
(Note: No 318 ISO 6876:2001 Metal, D10, H3 37 T, 95% V, 400 g (44)
explanation for 579 ISO 9917-1:2007  Acrylic, D10, H5 37 ‘¢, 95% V, 400 g (45)
shade)
228 33 ISO 6876:2001 Plaster, D10, H1 37 T, 95% G, 100 g, D2 (46)
202 N/S, D10, H2 water bath, vV (18)
' ' 37 ¢, 100%
165 ISO 6876: 1986 Metal, D15, H5 - G 47)
G,
140 - - - 1134 g, D212 () (48)
4536 g, D1.06 (F)
124 ISO 9917-1 - 37 ¢, 100% G (49)
1081 ISO 9917-1 Acrylic, D10, H5 37 T, 95% G, 400 g, D1 (21)
53.33 ()
ASTM C266-99-A - Y 9 4
11667 (F) S C266-99 37 ¢, 100% G, 453 g (50)
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MTA 229 66 ISO 9917-1 Metal, D10 , H5 37 ¢, 95% Indenter, 400 g (61)
Angelus G
Z; E:; ISO 6876:2001 Metal, D10, H2 37 T, 95% 1134 g, D212 () (52)
4536 g, D1.06 (F)
G,
2(1) E:l) ;AS%TI\QS%E;%SS Metal, D10, H2 37 C, 95% 1134 g, D212 () (63)
' 4536 g, D1.06 (F)
28 ISO 6876:2001 N/S, D10, H2 37£1) ¢, 55% G (54)
G
- - ' 9
18 ISO 6876 100 g, D1+002 9)
G
| ,
;ggg E;) - N/S, D10, H2 - 1134 g, D212 () (55)
) 4536 g, D1.06 (F)
G,
;222 EE) g%ﬂ\g;éz%?s Metal, D10, H2 37 T, 95% 1134 g, D212 () (56)
’ ' 4536 g, D1.06 (F)
l‘rég; E:i) ADA Spec, #57 - - G, 453 g (57)
12 (l), 48 (F) ASTM (C266-03 - 37 T, 95% G, 453 g (58)
9.33 () i .
8167 ) ASTM C266-08 Metal, D10, H2 37 C, 95% G (59)
|
2'3323( )(F) ASTM C266-03 - - V, 4565 g (60)
Biodentine 85,66 ISO 6876:2001 Plaster, D10, H1 37 T, 95% G, 100 g, D2 (46)
27 ISO 6876:2001 N/S, D10, H2 (37+1) ¢, 55% G (54)
Ortho MTA 351 ISO 6876 Teflon, D10, H2 37 C, 95% G (61)
334 .4 ISO 9917-1:2007  Acrylic, D10, H5 37 T, 95% V, 400 g (45)
3243 - Metal, D10, H3 37 C, 95% V, 400 g (44)
Retro MTA 18.1 ISO 9917-1:2007  Acrylic, D10, H5 37 C, 95% V, 400 g (45)
Endocem MTA 153 - Metal, D10, H3 37 C, 95% V, 400 g (44)
3.6 ISO 9917-1:2007  Acrylic, D10, H5 37 C, 95% V, 400 g (45)
MTA Fillapex 1353 () G,
273'3 A ASTM C266-03 Acrylic, D10, H2 - 1134 g, D212 () (62)
' 4536 g, D1.06 (F)
Indenter
: - - ! 63
304 ISO 6876:2012 100 g, D2 (63)
2.27 ()
ASTM C266-03 - - - 64
455 (F) 64
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37 ¢, Not

9 ISO 6876 N/S, D10, H2 - V, 100 g (65)
Specified

not set .

completely even 1SO 6876:2012 Metal, D10, H2 37, 9 10 G, 100 g, D2 (66)
100%

after 1 week

MTA Plus 1) S

180 ISO 9917-1:2007  Metal, D8, H5 (37__1.) C, Not V, 400 g (67)
Specified

45 ()) G

55 ASTM C226-07 Polyvinyl, D10,H2 37 ¢, (99+5)% 1134 g, D212 () (68)

4536g, D1.06 (F)

* (I), Initial setting time; (F), Final setting time

** Specify for the mold material type (Metal/Teflon/Acrylic/Plaster/Polyvinyl), and diameter and height of the sample-filling hole, For example, a description
of “Metal, D15, H5" means that the mold is made of metal having a hole with a diameter of 15 mm and height of 5 mm_ “N/S” means that the information

about mold material or hole size is not specified,

*** Specified for the needle type and weight and needle diameter, Gillmore needle: G, Vicat needle; V, Diameter; D (unit: mm)

experimental instrument was either Gillmore needle or
Vicat needle, and there was a difference in applied weight,
Due to the difference in the selection of the referenced
standard, some papers reported the initial and final setting
times (in the papers to which either ASTM standard or
ADA standard were applied) and the other papers reported
the setting time (in the papers to which the ISO standard

was applied).

2. Setting time

The setting time of the nine tested commercial MTA
cements are shown in Table 3 and Figure 3. PR showed
the longest setting time (369.4%13,8) min among tested
materials, In next, EZ and OF showed setting time of
182.4 min and 165.4 min, respectively, and Ortho, MC,
Endoseal, and Retro showed setting time of 65.0 min,
48.8 min, 47.0 min, and 43.6 min, respectively, BD showed
the second fastest setting time (16.0 min), and Endocem
had the shortest setting time (2.4 min),

The setting time was shorter in the order of Endocem
{ BD ( Retro ¢ Endoseal {( MC ( Ortho ( OF ( EZ
( PR.
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3. X-ray diffractometric analysis

The XRD patterns of the nine commercial MTA cement
powders and the hydrated samples aged for 3 d are shown
in Figure 4, (A) and (B), respectively. In Figure 5, the
crystal phase was assigned by searching the X-ray
diffraction pattern of each MTA cement powder using
the HighScore Plus software, In the XRD patterns of
commercial MTA cements hydrated for 3 d, a crystal phase
of calcium hydroxide (ICDD 00-044-1481) was observed
with the diffraction peaks shown in the powder before
hydration (Figure 4 (B)).

Depending on the product, the XRD peaks of the
radiopacifier such as bismuth oxide (Bi,Os), zirconium
oxide (ZrO,), or ytterbium oxide (Yb,Os) were identified,
and the peaks of tricalcium silicate (CazSiOs), dicalcium
silicate (Ca,SiO4), and tricalcium aluminate (CazAlOp)
crystal phases were observed.

Even though the main peaks of tricalcium silicate are
34.4°, 22.2° and 29.5° 28, it is difficult to distinguish
them from overlapping peaks of dicalcium silicate, Thus,

the crystalline phase was confirmed through rather weak



Table 3. Setting time of the tested materials

(n=5, unit: min)

Brands ProRoot Ortho Retro Endocem Endoseal
— (\/I\\;Ir']l;i-\e | MTA MTA MTA MTA One-Fil EZ-Seal MTA Cem Biodentine
Mean 369.4° 65.0° 436 24" 47 0°' 165.4° 182.4° 48.8° 16.0°
Standard deviation 138 18 13 02 19 17 34 24 08
Maximum 402 69 48 3 53 170 194 55 19
Minimum 335 59 40 2 43 161 173 41 14

* Materials with the same superscript letter are not statistically different in setting time at o= 0,05 level by Duncan’s post-hoc test
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Figure 3. Mean and standard deviation of setting time of the tested materials (n=5).

*Materials with the same superscript letter are not statistically different in setting time at p=0.05

level by Duncan’s post-hoc test.

peaks of tricalcium silicate appearing at around 22.8°,
30.0°, 38.5°, 46.8° 20 (ICDD 00-042-0551), Even though
the main peaks of dicalcium silicate appear near 33.4°,
32,5, 32,6° 20, they mostly overlap with the tricalcium
silicate peaks. Thus, the dicalcium silicate phase was
confirmed by the presence of the rather low intensity
peaks, which do not overlap with other crystal phase
peaks, at around 23.0°, 31.0°, 39.5° 26 (ICDD 00-033-
0303).

The PR, Ortho, Endocem, and MC showed diffraction
peaks at 27.3", 33.2°, and 33.0° 20, indicating that they
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contained bismuth oxide (ICDD 00-014-0699) as a
radiopacifier, Retro, Endoseal, OF, EZ and BD showed
diffraction peaks at 28,1°, 31.4°, and 50.1° 20,
demonstrating that they contained zirconium oxide (ICDD
01-072-1669). It was found that MC also contains ytterbium
oxide (ICDD 01-088-2161) showing major diffraction
peaks at 33.1°, 476", and 59.2° 26 in addition to bismuth
oxide,

It was confirmed that, in addition to calcium silicate
and radiopacifier, Endocem, Endoseal and BD contained

calcium carbonate, and MC, Retro, Ortho and OF
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Figure 4, X-ray diffraction patterns of (A) non-hydrated MTA cement powder and (B) hydrated MTA cement set for 3 d; [, bismuth

oxide (Bi,O3); W, zirconium oxide (ZrO,); A, tricalcium silicate oxide; O, dicalcium silicate oxide; vy, tricalcium aluminate; A, calcium

hydroxide (Ca(OH),).

contained tricalcium aluminate, Calcium carbonate was
confirmed by peak appearing at around 29.4°, 39.4°,
43.1° 20 (ICDD 00-005-0586), and tricalcium aluminate
was confirmed by diffraction peaks at 33.1°, 47.6°, 59.2°
26 (ICDD 00-038-1429).

In EZ, dicalcium silicate was the main crystalline phase
rather than tricalcium silicate, and it contained calcium

sulfate to prevent flash set (Figure 5) (69).

4. X-ray fluorescence spectroscopy analysis

Table 4 shows the results of X-ray fluorescence
spectroscopic analysis. The main constituent elements in
all products were calcium and silicon, and bismuth oxide
and zirconium oxide used as radiopacifier.

PR, Ortho, Retro, and BD showed relatively high CaO
content (over 54,01 wt.%) and SiO, content (over 18.39
wt. %) compared to other products, The order of the
product having high aluminum oxide content was

Endocem, Ortho, Retro, MC, Endoseal, PR, OF, EZ, BD,
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EZ and BD had low aluminum oxide content of 0,16
and 0.12 wt.%, respectively.

The EZ, which had the second longest setting time,
contained a high content of sulfur trioxide (SO3) at 5.31
wt.% and did not contain potassium oxide (K;O),
Endocem, MC, PR, and Endoseal also showed 3,75—1,23
wt.% sulfur trioxide content in decreasing order. Retro
and BD contained very small amounts, and Ortho and
OF did not contain sulfur trioxide, Notably, the Endocem,
which had the fastest setting time of 2.4 min, contained
3.75 wt.% of sulfur trioxide and 1,25 wt.% of potassium
oxide (K;O),

Gray-colored Endocem and Endoseal contained 2,42
wt. % and 1,25 wt.% of iron oxide (Fe;Os), respectively,
As a radiopacifier, the PR, Ortho, and Endocem contained
only bismuth oxide, the Retro, Endoseal, OF, EZ, and
BD contained only zirconium oxide, and the MC contained
both bismuth oxide and ytterbium oxide in similar
proportions, In addition, PR, Endocem, and Endoseal

contained trace elements,
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Figure 5, X-ray diffraction patterns of non-hydrated MTA cement powder,

5. Particle size analysis

Table 5 shows the results of particle size analysis. The
particle size of the tested materials was less than S8um
based on d50, but there was a considerable difference
between tested products ranging from 70,81 um (MC)
to 6,12 um (Endocem) when it is compared based on

doo.

Discussion

In this study, the setting times of nine commercial MTA
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cements were evaluated to provide basic information for
selecting the appropriate MTA product for each case in
clinical practice, There are many reports evaluating the
setting time, which is the biggest drawback of MTA
cement,

Through searching and analyzing those research papers
dealing with the setting time of MTA (9, 18, 20, 21, 31,
33-68), we could find that the setting time varies greatly
depending on the published papers even for the same
product, In Table 2, we compared the reported setting
times and test conditions used for the measurement of

setting time of various commercial MTA cements,



Table 4, X-ray fluorescence analysis (XRF) results for the weight percentage of consisting elements (A) and estimated

compounds (B) of the tested MTA cements (unit: wt, %)
ProRoot
T Ortho Retro  Endocem  Endoseal i  E£2-Seal MTA Cem Biodentine
(A) Element (White) MTA MTA MTA MTA

Ca 44 21 4333 38.60 3570 1487 23.83 37 11 36.23 5218

Si 878 9.10 8.60 719 241 282 8.65 842 9.89
Al 093 2.21 2.04 355 098 0.64 0.09 202 0.06

S 084 - 0.06 1.50 0.49 - 213 113 0.05
Fe 017 - - 1.69 087 - - - 0.15
Bi 1273 13.70 - 1483 8.04 - - 10.54 0.01
Zr - 0.03 16.78 - 42 91 42 84 17.20 - 376
Mg 0.31 022 0.23 2.08 0.51 012 0.18 0.09 012

K 0.09 - - 104 0.46 - - - -
Na 0.12 - - 0.11 - - 0.05 - -

Ti - - - 0.15 - - - - -
Sr 008 0.05 - 0,08 004 - - - -

P 0,08 - - 0,03 - - - - -
Hf - - 0.46 - 103 101 043 - 0,08
Yb - - - - - - - 1121 -

v - - - - 0.09 0.13 - - -
(0] 31.66 3137 33,23 32,05 27.29 28.61 3417 30.37 33,70

Brands ProRoot

MTA ?A”Th: F;:;r: E”Sﬂi‘fm E“J?Zfa' Onefi*  EZ-Seal MTA Cem Biodentine
(B) Compound (White)

Ca0 6186 60.63 54.01 49.96 2081 33.34 5193 50,69 73.01
SiOo 18.79 19.48 18.39 15.39 516 6.03 18.50 18.02 2115
AlOs3 1.76 417 3.85 6.71 185 1.20 0.16 381 012
SOs 211 - 014 3.75 128 - 5,31 281 013
Fex0Os 025 - - 242 125 - - - 0.21
Bi-O3 1419 1527 - 16.53 8.96 - - 1175 0.01
ZrOs - 0.038 22 67 - 5797 5787 2323 - 507
MgO 0.51 0.36 0.39 3.44 0.85 0.20 0.29 0.15 0.20
KO 011 - - 125 0.55 - - - -
Na.O 0.16 - - 015 - - 0.07 - -
TiO, - - - 025 - - - - -
S0 0.09 0.06 - 0.09 0.05 - - - -
P,Os 0.18 - - 0,06 - - - - -
HfO» - - 055 - 1.22 1.19 0.51 - 0.10
Y203 - - - - - - 12.76 -
Y203 - - - - 0.11 0.16 - - -

* Because of pre-mixed paste type, these were calcined at 800 ‘C for 1 hr and then ground for XRF analysis,
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Table 5, Average particle size distribution of commercial

MTA cements (n=3)
Brand Name  d10™ (um) d50 (um)  d90 (um)
ProRoot MTA 0.40 6.42 20.33

Ortho MTA 0.39 7.38 2904
Retro MTA 058 6.56 19.93
Endocem MTA 0.44 2.48 6.13
Endoseal MTA - - -
One-Fil* - - -
EZ-Seal 0.62 267 3489
MTA Cem 037 6.11 7081
Biodentine 023 3.04 727

* Not appropriate to measure because those were paste type
** The 10th percentile of particle size distribution, i.e, d10, means that
10% of the particle diameters fall under this size,

Interestingly, it was found that the standards applied for
the test, the mold material type, the experimental
environment conditions, and the experimental equipment
were inconsistent among reported papers. Moreover,
considerably many published papers reported setting time
results without stating the mold type used. Because there
were many differences in the experimental methods
among reported papers dealing with the setting time, it
would be difficult for clinicians to select a suitable material
based on objective information. Because many research
papers did not mention the experimental environment,
it was not able to determine whether the measurement
was performed under an condition similar to oral
environment (37 C, relative humidity of 95% or more),

Therefore, this study purposed to provide a guide in
selecting a suitable product for each clinical situation by
reporting the setting time results obtained by strictly
observing the ISO test method that evaluates the setting
time in an environment similar to the oral cavity (32).
In 1SO 6876:2012, for the case of hydraulic cement, it
specifies to use a gypsum mold kept in moist 37 C

environment during the setting time measurement to
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simulate the condition that the cement material be
provided with moisture like in oral cavity for the hydration
process of the cement. But, there are few reports that
evaluate accordingly. In this study, a gypsum mold was
prepared (Figure 1) and the setting time was evaluated
in compliance with the measurement method specified
in the ISO standard. In particular, by using a modified
anaerobic incubator having double doors, consistent
evaluation was possible under constant temperature and
humidity conditions similar to the oral environment
(Figure 2), There was a significant difference in setting
time depending on the product (p {0,001) (Table 3, Figure
3).

In the XRD and XRF analysis (Figure 4, 5), there were
differences in composition and major crystal phase
depending on the product, and these differences were
considered to affect the setting time of each product,
In the XRD spectra of the commercial MTA, peaks of
the radiopacifier such as bismuth oxide, zirconium oxide,
or ytterbium oxide were identified, and the peaks of
tricalcium silicate, dicalcium silicate, and tricalcium
aluminate crystal phases similarly appearing in the
ordinary Portland cement were observed. In addition to
calcium silicate and radiopacifier, Endocem, Endoseal and
BD contained calcium carbonate (ICDD 00-005-0586), and
MC, Retro, Ortho and OF contained tricalcium aluminate
(ICDD 00-038-1429). In EZ, dicalcium silicate was the
main crystalline phase rather than tricalcium silicate which
contributes to the early hydration reaction, and it contained
calcium sulfate to prevent flash set (69). These two thing
was considered as a possible contributing effect on the
long setting time of EZ,

In the main composition of MTA, the order of hydration
that occurs during the first few days is reported as
tricalcium aluminate ) tricalcium silicate ) dicalcium
silicate (14). Tricalcium aluminate hydrates rapidly and
aluminate reacts violently with water if there is no gypsum

present causing a flash set (69). The Ortho, Retro, MC,



and OF contained tricalcium aluminate (Figure 5), by
which could be an explanation why the setting time of
those MTA cements was significantly faster than that of
PR and EZ (p{0.05). In PR, tricalcium silicate, which
is responsible for early hydrate formation, was the main
crystalline phase, and dicalcium silicate was contained
in only a small amount. But, it did not contain calcium
carbonate and tricalcium aluminate, by which would
explain the longest setting time over 6 h, Tricalcium
aluminate phase was not seen in MTA cements except
Ortho, Retro, MC, and OF, and it has been reported that
the absence or reduction of the aluminate phase has the
advantage of improving workability (70).

Endocem, Endoseal and BD contained calcium
carbonate (CaCOs) in their composition, Among the tested
MTA cements, Endocem had the shortest setting time (2.4
min) followed by BD (16 min) (Table 3, Figure 4 and
Figure 5). The addition of calcium carbonate contributes
to significantly reducing the initial and final setting times,
and improves the mechanical strength of cement paste
in the initial stage of hardening (71),

Endocem having the shortest setting time (2.4 min)
is reported to contain pozzolan particles (44), Pozzolans
are siliceous or silicious and aluminous finely divided
particles that do not react with cement by themselves,
and react chemically with calcium hydroxide in the
presence of water to form cementitious compounds (69),
It is reported that pozzolans not only improve workability
but also enhance long-term strength (72). Both Endocem
and Endoseal products are reported by the manufacturer
as being based on pozzolan cement, and silicon oxide
peaks were confirmed in the XRD analysis of this study
(Figures 4 and Figure 5). Endocem, which had the shortest
setting time, had the smallest average particle size of 6,125
um in d90. This small size of the particles is considered
to contribute for the reduction of setting time (Table 3
and Table 5).

Based on the XRD analysis, the EZ, which had the
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second longest setting time, had dicalcium silicate as the
main crystalline phase and contained calcium sulfate
(Figure 5). As a result of XRF analysis, the EZ contained
a high content of sulfur trioxide (SO3) at 5.31 wt.% and
did not contain potassium oxide (K,O). Accordingly, it
is judged that sulfur trioxide was mainly added in the
form of calcium sulfate (CaSO4). This compositional
characteristics is considered to contribute to the sufficient
setting time (24). We think that EZ is more suitable to
be used as a root canal sealing material rather than used
for procedures requiring fast setting such as the cases
of retrograde filling, pulp capping, and root perforation,
etc. Endocem, which had the fastest setting time of 2.4
min, contained 3,75 wt,% of sulfur trioxide and 1.25 wt, %
of potassium oxide (K;O) as shown in Table 4, It is
conjectured that this components contribute to the early
skeleton formation by the hydrate crystals resulting in
fast setting (73).

As a radiopacifier, PR, Ortho, and Endocem contained
only bismuth oxide, and Retro, Endoseal, OF, EZ, and
BD contained only zirconium oxide. It is reported that
bismuth oxide may cause tooth discoloration by MTA
cement due to peroxidation when in contact with sodium
hypochlorite solution (16), The MC contained both
bismuth oxide and ytterbium oxide in similar proportions,
and ytterbium oxide is reported to be an appropriate
radiopacifier that does not affect physicochemical
properties (74).

It is reported that particle size of a cement affects the
setting time (75-77). The patrticle size of the tested MTA
products did not show a big difference as less than 8
um based on d50, but showed a big difference from 70.81
um (MC) to 6,12 um (Endocem) based on d90 (Table
5). It is considered that the patrticle size distribution affects
the operability. Even if the average patticle size is small,
if relatively coarse particles are included in a certain
amount, it will be disadvantageous because the handling

characteristics would be similar to grains of sand.



Endocem, which showed the shortest setting time, had
the smallest d90 particle size (6,12 pum) among the

evaluated products,

Conclusion

In the research reports evaluating setting time of MTA
cement, the applied test method and obtained setting
time values were quite different even for the same product,
by which make the objective setting time information
for the selection of appropriate material in clinical cases
be difficult, The setting time results of the nine commercial
MTA cements would be valuable information for the
selection of suitable product having appropriate setting
time for each clinical case, And, the information about
the effects of the compositional variation on the setting
time would be a good guideline for developing a MTA
composition for controlling the setting time. In addition,
in the future, it is required to verify the suitability of
the standard test method stated in ISO 6876:2012 by
comparing the setting time with the results obtained by

applying other evaluation principles.
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The long setting time of dental MTA (Mineral Trioxide Aggregate) cement is a major disadvantage in clinical use. In this
study, the setting time (ST) of nine commercial MTA cements was tested according to the ISO 6876:2012 standard (n=5),
Materials evaluated were ProRoot MTA (PR), Ortho MTA (Ortho), Retro MTA (Retro), Endocem MTA (Endocem), Endoseal
MTA (Endoseal), One-Fil (OF), MTA Cem (MC), EZ-Seal (EZ), and Biodentine (BD). XRD and XRF analysis were performed
to evaluate the effect of composition on ST, Kruskal-Wallis test as a non-parametric ANOVA followed by Duncan’s post hoc
test was used for statistical analysis. The ST was PR ) EZ ) OF ) Ortho ) Retro ) MC ) Endoseal > BD ) Endocem in
decreasing order (p (0.001). PR showed the longest (369.4 min) and Endocem showed the shortest (2.4 min) ST. Endocem
(2.4 min), BD (16,0 min) and Endoseal (47.0 min) contained calcium carbonate, MC (48,8 min), Retro (43,6 min), Ortho
(65.0), and OF (165.4 min), which had the next short setting time, contained dicalcium aluminate, In EZ (182.4 min), dicalcium
silicate was the main crystalline phase rather than tricalcium silicate, which contributes to the early strength, and it contained
calcium sulfate, Endocem, which showed the shortest setting time, showed the smallest d90 particle size of 6,12 um, The
information obtained from this study would be helpful in developing a composition for controlling the setting time of MTA

cement and selecting a product with a setting time suitable for each clinical case,

Key Words : MTA cement, Calcium silicate cement, Setting time, Gillmore needle, Composition
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