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Abstract

This study aimed to compare the physical properties of 4 kinds of calcium silicate-
based cements (CSCs): 2 kinds of powder-liquid mix type (RetroMTA® [RTMX] and
Endocem® MTA Zr [EZMX]) and 2 kinds of premixed type (Well-Root™PT [WRPR] and
Endocem® MTA premixed [ECPR]) CSCs, respectively. Further, we assessed the setting
times, solubility values, and compressive strengths of the cements. The shortest set-
ting time was observed for EZMX (123.33 + 5.77 seconds), followed by RTMX (146.67
=+ 5.77 seconds), ECPR (260.00 * 17.32 seconds), and WRPR (460.00 + 17.32 seconds),
respectively. The highest solubility was observed for WRPR (9.01 & 0.55%), followed
by RTMX (2.17 % 0.07%), EZMX (0.55 & 0.03%), and ECPR (0.17 + 0.03%). Further-
more, the highest compressive strength was observed for ECPR (76.67 * 25.67 Mpa),
followed by WRPR (38.39 * 7.25 Mpa), RTMX (35.07 = 5.34 Mpa), and EZMX (4.07 =
0.60 Mpa). In conclusion, the premixed type CSCs (WRPR and ECPR) exhibited lon-
ger setting times compared to the powder-liquid mix type CSCs (EZMX and RTMX).
The solubility test showed that ECPR had the lowest solubility while WRPR had the
highest solubility, with a statistically significant difference between them (p < 0.0083).
Additionally, the compressive strength test showed that ECPR had the highest com-
pressive strength, while EZMX had the lowest compressive strength, also with a statis-
tically significant difference between them (p < 0.0083). ECPR is a promising material
as it is premixed, eliminating the need for mixing time, and it has also demonstrated
improved solubility and compressive strength, making it a potentially favorable op-
tion for clinical use. [J Korean Acad Pediatr Dent 2023;50(2):217-228]
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Introduction

Vital pulp therapy (VPT) is a conservative treatment ap-
proach that aims to maintain the vitality and function of
the dental pulp in teeth with carious or traumatic expo-
sure[1]. Tt is considered an effective treatment option for
primary teeth to manage pulp exposures and avoid the
need for more invasive treatments[2]. Furthermore, for
primary teeth, the two main types of VPTs are indirect
pulp capping and pulpotomy/[3]. Notably, indirect pulp
capping is used to protect the pulp tissue and induce the
formation of a layer of reparative dentin, which acts as
a barrier against further bacterial invasion[4]. This pro-
cedure involves the removal of only the caries-affected
dentin and the placement of a biocompatible material
(typically calcium hydroxide) over the remaining dentin,
followed by the restoration of the lesion[3,5-7].

However, a previous long-term clinical study reported
that the use of calcium hydroxide-based pulp capping
agents may lead to increased treatment failure rates over
time[6,8,9]. Mineral Trioxide Aggregate (MTA) has been
proposed as an alternative material to calcium hydroxide
for pulp capping owing to its superior sealing ability and
biocompatibility[10].

However, early forms of MTA had several disadvan-
tages, including tooth discoloration, high cost, long
setting time, and the need for a revisit for final restora-
tion[11]. Thus, improved MTA-like calcium silicate-based
cements (CSCs), such as RetroMTA® [RTMX] (BioMTA,
Seoul, Korea), Endocem Zr® [EZMX] (Maruchi, Wonju,
Korea), Well-Root™ PT [WRPR] (Vericom, Chuncheon,
Korea), and Endocem® MTA premixed [ECPR] (Maruchi),
were developed subsequently[12]. Premixed CSCs, such
as WRPR and ECPR, are a practical choice for dentists
because they can be easily injected in precise amounts,
thereby reducing waste and increasing efficiency[13,14].
However, given that these materials are relatively new to
the market, the information about them remains limited,
and only a few studies have investigated their physical
properties.

Previous studies have suggested that modifying the

various components of CSCs by adding elements to al-
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leviate their main drawbacks can improve setting time.
However, this may also impact other important char-
acteristics, such as compressive strength and solubil-
ity[15-18]. The setting time is a crucial factor in endodon-
tic treatment procedures because prolonged setting time
can result in material washout[19,20]. In addition, ma-
terials with high solubility are easy to wash out, can ag-
gravate pulp inflammation caused by bacterial infection,
and can affect pulp response[21]. Compressive strength
is essential to withstand high masticatory forces. This
property is highly requested, especially in the molar re-
gion[22]. Therefore, the present study aimed to compare
the setting time, solubility, and compressive strength of
four different CSCs.

Materials and Methods

1. Sample preparation

All materials were evaluated after setting was per-
formed according to the manufacturer’s instructions.
RTMX was mixed with the supplied liquid at a W/P ratio
of 3 drops per 0.3 g, and EZMX was mixed with sterile
distilled water (DW) at a W/P ratio of 0.14 cc per 300
mg. For the premixed types of cements (i.e., WRPR and
ECPR), as there were no instructions provided by the
manufacturer regarding the amount of liquid to be used,
the size of the samples was maintained the same as that
for RTMX or EZMX, and the experiments were conduct-
ed using the same amount of sterile distilled water as
that for EZMX (0.14 cc). The composition of each mate-
rial is described in Table 1.

Since the requirements for calcium silicate-based ma-
terials have not yet been clearly defined, the setting time
and solubility tests were performed according to the
root canal sealer method proposed by the International
Organization for Standardization (ISO) 6876:2012[23]. Ad-
ditionally, the compressive strength test was performed
according to the water-based cement method proposed
by ISO 9917-1:2007[24].
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Table 1. Materials used in the study

Category Materials Composition Manufacturer
RetroMTA® Calcium carbonate, silicon dioxide, aluminum oxide, BioMTA, Seoul,
calcium zirconia complex Korea
Powder-liquid mix type Natural pure cement _ , o , ,
Endocem® MTA Zr (calcium oxide, silicon dioxide, aluminum oxide, ferric oxide, Maruchi, Wonju,

magnesium oxide)
Zirconium dioxide

™
Well-Root = PT thickening agent

Premixed type
Endocem®MTA
premixed
dioxide

Calcium aluminosilicate compound, zirconium oxide, filler,

Korea

Vericom, Chuncheon,
Korea

Tricalcium silicate, dodecacalcium hepta-aluminate, zirconium
oxide, dimethyl sulfoxide, calcium sulfate, lithium carbonate,
phyllosilicate mineral hydroxypropyl methylcellulose, silicon

Maruchi, Wonju,
Korea

2. Setting time

The setting time experiment was conducted according
to ISO 6876. For materials that do require moisture for
setting, a gypsum mold (complying with Type 2 of ISO
6873 and consisting of a cavity [diameter, 10 mm; height,
1 mm]) was used to measure the setting times of the ma-
terials under investigation. First, the mold was stored at
37°C for 24 hours. Subsequently, the cavity in the mold
was filled with CSCs and placed in a cabinet. A Gilmore-

Endocem MTA Zr

S0

Diameter =10 mm
Height =1 mm

R=

Thermo-hygrostat 37+1°C

—

=

Endocem Premixed

type indenter was lowered vertically onto the surface of
the samples 30 seconds before the setting time specified
by the manufacturer. Further, indentations were repeat-
ed at 10-second intervals. The final setting time was es-
tablished as the time from the start of mixing to the time
when no indentation was detected on the surface of the
specimen. To minimize errors in the mixing process, a
mixing pad was stored in a thermo-hygrostat at 37°C, and

the mixing time was limited to < 60 seconds (Fig. 1).

Fig. 1. Schematic representation of the method for setting time (number of specimens =3).
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3. Solubility

The solubility experiment was conducted according
to ISO 6876. Three samples of each material were placed
on a Teflon mold (inner diameter, 20.0 mm; height, 1.5
mm), which was stored for 24 hours in thermo-hygrostat
at 37°C. After removing the specimen from the mold, its
net weight was evaluated three times. The average of the
results was recorded using a fine scale to the nearest 0.001
g. One specimen was immersed in a shallow dish con-
taining 50 mL of DW. After 24 hours, the specimen was
removed, and the eluted DW was filtered through a fun-
nel and poured into the beaker. Further, DW was dried
in an oven at 110°C; subsequently, the solubility was
measured by dividing the difference between the weight
of the specimen and the original weight of the beaker by
the initial weight of the specimen and then multiplying
the value by 100 (Fig. 2).

4. Compressive strength
1) Specimen preparation

The compressive strength experiment was conducted
according to ISO 9917-1. All materials were placed in split

stainless-steel molds (internal dimensions: height, 6.0 £
0.1 mm; inner diameter, 4.0 = 0.1 mm) and transferred
to the thermo-hygrostat, which was maintained at 37°C
for 6 hours. Subsequently, the specimens were immersed
in DW. After setting, the specimens were removed and
visually inspected for air voids or broken edges. Subse-
quently, all defective specimens were discarded. A uni-
versal testing machine (Instron 3366, Instron Corp., High
Wycombe, UK) was used to measure the compressive
strength. The specimen was placed such that it enabled
the application of a load on its long axis; the load was ap-
plied at a speed of 1.0 mm/min until a fracture occurred.
The maximum load value required to cause fracture in

the specimen was recorded (Fig. 3).

5. Statistical analysis

All data from the repeated tests were presented as
mean * standard deviation and analyzed using the
Kruskal-Wallis test, followed by the Mann-Whitney U test
with Bonferroni correction, using the Statistical Pack-
age for Social Sciences software version 21.0 (SPSS Inc.,
Chicago, IL, USA). A p-value of < 0.0083 was considered

statistically significant.

0

# 1.5mm

- _ Final weight of beaker — original weight of beaker o
Solubility(%)= Weidht of sample x 100 (%)
/y Eluted DW\
% | t— .
EU 110°C
o= | ~ 5~
Weight of sample Thermo-hygrostat 37+1°C Dry oven
n=3

Fig. 2. Schematic representation of the method for solubility (number of specimens = 3).
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4mm

Compressive strength (MPa) =

6mm

4 x P

P = maximum load

n x D? D = Mean diameter(mm)

D=

Thermo-hygrostat 37+1°C

= =

o o

Oow

<G> ~ 1R

AR

Fig. 3. Schematic representation of the method for compressive strength (number of specimens =5).

Results

1. Setting time

The setting times (in seconds) of the cements are sum-
marized in Table 2 and Fig. 4. EZMX had the shortest
setting time (123.33 + 5.77 seconds), followed by RTMX
(146.67 * 5.77 seconds), ECPR (260.00 = 17.32 seconds),
and WRPR (460.00 * 17.32 seconds). ECPR and WRPR,
which are premixed type CSCs, had longer setting times.

2. Solubility
The solubility values (in%) of the cements are summa-

rized in Table 2 and Fig. 5. WRPR had the highest solu-
bility value (9.01 & 0.55%), followed by RTMX (2.17 £

0.07%), EZMX (0.55 + 0.03%), and ECPR (0.17 £ 0.03%).
Significant differences were observed in terms of set-
ting times among EZMX, ECPR, and WRPR and among
RTMX, ECPR, and WRPR (p < 0.0083). In contrast, EZMX
and RTMX showed no significant difference regarding
their setting time (p > 0.0083).

3. Compressive strength

The compressive strength values (in MPa) are sum-
marized in Table 2 and Fig. 6. ECPR had the highest
compressive strength (76.67 £ 25.67 MPa), followed by
WRPR, RTMX, and EZMX (38.39 + 7.25, 38.17 + 2.50,
and 4.07 £ 0.60 MPa, respectively). Significant differ-
ences (p < 0.0083) were observed in terms of compressive
strength among RTMX, EZMX, and ECPR and among

Table 2. Setting times, solubility, and compressive strength of the 4 materials

Setting time (seconds)

Solubility (%) Compressive strength (Mpa)

Materials (n=3) (n=3) (n=5)
RTMX 146.67 £ 5.77 2.17 £0.07 38.17 £ 2.50
EZMX 12333 £5.77 0.55%+0.03 4.07 £ 0.60
WRPR 460.00 = 17.32 9.01£0.55 3839725
ECPR 260.00 £ 17.32 0.17 £ 0.03 76.67 = 25.67

The data of setting time and solubility are shown as mean = SD values of 3 samples.
The data of compressive strength are shown as mean = SD values of 5 samples.

n=number of measurements.

RTMX: RetroMTA®; EZMX: Endocem® MTA Zr; WRPR: Well-Root™ PT; ECPR: Endocem® MTA premixed.

https://doi.org/10.5933/JKAPD.2023.50.2.217 221



Yuji Jang, Yujin Kim, Junghwan Lee, Jongsoo Kim, Joonhaeng Lee, Mi Ran Han, Jongbin Kim, Jisun Shin

setting time

600-
c
400
5
= EZMX
200- . a - BT
|‘| rl = ECPR
oL L A1 11 A1 | =5 wRreR
EZMX RTMX ECPRWRPR

Fig. 4. Schematic representation of the setting time results (n
=3).

p-value obtained from the Kruskal-Wallis test and the Mann-
Whitney U test with Bonferroni correction.

n = number of measurements. The data are shown as mean *+
SD values of 3 samples.

The lowercase letters indicate statistically significant differ-
ences (p <0.0083).

RTMX: RetroMTA®; EZMX: Endocem® MTA Zr; WRPR: Well-Root™
PT; ECPR: Endocem® MTA premixed.

solubility
10— c
&
8_
6_
2
4 = ECPR
b EZMX
& . = RTMX
ol mmm | 11 | = WRPR
ECPR EZMX RTMXWRPR

Fig. 5. Schematic representation of the solubility results (n = 3).
p-value obtained from the Kruskal-Wallis test and the Mann-
Whitney U test with Bonferroni correction.

n = number of measurements. The data are shown as mean *+
SD values of 3 samples.

The lowercase letters indicate statistically significant differ-
ences (p <0.0083).

RTMX: RetroMTA®; EZMX: Endocem® MTA Zr; WRPR: Well-Root™
PT; ECPR: Endocem® MTA premixed.
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compressive strength

100-
C
80 1
o 60-
- b
= 40 b T = EZVX
=9 RTMX
20
. 3 WRPR
ole=l 11 11 1 = Ecrr
EZMX RTMXWRPRECPR

Fig. 6. Schematic representation of the compressive strength
results (n=5).

p-value obtained from the Kruskal-Wallis test and the Mann-
Whitney U test with Bonferroni correction.

n = number of measurements. The data are shown as mean *+
SD values of 5 samples.

The lowercase letters indicate statistically significant differ-
ences (p <0.0083).

RTMX: RetroMTA®; EZMX: Endocem® MTA Zr; WRPR: Well-Root™
PT; ECPR: Endocem® MTA premixed.

WRPR, EZMX, and ECPR. In contrast, RTMX and ECZR
showed no significant difference regarding their com-
pressive strength (p > 0.0083).

Discussion

The properties of CSCs can only be examined after
they are set, and the setting time of these cements is in-
fluenced by various factors, such as temperature, humid-
ity, experimental environment, mixing method, quantity
of water used, and packing force[25,26]. The ideal setting
time for pulp capping materials can vary depending on
the specific material and clinical application. However, a
setting time of around 10 - 15 minutes is often considered
desirable for pulp capping procedures[27]. The setting
time should be balanced with other critical properties,
such as compressive strength and biocompatibility[28].

The setting time of EZMX and RTMX showed no sig-

nificant difference (p > 0.0083) in our study, which is con-
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sistent with a previous study where both materials had a
setting time of 150 seconds[29]. EZMX is characterized by
its rapid setting time due to the small pozzolanic cement
particles present, which enable it to set quickly with-
out the need for a chemical accelerator[30-32]. Notably,
RTMX forms calcium zirconia complexes that change
the setting chemistry and reduce the setting time[33,34].
Moreover, the presence of calcium carbonate in RTMX
contributes to significantly reducing the initial and final
setting times and improving the mechanical strength[35].

In contrast, the premixed-type CSCs (WRPR and ECPR)
had longer setting times. Based on previous studies, de-
tailed information on the components of these premixed-
type products is not presented by the manufacturer, but
it can be assumed that hydroxypropyl cellulose or pro-
pylene glycol is added to improve maneuverability[13].
These additives can lead to a reduction in the amount of
available water for the hydration reaction, which further
prolongs the initial setting time[36-38].

While some studies suggest that longer setting times
might result in increased material strength and reduced
solubility, prolonging the setting time for pulp capping
materials may have negative consequences, such as in-
creased chair time, patient discomfort, and higher risks
of material displacement or contamination before the
material has fully set[5,39-43]. Notably, the chair time
is an important factor for children undergoing dental
treatment owing to their specific characteristics, such as
shorter attention spans and a tendency to become anx-
ious or restless. Thus, an optimal setting time for pulp
capping materials should balance these competing fac-
tors to provide effective treatment while minimizing po-
tential risks. The findings of this study could contribute
to the choice of the appropriate material for a specific
clinical situation.

High solubility results in permanent seal failure due to
loss of material[44,45]. Therefore, the proper solubility
with adequate dissolution resistance in dentinal fluid,
body fluids, or oral fluids is required to maintain the
sealing ability[21,25]. According to ISO 6876, the solu-
bility of CSC within 3% was considered acceptable. All
materials, except for WRPR, satisfy this condition[46]. In

WRPR, the use of polypropylene glycol as a solvent may
have contributed to its high solubility value[47]. In a pre-
vious study, it was suggested that incompletely dried gly-
col is retained during the solubility test, which results in
a higher solubility value. This finding is consistent with
the results of our study[21]. However, in another study,
Ashi et al.[48] reported a solubility value of 1% for WRPR,
which is inconsistent with our findings. This discrep-
ancy may be attributed to variations in the experimental
methods used for measuring the samples[49]. Unlike
Ashi et al.[48] who measured solubility as the difference
between the initial and final weights of the samples, we
followed ISO 6876 guidelines and measured the dissolved
amount by weighing the beaker before and after the dis-
solution process. WRPR could potentially increase the
risk of bacterial leakage and endodontic failure due to
the high solubility associated with additives in the ma-
trix[50]. In clinical use, high solubility needs to be con-
sidered. However, owing to the lack of studies measuring
the solubility of WRPR at present, additional studies on
the solubility of WRPR should be conducted.

In contrast, ECPR and EZMX demonstrated low solubil-
ity. The low solubility may be attributed to their compo-
sition and setting reaction. The ECPR is reported to have
washout resistance due to the presence of anti-washout
compositions, such as hydroxypropyl methylcellulose
and dimethyl sulfoxide[51-53]. In a previous study, the
solubility value of ECPR was measured at 0.28%, which
is consistent with the results of our study[21]. For EZMX,
the rapid setting of pozzolan cement enhances its wash-
out resistance([51,53]. Thus, the solubility of CSCs can be
affected by various factors, such as the setting time and
composition. Further studies are needed to evaluate the
effects of different compositions on solubility, in order to
gain a better understanding of CSCs.

The compressive strength test is used to simulate the
stress that may result from forces clinically applied to a
restorative, baseliner, or core build-up material owing
to the fact that most masticatory forces are compressive
in nature[54]. Thus, to be used as a base material, the
cement must possess sufficient compressive strength to
withstand masticatory forces[55-57].
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Although no requirements have been presented for
calcium silicate-based materials, ISO 9917-1[24] indi-
cated that the standard compressive strength of dental
hydraulic cements should be = 50 Mpa. Only ECPR met
this condition in the present study. The ECPR was found
to contain calcium sulfate, which can enhance compres-
sive strength by accelerating the hydration reaction[32].

Conversely, the compressive strength of EZMX in
the present study was 4.07 MPa, which was the lowest
among all tested materials (p < 0.0083). Previous studies
also observed a low compressive strength of 8.9 Mpa for
EZMX[15]. These indicated that EZMX can be selected for
sites where high compressive strength is not required,
such as anterior teeth, and that this material cannot be
used as a base[58].

In the present study, the compressive strengths of
WRPR and RTMX were 38.39 + 7.25 MPa and 38.17 +
2.50 MPa, respectively, which were lower than the values
reported in previous studies[15,56]. This difference could
be attributed to the existence of voids inside the speci-
men. The various factors, including the sample size and
shape, time for hydration, technique of mixing, prepara-
tion method, powder-liquid ratio, pressure used when
compacting the samples in the mold, and temperature,
influence compressive strength measurement[54,56,59].
According to a previous study, WRPR contains polyeth-
ylene glycol and polypropylene glycol[38]. These compo-
nents were added to improve maneuverability, but other
studies reported that their inclusion led to an increase in
flowability and setting time and a decrease in compres-
sive strength[13,36]. These findings of this study are ex-
pected to provide useful information for the selection of
CSC materials and for guiding further study.

However, this study has several limitations. First, the
number of specimens was insufficient, and the lack of
established standards for calcium silicate-based materi-
als led to the use of experimental methods based on ISO
6876 and ISO 9917-1 guidelines, which may result in vary-
ing clinical relevance. Second, no direct comparisons
of cytotoxicity and cell differentiation were performed.
Third, it could not precisely replicate the oral environ-

ment, leading to potential variations when the materials
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are used in actual clinical settings.

Hence, further in vivo experiments are needed to sim-
ulate clinical situations, including cytotoxicity and cell
differentiation, and an official International Organiza-

tion for Standardization (ISO) for testing CSCs is needed.

Conclusion

This study compared the setting time, solubility, and
compressive strength of four types of CSCs. The pre-
mixed type CSCs (WRPR and ECPR) exhibited longer set-
ting times compared to the powder-liquid mix type CSCs
(EZMX and RTMX). The highest solubility was observed
in WRPR, followed by RTMX and ECMX. ECPR showed
the lowest solubility, with significant differences with
WRPR. The highest compressive strength was observed
in ECPR, followed by WRPR and RTMX, with no signifi-
cant difference between the latter two. In contrast, EZMX
showed the lowest compressive strength. High solubil-
ity in WRPR and low compressive strength in EZMX can
lead to treatment failure, so this should be taken into
consideration when selecting materials based on the
specific clinical situation.

Although ECPR has a longer setting time than EZMX
and RTMX, it is a promising material in that it has im-
proved solubility and compressive strength, and the
working time can be shortened due to the characteristics
of premixed CSC.
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