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ORIGINAL ARTICLE

Effect of different concentrations of propylene
glycol on the physical-chemical properties of MTA

ABSTRACT

Aim: This study evaluated the effect of different concentrations of propylene glycol
(PG) on the dimensional change (DC), compressive strength (CS), solubility and pH
of MTA.

Methodology: Groups were formed according to the proportion of distilled water
(DW) and PG in MTA manipulation: G1 (100% DW); G2 (80% DW+20% PG); G3 (50%
DW+50% PG); G4 (20% DW+80% PG). The tests were guided by ISO and BSI
standards. DC and CS tests were performed after 24 h and 30 days of samples
storage in water. In the solubility test, rings filled with the cements were weighed
after setting and after 7 days. The pH was measured after 3 and 24 h, and 30 days.
The data were analyzed with the ANOVA, Tukey’s and Paired t tests (a=5%).
Results: After 24 h and 30 days, the DC and CS were similar among groups, except
the CS for G3 in 30 days. After 7 days, G1 gained weight when hydrated, differing
from G3 and G4 (p<0.05). When weighed dehydrated, G2 was different from the
other groups (p<0.05). After 3 h, G1 had lower pH values in comparison with G2,
G3 and G4 (p<0.05). At the 24-h period, G2 had higher pH values than G1 and G2
(p<0.05). After 7 days, there was no difference among groups.

Conclusions: PG did not affect the MTA dimensional change and compressive strength
(except for G3). However, PG reduced MTA solubility (G2) and increased its pH after
3 hours.
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Introduction

ineral Trioxide Aggregate
(MTA) was initially de-
veloped as a retrograde
filling material, and to
seal the communications
between the root canal system and perio-
dontium. Gradually, MTA was also used
in pulp-capping, pulpotomies, apexifica-
tion, apexogenesis and as filling material,
mainly due to its biological properties (1).
Despite its wide indication, MTA presents
poor handling properties, extended set-
ting-time and wash-out possibility (2, 3).
In order to improve its physical-chemical
properties, the use of several additives in
MTA manipulation have been investigated,
and propylene glycol (PG) is one of them
(4-11).
PG is a non-carcinogenic and non-geno-
toxic alcoholic vehicle widely used in
dermatology (12). It is considered ideal for
many topical preparations, used as solvent,
skin conditioner, fluidizing, and in numer-
ous fragrances compositions (13).
In endodontics, PG is frequently used as a
vehicle for calcium hydroxide intracanal
dressing, allowing a slower hydroxyl and
calcium ions dissociation because of its
consistency (14). Considering the benefits
of mixing PG to calcium hydroxide, Hol-
land et al. (4) used it as an MTA vehicle for
root canal obturation. These authors in-
vestigated the influence of distilled water
(DW) or PG on the periapical response of
dog’s tissues. Both mixtures had similar
biological behavior and were biocompati-
ble. In addition, other studies have report-
ed that PG improved several properties of
MTA, such as the sealing ability in furcal
perforations against bacterial leakage after
30 days (5) and dentin bond strength (7).
In the ratio of 80% DW/20% PG, this ve-
hicle improved several properties of MTA,
such as setting-time, flowability, pH, and
calcium ions release (6).
Given the studies found in the literature,
using PG as a MTA vehicle seems to be
promising (4-11). Although, different ratios
of DW and PG may affect the physi-
cal-chemical properties of MTA, since
crystal hydration is an important factor for

its setting reaction (2). The addition of high
PG ratios results in a longer setting-time,
leading to higher solubility and greater
pores formation, compromising MTA
mechanical strength (6, 15). Therefore, this
study aimed to evaluate the effect of ma-
nipulating MTA with different concentra-
tions of PG on its dimensional change,
compressive strength, solubility and pH.
The null hypothesis tested was that the
different concentrations of PG would not
interfere on the MTA properties mentioned
above.

Materials and Methods

White MTA Angelus (Angelus, Londrina,
Brazil) was manipulated with different
concentrations of DW and PG, and distrib-
uted into four groups, as follows: G1 (100%
DW); G2 (80% DW and 20% PG); G3 (50%
DW and 50% PG) and G4 (20% DW+80%
PG). The DW-PG ratio was determined by
volume, and the powder-liquid ratio was
the same for all groups (1.0 g of MTA pow-
der to 0.4 mL of liquid). After the cement
was prepared as determined in each group,
the physicochemical properties were eval-
uated according to the tests described
below.

Dimensional Change

Twelve cylindrical samples for each group
were fabricated in Teflon molds (3.58 mm
in height, 3 mm in diameter), according to
the methodology of Carvalho-Janior et al.
(16). The molds were placed on a glass plate
(1 mm thick, 25 mm wide, 74 mm long)
covered by a cellophane paper strip. Then,
each mold was filled with the cements
(MTA/different PG-DW ratios), leaving a
slight material excess on the upper side.
Another glass plate, also covered with
cellophane paper strip, was placed on the
top of each mold and the set was held
tightly together by a “C” clip. All samples
were transferred to a laboratory oven at 3+
1 °C and 95% relative humidity, five
minutes after the manipulation has started.
After 24 h, all samples were removed from
the laboratory oven and their surfaces were
polished with a 600-wet sandpaper (3M,
Sumaré, SP, Brazil) under copious water
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irrigation. The initial length of each sam-
ple was measured with a thickness digital
caliper (Mitutoyo America Corporation,
Chicago, IL, USA). Next, the samples were
immersed in individual flasks containing
2.24 mL of DW at 37+1 °C for 24 h and 30
days (16). Six samples from each group
were used for both periods. After the ex-
perimental periods, they were removed
from the flasks, dried with absorbent paper
and measured again with the digital cal-
iper. The dimensional change was calcu-
lated by the following formula:

[(C -C/C)] x 100

FINAL
where C,, ,, is the final length of the sam-
ple (after the experimental periods), and
C the initial length after setting (17).

Compressive Strength

The same samples (n=12) used in the di-
mensional change test were used to verify
the mechanical strength of the cements.
After 24 h and 30 days, the samples were
removed from the flasks, dried with ab-
sorbent paper and the compressive
strength was then evaluated using a Uni-
versal testing machine (Instron, Model
4444, Instron Corp., Canton, MA,USA) at
a cross-head speed of 1 mm/min. The
maximum load required to reach the fail-
ure point was recorded.

Compressive strength was calculated in
MegaPascal (MPa) according to the equa-
tion: C=4P/nD?, where P is the maximum
load recorded by the testing machine in
Newton (N), D is the sample diameter in
millimeters (mm), and C is the maximum
load in MPa (18).

Solubility

Twelve teflon rings molds (1.5 mm in
thickness, 7.75 mm in internal diameter)
were used following the methodology
described by Carvalho-Jinior et al. (16). In
each ring, a carbide drill n° 2 was used to
create a through hole in the rings for pos-
terior introduction of a nylon thread,
which later allowed the suspension of the
rings. Each ring was filled with the differ-
ent MTA-like cements and kept in a labo-
ratory oven at 37+1 °C and 95% relative
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humidity for a period equivalent to three
times the setting-time. Then, the samples
were polished with a 600-wet sandpaper,
gently dried in absorbent paper and
weighed (initial hydrated weight) on a
precision balance (AND model GR-202,
Tokyo, Japan). After 24 h in a desiccator
with silica, the rings were re-weighed
(initial dehydrated weight). The samples
were suspended by a nylon thread and
placed in flasks containing 7.5 mL of DW
and placed in a laboratory oven at 37+1 °C
for 7 days (16). Following, the rings were
removed from the flasks, gently dried and
weighed (final hydrated weight). Samples
were placed in a desiccator for 24 h and
then, re-weighed (final dehydrated weight).
The solubility corresponded to the samples
weight loss, expressed as percentage, in
comparison with the original samples
weight.

pH

The pH of the DW in which the samples
were immersed in the dimensional change
test was measured in triplicate at 3 and 24
h, and 7 days. The measurements were
obtained using a pHmeter (Micronal, PH-
1700, Sdo Paulo, Brazil) calibrated accord-
ing to the buffer solution (pH 7.0 and 9.0)
at 25+2 °C temperature, which was kept
constant using an air conditioner.

Statistical Analysis

Data were analyzed for normal distribution
and homoscedasticity using the Kolmog-
orov-Smirnov’s and Levene’s test, respec-
tively, followed by parametric statistical
tests. Data from the groups in each period
was analyzed using ANOVA and Tukey’s
tests. Data from the same group over time
were analyzed using the t-test. All tests
used an a=0.05 significance level and all
analyses were carried out using the SPSS
21 software (IBM SPSS Inc.; Chicago, IL,
USA).

Results

The dimensional change and compressive
strength mean values are expressed in
Table 1.

Regarding the dimensional change anal-
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Table 1

Mean values and standard deviation (SD) for dimensional change (%) and compressive strength (MPa)
of the different groups at the two periods of analysis

Test/Groups 100% DW 20% PG 50% PG 80% PG
Dimensional change* Mean SD Mean SD Mean SD Mean SD
24 h 0.05£0.03* 0.00£0.04* 0.11+0.03A° 0.1140.11%
30 days 0.17£0.03% 0.24+0.02% 0.2940.13% 0.25%0.06*
Compressive strength*
24 h 27.75£19.05% 41.03+14.57% 29.75+8.40% 36.93+15.13%
30 days 42.67+3.06A% 42.72+6.19A¢% 52.52+7.574 30.4648.215

*Capital letters represent a significant difference among the groups (ANOVA and Tukey’s test) and lowercase letters between
the periods (t-test) (0=5%).

DW: distilled water, PG: propylene glycol.

ysis, there was no statistical difference (50% PG) increased its resistance signifi-
among groups in each evaluated period cantly at the 30-day period (p=0.0099).
(p>0.05). Over the course of time, the sam- The mean solubility values are shown in
ples from all groups presented increase in ~ Table 2. After 7 days, G1 (100% DW) gained
their dimensions, mainly for G1 (100% weight when hydrated, with statistically
DW) and G2 (20% PG), which had a signif- significant difference in comparison with
icant expansion from 24 h to 30 days G3 (50% PG) and G4 (80% PG), which lost
(p=0.0007 and p=0.0002, respectively). weight (p=0.0194 and p=0.0221, respec-
At the 24-hour period, all groups have tively). When the dehydrated samples were
similar compressive strength values compared among each other, it was ob-
(p>0.05). After 30 days, there was signifi- served that G2 (20% PG) gained weight,
cantly different among the groups. G3 (50%  being statistically different from the other
PG) had the highest mean value, differing groups (p<0.05).

from G4 (80% PG) (p=0.0008). When the The pH mean values are expressed in Table
analysis was performed between the ex- 3. Statistical difference among groups after
perimental periods in the same group, G3 3 and 24 h was observed (p<0.05). After 3
h, G1 (100% DW) had lower pH in compar-
ison with G2 (20% PG), G3 (50% PG) and

Table 2 G4 (80% PG) (p=0.004, p=0.000, and

Mean values and standard deviation (SD) for solubility (%) p=0.000, respectively). At the 24-hour

of the different groups. Negative values mean weight loss period, G3 (50% PG) had higher pH values,

with statistical difference when compared

Groups 7 days (hydrated) 7 days (dehydrated)  ;31(100%) and G2 (20% PG) (p=0.002 and

Mean SD Mean SD p=0.009, respectively). At the 7-day period,

100% DW 0.0160% 0.0097 | -0.0032% | 0.0017  there was no statistical difference among
" S roups.

20% PG 0.0074A8 0.0020 | 0.0048% | 0.0020 \g/VheE vomparing the pH values among the

50% PG -0.001 75 0.0129 | -0.0032% | 0.0129 experimental periods, at 7-days period, G1

80% PG -0.0013¢° 0.0039 | -0.0057% | 0.0039  (100% DW) presented significant higher

™ il lett t a significant diff g the g i pH mean values than in 24 h (P = 0.0062).
e capital letters represent a significant difference among the groups (in 0 o .
each column, ANOVA and Tukey's tests) and lowercase letters between the G2 (20% PG) and G3 (50% PG) had higher

conditions (hydrated and dehydrated, t-test) (0.=5%). pH valugs in the initial pgriods (3 and 24
h) than in the 7-day period of analysis
DW: distilled water, PG: propylene glycol. (p<0.05).
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Table 3
Mean values and standard deviation (SD) for pH of the different groups at the three periods of analysis
3h 24 h 7 days
Groups
Mean SD Mean SD Mean SD
100% DW 10.62%® 0.03 10.978 0.06 10.18% 0.59
20% PG 10.798 0.06 11.00% 0.16 9.93% 0.68
50% PG 10.858% 0.06 11.25% 0.07 10.07% 0.56
80% PG 10.86"% 0.08 11.0748a 0.08 10.42% 0.73

Capital letters represent a significant difference among the groups (in each column) and lowercase letters among the
periods (in each line) (ANOVA and Tukey’s tests, a=5%).

DW: distilled water, PG: propylene glycol.

Discussion

This study evaluated the dimensional
change, compressive strength, solubility
and pH of MTA prepared with different
DW/PG ratios. Based on the obtained re-
sults, the null hypothesis tested was par-
tially accepted, since the mixture of dif-
ferent DW/PG ratios to MTA affected the
evaluated properties, except for dimen-
sional change.

The PG dilutions in water and the pow-
der-liquid ratio used in the present study
followed those used by Duarte et al. (6).
However, only four of the five proportions
proposed by them were used. As the ce-
ment never reached its complete setting
when it was manipulated with 100% PG
(6), it was decided to exclude this group
from the study.

Although the proportion 80%DW/20%PG
in MTA is the most investigated in the
literature (6, 8, 9), it may not yet be assert
that it is the best choice, due to some neg-
ative effects (9). For this reason, more
studies with different PG proportions
should be carried out, and also other prop-
erties need to be evaluated.

In this study, the effect of PG on the di-
mensional change of MTA was investigat-
ed for the first time. The experimental
groups manipulated with PG had similar
dimensional change among each other and
in comparison with G1 (100%DW) in both
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periods of analysis. Although no statistical
difference among groups was found, it was
noted that the groups with PG had higher
expansion mean values. This result relies
on the humectant ability of PG, which
keeps the hydration process of MTA for a
longer period, leading to a late expansion
(2, 9). Camilleri (2) showed that after a few
hours, the hydration process of mineral
aggregate-based cements promotes a sig-
nificant volumetric change in this type of
materials. The hydration process also in-
fluences the setting-time, and it has been
shown that the more PG is added to the
mixture, the longer the setting-time of the
MTA (8, 8).

There are no published data available on
the the dimensional change of MTA when
PG was used as a vehicle; therefore, direct
comparison with other studies was not
possible. However, in relation to G1, sev-
eral studies have reported an average
percentage of expansion for MTA mixed
with DW of 0.08% after 24 h (19), and
0.28% (20) and 0.30% (21) after 30 days,
differing from the findings of the present
study, which were inferior (0.05% in 24 h
and 0.1% in 30 days). The possible expla-
nation for the controversial results relies
on the use of samples of smaller dimension
in the present study, in addition to the
different MTA commercial brand used to
perform the tests. To evaluate the expan-
sion of MTA is an interesting issue, as this
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property may increase the cement’s sealing
ability (21), and consequently, to reduce the
possibility of leakage (20). However, an ex-
cessive expansion is undesirable, especial-
ly if the material is used as a root-end filling
material, because it may lead to microcracks
at the apical portion of the root (20).

ISO specification (17) states that the mean
dimensional change in length of a sealer
should not exceed 1.0% in shrinkage or
0.1% in expansion. In this study, G3 and
G4 at the 24 h-period, and all groups after
30 days had greater dimensional change
than the ISO recommendation (17).

When analysing the compressive strength
test, at the 24-h period, PG groups were
statistically similar to G1. After 30 days,
G3 increased significantly its compressive
strength (from 29.75 to 52.52 MPa) and had
the highest mean value, differing only from
G4 (30.46 MPa). Despite the statistical
similarity with G1 (42.67 MPa) and G2
(42.72 MPa), G3 had the most appropriate
mechanical performance. This finding is
in agreement with the results of other
studies, where the compressive strength of
MTA significantly increased when the
cement was manipulated with 50%PG (10,
11). It is valid to emphasize that a proper
compressive strength is fundamental for
MTA, as this material may be used for
pulp-capping or as a coronal restorative
material, because of the occlusal forces in
which the cement is submitted (22).

The solubility of a specific material is the
loss of mass during a period of immersion
in water (16). Materials with high solubil-
ity may release irritant by-products into
the medium and increase leakage risks (23).
In the present study, all tested cements had
a solubility percentage inferior than 3%,
following the ISO recommendation (17).
When weighted hydrated after 7 days, G1
gained weight differing from G3 and G4,
which lost weight. When the samples were
weighted dehydrated, G2 gained weight
being different from the other groups.
These results were different from those
found by Marciano et al. (9), where the
group 20% PG had solubility of 0.25%.
These findings might be explained by the
different size of the samples used in each
study. The authors of the mentioned study

(9) used polytetrafluoroethylene rings (1.5
mm in thickness, 20 mm in internal diam-
eter) filled with the cements and a nylon
thread was placed inside the material. In
the present study, Teflon rings with a small-
er dimensions (1.5 mm, 7.75 mm) were
used, as suggested by other studies (3, 16,
24). Also, the nylon thread passed through
the holes created in the rings, and not
within the material. The larger contact
area between the material and the liquid,
and the placement of the nylon thread in-
side the material probably induced the
different results. The reduction of the di-
mensions of the Teflon rings aimed to de-
crease the amount of material used to
perform the test, and showed to be com-
patible with the ISO standards (17).

ISO (17) also recommends the weight of the
residues released by the cement’s samples
after the water in which they were im-
mersed evaporates, not considering the
possible absorption by the material. This
feature is extremely significant for MTA,
which has high water absorption capacity
(2, 25). For this reason, samples were
weighed before being placed in the desic-
cator, providing a weight value of the water
absorbed (initial and final hydrated weight),
showing the absorbent capacity of the ce-
ments (3, 25).

At the 3h-period, PG groups showed high-
er pH mean values than G1 (100% DW),
and this result is in accordance with a
previous study (6). After 24 h, the pH aver-
ages remained high, with emphasis on G3
(50%PG). At the 7-day period, there was no
statistical difference among groups, in
agreement with the results of previous
studies (6, 9). When only the values were
observed, this study showed higher pH
values than those found by Duarte et al.
(6). This variation might be attributed to
the samples and solutions contact area. The
authors used artificial resin teeth contain-
ing root-end preparations filled with the
cements to perform the test. The method-
ology restricts MTA contact area with
water, and consequently, lower pH values
were found.

One of the main reasons for changing the
MTA vehicle is to improve its consistency,
which restricts it from being used as a
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filling material and also makes it difficult
to insert it into cavities (3, 4). MTA sets by
a hydration reaction to form a calcium
silicate hydrate gel and calcium hydroxide.
Calcium hydroxide will release Ca** ions
and the decomposition of calcium silicate
hydrate will generate an alkaline pH (2).
Mixing PG to MTA reduces the amount of
water available for the hydration reaction,
resulting in a slower setting-time, and that
process is probably sustained for a longer
period (6, 8, 9). According to these authors,
the interference with the setting-time
might result in higher solubility, greater
formation of pores and have a negative
impact on the mechanical strength of the
material. The present study has reported
that the tested PG concentrations did not
negatively affect the mechanical strength
of MTA.

Conclusions

Considering the present results and the
inherent limitations of the methodology
used, it was concluded that the PG did not
affect the MTA dimensional change and
compressive strength (except for G3). How-
ever, PG reduced the MTA solubility (G2)
and increased the pH of the medium after
3 hours.

Clinical Relevance

The ideal quantitity of propylene glycol to
manipulate mineral aggregate-based ce-
ments still is a controversial point. This
study investigated the effect of mixing
different ratios of distilled water and pro-
pylene glycol on the physical-chemical
properties of MTA in order to elucidate
this matter.

Conflict of Interest

The authors deny any conflicts of interest
related to this study.

Acknowledgements
This research was supported in part by

Coordination for the Improvement of
Higher Education Personnel (CAPES).

Giornale Italiano di Endodonzia (2021) 35

S

References

1

10

11

12

13

14

Parirokh M, Torabinejad M. Mineral trioxide aggre-
gate: a comprehensive literature review-Part Ill:
Clinical applications, drawbacks, and mechanism
of action. J Endod 2010;36:400-13.

Camilleri J. Mineral trioxide aggregate: present and
future developments. Endodontic Topics
2015;32:31-46.

Bortoluzzi EA, Broon NJ, Bramante CM, Felippe WT,
Tanomaru-Filho M, Esberard RM. The influence of
calcium chloride on the setting time, solubility,
disintegration, and pH of Mineral Trioxide Aggregate
and White Portland cement with a radiopacifier. J
Endod 2009;35:550-4.

Holland R, Ferreira LB, de Souza, Murata SS, Dezan
Junior E, Suzuki P. Influence of the type of vehicle
and limit of obturation on apical and periapical
tissue response in dogs’ teeth after root canal
filling with mineral trioxide aggregate. J Endod
2007;33:693-7.

Brito-Junior M, Viana FA, Pereira RD, Nobre SA, Soa-
res JA, Camilo CC, Faria-e-Silva AL. Sealing ability of
MTA-Angelus with propyleneglycol in furcal perfora-
tions. Acta Odontol Latinoam 2010;23:124-8.
Duarte MA, Alves de Aguiar K, Zeferino MA, Vivan
RR, Ordinola-Zapata R, Tanomaru-Filho M, Weckwer-
th PH, Kuga MC. Evaluation of the propylene glycol
association on some physical and chemical prop-
erties of mineral trioxide aggregate. Int Endod J
2012;45:565-70.

Milani AS, Froughreyhani M, Aghdam SC, Pournaghi-
azar F, Asghari JM. Mixing with propylene glycol
enhances the bond strength of Mineral Trioxide
Aggregate to dentin. J Endod 2013;39:1452-5.
Natu VR Dubey N, Loke GC, Tan TS, Ng WH, Yong
CW, Cao T, Rosa V. Bioactivity, physical and chem-
ical properties of MTA mixed with propylene glycol.
J Appl Oral Sci 2015;23:405-11.

Marciano MA, Guimaraes BM, Amoros-Silva F, Ca-
milleri J, Hungaro-Duarte MA. Physical and chem-
ical properties and subcutaneous implantation of
Mineral Trioxde Aggregate mixed with Propylene
Glycol. J Endod 2016;42:474-9.

Fereshte S, Alireza ADL, Nooshin SS, Mahdi SS, Elnaz
Z. Compressive strength of mineral Trioxide Aggre-
gate and calcium-enriched mixture cement mixed
with Propylene Glycol. Iran Endod J 2017;124:493-
6.

Sobhnamayan F, Adl A, Shojaee NS, Sedigh-Shams
M, Zarghami E. Compressive Strength of Mineral
Trioxide Aggregate and Calcium-enriched Mixture
Cement Mixed with Propylene Glycol. Iran Endod J
2017;12:493-6.

Scheman A, Roszko K. Contact allergy to Propylene
Glycol and cross-reactions. Dermatitis 2018;29:350-
1.

Fiume MM, Bergfeld WF, Belsito DV, Hill RA, Klaas-
sen CD, Liebler D, Marks JG Jr, Shank RC, Slaga TJ,
Snyder PW, Andersen FA. Safety Assessment of
propylene glycol, tripropylene glycol and PPGs as
used in cosmetics. Int J Toxicol 2012;31:245S-60S.
Felippe MCS, Felippe WT, Marques MM, Antoniazzi
JH. The effect of the renewal of calcium hydroxide
paste on the apexification and periapical healing
of teeth with incomplete root formation. Int Endod
J2005;38:436-42.




(

4

15

16

/ / Propylene glycol effect on MTA properties

Fridland M, Rosado R. Mineral trioxide aggregate
MTA solubility and porosity with different wa-
ter-to-powder ratios. J Endod 2003;29,814-7.
Carvalho-Janior JR, Correr-Sobrinho L, Correr AB,
Sinhoreti MA, Consani S, Sousa-Neto MD. Solubil-
ity and dimensional change after setting of root
canal sealers: a proposal for smaller dimensions
of test samples. J Endod 2007;33:1110-6.

17 International Organization for Standardization. ISO

18

19

20

6876:2012: Dental root canal sealing materials.
Geneva: International Organization for Standardi-
zation; 2012.

Dental Standards Committee. BS 6039:1981. Brit-
ish Standard Specification for Dental Glass lonomer
Cements, British Standard Institution; 1981.
Storm B, Eichmiller FC, Tordik PA, Goodell GG. Set-
ting expansion of gray and white Mineral Trioxide
Aggregate and Portland Cement. J Endod
2008;34:80-2.

Islam I, Chng HK, Yap AUJ. Comparison of the phys-
ical and mechanical properties of MTA and Portland
cement. J Endod 2006; 32: 193-7.

21

22

23

24

25

Chng HK, Islam |, Yap AUJ, Tong YW, Koh ET. Prop-
erties of a new root-end filling material. J Endod
2005;31:665-8.

Machado DF, Bertassoni LE, Souza EM, Almeida
JB, Rached RN. Effect of additives on the compres-
sive strength and setting time of a Portland cement.
Braz Oral Res 2010;24:158-64.

Flores DS, Rached FJ Jr, Versiani MA, Guedes DF,
Sousa-Neto MD, Pécora JD. Evaluation of physico-
chemical properties of four root canal sealers. Int
Endod J 2011;44:126-35.

Viapiana R, Flumignan DL, Guerreiro-Tanomaru JM,
Camilleri J, Tanomaru-Filho M. Physicochemical and
mechanical properties of zirconium oxide and ni-
obium oxide modified Portland cement-based ex-
perimental endodontic sealers. Int Endod J
2014;47:437-48.

Cutajar A, Mallia B, Abela S, Camilleri J. Replace-
ment of radiopacifier in mineral trioxide aggregate;
characterization and determination of physical
properties. Dent Mater 2011,27:879-91.

Giornale Italiano di Endodonzia (2021) 35



