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Abstract:

Objectives: The aim of this study was to evaluate the effect of immediate placement of different restorative
materials in comparison with a temporary restoration on the surface micro hardness of mineral trioxide
aggregate (MTA).

Materials and Methods: Access cavities were prepared in 40 extracted human molars, and a 3-mm layer of MTA
was placed in the pulp chamber. The samples were divided into eight groups (n=5). Ten minutes after the MTA
placement, two groups were restored with Zonalin temporary restoration, while the other six groups were
restored with glass-ionomer cement (GIC), resin-modified glass-ionomer (RMGI), or resin-based composite. In
each group, the Vickers micro hardness (VMH) of MTA was determined after 7 and 21 days

Results: The type of restorative materials had a statistically significant effect on the micro hardness of MTA
(P=0.002). However, the micro hardness of MTA was neither significantly influenced by the timing of final
restoration (P=0.246) nor by the time-material interaction (P=0.116).

Conclusions: Based on the results of the present study and by considering the limitations of laboratory studies, it
is recommended to postpone the placement of final restorations until the underlying MTA is completely set.
Otherwise, in the clinical conditions in which early covering of MTA is recommended, sufficient moist-curing
and hydration should be guaranteed by selecting a restorative material with the lowest hydrophilic interaction
energy.
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INTRODUCTION:

Mineral trioxide aggregate (MTA) was first
introduced in 1993 as a root-end filling material
[1]. This cement is composed of a hydrophilic
powder which reacts with water and sets through
hydration process [2]. Nowadays, MTA is also
used for pulp capping, pulpotomy, pulpectomy,
apical sealing in open-apex teeth, repairing of
perforations, and filling root canals. The
advantages of MTA include biocompatibility,
radiopacity slightly greater than that of dentin, low
solubility, high alkalinity (pH=12.5), and
antibacterial and antifungal effects. In addition,
MTA is an active biological material for
osteoblasts, and it stimulates interleukin production
because of the alkaline pH and release of calcium
ions [3]. However, the main disadvantages of MTA
are difficult manipulation, tooth discoloration, long
setting time, and solubility during the setting
period. These limitations may affect MTA
properties during the setting process [4]. The
average setting time of MTA is 165 minutes, which
is longer than the setting time of many of the
existing restorative materials [5]. After mixing the
hydrophilic powder with water, a colloidal gel is
made which forms a solid barrier after 3 to 4 hours,
while the complete setting reaction of MTA may
take about 23 days [6]. Since the early set time of
MTA is about 3 to 4 hours, an additional session
may be needed for the placement of final
restoration. However, immediate placement of the
final coronal restoration is very important for the
promotion of the coronal seal and treatment
prognosis. Immediate coronal seal with a
permanent restoration leads to less micro leakage
and increased treatment success [7,8]. Common
materials for coronal restoration include resin-
based composite, glass-ionomer cement (GIC),
resin-modified Gl (RMGI) and amalgam. The
effect of immediate coronal restoration on the
physical properties of MTA has been evaluated in
few studies [9]. Also, the effect of the time of
coronal restoration on the surface micro hardness
of MTA has been assessed only in a survey by
Tsujimoto et al. Therefore, the aim of the present
study was to investigate the effect of immediate
placement of resin composite, GIC, and RMGI in
comparison with a temporary filling material on the
surface micro hardness of MTA. The null
hypothesis was that the micro hardness of MTA
would not be affected by the type of filling
materials.

MATERIALS AND METHODS:

In this in-vitro experimental study, 40 extracted
human molars with mature apices and without any
root resorption, canal calcification, endodontic
treatment, or coronal restoration were selected.
After extraction, the teeth were cleaned and stored
in 0.5% Chloramine-T solution at 4°C before the
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preparation of the samples. An access cavity was
prepared in each tooth, and the pulp chamber was
rinsed with 5.25% sodium hypochlorite (NaClO)
solution followed by a rinse with normal saline.
The root canals were filled with normal saline to
the level of canal orifice.

According to the manufacturer’s instruction, the
powder and liquid of the MTA (Angelus, Londrina,
PR, Brazil) were mixed with the standard ratio, and
a 3-mm layer of the mixture was placed in the pulp
chamber. A moistened cotton pellet was placed on
the MTA surface, and the teeth were randomly
divided into eight groups (n=5) according to the
type of coronal restoration:

e Control groups (groups 1 and 2): A 2-mm
layer of a temporary filling material (Zonalin,
Golchai, Tehran, Iran) was placed on the wet
cotton pellet. Next, the teeth were incubated at
37°C and 100% relative humidity for 7 (group
1) and 21 days (group 2).

e RMGI groups (groups 3 and 4): The cotton
pellet was removed after 10 minutes. The
powder and liquid of the RMGI (GC Fuji Il
LC, Tokyo, Japan) were mixed with the
standard ratio according to the manufacturer’s
instruction, and a 2-mm layer of the mixture
was placed over the MTA. The RMGI was
cured for 20 seconds by using a light-emitting
diode (LED) curing light (Demi™ Plus, Kerr
Dental Co., California, USA) with the intensity
of 900 mW/cm? The samples were then
incubated at 37°C and 100% relative humidity
for 7 (group 3) and 21 days (group 4).

e GIC groups (groups 5 and 6): The cotton pellet
was removed after 10 minutes. The powder
and liquid of the GIC (GC Fuji XI, GC Co.,
Tokyo, Japan) were mixed with the standard
ratio according to the manufacturer’s
instruction, and a 2-mm layer of the mixture
was placed over the MTA. After the
completion of the initial setting reaction of the
GIC (10 minutes), the samples were incubated
at 37°C and 100% relative humidity for 7
(group 5) and 21 days (group 6).

e Resin composite groups (groups 7 and 8): The
cotton pellet was removed after 10 minutes.
The self-etch primer and bonding agent of the
Clearfil™ SE Bond (Kuraray Medical Inc.,
Okayama, Japan) were applied according to
the manufacturer’s instruction. Afterwards, a
2-mm thickness of the flowable composite
resin (Clearfil™ Majesty Flow, A3 shade,
Kuraray Medical Inc., Okayama, Japan) was
placed over the MTA and was cured for 40
seconds by using the LED curing light. The
teeth were then incubated at 37°C and 100%
relative humidity for 7 (group 7) and 21 days

(group 8).
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Vickers micro hardness (VMH) testing:

The samples were mounted in a custom-made mold
by using a self-curing acrylic resin (Asia ChemiTeb
Co, Tehran, Iran). The teeth were sectioned
longitudinally by using a low-speed saw and were
polished with silicon carbide papers (300 to 1200

grit).

In each sample, VMH testing was performed by
using a VMH tester (Micromet® 5114, Buehler
Ltd., Lake Bluff, IL, USA) at three points and at a
200-um distance from the MTA-filling material
interface by applying a 500 gram-force (gf) load
with the dwell time of 10 seconds. The angle
between the opposite faces of the diamond indenter
was 136 degrees. The diameter of the indentation
was measured at each point, and the mean of three
points was calculated as the Vickers hardness
number (VHN) of each sample in Kg/mm?,

Table 1:
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Statistical analysis:

Data were analyzed by using SPSS version 17
software program (IBM Co., Chicago, IL, USA).
The effects of the type and time of placement of the
filling material on the micro hardness of MTA
were measured by two-way analysis of variance
(ANOVA). The significance level was set at 5%.
Go to:

RESULTS:

The results of the present study are summarized
in Table 1. Based on two-way ANOVA, there were
significant differences in the microhardness of
MTA with respect to the type of restorative
materials (P=0.002). However, the microhardness
of MTA was not significantly influenced by the
time of restoration (P=0.246) or by the time-
material interaction (P=0.116). The mean VHN in
the groups treated with Zonalin was significantly
higher than that of the samples treated with either
GIC (P=0.01) or resin composite (P<0.001).

Mean and standard deviation (SD) of the Vickers hardness number (VHN:
Kgs’mmz) of mineral trioxide aggregate (MTA) at 7 and 21 days

Time
7 days 21 days
Filling material
Zonalm 29.16+£14.00 47.02+£19.34
RMGI 29.71£7.45 28.20+4.49
GIC 2258+11.08 27.11+7.24

Flowable resin composite  20.25£9.32

15.53£5.00

RMGI=Resin-Modified Glass-Ionomer, GIC= Glass-Ionomer Cement

The VHN also showed significant statistical differences between the RMGI and resin composite groups

(P=0.029).

DISCUSSION:

The MTA powder is a refined Portland cement that
is extensively used in endodontics. This bioceramic
has two main characteristics that differentiate it
from other available restorative materials:
biocompatibility and a superior sealing ability [10].

Based on the results of a meta-analysis, MTA is the
most biocompatible substance when compared with
Super-EBA® (2-ethoxybenzoic acid),
IRM® (Intermediate Restorative Material), and
amalgam [11]. During the initial setting, the
biocompatibility of a restorative material placed in
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close contact with vital tissues is more important
for improving the treatment success rate [12].
However, after the completion of the setting
process, the sealing ability of a restorative material,
to prevent the leakage of irritants from the root
canal system into adjacent tissues, becomes more
prominent for clinical success. The sealing ability
of MTA depends on physical and chemical
properties of the material after the finalization of
the setting process [13]. Studies have demonstrated
that after MTA is placed over pulpal tissue, a
hydroxyapatite layer forms over the material in
contact with tissue fluids and also at the interface
of the restorative material and dentinal walls,
which leads to the construction of a biologic seal
[14,15]. In the clinical settings, especially when
MTA is applied to the coronal part of the tooth, the
physical properties of the material such as surface
microhardness also play an important role in
achieving an ideal seal. The occlusal loads during
mastication may lead to displacement of the
restorative material and disruption of the physical
seal. Since micro hardness of a material is directly
related to the setting reaction, any factor that
interferes with the MTA setting could affect the
micro hardness of MTA and could hamper the
physical seal. Moreover, based on the results of
clinical studies, the prognosis of direct pulp
capping with MTA does not depend on the timing
of the final restoration [16]. In case of immediate
coronal  restoration, clinical  manipulations
including the condensation pressure, etching,
rinsing, and priming could affect the setting of
MTA. Since the effect of the immediate placement
of a coronal restoration on the physical properties
of the underlying MTA has not been studied
extensively, the present survey was conducted to
investigate the effect of the immediate placement
of light-curing RMGlI, self-curing GIC, and resin
composite in comparison with Zonalin temporary
restoration. Based on the results of the present
study, the null hypothesis was rejected, and there
were significant differences between the groups in
terms of the micro hardness of MTA after the use
of different restorative materials; however, the time
of final restoration and the time-material interaction
did not significantly change the micro hardness of
MTA. In the groups evaluated after 7 days, the
highest and lowest mean VHNs were recorded for
Zonalin/RMGI and resin composite, respectively.
In the groups evaluated after 21 days, the Zonalin
groups showed the highest, while the resin
composite groups showed the lowest mean VHNs.
During the examination time, the VHN increased in
the Zonalin and GIC groups, while it decreased in
the resin composite and RMGI groups. The
ultimate micro hardness of MTA was similar in the
RMGI and GIC groups. Yesilyurt et al [8]
measured the shear bond strength of conventional
GICs to MTA after 45 minutes and after 72 hours
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of the placement of a coronal restoration and
concluded that GICs can be placed over MTA in a
single-visit procedure. Nandini et al [7] also
demonstrated that a single-visit coronal restoration
with GIC did not affect the setting of MTA or
formation of calcium salt at the MTA-restoration
interface. The condition of the two studies was
almost similar only with regard to the groups
evaluated after 10 minutes and with regard to VHN
assessments after 21-28 days. Different types of
tested MTA (Angelus in the present study vs.
ProRoot MTA in the study by Tsujimoto et al [1])
with different physical properties [17], different
study samples (natural teeth in the present study vs.
silicone tubes in the study by Tsujimoto et al), and
differences in the Vickers indenter loads (500gf
with the dwell time of 10 seconds in the present
study vs. 50gf with the 5-second dwell time in the
study by Tsujimoto et al may be the reasons for the
observed discrepancies in the obtained data. Patil et
al [18] evaluated the GIC-MTA interface and the
effect of the time of restoration on this interface.
They reported that the cohesive separation in MTA
was more prominent when the GIC was condensed
45 minutes after the MTA placement in comparison
with the immediately condensed GIC. In addition,
the conventional GIC showed a better adhesion to
MTA in comparison with the light-curing GIC
[18]. Since the temporization, moisture contact
time, study model, and hardness indenter load in
the cited study are different from those in the
present study, we observed differences between the
two surveys with respect to the importance of the
effect of temporization on the VHN results. Based
on the outcomes of the current study, the
application of the self-etching resin composite
significantly reduced the micro hardness of MTA.
The initial setting of MTA is not completed 10
minutes after the MTA placement, and a 10-minute
moist-curing of MTA may not be sufficient for the
completion of the setting process. Therefore, the
early covering of MTA with a resin composite is
not recommended. Many factors could influence
the setting reaction and micro hardness of a
bioactive material like MTA [19]. The
condensation pressure, amount of entrapped air in
the mixture, the material’s thickness, humidity,
temperature, pH values of the environment,
application of ethylene-diaminetetraacetic acid
(EDTA), and acid-etching may interfere with the
setting process and may influence the final micro
hardness of MTA [20]. More condensation, less
material thickness, the presence of a chelating
agent, and acid-etching might adversely affect the
micro hardness of MTA [5]. An evaluation of the
effect of the environment on the micro hardness of
MTA indicated that during the hydration phase,
needle-like and dominant cubic crystals are formed
within MTA [4]. The formation and growth of
these needle-like crystals between cubic crystals

wewapeeom
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are directly correlated with the final micro hardness
of the material.

CONCLUSION:

In the clinical conditions in which early covering of
MTA is recommended, sufficient moist-curing and
hydration should be guaranteed by selecting a
restorative material with the lowest hydrophilic
interaction energy. Otherwise, it is recommended
to postpone the placement of the final restoration to
after the completion of the MTA setting process.

REFERENCES:

1-

Tsujimoto M, Tsujimoto Y, Ookubo A,
Shiraishi T, Watanabe 1, Yamada S, et
al. Timing for composite resin placement on
mineral trioxide aggregate.J Endod. 2013.
September;39(9):1167-70. [PubMed] [Google
Scholar]

Eid AA, Komabayashi T, Watanabe E,
Shiraishi T, Watanabe |. Characterization of
the mineral trioxide aggregate—resin modified
glass ionomer cement interface in different

setting conditions. J Endod. 2012.
August;38(8):1126-9. [PMC free
article] [PubMed] [Google Scholar]

Koh ET, McDonald F, Pitt Ford TR,

Torabinejad M. Cellular response to mineral

trioxide aggregate. J Endod. 1998.
August;24(8):543-7. [PubMed] [Google
Scholar]

Lee YL, Lee BS, Lin FH, Yun Lin A, Lan
WH, Lin CP. Effects of physiological
environments on the hydration behavior of
mineral trioxide aggregate. Biomaterials. 2004.
February;25(5):787-93. [PubMed] [Google
Scholar]

Parirokh M, Torabinejad M. Mineral trioxide
aggregate: a comprehensive literature review--
Part I: chemical, physical, and antibacterial
properties. J Endod. 2010. January;36(1):16—
27. [PubMed] [Google Scholar]

Torabinejad M, Hong CU, McDonald F, Pitt
Ford TR. Physical and chemical properties of a
new root-end filling material. J Endod. 1995.
July;21(7):349-53. [PubMed] [Google
Scholar]

Nandini S, Ballal S, Kandaswamy D. Influence
of glass-ionomer cement on the interface and
setting reaction of mineral trioxide aggregate
when used as a furcal repair material using
laser Raman spectroscopic analysis. J Endod.
2007. February;33(2):167-72.
[PubMed] [Google Scholar]

Yesilyurt C, Yildirim T, Tasdemir T, Kusgoz
A. Shear bond strength of conventional glass
ionomer cements bound to mineral trioxide
aggregate. J Endod. 20009.
October;35(10):1381-3.  [PubMed] [Google

Scholar]

Nek Daraz et al

O-

10-

11-

12-

13-

14-

15-

16-

17-

ISSN 2349-7750

Tun¢ ES, Sénmez IS, Bayrak S, Egilmez
T. The evaluation of bond strength of a
composite and a compomer to white mineral
trioxide aggregate with two different bonding
systems.J Endod. 2008. May;34(5):603-5.
[PubMed] [Google Scholar]

Parirokh M, Torabinejad M. Mineral trioxide
aggregate: a comprehensive literature review--
Part I1: Clinical applications, drawbacks, and
mechanism of action.J Endod. 2010.
March;36(3):400-13. [PubMed] [Google
Scholar]

Fernandez-Yafiez Sanchez A, Leco-Berrocal
MI, Martinez-Gonzélez JM. Metaanalysis of
filler materials in periapical surgery. Med Oral
Patol Oral Cir Bucal. 2008. March
1;13(3):E180-5. [PubMed] [Google Scholar]
Torabinejad M, Parirokh M. Mineral trioxide
aggregate: a comprehensive literature review--
part 1l: leakage and biocompatibility
investigations. J Endod. 2010.
February;36(2):190-202. [PubMed] [Google
Scholar]

Kuratate M, Yoshiba K, Shigetani Y, Yoshiba
N, Ohshima H, Okiji T. Immunohistochemical
analysis  of nestin, osteopontin, and
proliferating cells in the reparative process of
exposed dental pulp capped with mineral

trioxide aggregate. J Endod. 2008.
August;34(8):970-4. [PubMed] [Google
Scholar]

Bozeman TB, Lemon RR, Eleazer
PD. Elemental analysis of crystal precipitate
from gray and white MTA.J Endod. 2006.
May;32(5):425-8. [PubMed] [Google Scholar]
Reyes-Carmona JF, Felippe MS, Felippe
WT. Biomineralization ability and interaction
of mineral trioxide aggregate and white
portland cement with dentin in a phosphate-
containing fluid. J Endod. 2009.
May;35(5):731-6. [PubMed] [Google Scholar]
Mente J, Geletneky B, Ohle M, Koch MJ,
Friedrich Ding PG, Wolff D, et al. Mineral
trioxide aggregate or calcium hydroxide direct
pulp capping: an analysis of the clinical

treatment outcome. J Endod. 2010.
May;36(5):806-13. [PubMed] [Google
Scholar]

Chng HK, Islam I, Yap AU, Tong YW, Koh
ET. Properties of a new root-end filling

material. J Endod. 2005.
September;31(9):665-8.  [PubMed] [Google
Scholar]

Patil A, Aggarwal S, Kumar T, Bhargava K,
Rai V. The evaluation of interfaces between
MTA and two types of GIC (conventional and
resin modified) under an SEM: An in vitro
study.J Conserv  Dent. 2016. May-
Jun;19(3):254-8 [PMC free
article] [PubMed] [Google Scholar]



https://www.ncbi.nlm.nih.gov/pubmed/23953292
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Timing+for+composite+resin+placement+on+mineral+trioxide+aggregate&author=M+Tsujimoto&author=Y+Tsujimoto&author=A+Ookubo&author=T+Shiraishi&author=I+Watanabe&volume=39&issue=9&publication_year=2013&pages=1167-70&pmid=23953292&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Timing+for+composite+resin+placement+on+mineral+trioxide+aggregate&author=M+Tsujimoto&author=Y+Tsujimoto&author=A+Ookubo&author=T+Shiraishi&author=I+Watanabe&volume=39&issue=9&publication_year=2013&pages=1167-70&pmid=23953292&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3739278/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3739278/
https://www.ncbi.nlm.nih.gov/pubmed/22794220
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Characterization+of+the+mineral+trioxide+aggregate%E2%80%93resin+modified+glass+ionomer+cement+interface+in+different+setting+conditions&author=AA+Eid&author=T+Komabayashi&author=E+Watanabe&author=T+Shiraishi&author=I+Watanabe&volume=38&issue=8&publication_year=2012&pages=1126-9&pmid=22794220&
https://www.ncbi.nlm.nih.gov/pubmed/9759017
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Cellular+response+to+mineral+trioxide+aggregate&author=ET+Koh&author=F+McDonald&author=TR+Pitt+Ford&author=M+Torabinejad&volume=24&issue=8&publication_year=1998&pages=543-7&pmid=9759017&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Cellular+response+to+mineral+trioxide+aggregate&author=ET+Koh&author=F+McDonald&author=TR+Pitt+Ford&author=M+Torabinejad&volume=24&issue=8&publication_year=1998&pages=543-7&pmid=9759017&
https://www.ncbi.nlm.nih.gov/pubmed/14609667
https://scholar.google.com/scholar_lookup?journal=Biomaterials&title=Effects+of+physiological+environments+on+the+hydration+behavior+of+mineral+trioxide+aggregate&author=YL+Lee&author=BS+Lee&author=FH+Lin&author=A+Yun+Lin&author=WH+Lan&volume=25&issue=5&publication_year=2004&pages=787-93&pmid=14609667&
https://scholar.google.com/scholar_lookup?journal=Biomaterials&title=Effects+of+physiological+environments+on+the+hydration+behavior+of+mineral+trioxide+aggregate&author=YL+Lee&author=BS+Lee&author=FH+Lin&author=A+Yun+Lin&author=WH+Lan&volume=25&issue=5&publication_year=2004&pages=787-93&pmid=14609667&
https://www.ncbi.nlm.nih.gov/pubmed/20003930
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Mineral+trioxide+aggregate:+a+comprehensive+literature+review--Part+I:+chemical,+physical,+and+antibacterial+properties&author=M+Parirokh&author=M+Torabinejad&volume=36&issue=1&publication_year=2010&pages=16-27&pmid=20003930&
https://www.ncbi.nlm.nih.gov/pubmed/7499973
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Physical+and+chemical+properties+of+a+new+root-end+filling+material&author=M+Torabinejad&author=CU+Hong&author=F+McDonald&author=TR+Pitt+Ford&volume=21&issue=7&publication_year=1995&pages=349-53&pmid=7499973&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Physical+and+chemical+properties+of+a+new+root-end+filling+material&author=M+Torabinejad&author=CU+Hong&author=F+McDonald&author=TR+Pitt+Ford&volume=21&issue=7&publication_year=1995&pages=349-53&pmid=7499973&
https://www.ncbi.nlm.nih.gov/pubmed/17258638
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Influence+of+glass-ionomer+cement+on+the+interface+and+setting+reaction+of+mineral+trioxide+aggregate+when+used+as+a+furcal+repair+material+using+laser+Raman+spectroscopic+analysis&author=S+Nandini&author=S+Ballal&author=D+Kandaswamy&volume=33&issue=2&publication_year=2007&pages=167-72&pmid=17258638&
https://www.ncbi.nlm.nih.gov/pubmed/19801234
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Shear+bond+strength+of+conventional+glass+ionomer+cements+bound+to+mineral+trioxide+aggregate&author=C+Yesilyurt&author=T+Yildirim&author=T+Ta%C5%9Fdemir&author=A+Kusgoz&volume=35&issue=10&publication_year=2009&pages=1381-3&pmid=19801234&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Shear+bond+strength+of+conventional+glass+ionomer+cements+bound+to+mineral+trioxide+aggregate&author=C+Yesilyurt&author=T+Yildirim&author=T+Ta%C5%9Fdemir&author=A+Kusgoz&volume=35&issue=10&publication_year=2009&pages=1381-3&pmid=19801234&
https://www.ncbi.nlm.nih.gov/pubmed/18436044
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=The+evaluation+of+bond+strength+of+a+composite+and+a+compomer+to+white+mineral+trioxide+aggregate+with+two+different+bonding+systems&author=E%C5%9E+Tun%C3%A7&author=IS+S%C3%B6nmez&author=S+Bayrak&author=T+E%C4%9Filmez&volume=34&issue=5&publication_year=2008&pages=603-5&pmid=18436044&
https://www.ncbi.nlm.nih.gov/pubmed/20171353
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Mineral+trioxide+aggregate:+a+comprehensive+literature+review--Part+III:+Clinical+applications,+drawbacks,+and+mechanism+of+action&author=M+Parirokh&author=M+Torabinejad&volume=36&issue=3&publication_year=2010&pages=400-13&pmid=20171353&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Mineral+trioxide+aggregate:+a+comprehensive+literature+review--Part+III:+Clinical+applications,+drawbacks,+and+mechanism+of+action&author=M+Parirokh&author=M+Torabinejad&volume=36&issue=3&publication_year=2010&pages=400-13&pmid=20171353&
https://www.ncbi.nlm.nih.gov/pubmed/18305439
https://scholar.google.com/scholar_lookup?journal=Med+Oral+Patol+Oral+Cir+Bucal&title=Metaanalysis+of+filler+materials+in+periapical+surgery&author=A+Fern%C3%A1ndez-Y%C3%A1%C3%B1ez+S%C3%A1nchez&author=MI+Leco-Berrocal&author=JM+Mart%C3%ADnez-Gonz%C3%A1lez&volume=13&issue=3&publication_year=2008&pages=E180-5&pmid=18305439&
https://www.ncbi.nlm.nih.gov/pubmed/20113774
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Mineral+trioxide+aggregate:+a+comprehensive+literature+review--part+II:+leakage+and+biocompatibility+investigations&author=M+Torabinejad&author=M+Parirokh&volume=36&issue=2&publication_year=2010&pages=190-202&pmid=20113774&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Mineral+trioxide+aggregate:+a+comprehensive+literature+review--part+II:+leakage+and+biocompatibility+investigations&author=M+Torabinejad&author=M+Parirokh&volume=36&issue=2&publication_year=2010&pages=190-202&pmid=20113774&
https://www.ncbi.nlm.nih.gov/pubmed/18634929
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Immunohistochemical+analysis+of+nestin,+osteopontin,+and+proliferating+cells+in+the+reparative+process+of+exposed+dental+pulp+capped+with+mineral+trioxide+aggregate&author=M+Kuratate&author=K+Yoshiba&author=Y+Shigetani&author=N+Yoshiba&author=H+Ohshima&volume=34&issue=8&publication_year=2008&pages=970-4&pmid=18634929&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Immunohistochemical+analysis+of+nestin,+osteopontin,+and+proliferating+cells+in+the+reparative+process+of+exposed+dental+pulp+capped+with+mineral+trioxide+aggregate&author=M+Kuratate&author=K+Yoshiba&author=Y+Shigetani&author=N+Yoshiba&author=H+Ohshima&volume=34&issue=8&publication_year=2008&pages=970-4&pmid=18634929&
https://www.ncbi.nlm.nih.gov/pubmed/16631841
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Elemental+analysis+of+crystal+precipitate+from+gray+and+white+MTA&author=TB+Bozeman&author=RR+Lemon&author=PD+Eleazer&volume=32&issue=5&publication_year=2006&pages=425-8&pmid=16631841&
https://www.ncbi.nlm.nih.gov/pubmed/19410094
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Biomineralization+ability+and+interaction+of+mineral+trioxide+aggregate+and+white+portland+cement+with+dentin+in+a+phosphate-containing+fluid&author=JF+Reyes-Carmona&author=MS+Felippe&author=WT+Felippe&volume=35&issue=5&publication_year=2009&pages=731-6&pmid=19410094&
https://www.ncbi.nlm.nih.gov/pubmed/20416424
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Mineral+trioxide+aggregate+or+calcium+hydroxide+direct+pulp+capping:+an+analysis+of+the+clinical+treatment+outcome&author=J+Mente&author=B+Geletneky&author=M+Ohle&author=MJ+Koch&author=PG+Friedrich+Ding&volume=36&issue=5&publication_year=2010&pages=806-13&pmid=20416424&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Mineral+trioxide+aggregate+or+calcium+hydroxide+direct+pulp+capping:+an+analysis+of+the+clinical+treatment+outcome&author=J+Mente&author=B+Geletneky&author=M+Ohle&author=MJ+Koch&author=PG+Friedrich+Ding&volume=36&issue=5&publication_year=2010&pages=806-13&pmid=20416424&
https://www.ncbi.nlm.nih.gov/pubmed/16123702
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Properties+of+a+new+root-end+filling+material&author=HK+Chng&author=I+Islam&author=AU+Yap&author=YW+Tong&author=ET+Koh&volume=31&issue=9&publication_year=2005&pages=665-8&pmid=16123702&
https://scholar.google.com/scholar_lookup?journal=J+Endod&title=Properties+of+a+new+root-end+filling+material&author=HK+Chng&author=I+Islam&author=AU+Yap&author=YW+Tong&author=ET+Koh&volume=31&issue=9&publication_year=2005&pages=665-8&pmid=16123702&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4872581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4872581/
https://www.ncbi.nlm.nih.gov/pubmed/27217640
https://scholar.google.com/scholar_lookup?journal=J+Conserv+Dent&title=The+evaluation+of+interfaces+between+MTA+and+two+types+of+GIC+(conventional+and+resin+modified)+under+an+SEM:+An+in+vitro+study&author=A+Patil&author=S+Aggarwal&author=T+Kumar&author=K+Bhargava&author=V+Rai&volume=19&issue=3&publication_year=2016&pages=254-8&pmid=27217640&

IAJPS 2020, 07 (08), 6-11 Nek Daraz et al ISSN 2349-7750

19- Nekoofar MH, Adusei G, Sheykhrezae MS, 20- Kayahan MB, Nekoofar MH, Kazandag M,

Hayes SJ, Bryant ST, Dummer PM. The effect
of condensation pressure on selected physical
properties of mineral trioxide aggregate. Int
Endod J. 2007. June;40(6):453-61.
[PubMed] [Google Scholar]

Canpolat C, Malkondu O, Kaptan F, et
al. Effect of acid-etching procedure on selected
physical properties of mineral trioxide
aggregate. Int Endod J. 20009.
November;42(11):1004-14.
[PubMed] [Google Scholar]



https://www.ncbi.nlm.nih.gov/pubmed/17459121
https://scholar.google.com/scholar_lookup?journal=Int+Endod+J&title=The+effect+of+condensation+pressure+on+selected+physical+properties+of+mineral+trioxide+aggregate&author=MH+Nekoofar&author=G+Adusei&author=MS+Sheykhrezae&author=SJ+Hayes&author=ST+Bryant&volume=40&issue=6&publication_year=2007&pages=453-61&pmid=17459121&
https://www.ncbi.nlm.nih.gov/pubmed/19732179
https://scholar.google.com/scholar_lookup?journal=Int+Endod+J&title=Effect+of+acid-etching+procedure+on+selected+physical+properties+of+mineral+trioxide+aggregate&author=MB+Kayahan&author=MH+Nekoofar&author=M+Kazanda%C4%9F&author=C+Canpolat&author=O+Malkondu&volume=42&issue=11&publication_year=2009&pages=1004-14&pmid=19732179&

