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Abstract:

Introduction: Mineral trioxide aggregate [MTA] has extensive applications in endodontic treatment. Retro MTA, Ortho MTA and new
endodontic cement [NEC] were also introduced to overcome the limitations of MTA. This study sought to compare the antibacterial activity of
MTA, NEC, Ortho MTA and Retro MTA against common endodontic pathogens.

Materials and Methods: This in vitro, experimental study was conducted on standard strains of Streptococcus mutans, Enterococcus faecalis,
Actinomyces viscosus and Escherichia coli. Antibacterial activity of the materials was tested using the disc diffusion method. Wells were created
in Mueller Hinton agar plates inoculated with bacterial suspensions with 0.5McFarland concentration. The plates were incubated at 35°C for 18
hours and diameter of the growth inhibition zones was measured by a ruler. The data were analyzed using the Kruskal Wallis test. Pairwise
comparisons were done using Bonferroni test.

Results: The mean diameter of the growth inhibition zone of E. coli was 2.916, 10.833, 10.333 and 7.25mmin presence of MTA, NEC, Retro MTA
and Ortho MTA, respectively [P<0.05]; these values were 5.083, 8.916, 7.916 and 7.416mm, respectively for E. faecalis [P=0.17], 6.0, 8.916,
7.333 and 8.333mm, respectively for S. mutans [P<0.24] and 1.916, 8.083, 0 and 0.666, respectively for A. viscosus [P<0.05]. Antibacterial
activity of all four materials was the same against E. faecalis and S. mutans. All materials showed limited antibacterial activity against A.
viscosus except for NEC.

Conclusion: Retro MTA and Ortho MTA had acceptable antimicrobial activity against common endodontic pathogens [except for A. viscous]
and thus, they can be used as an alterative to MTA in the clinical setting given that their other properties are confirmed to be optimal.
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INTRODUCTION:

Microorganisms play a role in failure of endodontic
treatments [1, 2]. Thus, it is imperative to eliminate
microorganisms from the root canal system. However,
some bacteria may remain in the root canal system [3].
Thus, success of root canal treatment depends on
successful elimination of bacteria and seal of the root
canal system [4]. Since none of the available root canal
filling materials can provide a hermetic seal, they must
have antibacterial properties to prevent infection. Several
root canal filling materials have been introduced with
such properties but none of them are ideal [5].

ProRoot MTA is among the most commonly used dental
materials for perforation repair and endodontic
treatments [6]. It is available in two forms of white and
gray MTA and is composed of 75% Portland cement,
20% bismuth oxide and 5% gypsum. MTA was first
introduced as a root end filling material but it was later
used for pulp capping and pulpotomy treatments, for the
induction of apical barrier formation in open apex teeth,
perforation repair and root canal filling [7, 8]. MTA has
favorable properties such as providing an excellent seal,
biocompatibility, low toxicity, low solubility, hard tissue
formation, high pH and radiopacity [9-11]. However, it
also has drawbacks such as long setting time [about four
hours], tooth discoloration, difficult handling and high
cost [12]. Evidence of antibacterial properties of MTA
also exists; however, these properties have not been well
confirmed [6].

To overcome the shortcomings of MTA, Ortho MTA and
Retro MTA were later introduced in 2010. Due to their
unique properties, these products gained high popularity
among dental clinicians. Elimination of Portland cement
and its replacement with a new generation of nano
materials resulted in elimination of toxic compounds and
heavy metals from the composition of MTA. Also, iron
content, which was mainly responsible for tooth
discoloration, was minimized. These modifications
significantly decreased the setting time of MTA as Retro
MTA sets in 180 seconds and Ortho MTA sets in 150
minutes. These products are supplied in the form of
powder comprising of hydrophilic particles that set in
presence of water and form an impermeable barrier with
a primary pH of as high as 12.5. These materials are
biologically bioactive and induce regeneration of the
injured periodontium [13]. However, the antimicrobial
properties of these products have not yet been evaluated
[13].

New endodontic cement is a recently introduced material
composed of several calcium compounds. It recently
gained ISO approval for its physical properties [1].
Clinical applications of NEC, also known as calcium
enriched mixture [CEM] cement, are similar to those of
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MTA and it even showed superior results to MTA for
pulp capping treatment of teeth [12]. It has insignificant
cytotoxicity for different cell lines and has shown less
dye penetration [leakage] than MTA [14]. Working time,
pH and dimensional changes of MTA and NEC are the
same while NEC has better handling and can produce
hydroxyapatite by releasing calcium and phosphate ions
[15]. The results of previous studies on the antimicrobial
properties of NEC have been controversial [1, 13].

Agar diffusion test is a standard method for assessment
of antibacterial properties of materials in vitro. It is
extensively used for accurate and direct comparison of
antibacterial effects of materials [3, 6].

Microorganisms such as E. faecalis, E. coli and A.
viscosus are dominant in treatment-resistant periapical
lesions [1]. Enterococcus faecalis and A. viscosus are
strong microorganisms that contaminate the root canal
system and play a role in primary endodontic treatment
failures [15-18]. Escherichia coli has also been isolated
from the root canal system [19] and is a common
microorganism in  odontogenic infections  [20].
Streptococcus mutans is also responsible for primary
periapical lesions and secondary infections [21].
Considering all the above, this study sought to compare
the antibacterial activity of MTA, NEC, Retro MTA and
Ortho MTA against pathogenic microorganisms
commonly involved in endodontic infections.

MATERIALS AND METHODS:

In this in vitro experimental study, standard strains of S.
mutans, E. coli, E. faecalis and A. viscosus were used for
assessment of antibacterial activity of MTA, NEC, Retro
MTA and Ortho MTA using agar diffusion test. Sample
size was calculated to be 48 samples in each group [a
total of 192] according to a study by Zarrabi et al, in
2009 [1] and considering 95% confidence interval and
80% power of the study using R software. Four
experimental groups namely the MTA [Angelus,
Londrina, PR, Brazil], NEC [calcium enriched mixture],
Retro MTA [BioMTA, Seoul, Korea] and Ortho
MTA[BioMTA, Seoul, Korea] were designed. Standard
strains of S. mutans, E. faecalis, E. coli and A. viscosus
were obtained from the Microbiology Department of
Hamadan University of Medical Sciences. Mueller
Hinton agar medium was obtained and wells were
created in the gel using a copper puncher with a diameter
corresponding to that of discs [6mm]. Five wells were
created in each plate with adequate distance from each
other. Next, 0.2g of each material was weighed and
diluted with one to five drops of solvent. Next,
0.5McFarland standard concentration of each strain
[1.5%108 bacteria] was prepared and cultured on Mueller
Hinton agar. Different concentrations of each material
were poured into wells and the plates were incubated at
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35°C for 18 hours. The diameter of the growth inhibition
zones was then measured using a ruler with 0.5mm
accuracy [Figure 1]. This test was repeated three times
and the mean values were used for statistical analyses.

The data were analyzed using SPSS wversion 21. The
mean and standard deviation of growth inhibition zones
of each bacterial strain in presence of different materials
were measured and reported. Kolmogorov-Smirnov test
was used to assess the distribution of the growth
inhibition zone data, which showed that the data did not
have a normal distribution [P<0.05]. Thus, the Kruskal-
Wallis test was used to compare the growth inhibition
zones among different bacteria and materials. In case of
presence of significant differences found with the
Kruskal-Wallis test, the Bonferroni test was used for
pairwise  comparisons. P<0.05 was considered
statistically significant.

RESULTS:

The results showed that the mean diameter of the growth
inhibition zone of E. coli was 2.916, 10.833, 10.333 and
7.25mm in presence of MTA, NEC, Retro MTA and
Ortho MTA, respectively. The smallest and the largest
growth inhibition zones were caused by MTA and NEC,
respectively. According to the non-parametric Kruskal
Wallis test, significant differences were noted in the
mean growth inhibition zone of E. coli among the four
materials [P=0.00, Diagram 1].

The mean diameter of the growth inhibition zone of E.
faecalis was 5.083, 8.916, 7.916 and 7.416 mm in
presence of MTA, NEC, Retro MTA and Ortho MTA,
respectively. The smallest and the largest growth
inhibition zones were caused by MTA and NEC,
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respectively. According to the non-parametric Kruskal
Wallis test, the difference in this regard among the four
materials was not significant [P=0.17, Diagram 2].

The mean diameter of the growth inhibition zone of S.
mutans was 6.0, 8.916, 7.333 and 8.333mm in presence
of MTA, NEC, Retro MTA and Ortho MTA,
respectively. The smallest and the largest growth
inhibition zones were caused by MTA and NEC,
respectively. According to the non-parametric Kruskal
Wallis test, the difference in this regard among the four
materials was not significant [P=0.24, Diagram 3].

The mean diameter of the growth inhibition zone of A.
viscosus was 1.916, 8.083, 0 and 0.666 in presence of
MTA, NEC, Retro MTA and Ortho MTA, respectively.
The smallest and the largest growth inhibition zones
were caused by Retro MTA and NEC, respectively.
Retro MTA had no antibacterial activity against A.
viscosus. According to the non-parametric Kruskal
Wallis test, significant differences were noted in the
mean growth inhibition zone of A. viscosus among the
four materials [P=0.000, Diagram 4].

Based on the results of the Mann Whitney test with
Bonferroni adjustment [level of significance was
adjusted to 0=0.00625], a significant difference was
found in the diameter of the growth inhibition zone of E.
coli between Retro MTA and MTA [P<0.0001] but no
other significant differences were noted in this regard
between other groups. Moreover, the difference between
NEC and Retro MTA [P<0.001] and NEC and Ortho
MTA [P<0.005] in terms of growth inhibition zone of A.
viscosus was significant. The results of pairwise
comparisons of the groups are shown in Table 1.

Table 1: Pairwise comparisons of the materials for bacteria with significant differences in the mean diameter of
growth inhibition zone

a=0.006 [Bonferroni adjustment]

Pairwise comparisons E. coli A. viscosus
P value | P value
NEC-Retro MTA 0.219 0.001*
NEC-MTA 0.001* 0.014
NEC-Ortho MTA 0.039 0.005*
Retro MTA-MTA 0.000* 0.319
Retro MTA-Ortho MTA | 0.068 0.755
MTA-Ortho MTA 0.028 0.514
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Figure 1: Growth inhibition zones of the four bacterial strains in presence of different concentrations of the
materials

Diagram 1. The mean diameter of E. coli growth inhibition zone in the four groups [in millimeters]
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Diagram 1. The mean diameter of E. coli growth inhibition zone in the four groups [in millimeters]
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Diagram 2. The mean diameter of E. faecalis growth inhibition zone in the four groups [in millimeters]
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Diagram 3. The mean diameter of S. mutans growth inhibition zone in the four groups [in millimeters]
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Diagram 4. The mean diameter of E. viscosus growth inhibition zone in the four groups [in millimeters]

DISCUSSION:

Based on the results, it appears that NEC had stronger
antibacterial properties than other understudy materials.
Alkaline metal oxides, calcium oxide, calcium
hydroxide, calcium phosphate and calcium silicate are
the main constituents of NEC. When NEC is transferred
to agar plates, Ca[OH]; is released from the calcium and
hydroxyl ions and increases the pH and concentration of
calcium. This mechanism may somehow increase the
antimicrobial properties of NEC in vitro. On the other
hand, antimicrobial compounds in the composition of
NEC have better diffusion properties compared to those
in other materials such as MTA. This process also plays
a role in enhanced antibacterial properties of NEC [3].
Asgary and Akbari Kamrani in a similar study in 2008
showed that the largest diameter of the growth inhibition
zone was formed around NEC [22]. Thus, they
concluded that NEC had antimicrobial activity to the
level of calcium hydroxide; which was in agreement with
our findings.

Zarrabi et al, in 2009 showed that antimicrobial activity
of NEC was superior to that of MTA and Portland
cement against E. faecalis, E. coli, S. mutans, C. albicans
and A. viscosus [1]. Their methodology was the same as
ours, which explains the similarity between the results of
the two studies. Razmi et al, in 2013 evaluated the
antibacterial activity of NEC and ProRoot MTA against

E. faecalis and showed that NEC and MTA had optimal
antibacterial activity against E. faecalis, which was in
agreement with our results [23].

In total, it appears that the antimicrobial efficacy of NEC
is higher than that of MTA in vitro. However, further
studies on the antibacterial efficacy of NEC in vivo are
still required. Also, the composition of NEC and the
effects of its components in vivo can be interesting topics
for future research in this field.

In the current study, MTA had minimal antibacterial
activity against E. coli, E. faecalis and S. mutans;
however, the difference of MTA with other materials in
this regard was not significant for E. faecalis and S.
mutans. In other words, MTA had antibacterial activity
similar to that of NEC, Retro MTA and Ortho MTA
against E. faecalis and S. mutans.

At present, MTA is the material of choice for root
perforations, pulp capping and retrograde root canal
filling [7, 8, 24]. Previous studies have reported
controversial results regarding antibacterial properties of
MTA. For instance, antimicrobial activity of MTA has
been reported to be insignificant in some [25, 26] and
sufficiently high against E. faecalis in some other studies
[4, 27]. However, it should be noted that antibacterial
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properties of MTA depend on its concentration and the
preparation method [28].

Using agar diffusion test, Sipert et al, in 2005
demonstrated that MTA inhibited the growth and
proliferation of C. albicans, S. aureus, E. faecalis, S.
epidermidis and S. aeruginosa in vitro [29]. In another
study, Ribeiro et al, in 2010 reported adequate
antimicrobial activity of MTA against E. coli in aerobic
conditions following induction of reactive oxygen
species [30]. According to Riberio et al, in 2006 E.
faecalis was susceptible to gray MTA [31]; they
explained that oxygen-rich environment boosted the
antimicrobial activity of MTA.

In a study by Luczaj-Cepowicz et al, in 2008, white
ProRoot MTA caused larger growth inhibition zones of
S. salivarius and S. sanguinis compared to white MTA
Angelus and both materials showed antibacterial
properties against S. mutans, S. sanguinis and S.
salivarius [32]; these results were in accordance with our
findings.

Antimicrobial activity of MTA is correlated to its high
pH and release of materials that can be well diffused in
the medium [33]. Torabinejad et al, in 1995 reported that
the primary pH of MTA was 10.2, which increased to
12.5 after three hours [34]. A rise in the pH to 12 further
inhibited the growth of microorganisms [35].

Based on the results of the current study, Ortho and
Retro MTA had acceptable antibacterial activity against
the bacterial strains [except for A. viscosus], which was
slightly lower than that of NEC. The diameter of the
growth inhibition zones of E. coli, S. mutans and E.
faecalis caused by these materials was almost the same
and higher than that of MTA. However, Ortho and Retro
MTA had very limited activity against A. viscosus and
Retro MTA had no antibacterial activity against A.
Viscosus.

The properties of MTA improved in Ortho and Retro
MTA. These types of bioceramic MTA are devoid of
heavy metals, have high fracture strength and the shortest
setting time, cause no discoloration and have high
radiopacity and thus, are suitable for endodontic and
periodontal treatments. These products are composed of
hydrophilic particles that set in presence of water and
form an impermeable barrier. Their primary pH is as
high as 12.5 [13]. This increase in pH explains their
bactericidal properties. Ortho MTA was first introduced
as a retrograde root canal filling material. It has suitable
dentinal tubule sealing properties and has insignificant
expansion [0.09%][36]. The manufacturer claims that
Retro MTA does not contain heavy metals such as Cr,
As, Ni, Fe, Bi or Cd and has insignificant toxicity [37].
Its short setting time [about 150 seconds] is suitable for

Mohammad Esmaeilzadeh et al

ISSN 2349-7750

single visit treatments. To the best of authors’
knowledge, no previous study has evaluated the
antimicrobial properties of Retro and Ortho MTA.

Based on the results of the current study, the diameter of
the growth inhibition zone was different for different
microorganisms. The largest growth inhibition zone
belonged to E. coli in presence of NEC and Retro MTA
and S. mutans in presence of MTA and Ortho MTA. In
the study by Zarrabi et al, in 2009, the largest growth
inhibition zone was seen in A. viscosus, which was
different from our results [1]. Moreover, Al-Hezaimi et
al, in 2006 reported that MTA had antimicrobial activity
against E. faecalis and S. sanguinis, which was in
accordance with our results [4]. Based on the current
results, MTA had the highest antimicrobial activity
against S. mutans and had less antimicrobial efficacy
against E. coli, E. faecalis and A. viscosus. A previous
study indicated that MTA had antimicrobial activity
against E. coli [3] while some other studies reported no
antimicrobial activity against E. coli [26, 34]. The
controversy in this regard among the results of different
studies may be due to the amount of available nutrients,
oxidative stress, incubation time, assessment methods
and different methodologies.

In the current study, agar diffusion test was used for
assessment of antimicrobial efficacy of materials, which
is the most commonly used technique for assessment of
antimicrobial activity of materials in vitro [35].
Difference in the agar plate, diffusion ability of growth
inhibiting substances, bacterial strains and their cell
density may all affect the formation of growth inhibition
zones [25]; thus, these factors must be well controlled for
in order to increase the reliability and reproducibility of
the results. On the other hand, agar diffusion test cannot
differentiate between the bactericidal and bacteriostatic
properties of materials. Moreover, creation of a growth
inhibition zone depends not only on the effect of tested
materials, but also on their pattern of diffusion in the
medium [38].

Microorganisms tested in the current study are common
culprits responsible for endodontic and periapical
lesions; E. faecalis and A. viscosus infect the root canal
system [16, 17] and play a role in endodontic failures and
primary endodontic infections [18]. Also, E. coli has
been isolated from the root canals and is a standard
microorganism used for antimicrobial testing [19].

All four materials tested in the current study showed
almost similar antimicrobial activity against E. faecalis
and S. mutans with no significant difference; S. mutans
is the main microorganism responsible for tooth decay
and E. faecalis has been dominantly isolated from
endodontic infections [39]. Due to high resistance to
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antimicrobial agents, the latter is commonly used in such
studies [39]. The odds of presence of E. faecalis in
endodontically failed teeth are nine times higher than
those of other strains. When the pH of calcium hydroxide
medicament drops, resistance of E. faecalis to the
medicament significantly increases [35]. Moreover, E.
faecalis strains can stay alive for long periods of time
inside dentinal tubules. Due to the importance of these
microbial strains, they were used in the current study
along with less common microorganisms such as E. coli.
According to Zarrabi et al, in 2009 [1] and since the
objective of the current study was to assess the
bactericidal properties of these materials, there was no
need for an antibiotic control group. On the other hand,
comparison of materials with antibiotics is often done
when the materials to be tested have strong antibacterial
properties and diffusion ability, which obviously was not
the case in our study.

However, it should be noted that this study had an in
vitro design and these materials may show different
antimicrobial properties in the clinical setting. In the oral
environment, saliva changes the pH and dilutes the
materials. Also, oral temperature is variable and differs
from that of incubator. Presence of blood and variable
oxidation and reduction potential in the oral cavity also
affect the results [40]. Last but not list, in the laboratory
setting, antimicrobial agents are constantly in contact
with the microorganisms in test tubes or plates while in
the oral cavity, these materials are washed out of the
mouth within a few seconds or are neutralized by the
saliva components.

Future studies are required to confirm the accuracy of
these findings by other methods such as the direct
contact technique. Also, assessment of the substantivity
of these materials and their antibacterial properties in the
clinical setting can be an interesting topic for future
research.

CONCLUSION:

Retro MTA and Ortho MTA had acceptable
antimicrobial activity against common endodontic
pathogens and can be used as an alterative to MTA in the
clinical setting given that their other properties are
confirmed to be optimal.

Conflict of interest: None

REFERENCES:

1.Hasan Zarrabi M, Javidi M, Naderinasab M,
Gharechahi M. Comparative evaluation of antimicrobial
activity of three cements: new endodontic cement
[NEC], mineral trioxide aggregate [MTA] and Portland.
J Oral Sci. 2009;51[3]:437-42.

Mohammad Esmaeilzadeh et al

ISSN 2349-7750

2.Bhavana V, Chaitanya KP, Gandi P, Patil J, Dola B,
Reddy RB. Evaluation of antibacterial and antifungal
activity of new calcium-based cement [Biodentine]
compared to MTA and glass ionomer cement. J Conserv
Dent. 2015;18[1]:44-6.

3.Asgary S, Akbari Kamrani F, Taheri S. Evaluation of
antimicrobial effect of MTA, calcium hydroxide, and
CEM cement. Iran Endod J. 2007;2[3]:105-9.
4.Al-Hezaimi K, Al-Shalan TA, Naghshbandi J, Oglesby
S, Simon JH, Rotstein I. Antibacterial effect of two
mineral trioxide aggregate [MTA] preparations against
Enterococcus faecalis and Streptococcus sanguis in vitro.
J Endod. 2006;32[11]:1053-6.

5.Prestegaard H, Portenier I, Orstavik D, Kayaoglu G,
Haapasalo M, Endal U. Antibacterial activity of various
root canal sealers and root-end filling materials in dentin
blocks infected ex vivo with Enterococcus faecalis. Acta
Odontol Scand. 2014;72[8]:970-6.

6.Bahador A, Pourakbari B, Bolhari B, Hashemi FB. In
vitro evaluation of the antimicrobial activity of
nanosilver-mineral trioxide aggregate against frequent
anaerobic oral pathogens by a membrane-enclosed
immersion test. Biomed J. 2015;38[1]:77-83.
7.Torabinejad M, Parirokh M. Mineral trioxide
aggregate: a comprehensive literature review--part Il
leakage and biocompatibility investigations. J Endod.
2010;36[2]:190-202.

8.Parirokh M, Torabinejad M. Mineral trioxide
aggregate: a comprehensive literature review--Part IlI:
Clinical applications, drawbacks, and mechanism of
action. J Endod. 2010;36[3]:400-13.

9.Samiei M, Aghazadeh M, Lotfi M, Shakoei S,
Aghazadeh Z, Vahid Pakdel SM. Antimicrobial Efficacy
of Mineral Trioxide Aggregate with and without Silver
Nanoparticles. Iran Endod J. 2013;8[4]:166-70.
10.Chang KC, Chang CC, Huang YC, Chen MH, Lin
FH, Lin CP. Effect of tricalcium aluminate on the
physicochemical properties, bioactivity, and
biocompatibility of partially stabilized cements. PLoS
One. 2014;9[9]:e106754.

11.Lovato KF, Sedgley CM. Antibacterial activity of
endosequence root repair material and proroot MTA
against clinical isolates of Enterococcus faecalis. J
Endod. 2011;37[11]:1542-6.

12.Sahebi S, Moazami F, Sadat Shojaee N,
Layeghneghad M. Comparison of MTA and CEM
Cement Microleakage in Repairing Furcal Perforation,
an In Vitro Study. J Dent [Shiraz]. 2013;14[1]:31-6.
13.Kang CM, Kim SH, Shin Y, Lee HS, Lee JH, Kim
GT, et al. A randomized controlled trial of ProRoot
MTA, OrthoMTA and RetroMTA for pulpotomy in
primary molars. Oral Dis. 2015;21[6]:785-91.
14.Hasheminia M, Loriaei Nejad S, Asgary S. Sealing
Ability of MTA and CEM Cement as Root-End Fillings
of Human Teeth in Dry, Saliva or Blood-Contaminated
Conditions. Iran Endod J. 2010;5[4]:151-6.




IAJPS 2017, 4 (12), 4720-4728

15.Bidar M, Disfani R, Gharagozlo S, Rouhani A,
Forghani M. Effect of previous calcium hydroxide
dressing on the sealing properties of the new endodontic
cement apical barrier. Eur J Dent. 2011;5[3]:260-4.
16.Molander A, Reit C, Dahlen G, Kvist T.
Microbiological status of root-filled teeth with apical
periodontitis. Int Endod J. 1998;31[1]:1-7.

17.Sundqvist G, Figdor D, Persson S, Sjogren U.
Microbiologic analysis of teeth with failed endodontic
treatment and the outcome of conservative re-treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
1998;85[1]:86-93.

18.Rocas IN, Siqueira JF, Jr., Santos KR. Association of
Enterococcus faecalis with different forms of
periradicular diseases. J Endod. 2004;30[5]:315-20.
19.Basrani B, Tjaderhane L, Santos JM, Pascon E, Grad
H, Lawrence HP, et al. Efficacy of chlorhexidine- and
calcium hydroxide-containing medicaments against
Enterococcus faecalis in vitro. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2003;96[5]:618-24.
20.Dajer-Fadel WL, Ibarra-Perez C, Borrego-Borrego R,
Navarro-Reynoso FP, Arguero-Sanchez R. Descending
necrotizing mediastinitis and sternoclavicular joint
osteomyelitis.  Asian  Cardiovasc  Thorac  Ann.
2013;21[5]:618-20.

21.Hahn CL, Best AM, Tew JG. Cytokine induction by
Streptococcus mutans and pulpal pathogenesis. Infect
Immun. 2000;68[12]:6785-9.

22.Asgary S, Kamrani FA. Antibacterial effects of five
different root canal sealing materials. J Oral Sci.
2008;50[4]:469-74.

23.Razmi H, Aminsobhani M, Bolhari B, Shamshirgar F,
Shahsavan S, Shamshiri AR. Calcium Enriched Mixture
and Mineral Trioxide Aggregate Activities against
Enterococcus Faecalis in Presence of Dentin. Iran Endod
J. 2013;8[4]:191-6.

24.Parirokh M, Torabinejad M. Mineral trioxide
aggregate: a comprehensive literature review--Part I:
chemical, physical, and antibacterial properties. J Endod.
2010;36[1]:16-27.

25.Miyagak DC, de Carvalho EM, Robazza CR,
Chavasco JK, Levorato GL. In vitro evaluation of the
antimicrobial activity of endodontic sealers. Braz Oral
Res. 2006;20[4]:303-6.

26.Estrela C, Bammann LL, Estrela CR, Silva RS,
Pecora JD. Antimicrobial and chemical study of MTA,
Portland cement, calcium hydroxide paste, Sealapex and
Dycal. Braz Dent J. 2000;11[1]:3-9.

27.Zhang H, Pappen FG, Haapasalo M. Dentin enhances
the antibacterial effect of mineral trioxide aggregate and
bioaggregate. J Endod. 2009;35[2]:221-4.

Mohammad Esmaeilzadeh et al

ISSN 2349-7750

28.Al-Hezaimi K, Al-Shalan TA, Naghshbandi J, Simon
JH, Rotstein I. MTA preparations from different origins
may vary in their antimicrobial activity. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2009;107[5]:e85-8.
29.Sipert CR, Hussne RP, Nishiyama CK, Torres SA. In
vitro antimicrobial activity of Fill Canal, Sealapex,
Mineral Trioxide Aggregate, Portland cement and
EndoRez. Int Endod J. 2005;38[8]:539-43.

30.Ribeiro CS, Scelza MF, Hirata Junior R, Buarque de
Oliveira LM. The antimicrobial activity of gray-colored
mineral trioxide aggregate [GMTA] and white-colored
MTA [WMTA] under aerobic and anaerobic conditions.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2010;109[6]:€109-12.

31.Ribeiro CS, Kuteken FA, Hirata Junior R, Scelza MF.
Comparative evaluation of antimicrobial action of MTA,
calcium hydroxide and Portland cement. J Appl Oral Sci.
2006;14[5]:330-3.

32.Luczaj-Cepowicz E, Pawinska M, Marczuk-Kolada
G, Leszczynska K, Waszkiel D. Antibacterial activity of
two Mineral Trioxide Aggregate materials in vitro
evaluation. Ann Acad Med Stetin. 2008;54[1]:147-50;
discussion 50-1.

33.Duarte MA, Demarchi AC, Yamashita JC, Kuga MC,
Fraga Sde C. pH and calcium ion release of 2 root-end
filling materials. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2003;95[3]:345-7.

34.Torabinejad M, Hong CU, Pitt Ford TR, Kettering JD.
Antibacterial effects of some root end filling materials. J
Endod. 1995;21[8]:403-6.

35.McHugh CP, Zhang P, Michalek S, Eleazer PD. pH
required to kill Enterococcus faecalis in vitro. J Endod.
2004;30[4]:218-9.

36.Chang SW, Baek SH, Yang HC, Seo DG, Hong ST,
Han SH, et al. Heavy metal analysis of ortho MTA and
ProRoot MTA. J Endod. 2011;37[12]:1673-6.
37.BioMTA technologies. Physicochemical analysis. :
Available at:
http://www.biomta.com/shop/eng/technology_1.php. ;
2011.

38.Fraga RC, Siqueira JF, Jr., de Uzeda M. In vitro
evaluation of antibacterial effects of photo-cured glass
ionomer liners and dentin bonding agents during setting.
J Prosthet Dent. 1996;76[5]:483-6.

39.Komiyama EY, Back-Brito GN, Balducci I, Koga-Ito
CY. Evaluation of alternative methods for the
disinfection of toothbrushes. Braz Oral Res.
2010;24[1]:28-33.

40.Carranza FA, Newman MG, Takei HH, Klokkevold
PR. Carranza's clinical periodontology. 10th ed. St.
Louis, Mo.: Saunders Elsevier; 2006; Chap 6: 42.



http://www.biomta.com/shop/eng/technology_1.php

