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Abstract

Background: Various materials have been added to mineral trioxide aggregate to enhance its properties. This study
was aimed to compare the sealing efficacy of MTA with and without nanosilver using bacterial leakage approach.
Material and Methods: Seventy canine teeth were prepared and obturated. Then, after apical resection, the root-
end cavities were prepared by ultrasonic retrotips. Teeth were randomly divided into 4 groups containing two
experimental groups (n=30) and two negative and positive controls (n=5). In group 1 and 2, root-end cavities were
respectively filled with MTA and MTA with nanosilver (by 1% weight). Leakage assessment was carried out by
bacterial leakage apparatus with Enterococcus faecalis species. Leakage comparison between experimental groups
was done using Mann-Whitney test by Spss 16 software at significancy level of 0.05.

Results: The median bacterial leakages for MTA and MTA with nanosilver were 19 and 2, respectively. The mean
bacterial leakages for MTA and MTA with nanosilver were 30.06+28.67 and 9.66+14.25, respectively. Mann-
Whitney test indicated that there was a significant difference in bacterial leakage day between two experimental
groups (P=0.002).

Conclusions: Based on the findings of this in-vitro bacterial leakage study, adding nanosilver to MTA decreased its
sealing ability.
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Introduction

Endodontic failures are almost associated with incom-
plete cleaning of root canal system and consequently
penetration of bacteria and other pathogens into the
periradicular tissues (1). Therefore, root-end filling ma-
terials should have antimicrobial activity to inhibit mi-
crobial growth in addition to appropriate sealing ability
and biocompatibility (1). Various materials such as glass
ionomer, Super-EBA, amalgam, composite, and recently
mineral trioxide aggregate (MTA) have been utilized for
filling root-end cavities (2). Studies regarding the sea-
ling ability of MTA have depicted its superior sealing
ability in comparison to other materials (2).

For a long time silver has been known to have a disin-
fecting effect and its salts and their derivatives are com-
mercially employed as antimicrobial agents (3). Silver
nanoparticles (AgNPs or nanosilver) are one of the most
widely used nanoparticles, for antimicrobial purpose in
medical applications (4).

The antimicrobial effect of nanosilver might be explai-
ned by the interaction of nanoparticles with microbes
involving silver ion release and particle cellular inter-
nalization (5). Size-dependent toxicity of nanosilver
supports the mode of action of nanosilver. The nanosil-
ver toxicity is species-specific. Small-sized nanosilver
can inhibit nitrifying bacterial growth more than silver
ions at the same total silver concentration (6). Samiei et
al. (7) reported that adding nanosilver by 1% weight to
MTA improved its antimicrobial activity.

Based on the previous studies which depicted desirable
properties of the MTA and nanosilver mixture, this study
was aimed to evaluate the sealing efficacy of MTA with
and without nanosilver in root end cavities prepared by
ultrasonic.

Different methods have been employed for assessment
of leakage. Many problems related to dye application
have been discussed. Dye leakage did not have the
required standard and have poor reproducibility (8).
Although fluid filtration bear greater accuracy, clinical
similarity of the bacterial leakage method is more than
fluid filtration (9); therefore bacterial leakage was used
in this study.

Material and Methods

The protocol for this study was independently reviewed
and approved by Institutional Review Board of the uni-
versity (Ref No. 2438). According to the study perfor-
med by Erkut ef al. (10), and considering a equal to 0.05
and power of 80% (11) with 15 % difference in micro-
leakage, twenty six samples in each group was needed.
However, thirty samples per each group were used to
increase the power of study. In addition, ten other tee-
th were used as positive and negative controls. Seventy
human single-canal canine teeth extracted for orthodon-
tic or periodontal purposes were selected for this study.
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Teeth were examined by stercomicroscope (Olympus
SZ, 9-ILL B200-Choida KU, Japan) and radiographs.
The roots with cracks, caries, external or internal resorp-
tion, and canal pathway calcification were excluded
-Preparation and filling of root-end cavities

The teeth were cleaned of extraneous tissue and cal-
culus, and then immersed in 5.25% NaOCI (sodium
hypochlorite) for 5 minutes and were stored in PBS
(phosphate buffer solution) to prevent dehydration. To
gain a straight-forward access to root canal system,
all specimens were resected at 16mm from the apices
using a water-cooled diamond disk (D&Z, Darmstadt,
Germany). All procedures were performed by a single
operator. Working length was determined by inserting
a #15 K-file (Mani, Nakanishi Inc., Tokyo, Japan) into
the canal until it was just visible at the apical foramen,
then subtracting 1 mm. Root canals were prepared using
ProTaper rotary Ni-Ti instruments (Dentsply Maille-
fer, Ballaigues, Switzerland) on an electrical endodon-
tic handpiece (TCM Endo III, Sybron Endo, USA) at
250 rpm. Preparation was carried out according to the
manufacturer’s recommendations and crown-down te-
chnique. Briefly, the S1 file was used to clean and sha-
pe the coronal part of the canal. Subsequently, the SX
file was used to increase the taper of the coronal region
and S1, S2, F1, F2 and F3 were used sequentially to full
working length. 15% EDTA gel (Glyde; Dentsply Mai-
llefer) was used as a chelating agent and was delivered
into the canal on the tip of each successive instrument.
The canals were irrigated between instrumentations with
5 mL of freshly prepared solution of 2.5% NaOClI. Fo-
llowing instrumentation, the smear layer was removed
with 15% EDTA, followed by 2.5% NaOCI. The canals
were then dried with sterile paper points and obturated
with gutta-percha (Ariadent, Tehran, Iran) and AH-26
sealer (Dentsply, Konstanz, Germany) using cold lateral
condensation method. The teeth were stored at 37 + 1°C
and 100% relative humidity for 2 days.

The apical 3 mm of each tooth was resected perpendi-
cular to the long axis of the tooth with a diamond bur
under continuous water and air spray. Root-end cavities
were prepared to a depth of 3mm perpendicular to the
long axis using ultrasonic retrotips Kis-3D (Spartan,
Missouri, USA). A periodontal probe was used for depth
measurement and then cavities were rinsed by normal
saline and dried by paper cones. The teeth were ran-
domly divided into 4 groups containing two experimen-
tal groups (n=30) and two negative and positive controls
(n=5).

In group 1, root-end cavities were filled with white
MTA (Angelus, Londrina, Brazil) which was manipu-
lated according to the manufacturer’s instructions and
inserted in cavities by MTA carrier and packed with a
pluger. The material surface was burnished to remove
the excess material. In group 2, the cavities were filled
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by MTA with nanosilver using the same procedures as
group 1 was performed except, cavities were filled by
MTA with nanosilver. Nanosilver (Silver Nano-powder
7440-22-4, Sigma Aldrich, USA) was added to MTA
powder by 1% weight by a digital weighing machine
(AND GR-200 Analytical Balance, Lab Recyclers Inc.,
Gaithersburg MD, USA) and then mixed with distilled
water and inserted in cavities. In positive control group,
the canal system was remained open. In negative control
group, same procedure as group 1 was carried out. Teeth
were kept at 37 £ 1°C and 100% relative humidity for
48 hours. In all specimens except for negative control
group, external root surface except for apical and coro-
nal portions were covered by two layers of nail varnish.
In negative control group, all parts of specimens were
covered by two layers of nail varnish.

-Bacterial leakage

For the evaluation of bacterial leakage and sealing abi-
lity, apparatus similar to that which was used in double-
room technique (12) was developed and used in the
present study. This apparatus was based on the straight
fitting of two tubes: a 2ml centrifugation microtube and
laboratory glass. The prepared and obturated teeth were
fixed to the poly ethylene (Fig. 1A) microtubes and their
interface was sealed by nail varnish and parafilm in or-
der to make them impermeable, but the apical areas of
the teeth were left free of varnish. In order to avoid con-
tamination, the apparatus was sterilized using ethylene
oxide gas (Fig. 1B) before mounting to glass. Mounting
process was performed under microbial hood and sterile
gloves. Then the microtube was inserted within glass,
creating two separate chambers (Fig. 1C). In the lower
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one, 2mm of the root apex was remained immersed in the
culture medium. In upper chamber the bacterial suspen-
sion was applied. The interface of microtube and glass
was sealed by previously sterilized parafilm to provide
lateral impermeability. The apparatus was developed to
have a single pathway between the upper (microbial re-
servoir) and the lower chamber (culture medium), which
allowed access to the root canal. This model would per-
mit an assessment of any microbial microleakage that
might occur through the root canal sealers.

-Microbial preparation

For the present study, Enterococcus faecalis (ATCC
29212) was grown on chocolate agar (Brain Heart In-
fusion agar, Oxoid, Basingstoke, UK), for 24 hours at
37°C in CO,. Then, the Enterococcus faecalis were deli-
vered into the tubes containing 5 mL sterile BHI (Brain
Heart Infusion agar, Oxoid, Basingstoke, UK) suspen-
sion, which were adjusted to a turbidity of 1.5 x 108
colony-forming units (CFU)/mL-1. One milliliter of
microbial suspensions was placed in the upper chamber
of the prepared apparatus. Before bacterial intubation
into upper chambers, the specimens’ apparatus were in-
cubated for 24 hours at 37°C in order to evaluate the
samples contamination during mounting process. If the
BHI medium was turned turbid, it was considered to be
contaminated and the previous procedure was repeated.
Then, all the glasses were incubated (Fig. 1D) at 37°C
for 90 days. After 24 hours incubation, positive and ne-
gative controls were checked to ensure the reliability of
test. Every three days, 1 mL of the suspension (BHI con-
taining E. faecalis) were aspirated from the chamber and
replaced by 1 mL of fresh BHI inoculated with E. faeca-

Fig. 1. A) Tooth mounted to microtube. B) Sterilled and packed samples using ethylene oxide method. C) Apparatus used
for bacterial leakage test (the upper chamber for microbial suspension and the lower one for BHI medium). D) Incubation

of samples. E) Turbidity of growth medium.
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lis. The specimens were observed every day for turbidity
of the broth in the lower chamber, indicating bacterial
growth resulting from penetration of the bacteria past
the root canal (Fig. 1E). To confirm that the BHI turbi-
dity was because of the E. Faecalis growth, the turbid
BHI medium was cultured on a chocolate agar medium
with a sterile swab. After incubation for 24 hours, colo-
nies were examined and stained with gram-staining and
studied under microscope. Then according to hemoly-
sis type, catalase, bile escullin, PYR, optochin disk and
6.5% NaOCIl growth tests were performed. The day of
turbidity was recorded.

-Statistical analysis

Kolmogorov-Smirnov test was used to check normal
distribution of the data. Because the obtained data did
not have a normal distribution, non-parametric tests
were used. Medians and ranges of medians were as-
sessed for the values of descriptive statistical analysis.
Leakage comparison between experimental groups was
done using Mann-Whitney test by Spss 16 software at
significancy level of 0.05.

Results
In all positive control specimens, lower chamber BHI
medium turned turbid at 24 hours after incubation. Du-

Table 1. Statistical data of the bacterial leakage of experimental groups.
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ring examination interval, none of negative controls tur-
ned turbid. The E. faecalis was isolated from all turbid
specimens by means of enterococcal diagnostic tests
(since the colonies were a-hemolytic, opthocin disk,
bile escullin, and NaOCI growth tests were carried out).
The colonies were resistant to optochin disk, bile escu-
1lin resistant, and had growth on 6.5% NaOCI medium.
Therefore, they were enterococcus species.

The median bacterial leakages in experimental samples
and ranges and mean bacterial leakage days and standard
deviations are shown in table 1 and figure 2. The median
bacterial leakages for MTA and MTA with nanosilver
were 19 and 2, respectively. The mean bacterial leakages
for MTA and MTA with nanosilver were 30.06+28.67
and 9.66+14.25, respectively. Mann-Whitney test in-
dicated that there was a significant difference in bac-
terial leakage time between two experimental groups
(P=0.002). On the other hand, MTA with nanosilver
samples leaked earlier than MTA group. Comparison of
the frequency of the leaked samples in three thirty day’s
intervals is shown in table 2. In the first 30-day interval,
93.33% of MTA with nanosilver samples were leaked
but this was 56.66% for MTA group. In the second 30-
day interval 3.33% of MTA with nanosilver samples
were leaked but this was 20% for MTA group and in

Experimental groups N Mean Median Minimum | Maximum U P-value”
(Std. Deviation) (Range) (days) (days)

Table MTA without 30 30.06 (28.67) 19 (88) 2 90 254 0.002

silver nanoparticles

MTA with silver 30 9.66 (14.25) 2 (65) 2 67

nanoparticles

* Mann-Whitney U test.

«=g==MTA without silver nano-particles

==g==MTA with silver nano-particles

Fig. 2. Daily change of bacterial leakage in groups studied.
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Table 2. Comparison of the frequency (%) of the samples with bacterial leakage in three studied in-

tervals.
Interval (days) Experimental Group
MTAwithout silver nanoparticles | MTA with silver nanoparticles
0-30 17 (56.66%) 28 (93.33%)
31-60 6 (20%) 1 (3.33%)
61-90 7 (23.33%) 1 (3.33%)

the third 30-day interval, 3.33% of MTA with nanosil-
ver samples were leaked but this was 23.33% for MTA
group. Although most samples in two groups leaked in
first 30-day interval, but this was more in the MTA with
nanosilver group.

Discussion

Previous studies have demonstrated that nanosilver en-
hance some properties of MTA (7,13). However to the
best of our knowledge the present study for the first time
investigated the effect of nanosilver on sealing ability of
the MTA.

Gomes-Filho et al. (13) evaluated the tissue response to
implanted polyethylene tubes filled with fibrin sponge
embedded with nanosilver dispersion. They concluded
that nanosilver dispersion was biocompatible, mainly at
low concentrations. Therefore, low concentration (1%
by weight) and small particles (<150nm) were used in
this study to reduce toxicity.

The results of Samiei et al. (7) study revealed that
adding nanosilver by 1% weight to MTA improve its
antimicrobial activity against E. faecalis, C. albicans
and P. aeruginosa. Nanosilver ascertained to combine
good antibacterial effect in the lack of cytotoxicity (14).
The antibacterial effect of nanosilver is due to binding to
crucial cellular structure components like enzymes and
other proteins, mainly to their SH-groups (15). Silver
ions interfere with the integrity of the bacterial cell, its
energy production and preservation (5,6,15). This mul-
tilevel antimicrobial mode guarantees that resistance
cannot be simply acquired by single point mutations in
compare with aminoglycoside antibiotics, where resis-
tance can be acquired much easier (14).

Sealing of all pathways between coronal and apical por-
tion of the root canal system is the main objective of root
canal therapy and is necessary for its long-term success
(10). The most commonly used root end filling material
is amalgam but it does not provide a satisfactory seal and
there are numerous disadvantageous with this material
(16). Sealing ability of MTA has been proved to be su-
perior to that of amalgam or Super-EBA in different dye
and bacterial leakage investigations and several studies
have indicated that MTA exhibits less leakage in compa-
rison to other materials (17).

Most widely used methods in assessment of the leaka-
ge are the dye penetration method (18), electrochemical
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leakage test (19), and the fluid filtration technique (20).
In several studies limitations of the dye penetration me-
thod were mentioned. Some authors suggested that air
inside the root canal filling may prevent the penetration
of dye (21). Camps and Pashley (22) stated that dye pe-
netration relies on randomly cutting the root into two
pieces without knowing if the section goes through the
deepest dye penetration. The disadvantage of the elec-
trochemical test was stated by Amditis et al. (19) that
corrosion forming on the anodes blocks the diffusion of
ions as well as salivary or extraneous products. Bacterial
leakage evaluation is a three-dimensional examination
of leakage through the canal system and would better si-
mulate the clinical conditions and bacteria and bacterial
products have also been used (23). Therefore, the bacte-
rial leakage test was performed to evaluate the sealing
efficacy in this study and this is one of the distinguishing
features of the present study. However, leakage studies
cannot be repetitive and generalizing these ex-vivo re-
sults for clinical use must be done with caution. This is
clearly clarified by the cold lateral condensation tech-
nique which causes abundant leakage in vitro, yet has a
90% clinical success rate (17).

Various bacterial species have been used for bacterial
penetration analysis. Enterococcus faecalis was used in
this study because it is the most virulent bacteria in root
canal system and is considered to be the predominant
bacteria in failure of root canal therapies and chronic
apical periodontitis (23). Regardless of bacterial spe-
cies, the important aspect of this test was to confirm that
the positive result was because of the specific bacterial
growth and not of contamination during sample prepa-
ration. This is another distinguishing feature for present
study. In this study we confirmed the positive samples
by different isolating tests such as bile escullin, optochin
disk, and growth on 6.5% NaOCl medium. Although
bacterial leakage method measures the exact penetration
of bacteria, this cannot mirror the clinical condition as
only one type of bacteria is used (23).

Bortoluzzi et al. (24) compared the sealing ability of
MTA with and without calcium chloride as a root end
filling material by dye leakage approach. They reported
that adding calcium chloride to MTA improved its sea-
ling ability. They declared that enhancement in sealing
properties by adding calcium chloride would be attri-
buted to acceleration of MTA setting time with calcium
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chloride which directly decreases material leakage. In
contrast, Almeida et al. (25) reported that the addition
of calcium chloride to the MTA negatively influenced
the apical seal. They noted that MTA needs a smaller
amount of water for mixture when combined with cal-
cium chloride, leading to changed powder-liquid propor-
tion and increased porosity. Above the ideal proportion,
water causes formation of many capillary pores, which
increase shrinkage and cracking with consequent loss of
sealing ability.

Brito-junior ef al. (26) demonstrated that the use of pro-
pyleneglycol as a vehicle for gray MTA increased its
sealing ability in furcal perforations which was attribu-
ted to the better homogeneity and decrease in cement
prosity. Moreover, the mixture of Propyleneglycol-MTA
could have favored a greater setting expansion of MTA,
which is one of the possible reasons for the good sea-
ling ability of MTA. Chung et al. (27) demonstrated
that 4-META/MMA-TBB resin as a mixing vehicle of
MTA powder would improve its sealing ability. The
short setting time of MTA/4META, and possibly the
bonding ability of 4AMETA/MMA-TBB resin to dentin
and cementum, would be a plausible explanation for its
enhanced ability.

Aruda et al. (28) reported significantly better sealing
ability for MTA combined with doxycycline compared
to MTA mixed with distilled water. This difference can
probably be explained by doxycycline properties and
apparently shorter setting time and the more friable as-
pect of MTA plus doxycycline. In a study by Shantiace
et al. (29) the apical sealing ability of standard and na-
nosilver coated gutta-percha as root filling materials was
compared by dye and bacterial leakage methods and no
difference was obsereved neither in bacterial leakage
nor in dye leakage results.

Our findings depicted that MTA without nanosilver ex-
hibited better sealing ability than MTA with silver nano-
particles. The results from present study demonstrated
significant difference in bacterial leakage between two
groups. Bacterial leakage is more important in early
days after obturation of canal because of existing more
bacterial contamination in the area. After 30 days, with
decreasing nutrients, a gradual decrease in the amount of
bacteria is expected. This study indicated that in the first
30-day interval, 93.33% of MTA with nanosilver sam-
ples were leaked but this was 56.66% for MTA group.
Although most samples in two groups leaked in first 30-
day interval, but this was more in the MTA with nanosil-
ver group. In MTA group, most of the samples leaked at
day 19 and in MTA with nanosilver group leakage was
observed at day 2. This revealed that MTA with nanosil-
ver samples leaked earlier than MTA group.

Some possible explanations for poor sealing ability of
MTA with nanosilver could be the disturbed homogenei-
ty of material, disturbance of water absorption, and less
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expansion during setting. In addition, significantly higher
bacterial leakage in the MTA with nanosilver group might
be due to its greater solubility after setting. It has been
noted that MTA becomes more porous and soluble if the
powder-liquid ratio is decreased (30). Furthermore chan-
ged powder-liquid proportion could increase shrinkage
during setting and cracking and consequently loss of sea-
ling ability. More studies are warranted to investigate un-
derlying reasons of this finding.

Conclusions

Although previous studies have demonstrated that nano-
silver enhance some properties of MTA such as antimi-
crobial activity but based on the findings of this in-vitro
bacterial leakage study, adding nanosilver to MTA de-
creased its sealing ability.

References

1. Hasan Zarrabi M, Javidi M, Naderinasab M, Gharechahi M. Compa-
rative evaluation of antimicrobial activity of three cements: new endo-
dontic cement (NEC), mineral trioxide aggregate (MTA) and Portland.
J Oral Sci. 2009;51:437-42.

2. Torabinejad M, Chivian N. Clinical applications of mineral trioxide
aggregate. J Endod. 1999;25:197-205.

3. Shrivastava S, Bera T, Singh SK, Singh G, Ramachandrarao P, Dash
D. Characterization of antiplatelet properties of silver nanoparticles.
ACS Nano. 2009;3:1357-64.

4. Foldbjerga R, Olesena P, Hougaardb M, Danga DA, Hoffmannc
HIJ, Autrupa H. PVP coated silver nanoparticles and silver ions induce
reactive oxygen species, apoptosis and necrosis in THP-1 monocytes.
Toxicol Lett. 2009;190:156-62.

5. Sondi I, Salopek-Sondi B. Silver nanoparticles as antimicrobial
agent: a case study on E. coli as a model for Gram-negative bacteria. J
Colloid Interface Sci. 2004;275:177-82.

6. Choi O, Deng KK, Kim NJ, Ross L Jr, Surampalli RY, Hu Z. The in-
hibitory effects of silver nanoparticles, silver ions, and silver chloride
colloids on microbial growth. Water Res. 2008;42:3066-74.

7. Samiei M, Aghazadeh M, Lotfi M, Shakoei S, Aghazadeh Z, Va-
hid Pakdel SM. Antimicrobial Efficacy of Mineral Trioxide Aggregate
with and without Silver Nanoparticles. Iran Endod J. 2013;8:166-70.
8. Wu MK, Wesselink PR. Endodontic leakage studies reconside-
red. Part I. Methodology, application and relevance. Int Endod J.
1993;26:37-43.

9. De-Deus G, Murad C, Paciornik S, Reis CM, Coutinho-Filho T. The
effect of the canal-filled area on the bacterial leakage of oval-shaped
canals. International endodontic journal. 2008;41:183-90.

10. Erkut S, Tanyel RC, Keklikoglu N, Yildirim S, Katiboglu A. A
comparative microleakage study of retrograd filling materials. Turkish
Journal Of Medical Sciences. 2006;36:113-20.

11. Shirazi S, Kachoei M, Shahvaghar-Asl N, Shirazi S, Sharghi R.
Arch width changes in patients with Class II division 1 malocclusion
treated with maxillary first premolar extraction and non-extraction me-
thod. J Clin Exp Dent. 2016;8:¢403-8.

12. De-Deus G, Petrucceli V, Gurgel-Filho E, Coutinho-Filho T. MTA
versus Portland cement as repair material for furcal perforations: a
laboratory study using a polymicrobial leakage model. Int Endod J.
2006;39:293-8.

13. Gomes-Filho JE, Silva FO, Watanabe S, Cintra LT, Tendoro KV,
Dalto LG, et al. Tissue reaction to silver nanoparticles dispersion as an
alternative irrigating solution. J Endod. 2010;36:1698-702.

14. Alt V, Bechert T, Steinriicke P, Wagener M, Seidel P, Dingeldein
E, et al. An in vitro assessment of the antibacterial properties and
cytotoxicity of nanoparticulate silver bone cement. Biomaterials.
2004;25:4383-91.

15. Kachoei M, Nourian A, Divband B, Kachoei Z, Shirazi S. Zinc-



J Clin Exp Dent. 2017;9(1):e27-33.

oxide nanocoating for improvement of the antibacterial and fric-
tional behavior of nickel-titanium alloy. Nanomedicine (Lond).
2016;11:2511-27.

16. Chong B, Owadally I, Ford T, Wilson R. Cytotoxicity of potential
retrograde root-filling materials. Dental Traumatology. 1994;10:129-
33.

17. Torabinejad M, Rastegar AF, Kettering JD, Pitt Ford TR. Bacterial
leakage of mineral trioxide aggregate as a root-end filling material.
Journal of endodontics. 1995;21:109-12.

18. Hashem AA, Hassanien EE. ProRoot MTA, MTA-Angelus and
IRM used to repair large furcation perforations: sealability study. J
Endod. 2008;34:59-61.

19. Amditis C, Bryant RW, Blackler SM. The assessment of apical
leakage of root-filled teeth by the electrochemical technique. Aust
Dent J. 1993;38:22-7.

20. Yildirim T, Orucoglu H, Cobankara FK. Long-term evaluation of
the influence of smear layer on the apical sealing ability of MTA. J
Endod. 2008;34:1537-40.

21. Verissimo DM, do Vale MS. Methodologies for assessment of
apical and coronal leakage of endodontic filling materials: a critical
review. J Oral Sci. 2006;48:93-8.

22. Camps J, Pashley D. Reliability of the dye penetration studies. J
Endod. 2003;29:592-4.

23. Kazem M, Eghbal MJ, Asgary S. Comparison of bacterial and
dye microleakage of different root-end filling materials. Iran Endod
J.2010;5:17-22.

24. Bortoluzzi EA, Broon NJ, Bramante CM, Garcia RB, de Moraes
1G, Bernardineli N. Sealing ability of MTA and radiopaque Portland
cement with or without calcium chloride for root-end filling. Journal
of endodontics. 2006;32:897-900.

25. Almeida Jd, Alves AMH, Melo RFd, Felippe MCS, Bortoluzzi EA,
Teixeira CdS, et al. The sealing ability of MTA apical plugs expo-
sed to a phosphate-buffered saline. Journal of Applied Oral Science.
2013;21:341-5.

26. Brito-Junior M, Viana F, Pereira R, Nobre S, Soares J, Camilo C, et
al. Sealing ability of MTA-Angelus with propyleneglycol in furcal per-
forations. Acta odontologica latinoamericana: AOL. 2010;23:124-8.
27. Chung H, Kim M, Ko H, Yang W. Evaluation of physical and
biologic properties of the mixture of mineral trioxide aggregate and
4-META/MMA-TBB resin. Oral Surg Oral Med Oral Pathol Oral Ra-
diol Endod. 2011;112:6-11.

28. Arruda R, Cunha RS, Miguita KB, Silveira C, De Martin AS, Pin-
heiro SL, et al. Sealing ability of mineral trioxide aggregate (MTA)
combined with distilled water, chlorhexidine, and doxycycline. Jour-
nal of oral science. 2012;54:233-9.

29. Shantiaee Y, Maziar F, Dianat O, Mahjour F. Comparing micro-
leakage in root canals obturated with nanosilver coated gutta-percha
to standard gutta-percha by two different methods. Iranian endodontic
journal. 2011;6:140-5.

30. Fridland M, Rosado R. Mineral trioxide aggregate (MTA) solu-
bility and porosity with different water-to-powder ratios. J Endod.
2003;29:814-7.

Conflict of Interest
The authors declared that they had no conflict of interest.

e33

Efficacy of MTA with nanosilver for root end filling



