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ABSTRACT

Aim: evaluate the antibacterial effect of nano based intracanal medicaments Magnesium Oxide
Nanoparticles (nMgO) comparing to conventional Calcium hydroxide.

Materials and methods: 80 human uni-radicular teeth were decoronated then instrumented
using Protaper universal Rotary File System till file (F4). After being infected with E. faecalis
the samples were allocated into four equal experimental groups based on the type of intracanal
medicament used namely: Magnesium Oxide Nanoparticles paste, Calcium hydroxide paste,
Magnesium Oxide Nanoparticles plus Calcium hydroxide paste, and negative control group. The
roots were cultured for 21 days after being arranged vertically in sterilized glass tubes. Using Paper
points Size 40, shaved dentin chips were gathered for bacterial culture. In order to measure the
antibacterial activity, bacterial colony-forming units per milliliter (CFUs/ml) were used. The data
were analyzed using one-way ANOVA followed by Tukey’s post hoc test. The significance level
was set at p<0.05. Statistical analysis was performed with R statistical analysis software version
4.4.2 for Windows

Results: The highest count was found in the control group, followed by nMgO, then the
Calcium hydroxide group, while the lowest count was found in calcium hydroxide+ nMgO group.

Conclusion: Magnesium Oxide Nanoparticles plus Calcium hydroxide paste mixture was the
most effective in suppressing the bacterial load of E. faecalis, after a 21-days incubation period.

KEYWORDS: Magnesium Oxide Nanoparticles, Nanoparticles in Endodontics, Intracanal
medicament.
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INTRODUCTION

One bacterial species that is frequently seen in
contaminated root canals is Enterococcus Faecalis,
or E. faecalis. It promotes virulence factors that
invade dentinal tubules and adhere to the root
canal’s dentin surface to form a biofilm, such as
digestive enzymes and cytolysin. 129

The complex structure of the root canal
system makes it challenging to use traditional
instrumentation techniques to achieve the best
possible disinfecting. Root canals have been
disinfected using a variety of techniques. Endodontic
biofilm can be managed chemically by irrigation
and mechanically through cleaning and shaping
during biomechanical treatment.

In order to eradicate the pathogens in root canals,
intracanal medications have been considered an
essential step. The most popular intracanal drug used
in endodontics is calcium hydroxide (Ca (OH),)
because of its antibacterial effects. The bacterial
cell membrane, DNA, and protein structure are
destroyed by its high alkalinity, which is brought on
by the release of hydroxyl ions. Despite its benefits,
E. faecalis is resistant to (Ca (OH),) high pH.

Incorporating  nanoparticles into  various
dental materials has been promoted recently. The
medication’s antibacterial effectiveness was intended
to be enhanced by the addition of nanoparticles.
Because of their increased surface area, charge
density, and polycationic/polyanionic nature,
which allow for better contact with bacterial cells,
nanoparticles have higher antibacterial efficacy.
They can disperse antibacterial agents far into
the dentin. The biocompatibility and antibacterial
activity of inorganic nano metal oxides, even at low

concentrations, have drawn increased interest. (9

Numerous writers have addressed the use of
nanoparticles in irrigation in their works. The
antimicrobial properties of nano metal oxides
as irrigant have been proven but further studies
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considering the ability of using nanomagnesium

oxide as intracanal medication is required.
Therefore, the aim of the present study was to
evaluate the antibacterial effect of nano based
intracanal medicaments (Magnesium  Oxide
nanoparticles) comparing to conventional Calcium
hydroxide. The null hypothesis stated that there is
no difference between using nMgO, Ca (OH), or
combination of them as intracanal medicaments
(ICM) during root canal treatment in the reduction

of the E. faecalis count.

MATERIALS AND METHODS

Ethical regulations

An ethical clearance obtained for the proposal
of the research from the ethics and postgraduate
committee of the faculty of Dentistry, Minia
University in their session (Meeting no 106,
Date:30/4/2024, Approved no 907) before carrying
out the study.

An informed consent signed by the patient whose
teeth used for the study before extraction.

Sample size calculation

The minimum total required sample size (n)
was found to be (8) samples. The sample size was
increased to account for possible failures during
testing to be (80) samples (20 samples per group).

Selection of samples

Eighty uni-radicular human teeth that had been
extracted for orthodontic or periodontal reasons
were gathered. Preoperative radiographs in both
buccolingual and mesiodistal directions were taken.
Roots with Carious lesions, resorption, calcification
and fracture were excluded.

Sample preparation:

All collected teeth were stored for two minutes in
NaOCl 5.25% for surface disinfection, soft tissues
dissolution, then the teeth’s external root surfaces
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were preserved in saline to avoid dehydration after
being cleansed with a curette for removing calculus
and periodontal tissues. Crowns were cut off until
each root measured 15 mm.

The patency of each canal was assessed by
inserting sterile ISO K-files size #15 (Micro Mega
SA, Besancon, France) into the apical foramen
and pushing back until the file flushed with the
visible apical foramen, using the Protaper universal
Rotary File System (DENTSPLY, Switzerland), all
teeth were mechanically prepared in compliance
with the manufacturer’s instructions with the aid
of E-connect S Wireless Endo-motor (Changzhou
Sifary Medical Technology Co., Ltd) at speed
300 rpm and 1.5N.cm as a torque according to the
instructions of manufacture.

Three milliliters of 2.5 percent sodium
hypochlorite (NaOCl) were used to irrigate the
samples in order to eliminate organic debris. One
milliliter of 17% Ethylene Diamine Tetra Acetic acid
was then added (EDTA Prevest Denpro Limited/
REF 50002/India) to remove inorganic debris.
Finally, each sample were irrigated with 5 milliliters
of distilled water using 30-gauge needle (Fanta
dental. China) to get rid of any residual previous
irrigants, then samples autoclaved for 20 min at
121 °C using steam air autoclave (Rundeer Control

Equipment Co, Ltd)

Preparation of microbial Culture:

E. faecalis strains were obtained from Reference
laboratory of Egyptian University Hospitals -Cairo.

E. faecalis (ATCC 29212) was grown in brain
heart infusion (BHI) agar at 37 °C until log phase.
Sample Classification:

All samples (n = 80) was allocated into four
groups at random based on medication.

e Group A (n= 20): No medication (negative
control)
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e Group B (n= 20):

Nanoparticles paste (nMgO Paste).

Magnesium  Oxide

e Group C (n=20): Calcium hydroxide.
¢ Group D (n=20): Ca (OH), + nMgO Paste.

Infection of the root samples:

e E.faecalis log-phase culture (30 L) was added
to the root canals. Subsequently, the samples
were incubated for 21 days to facilitate the
formation of mature biofilms. (8) All procedures

were conducted within a biosafety cabinet. (7)

e Every operation was completed at Deraya
University’s Faculty of Pharmacy at Minia.

Intra-canal medication:

Following the period of contamination, 3 ml of
sterile saline were used to irrigate each specimen,
and sterile paper points #40 (GAPADENT CO.,
LTD., TianJin City, PR. China) were used to dry
them

*  Group A: No medication.

*  Group B: Readymade nMgO gel was applied
into each root canal using premixed syringe.
The whole volume was delivered to ensure that
the canal was filled.

e Group C: Calcium hydroxide Metapaste
(MetaPaste, Meta Biomed, Seoul, Korea) was
placed by the tip of the ready-made injectable
paste to make sure that the medicament filled all
the canal and got in contact with all walls.

* Group D: Metapaste (Meta Biomed) and
magnesium oxide gel were added together in a
1:1 ratio to make the combined mixture easier to
handle and apply into the canals using a sterile
plastic syringe with the tip of the prefabricated
injectable paste was subsequently modified to
the working length.
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Methods of evaluation:

After sealing the canal orifices with Teflon
and placing the specimens in safety cabinets the
samples were incubated for 7 days at 37°C. The
Teflon seal was taken off following the incubation
time. Protaper universal Rotary File System F4 was
utilized at 300 RPM and 2 N.cm torque to remove
the medication. Sterile saline solution was used to
irrigate the root canals, and a sterilized paper points
# 40 were used to dry them. Sterile #40 H-files
are used to harvest dentin from the root canals of
every specimen in each group, along the all working
length of the root canal.

Each file was placed in a sterilized Eppendorf
test tube containing 1 milliliter of sterile saline and
vortexed for 30 seconds then 20 ul of this content
was plated on (BHI) agar for 48 hours to count the
colonies of E. faecalis.

Colony forming units (CFU) were used to count
and record growing colonies.”’ every outcome
was gathered, totaled, and subjected to statistical
analysis

Statistical analysis:

The standard deviation (SD), mean with 95%
ClIs,
values were used to display the numerical data.

minimum (min.) and maximum (max.)

By examining the data distribution and applying

Remon Girgis Yacoub, et al.

the Shapiro-Wilk and Levene tests, respectively,
they were investigated for normality and variance
homogeneity. The distribution was skewed, and the
Box-Cox transformation was used to normalize the
data. After the transformation, all the assumptions
were validated. Tukey’s post hoc test was used
after a one-way ANOVA to analyze the results. A
significance threshold of p<0.05 was established.
R statistical analysis software, version 4.4.2 for
Windows, was used to conduct the statistical
analysis.

RESULTS

Intergroup comparisons, mean and standard
deviation values of transformed antibacterial
efficacy (CFU/ml) x 10*are presented in Table (1)
and in Figure (1)

The groups differed significantly from one
another (p<0.001). nMgO (1.48+0.26) (CFU/
ml) 10%, Ca (OH) (1.32+0.09) (CFU/ml) 10*, and
the control group (3.37+0.20) (CFU/ml) 10* had
the highest count, whereas Ca (OH), and nMgO
(1.20+0.20) (CFU/ml) 10* had the lowest count.
The group acting as a control had significantly
higher numbers than the other groups, according to
post hoc pairwise comparisons (p<0.001). They also
demonstrated that nMgO had a substantially larger
count than Ca (OH), & nMgO (p<0.001).

TABLE (1) Intergroup comparisons, mean and standard deviation values of antibacterial efficacy (CFU/ml)

x 104 .
Antibacterial efficacy (CFU/ml) *10* (Mean+SD)
p-value
Ca (OH), nMgO Ca (OH), & nMgO Control
1.32+0.098¢ 1.48+0.26" 1.20+0.20¢ 3.37+0.204 <0.001*

Values with different superscripts within the same horizontal row are significantly different *; significant (p<0.05).

* R Core Team (2024). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/.
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CFU/ml x 10%
~

Control

mCaOH mMgO mCaOH& MgO
- J

Fig. (1) Bar chart showing mean and standard deviation (error
bars) of antibacterial efficacy (CFU/ml) x 10*.

DISCUSSION

Eliminating bacteria from canals and preventing
infection and reinfection by treating the canal
chemically and mechanically are the primary
objectives of root canal therapy. The complicated
architecture of the canals and chronic, long-lasting
infections that allow bacteria to infiltrate deeply into
the dentinal tubules are a couple of situations that
can make achieving this goal challenging."-¥ It was
found that E. faecalis predominated in the majority
of endodontically treated patients that failed."'?

The prevalence of E. faecalis, an opportunistic
bacterium, in cases of chronic periapical diseases
ranges from 29% to 77%.'" After 24 hours, it can
form biofilms, ' but three weeks is enough to
produce a more stable and developed biofilm. In
contrast to immature biofilms, Yang discovered that
mature biofilms are less susceptible to disinfection.
To ensure the presence of a mature biofilm, the E.
faecalis biofilm was grown in this investigation over
a period of three weeks. ¥

Such bacterial species are eliminated using
a variety of methods, particularly in retreatment
situations. In order to decrease the bacterial load,
intracanal medications are injected into the canal
and kept there for a predetermined amount of time.
The intracanal medicaments that are readily used are
calcium hydroxide, chlorohexidine and antibiotic

(3427)

pastes. Calcium hydroxide (Ca (OH),) paste is a
widely used intracanal medicament. ¥

E. faecalis has agreat resistance to alkaline
media."™ As an intracanal medication, normal sized
Ca (OH), shown mild antibacterial activity against
E. faecalis in earlier trials. 1%!71®)

There have been numerous applications of
nanotechnology in dentistry. It was utilized in
irrigation materials, medications, and sealers in
endodontics. The goal of turning regular medication
particles into nanoparticles was to make the
materials denser and more capable of penetrating
deeply into the dentinal tubules for improved
antibacterial activity. ('

In this study, the antimicrobial effects of calcium
hydroxide, magnesium oxide nanoparticles, and
(Ca (OH), + nMgO) on the E. faecalis biofilm were
compared.

The samples selected, cleaned and

each root was reduced to a length of 15 mm for

were

Standardization.”

Root canals were shaped up to F4 rotary file
to create a large reservoir for the irrigant solution.
@9 The samples underwent irrigation with sodium
hypochlorite (NaOCl), followed by 17% Ethylene
Diamine Tetra Acetic acid to effectively remove
organic and inorganic debris from the root canals.
@) The samples inoculated with E. faecalis and
incubated on BHI (specific media for the growth of
the tested microorganisms) for 21 days to facilitate
the formation of mature biofilms. ??

Subsequently, for uniformity and ease of
application and removal, all of the components
utilized in this investigation have been used as
paste. In contrast to nano-silver, nano-TiO2, nano-
copper, and other kinds of nanomaterials and
bactericides, magnesium oxide nanoparticles are
easily made from easily accessible and reasonably
priced precursors, which is why we used them in
our study. **¥
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This study used a 7-day incubation period, as
it is the minimum time required for medicaments
to function effectively as an inter-appointment
medication. ® Since the physiologic saline has
no antibacterial properties, it was selected for
medicament removal. 627

Using colony forming units (CFU), the
antibacterial efficacy of the investigated intracanal
medications was assessed. By assessing the number
of colonies after the test, CFU is the most practical
and reliable technique for accurately determining
the differences the antibacterial efficacies of various
materials. ° The CFU/ml result was calculated by
multiplying the number of visible colonies on an
agar plate by the dilution factor.? According to
the literature, this was the most effective sample
collecting technique for ensuring adequate collection

of bacteria found on all dentin surfaces.®?”

The finding rejects the null hypothesis that there
is no difference between using nMgo, Ca (OH),
or combination of them as ICM during root canal
treatment in the reduction of the E. faecalis count.

The results showed that nMgo paste reduced
the number of colony forming units per milliliter
(CFU/ml) of E. faecalis. Although, nMgO group
showed a higher mean (1.48) (CFU/ml) compared
to the Ca (OH), group (1.32) the difference was
not statistically significant, this finding came
in agreement with Yousefshahi who compared
the effects of metal oxides nanoparticles on the
inhibitory effects of calcium hydroxide based on E.
faecalis species showed that magnesium oxide had
the lowest inhibition zone diameter.®® Furthermore,
Souror showed that nMgO had the least effect in
root canal cleanliness but still has antibacterial
properties, which can contribute to the disinfection
and canal cleanliness of the root canal system.®"

These outcomes could be brought on by the
generation of superoxide anions (O,-), hydroxyl
radicals (*OH), and reactive oxygen species (ROS),
which could damage DNA and bacterial cell
membrane. ¢V
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Additionally, Jin showed that nMgO treatments
cause the cell membrane to distort and break
down, allowing intracellular contents to leak out
and bacterial cells to die. As a result, nMgO was
discovered to exhibit antibacterial activity against
both bacteria and fungi. “?

When Ca (OH), is used alone as an intracanal
medication against E. faecalis, its antibacterial
efficiency is superior to that of MgO. This may
be due to Ca (OH), has a physical barrier and its
hydroxyl ions denaturize DNA and proteins. ¢339

On the other hand, Tewfik who evaluated the
efficacy of an aqueous solution of magnesium oxide
nanoparticles and its ultrasonic activation on root
canal E. faecalis biofilm showed that MgO in the
nano form exhibits superior antibacterial action
these results may attributed to using different
methodology.®> Additionally Monzavi stated that
nMgO aqueous solutions represent promising
antimicrobial activity both in vitro and ex vivo with
minimal toxicity this might be due to superoxide
anions formed on the microbial cell surface were
shown to be bactericidal when magnesium oxide

was present in a hydrous shape. ¢¢

The effectiveness of calcium hydroxide against
E. faecalis is not very noticeable.?” But when nMgO
is added to calcium hydroxide, the medication’s
antibiofilm effectiveness against E. faecalis is much
enhanced.

The idea of adding nanoparticles to current
medications, especially calcium hydroxide, to
enhance its qualities has been studied. Antibacterial
nanoparticles and calcium hydroxide have been
proposed to work in conjunction to promote
that would
antibacterial properties.®® According to the results

synergistic effects improve their
of the previous studies we used a combination of
Ca (OH), and nMgO. Our results showed that the
mean was (1.20) which revealed that Ca (OH), in
combination with nMgO shown superior efficacy
against E. faecalis compared to Ca (OH), alone.
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This finding came in agreement with Yousefshahi
Who stated that the combination of nanoparticles
with calcium hydroxide could significantly create
an inhibition zone larger than calcium hydroxide
alone. ®” Furthermore, at three-week intervals,
Teja assessed that Ca (OH), in combination
with nanoparticles was more efficient against E.
faccalis than Ca (OH), alone®® This might be due
to the particles that are positively charged interact
aggressively with the negative-charged bacterial
cell walls and spores due to their enormous surface
area.’” They also have antibacterial properties
against viruses and bacteria, both gram-positive and
gram-negative.“? the main target of metal oxide
nanoparticles is the bacterial cell wall, which is
composed of surface proteins that allow components
like teichoic acid and polysaccharides that protect
against external factors and host defense to attach
and colonize.“**

On the other hand, Tewfik et al., 2022 who
evaluated the Efficacy of an aqueous solution of
magnesium oxide nanoparticles and its ultrasonic
activation on root canal E. faecalis biofilm showed
that MgO in the nano form exhibits superior
antibacterial action these results may attributed
to using different methodology.*® Additionally,
Monzavi et al., 2015 stated that nano-MgO aqueous
solutions represent promising antimicrobial activity
both in vitro and ex vivo with minimal toxicity
these results may be due to magnesium-oxide
nanoparticles were found to be bactericidal when
present in a hydrous configuration as a result of
activity of superoxide anions established on the
microbial cell surface. ®

The present study has focused specifically on E.
faecalis, highlighting the need for more research in
multispecies biofilm, since endodontic biofilm is
composed of a wide variety of microbial species.
Nanoparticle synthesis remains a restriction and is
not commonly used in therapies. In endodontics,
there is currently little clinical application of
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disinfection based on nanoparticles. Additional
research examining nMgO’s capacity to dissolve
pulpal and necrotic tissues, penetrate dentinal tubes,
and remove the smear layer will be required to
clarify additional facets of its antibacterial activity.

CONCLUSIONS

Under the limitation of the current study the
following can be concluded: in single-rooted
teeth, when compared to either calcium hydroxide
or nMgO alone, the combination was the most
successful in reducing the bacterial load of E.
faecalis after 7-days incubation period but not
statistically significant in comparison to calcium

hydroxide alone.
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