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ABSTRACT

Background: To evaluate the effects of hydrogen peroxide (H202) and boric-
acid(BA) on E. faecalis biofilm with or without photo-activation by
Germinator (Design for Vision, USA).

Materials: Biofilm formation was provided on sterilized dentin discs. Five
groups were created(n=8): 1.5%, 3% and 5% H202; 5 and 10% BA. Each was
exposed to irrigation-solutions with or without photo-activation. ‘Biofilm
killing-percentage’ (100%), (CFU/ml) was calculated, colony-counting was
performed. One-way analysis of variance, Duncan, Tukey's tests were
provided.

Results: All irrigants reduced the number of viable-bacteria in biofilm
(p<0.05). The results demonstrated that H20: was able to achieve 100%
eradication of E. faecalis biofilm both with and without photoactivation.
10% BA with or without photo-activation was found more effective than 5%
BA concentration (p<0.001). Effects of H,02 with or without photo-activation
on biofilm was higher than BA groups (p<0.001).

Conclusions: H;0; with or without photo-activation is an effective solution
against E. faecalis biofilm. 5 and 10% BA seem promising against E. faecalis
while 10% seems more effective regardless the effect of photo-activation.
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Arka plan: Hidrojen peroksit (H202) ve borik asidin (BA), Germinator (Design

for Vision, ABD) ile fotoaktivasyonlu veya fotoaktivasyonsuz E. faecalis
biyofilmi tizerindeki etkilerini degerlendirmek.

Materyaller: Sterilize edilmis dentin disklerinde biyofilm olusumu sagland.
Bes grup olusturuldu (n=8): %1,5, %3 ve %5 H202; %5 ve %10 BA. Her grup,
fotoaktivasyonlu veya fotoaktivasyonsuz irrigasyon soliisyonlarina maruz
birakildi. ‘Biyofilm oldiirme yiizdesi' (%100), (CFU/ml) hesaplandi, koloni
sayimi yapildi. Tek yonlu varyans analizi, Duncan ve Tukey testleri
uygulandi.

Bulgular: Tum irrigasyon soliisyonlar1 biyofilmdeki canli bakteri sayisim
azaltti (p<0,05). Sonuclar, H202nin hem fotoaktivasyonlu hem de
fotoaktivasyonsuz olarak E. faecalis biyofilminin %100 oraninda yok
edilmesini saglayabildigini gosterdi. Fotoaktivasyonlu veya
fotoaktivasyonsuz %10 BA'min, %5 BA konsantrasyonundan daha etkili oldugu
bulundu (p<0.001). Fotoaktivasyonlu veya fotoaktivasyonsuz H:02'nin
biyofilm lizerindeki etkileri, BA gruplarindan daha yiiksekti (p<0.001).

Sonuglar: Fotoaktivasyonlu veya fotoaktivasyonsuz H202, E. faecalis
biyofilmine kars1 etkili bir ¢coziimdur. %5 ve %10 BA, E. faecalis'e kars1 umut
verici goriinmektedir, ancak fotoaktivasyonun etkisinden bagimsiz olarak
%10 daha etkili gorinmektedir.

Anahtar Kelimeler: Biyofilm, Borik asit, Cimlenmeyi hizlandirnci, Hidrojen
peroksit

Introduction

Endodontic treatment of the mechanically and chemically cleaned root
canal cavity is concluded by filling it with antibacterial agents and
restoring by providing a tight sealing.' Anatomical variations, iatrogenic
errors, changes such as species, resistance, biofilm formation and
virulence factors of the microorganisms may cause difficulties and
failure in endodontic treatment steps.? Although the predominant
micro-organisms in the root canal cavity are eliminated by mechanical
shaping and chemical irrigation, studies have shown that intraradicular
residual microorganisms continue to exist.> In the studies performed, E.
faecalis was determined as the most frequently detected resistant
species in the samples taken from the root canal cavities of the teeth
with re-periradicular infection.*¢

E. faecalis is an important bacterial species and reported to be resistant
to antimicrobial agents used.?® It has ability to survive even at very high
pH concentrations (pH=11,1) and salt concentrations.” It is not affected
by most antimicrobial agents® and the extracellular polymeric matrix
formed by these biofilm-forming bacteria is resistant to most irrigation
solutions.® E. faecalis cannot be isolated in the root canals at the
beginning of the root canal treatment, however can be isolated after
the second appointment® and can be carried into the root canal by saliva
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when coronal sealing is not achieved in the intermediate sessions.
When root canals are infected with E. faecalis, it can maintain its
vitality for up to 12 months by the help of the strength of its biofilm,
even when there is not enough nutrients in dentin canals or at root
dentin and canal filling material interface."

Hydrogen peroxide (H:02) is a weak acid often used as a disinfectant. ™
H20: solution has no organic tissue solvent activity. Therefore, should
be used in combination with NaOCl for an effective endodontic
irrigation.'>'* After H,0; interacts with the NaOCl solution, salt, water
and two molecules of oxygen are released.” In this case, it causes
complications such as emphysema due to foaming and oxygen gas
density, and obstruction in the root canals due to salt formation."
Therefore recently it is not used during the endodontic treatment.

Boric acid (BA) has emerged as a potential alternative in recent
studies.” Evidence from human stem cell models suggests that BA
facilitates osteogenic differentiation and promotes bone tissue
formation.'®' In a study carried out by Tirk et al.2°, smear removal
ability and erosive effect of 5% BA was compared with EDTA, citric acid
and Dean solution. The results showed that it was not as successful
solution as the others tested in removing the smear layer and it did not
cause erosion on dentin layer. The effect of 2%, 4%, and 6%
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concentrations of BA solution on E. faecalis was evaluated in another
study and it was concluded that the antimicrobial activity of BA
solution increased in a dose-dependent manner while the material
was still not as effective as NaOCL.?'

The photo-activation method is a technique based on the transfer of
light energy.? In this method, specific dyes or chemicals (such as
oxygen molecules) may be used to facilitate energy transfer.? The
carriers used in this context are molecules with an affinity for light
energy. After being introduced into the tissue, these chemicals
interact with the energy of the applied light and begin to behave like
free radicals, initiating a cascade of reactions in the surrounding
cells.?2 These chemicals are referred to as ‘photo-sensitizers'. In the
field of endodontics, photosensitizers can be used in the elimination
and disinfection of necrotic tissues.? The aim of the photo-activation
method is to transfer as much light as possible to the target tissue.?*
Here, when a strong light source is applied for an appropriate time,
the energy that emerges will have an antimicrobial, anti-carcinogenic
effect in accordance with the purpose of use.?

After the definition as ‘photo-sensitizer’, H.0, was recommended to
be used in the photo-activation method. Diode laser devices (LED)
were used in the past for this purpose while they had relatively high
costs and that LED devices were capable of photo-activation under
suitable conditions.?> Research later focused on producing LED devices
with appropriate wavelengths. For this purpose, a prototype of a
device called "Germinator”, which allows using 405 nm wavelength for
photo-activation at suitable times, has been developed.? In a recent
study using Germinator device, the antimicrobial efficacy of distilled
water, H202 (1.5% and 3% concentration) and CHX was compared. The
results showed that light activation of 3% and 1.5% H.0: has provided
the highest antimicrobial activity.?

E. faecalis is still a problem in endodontics clinic and different
concentrations of BA against E. faecalis is unclear. Furthermore,
photo-activation of BA in comparison with H:0; needs evaluation.
Thus, the aim of this research was to compare different
concentrations of H.0; solution (whose effectiveness has already been
proven to increase with the Germinator device) with two different
widely used concentrations of BA, and to investigate whether the
effectiveness of these solutions on the E. faecalis biofilm change with
photo-activation by Germinator. The null hypothesis is that there is
no difference in the antimicrobial effectiveness of H202 and BA on E.
faecalis biofilm regardless of their concentration or photo-activation
by the Germinator device.

Material and Methods
Ethical approval

This study is ethically approved by Non-Interventional Clinical
Research Evaluation Commission, Faculty of Dentistry, Selcuk
University with the decision number of 2020/61.

Preparation of Antimicrobial Agents

OrthoBoric acid (H3BOs) was purchased to obtain BA (Merck 100165
Boric acid for analysis EMSURE, Germany). The product was stored at
+10°C until use according to user instructions. 5% and 10%
concentrations of BA solution were obtained from the crystals
dissolved in distilled water (H:0) by measuring with the help of a
precision balance one day before its use in the experiments.? H,0,
solutions of 3 and 6% (Aropi Kimya, Selcuklu, Konya; Advanced
Diagnostic and Research, Medico Kimya, Dudullu, istanbul) were
provided. The 3% H20: solution was measured with the help of
precision balance and mixed with 2/1 distilled water and 1.5% H.0:
solution was obtained while 6% solution was measured with a precision
balance and mixed with distilled water at a ratio of one-fifth, and the
desired H20: solution was obtained at a concentration of 5%.

Investigation of the Efficacy of Antimicrobial Agents on Biofilm
Models

Preparation of the dentin discs

In this study, sound extracted premolar teeth extracted for
periodontal and orthodontic reasons, were used. The obtained teeth
were stored in 0.1% thiol solution at 4°C until use. In order to obtain
dentin discs, the teeth were placed in the prepared plastic cuffs with
a diameter of 2.5 cm using autopolymerizing acrylic resin. Each tooth
was fixed to an industrial precision sectioning device (Micracut 125,

Metkon, Bursa, Turkey). Two 2-mm thick horizontal sections were
obtained from the pulpal surfaces of the coronal dentin using ISOMET
(diamond coated cutting discs) (Buehler, Lake 53 Bluff, IL, USA) under
water cooling. In order to discuss the results compatible with the
literature, peripheral enamel was removed and the dentin discs were
prepared with an internal diameter of 6 mm. The discs were then
stored in phosphate buffered saline (PBS) at +4°C.

In order to remove the smear layer formed on the dentin discs during
the sectioning process, they were washed with 2 ml of 2.5% NaOCl
followed by 17% EDTA solution in an ultrasonic bath for 3 minutes.
Afterwards, the dentin discs were randomly packed in order to prevent
contamination and sterilized by autoclaving. For sterility control, 2
dentin discs were randomly selected from each group (n=8) and
contamination control was performed by incubating them in brain-
heart infusion (BHI) broth (Merck, Germany) for 24 hours at 37°C.%

E. faecalis Inoculation and Biofilm Formation

E. faecalis (ATCC 29212) strain was passaged on blood agar (Merck,
Germany) and incubated at 37° C for 24 hours. At the end of the
incubation period, the purity of the culture was confirmed by colony
morphology, Gram stain and catalase tests. Bacterial suspension was
prepared from pure bacterial culture with a densitometer (Biosan,
DEN-1B, Latvia) at a density of MacFarland 1 (3 X 108 CFU/ml).? Sterile
dentin discs were placed in 24-well tissue culture plates. For biofilm
formation, 1.8 ml of BHI broth containing 1% glucose (Merck, Germany)
and 0.2 ml of bacterial suspension were placed in each well of the
tissue culture plate. It was incubated at 37°C for 21 days under aerobic
conditions. During the incubation period, the BHI broth was renewed
every 48 hours to provide nutrients to the bacteria and prevent their
death.? At each medium change, 100 pl of sample taken from the
sterility well was inoculated into blood agar and sterility control was
performed. At the end of the incubation period, the dentin discs were
removed from the wells and gently washed with sterile phosphate
buffered saline (phosphate buffered saline; PBS) for 1 minute to
remove the media residue and plankton.?The irrigation solution and
activation methods used according to the groups are presented in
Table 1.

Table 1. The irrigation solution and activation methods used
according to the groups

Group 1 1.5% H,0
1.6% H;0,
3% H:0,
3% H20,
5% Hz0,
5% H.0,
5% BA
5% BA
10% BA
10% BA

Group 2 Photo-activation
Group 3
Group 4 Photo-activation
Group 5
Group 6 Photo-activation
Group 7
Group 8 Photo-activation
Group 9
Group 10

Group 11 (positive
control)
Group12 (negative
control)

Photo-activation

Irrigation solution was not applied.

It was treated with BHI broth containing 1% glucose and no bacteria were
inoculated.

Eight dentin discs without irrigation solution were used as the positive
control group, and 8 dentin discs treated with BHI broth containing
only 1% glucose were used as the negative control group. In addition,
two more dentin discs for each group were subjected to the same
applications in order to visualize the biofilm formation and elimination
by Scanning Electron Microscopy (SEM).

Determination of The Efficacy of Antimicrobial Agents on E. faecalis
Biofilm

Before the irrigation solution was applied, the dentin discs were
transferred to another sterile plate to form random groups, and the
irrigation solutions were applied for 3 minutes. Photo-activation was
provided with Germinator (Designs for Vision, Bohemia, NY, USA) on
the dentin discs in photo-activation groups. At the end of the period,
the dentin discs were transferred to sterile plates and washed with PBS
to remove the remaining irrigation solution.?

After the application, the dentin discs were carefully transferred to
sterile microcentrifuge tubes containing 1 ml of BHI broth, and then
the biofilm layer was separated by vortexing 3 times for 30 seconds
(IKA, USA) and sonication for 30 seconds (Protech, PMYU12, Turkey).
In order to count viable bacteria, 0.1 ml of the homogenate was
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transferred to sterile microcentrifuge tubes containing 0.9 ml of BHI
broth, serial dilutions were made up to 10°. 50 ul of each dilution,
seeded on two blood agars and incubated at 37°C for 24 hours under
aerobic conditions. At the end of the period, colony counts were
made and colony forming units per milliliter (CFU/ml) were
calculated. The ‘biofilm killing percentage’ was calculated as 100%.
Two samples from all experimental groups were fixed in
glutaraldehyde solution after the procedure to control whether
biofilm was formed, and 2 samples for each to evaluate the
effectiveness of the antimicrobial agents and the activation method
used.

Table 2. Average number of viable bacteria and percentage of
killing after activation of E. faecalis biofilms with different
concentrations of H;0: and BA solutions, alone and with the
Germinator device.

%1,5 H:0, EX 100
%3 Hz0 E? 100
%5 Hz0, EX 100

%1,56 H:0,+G E? 100
%3 H:0,+G EX 100
%5 H:0,+G E? 100

%10BA+G 6,31+0,20° 92

%5 BA+G 6,70+0,12° 88
%10 BA 7,09+0,03 77

%5 BA 7,32+0,05° 61
Positive Control 7,76+0,04"

P value*
One-way Analysis of Variance post hoc Duncan test**

The difference between groups is indicated as superscript.
G letter represents activation with the Germinator device.
E letter represents the empty bacteria growth

0,000+

The samples, which were transferred to the imaging laboratory after
fixation, were first washed in the laboratory with pure sterile distilled
water, then 60%, 70%, 80%, 90% and 100% pure alcohol, respectively,
and dehydrated by keeping them in an incubator at 37°C for 24 hours.
Dehydrated samples were covered with gold-palladium coating and
visualizedunder ZEISS-EVO40 model Scanning Electron Microscope
(SEM). In order to determine the percentage of biofilm killing in the
groups, the formula (1-[mean CFU solution/mean CFU positive
control group]x100) was used over the mean value determined in each
group.

Statistical Analysis

Priority Shapiro-Wilk normatity tests were performed on the data
obtained before and after the application of the antimicrobial agent
to the biofilms formed on the dentin discs. SPSS 20.00 program (IBM
SPSS Statistics 20, SPS inc., IBM Co., Somers, NY) was used for
analysis. One-way analysis of variance was used to evaluate the data
in statistical analyzes, and post-hoc Duncan test was used for multiple
comparisons. Tukey's test, one of the multiple comparison methods,
was used to determine the differences between group means, and
95% significance level was accepted for statistical evaluation (P<
0.05).

Results

The accuracy of the methodology was confirmed by observing that
the mean CFU count (expressed as log CFU/ml-1) of E. faecalis was
high (7.76+0.04 log CFU/ml-1) in the positive control group. No
growth was detected in the negative control group. In the SEM images
obtained, dense bacterial communities covering the surface of the
dentin discs in the positive control group and the formation of the
extracellular matrix that allows these bacteria to bind to the dentin
surface and to each other were observed, and biofilm formation was
confirmed. Dentin structure and presence of dentin canals were also
observed in the negative control group. All endodontic irrigants
significantly reduced the number of viable bacteria in the biofilm in
2 minutes compared to the positive control group (p < 0.05). There
was no bacterial growth in the groups in which Hz02 solution was used
(Groups 1, 3) and in the groups in which the solution was photo-
activated with the Germinator device (Groups 2, 4). The ‘biofilm
killing percentage’ was calculated as 100%, and thus, 1.5%, 3% and 5%
concentrations of H.0. were determined to eradicate E. faecalis
biofilm. In the SEM images obtained, it was observed that the
bacterial communities on the dentin tissue were much less than the
positive control group and the bacterial communities observed were

amorphous bacterial communities. H202 solution and photo-activated
forms with Germinator after a 2-minute action time are shown in
Figures 1 and 2).

Figure 1. Examination of E. faecalis biofilm formed on dentin discs
by SEM under X5000 and X10.000 magnifications after applying 1.5%,
3%, 5% H20z irrigation solutions for 2 minutes (Respectively).
Bacterial assemblages and amorphous appearances are indicated by
orange arrows and dentin canal orifices by green arrows.

Figure 2. Examination of E. faecalis biofilm formed on dentin discs
by SEM under X5000 and X10.000 magnifications after applying 1.5%,
3% and 5% H20:z irrigation solutions for 2 minutes and photo-
activating with the Germinator device (Respectively). Few bacterial
communities and their amorphous appearance are indicated by
orange arrows and dentin canal orifices by green arrows.

In BA groups without photo-activation, the mean number of viable
bacteria was calculated as 7.32+0.05 log CFU/ml-1 and 7.09+0.03 log
CFU/ml-1, respectively. However, the mean number of viable
bacteria in BA groups activated by the Germinator device was
calculated as 6.70+0.12 log CFU/ml-1 and 6.31+0.20 log CFU/ml-1,
respectively. Biofilm killing percentages were determined as 61% in
group 5% BA group and increased to 88% with photo-activation. While
the percentage of killing was calculated as 77% with 10% BA, it was
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determined that it increased to 92% with photo-activation.
Concentrations of 10% BA alone and activated with the Germinator
device were found to be more effective than 5% BA concentrations
(p<0.001). Compared to the SEM images of the other groups, bacterial
communities were observed more in the SEM images of the groups in
which BA was used, while the appearance of the dentin canals was
less dense (Figures 3,4).

Figure 3. Examination of E. faecalis biofilm formed on dentin discs
after 2 minutes of 5% and 10% BA irrigation solutions with SEM under
X5000 and X10.000 magnification (Respectively). Dense bacterial
communities and extracellular matrix formation are indicated by
the orange arrow. Rare dentin canal orifices are shown with green
arrows.

Figure 4. Examination of E. faecalis biofilm formed on dentin discs
under X5000 and X10.000 magnifications by SEM after 5% and 10% BA
irrigation solutions were applied for 2 minutes and photo-activated
with the Germinator device (Respectively). Dense bacterial
communities and extracellular matrix formation are indicated by
the orange arrow. Dentin canal openings cannot be seen clearly.
Dentin canal orifices are shown with green arrows.

For comparisons between the groups, log CFU/ml values were used.
There was a statistically significant difference between the groups
(p<0.001). The effects of H.0, with or without photo-activation on E.
faecalis biofilms were statistically significantly higher than the BA
groups (p<0.001).

Discussion

In this study, H202 solution, which was recommended in the past as
the endodontic final irrigation solution but gained popularity again
with photo-activation methods?® and different concentrations of the
BA solution, were used as irrigation solutions. Hence the hypothesis
of the study that that there is no difference in the antimicrobial
effectiveness of H20; and BA on E. faecalis biofilm regardless of their
concentration or photo-activation by Germinator device, is rejected.

Scientific studies examining root canal treatments have shown that
although it is not the dominant species in primary infections, the most
frequently isolated and dominant species in endodontic cases
requiring endodontic retreatment and persistent infections is “E.
faecalis”."""* E. faecalis has the capacity to form a biofilm, it can
connect with the collagen tissue in the dentin tissue through the
gelatinase enzyme, and it has properties that strengthen the defense
system with its durable colonization ability.? In addition, E. faecalis is
capable of inhibiting host defense. For this reason, E. faecalis is often
preferred in endodontic microbiology studies when an experimental
model will be constructed with a single species.3! In order to provide
clinical conditions, many studies have been carried out by evaluating
polymicrobial biofilms of different species. However, our study was
carried out using only the E.faecalis biofilm model, for reasons such
as the ability of E.faecalis to survive without the need for any
microbiological symbiosis’ and its capacity to form biofilms.

The choice of model-specific strains to be constructed in
experimental models is important both for the standardization and
comparability of the studies and allows the continuation of the
experimental setup.’?3 For this reason, ATCC 29212 strain of E.
faecalis, which is reported to have biofilm forming capacity, whose
genotype is known and preferred in many studies, was used in our
study. 3+

Different models have been described in biofilm studies conducted
with E. faecalis. In the present study experimental model, which is
known as the Modified Calgary Model is preferred. The major
advantages offered by the Modified Calgary Model are its multiple
equivalent biofilms that can be used for testing and its ease of use
furthermore, this model requires no pumps or tubing, making the
process much simpler to set up. 33 Dentin tissue is preferred since it
is a suitable substrate for standardization, reproducibility of
experiments and simulation of clinical environments.3"%

The depth of biofilm increases in direct proportion to the length of
the incubation period and the most preferred incubation period in the
literature is 21 days.?33? Biofilm in appropriate depth and maturity
could be provided with 21 days incubation period in the present study
(Figure 6). The presence and absence of biofilm is demonstrated by
using SEM (Figure 5).

Figure 5. Demonstration of non-contamination of dentin discs in the
negative control group by SEM under X5000 and X10.000
magnification. Dentin surface and dentin canals are observed.

SoWATSEl  Magn 500KX BT1500W SoWATSE uac. 1000KX  [OP
1Frobe= 150pa "0 Wo143mm | Probo= 150pA "0 —

Wo 143 mm

)

Figure 6. Examination of E. faecalis biofilm formed on the dentin
discs of the positive control group by SEM under X5000 and X10.000
magnification.

In this study, the H20:2 solution was used due to its enhanced efficacy
when used in conjunction with the Germinator device. It has been
stated that the H:0: solution, which has proven its effectiveness
against anaerobic bacteria with its ability to transfer oxygen ions to
the environment, is found effective against E. faecalis thus it can be
used also for the elimination of the biofilm produced by this
bacteria.® H;0; solution is generally not preferred as irrigation
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solution because it is inactivated in the presence of organic tissue and
it does not have organic tissue solvent activity.'? While in the previous
studies it was reported that H20:. solution was hydrolyzed. It’s
effectiveness was evaluated by methods such as passive ultrasonic
activation, activation with iron compounds, activation with laser and
photo-activation.**3 In a previous study, Germinator device, which
was put on the market for the same purpose in 2022 was evaluated
and it was reported that in the solutions used as mouthwash, H202
increased the antimicrobial activity by photo-activation.?® In our
study, H202 was used in order to test the effectiveness of Germinator
device and to compare its effectiveness with BA. The results showed
that activation of H.0; with the Germinator device, even at 5%, 3%
and 1.5% concentrations, was effective against E.faecalis.

Since the effect of 5% BA was found not sufficient on smear layer, it
has been reported that its effectiveness can be increased by using it
in combination with solutions such as citric acid, EDTA, etc., which
can remove the smear layer.? In a previous study, the antimicrobial
activities of 1%, 2%, 4% and 6% concentrations of BA solution against
different microbiological strains were evaluated on a time basis. The
results showed that BA solution, which does not have antimicrobial
activity against E. faecalis at 1% concentration showed antimicrobial
activity at 10th minute with 2% concentration, at 5’th minute with 4%
concentration and at 1st minute with 6% concentration.** In our study,
it was determined that 10% concentration showed more antimicrobial
effect than 5% concentration in accordance with the literature. The
results also showed that activating 5% concentration of the BA
solution with the Germinator device showed more antimicrobial
activity than the 10% concentration showing that photo-activation
increases BA efficiency more than the concentration. This result can
be explained by the energy absorption of BA after photo-activation,
the molecule changing effect of light or possible chemical changes
within the irrigant. For detailed analysis, the properties of the
solutions before and after photo-activation should be evaluated.

In the present study, extracted human teeth are used. The
differences among the dentin structures might have affected our
results. Photo-activation is provided by Germinator device directly on
flat dentin surfaces. The results might be different if the photo-
activation was provided by a special apparatus which could be applied
through the root dentin. H:202 was used in order to test the
effectiveness of photo-activation. Furthermore, the BA solutions
were prepared by the researchers. For oral use of BA affectively,
more studies should be carried on and clinical studies are needed.

Conclusion

Within the limitations of this in vitro study, the following results were
withdrawn:

1-  H202 solution and activation of this solution with the Germinator
device was found effective against E.faecalis biofilm.

2- 5% and 10% concentrations of the BA solution have antimicrobial
activity against E.faecalis biofilms and this activity increases by
photo-activation.

3- BA can be used as irrigation solution against E.faecalis biofilm
while further studies are necessary in order to determine the
safety of BA in endodontics field.

4- Photoactivation did not alter the efficacy of H20:.
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