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against enterococcus faecalis and compare it
with the effect of different endodontic

irrigant activation techniques.
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Background and objective: The aim of this in vitro study was to assess the efficacy of photody-
namic disinfection against Enterococcus faecalis, and compare it with the effect of different
endodontic irrigant activation techniques.

Methods: Fifty single-rooted premolars with single canals were chosen for the study. Five teeth
were chosen to serve as the negative control group. The remaining samples were infected with
normal Enterococcus faecalis strains. They were then randomly separated into five groups, with
nine teeth serving as a positive control group (E. Cont.). Each group consisted of 9 samples
based on the kind of irrigant activation: E.A (Diode laser), E.B (Ultrasonic), E.C (conventional),
and E.D (FotoSan®). The ProTaper NEXT rotary system up to model X3 was used to prepare all
samples. For each group, 5.25% NaOCI was injected as an initial irrigant with a 30G double-side
vented syringe needle, followed by 17% EDTA, then activated with NaOClI as a final irrigant. CFU
of each sample was counted before and after irrigation regime, and they were compared to the
control group. The efficiency of the disinfection techniques was determined using scanning
electron microscopes (SEM).

Result: The quantity of bacterial colony counting revealed that the control group had the larg-
est mean of a bacterial colony (135.56+50.58); while the FotoSan group had the lowest colony
mean number (23.11+9.82). SEM results indicated that the FotoSan group (5.56+3.16) and Di-
ode laser (5.56+3.57) had the lowest surviving colony mean number.

Conclusion: As an additional method, photodynamic therapy may increase the disinfection ca-

pacity of traditional endodontic treatment against £. faecalisin the root canal.
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Introduction

Endodontic therapy's primary goal is to
minimize any threat to treatment effective-
ness by creating a bacteria-free environment
in the root canal system. Endodontic infec-
tion removal varies from infection removal
in most other parts of the human body. Be-
cause root canals have a unique structure
and physiology, host attempts to remove the
infectious organism from other places are
insufficient to totally eradicate endodontic
infection.'. The root canal system is com-
pletely debrided utilizing a combination of
mechanical shaping with endodontic tools
and chemical disinfection of root canal sys-
tems using the various irrigation chemicals
and activation procedures available.”.
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Endodontic infections are polymicrobial,
with complex bacterial interactions and an-
aerobic species predominating. A heteroge-
neous consortium of around 600 microor-
ganisms organized in biofilms. Enterococ-
cus faecalis has been identified as one of
the most prevalent microorganisms found
in infected root canals and retreatment pa-
tients.. They are the most typically in-
volved bacterium in both asymptomatic and
symptomatic chronic infections. Endodon-
tists have significant difficulty due to the
organism's complicated nature. The failure
rate for post-treatment apical periodontitis
ranges from 24% to 77%, with Enterococ-
cus faecalis being responsible for up to
77% of therapeutic failures.”.
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Endodontic therapy now includes a wide
variety of irrigation treatments. Dentinal
tubules penetration, antibacterial activity,
smear layer removal, stability, and substan-
tive efficacy are all being enhanced in their
formulations. None of the irrigation options
appear to possess all of the desired charac-
teristics.

Before to the invention of sonic and ultra-
sonic activation techniques, conventional
syringe irrigation was supplied as an effec-
tive and readily available method of irriga-
tion. However, several studies have found
that the irrigant solution has only a limited
influence beyond the needle tip due to dead
water zones or even air bubbles in the apical
canal segment; hence, irrigant apical pene-
tration is hampered .

Various mechanical devices have been
developed during the last few decades to
enhance irrigation penetration and efficacy
in the root canal space. Endoactivator, a
sonic tool, is used to vigorously agitate the
irrigant solution in the root canal. Remov-
ing the smear layer and dislodging clumps
of simulated biofilm may also assist in
deeper penetration of an irrigant to all parts
of the endodontic space and successfully
remove debris from the lateral canal.® Ac-
cording to research, ultrasonic activation
can improve accessory canal cleanliness in
the apical third of the root canal system and
increase the depth of irrigating solution pen-
etration into the dentina.

The use of high-power diode lasers
and photo-activated disinfection were two
new root canal disinfection approaches
(PAD). In comparison to chemical disin-
fectants, which have a depth of penetration
of just 100 pm, the Diode laser has a strong-
er bactericidal impact irradiation and a
greater depth of penetration (up to
1000 ym into  dentinal tubules). Irrigant
penetration is impeded by the increasing
narrowing of the diameter of deep dentinal
tubules.’

When a dye, acting as a photosensi-
tizing agent, absorbs photons from a light
source, its electrons reach an excited state,
also known as the triplet state. When a sub-
strate, such as oxygen, is present, the photo-
sensitizer returns to its basic state and trans-
fers energy to the substrate, resulting in the
formation of extremely cytotoxic free radi-
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cals such as superoxides and singlet oxy-
gen.'” By permanently oxidizing cellular
components, these very reactive molecules
can cause significant injury to bacteria, re-
sulting in damage to the cell membrane,
mitochondria, nucleus, and other microbial
cell components. It is an antibacterial de-
vice that uses low-level laser light to acti-
vate a harmless photosensitizer as well as
the nascent oxygen created by dyes. It is
used in root canal treatment as an alterna-
tive or addition to disinfection techniques. °

Methods
Fifty single-root premolars with single ca-
nals were chosen to be used in this research.
Those teeth had just been pulled for ortho-
dontic purposes. Caries, root resorption,
severe curvature, root fracture, operational
therapy, and fractures were not present. To
prevent dryness of the tooth root surfaces,
they were stored in a container filled with
normal saline. A periodontal scaler was
used to mechanically clear them of tooth
calculus and soft tissue remnants. The sam-
ples were then prepared to be decoronated
with a diamond disk and confirmed with an
electronic caliper to have a length of 12 mm
coronally to the apex. The canals' patency
was then confirmed using a file 10 k-file.
And the working length was fixed to 11 mm
after the file point was extruded beyond the
apical foramen. Following confirmation of
the working length of each sample. Before
sculpting the canals with Protaper Next
files, the foramen was extended to k-file
#10 to create a standardized foramen.
Following root canal preparation,
the expanded apical foramina were sealed
with flowable resin composite cured with a
cordless curing light to minimize bacterial
leakage, avoid solution extrusion beyond
the apex, and imitate the natural environ-
ment of the tooth inside the oral cavity.""
Molds for holding the teeth were
made from a water pipe cut to (22 mm
height) and a heavy body impression com-
bined with a catalyst. Each pipe was filled
with heavy body silicone that had been ap-
plied to it. The samples were carefully put
in the impression material in the pipe before
it was set, leaving the coronal section of the
root exposed (2mm). The pipes were then
left in place for the impression to take ef-
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fect. The silicon impression was molded in
the pipe that had previously been prepared
in order to achieve a uniform location and
orientation of canal preparation. The sam-
ples were randomly separated into five
groups based on the final irrigation that will
be employed later. Those molds were se-
cured to a table with the help of a table jack
that was secured to the table. Each group
had ten teeth chosen at random. All of the
teeth and their associated pipes were coded
and secured to the table.

Each sample was instrumented using Prota-
per NEXT fifth-generation rotary files
(Dentsply Maillefer, Ballaigues, Switzer-
land) and an NSK ENDO-MATE Endodon-
tic Motor (TC2 Japan). accordance to the
manufacturer's recommendations, by a se-
ries of X1, X2, and X3 at 300 rpm and 3.5
Nem A 10# K-file was used to recapitulate
each ProTaper NEXT rotary file sequence.
Irrigation solution was also administered
between each endodontic rotary file using a
30-G Double side-vented endodontic irriga-
tion needle and 2 ml of 5.25% NaOCI
(Chlora XiD, Cerkamed, Poland).

After decoronation and instrumentation, the
root samples were soaked in EDTA for 1
minute before being placed in the ultrasonic
tub. The samples were then immersed in
5.25% NaOCI for 1 minute before being
placed in an ultrasonic tub to sanitize the
surface of the roots. They were then im-
mersed in pure distilled water '*To maxim-
ize disinfection, each root canal was irrigat-
ed with 2 ml of 5.25% NaOCl and then with
normal saline to eliminate the impact of the
NaOCl. Those samples were thoroughly
dried using paper point X3.

Before placing the samples in the sterilizing
pouches, they were all covered in aluminum
foil. To minimize cross contamination, all
samples were placed in separate pouches.
After all of the samples were sealed with
sterilization pouches, they were placed in
the autoclave for 45 minutes at 121 °C un-
der 1.5 psi pressure to verify that no micro-
organisms remained.”> Five samples were
chosen at random and inculated on Muller
Hinton agar to guarantee full sterilization.
the first part of the study, the 12 specimen’s
discs were divided into two equal subgroups
to simulate two different methods of
fluoride application to the materials
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(Transbond plus color change, Resilience,
Transbond XT), namely, brushing with a
fluoride-containing toothpaste or gel
application.

Vitek 2 (bioMérieux, Inc, Hazelwood, MO)
bought and confirmed standard strains of
Enterococcus faecalis (ATCC 29212). After
isolation, a single colony of E. faecalis from
a 24-48-hour culture was chosen and put in
Brain Heart Infusion (BHI). This was inoc-
ulated for 48 hours at 37° C in an incubator.
After incubation, bacteria were serially di-
luted to achieve the appropriate colony
forming unit (CFU)/ml per plate concentra-
tion. A series of dilutions were carried out
till 1/100000 was obtained. Using a sterile
micropipette, each sample was infected with
10 puL of prepared Enterococcus faecalis
and incubated for 48 hours at 37° C. After
incubation, the control group was swapped
and cultivated on Mueller Hinton agar
plates to be compared later with the samples
that would be disinfected."

The forty-five infected teeth were randomly
split into five groups of nine samples each.
Nine samples were chosen to serve as the
control group, which means they did not go
through any disinfection procedures. The
control group's swabs were then grown on
Mueller Hinton agar. Following the comple-
tion of the inoculation onto the Mueller
Hinton agar culture, the CFU of the control
group was counted, and the mean value for
Enterococcus faecalis was 135 X 107,
which was subsequently utilized as a stand-
ard quantity of CFU for comparing the sam-
ples to the control group. The sample
groups were as follows:

Group E. Cont.: Control Group: 9 teeth
without irrigation.

Group E. A: Ultrasonic group: Each root
canal was irrigated with 4 ml of 5.25%
NaOCl solution. The irrigation suspended 1
ml of sodium hypochlorite 5.25 % NaOCI,
then 1ml of 17% EDTA for 2 minutes. Fol-
lowed by Iml of NaOCI that was ultrasoni-
cally activated for 20 second per cycle by
using a woodpecker ultrasonic system with
tip E12 (Ufile size 25). The cycle was re-
peated for three times. NaOCl was re-
freshed at each cycle by 1 ml

Group E. B: Diode laser group: Each root
canal was irrigated with 4 ml NaOCl solu-
tion (5.25%) that was finished in 2 minutes.

EDJ Vol.6 No.2 Dec 2023


file:///F:/my%20files/بحوثvol6%20no%202/amanda/Race,%20J.,%20Zilm,%20P.,%20Ratnayake,%20J.,%20Fitzsimmons,%20T.,%20Marchant,%20C.,%20&%20Cathro,%20P.%20(2019).%20Efficacy%20of%20laser%20and%20ultrasonic‐activated%20irrigation%20on%20eradicating%20a%20mixed‐sp
file:///F:/my%20files/بحوثvol6%20no%202/amanda/Mohammadi,%20Z.,%20&%20Shalavi,%20S.%20(2021).%20ANTIMICROBIAL%20ACTIVITY%20OF%20QMIX:%20A%20REVIEW.%20Int.%20J.%20Clin.%20Dent.,%2014(3),%20353-358.
file:///F:/my%20files/بحوثvol6%20no%202/amanda/Cain%20D.,%20Hanks%20H.,%20Weis%20M.,%20Bottoms%20C.,%20and%20Lawson%20J.%20(2017)%20Microbiology%20Laboratory%20Manual%20B2420.%20Collin%20County%20Community%20College%20District,%20McKinney,%20TX.37.

doi.org/10.16218/ed;j.2023.13

Amanda George Haskiyal, Dara Hamarashid Saced

NaOcl 5.25% was agitated with 940 nm di-
ode laser, Biolase iLase diode lasers, the
delivery was by fiber-optic endodontic tip,
E2 with the tip diameter of 200 um. Speci-
mens were irradiated with 1.08 W, CW
mode; the fiber tip was inserted 2 mm from
the apex, in contact mode, and helicoidal
movement in a speed of 1mm/s (by hand
training) from apical to cervical direction
(Figure 2). This was accomplished in 18 s
and repeated two times resulting in a total
irradiation time of 36s for each samgle ac-
cording to manufacturer instructions.
Group E. C: Conventional group: Each
root sample was irrigated with 4ml of
NaOCl 5.25% by using 30G side vented
needle was fixed to the syringe. 3ml was
finished, followed by Iml EDTA then again
flushed by Iml of NaOCl 5.25%
(ChloraXiD).

Group E. D: FotoSan group: Same proce-
dure was applied as a conventional group
followed by dryness of the samples prior to
photosensitizer application. Shaking of the
gel that was in a syringe with a suitable nee-
dle before filling the canals with the solu-
tion. The canals were filled with 0.1 mg/ml
of the active ingredient, toluidine blue, low
viscosity of the FotoSan agent for 60 sec-
onds. Stirring of the solution inside the ca-
nals a couple of times to avoid creating air
bubbles by using a small size hand file at
working length. The LED light source
(FotoSan®; CMS Dental; Denmark), pro-
duces red light with a wavelength of 630
nm and intensity 2000 mw/cm?2 for 30 sec-
onds, (Figure 1)."°

Figure 1: A: FotoSan® device. B: Photo-activation proce-
dure

All canals were flushed with normal saline

before being dried with two X3 paperpoints.
Protaper Next (Dentsply, Maillefer, Swit-
zerland), the first was left for 10 seconds,
and the second was to collect a swab, which
was then grown on Muller Hinton agar
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plates and incubated for 48 hours at 37 °C.
After two days of incubation, the CFU was
counted and compared to the control group
using a colony counting device. The culture
plate was deposited in a special waste bag
once each sample's colony counting was
completed. The samples were then prepared
for imaging using scanning electron micros-
copy. Each sample was processed for SEM
by cutting the roots longitudinally in the
buccolingual plane. To produce a guide for
cutting the roots into two equal halves, all
roots were grooved longitudinally on the
exterior surface using a diamond disk. The
diamond disk was then placed on those
guides to cut through the grooves without
reaching the interior canal. The samples
were dehydrated with varying concentra-
tions of ethyl alcohol, and mounted on cod-
ed stubs, and the canal surface was sputter-
coated with a 300 Angstrom gold layer be-
fore being inspected under SEM at magnifi-
cations ranging from X3000-X5000."
Results

Shapiro-Wilk test (Table 1) indicated that
the data follow the normal distribution, be-
cause all PVs are greater than 0.05. In this
study, the control group CFU/ml was 135 X
10”before other samples underwent irriga-
tion. The results of bacterial colony count-
ing showed that the highest mean of the
bacterial colony was found in the control
group (135.56+50.58); while the lowest col-
ony mean number was found in FotoSan
group (23.1149.82).

Furthermore, the results showed that Diode
laser (34.78+24.54), ultrasonic
(37.22+17.11) and conventional groups
were intermediate between control and
FotoSan groups, with the conventional
group (62.784+20.27) having higher colony
number from Diode laser and ultrasonic
group (Table 2). This is clearly shown in
the bar chart below (Figure 3).
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Futerococcus faecalis

45 teeth
Control Group Passive Ultrasonic Diode Laser Conv entional Photo-activation
activation Protocol
CFU counter for each
group
SEM evaluation
Figure 2: Study design for Infection and disinfection method.
Table 1: Shapiro-Wilk
Shapiro-Wilk
Group
Statistic df PV
Ultrasonic 0.902 9 0.263
Diode Laser 0.927 9 0.452
Conventional 0.851 9 0.076
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Table 2: Descriptive statistics of bacterial colonies reduction of the five groups

Group Min Max Mean Standard Deviation
Control 81.00 205 135.56 50.589
Ultrasonic 15.00 71 37.22 17.116
Diode Laser 10 77 34.78 24.545
Conventional 40 101 62.78 20.278
FotoSan 11 38 23.11 9.829

=
=

Identifying the source of substantial dif-
138,56 ferences between groups Post Hoc Tests
(Tukey) were done, and it was discovered
that there was a substantial difference be-
tween the control groups (Diode laser,
ultrasonic, conventional, and FotoSan)
and the FotoSan and conventional groups.
6278 However, there was no significant differ-
ence between ultrasonic with (Diode la-
ser, conventional, and FotoSan) and Di-
ode laser with (conventional and Foto-
San); (Table 4).
The remaining bacteria confirmed by
SEM revealed that the highest mean of
Catol  Ultasonic ~ DiodeLaser ~ Comventiondl  FotoSan the remaining bacterial colony was found
Study groups in the control group (25.33+9.82), while
the lowest remaining colony mean num-
ber was found matching in the FotoSan
Figure 3: Bar chart graph showing the mean group (5.56+£3.16) and Diode laser
values of bacterial colony units. (5.56+3.57), with a small difference in
standard deviation value. Furthermore,
the results revealed that the ultrasonic
(8.89£3.75) and conventional groups had
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the ultrasonic group. The bar chart below

had the same mean value as the control
clearly demonstrates this. (Figure 4).

and FotoSan groups. Despite the fact that
the conventional group (8.89+4.88) has a

Table 3: One-way ANOVA test of bacterial colony reduction between groups

Sources of Varia- Mean
ti Sum of Squares df F PV
—— Square
74011.867 4 18502.967
23.348 <0.001
31699.778 40 792.494
Total 105711.644 44 - - -
Table 4: Post Hoc Tests (Tukey) among the groups
(D Groups (J) Groups Mean Difference (I-J) Std. PV
up up Error
Ultrasonic 98.333" 13.271 <0.001
Control Diode Laser 100.778" 13.271 <0.001
ontro Conventional 72.778™ 13271 <0.001
FotoSan 112.444™ 13.271 <0.001
Diode Laser 2.444 13.271 1.000
Ultrasonic Conventional -25.556 13.271 0.321
FotoSan 14.111 13.271 0.824
Diode L Conventional -28.000 13.271 0.236
r
tode Lase FotoSan 11.667 13271 0.903
Conventional FotoSan 39.667" 13.271 0.036
30
25.33
25
& 20
<
=
Z 15
g
S 10 8.89 8.89
5.56 5.56
5
0
Control Ultrasonic Diode Laser Conventional FotoSan
Study groups
Figure 4: Bar chart graph showing the mean values of the remaining bacteria
colony number.
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Table 6: One-way ANOVA test of remaining bacterial colony between groups.

Sources of Varia- Sum of
tion Squares
Between Groups 2461.689
Within Groups 1258.222
Total 3719.911

Post Hoc Tests (Tukey) revealed a signifi-
cant difference between groups and re-
vealed a significant difference between
the control group and the experimental
group (Diode laser, ultrasonic, conven-
tional and FotoSan). Nonetheless, there
was no statistically significant difference
between ultrasonic with (Diode laser, con-
ventional, FotoSan) and ultrasonic with
(conventional and FotoSan). Besides the
non-significant difference between the
conventional and FotoSan groups; (Table
8).

Discussion
Endodontic therapy considers root canal

Mean
df F PV
Square
4 615.422 19.56 <0.00
40 31.456 5 1

44 - ; ;

irrigation to be a very significant and neces-
sary aspect of eliminating tissue remnants
and bacteria during instrumentation.'® Bac-
teria present in the pulp and root canals are
the primary cause of periapical and pulpal
infections. Root canal treatment is a method
of cleaning, disinfecting, and removing mi-
croflora and inflammatory pulp tissue, as
well as shaping and filling the canal."

Until recently, endodontic infection therapy
was centered on the non-specific massive
killing of endodontic bacteria using broad
range of antimicrobials, primarily sodium
hypochlorite (NaOCl). Root canal infec-
tions are polymicrobial in nature, which
means that a variety of bacteria and/or their

Table (8): Post Hoc Tests (Tukey) among the groups.

) Groups (J) Groups
Ultrasonic
Diode Laser
Control .
Conventional
FotoSan
Diode Laser
Ultrasonic Conventional
FotoSan
. Conventional
Diode Laser
FotoSan
Conventional FotoSan
127

Mean
) Std.
Difference (I- PV
Error
J)
16.444" 2.644 <0.001
19.778" 2.644 <0.001
16.444"" 2.644 <0.001
19.778" 2.644 <0.001
3.333 2.644 0.716
0.000 2.644 1.000
3.333 2.644 0.716
-3.333 2.644 0.716
0.000 2.644 1.000
3.333 2.644 0.716
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interactions are involved in the disease's
development and progression, either direct-
ly or indirectly.*

NaOCI has a limited ability to remove the
smear layer, which may obstruct adequate
cleaning of the dentinal walls and tubules.
As a result, a chelating (demineralising)
agent is necessary to achieve this \simulta-
neously.?!

When comparing the initial subgroups in-
fected with Enterococcus Faecalis and in-
cubated for 48 hours at 37 °C in the current
investigation. These samples were irrigated
and activated, and the findings were com-
pared to a control group in terms of the ca-
pacity of different activation regimes
against this type of bacteria. The antibacte-
rial impact of four disinfection procedures
was studied in vitro and is considered an
addition to chemo-mechanical canal prepa-
ration. Except for the control group, the
four groups were irrigated with 5.25% sodi-
um hypochlorite using a SmL syringe with a
30-G needle.

In terms of antibacterial ability, photody-
namic treatment has been compared to vari-

point is frequently located in the coronal
and central portion of the canal. This is be-
cause irrigating solutions' depth of penetra-
tion and ability to disinfect dentinal tubules
are constrained and do not reach peripheral
regions such as anastomoses connecting
canals, fins, and the most apical section of
the main root canal.**

However, this study has dissimilarity with
the other study,*® the activation of MB oc-
curs at a distance, regardless of direct con-
tact of the light delivery system with the
photosensitizer, and may also be caused by
the low concentration of oxygen available
in the canals, which led to the conclusion
that  conventional irrigation  regime
achieved high percentages of reduction of
E. faecalis than PDT.

Additionally, the statistical analysis of this
study's data showed that there was no sta-
tistically significant difference between the
reduction of bacterial colonies using a di-
ode laser and ultrasonic technology, with
the laser effect coming in second place, fol-
lowed by ultrasonic and conventional irri-
gation, respectively. The removal of debris
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ous activation devices. To disinfect the ca-
nals, ultrasonic, Diode laser, and conven-
tional sodium hypochlorite was employed,
and the colony formation results after the
regime were compared to the control group.
The statistical analysis of this study re-
vealed that Group E.D (5.25% NaOCl +
FotoSan 630®) was the best irrigation and
activation regime among the five irrigation
regimes utilized in this study. In which the
mean value was 23 X 107, and his finding
is consistent with.”*** ¢

One advantage of photosensitization over
traditional antimicrobials is that because the
interaction of highly reactive oxygen with
organic molecules is not specific, any mac-
romolecule within a microbial cell may be-
come a potential target, preventing the de-
velopment of microbial resistance mecha-
nisms. Furthermore, the operation can be
done multiple times.”

The aforementioned findings are also con-
sistent with prior research, which found that
the standard syringe irrigation technique
distributes irrigating fluid no more than 0-
Imm beyond the needle tip. The needle

from the irregularly shaped root canals and
oval-shaped canals was made easier despite
the greater frequency of cavitation leading
to increased acoustic streaming and the
flow of the irrigant at a high velocity,
which was achieved owing to passive ultra-
sonic activation. When compared to laser
irrigation, ultrasonically activated irrigation
has demonstrated lower efficacy, and the
factors influencing these results may in-
clude the placement of the suction, the
width of the irrigation jet, the location and
size of the root canal orifice, and the
amount of irrigant flowing through the ca-
nal. Other elements that affect the duration
of irrigation and the amount of irrigant. %’

The irrigant's penetration gets hindered
when the size of the dentinal tubules de-
creases apically. Because of its inherent
properties of light scattering, increased lo-
cal intensity, and attenuation, the laser al-
lows light to penetrate deeper into dentinal
tubules, leading to its better antibacterial
activity. The diode laser generates thermal
photo disruption in the undisturbed dentin,
resulting in an amplified bactericidal effect
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on the root canal dentin. A contract was
discovered with a research raised by.?®
Images were obtained to supplement the
lab results and were then subjected to scan-
ning electron microscopy to verify the re-
sults of the disinfection level of the irri-
gants. In this study, the degree of disinfec-
tion of the apical part of the root canal was
assessed using magnifications of 3000X
and 5000X. Imaging the root canal walls
using SEM is one of the best approaches to
assess the post-operative root canal assess-
ment.” A large load of the injected bacteria
and debris in the canal at the apical region
could be detected in the SEM pictures for
the Control Group Enferococcus faecalis,
according to the statistical analysis. The
similar mean difference between the Foto-
San group and the Diode laser was ob-
served in the apical sectioned region that
was scanned, and this may have been
caused by increased radicular dentin per-
meability and ultrastructural alterations in
the root canal walls. The kind of irrigation
solution used and the laser's wavelength
affect how well a root canal irrigant ab-
sorbs. Light of a particular wavelength ac-
tivates a photosensitizing molecule linked
to the bacterial/fungal membrane, resulting
in the generation of highly reactive oxygen
species capable of killing microorgan-
isms. %

Marchesan et al. further said that the pro-
cess for laser activation of irrigating solu-
tions is generated by the absorption of laser
energy by the irrigant solution, the for-
mation of vapor bubbles, and the collapse
of the bubbles, sonic streaming, and cavita-

Figure 4: Colony forming unit of control and pho-
toactivated plates sample.
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tion. That explains why using laser results
in fewer residual bacteria.*’

Second, the ultrasonic group with tradition-
al irrigation revealed the same mean values
that were more bacterial appeared left in
comparison to the other groups. As it is
difficult to entirely eliminate the leftover
bacterium, since the apical third's smaller
size compared to the other thirds impedes
the circulation and action of the irrigating
solutions. Other research has found agree-
ment.®! > Ghinzelli et al. underline that
using ultrasonic activation on photodynam-
ic treatment boosted its potential for den-
tinal tubule cleansing.”

anaty O e y ECa O10
nization on root canal walls of the samples treated
with FotoSan®.

Conclusion

Our findings show that photodynamic
treatment is effective as a bactericidal
agent in a tooth model contaminated with
Enterococcus faecalis, although it does not
completely eliminate the contaminating
bacteria. As an adjuvant method, it has the
potential to boost the antibacterial ability
of traditional endodontic therapy against E.
faecalis. A longer irradiation duration may

EDJ Vol.6 No.2 Dec 2023



be advised to improve the effect.
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