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Introduction: Photodynamic therapy (PDT) is an emerging alternative therapy to conventional
endodontic treatment to optimize bacterial elimination. The aim of this study was to evaluate the
in vitro antibacterial effect of PDT combined with different irrigation protocols on root canals
inoculated with Enterococcus (E.) faecalis. Methods and Materials: Ninety uni-radicular human
premolars were prepared and contaminated with E. faecalis for 4 days. Teeth were randomly
divided into six groups: positive control group (C+) consisted of conventional needle irrigation
with 2.5% sodium hypochlorite (NaOCI); negative control group (C-) consisted of no treatment
after contamination; PDT group as treated with 0.005% methylene blue and diode laser irradiation
for 90 sec at wavelength of 660 nm, energy of 9 Joules, power of 100 mW; the fourth group
consisted of NaOCI+PDT, the fifth group were treated with passive ultrasonic irrigation (PUI)
with NaOCI+PDT (PUI+PDT); and the final group were treated with XP Endo Finisher with
NaOCI+PDT (XP Endo+PDT). The contents of the root canals were collected with sterile
absorbent paper points at two times: before and 24 h after decontamination protocols. The number
of colony-forming units (CFU) was determined for each root canal. ANOVA and the Tukey test
were used, with significance set at 5% (P<0.05). Results: The inhibition percentage ranged from
10.72 (C-) to 100% (XP Endo+PDT), with CFU/mL counts differing among all protocols tested
(P<0.05). The different protocols significantly influenced bacterial inhibition (P<0.05). However,
the XP Endo+PDT protocol resulted in the highest inhibition percentage (100%), followed by
NaOCI+PDT (65.85%). Conclusions: PDT combined with different final irrigation protocols was
more effective in inhibiting E. faecalis growth than photodynamic therapy alone. XP Endo was the
best irrigation protocol to eradicate this microorganism.
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Introduction

Among residual bacteria, Enterococcus (E.) faecalis is the most
common species found in treated canals and has been indicated as

he primary goal of endodontic treatment of necrotized teeth is

to eliminate or reduce bacterial populations inside the root canal
to levels that allow the healing of the periradicular tissue [1]. The
anatomical complexity of the root canal system makes complete
bacterial debridement almost impossible [2]. Even if conventional
methods are replaced by modern techniques that use nickel-titanium
files, more than 35% of the root canal surface may remain
uninstrumented after non-surgical endodontic treatment [3].

the main pathogen involved in endodontic treatment failure due to
its malevolent ability to survive under difficult environmental
conditions [4, 5].

In an attempt to overcome the limitations of conventional
endodontic treatment, new adjuvant strategies have been
introduced to reduce or eliminate microorganisms, increasing the
success rate of this treatment [1]. Among these strategies,
photodynamic therapy (PDT) [5-8] passive ultrasonic irrigation
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(PUI) [8, 9] and XP Endo Finisher system (FKG Dentaire, La
Chaux-de-Fonds, Switzerland) [10, 11] have been associated with
improved cleaning and disinfection of the root canal system.

PDT had emerged as an adjunct to conventional endodontic
treatment to optimize bacterial elimination [12]. This technique
consists of the application of non-toxic photosensitizers that are
activated by light at specific wavelength in the presence of oxygen.
The energy transfer from the activated photosensitizer to available
oxygen results in the formation of toxic oxygen species, known as
singlet oxygen and free radicals [4]. The cell wall and membrane of
microbial cells are the main targets of the photodynamic process,
but DNA damage may also occur [4].

In endodontics, photosensitizers derived from phenothiazine
salts have been widely applied in studies on PDT. Methylene blue is
one of the main photosensitizers used as a target for
microorganisms of the endodontic microbiota [13, 14].

During chemo-mechanical preparation, irrigation solutions act
as disinfectant, lubricant and cleaning agents that assist in
neutralizing microorganisms, their byproducts tissue remnant and
elimination which have been produced by dentin cutting
instruments [1]. Irrigation with conventional syringe has been
reported to be inefficient in cleaning the more apical portions of the
root canal system [15]. Therefore, different final irrigation protocols
have been recently introduced in endodontics, promising to
optimize root canal disinfection. Irrigation techniques based on
some type of agitation, such as passive ultrasonic irrigation, have
shown superior results compared to conventional needle irrigation
[10] by facilitating penetration of irrigants and removal of the smear
layer [16]. The efficiency of PUI is explained by the production of
acoustic waves, cavitation and heat generation, which assist in the
removal of dentinal tissue remnants and scraping residues [17].

XP Endo Finisher is a new instrument used as final step in the
irrigation of root canals. It is a size 25 non-tapered file that respects
the original anatomy of the root canal and effectively cleans
irregular areas due to its high flexibility and capacity of expansion
for three-dimensional adaptation to the root canal [18].

The individual antimicrobial effect of PDT, PUI and XP Endo has
been discussed in recent studies [6, 8, 10], but this is the first study to
investigate the combination of these protocols for inhibiting E.
faecalis in root canals. Therefore, the aim of this study was to evaluate
the in vitro antibacterial effect of PDT combined with different

irrigation protocols on root canals inoculated with E. faecalis.
Materials and Methods
Selection and standardization of specimens

The present study was approved by the Ethics Research
Committee of the Medical Sciences Center, State University of
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Paraiba, Brasil, under Protocol No. 79027617.8.00005187. This
step was the same for all groups. Ninety uni-radicular human
premolars were selected. After periapical radiography and
careful inspection, teeth with straight canals and fully formed
apices, which exhibited no endodontic obturation, cracks or
fractures, internal or external resorption or anomalies, were
selected. Teeth were transversely cut at the cementum-enamel
junction with carborundum disc (KG Sorensen, Barueri, SP,
Brazil) to establish a single length of 15 mm for all roots.

The working length was set at 1 mm short of the apical
foramen. Specimens were instrumented according to
manufacturer recommendations using the Reciproc® R40 rotary
system (VDW, Munich, Germany) with tip diameter of 0.40
mm. After each instrument change, irrigation, aspiration and
filling with 2.5% sodium hypochlorite were performed with
NaviTip® needles (Ultradent, South Jordan, UT, USA) using
Ultradent® (Ultradent).  After
instrumentation, the smear layer was removed with 5 mL of 17%
EDTA (Biodinamica, Parand, Brazil) for 3 min [5] followed by

final irrigation with 5 mL NaOCl and 5 mL sterile saline.

Irrigation-Aspiration  Kit

After this step, the apex of specimens was sealed with Riva
Light Cure® glass ionomer restorative cement (SDI, Victoria,
Australia) and root surfaces received a double layer of clear nail
polish (Colorama, SP, Brazil). Specimens were transferred to
flasks containing brain-heart infusion broth (BHI; Oxoid,
Basingstoke, UK) and autoclaved for 20 min at 120°C and 1 atm.
Specimens were incubated for 24 h at 37°C to confirm sterility.

Contamination of specimens with Enterococcus faecalis

The contamination protocol was based on method proposed by
Andrade et al. [19]. Pure Enterococcus faecalis cultures (ATCC
29212) were inoculated in tubes with screw caps containing 5 mL
BHI. This suspension was mechanically shaken and adjusted in
spectrophotometer at 800 nm to concentration equivalent to 1.0
McFarland (3.0x10®  bacteria/mL). The total
contamination period was 4 days, with alternating centrifugation

standard

cycles. On the first day, the inoculum was prepared. On the first
and third days, tubes were centrifuged twice at four speeds (1400,
2000, 3600, and 5600 g) for 5 min at 25°C. On the second and
fourth days, tubes were centrifuged at 3600 g for 5 min at 25°C.
Turbidity was the indicator for bacterial growth in result of
bacterial
microbiological tests. After the contamination period, canals were

infiltration and this content was submitted to

dried with absorbent paper points, which were immersed in BHI
for 24 h at 37°C for microbial culture and subsequently the
material from the canal was analyzed. Contamination with E.
faecalis was confirmed by the bile-esculin test [20] and tolerance
to 6.5% NaCl.
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Groups

Specimens were randomly divided into four experimental groups
(n=15), positive control group (n=15), and negative control group
(n=15), as described below:

C+group (positive control)

Conventional needle irrigation was done in this group. The root
canal was irrigated with 1.5 mL of 2.5% sodium hypochlorite for
60 sec using 30-gauge irrigation needle (Ultradent, South Jordan,
UT, USA) placed at working length and moved in vertical
movements.

C-group (negative control)
Specimens in this group were not treated after contamination with
E. faecalis cultures.

PDT group

The canal was filled with 0.5 mL of 0.005% methylene blue as
photosensitizer (Chimiolux, Aptivalux, Belo Horizonte, MG,
Brazil), with pre-irradiation period of 5 min. Subsequently, fiber
was inserted into the root canal. Diode laser (Therapy XT, DMC
Equipamentos Ltda, Sdo Carlos, SP, Brazil) emitting red light at
wavelength (1) of 660 nm and operating in continuous wave
(CW) mode (power of 100 mW, energy of 9 J, and spot size of
0.028 cm?) was used. Irradiation was performed for 90 sec. The
fiber was moved inside the root canal in apical-cervical helical
movements. The root canal was irrigated once again with 5 mL
sterile saline to remove the photosensitizer.

NaOCI+PDT group

The specimens were irrigated with 1.5 mL of 2.5% NaOCI as
described for the C+ group. In addition, PDT was performed
using the same parameters as described for the PDT group.

PUI+PDT group

The root canal was irrigated with 1.5 mL of 2.5% NaOCl, followed
by ultrasonic agitation with E1 Irrisonic tip (Helse Dental
Technology, SP, Brazil) coupled to ultrasound apparatus
(JetSonic BP, Gnatus, Ribeirdo Preto, Brazil) for 60 sec with tip
positioned 1.0 mm short of the working length. After this
procedure, PDT was performed as described for the PDT group.

XP Endo Finisher+PDT group
After introduction of XP Endo in the working length, the root
canal was irrigated with 1.5 mL of 2.5% NaOCI using 30-gauge
Ultradent needle. The XP Endo file was used inside the root canal
at speed of 800 rpm and torque of 1 Ncm for 60 sec. After this
procedure, PDT was performed as described for the PDT group.
After the protocol in experimental groups, root canals were
irrigated with sodium thiosulfate to neutralize sodium hypochlorite
[5]. Then, they were irrigated with 5 mL of sterile saline.

Sample collection and microbiological analysis

In all groups, samples were collected for microbiological analysis
at two times. The first sampling was performed before the
application of protocols to confirm contamination of specimens
(base line). The second sampling occurred immediately after
contamination and microbiological analysis was performed 24 h
post incubation of absorbent paper points placed in microtubes
(containing brain-heart infusion broth in oven at 37°C) to
evaluate microbial reduction.

Samples were collected using three sterile #40 absorbent paper
points (Dentsply Maillefer, Ballaigues, Switzerland) after irrigation of
canals with 5 mL sterile saline. The paper points used were transferred
to tubes containing 1.0 mL BHI and vortexed (IKA' Vortex 3 Genius,
Wilmington, NC, USA) for one min. Turbidity of the culture
medium was measured in spectrophotometer (Shimadzu UV mini-
1240, Kyoto, Japan) at 540 nm and the number of colony-forming
units (CFU) per milliliter was calculated.

Statistical analysis

Data were computed and analyzed using the IBM SPSS Statistics
20.0 software (IBM Corp., Armonk, NY, USA). The root canal
disinfection protocol (test groups) was used as the independent
variable. The quantity of bacteria observed was the dependent
variable (response). The assumption of normal data distribution
was confirmed by the Shapiro-Wilk test and parametric tests were
also applied. Mixed analysis of variance (ANOVA) was used to
detect statistically significant factors or interactions that interfered
with the response variable. Multiple comparisons of means were
performed using Tukey’s HSD post-hoc test [21, 22]. The
significance level was set at 5% (P<0.05) in all analyses.

Results

Table 1 shows the comparison of bacterial counts (CFU/mL) at
the two times among the different groups. The inhibition
percentage ranged from 10.72% (C-) to 100% (XP Endo+PDT).
CFU/mL counts were different among all protocols tested
(P<0.05). In addition, the different protocols significantly
influenced bacterial inhibition (P<0.05). The XP Endo+PDT
protocol resulted in the highest bacterial inhibition percentage
(100%), followed by NaOCI+PDT (65.85%) (Table 1).

Data also showed the inhibition percentages for the other
protocols:  NaOCL+PDT  (65.85%+4.25%), PUI+PDT
(42.51%+6.04%), PUI (39.02+4.68) and PDT (15.15%+4.06%).
In addition, the inhibition results for Control+group was
38.00%+4.24%, while for Control-group, inhibition results
were 10.72%+5.87%.
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Discussion

In this study, the in vitro effect of photodynamic therapy associated
with different final irrigation protocols for reducing E. faecalis
contamination in the root canal system was evaluated. The results
of this study showed that the different protocols tested all
significantly influenced bacterial inhibition, and the XP Endo+PDT
group provided the highest bacterial inhibition percentage.

Enterococcus faecalis was used in this study because it is one
of the most resistant microorganisms found in endodontic
infections, whose prevalence is higher in secondary than in
primary infections [23]. Since most endodontic treatment
failures are related to microorganisms that persist after
conventional endodontic treatment (chemo-mechanical
preparation or intracanal medication), new strategies need to be
tested in order to maximize E. faecalis elimination.

The tooth contamination protocol chosen in this study was
based on method proposed by Andrade et al. [19], which allows
higher and more homogenous proliferation compared to other
methods. These factors are essential for antimicrobial studies
using in vitro models of endodontic infection since they provide
more accurate results and avoid false negatives. Although
Andrade et al. [19] evaluated contamination of dentinal tubules
in bovine teeth, satisfactory contamination of the canal of
human teeth was obtained in the present study.

The size of the root canal preparation can influence the
efficacy of irrigation procedures [24]. In this study, uni-radicular
teeth were prepared with #40 instrument (with 0.6 taper). This
apical diameter is clinically relevant and allows effective syringe
irrigation [25]. In addition, uni-radicular teeth with straight
canals were selected to reach comparable bacterial load in all
groups, as well as to reduce anatomical variation and achieve
standardized sampling.

Table 1. Comparison of bacterial counts (CFU/mL) at two times
among different groups

Group (g;séxi) 24h (CFU/mL) % Inhibition
C+ 5207 (247) 3229 (2.16)%  38.0 (4.24)
& 4358 (237)™ 3891 (1.34)% 1072 (5.87)
PDT 5147 (298)  43.67 (1.05)¥  15.15 (4.06)
NaOCLPDT 4776 (2.65)" 1631 (L61)™  65.85 (4.25)
PUL+PDT 47.89 (3.10)%  27.53 (1.88)% 4251 (6.04)
XP Endo+PDT  44.16 (2.67)™ 0.0 (0.0)% 100.0 (0.00)

Results are reported as mean (SD). Means followed by different superscript letters
differ significantly (P<0.05): uppercase letters compare values in the same row
(intragroup comparison: baseline vs 24 hour); lowercase letters compare values in
the same column (intergroup comparison: C+ vs C- vs PDT vs NaOCI+PDT vs
PUI+PDT vs XP Endo+PDT). PDT: Photodynamic therapy, NaOCI: Sodium
hypochlorite, PUI: Passive ultrasonic irrigation
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Comparative analysis of bacterial counts (CFU/mL) at
different times of final irrigation protocols combined with PDT
compared to other groups revealed substantial reduction of
bacterial populations. These were all significantly more effective
compared to control groups; confirming the important role of
irrigation in bacterial reduction. The determination of CFU
inside the root canal for assessing the efficacy of disinfection
methods has been applied in a number of in vitro studies [5,15].
Despite being low-cost and easy method for determining
bacterial counts, it remains questionable whether CFU truly
reflect bacterial growth inside the root canal.

In the present study, PDT without the use of sodium
hypochlorite resulted in lower bacterial inhibition percentage
(15.15% inhibition) compared to the other groups in which 2.5%
NaOCl irrigant was used. It is evident that PDT combined with
saline is insufficient to reduce microbial loads and the use of
irrigation solutions with proven antimicrobial activity, such as
NaOCl, is necessary. This fact corroborates Samiei et al. [6]
suggesting that PDT may be an effective adjuvant method in
root canal disinfection but cannot be used alone. Some studies
have found that PDT significantly reduces E. faecalis counts in
infected root «canals when compared to traditional
instrumentation/endodontic irrigation protocols [6,14, 26], but
contradicting results have also been reported [9, 13, 27].

Similar to the present study, methylene blue as the
photosensitizer and red light with 665 nm wavelength were
used in other studies investigating E. faecalis elimination in
root canals of extracted teeth; they reported bacterial reduction
up to 97% [28, 29]. The results of these studies indicated the
potential of PDT as an adjuvant antimicrobial procedure after
chemo-mechanical preparation, but also highlighted the
importance of an adequate or com PDT protocol for bacterial
reduction in root canals.

Bumb et al. [30] used diode laser at 910 nm and power of 1
W, with pre-irradiation period of 10 min and three irradiation
cycles for 20 sec, and observed higher efficacy in the PDT
group compared to the control group submitted to
conventional chemo-mechanical preparation. Ng et al. [31]
evaluated the efficacy of PDT with red light (665 nm) using
methylene blue as photosensitizer (concentration of 50
mg/mL), power of 1 W, and total energy dose of 30 J/cm? The
pre-irradiation time was 2 min, followed by two irradiation
cycles for 5 min with 2.5 min intervals. Teeth were divided into
two groups: conventional cleaning of root canals (CC) and
PDT+CC. The results showed the superior efficacy of
PDT+CC compared to CC alone, in agreement with the
present findings.

The studies of Soukos et al. [28] and Nagayoshi et al. [32]
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showed that PDT is more effective in eliminating E. faecalis
than conventional instrumentation/irrigation. However, these
studies differ in terms of laser parameters used, including
diode laser (635 nm, 805 nm and 628 nm wavelengths,
respectively), output power (1 W, 1 W and 5 W, respectively),
and photosensitizer type (methylene blue, indocyanine green
and toluidine blue, respectively). In the studies by Bago et al.
[14] and Rios et al. [33], the irradiation time was 60 and 30 sec,
respectively. However, Pagonis et al. [2] and Foschi et al. [29]
irradiated root canals for 5 and 10 min, respectively. Still, there
is no consensus in literature regarding the most effective PDT
parameters for E. faecalis elimination in dental root canals.
Some studies have reported superior antibacterial activity
of PUI over conventional irrigation [34, 35] while others found
no difference [36, 37]. In this study, antimicrobial activity was
higher for PUI+PDT group compared to group submitted to
conventional needle irrigation (C+). In the study by Ramazani
et al. [8] , in the PUI group, the removal of residues from the
apical third of the root was more effectively performed.
According to Bao et al. [10], the different findings can be
attributed to differences in the methodological designs, root
canal type of incubated bacteria/biofilm,
instrumentation protocol, irrigation solution, PUI protocol,

anatomy,

and conventional needle irrigation parameters. It may also be
possible that areas not infiltrated by the irrigation were not
sampled for microscopic analysis.

The present results are similar to those reported by Azim et
al. [11] regarding bacterial reduction inside the root canal,
with XP Endo providing significantly higher bacterial
reduction (98.2%) than other irrigation techniques. Likewise,
Bao et al. [10] using XP Endo as final irrigation protocol
observed greater biofilm reduction in areas of difficult access
in the root canal system compared to conventional irrigation
and PUL In the above study, samples obtained from the root
canal also revealed greater bacterial reduction for XP Endo
groups, at a rate of approximately 99%.

Enterococcus faecalis is able to penetrate dentinal tubules and
to form biofilms, which represent a challenge for the dispersion
of antibacterial agents [38]. Thus, microbiological sampling with
absorbent paper points is a limitation of the present study, since
it only allows analyzing the microbiota inside the main root
canal. Consequently, bacteria present in areas inaccessible to
mechanical debridement, such as small accessory canals or
dentinal tubules, were not collected. Further studies are
necessary to determine the efficiency of irrigation protocols in
different canal anatomies and multi-radicular teeth. In addition,
in vivo studies will provide the scientific basis so that the
protocols tested can be safely used in clinical practice.

Conclusion

PDT combined with different final irrigation protocols was
more effective in inhibiting E. faecalis than this therapy alone. In
addition, XP Endo Finisher was the best irrigation protocol in
inhibiting this microorganism.

Conlflict of Interest: ‘None declared’.
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