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ORIGINAL ARTICLE

The effect of the combination of cetrimide and
photodynamic therapy in reducing Enterococcus
faecalis load from the root canal system

ABSTRACT

Aim: To evaluate the effect of cetrimide (CT) in combination with photodynamic
therapy (PDT) on the reduction of Enterococcus faecalis in the root canal system.
Methodology: Forty mesiobuccal canals from extracted human mandibular molars
contaminated with the standard strain of Enterococcus faecalis were selected.
Instrumentation was performed using the WaveOne Gold Primary file (25.07) and
specimens were randomly divided into two groups (n=20): PDT - 0.01% methylene
blue photosensitizer was applied for 5 minutes, PDT was performed with 660 nm,
9 J red laser for 90 seconds with fiber optics; CT + PDT - Cetrimide was placed
for 60 seconds, photosensitizer was applied, and PDT was performed as described
in the PDT group. Samples were collected before instrumentation and after dis-
infection procedures for each group. The results were subjected to the Kruskal-Wal-
lis statistical test (Student-Newman-Keuls) with a significance level of 5%.
Results: There was a microbial reduction before and after PDT and CT +PDT
(p<0.0001). The use of CT in conjunction with PDT resulted in a significant increase
in microbial reduction compared to the use of PDT alone (p=0.0226). There was
no significant difference between sample groups in microbial counts performed
prior to disinfection protocols (p=0.5448).

Conclusion: The use of CT in conjunction with PDT proved to be highly effective
in allowing deeper penetration of the photosensitizer into the dentinal tubules,
thus improving the root canal disinfection process.
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The cetrimide associated with photodynamic therapy

Introduction

he goal of endodontic treatment
is to disinfect the root canal
system with the reduction of
bacteria and microorganisms
(1). Techniques include mechan-
ical debridement and shaping of the root
canal system with various systems, intraca-
nal irrigation with antimicrobial agents, and
intracanal medication (2). However, elimi-
nating microorganisms from the infected
canal is a difficult task due to the complex
anatomy with its branches, accessory canals,
and isthmuses. With the technological ad-
vances in microbiological culture and
identification, it is already known that in
teeth with pulp necrosis and without end-
odontic intervention, there is a mixed mi-
crobial colonization with gram-positive and
gram-negative species, with anaerobes
predominating (3). The use of auxiliary
methods in the disinfection process of the
canal system is necessary, especially in the
case of persistent microorganisms (4).
Photodynamic therapy (PDT) has been ex-
plored as an aid in root canal disinfection
(5-7). The technique is based on the use of
photosensitizers (PS) that interact with the
target cell and are excited in the presence
of visible light of appropriate wavelength
(1). In the excited state, called triplet, PS can
transfer electrons to molecules in the me-
dium or transfer energy to the oxygen
molecule. Both reactions produce reactive
oxygen species, free radicals, or singlet
oxygen, which cause the death of bacteria
by damaging the cytoplasmic membrane or
DNA.
Several photosensitizers are available for
each type of light source which did not
induce any damage to the patient and are
safe, and the efficiency of PDT depends on
the penetration of the photosensitizer on the
microbial cell surface (8). The Methylene
blue that was the first phenothiazine dye to
be synthesized. It is very effective in inac-
tivating gram-positive and gram-negative
endodontic bacteria by diode laser irradia-
tion (9). Toluidine Blue is another photosen-
sitizer, that is a thiazine with a z-conjugated
structure and has been shown to absorb
light in the 596-665 nm wavelength range

(10) and has shown to be a highly effective
photosensitizer resulted in a significant
reduction (P =0.0001) of the initial values of
bacteria loads (11). Other photosensitizers
solution is the indocyanine Green, that is a
water-soluble fluorophore used in clinical
research due to its green fluorescence, emit-
ted when excited by near-infrared light, can
be detected using dedicated optical systems
without affecting the surgical field view (12).
Another possible substance to be used as
photosensitizer is the cetrimide, that is a
cationic surfactant (quaternary ammonium
salt) that is in hygroscopic form. It can re-
duce surface tension (13) and has antimi-
crobial activity in aqueous solution. Accord-
ing to Bolfoni et al (14), the addition of cet-
rimide to a 1% NaOCl solution increased
the antibacterial activity to a level like 5%
NaOCL. Some studies has also shown that
cetrimide has good residual activity com-
pared to some antibacterial solutions (15,
16). Wang et al. (17) stated that one of the
explanations for the increase in antibacte-
rial activity of cetrimide on dentin could be
that surfactants enhance the penetration of
the solutions into the dentin tubules by
reducing the surface tension of the solutions.
There are no published studies in the liter-
ature investigating the effect of cetrimide
in combination with PDT to reduce the
Enterococcus faecalis in the root canal
system. The aim of this study was to evalu-
ate the effect of combining cetrimide with
photodynamic therapy on reducing Entero-
coccus faecalis in the root canal system. The
null hypothesis is that there is no difference
in microbial reduction in root canals when
cetrimide is used PDT.

Materials and Methods

Forty recently extracted human mandibular
first and second molars were collected after
approval by the ethics committee of the
local dental research center (CAAE:
510555921.5.0000.5374). The inclusion cri-
teria was fully formed roots and foramen,
multi-rooted teeth with distinct mesio-ves-
tibular and mesio-lingual canals, mesial
canals with moderate curvature between
10° and 20° (18) and root canals with an
initial anatomical diameter compatible with
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a K#10 file. The exclusion criteria were teeth
with previous endodontic treatment, teeth
with internal/external apical resorption,
teeth with radicular carious lesion, teeth
with root cracks visible under the operating
microscope and calcified root canals. The
tooth integrity was assessed under magni-
fication of 16X (DFV, Valenca, Brazil).
Teeth were extracted and preserved in 0.1%
thymol solution (Farmarim, Colatina, Bra-
zil). The root surfaces were scraped with a
No. 14 periodontal curette (Hu-Friedy, USA)
to remove any remaining periodontal liga-
ments. Prophylaxis was performed with a
Robinson brush (Microdont, Sdo Paulo,
Brazil), a pumice stone (Asfer, Sdo Caetano
do Sul, Brazil), and water. After this step
was completed, the teeth were rinsed and
stored in distilled water until the time of
the study.

Standardization of the samples

All specimens were radiographed in the
ortho-radial direction to determine the degree
of mesio-vestibular root curvature. Dental
crowns were cut at the cementoenamel junc-
tion using a double-sided diamond disk (KG
Sorensen Ind. e Comércio Ltda. Sdao Paulo,
Brazil) to standardize root length to 15 mm
and root canals with an initial anatomical
diameter compatible with a K#10 file. The
distal root was cut and discarded. The cer-
vical-apical dimension of the mesial root was
measured with a digital caliper (MTX, Salto
de Pirapora, Brazil) and the measurement
was transferred to a millimeter ruler (Ange-
lus, Lindéia, Brazil). The apical foramen was
sealed with epoxy resin (Araldite, Sdo
Paulo, Brazil) and the outer surface of the
roots, except for the root canal opening, was
sealed with two coats of cosmetic nail polish
(Impala, Guarulhos, Brazil).

Preparation of the Enterococcus faecalis
suspension

The roots were distributed in 24-well cell
culture plates. Standard Enterococcus fae-
calis strain ACTT 19433 (LAB CENTER
Campinas, Brazil) was reactivated at brain-
heart infusion (BHI) (Difco- Detroit, USA)
and incubated in an incubator with 5% CO2
at 37 °C for 24 hours. The 24-hour culture
was grown in a Petri dish containing BHI
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agar and incubated for 24 hours in an incu-
bator with 5% CO2 at 37 °C. After microbi-
al growth, the culture suspension was
prepared in a test tube containing 10 mL of
sterile saline (0.9% NaCl) at a concentration
compatible with standard 10 of the Mc
Farland scale (19) Then, in a sterile test tube,
5 mL of the prepared suspension was mixed
with 5 mL of BHI broth to obtain a suspen-
sion of the final concentration.

Contamination of teeth with Enterococcus
faecalis

To facilitate contamination of specimens,
teeth were first instrumented to working
length (WL) with manual No. 15, 20, and 25
K files (Dentisply Maillefer) and rinsed with
sterile saline. The teeth were sterilized in
an autoclave at 121 °C for 15 minutes (20).
Twenty microliters of the suspension at the
final concentration were introduced into the
root canal using a BD 10 mL syringe (Plas-
tipak, Curitiba, Brazil) with a BD 20x0.55
24G injection needle (Injex Inddstria Cirur-
gica LTDA, Guarulhos, Brazil), and a sterile
cotton swab soaked with the Enterococcus
faecalis suspension was inserted into each
root canal entrance. Absorbent cotton soaked
with sterile distilled water was placed in 4
wells of each cell culture plate to ensure
room humidity. The lid of the plate was
closed and sealed with tape and the set was
incubated in an incubator at 37 °C and 5%
CO2 for 21 days. Every two days, 20 pL of
BHI broth was added to the root canal using
a BD 10 mL syringe with a BD 24G injection
needle, and cotton moistened in distilled
water was replaced in the wells of the plates
(21).

Confirmation of contamination
Confirmation of the viability and purity of
the microorganisms in the root canals was
performed weekly by random sampling on
two teeth using a sterile paper cone #25
(Endopoints, Rio de Janeiro, Brazil). The
cones were left in the canal for 1 minute,
seeded in BHI broth, and incubated for 24
hours in an incubator at 37 °C with 5% CO,
(22). After growth, smear and gram stain
were performed for morphological and
staining confirmation of the microorgan-
isms.
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Microbiological collection before root
canal instrumentation

After 21 days of contamination, samples
were collected before root canal instrumen-
tation by inserting a sterile cone of N°. 25
absorbent paper into each sample. The cone
was held in the root canal for 1 minute and
then transferred to a polypropylene flask
(Eppendorf, Hamburg, Germany) containing
1 mL of NaCl 0.9% shaken for 30 seconds
in a tubular shaker (Vortex AD 56, Phoenix,
Araraquara, Brazil).

Serial dilutions of this suspension were
prepared to a concentration of 10°. Aliquots
of 0.1 mL of the suspension and each dilu-
tion were seeded onto Petri plates contain-
ing BHI agar. The cultured plates were in-
cubated in a 5% CO, incubator at 37 °C for
24 hours. Colony-forming units (CFUs) per
plate were then counted, and the number
of CFUs/mL was calculated.

Biomechanical preparation

of the root canals

Instrumentation and irrigation were per-
formed by the same operator, a specialist
experienced in the use of the system used
in the study. “Before canal preparation, each
specimen was fixed used a table bench vise
and isolated with a rubber dam to simulate
clinical conditions.” During instrumenta-
tion, a sterile gauze (Cremer, Blumenau,
Brazil) soaked in sterile saline (Eurofarma,
Itupeva, Brazil) was used to clean the active
part of the files and remove the adherent
dentin debris. A K#25 file (Dentsply Maille-
fer, Ballaigues, Switzerland) was inserted
into the canal until its tip was visible
through the surgical microscope (DFYV,
Valenga, Brazil) at 8x magnification in the
apical foramen. From this measurement, 1
mm was subtracted to determine the WL.
All roots were prepared using the same
instrument protocol and standardization of
canal diameter. The mesiobuccal canals
were instrumented using the reciprocating
technique (23) with the WaveOne Gold 25.07
file (Dentisply, Maillefer) driven by the
endodontic motor (Saevo), alternating with
the K#10 file used to maintain foraminal
patency. A 5 mL of sterile saline was used
at each instrument change or at each 1/3 of
the prepared root, so that the total volume

per canal was 15 mL. Irrigation was per-
formed using a 5 mL disposable syringe
(Injex, Sao Paulo, Brazil) and an Endo-Eze
27 G irrigation tip (Ultradent, Indaiatuba,
Brazil), with in-and-out movements to WL.
Simultaneously with the irrigation, the ir-
rigation solution was aspirated from the root
canal using a metal cannula positioned at
the entrance of the canal and connected to
a vacuum pump. All canals were dried with
a paper cone.

Classification of the treatment groups
Samples were calculated based on the re-
sults of the pilot procedure performed with
10 results from the microbial counts of the
sample groups using the ANOVA (one-way)
test (G Power 3.1.9.4, Franz Faul, College of
Kiel, Germany) with 0=0.05 and [3=0.80,
effect size f=0.9. The minimum number of
samples calculated for each group was 20.
Roots were randomly distributed (www.
random.org.br) to the following groups
(n=20) (Figure 1).

PDT: 0.01% methylene blue photosensitiz-
er was placed using endo-eze tips with a
lateral exit as an endodontic irrigation
needle for 5 minutes as a pre-irradiation
period. PDT was performed with a low-in-
tensity laser (Lasersmile Hand) using
fiber optics (Lasersmile Hand) with 9 J of
energy, a power of 100 mW, and a wave-
length of 660 nm por 90 seconds. The spot
size was 0.0028 cm?.

CT+PDT: Before PDT, 2% cetrimide was
applied with an irrigation syringe and an
endo-eze irrigation tip for 60 seconds. The
excess cetrimide was removed with a sterile
paper absorbent tip. PDT was then performed
as described in the previous group (24).

Sample collection

Samples were collected before instrumen-
tation and after application of PDT and ce-
trimide+PDT. Samples were collected by
inserting a sterile cone of N°. 25 absorbent
paper into the root canals. The cone was left
in the canal for 1 minute and then trans-
ferred to a polypropylene vial containing 1
mL of 0.9% NaCl, which was homogenized
on the tube shaker for 30 seconds.

Serial dilutions of this suspension were
prepared to a concentration of 10°. Aliquots
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Figure 1

Arithmetic means and
Kruskal-Wallis (Student-New-
man-Keuls) statistical test 6
for the number of colo-
ny-forming units/mL (log10)
in the sample groups.
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PDT: Photodynamic Therapy; CT+PDT: Cetrimide+Photodynamic Therapy, capital letters and different
numbers in horizontal direction: statistically significant differences.

of 0.1 mL of the suspension and each of the ~Results

dilutions were cultured on Petri dishes

containing BHI agar. The colonized plates There was a microbial reduction after PDT
were incubated in a 5% CO, atmosphere at and CT+PDT (p<0.0001). The use of CT as-
37 °C for 24 hours. The number of CFU per  sociated with PDT resulted in a significant
plate was then counted and the number of increase in microbial reduction compared

CFU/mL was calculated. to performing PDT alone (p=0.0226). There
was no significant difference between sam-
Statistical analysis ple groups in microbial counts performed

The results were analyzed using the BioEstat  prior to disinfection protocols (p=0.5448)

5.3 program and subjected to the Shap- (Table 1).

iro-Wilk normality test. The sample showed

non-normal behavior. The results were Discussion

subjected to the Kruskal-Wallis statistical

test (Student-Newman-Keuls) with a signif- This ex vivo study evaluated the effect of

icance level of 5%. CT associated with PDT to reduce Entero-
coccus faecalis from the root canal system.

Table 1

Medians (MD), interquartile deviations (ID), arithmetic means (MA), standard deviations (SD) and Kruskal-Wallis
(Student-Newman-Keuls) statistical test of the colony forming units/mL (log10) counts of the sample groups.

PDT CT+PDT (p-KW)
before after Before after
MD(DI) 6.68(0.57) 4.40(1.18)81 6.33(0.71)* | 0.00(0.28)52 0.0000
MA(DP) 6.31(1.56) 4.19(1.22) 6.31(0.49) 0.72(1.52)

Legend: PDT: Photodynamic Therapy; CT+PDT: Cetrimide+Photodynamic Therapy, capital letters and numbers different in horizontal
direction: statistically significant differences.
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The use of CT with PDT resulted in a sig-
nificant increase in microbial reduction
compared with performing PDT alone, so
the null hypothesis was rejected. Effective
disinfection of the canal is paramount to
the success of endodontic treatment (25).
Enterococcus faecalis is one of the most
common microorganisms in necrotic root
canal infections (26) and is frequently used
in in vitro models to evaluate the efficacy
of antimicrobial agents (27).

Bacterial biofilms are complex three-di-
mensional structures formed by a matrix
of extracellular polymeric matrix in which
bacteria are embedded. For this purpose,
several chemical agents are often used that
can act on the biofilm, including sur-
factants. CT has a cytotoxic, bactericidal
effect (28), does not irritate host tissues,
and has the ability to reduce the surface
tension of fluids, which facilitates its pen-
etration into hard-to-reach areas such as
the dentinal tubules (29). CT 2% eradicat-
ed S. mutans in most samples and also
increased the rate of biofilm removal (24).
In combination with chlorhexidine, it was
effective against Enterococcus faecalis (30)
Another study showed that CT 0.2% had
a longer lasting substantivity compared to
chlorhexidine 0.2% and almost as long as
that of chlorhexidine 2% in a dentin mod-
el (31). This could be related to the cation-
ic nature of CT, which is able to interact
with dentin. These studies demonstrated
the antimicrobial ability of cetrimide and
are consistent with the results of the pres-
ent work, in which the use of CT in con-
junction with PDT reduced the load of
Enterococcus faecalis.

Cetrimide is a cationic surfactant with
bactericidal activity and the capacity to
decrease the biofilm’s mechanical stabili-
ty (32). Solutions of 2% chlorhexidine and
0.2% cetrimide, when applied for 1 min
alone or in final irrigation protocols, can
completely inhibit the 24-h Enterococcus
faecalis biofilm formation in dentin (33),
while the combination of 2% chlorhex-
idine+0.2% cetrimide after the use of
chelating agents (34) has been proposed as
an effective alternative for final irrigation
in root canals because of its antimicrobial
action over time.

Although 0.2% cetrimide showed a high
residual activity (median: 27 days), a result
closer to the one obtained with 2% chlor-
hexidine had been anticipated, given its
greater ability to kill Enterococcus faecalis
(32) and comparable substantivity deter-
mined in a volumetric-dentin unit (35).
The present study involved the use of roots
where the low surface tension of cetrimide
facilitated its diffusion in the main root
canal, but the penetration of the solutions
into dentinal tubules may be compromised
(36). However, it has been shown that the
addition of cetrimide in the disinfecting
solutions increased their antibacterial
effects against Enterococcus faecalis in the
dentinal tubules (37). In this sense, the
results obtained in this study suggest that
the antibacterial residual effect of cetrim-
ide would depend on its concentration and
the length of its application time (32) or its
association with antiseptic agents (35, 36).
PDT is an antimicrobial technique that
consists in the application of light to acti-
vate a photosensitive agent in the presence
of oxygen, generating reactive oxygen
species (such as singleto-oxygen) in situ
and leading to the lysis of bacteria (38).
When used in conjunction with chemi-
cal-mechanical preparation, PDT has
shown a high success rate in primary or
secondary infections (39). In this study, an
energy of 9 ] was used, although PDT cy-
cles above 12 J significantly increased
bacterial clearance in another study (40).
Alves-Silva et al. (7) demonstrated the ef-
ficacy of 0.005% methylene blue followed
by red laser irradiation in reducing the
total number of bacteria in primary apical
periodontitis. Da Silva et al. (41) demon-
strated the efficacy of PDT and 0.1% meth-
ylene blue in reducing the burden of En-
terococcus faecalis, C. albicans, and bac-
teria domain. The results are consistent
with those of the present study, as PDT
was able to significantly reduce the burden
of Enterococcus faecalis. It is worth noting
that penetration of the photosensitizer
into the root canal system presents diffi-
culties. The structure of the dentinal tu-
bules, with 1-2 pm lumen and 2-3 mm
length, poses challenges to all disinfection
methods. PDT is no exception, as light

Giornale Italiano di Endodonzia November 2024 38(3)



Vidal AV, Bueno CES, Limoeiro AGS* et al.

propagation, and penetration of the pho-
tosensitizer into the dentinal tubules is
limited (42) The combination of CT with
PDT was able to promote deeper penetra-
tion of the photosensitizer (methylene blue
0.01%) into the tubules, allowing better
disinfection of the root canal. Based on the
results of this ex vivo study, PDT in com-
bination with CT was 2% more efficient
than PDT alone in reducing Enterococcus
faecalis counts.

The combined protocol using cetrimide
and PDT could have some advantages, such
as enhancing the antimicrobial efficacy.
Cetrimide can disrupt microbial cell mem-
branes, making them more susceptible to
the PDT. The cetrimide may help in better
penetration of the photosensitizer into
microbial cells, increasing the overall ef-
fectiveness of PDT (43).

As an ex vivo study, it has limitations: the
study utilized an ex vivo model using
extracted human teeth, which may not
fully represent the complex biological
environment of an in vivo root canal sys-
tem. To validate the findings, further re-
search should be conducted using in vivo
models to assess the effectiveness of CT in
combination with PDT in real clinical
scenarios. It could be concluded that the
use of CT in conjunction with PDT result-
ed in increased microbial reduction and
may provide an alternative for disinfection
of the root canal system.

References

1 ChrepaV, Kotsakis GA, Pagonis TC, Hargreaves KM.
The effect of photodynamic therapy in root canal
disinfection: a systematic review. J Endod.
2014;40(7):891-8.

2 Siqueira JF, Jr JFS. Aetiology of root canal treatment
failure: why well-treated teeth can fail. Int Endodon-
tic J. 2000;34(1):1-10.

3 Tennert C, Feldmann K, Haamann E, AIFAhmad A,
Follo M, Wrbas KT, et al. Effect of photodynamic
therapy (PDT) on Enterococcus faecalis biofilm in
experimental primary and secondary endodontic
infections. BMC Oral Health. 2014;14(1):1-8.

4 Mergoni G, Manfredi M, Bertani R, Ciociola T, Conti
S, Giovati L. Antibacterial effects of two synthetic
peptides against Enterococcus faecalis biofilms: a
preliminary in vitro study. G Ital Endod.
2020;34(1):47-54.

5 Er Karaoglu G, USur Ydin Z, Erdénmez D, Gél C,
Durmus M. Efficacy of antimicrobial photodynamic
therapy administered using methylene blue, toluidine

Giornale Italiano di Endodonzia November 2024 38(3)

10

11

12

13

14

15

16

17

18

19

(
/4/

blue and tetra 2-mercaptopyridine substituted zinc
phthalocyanine in root canals contaminated with
Enterococcusaecalis. Photodiagnosis Photodyn Ther.
2020;32:102038.

Maciel Martins CR, de Andrade MV, Carvalho AR,
Afonso Pereira RM, Bresolin CR, Mello-Moura ACV,
et al. Photodynamic therapy associated final irriga-
tion in root canals of the primary teeth. Photodiag-
nosis Photodyn Ther. 2021;33:102182.
Alves-Silva EG, Arruda-Vasconcelos R, Louzada LM,
De-Jesus-Soares A, Ferraz CCR, Aimeida JFA, et al.
Effect of antimicrobial photodynamic therapy on the
reduction of bacteria and virulence factors in teeth
with primary endodontic infection. Photodiagnosis
Photodyn Ther. 2023;41:103292.

Hu X, Huang YY, Wang Y, Wang X, Hamblin MR. An-
timicrobial Photodynamic Therapy to Control Clini-
cally Relevant Biofilm Infections. Front Microbiol.
2018;9:1299.

Pourhajibagher M, Chiniforush N, Shahabi S, Ghor-
banzadeh R, Bahador A. Sub-lethal doses of photo-
dynamic therapy affect biofilm formation ability and
metabolic activity of Enterococcus faecalis. Photo-
diagnosis Photodyn Ther. 2016;15:159-66.
Dértbudak O, Haas R, Bernhart T, Mailath-Pokorny
G. Lethal photosensitization for decontamination of
implant surfaces in the treatment of peri-implantitis.
Clin Oral Implants Res. 2001;12(2):104-8.
Bourbour S, Darbandi A, Bostanghadiri N, Ghanava-
ti R, Taheri B, Bahador A. Effects of Antimicrobial
photosensitizers of Photodynamic Therapy (PDT) to
Treat Periodontitis. Curr Pharm Biotechnol. 2023
Jul 20;

Licari LC, Bologna E, Proietti F, Flammia RS, Bove
AM, D’annunzio S, et al. Exploring the Applications
of Indocyanine Green in Robot-Assisted Urological
Surgery: A Comprehensive Review of Fluores-
cence-Guided Techniques. Sensors (Basel).
2023;23(12).

Palazzi F, Morra M, Mohammadi Z, Grandini S, Gi-
ardino L. Comparison of the surface tension of
5.25% sodium hypochlorite solution with three new
sodium hypochlorite-based endodontic irrigants. Int
Endod J. 2012;45(2):129-35.

Bolfoni MR, Ferla M dos S, Sposito O da S, Giardino
L, Jacinto R de C, Pappen FG. Effect of a surfactant
on the antimicrobial activity of sodium hypochlorite
solutions. Braz Dent J. 2014;25(5):416-9.

Baca P, Junco P, Arias-Moliz MT, Castillo F,
Rodriguez-Archilla A, Ferrer-Luque CM. Antimicrobi-
al substantivity over time of chlorhexidine and cet-
rimide. J Endod. 2012;38(7):927-30.

Maria Ferrer-Luque C, Teresa Arias-Moliz M, Ruiz-Lin-
ares M, Elena Martinez Garcia M, Baca P, Residual
activity of cetrimide and chlorhexidine on Entero-
coccus faecalis-infected root canals. Int J Oral Sci.
2014;6(1):46-9.

Wang Z, Shen Y, Haapasalo M. Effectiveness of en-
dodontic disinfecting solutions against young and
old Enterococcus faecalis biofilms in dentin canals.
J Endod. 2012;38(10):1376-9.

Schneider SW. A comparison of canal preparations
in straight and curved root canals. Oral Surgery,
Oral Medicine, Oral Pathology. 1971;32(2):271-5.
Dornelles-Morgental R, Guerreiro-Tanomaru JM, de
Faria-Jinior NB, Hungaro-Duarte MA, Kuga MC,
Tanomaru-Filho M. Antibacterial efficacy of endo-




The cetrimide associated with photodynamic therapy

20

21

22

23

24

25

26

27

28

29

30

31

32

dontic irrigating solutions and their combinations in
root canals contaminated with Enterococcus faeca-
lis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2011;112(3):396-400.

Pinheiro SL, Azenha GR, Democh YM, Nunes DC,
Provasi S, Fontanetti GM, et al. Antimicrobial Activi-
ty of Photodynamic Therapy Against Enterococcus
faecalis Before and After Reciprocating Instrumen-
tation in Permanent Molars. Photomed Laser Surg.
2016;34(12):646-51.

Nawrocka A, tukomska-Szymatska M. Extracted
human teeth and their utility in dental research.
Recommendations on proper preservation: A liter-
ature review. Dent Med Probl. 2019;56(2):185-90.
Fernandes K, Silva B, Boer N, Mandarini D, Moreti
L, Kato A, et al. The Effectiveness of Three Irrigation
Systems in the Enterococcus faecalis Reduction
after Instrumentation with a Reciprocating Instru-
ment. Eur J Dent. 2020;14(4):539-43.

Ferreira F, Adeodato C, Barbosa I, Aboud L, Scelza
P Zaccaro Scelza M. Movement kinematics and
cyclic fatigue of NiTi rotary instruments: a system-
atic review. Int Endod J. 2017;50(2):143-52.

Moro GG, Massat NC, Grandizoli DRP, Junior AE,
Degasperi GR, Fontana CE, et al. Effect of cetrim-
ide 2% with and without photodynamic therapy
to reduce Streptococcus mutans burden in den-
tinal carious lesions. Lasers Med Sci.
2021;36(9):1935-40.

Prada I, Mic6-Munoz B, Giner-Lluesma T, Mico-Martin-
ez R, Collado-Castellano N, Manzano-Saiz A. Influence
of microbiology on endodontic failure. Literature
review. Med Oral Patol Oral Cir Bucal.
2019;24(3):e364-72.

Cogulu D, Uzel A, Oncag O, Eronat C. PCR-based
identification of selected pathogens associated with
endodontic infections in deciduous and permanent
teeth. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2008;106(3):443-9.

Neelakantan B, Cheng CQ, Ravichandran V, Mao T,
Sriraman R, Sridharan S, et al. Photoactivation of
curcumin and sodium hypochlorite to enhance an-
tibiofilm efficacy in root canal dentin. Photodiagno-
sis Photodyn Ther. 2015;12(1):108-14.
Ruiz-Linares M, Ferrer-Luque CM, Arias-Moliz T, de
Castro R Aguado B, Baca P, Antimicrobial activity of
alexidine, chlorhexidine and cetrimide against Strep-
tococcus mutans biofilm. Ann Clin Microbiol Antimi-
crob. 2014;13:41.

Moghissi K, Dixon K, Gibbins S. Does PDT have po-
tential in the treatment of COVID 19 patients? Pho-
todiagnosis Photodyn Ther. 2020;31:101889.
Portenier I, Waltimo T, @rstavik D, Haapasalo M.
Killing of Enterococcus faecalis by MTAD and chlor-
hexidine digluconate with or without cetrimide in
the presence or absence of dentine powder or BSA.
J Endod. 2006;32(2):138-41.

Carvalho FG de, Fucio SBP de, Sinhoreti MAC, Cor-
rer-Sobrinho L, Puppin-Rontani RM. Confocal laser
scanning microscopic analysis of the depth of
dentin caries-like lesions in primary and perma-
nent teeth. Braz Dent J. 2008;19(2):139-44.
Arias-Moliz MT, Ferrer-Luque CM, Gonzalez-
Rodriguez MR, Valderrama MJ, Baca R, Arias-Moliz
MT, et al. Eradication of Enterococcus faecalis
biofilms by cetrimide and chlorhexidine. J Endod.
2010;36(1):87-90.

33

34

35

36

37

38

39

Simées M, Pereira MO, Vieira MJ. Effect of me-
chanical stress on biofilms challenged by different
chemicals. Water Res. 2005;39(20):5142-52.
Baca B, Junco R Arias-Moliz MT, Gonzalez-Rodriguez
MR, Ferrer-Luque CM. Residual and antimicrobial
activity of final irrigation protocols on Enterococ-
cus faecalis biofilm in dentin. J Endod.
2011;37(3):363-6.

Baca B, Junco P, Arias-Moliz MT, Castillo F,
Rodriguez-Archilla A, Ferrer-Luque CM. Antimicrobi-
al substantivity over time of chlorhexidine and cet-
rimide. J Endod. 2012;38(7):927-30.

Portenier I, Haapasalo H, Orstavik D, Yamauchi M,
Haapasalo M. Inactivation of the antibacterial ac-
tivity of iodine potassium iodide and chlorhexidine
digluconate against Enterococcus faecalis by dentin,
dentin matrix, type-I collagen, and heat-killed micro-
bial whole cells. J Endod. 2002;28(9):634-7.
Wang Z, Shen Y, Haapasalo M. Effectiveness of en-
dodontic disinfecting solutions against young and
old Enterococcus faecalis biofilms in dentin canals.
J Endod. 2012;38(10):1376-9.

Silva A, Doutor GPS, Murata-Professor WH, Hamb-
lin-Professor MR. Uma nova estratégia para PDT
antimicrobiana em Endodontia A new approach for
antimicrobial Endodontic PDT. Rev Assoc Paul Cir
Dent. 2016;70(2):126-30.

Conejero MJ, Alimenar A, Forner L, Sanz JL, Llena C.
Retrospective clinical evaluation of root canal treat-
ment with or without photodynamic therapy for
necrotic teeth and teeth subjected to retreatment.
J Oral Sci. 2021;63(2):163-6.

40 Soares JA, Soares SMCS, de Jesus Tavarez RR, de

41

42

43

Castro Rizzi C, Vaz Rodrigues SCG, Maia Filho EM,
et al. Exploring different photodynamic therapy pa-
rameters to optimize elimination of Enterococcus
faecalis in planktonic form. Photodiagnosis Photodyn
Ther. 2018;22(2010):127-31.

da Silva CC, Chaves Junior SP. Pereira GLD, Fontes
KBF da C, Antunes LAA, Pévoa HCC, et al. Antimicro-
bial Photodynamic Therapy Associated with Conven-
tional Endodontic Treatment: A Clinical and Molec-
ular Microbiological Study. Photochem Photobiol.
2018;94(2):351-6.

Gholami L, Shahabi S, Jazaeri M, Hadilou M, Fe-
krazad R. Clinical applications of antimicrobial pho-
todynamic therapy in dentistry. Front Microbiol.
2023;13:1020995.

Grin M, Suvorov N, Ostroverkhov R, Pogorilyy V, Kirin
N, Popov A, et al. Advantages of combined photody-
namic therapy in the treatment of oncological dis-
eases. Biophys Rev. 2022;14(4):941-63.

Giornale Italiano di Endodonzia November 2024 38(3)



