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Irrigants that are frequently utilized do not usually completely eliminate the microbial flora in infected root canals. As a result, other more
strategies have been developed, including photodynamic therapy (PDT). The primary reason of endodontic treatment failures is thought to be
the persistence of pathogens in the mechanical chemical preparation. The most frequent bacteria identified in these situations is Enterococcus
faecalis. To get rid of these persistent microbes, photodynamic therapy (PDT) appears to be a potential adjuvant therapy to traditional endodontic
treatment. To produce harmful species for the bacteria, this therapy involves pairing a certain light source with a photosensitizer in the presence
of oxygen. As a result, the current research intends to examine the literature on the use of photodynamic therapy in endodontics, a test that

has been demonstrated to help with root canal preparation.

Keywords: Enterococcus faecalis, Laser, Photodynamic therapy.

INTRODUCTION

Numerous research on humans, as well as animals, have
shown how important bacteria are in the development
of pulpoperiapical lesions. Eliminating pathogens from
diseased root canal systems are a challenging task due to the
intricate anatomy of the root canal system.!!! In endodontic
treatment, chemical irrigation creates a suitable bactericidal
effect;? however, frequently used irrigation solutions, such as
sodium hypochlorite (NaOCIl) and chlorhexidine (CHX), and
intracanal medications, such as calcium hydroxide (Ca(OH),),
cannot completely eradicate all microorganisms in infected
canals.’! Other methods, like photodynamic treatment (PDT),
have been developed to boost the root canal system’s level
of disinfection.

Overview oF CurreNT IMEDICATIONS

Chemomechanical techniques are used during endodontic
therapy to remove diseased tissues and clean the root
dentin.™ The contaminated tissues are removed during
a single consultation for treatment employing rotary file
systems referred to as “intracanal instrumentation.” After
instrumentation, about 35% of the intracanal walls may still be
intact, which is reflected in the remaining diseased tissues.™
This scenario requires integrating mechanical instrumentation
with sodium hypochlorite (NaOCI) solution irrigation of the
canals.[¥ NaOCI irrigation is beneficial for both cleaning
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the canals and getting rid of endotoxins that the alleged
endodontic bacteria create.””? Although effective disinfection
of the root canal system has not yet been achieved, robust
bacterial reduction was achieved using instrumentation and
irrigation.®®!

The success of this chemomechanical method may be
constrained, as previously indicated, by certain anatomic
landmarks and the intricacy of the produced biofilms
Enterococcus faecalis is capable of deeply penetrating dentinal
tubules, evading irrigation and instrumentation.”’

Ca(OH), is the most commonly used intracanal medication
in endodontic treatment. Ca(OH), reduces the bacterial
content through the cell layer’s damage by direct contact
and increasing the pH. Even though it has a wide range of
antibacterial activity, Ca(OH), is not effective against E.
faecalis."%

CHX at 2% was found more effective against E. faecalis than
Ca(OH), However, there is no further bacterial reduction when
compared to chemomechanical instrumentation."
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MecHanism oF Action oF PDT

The interaction of a photosensitive antibacterial agent and a
light source is the basis of photoactivated disinfection (PAD).
It makes use of a harmless dye (photosensitizer PS) and
low-intensity visible light. In the presence of oxygen, they
combine to form several cytotoxic species. PS molecules
bind to bacterium membranes.!'?! Irradiation with a specific
wavelength of light may result in the creation of singlet oxygen,
which causes the microbial cell wall to rupture.!'*!

The most common PSs are phenothiazine, cyanine,
phytotherapic agents, hematoporphyrin derivatives, and
xanthene derivatives.'* Phenothiazine dyes have been claimed
to have intense absorption in 620—660 nm wavelength and so
be useful in PDT.[')

Toluidine blue O and methylene blue are the most frequently
used PSs. Sarkar and Wilson!'®! demonstrated that toluidine
blue O is effective against oral bacteria. Zeina et al. showed that
when exposed to a wavelength of 630 nm, it has a maximum
level of absorption and good photodynamic properties for
destroying different microorganisms.!”’

Fernandes et al. showed that toluidine blue O was preferred
as a PS because it can easily pass through cell membrane.®
These suitable properties are shared by another dye, methylene
blue;! however, toluidine blue O can interact with LPS of
Gram-negative bacteria better than methylene blue.*”

Pre IrRRADIATION TiME AND RADIATION DoSES

The time elapsed between the delivery of the PS into the root
canal system and the actual photoactivation is called “pre-
irradiation time.”?!]

The pre-irradiation time is a key factor in PDT, as it permits the
PS to penetrate through the dentine and to exert its antibacterial
effect and it helps to keep the PS inside the bacteria, allowing
more light absorption. Research is controversial regarding the
pre-irradiation time, and available data show pre-irradiation
times ranging from 5 to 15 min.?>%!

According to Williams et al. (2003), the energy dose and
irradiation time of light are the most important factors in killing
the microorganisms using PDT.4

Pourhajibagher and Bahador (2018b) used an output power of
220mW at 635 nm wavelength for 60 .1

CLinicAL PRoCEDURE

The PDT principle is effective not just against bacteria, but also
against other microbes such as viruses, fungi, and protozoa.
Because the used PS has a far lower affinity for mammalian
cells, toxicological testing has revealed no detrimental side
effects in the treatment.

After the canal has been prepared, it is inoculated with the PS
solution, which is left in place for a set amount of time (60 s)
to allow the solution to come into contact with the bacteria and

diffuse through any biofilm structures. The emitter is then put
in the root canal, and each channel is irradiated for 30 s. This
has been shown in the lab to destroy high numbers of bacteria
commonly seen in root canals.

Maximum wetness must be achieved since the solution must
come into contact with the bacteria for the photosensitization
process to take place. When the PS got to the bacteria, it has
been claimed that the PDT procedure was successful in getting
rid of all the cultivable germs. It also emphasized the need for
caution when using the emitter to avoid getting it too tightly
bent or stuck in the canal.l?%)

APPLICATIONS

PDT has various applications in dentistry. The removal of
microorganisms from the diseased area is the foundation
of a successful periodontal treatment. For this reason,
phenothiazinium PSs have been found to be highly effective
and safe. However, scaling and root planning should be done
before the PDT. PS should be injected into the periodontal
pocket and left to pigment for 120 s before executing the PDT.
The specific fiber should then be introduced and lased 1 mm
short of the pocket base.”

Photodynamic treatment has also been used to disinfect caries
dentin before restoration, to disinfect oral tissues before or
during surgical procedures, to treat denture stomatitis, and to
treat oral candidiasis in immunocompromised individuals.?*]

According to Williams et al.,* current clinical protocols for
PAD treatment of carious dentin include the use of a 0.8 mm
diameter spherical isotopic diffuser to give even irradiation
of the cavity floor.

Ng et al. selected extracted teeth with pulp necrosis. The study
was done comparing 6% of sodium hypochlorite and PDT
usage. The concentration of methylene blue used was 50 ug/
mL and diode LASER at a wavelength of 665 nm connected to
an optical fiber. The result showed PDT was able to eliminate
86.5% of microorganisms in the canal and only 49% of
microbial elimination when PDT was not used.

Photodynamic therapy can be used with mechanical
instruments and chemical antibacterial agents like NaOCl and
hydrogen peroxide. Endodontic therapy alone reduced germs
by 90, while PDT alone reduced bacteria by 95%, according
to Garcez et al.BP% A study reported that 2.5% of sodium
hypochlorite and PDT using 15 pg/mL Toluidine blue and
diode LASER at a wavelength of 625 nm eliminate E. faecalis
in single-rooted canals of freshly extracted teeth.?!

Meire et al. evaluated the antimicrobial efficiency of
neodymium-doped yttrium aluminum garnet (YAG), erbium-
doped YAG (Er: YAG), and two commercial antimicrobial PDT
(aPDT) systems and found that NaOCI is the most effective,
but Er: YAG laser also resulted in considerable bacterial
reductions. Both aPDT devices produced just a little reduction
in bacteria.*?
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George and Kishen showed that PDT destroyed the integrity
of cell wall, deoxyribonucleic acid, and membrane proteins
of bacteria.*

PuLp REVASCULARIZATION

Johns et al. described a new technique for pulp revascularization
with canal disinfection employing a low-power laser light and
PS solution. PDT was used to disinfect the canal after irrigation
with NaOCIl and drying with paper points, and platelet-rich
fibrin was administered to regenerate the pulp. The canal was
then sealed with mineral trioxide aggregate before permanent
rehabilitation was placed. A follow-up radiograph revealed
root lengthening, persistent canal wall thickening, and apical
closure.¥

LimITATIONS

Even though the application of PDT has significant advantages,
potential adverse events have been reported. The pre-irradiation
time of 10 min promoted more severe discoloration of the tooth
structure when compared with a pre-irradiation time of 5 min.
Furthermore, dentine, dentine matrix, pulp tissue, bacterial
lipopolysaccharides, and bovine serum albumin were found to
significantly decrease PDT antimicrobial efficacy. A chemical
smear layer may form, promoting the obliteration of dentinal
tubules, which can lead to microleakage and a decrease in the
bond strength of root-filling materials to dentine.*”)

CONCLUSION

The effect of PDT on root canal system disinfection is
extensively documented in the endodontic literature. PDT
is a promising method for preventing bacterial resistance
without causing resistance. The lack of specified guidelines for
using PDT, on the other hand, is a significant hurdle that may
compromise the efficacy of PDT in endodontic disinfection.
Further research may produce a dependable and effective
strategy capable of inducing clinical benefits in root canal
system disinfection.
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