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Abstract: Laser photoactivated disinfection is contemporary method against inflammation. Neither the dye itself, nor the laser is
capable of reducing the number of bacteria as much as their combination. It is a proven alternative to the traditional methods. The main
advantages of this combination, compared to the traditional treatment approaches, are its safety, proven bactericidal effect and advanced

healing.
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1. Introduction

There is an increasing interest in combining different dyes
with therapeutic lasers. Neither the dyes, nor the lasers used
separately, affect bacteria, but their combination leads to
singlet oxygen with a strong bactericidal effect synthesis.

Photoactivated Disinfection

Photoactivated disinfection (PAD) ia a method which has
already been used for treating periodontal sockets, deep
carious leasions and infected root canals. [16] The laser has
to work within the absorption wavelength of the dye used,
which is usually within the red spectrum, with output power
between 50 and 100 mW. The chosen dye is applied and left
to diffuse locally for a few minutes, after which it is
eradiated with the laser. Transitional coloring can be seen in
the area of the dental tissues, the gingiva or the mucosa.

Photodynamic Therapy

Photodynamic therapy (PDT) can be used in addition to the
mechanical causal therapy. This approach utilizes either a
“cold” (low-level) or a traditional laser with a wavelength,
absorbed by the dye (e.g. a diode or Nd:YAG laser).
Methylene blue as a subgingival irrigant is usually placed in
the sulcus. Laser wavelengths are attracted by the dye and
interact with it, destroying the membranes of the bacterial
cells. The light energy activated the dye, interacts with the
intracellular oxygen and leads to bacteriolysis via lipid
peroxidation and membrane destruction.

Aphthous Ulcers

Aphthous ulcers treatment time can be reduced and pain —
alleviated immediately, by administering 4 to 6 J per lesion
and 4 J per the submandibular lymph nodes on each affected
side. [1, 2, 13, 20, 27] Patients prone to ulceration have to
avoid toothpastes containing sodium lauryl sulfate, as it may
lead to reoccurrence of the ulcers.

Inflammation

Photobiomodulation (PBM) will reduce the inflammatory
process, but the inflammation type should be differentiated,
as the acute is affected by higher doses and the chronic — by
lower. Alleviating the pain will help the patient, but it may

also elongate the inflammatory process. The infrared dose
for inflammation reduction is from 8 to 12 J/cm?2. [6]

Lymph system irradiation is a basic aspect of PBM for the
anti-inflammatory interventions. Lim et al. conclude that
when using 635-nm wavelength the existing COX-inhibitors
seize COX expression and u copuiectByBammre COX-
uaxubutopn wuHxubupar PG, release. [5, 36] Unlike
indometacin and ibuprofen, irradiation with 635-nm
wavelength leads to reducing the levels of the reactive
oxygen species (ROS) and ,RNA expression of the cytosol
and secretory phospholipase A, (cCPLA, u SPLA,). Bjordal et
al. also emphasize on the PGE, levels reduction. [7, 8, 30,
45, 46, 47]Aimbire et al. report for a reduction of the TNF-a
levels of the acute inflammation after PBM. Other
researches prove the anti-inflammatory effects of PBM. [3,
4, 10, 18, 21] Steroids decrease the effect of PBM. A
research compares the effect of dexamethasone and PBM
and discovers similar effects. [35] Compared to the short-
and long-term effects of the non-steroid anti-inflammatory
drugs (NSAID), FBM looks like a good alternative,
excluding the side effects of the medicaments. [2, 8] A pilot
study of Abiko et al. proves that dexamethasone and FBM
lead to anti-inflammatory genes expression. [2, 36] Most
genes are expressed by the dexamethasone, but the ones
influenced by FBM, are more favorable, compared to the
others, which encode plenty of side effects.

In their meta-analysis of 16 control groups, Chow et al.
demonstrate that low-level laser therapy can reduce pain
immediately in case of severe neck pain and lead to healing
within 22 weeks after finishing of the treatment of patients
in chronic pain. Moreover, this therapy has more favorable
effect compared to taking medications. [14]

Periodontology — PAD and Microbial Reduction
Microorganisms’ level reduction is a main aim of the
different procedures in everyday dental practice. The variety
of protocols, which reduce the microbial number
significantly, show PAD as an adjunctive therapy in
infection treatment, especially in patients with resistant
microorganisms and anatomical complications.
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Temperature increase in high-level laser irradiation can
cause denaturation of the proteins and destroy
microorganisms, with high decontamination indexes. [11,
31, 32] Low-level laser therapy (LLLT) is incapable of
increasing tissue temperature, which is the reason why the
same antimicrobial effects as the high-level laser cannot be
expected. [6, 24] Despite this limitation, soft lasers
demonstrate proven microbial reduction. Their antimicrobial
effect is gained through a combination of low-level lasers
with external photosensitizers, which leads to highly reactive

oxygen species (ROS) release. They destroy cell
membranes, mitochondria and DNA, and microbial
reduction is inevitable. This process is called

“photoactivated disinfection” (“PAD”) or “photodynamic
therapy” (“PDT”). [33, 41, 42, 43, 44]

The antimicrobial capacity of PAD is used for increasing the
microbial reduction in periodontal, restorative, endodontics
and implantological conventional therapy. [18, 25, 38] Viral
inactivation and successful treatment of infections, caused
by the herpes simplex type | virus, are proven. [12, 27, 30,
46, 47]

In order to treat bacterial infections effectively, it is

especially important to apply an adequate light source and a

photosensitizer, capable of connecting with the target

pathogen. Thus, the photosensibilisation can occur either in

subgingival, or in superficial oral tissues. [5, 34, 49] The

most frequently used source of photosensibilisation in

dentistry is the low-level laser because it:

e Has a narrow spectral range, which allows more specific
interactions with the photosensitizers;

e Can be connected with optical fibers;

e Does not lead to tissue temperature increase, as it is seen
when using a polychromatic light. [5, 34]

The use of LED light is also described in the literature. [47]

There are a few photosensitizers available for PAD. The oral
pathogens disinfection is in need of positively charged
photosensitizers as toluidine blue and poly-L-lysine-chlorine
derivatives. [26, 40] The interaction between the
photosensitizers and the microorganisms occurs within a few
minutes, and this incubation period has to be taken in mind
before the laser irradiation. [26, 45] Figure 1 displays the use
of indocyanine green as a photosensitizer.

Figure 1: Laser PAD using a diode laser and indocyanine
green as a photoinitiator (EmunDo, F.O.X. Lasers).

The disadvantages of PAD include lack of standardization
and established protocols. Researchers have started
evaluating the antimicrobial action of PAD, the ideal light
source, the most adequate photosensitizer for every bacterial
species and target tissue, as well as the proper light intensity
and power settings. Nevertheless, the protocols derived from
the in vivo and in vitro researches, have been proved as safe
and with favorable scientific results, allowing the clinical
use of PAD. [13, 22]

Recent studies of Feurstein et al. have described the effect of
blue light on the biofilm formation. The two main
conclusions derived from this laboratory researches are
about to be confirmed in vivo. The first one is that the blue
light exposition of Streptococcus mutans affects the new
formation of the biofilm, demonstrating increase of the
quantity of destroyed bacteria. [13] The second one is that
earlier researches show that blue light, connected with
hydrogen peroxide, has strong antibacterial effect on the
biofilm. [19, 20, 21, 22] There is an antibacterial synergic
effect between blue light and hydrogen peroxide. The
mechanism of the phototoxic effect on S. mutans is a mainly
photochemical process, involving reactive osygen species
(ROS). The application of such light, combined with
hydrogen peroxide, on an infected tooth serves as an adjunct
minimally invasive treatment.

2. Conclusion

PAD has several advantages, compared to the traditional
antimicrobial agents. It ensures faster bacteriolysis, without
the need for maintaining high concentrations of the
photosensitizer in the infected area, as it is when using
antiseptics and antibiotics. The main advantage is its local
application. PAD affects microorganisms in the area of the
photosensitizer deposit, whereas systemic medications
influence the whole body. Moreover, PAD does not damage
or change the adjacent structures like periodontal or
periapical tissues, even when a high concentration of the
laser energy and the photosensitizer are applied.
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