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INTRODUCTION 

Streptococcus mutans (S. mutans) and Lactobacillus 
acidophilus (L. Acidophilus) are the most important 
bacterial colonies that are responsible for the occurrence 
of dental caries, and S. mutans is considered the main 
cariogenic organism. Staphylococcus aureus is one of the 
causes of root canal infections and is a persistent facultative 
anaerobic bacterium. According to Yamin et al., 2014 
Staphylococcus aureus bacteria were found in 20% of the 
root canals of necrotic teeth1. Secondary infection post 
endodontic treatment can also lead to endodontic failure2. 
Several studies have shown that Enterococcus faecalis is 
more common in cases of endodontic treatment failure. 
Among all reported cases of pain and post endodontic 
therapy infection, it was observed that E. faecalis was the 
most common, with a high prevalence rate of up to 90%. 

Cleaning of the cavity before filling and sterilizing the 
root canals before obturation in endodontics was carried out 
by applying disinfectant material. Chlorhexidine is known 

as the gold standard for antibacterial agents as a disinfectant 
cavity, and sodium hypochloride as the gold standard for 
root canal irrigation3. Antibacterial chemical agents can 
help reduce the number of pathogenic bacteria. However, 
this prevention method cannot cover the entire population 
so that the tooth cavity is still formed4. In addition, most of 
the disinfection methods that use disinfectants with effective 
bactericidal activity are used at sub-toxic levels, and at 
concentrations where toxicity is an important factor5.

Given the shortcomings of disinfectants for cavity 
and root canal sterilization, a tool was developed that 
provides better disinfection without cytotoxic effects using 
the photodynamic method of laser therapy. Laser is an 
acronym for Light Amplification by Stimulated Emission 
of Radiation. There have been many studies examining the 
effectiveness of lasers as anti-bacterial tools in caries and 
root canals. Photodynamic Therapy (PDT) disinfectant 
method which was studied is known as Photo Activated 
Disinfection (PAD). Diode lasers are currently being 
researched for their use as PDT in their function as an 
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antibacterial, one of the most common is violet blue light 
which is the diode laser. The antimicrobial effect of violet-
blue light with peak activation power is at a wavelength of 
405 nm. This absorption of light by the laser is carried out 
using endogenous porphyrin resulting in the production of 
reactive oxygen species, including H2O2 and singlet oxygen, 
which cause oxidative damage and cell death. 

This review article is to summarize the recent 
developments regarding the photodynamic therapy (PDT) 
of 405nm wavelength diode laser in dentistry especially for 
cavity disinfection of caries and root canals in endodontic 
treatment. 

REVIEW(S) 

Photodynamic Therapy (PDT) is a form of phototherapy that 
involves light, photosensitizing chemicals, and molecular 
oxygen, resulting in cell death (phototoxicity). PDT has the 
proven ability to kill microbial cells, including bacteria, 
fungi, and viruses6. Photo-activated disinfection (PAD) 
is a disinfection method that uses a photosensitization 
application and then irradiates it with a laser7. The 
antimicrobial effect of the laser violet-blue has been 
investigated using a wavelength in the 400- 420 nm region, 
with peak activation power shown at 405 nm8. 

Photodynamic therapy is based on the use of a 
combination of a photosensitizer and a suitable visible 
light wavelength to form free radicals or superoxide ions 
from the transfer of hydrogen or electrons producing 
reactive oxygen species (ROS). ROS will react with the 
surrounding molecules and exert a bactericidal effect on the 
target microorganisms4. Photosensitizer has the ability to 
absorb specific light. The photosensitizer’s ability depends 
on a specific wavelength of light emitted to cause bacterial 
cell death. 

Photosensitization oxidation is the basis for 
photodynamic reactions. PDT involves three main 

components, namely light, photosensitizer, and oxygen. 
The first step in this reaction is the absorption of light by 
the sensitizer to produce an excited sensitizer state. In 
the presence of oxygen, two reactions (reacting with the 
substrate or solvent (Type I) or with oxygen (Type II)) of 
an excited sensitizer state can occur. The excited sensitizer 
then turns into a triplet sensitizer via the mechanism 
intersystem crossing (ISC). Triplet state photosensitizer 
can react via Type-I and Type-II processes. Type I reactions 
involve an electron transfer reaction between the excited 
state of the photosensitizer and the molecules of the cell’s 
organic substrate, producing free radicals9. Singlet oxygen 
can interact with many biological substrates inducing 
oxidative damage to cell membranes and cell walls of 
bacteria, viruses and fungi10. 

Photodynamic therapy as an anti-bacterial therapy is 
based on exogenous compounds photosensitizer that will 
bind to pathogenic bacteria. Anionic surface in bacteria 
acts as an electro-attractive to the photosensitizer cationic, 
thereby causing photosensitizer more efficiently bound and 
entry into bacteria11. Photosensitizer which has tied up with 
the bacteria will cause electrostatic interactions between the 
photosensitizer and the bacterial cell wall that ion release of 
Ca2+ and Mg2+ out of the cell so that the permeability of the 
wall bacterial cell increased5. The increase in permeability 
of the bacterial wall will cause the photosensitizer to 
diffuse into the plasma membrane and the cytoplasm of 
the bacteria. 

Apart from the use of a photosensitizer, another 
determining factor is the radiation energy dose. The right 
dose of energy activates chemical reactions that produce 
various ROS resulting in death in bacteria. The laser 
irradiation energy dose per total irradiated area (power 
density, units J/cm2) is the amount of radiation energy 
(power multiplied by longer exposure time) divided by the 
total area of   irradiation. This determines the duration of 
the laser irradiation time adjusted to the energy dose and 
quantum yield of the laser used12. 

Figure 1. Schematic of the antibacterial mechanism of photodynamic therapy9. 
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DISCUSSION 

Photodynamic antibacterial therapy using a diode laser 
with a wavelength of 405 nm is a photodynamic therapy 
currently being developed for combined antibacterial 
therapy in cavity and root canal sterilization. There are 
several factors that must be considered for the 405 nm diode 
laser to be the antibacterial therapy with the most effective 
potential. Streptococcus mutans (S. mutans), Lactobacillus 
acidophilus (L. Acidophilus), Enterococcus faecalis (E. 
Faecalis), and Staphylococcus aureus (S. aureus) discussed 
in this literature are some of the bacteria that most play a 
role in caries, and the microorganisms that resistant and 
survivable in root canals after biomechanical preparation 
leading to failure of endodontic treatment. 

Three basic components are needed in a photodynamic 
reaction, namely a photosensitizer in the form of a 
photosensitive molecule that can localize itself in the 
cell or in the target tissue, a light source with a certain 
wavelength needed to activate the photosensitizer, and 
molecular oxygen which is essential for the formation 
of reactive oxygen species (ROS). The energy dose is 
directly proportional to the exposure time used, the more 
the exposure time is given, the higher the energy dose 
generated from the 405 nm diode laser. The energy dose 
of 20 J / cm2 can kill Streptococcus mutans bacteria as 
much as 61.9%13. In 2016, with the higher dose Astuti use 
energy dose of 25,34 J / cm2with a time of 75 seconds, was 
able to kill the bacteria Streptococcus mutans as much as 
74.03% using photosensitizer chlorophyll14. An increase in 
the number of bacterial deaths resulted by increasing the 
energy dose to 30 J / cm2and the exposure time increased 
to 150 seconds resulted in a higher percentage of bacterial 
death, namely 99.26% using photosensitizer curcumin15. 
For bacteria Staphylococcus aureus, the energy dose 
generated from 120 seconds of exposure time, amounting 
to 22.56 J / cm2 can kill Staphylococcus aureus bacteria 
with a percentage of 55.22%16. With a lower energy dose 
of 16.19 J / cm2 and with the same exposure time it can 
kill as much as 91.49%. From these results it can be said 
that the ideal energy dose is not always the highest energy 
dose, because optimal bacterial death does not always use 
the highest energy dose. 

The light source from the laser has an energy intensity 
related to the power per unit area of   laser exposure. The 
intensity of the diode laser exposure indicates the number 
of photons emitted, and the laser energy dose represents 
the intensity that the laser produces in a certain time. 
More power with a small surface area results in a greater 
intensity. The greater energy density / laser diode dose, the 
more high-energy photons can absorb by photosensitizer 
molecule. The greater the photon intensity and the longer 
the exposure time, the more photosensitizer is activated to 
produce various ROS which affect the number of bacterial 
deaths. The photosensitizer used in the 405 nm diode laser 
therapy will be optimal only when the photosensitizer is 
used in accordance with the 405 nm wavelength spectrum. 
Bactericidal effect of laser diodes views of the susceptibility 

of bacteria to laser exposure to certain wavelengths when 
combined with photosensitizer the appropriate15. 

The susceptibility of bacteria to PDT differs according 
to PS type even for the same bacterial strain. Bacteria 
were Streptococcus mutans found to be susceptible to the 
photosensitizer curcumin and photo porphyrin IX, and not 
susceptible to riboflavin and resazurin17. The percentage 
of bacteria death S. mutans can reach 99.26% by using 
the photosensitizer curcumin15. Meanwhile, by using 
chlorophyll, bacterial mortality can be achieved up to 
74% 14. The bacterial mortality S. mutans most optimal is 
achieved by using erythrosine as a photosensitizer which 
can produce the bacteria death by S. mutans most up to 
100%, so it can be said that erythrosine is photosensitizer 
the most effective for bacteria S. mutans by using a 50mW 
laser power for 75 seconds18. The use of photosensitizer 
chlorophyllin PDT can degrade the biofilm which 
Enterococcus faecalis can achieve bacterial death up to 
97.51%19, degradation of biofilm Staphylococcus aureus 
as much as 98%20 and in biofilm Lactobacillus acidophilus 
which can kill 99.33%21.  

The resistance of bacteria in biofilms is known to be 
more resistant to the presence of antimicrobial therapy 
than planktonic microorganisms. The interaction of 
molecules photosensitizer and Extracellular Polymeric 
Substance matrix (EPS) even without a light source can 
affect the cohesion and stability of the EPS matrix, causing 
polysaccharide damage to the EPS matrix. However, after 
applying a light source, the polysaccharide level was 
considerably reduced by 80%22. Research conducted by 
Astuti et al., 2016, stated that a 405 nm diode laser against 
planktonic bacteria can reduce the number of planktonic 
bacteria S. mutans by 74% in just 75 seconds with a 
photosensitizer chlorophyll14. As for the percentage of EPS 
degradation, the biofilm bacteria S. mutans reached 98% 
with a longer exposure time of 120 seconds23. With the 
same exposure time of 120 seconds, it showed degradation 
of the EPS biofilm Staphylococcus aureus a significant 
98%20. So, it can be said, it is possible that if planktonic 
bacteria are S. mutans given the same laser exposure as 
biofilms for 120 seconds it can produce more optimal 
mortality than biofilm death S. mutans, because in just 
75 seconds planktonic bacteria can kill as much as 74%. 
Likewise, the death of the planktonic bacteria Enterococcus 
faecalis which was given exposure to a 405nm diode laser 
with chlorophyll was able to kill bacteria up to 81.29%24. 
Enterococcus faecalis bacteria which form a biofilm when 
given chlorophyll and irradiated with a 405nm diode laser 
can degrade EPS biofilms up to 97.51%19. Degradation of 
the bacterial biofilms obtained greater results probably due 
to the different duration of laser irradiation, 120 seconds on 
biofilms and 60 seconds for planktonic bacteria. 

Photodynamic therapy using a photosensitizer can 
reduce the number of bacteria in the form of biofilms less 
than planktonic bacteria, this is possible because of the 
heterogeneity of biofilms, limited penetration of microbial 
agents penetrating material extracellular matrix, decreased 
cell growth in biofilms, and differences inexpression 
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genetic on biofilms25, and the biofilm has the strength of 
the supporting network and resistance to antimicrobial 
substances26. 

Photosensitizer cationic is more effective against 
bacteria than the photosensitizer anionic, due to adhesions 
and uptake photosensitizer anionic by the cells of the 
bacteria is lower than photosensitizer cationic27. Cationic 
molecules carry a positive charge on their functional groups, 
so they are easily bound and taken up by bacteria that have 
a negative charge on the surface28. In addition to the type 
of photosensitizer, photodynamic antibacterial therapy is 
more effective in killing gram-positive bacteria because 
the outer wall layer of the bacteria contains peptidoglycan 
and lipoteichoic acid, making it more porous and will make 
it easier for the photosensitizer to penetrate the plasma 
membrane29. 

The peak absorption of the erythrosine photosensitizer 
is at a wavelength of 532 nm30. Research that has been 
done says that a 405 nm diode laser with erythrosine 
photosensitizer can kill bacteria Streptococcus mutans 
with a percentage of 100%18. The use of erythrocyte 
photosensitizer was also carried out by Merigo et al., 2019 
against bacteria Streptococcus mutans which can also result 
in total death of 100% bacteria15. The mortality results 
obtained, in conditions without erythrosine irradiation, 
were able to show a bacterial inhibiting effect up to 82% 
compared to negative controls. 

The absorption spectrum of chlorophyll as a 
photosensitizer at a wavelength of 300 - 900 nm was 
measured from a UV-Vis spectrophotometer with the 
percent absorption of chlorophyll at a wavelength of 405 nm 
(laser diode) of 99.51%14. Chlorophyll as a photosensitizer 
with 405 nm diode laser irradiation showed the most optimal 
results in the use of a 405 nm laser on biofilm Lactobacillus 
acidophilus which killed 99.33%21. Meanwhile, the 
percentage of death of the bacteria Streptococcus mutans 
was 98%23, and against the bacteria Enterococcus faecalis 
was 97.51%19. 

The best absorption of curcumin is in the region of 
420–450 nm. With 405 nm LED irradiation, curcumin 
showed antibacterial activity even at low concentrations31. 
The susceptibility of bacteria was Streptococcus mutans 
shown by administering a 405 nm laser with photosensitizer 
curcumin and protoporphyrin IX17. Diode laser with a 
wavelength of 405 nm applied with a photosensitizer 
curcumin can kill the most optimal bacteria, namely 
Streptococcus mutans up to 99.26%15. 

In its ability to kill bacteria, 405 nm diode laser 
photodynamic therapy influences the surrounding tissue. 
Research conducted by Ramakrishnan et al., 2014 showed 
that exposure of bacterial cells to laser light 405 nm up to 
a dose of 36 J cm2 did not cause detectable damage to cell 
viability, function, proliferation rate, and morphology in 
mammalian cells32, and remained can cause a significant 
bactericidal effect. Exposure period of more than 2 hours at a 
radiation level 5 mW / cm2 (> 36 J / cm2) is toxic to cells that 
cause cell function and cell death, in other words the higher 
doses, there is a negative impact on cell viability, function, 

and the rate of cell proliferation. In addition, the viability 
test on the 405 nm diode laser was carried out by Nizar et 
al., 2020 using BHK-21 cell culture from fibroblasts, it was 
found that more than 80% of the viability of fibroblast cells 
after exposure to the 405 nm diode laser at a distance of 7 
mm, 10 mm , 13mm, and 16mm. Whereas in the treatment 
with a distance of 4mm, the results showed that there was 
an increase in the number of fibroblast cells, although not 
too significant, namely by 4.09%33. 

In addition to time variations, the use of diode lasers 
with time variations used to see cell viability showed that the 
irradiation time of 30, 60, 120, and 240 seconds had no effect 
on the viability of BHK-21 fibroblast cells, this happened 
because the cell chromophore did not absorb enough energy 
of photons to stimulate the biological activity of the cell. In 
the 480 second treatment, the viability of BHK-21 fibroblast 
cells increased by 12.1%. With a time of 480 seconds, the 
energy absorbed by the cell is sufficient to stimulate the 
biological activity of the cell to allow a 405 nm diode laser 
bio stimulation response, resulting in an increase in BHK-
21 fibroblast cells34. 

CONCLUSION

Bacterial biofilms of Streptococcus mutans and Enterococcus 
faecalis are the most virulent bacterial colonies associated 
with caries and failure of endodontic treatment. The use of 
a 405 nm diode laser with an energy power of 50 mW with 
a distance of 20 mm can degrade biofilms Streptococcus 
mutans up to 100% using erythrosine photosensitizer, for 
75 seconds. And with the same power and distance, it can 
degrade the biofilm of bacteria Enterococcus faecalis up 
to 97.51%, using a photosensitizer chlorophyll, for 120 
seconds. 
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