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ABSTRACT 

Background: Streptococccus mutans is an acid-producing gram-positive bacterium that colonizes 

the tooth surface and causes damage to the hard tissue of the tooth. S. mutans is known as the main 

agent that causes caries. Photodynamic therapy (PDT) consisting of photosensitizers and a light source, 

such as a laser beam, is considered to have an antibacterial effect on S. mutans. However, the factors 

that influence the antibacterial effects of the lasers, such as the amount of energy, wavelength, use of 

photosensitizer, and the duration of radiation still need to be studied. Aim: To determine the effective 

time(duration) of 650 nm laser diode radiation as an antibacterial agent against S. mutans after 30, 45, 

60, and 75 seconds of radiation. Method: 30 samples were divided into 6 groups; (1) S. mutans without 

methylene blue (MB) and laser, (2) S. mutans with MB, but without a laser, (3) S. mutans with MB and 

laser for 30 seconds, (4) 45 seconds, (5) 60 seconds, and (6) 75 seconds. After treatment, all samples 

were cultured and incubated for 48 hours then colony counts were carried out in each group. The results 

were analyzed using ANOVA and Tukey HSD Test with a p value of <0.05. Results: The ANOVA and 

Tukey HSD test showed a significant difference in each group. Conclusion: 650 nm laser diode 

radiation with a duration of 75 seconds is an effective time as an antibacterial against S. mutans 

compared to 30, 45 and 60 seconds. 
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INTRODUCTION 
Dental caries is the process of 

demineralization of enamel and dentine by 

acids from the metabolism of carbohydrates 

by cariogenic bacteria residing on dental 

plaque.1 Based on Riset Kesehatan Dasar 

2013, the decay, missing, filling-teeth 

(DMF-T) index illustrates the high rate of 

caries in Indonesia, which is 4.6.2 Untreated 

caries can allow bacterial activity in it to 

continue to reach the pulp and can cause 

irritation resulting in an inflammatory 

response.3,4 

In the field of dentistry, maintaining 

the structure of the tooth’s hard tissue is one 

of the main goals of dental care, especially 

in conservative dentistry.5 Treatment is 

done by placing a restorative material, such 

as a filling, on the cavity or missing tooth 

structure. Before filling the cavity, 

preparation and disinfection must be 

carried out to eliminate the carious tissue 

and bacterial accumulation.6 

A filling treatment’s success is 

determined in part by the presence or 

absence of bacteria left on the walls of the 
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cavity. The bacteria that remain in the 

cavity can survive and replicate, causing 

secondary caries and treatment failure.6 

Ingredients used such as sodium 

hypochlorite, chlorhexidine, propolis 

extract, and treatments such as ozone 

therapy and laser radiation is considered to 

have an antimicrobial effect.6 

Streptococccus mutans is an acid-

producing gram-positive bacterium that 

colonizes the tooth surface and causes 

damage to the hard tissue of the tooth. S. 

mutans is known as the main agent that 

causes caries.7 S. mutans was chosen in this 

study because it is the dominant bacterium 

in carious lesions and has been used 

extensively to evaluate the bactericidal 

effect on restorative material.8 

Photodynamic therapy (PDT), which 

consists of photosensitizers and a light 

source such as a laser is considered to have 

an antibacterial effect on S. mutans. Laser 

research in the field of dentistry began in 

1960 and still continues to be developed to 

this day, the diode laser is one that still 

needs further research.9 A diode laser is a 

semiconductor laser that emits coherent 

light with a certain wavelength. Among 

other lasers, diode lasers are the most often 

used in dentistry.10,11  

Many studies have tested the 

antimicrobial effects of lasers on oral 

bacteria such as Staphylococcus sp., 

Actinomyces sp., and Streptococcus sp.7 

Although several studies have proven the 

antibacterial effect of lasers on S. mutans, 

other factors that can affect the antibacterial 

effect such as energy intensity, wavelength, 

the  use of photosensitizers, and the 

duration of radiation are still being 

studied.12 This research was conducted to 

determine the effective time(duration) of 

650 nm diode laser radiation as an 

antibacterial agent against S. mutans after 

being given radiation of 30, 45, 60 and 75 

seconds. 

 

 

 

 

MATERIALS AND METHOD 
Ethical Clearance Certificate: No. 

207/HRECC.FODM/VIII/2018. The 

culture of S. mutans was obtained from the 

S. mutans bacterial stock at the Faculty of 

Dental Medicine Research Center, 

Airlangga University, Surabaya. Bacterial 

preparations were incubated in an incubator 

at 37°C and an anaerobic atmosphere for 24 

hours. 0.5 ml of the preparation was taken 

with a micropipette and equated with the 

McFarland standard of 1.5 x 108 CFU/ml, 

then 0.5 ml were each placed into 30 

eppendorf tubes. 

A total of 30 eppendorf tube samples 

were grouped into 6 groups, with each 

group containing 5 tube samples. Group 1 

with S. mutans was not given Methylene 

Blue (MB) and no radiation was carried out. 

Group 2 with S. mutans was given MB 

without radiation. Group 3 with S. mutans 

was given MB and radiated for 30 seconds. 

Group 4, group 5 and group 6 was given the 

same treatment as group 3 but with 

irradiation times of 45, 60, and 75 seconds 

respectively. 

MB photosensitizer with a 

concentration of 0.1 mg/ml was taken as 

much as 0.5 ml and then transferred to 

groups 2, 3, 4, 5, and 6, then left for pre-

radiation for 1 minute. Radiation was done 

with Dentolaser FNR diode laser set to 

M=1 mode or full irradiation mode, and T 

(time) according to each group's irradiation 

time, with an interval of 5 seconds. The 

laser tip is directed at the mouth of the tube 

and placed at a distance of 5 mm against the 

surface of the media. 

0.1 ml from all samples that have been 

subjected to treatment are taken and 

transferred to a TYC agar medium, then 

incubated at 37°C for 48 hours in an 

anaerobic atmosphere. The number of 

colonies was counted manually and the 

results of each group are averaged. 
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Data analysis was done using SPSS 

Statistic Base, normality test was conducted 

with Kolmogorov-Smirnov, homogeneity 

test with Levene Test, significance test with 

ANOVA, and advanced test with Tukey 

HSD Test, with a p value of 0.05. 

RESULTS 
The results’s mean and standard 

deviations of the total S. mutans bacteria 

colonies as a whole can be seen in Table 1 

and Figure 1. 

Table 1. Mean and standard deviations of the S. mutans colonies 

Group N 𝒙 (CFU/ml) SD 

W/O MB and laser 5 44,4 1,14 

MB W/O laser 5 38 1,58 

MB + 30 seconds 5 25,8 0,84 

MB + 45 seconds 5 19,8 1,3 

MB + 60 seconds 5 14,6 0,55 

MB + 75 seconds 5 9,8 0,84 

 

 

Figure 1.  S.mutans bacterial colonies on TYC media. Legend: a. Group 1 (without MB and 

laser); b. Group 2 (MB without laser); c. Group 3 (MB + 30s); d. Group 4 (MB + 

45s); e. Group 5 (MB + 60s); f. Group 6 (MB + 75s).  

From the results of data analysis, the 

Kolmogorov-Smirnov test showed p> 0.05 

which means normal data distribution. 

Levene Test test shows p> 0.05 which 

means homogeneous data variation. 

ANOVA and Tukey HSD Test showed p 

value <0.05, which means there were 

significant differences between the number 

of S. mutans colonies in each group (Table 

2). 
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Table 2. Tukey HSD Test results between groups 

Group 1 2 3 4 5 6 

1 - .000* .000* .000* .000* .000* 

2 - - .000* .000* .000* .000* 

3 - - - .000* .000* .000* 

4 - - - - .000* .000* 

5 - - -             - - .000* 

6 - - - - - - 

 Note: *) significant difference 

 

DISCUSSION 
In this study photodynamic therapy 

was carried out using laser diodes as 

antibacterial agents against S. mutans for 

disinfection of dental cavities. Based on the 

analysis of the data obtained, there were 

significant differences in each and every 

group. This is in accordance with the 

research of Rikhtegaran et al. who said that 

photodynamic therapy with MB 

photosensitizer showed a significant 

reduction in S. mutans.13 

According to Lozano et al., MB has the 

maximum ray absorbance rate at a 

wavelength of 665 nm.14 In the research of 

Rikhtegaran et al., the use of light with a 

wavelength of 640 nm can activate the MB 

fluid, therefore triggering a photo-

inactivation process.13 

MB can interact with bacterial cell 

walls even without radiation, an oxidation 

process occurs so that reactive oxygen 

species (ROS) products are formed which 

will cause damage to bacterial cell walls. 

This is evidenced by the difference in group 

1 (without MB and radiation) and group 2 

(with MB but without radiation) results, 

which is significant.15 

After radiation, a series of photo-

inactivation processes occurs. The process 

begins with photosensitization which 

involves photophysical, photochemical, 

and photobiological processes. In the 

photophysical process there is absorption of 

light by MB and a transition from a low and 

stable energy state, namely a ground state 

(S0) becoming an excited single state (S1). 

The state of S1 then attempts to return to S0 

by passing the triplet state (T1). 

Changes in  these levels cause 

chemical reactions to occur, producing 

singlet oxygen and ROS products that are 

toxic and can damage target cells. The last 

process, namely photobiology, is a change 

that occurs in cells due to the existence of 

said product, which is the disintegration of 

the cell wall which will cause lysis of the 

bacterium.16,17 

In the T1 phase, there are two 

processes with different pathways, namely 

Type I and Type II reactions. In a Type I 

reaction, electron transfer occurs directly 

from the photosensitizer under T1 to the 

substrate/biomolecule that produces radical 

products namely superoxide (O2-), 

hydrogen peroxide (H2O2), radial hydroxyl 

(OH-), nitric oxide (NO.), and nitrite 

peroxide (ONOO.). These products will 

react with S0 to form ROS. In a Type II 

reaction, energy transfers from the 

photosensitizer to the receptor, which is 

oxygen, producing a singlet oxygen (1O2). 

Oxygen singlets are powerful and 

dangerous oxidants.18 

In this study, samples given 30 seconds 

of radiation already showed some form of 

antibacterial ability, which was 41.9%, 

followed by another group given 45 

seconds of radiation (55.5%), 60 seconds 

(67.2%), and the most antibacterial ability 

obtained was when the samples were given 

75 seconds of radiation time (78%). Gondal 

& Amjad said, long exposure times make 

photons from absorbed lasers increase thus 
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making active sites formed on 

photosensitizers also increase. In the end, 

the reaction process that occurs, either type 

I or type II gets longer. Therefore, free 

radical products, such as ROS and singlet 

oxygen increases due to the reaction 

process being longer.19 

When the samples were given 75 

seconds of irradiation time, the antibacterial 

ability produced was 78%. In order to get 

maximum antibacterial effect, Xhevdet et 

al. said that increasing the exposure time is 

recommended to get good disinfection 

results. Non-maximal bacterial elimination 

may occur at short irradiation times due to 

the low concentration of ROS formed.20 In 

addition, this photodynamic therapy can be 

combined with conventional antibacterial 

ingredients such as chlorhexidine or 

sodium hypochloride.21 

From this study, it can be said that 

radiation time is important because the 

duration of radiation given determines the 

antibacterial ability produced. The 

radiation time determines the number of 

absorbed laser photons so that the ROS and 

singlet oxygen produced are also quite 

plentiful to kill S. mutans. Even so, 

excessive exposure time may cause a 

photothermal effect that can cause damage 

to surrounding tissues.22,23 For this reason, 

a toxicity test is also needed so that an 

adequate exposure time can be obtained. 

The conclusion of this study is, 650 nm 

laser diode radiation with a duration of 75 

seconds is an effective time as an 

antibacterial against S. mutans compared to 

30, 45, and 60 seconds.  
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