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AbSTrAcT

In recent years the significant endeavors of scientific microbiology have been aimed at the 
search of alternative new approaches in antimicrobial therapy. The method of photodynamic la-
ser-therapy is proposed as a non-pharmacological technique based on application of radiant 
energy. 

The aim of our investigation was to study the effect of low-level laser therapy of the blue and 
red spectra on the oral streptococci in cases of hard dental tissue lesions, in particular: in dental 
caries and periodontitis. 

The results of the effectiveness determination of the red spectrum laser radiation on 
Streptococcus salivarius isolated from the oral cavity of persons with dental caries and 
periodontitis through in vitro experiment showed that upon irradiation by the laser beam with a 
wavelength of 635 nm a decrease of quantitative indicators was observed with preservation of 
the streptococci. Upon irradiation for 30 min. the number of Streptococcus salivarius made 
18.9±2.0 CFU/ml (× 104) and in case of periodontitis – 19.5±1.6 CFU/ml (× 104). When using 
red laser light spectrum for 5 min. no changes of bacterial growth were observed. 

When applying the low-level laser therapy by blue light with a wavelength of 445 nm after 15 
min. a complete absence of streptococci growth was observed. 

During the analysis on the growth of Streptococcus salivarius isolated from carious cavities and 
periodontal pockets upon irradiation by low-level laser radiation with a wavelength of 445 nm and 
635 nm the varying degrees of exposure to laser beam depending on the wavelength and duration 
of the exposure were discovered. The absence of Streptococcus salivarius growth on the 15th, 20th 
and 30th min. of irradiation was the characteristic feature when applying a wavelength of 445 nm 
and the intensity reduction of the growth immediately after the 5th min., as compared with the 
wavelength of 635 nm, when only a partial reduction in the number of colonies was observed after 
irradiation for 30 min. This effect of low-level laser therapy points to the dependence of the growth 
of the studied culture spesimens on the exposure and ray absorption spectrum. 
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introduction

The prevalence of the diseases of hard dental 
tissues (dental caries and periodontitis) among 
adults and children worldwide amounts 80-100% 
[Chereda V. et al., 2012].

The oral cavity is colonized by microorganisms, 
which make about 15-17% of their total number in 
the human body [Danyleichenko V. et al., 1997; 
Isaeva N. et al., 2010]. The peculiarity of this 
ecosystem is that it constantly undergoes a double 
influence: on the one hand, we have various 
external factors and, on the other hand – oral 
automicroflora interacts with regular protective 
mechanisms of the macrosystem [Jenkinson H., 
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Lamont R., 2005; Gavrilova O. et al., 2008].
One of the major points of teeth caries 

pathogenesis is dental plaque, the structure of 
which is complex and multilayered. Plaque 
microorganisms tend to fix and reproduce 
themselves on the surface of hard dental tissues 
and produce heteropolysaccharides, which play an 
important role in the development of pathological 
conditions. One of the most crucial factors in the 
dental caries development is colonization of the 
tooth surface by cariogenic streptococci: 
Streptococcus mutans, Streptococcus salivarius 
and Streptococcus mitis, which have an intensive 
cariogenic effect [Black C. et al., 2004; Coogan M. 
et al., 2008; Wirth K. et al., 2008; Baydalka I., 
2010; Coenye T., Nelis H., 2010]. 

Streptococcus, including that of the oral group, 
is an active pathogen in a wide range of pathology, 
because in case of massive colonization of the sto-the sto-
manasopharynx or mucous membranes of other 
localizations the risk of unodontogenic pathosis 
foci increases dramatically [Guan Y. et al., 2001; 
Yamaguchi M. et al., 2006; Welcha K. et al., 2010]. 
The rapid growth of antibiotic resistance is the 
main feature characterizing the outcome of the 50-
year period known as “antibiotic eraˮ [Nordmann 
P. et al., 2011]. Inappropriate prescription of 
antibiotics to complete the treatment plan and their 
overuse in animal breeding and other branches of 
agriculture also reinforce the problem [Sterer N., 
Feuerstein O., 2005; Dai T. et al., 2012].

During the process of research for alternative 
approaches to antimicrobial therapy the use of 
various physical factors was studied. The 
photodynamic therapy was suggested as a non-
pharmacological method on the basis of radiant 
energy application for antibacterial therapy. The 
benefits of phototherapy include definitive direct 
and efficient antimicrobial effect and antibiotic 
resistance reduction in experimentally radiated 
cultures. The use of the blue light is attracting more 
and more attention due to its antimicrobial effect 
without adding exogenous photosensitizer, as the 
latter is required, when using the red light 
[Feuerstein O. et al., 2004; Izzo A., Walsh J., 2004; 
Rolim J. et al., 2012]. Furthermore, it is believed 
that the blue light has a less pronounced destructive 
effect on mammalian cells than the ultraviolet one 
[Kleinpenning M. et al., 2010]. The mechanism of 

antimicrobial action produced by the blue light is 
still not fully studied and understood. A common 
hypothesis is based on the fact that the blue light 
activates endogenous intracellular porphyrins and 
such absorption of photons then leads to the energy 
transfer and in the end it realizes in the production 
of highly reactiveactive oxygen species (ROS), 
mostly in the form of singlet oxygen (1O2) [Ashkenazi 
H. et al., 2003; Hamblin M. et al., 2005; Maclean 
M. et al., 2008; Oplаnder C. et al., 2011; Yoshino F. 
et al., 2012; Pileggi G. et al., 2013].

The aim of our study was to examine the effect 
of low-level laser therapy (LLLT) of the blue and 
red spectra on the oral streptococci in cases of hard 
dental tissues lesions, in particular: dental caries 
and periodontitis.

Material and Methods

During the research, the oral microflora was 
examined in 35 patients aged 25-45 years who for 
the first time addressed the clinic with caries, 30 
people diagnosed with periodontitis, and 20 people 
with no signs of dental disease. 

Dental plaque and the content of carious cavities 
served as material for microbiological exami nations. 
To prevent material contamination by environmental 
microflora a sterile excavator was used aseptically. 
The biological substrate was streaked during one 
hour after the material sampling; the following 
culture media were used: 5% sheep blood agar, meat-
peptone agar, Mitis-Salivarius agar (“Hi-media”, 
India) and placed in 37°C incubator for 20 hours. 

Aerobic bacteria belonging to a precise genus was 
determined on the basis of morphological 
characteristics, culture properties, and due to estab-
lishment of biochemical properties. Microorganisms 
were identified according to the classification data 
suggested in the 9th edition of Bergey’s manual 
[Holt J. et al., 1994]. The discharge intensity of the 
experimetal microorganisms was evaluated according 
to two parameters: the frequency of discharge and the 
percentage of correlation between streptococci and 
other microorganisms of the aerobic unit, among 
which there were cariogenic streptococci, as well as 
streptococci of other groups (including enterococci), 
staphylococci, Coryneform bacteria and other 
microorganisms. 

Streptococci strains were determined according 
to the type of hemolysis (α - or β-hemolysis), 
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esculin hydrolysis; disks with bacitracin and bile 
were used and Streptotest (“Lachema”, Czech 
Republic) was employed. Thirty-four strains of 
Streptococcus salivarius were identified in mate-identified in mate-
rial taken from patients with dental caries, 25 
strains – from patients with periodontitis and 13 
strains of Streptococcus salivarius were isolated 
from healthy people. Pure cultures isolated from 
patients and healthy individuals were used for 
further studies on the effects of the red and blue 
spectra. Quantitative parameters of the microflora 
were presented in the colony forming units per 1 
ml (CFU/ml) [Paschoal M. et al., 2013]. 

The suspension of Streptococcus salivarius 
culture with 1.0 McFarland turbidity was diluted 
to 104 CFU/ml following with the irradiation in the 
logarithmic phase of growth in sterile 0.1 ml plates 
by the laser of blue and red spectra (exposure: 5, 
10, 15, 20 and 30 min.) in continuously uninter-) in continuously uninter- in continuously uninter-
rupted static regimen. 

Irradiation sources: Laser light source was a laser 
diode module of the blue spectrum with a wavelength 
of 445 nm, diode power of 1000 mW and the output 
power of 700 mW (“AixiZ”, USA). Red laser diode 
module with a wavelength range of 635 nm, diode 
power 25 mW and an output power of 25 mW (“Optica 
Laser”, Bulgaria) was used as red light source.After 
the irradiation the entire volume of the culture (0.1 
ml) was passaged with micropipette onto a solid 
nutrient medium, streaked with a spatula and 
incubated at 37°C. After 24 hours the number of 
colonies was counted and the results were compared 
with the streptococci isolates of the control group 
that were not subjected to the exposure.

Statistical calculation of the results was performed 
using the software package for statistical data analysis 
of biomedical research “Instatˮ (GraphPad Software 
Inc., 1993). Upon the statistical processing, the 
results were obtained as the mean value of the test 

parameter (M), standard error (deviation) of the test 
parameter (m) and reliability index (p).

results and discussion

According to the scientific literature [Feuerstein 
O. et al., 2004; Sterer N., Feuerstein O., 2005; 
Guffey J., Wilborn J., 2006; Fekrazad R. et al., 
2011; Chebath-Taub D. et al., 2012; Nagata J. et 
al., 2012; Paschoal M. et al., 2013], antibacterial 
efficacy of the light depends on the wavelength, 
the exposure, and the light sensitivity of irradiated 
cultures. It was also found that the reduction in the 
number of colonies and the antimicrobial activity 
were observed during the laser irradiation in the 
red spectrum with simultaneous application of 
antiseptics and photosensitizing agents [Paschoal 
M. et al., 2013]. Bacteriostatic effect is 
characteristic for laser radiation with a range of 
635 nm, while the bactericidal effect of the blue 
light – within the wavelength range of 445 nm 
without the application of photosensitizers. 

The results of studies on effectiveness of the 
red spectrum laser radiation against Streptococcus 
salivarius isolated from the oral cavity of people 
with dental caries and periodontitis in vitro are 
presented in Table 1.

According to the results (Table 1), at irradiation 
with a 635 nm wavelength laser beam a decrease of 
quantitative properties was observed with the 
preservation of characteristics in streptococci 
isolated from the oral cavity of patients with dental 
caries and periodontitis. During the irradiation for 
30 min. the number of Streptococcus salivarius 
isolated from patients with dental caries made 
18.9±2.0 CFU/ml (× 104) (p < 0.001), whereas in 
the material taken from patients with periodontitis 
the number of the specified bacteria made 19.5±1.6 
CFU/ml (× 104) (p < 0.001). The application of red 
laser spectrum during 5 min. did not influence the 

TAble 1.
Intensity of Streptococcus salivarius growth at different exposure time of red spectrum

Group Number of 
strains

Number of CFU/ml (× 104)
unirradiated 5 min. 10 min. 15 min. 20 min. 30 min.

Dental caries 34 31.3±2.0 30.7±2.1* 29.4±1.8* 24.9±2.3** 21.6±2.5** 18.9±2.0**
Periodontitis 25 31.0±1.0 30.2±1.2* 29.1±1.1** 26.4±1.7** 23.0±1.7** 19.5±1.6**
NoTeS: * p ˃ 0.05 – reliability of difference between control and 5- and 10-minute exposure; 
          ** p < 0.001 – reliability of difference between control and 10-, 15-, 20-, and 30-minute exposure.
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bacteria growth. The measurement finding was 
30.7±2.1 CFU/ml (× 104) (p ˃ 0.05) for bacteria 
isolates from patients with dental caries, while in 
material from patients with periodontitis it was 
30.2±1.2 CFU/ml (× 104) (p ˃ 0.05). In the control 
group the number of Streptococcus salivarius was 
31.3±2.0 CFU/ml (× 104) (caries) and 31.0±1.0 CFU/
ml (×104) (p ˃ 0.05) (periodontitis), respectively.

When applying the LLLT blue light with a 
wavelength of 445 nm (Table 2) in 15 min. a 
complete absence of streptococci growth was 
observed. During the irradiation for 5 min. the 
intensity of microorganisms growth made 18.5±1.1 
CFU/ml (× 104) (caries) and 7.4±1.0 CFU/ml (× 
104) (p < 0.001) (periodontitis). The microbial 
number for the isolates of control group (unirradi-isolates of control group (unirradi-control group (unirradi-unirradi-irradi-
ated) made 29.8±1.2 CFU/ml (× 104) (caries) and 
29.8±1.1 CFU/ml (×104) (p < 0.001) (periodontitis).

Intensity of Streptococcus salivarius growth at 
different exposure time of blue spectrum

While conducting the electron microscopic 
research on ultrathin sections of Streptococcus 
salivarius grown on Mitis-Salivarius agar without 
laser irradiation we used the transmission electron 
microscope PEM at accelerating tension of 75 kV 
and magnification power from × 900 up to ×30000 
(control cells). It was established (Fig. 1A) that the 
membranes had a smooth surface, free from the 
swelling of the cell wall and all the structures were 
preserved. Upon application of LLLT blue light for 
10 min. (Fig. 1B) the thickening of the cell wall, 
fragmentation of intracellular structures and 
detachment of the cytoplasmic membrane were 
observed. Thus, destructive processes occurring in 
cells of Streptococcus salivarius under the 
influence of the blue light application for 10 min. 
indicate a significant inhibition of peptidoglycan 
synthesis, as well as the activation of enzymes 
autolysis resulting in the decrease of the rate of 
population growth. 

TAble 2.
Intensity of Streptococcus salivarius growth at different exposure time of blue spectrum

Group Number of 
strains

Number of CFU/ml (× 104)
unirradiated 5 min. 10 min. 15 min. 20 min. 30 min.

Dental caries 34 29.8±1.2** 18.5±1.1** 6.2±1.0** 0* 0* 0*
Periodontitis 25 29.8±1.1** 7.4±1.0** 1.9±0.8** 0* 0* 0*
NoTeS: * p ˃ 0.05 – reliability of difference between control and 15-, 20- and 30-minute exposure; ** p < 0.001 – 

reliability of difference between control and 5- and 10-minute exposure.

FiGure 1. Ultrathin section of Streptococcus salivarius 
cell (magnification: ×900 to ×30000). a – without 
the influence of LLLT by blue spectrum; b – with the 
influence of LLLT by blue spectrum during 10 min. 

a

b
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conclusion 

During the analysis on the growth of 
Streptococcus salivarius isolated from carious 
cavities and periodontal pockets upon exposure to 
low-level laser radiation with a wavelength of 445 
nm and 635 nm the varying degrees of laser beam 
affection depending on the wavelength and 
duration of exposure were discovered. The 
characteristic feature was the absence of 
Streptococcus salivarius growth on the 15th, 20th 
and 30th min. of irradiation when applying a 
wavelength of 445 nm and the intensity reduction 
of the growth immediately after the 5th min., as 
compared with the wavelength of 635 nm, when 
only a partial reduction in the number of colonies 
after 30 min. irradiation was observed. This effect 

of LLLT pointed to the dependence of the growth 
of the studied culture on the exposure and ray 
absorption spectrum in isolated streptococci. It 
was found that Streptococcus salivarius isolated 
from periodontal pockets were more sensitive to 
blue light laser beams, as compared to the isolates 
from the carious cavities. The characteristic effect 
of the red laser spectrum on the examined 
microorganisms in cases of dental caries was not 
shown.

On the basis of the results of microbiological 
studies in vitro one can state that the use of the 
blue spectrum laser radiation with a wavelength 
range of 445 nm is a promising method for 
antimicrobial treatment of dental caries and 
periodontal disease.
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