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Abstract

Introduction: Dental caries remains a prevalent oral health issue worldwide, with Lactobacillus
acidophilus playing a significant role in its progression. While traditional antimicrobial
agents like chlorhexidine are effective, the increasing concern of antimicrobial resistance has
spurred interest in alternative approaches. Dielectric barrier discharge (DBD) plasma, a form
of cold atmospheric plasma (CAP), has shown promise in various biomedical applications,
including dentistry. This in vitro study aims to determine the effect of DBD plasma radiation on
the amount of L. acidophilus bacteria.

Methods: Lactobacillus acidophilus (ATCC 43121) cultures were subjected to DBD plasma
treatment for 30, 90, 120, and 150 seconds. A positive control group was treated with 2%
chlorhexidine, and a negative control received no treatment. Bacterial viability was assessed
using colony-forming unit (CFU) counts. One-way ANOVA and Tukey’s HSD test were used for
statistical analysis. P values less than 0.05 were considered significant.

Results: The 30-second DBD plasma treatment significantly reduced L. acidophilus populations
compared to the negative control (32.9% reduction, P<0.001). However, longer exposure times
(90, 120, and 150 seconds) showed diminished antibacterial effects. The 2% chlorhexidine
treatment demonstrated the highest antibacterial efficacy (54.8% reduction, P<0.001 compared
to all other groups).

Conclusion: It seems that short-duration DBD plasma treatment (30 seconds) effectively reduced
L. acidophilus populations, although not as efficiently as chlorhexidine. Interestingly, prolonged
plasma exposure did not enhance antibacterial effects, suggesting a potential adaptive response
of bacteria to extended plasma treatment. These findings highlight the promise of DBD plasma
as a novel approach to dental caries prevention while emphasizing the need for optimized
treatment parameters.
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Introduction

Dental caries is a multifactorial disease with a bacterial
origin, remaining one of the most prevalent and costly
oral health issues worldwide.! Among the various
microorganisms implicated in caries development,
Lactobacillus species, particularly Lactobacillus acidophilus,
have been recognized as significant contributors to the
cariogenic process for over a century.?

L. acidophilus, a gram-positive, non-spore-forming
anaerobic bacterium, is frequently found in deep carious
lesions and plays a crucial role in caries progression.’
Its ability to produce lactic acid and thrive in low-pH
environments makes it particularly effective at promoting
tooth demineralization.*

Traditional approaches to caries prevention and
management have relied heavily on antimicrobial agents
such as chlorhexidine. However, the increasing emergence
of antimicrobial resistance poses a significant challenge to
these conventional strategies.” This growing concern has
spurred interest in alternative methods for controlling oral
pathogens, including novel physical approaches like cold
atmospheric plasma (CAP).°

CAP, a partially ionized gas generated at ambient
temperature and pressure, has shown promising results in
various biomedical applications, including dentistry.” One
form of CAP, dielectric barrier discharge (DBD) plasma,
has garnered particular attention due to its ability to
generate reactive oxygen and nitrogen species, which are
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thought to be key to its antimicrobial effects.®

While several studies have explored the effects of
CAP on oral biofilms and certain cariogenic bacteria
like Streptococcus mutans,’ there is limited research
specifically examining its impact on L. acidophilus. Given
the importance of L. acidophilus in caries progression,
understanding the effects of DBD plasma on this organism
could provide valuable insights for developing novel caries
prevention and treatment strategies.

The in vitro approach was chosen for this study due to
its ability to provide a controlled environment, allowing
for precise manipulation of variables and isolation
of specific effects on L. acidophilus.® This method
serves as a crucial first step in evaluating the safety and
efficacy of DBD plasma treatment before progressing
to more complex models.!’ In vitro studies have been
instrumental in elucidating mechanisms of action and
optimizing treatment parameters for plasma applications
in dentistry."”

Therefore, this study aimed to investigate the effects of
DBD plasma exposure on L. acidophilus in vitro, comparing
its efficacy to traditional antimicrobial approaches and
exploring the relationship between exposure time and
antibacterial effects.

The findings of this study contribute to a better
understanding of the interaction between DBD plasma
and L. acidophilus, a bacterium associated with dental
caries. This knowledge is essential for exploring
potential applications of DBD plasma in oral healthcare,
particularly in developing novel antimicrobial strategies.
These insights highlight the significance of investigating
the effects of DBD plasma on oral microbiota, forming the
foundation for the objectives of this study.

Materials and Methods

Sample Size

Based on the findings of Nima et al,’ the effect size of 0.51
was determined and applied using the one-way ANOVA
power analysis option in PASS11 software, with a=0.05
and p=0.2. Given an average log standard deviation of
colony counts of 0.48, the minimum required sample
size for each of the six study groups was calculated to be
five samples. Considering the presence of one standard
species, four DBD plasma irradiation times per sample,
and a control group, the total number of samples was 30.

Bacterial Strain and Culture Conditions

Lactobacillus acidophilus (ATCC 43121) was obtained
as a lyophilized powder from the Iranian Organization
for Science and Technology (IROST) in Tehran. The
bacteria were rehydrated with sterile physiological saline
(1 mL) and cultured on Brain Heart Infusion (BHI)
agar supplemented with 5% sheep blood. Cultures were
incubated aerobically at 37 °C for 48 hours in an incubator
(INE 500, Memmert, Germany)."

Preparation of Bacterial Suspension

Following incubation, 5-6 morphologically similar
colonies were selected using a sterile loop and suspended
in 2 mL of Brain Heart Infusion Broth (BHIB) in sterile
test tubes. These were then incubated at 35-37 °C for 1-2
hours. The bacterial concentration was adjusted to match
the turbidity of a 0.5 McFarland standard (approximately
1.5x10® CFU/mL) using a spectrophotometer (Apel PD-
303, Japan) at a 600-nm wavelength. The optical density
of the suspension was maintained between 0.08 and 0.11,
equivalent to the 0.5 McFarland standard."

Experimental Groups and Design
The study comprised six groups, each with five replicates
(n=5 per group):
1. Negative control: Bacterial suspension without any
treatment

2. Positive control: Bacterial suspension treated with 2%

chlorhexidine (100 pg/mL, Nikan Darman Co.)

DBD plasma treatment for 30 seconds

DBD plasma treatment for 90 seconds

DBD plasma treatment for 120 seconds

DBD plasma treatment for 150 seconds
For each group, 100 pL of the standardized bacterial
suspension was transferred to wells in a 96-well microplate
(Figure 1). The negative control group received no
treatment, while the positive control group was treated with
2% chlorhexidine. For the plasma treatment groups, each
well was exposed to DBD plasma for the specified duration.

oG A W

DBD Plasma Device and Treatment

A CAP device (DBD plasma, Sepid Jamegan Technology
Co., Iran) was used for the treatments. The device operated
with neon gas at 220 V, 0.3 A, constant power of 66 V/A,
and 10 kHz frequency. The 66 V/A setting used for DBD
plasma irradiation was based on the default configuration
of the CAP device utilized in this study. This power setting
is recommended by the device manufacturer (Sepid
Jamegan Technology Co., Iran) as the optimal operation

Figure 1. Lactobacillus acidophilus Bacteria Samples in 96 Microplates (It
is inside 30 sample wells)
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level for safe and effective plasma discharge in biomedical
applications. The internal head diameter of the device
was 15 mm.

For plasma treatment, the device was positioned
perpendicular to the surface of the bacterial suspension
in the microplate wells, maintaining a distance of 2
mm between the plasma nozzle and the surface of the
suspension. To prevent uncontrolled radiation to other
samples, a double-layered punched paper was used to
shield adjacent wells (Figure 2)."°

Colony-Forming Unit Assay

Twenty-four hours post-treatment, 50 pL from each well
was extracted and cultured on BHI agar plates using the
spread plate method. The plates were then incubated
aerobically at 37 °C for 48 hours. Following incubation,
the number of colony-forming units (CFU) on each plate
was counted manually to determine bacterial viability.
The CFU count was expressed as CFU/mL.'

Statistical Analysis

Data analysis was performed using SPSS software version
26. The Kolmogorov-Smirnov test was used to assess data
normality. One-way ANOVA was employed to compare
CFU counts between groups, followed by Tukeys HSD
post hoc test for pairwise comparisons. A P value<0.05
was considered statistically significant. The results were
presented as mean * standard deviation of CFU/mL for
each group."”

Results

The effects of DBD plasma treatment on L. acidophilus
were evaluated by comparing the CFUs across different
treatment groups. The study aimed to assess the
antibacterial efficacy of DBD plasma at various exposure

Figure 2. Head of Cold Atmospheric Plasma DBD

times compared to a standard chlorhexidine treatment
and negative control (Table 1).

Statistical Analysis

One-way ANOVA revealed significant differences
between the treatment groups (F(5,24) =78.42, P<0.001).
The Kolmogorov-Smirnov test confirmed the normal
distribution of data across all groups (P>0.05). Levene’s
test showed homogeneity of variances (P=0.218),
validating the use of ANOVA.

Post-hoc Analysis

Tukey’s HSD test was employed for pairwise comparisons

between the groups. The results revealed (Figure 3):

1. Chlorhexidine Treatment: The positive control
group (2% chlorhexidine) demonstrated the highest
antibacterial efficacy, with a 54.8% reduction in the
CFU count compared to the negative control. This
reduction was statistically significant compared to all
other groups (P <0.001 for all comparisons).

2. DBD Plasma - 30 seconds: This group showed the
second-highest antibacterial effect, with a 32.9%
reduction in the CFU count. It was significantly
different from both the positive control (P<0.001)
and the negative control (P<0.001).

3. DBD Plasma - 90, 120, and 150 seconds: Surprisingly,
these longer exposure times showed less antibacterial
efficacy compared to the 30-second treatment.
The 90-second treatment resulted in only a 4.1%
reduction, while both 120-second and 150-second

Table 1. Mean CFU counts (+SD) and percentage reduction of Lactobacillus
acidophilus across experimental groups

Mean CFU/mL

Treatment Group Reduction (%)

(x10%) £SD
Negative control (no treatment) 1.46+0.05 -
Positive control (2% chlorhexidine) 0.66+0.11 54.8%
DBD plasma - 30 seconds 0.98+0.13 32.9%
DBD plasma - 90 seconds 1.40+0.12 4.1%
DBD plasma - 120 seconds 1.32+0.08 9.6%
DBD plasma - 150 seconds 1.32+0.08 9.6%

150

I 11

95% CICFU

s I

neg.control 30s 90s 120s 150s pos control

group

Figure 3. The Average Number of Colonies Formed in the Culture Medium
(CFU) of the Study Groups
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treatments showed a 9.6% reduction in the CFU
count. These groups did not differ significantly from
the negative control (P>0.05 for all comparisons).

4. Comparison between DBD Plasma treatments: The
30-second DBD plasma treatment was significantly
more effective in reducing bacterial counts compared
to the 90-second, 120-second, and 150-second
treatments (P <0.001 for all comparisons).

Time-Dependent Effects of DBD Plasma

The antibacterial effect of DBD plasma treatment did

not show a linear relationship with exposure time. The

30-second treatment was more effective than longer

exposure times, suggesting a potential threshold effect or

adaptive response of L. acidophilus to prolonged plasma

exposure. This non-linear relationship is evident in the

following observations (Table 1):

e The 30-second treatment reduced the CFU count by
32.9%.

e The 90-second treatment only reduced the CFU
count by 4.1%.

e The 120-second and 150-second treatments both
reduced the CFU count by 9.6%.

This pattern suggests that L. acidophilus may have

mechanisms to adapt to or resist longer plasma exposures,

which could be an important consideration for future

applications of this technology.

Comparison with Chlorhexidine

While the 30-second DBD plasma treatment significantly
reduced bacterial counts compared to the negative
control, it was not as effective as the 2% chlorhexidine
treatment (32.9% vs 54.8% reduction, P<0.001). However,
it demonstrated superior antibacterial activity compared
to longer plasma exposure times. This suggests that
short-duration DBD plasma treatments could potentially
serve as an alternative or adjunct to traditional chemical
antiseptics, though further optimization may be needed
to match the efficacy of chlorhexidine.

Implications of Findings

These results indicate that DBD plasma treatment,
particularly at 30 seconds of exposure, has a significant
antibacterial effect against L. acidophilus. However, this
effect is less pronounced than that of 2% chlorhexidine
and does not increase with longer exposure times under
the conditions of this study. The unexpected decrease
in efficacy with longer exposure times warrants further
investigation into the mechanisms of bacterial response to
plasma treatment.

The findings suggest that short-duration DBD plasma
treatments could have potential applications in dental
practice for reducing L. acidophilus populations. However,
the optimal parameters for treatment, including exposure
time and intensity, may need further refinement to

maximize antibacterial effects while considering the
potential adaptive responses of the bacteria.

Discussion

The results of this study showed that the lowest mean
colony count of L. acidophilus was observed in the
positive control group (treated with 2% chlorhexidine)
and the group irradiated with DBD plasma for 30 seconds,
respectively. While the antibacterial effect of 30-second
DBD plasma irradiation was slightly lower than that of
the positive control group, both exhibited a significant
reduction in the bacterial count compared to the negative
control group. The findings suggest that DBD plasma
with a constant power of 66 V/A exerts a time-dependent
antibacterial effect against L. acidophilus.’

The reason for using chlorhexidine as a positive control
for the antibacterial effect is that chlorhexidine is a broad-
spectrum agent against viruses, bacteria, and fungi. In
plasma-related treatments, bacterial inhibition is strongly
influenced by both exposure time and the distance
between the plasma source and the target surface.'

Several studies have investigated the antibacterial
properties of CAP. Blumhagen et al found that the
maximum antibacterial effect of CAP was achieved with
just 10 seconds of irradiation.” Their study used argon-
based plasma applied to L. acidophilus and Streptococcus
mutans biofilms on hydroxyapatite (HA) disks. In contrast,
our study employed neon-based DBD plasma applied to L.
acidophilus biofilms in a 69-well microplate system. These
differences in plasma composition, irradiation time,
and experimental conditions likely explain the variation
in observed results. To further clarify the relationship
between exposure time and antibacterial efficacy, the
present study assessed DBD plasma irradiation across
multiple time intervals.

A similar study by Nima et al examined the effects of DBD
plasma on Streptococcus mutans, using irradiation times
and methodology comparable to our study. The difference
in bacterial species studied accounts for variations in
results. However, like the present research, their study also
confirmed the time-dependent antibacterial properties of
DBD plasma.’

Abonti et al multi-gas plasma was used to inactivate
Streptococcus  mutans, Lactobacillus fermentum, and
Aggregatibacter  actinomycetemcomitans on  the
agar culture medium. Their findings indicated that
Lactobacillus fermentum required a 60-second exposure
for complete inactivation.”’ These reports are somewhat
in line with the present results.

Two other factors that influence the effectiveness of
CAP irradiation are the distance between the device
nozzle and the irradiation surface, and the dispersion
of the radiation.?! In the study by Abonti et al, plasma
was irradiated from distances of 20 mm and 2 mm to
bacterial cultures. Plasma irradiation from a distance
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of 20 mm was able to cause a greater reduction in the
colony count due to the involvement of a larger surface
area.” However, findings from Das et al indicate that
increasing the distance between the plasma nozzle and
the sample surface generally reduces its antimicrobial
efficacy.” These observations highlight the importance of
optimizing plasma application parameters for maximum
antibacterial efficiency.

Considering the studies conducted, CAP is a suitable
tool for combating oral bacteria. Other antimicrobial
agents, such as chlorhexidine mouthwash alone, also
reduce the number of L. acidophilus colonies by disrupting
osmotic regulation and consequently inhibiting cellular
respiration, damaging the bacterial membrane, and
leading to the leakage of cytoplasmic contents.”>*
Chlorhexidine is a topical drug and the gold standard
against L. acidophilus.*

DBD plasma, on the other hand, exerts its bactericidal
effects through multiple mechanisms, including the
generation of reactive oxygen and nitrogen species (ROS
and RNS) such as atomic oxygen, ozone, hydroxyl group,
NO, and NO2.»? These mechanisms have a direct
effect on microorganisms, especially on their outer
membranes, through chemical etching. They also cause
the destruction of bacterial DNA, proteins, and enzymes,
ultimately leading to cell destruction.” It is observed that
the cell wall surface opens up significantly, and many
intracellular contents are released, confirming bacterial
inactivation."

Numerous studies have examined the effect of plasma
jet on oral biofilms, particularly on Streptococcus mutans
bacteria.>”**® However, few studies have investigated
the effect of DBD plasma, a direct type of plasma, on L.
acidophilus, one of the main bacteria involved in dental
caries. In this study, a cold atmospheric DBD plasma
device, utilizing neon gas, was employed for the first
time to investigate its effects on L. acidophilus. Given
the increasing potential for oral pathogens to develop
resistance to conventional antimicrobial agents over time,
DBD plasma may offer a safe, non-invasive alternative for
reducing the microbial load in the future.

Therefore, the advantage of this study, in addition
to examining the effect of DBD plasma on L.
acidophilus bacteria, is examining the capability of an
Iranian-made device.

Limitations

The main limitations of this study were the difficulty
in accessing L. acidophilus bacteria in lyophilized form
and the inability to fully simulate oral conditions in an
in vitro setting. The study focused on a single-species
biofilm, which doesn’t represent the complex multi-
species environment of the oral cavity. Additionally, only
a limited range of plasma parameters was tested, and
long-term effects were not assessed. These limitations

provide directions for future research to further validate
and expand upon the findings in more clinically relevant
conditions.

Conclusion

Based on the findings of this study, the lowest number
of L. acidophilus colonies was observed in the positive
control group (2% chlorhexidine) and in the 30-second
DBD plasma irradiation group, respectively. DBD
plasma containing neon gas with a constant power
of 66 V/A for 30 seconds was effective in reducing L.
acidophilus colonies, although less so than chlorhexidine.
The results suggest that DBD plasma could potentially
be used as a safe, non-invasive method for reducing
the microbial load in dental applications. While not
surpassing the efficacy of chlorhexidine, DBD plasma
shows promise as a novel approach to dental caries
prevention, particularly given concerns about increasing
bacterial resistance to traditional antimicrobial agents.
Comparative studies could explore the efficacy of DBD
plasma versus conventional antimicrobial treatments such
as chlorhexidine in reducing the microbial load in dental
applications. In addition, long-term studies are needed to
assess the sustained antimicrobial effects of DBD plasma
on oral biofilms in vivo models.

Authors’ Contribution

Conceptualization: Ghazaleh Shahhosseini, Somayeh Alirezaei.
Data curation: Arezoo Alaee.

Formal analysis: Mahsa Fattahi.

Investigation: Ghazaleh Shahhosseini, Mahsa Fattahi.
Methodology: Mahsa Fattahi, Ghazaleh Shahhosseini.
Project administration: Somayeh Alirezaei.

Resources: Mahsa Fattahi.

Software: Arezoo Alaee.

Supervision: Somayeh Alirezaei.

Validation: Arezoo Alaee.

Visualization: Ghazaleh Shahhosseini.

Writing—original draft: Ghazaleh Shahhosseini.
Writing-review & editing: Somayeh Alirezaei, Arezoo Alaee.

Competing Interests
The authors declare no competing interests.

Consent for Publication
Not applicable.

Data Availability Statement
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

Ethical Approval

This study was reviewed and approved by the Ethics Committee
of the Faculty of Dentistry, Tehran Medical Sciences, Islamic
Azad University, with the ethical approval code IR.JAU.DENTAL.
REC.1403.014. All procedures were conducted in accordance with
the ethical standards of the institutional research committee and
with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Journal of Lasers in Medical Sciences. 2025;16 \ 5



Shahhosseini et al

Funding

antibiotics10020211.

No financial support was received by the authors. 16. Yadav SK, Sharma SK, Farooque A, Kaushik G, Kaur B, Pathak
CM, et al. Cytosolic phospholipase A2 (cPLA2) IVA as a

References potential signature molecule in cigarette smoke condensate

1. Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet. induced pathologies in alveolar epithelial lineages. Lipids
2007;369(9555):51-9. doi: 10.1016/s0140-6736(07)60031-2. Health Dis. 2016;15(1):129. doi: 10.1186/s12944-016-

2. Wen ZT, Huang X, Ellepola K, Liao S, Li Y. Lactobacilli and 0300-x.
human dental caries: more than mechanical retention. 17. Kim HY. Statistical notes for clinical researchers: post-hoc
Microbiology (Reading). 2022;168(6):001196. doi: 10.1099/ multiple comparisons. Restor Dent Endod. 2015;40(2):172-6.
mic.0.001196. doi: 10.5395/rde.2015.40.2.172.

3. Caufield PW, Schon CN, Saraithong P, Li Y, Argimén S. Oral 18. Dahle S, Zigon J, Fink R. Cold plasma for sustainable control
lactobacilli and dental caries: a model for niche adaptation of hygienically relevant biofilms. The interaction of plasma
in humans. J Dent Res. 2015;94(9 Suppl):110S-8S. doi: distance and exposure time. Int J Environ Health Res.
10.1177/0022034515576052. 2024;34(1):340-54. doi: 10.1080/09603123.2022.2149710.

4. Bradshaw DJ, Lynch RJ. Diet and the microbial aetiology of 19. Blumhagen A, Singh P, Mustapha A, Chen M, Wang Y, Yu Q.
dental caries: new paradigms. Int Dent ). 2013;63(Suppl 2):64- Plasma deactivation of oral bacteria seeded on hydroxyapatite
72. doi: 10.1111/idj.12082. disks as tooth enamel analogue. Am | Dent. 2014;27(2):84-90.

5. Jeon JG, Rosalen PL, Falsetta ML, Koo H. Natural products 20. Abonti TR, Kaku M, Kojima S, Sumi H, Kojima S, Yamamoto T,
in caries research: current (limited) knowledge, challenges et al. Irradiation effects of low temperature multi gas plasma
and future perspective. Caries Res. 2011;45(3):243-63. doi: jet on oral bacteria. Dent Mater J. 2016;35(5):822-8. doi:
10.1159/000327250. 10.4012/dmj.2016-062.

6. Weltmann KD, von Woedtke T. Plasma medicine—current 21. Das S, Gajula VP, Mohapatra S, Singh G, Kar S. Role of cold
state of research and medical application. Plasma Phys atmospheric plasma in microbial inactivation and the factors
Control Fusion. 2017;59(1):014031. doi: 10.1088/0741- affecting its efficacy. Health Sci Rev. 2022;4:100037. doi:
3335/59/1/014031. 10.1016/j.hsr.2022.100037.

7. Hoffmann C, Berganza C, Zhang J. Cold atmospheric plasma: 22. Lim KS, Kam PC. Chlorhexidine--pharmacology and clinical
methods of production and application in dentistry and applications. Anaesth Intensive Care. 2008;36(4):502-12. doi:
oncology. Med Gas Res. 2013;3(1):21. doi: 10.1186/2045- 10.1177/0310057x0803600404.

9912-3-21. 23. Azimi M, Jouybari L, Moghadam S, Ghaemi E, Behnampoor

8. Laroussi M. Low-temperature plasmas for medicine? IEEE N, Sanagoo A, et al. Antimicrobial effects of chlorhexidine,
Trans Plasma Sci IEEE Nucl Plasma Sci Soc. 2009;37(6):714- matrica drop mouthwash (chamomile extract), and normal
25. doi: 10.1109/tps.2009.2017267. saline on hospitalized patients with endotracheal tubes. Iran J

9. Nima G, Harth-Chu E, Hiers RD, Pecorari VG, Dyer DW, Nurs Midwifery Res. 2016;21(5):458-63. doi: 10.4103/1735-
Khajotia SS, et al. Antibacterial efficacy of non-thermal 9066.193390.
atmospheric plasma against Streptococcus mutans biofilm 24. Bescos R, Ashworth A, Cutler C, Brookes ZL, Belfield L,
grown on the surfaces of restorative resin composites. Sci Rep. Rodiles A, et al. Effects of chlorhexidine mouthwash on the
2021;11(1):23800. doi: 10.1038/s41598-021-03192-0. oral microbiome. Sci Rep. 2020;10(1):5254. doi: 10.1038/

10. Coenye T, Nelis HJ. In vitro and in vivo model systems to s41598-020-61912-4.
study microbial biofilm formation. J Microbiol Methods. 25. Graves DB. The emerging role of reactive oxygen and
2010;83(2):89-105. doi: 10.1016/j.mimet.2010.08.018. nitrogen species in redox biology and some implications

11. Douglas RG, Bennett JE, Mandell GL. Principles and Practice for plasma applications to medicine and biology. ] Phys
of Infectious Diseases. John Wiley & Sons; 1985. D Appl Phys. 2012;45(26):263001. doi: 10.1088/0022-

12. Stoffels E, Sakiyama Y, Graves DB. Cold atmospheric 3727/45/26/263001.
plasma: charged species and their interactions with cells 26. Vatansever F, de Melo WC, Avci P, Vecchio D, Sadasivam
and tissues. IEEE Trans Plasma Sci IEEE Nucl Plasma Sci Soc. M, Gupta A, et al. Antimicrobial strategies centered
2008;36(4):1441-57. doi: 10.1109/tps.2008.2001084. around reactive oxygen species--bactericidal antibiotics,

13. Sanders ME, Klaenhammer TR. Invited review: the scientific photodynamic therapy, and beyond. FEMS Microbiol Rev.
basis of Lactobacillus acidophilus NCFM functionality as a 2013;37(6):955-89. doi: 10.1111/1574-6976.12026.
probiotic. ] Dairy Sci. 2001;84(2):319-31. doi: 10.3168/jds. 27. Kostov KG, Rocha V, Koga-lto CY, Matos BM, Algatti MA,
S0022-0302(01)74481-5. Honda RY, et al. Bacterial sterilization by a dielectric barrier

14. Miles AA, Misra SS, Irwin JO. The estimation of the bactericidal discharge (DBD) in air. Surf Coat Technol. 2010;204(18-
power of the blood. J Hyg (Lond). 1938;38(6):732-49. doi: 19):2954-9. doi: 10.1016/j.surfcoat.2010.01.052.
10.1017/s002217240001158x. 28. Nam SH, Ok SM, Kim GC. Tooth bleaching with low-

15. Jungbauer G, Moser D, Miiller S, Pfister W, Sculean A, Eick temperature  plasma lowers surface roughness and
S. The antimicrobial effect of cold atmospheric plasma Streptococcus mutans adhesion. Int Endod J. 2018;51(4):479-
against dental pathogens-a systematic review of in-vitro 88. doi: 10.1111/iej.12860.
studies. Antibiotics (Basel). 2021;10(2):211. doi: 10.3390/

6 | Journal of Lasers in Medical Sciences. 2025;16


https://doi.org/10.1016/s0140-6736(07)60031-2
https://doi.org/10.1099/mic.0.001196
https://doi.org/10.1099/mic.0.001196
https://doi.org/10.1177/0022034515576052
https://doi.org/10.1111/idj.12082
https://doi.org/10.1159/000327250
https://doi.org/10.1088/0741-3335/59/1/014031
https://doi.org/10.1088/0741-3335/59/1/014031
https://doi.org/10.1186/2045-9912-3-21
https://doi.org/10.1186/2045-9912-3-21
https://doi.org/10.1109/tps.2009.2017267
https://doi.org/10.1038/s41598-021-03192-0
https://doi.org/10.1016/j.mimet.2010.08.018
https://doi.org/10.1109/TPS.2008.2001084
https://doi.org/10.3168/jds.S0022-0302(01)74481-5
https://doi.org/10.3168/jds.S0022-0302(01)74481-5
https://doi.org/10.1017/s002217240001158x
https://doi.org/10.3390/antibiotics10020211
https://doi.org/10.3390/antibiotics10020211
https://doi.org/10.1186/s12944-016-0300-x
https://doi.org/10.1186/s12944-016-0300-x
https://doi.org/10.5395/rde.2015.40.2.172
https://doi.org/10.1080/09603123.2022.2149710
https://doi.org/10.4012/dmj.2016-062
https://doi.org/10.1016/j.hsr.2022.100037
https://doi.org/10.1177/0310057x0803600404
https://doi.org/10.4103/1735-9066.193390
https://doi.org/10.4103/1735-9066.193390
https://doi.org/10.1038/s41598-020-61912-4
https://doi.org/10.1038/s41598-020-61912-4
https://doi.org/10.1088/0022-3727/45/26/263001
https://doi.org/10.1088/0022-3727/45/26/263001
https://doi.org/10.1111/1574-6976.12026
https://doi.org/10.1016/j.surfcoat.2010.01.052
https://doi.org/10.1111/iej.12860

