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Abstract
Background and aim: Despite scientific evidence that even some microorganisms may be useful, endodontic
intervention has persisted to prioritize the removal of all microorganisms from the root canal system.
Indeed, information regarding the significant role of probiotic microorganisms in endodontic treatment has
been sparse. This study aimed to carry out an in vitro evaluation of the antimicrobial activity of probiotics
against endodontic pathogens.

Methods: The evaluation was carried out in three stages. In Stage 1, the agar cup well procedure was used to
analyse the efficiency of probiotics microorganisms against Enterococcus faecalis  bacteria and Candida
albicans microorganisms in the planktonic stage. In Stage 2, a deferred antagonistic experiment was used to
determine the activity of probiotic microorganisms against endodontic pathogens like E.
faecalis and C. albicans in the planktonic phase. In Stage 3, biofilm phase evaluation of an intracanal
probiotic microorganism carrier was done. The region of maximum inhibition was measured at the end of
Stages 1 and 2. The antimicrobial activity was recognized when the dimension of the region of maximum
inhibition was 10 mm or above. The colony-forming unit/millilitre was measured at the end of Stage 3.

Results: There was marked antimicrobial activity of probiotic microorganisms against the pathogenic
microorganisms E. faecalis as well as C. albicans in Stages 1 and 3, i.e., during the evaluation involving agar
cup and evaluation at the biofilm stage. However, no antimicrobial activity of probiotic microorganisms was
observed against pathogenic endodontic microorganisms in Stage 2, i.e., during evaluation involving the use
of the deferred antagonistic technique.

Conclusion: It can be concluded that probiotic therapy is a promising antibacterial treatment approach that
should be further investigated. This study shows that probiotics can help effectively in endodontic treatment
and that more in vitro as well as in vivo research is needed to fully appreciate the advantages of
bacteriotherapy in the field of endodontics.
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Introduction
The goal of endodontic therapy is to complete healing of periapical periodontitis, and the success of
therapy is usually measured in eradicating the actual infection and preventing re-infection. It's worth noting
that Kakehashi et al. found that study participants having no bacteria did not experience inflammation of
periodontal tissues at the root apex despite physical access of the pulp of their molars to the oropharynx.
However, control samples with typical oral microbiota acquired considerable radiolucency at the area around
the root apex [1]. The flora of the root canal includes different types of microorganisms, with anaerobic
species predominating. The root canal microenvironment is ideal for anaerobic microorganisms, which can
degrade accessible amino acids and polypeptides to meet their metabolic requirements. Following infection,
many microbial species interact among themselves, causing microbial population changes [2].

Furthermore, such microbial relationships are involved in the formation of complex microbiota in
endodontic settings as well as ecological management. As a result, there is an ongoing debate in the field of
endodontics about how much we can truly eradicate pathogenic germs from root canals. Multiple auxiliary
and lateral canals were discovered during microscopic investigations of serial slices of the roots of various
teeth [3]. The most favourable result that can be accomplished is a diminution in the biological burden on
these branches, which are never fully free of microorganisms. Most likely, the effectiveness of endodontic
treatments is due to a decrease in the number of germs, the removal of the most inflamed or dead tissue, and
a healthy systemic background.
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The assumption that all germs should always be eliminated from the root canal space, regardless of virulence
or other qualities, limits traditional assumptions [4]. However, extensive studies in the disciplines of
bacteriology as well as probiotics have led to the suggestion that the microbial community should be kept in
a dynamic equilibrium. The microbial community is defined as the typical microbiological component of all
people and animals that is essential for good health maintenance. When given in sufficient doses, probiotics
are a group of living microorganisms that provide a physiological range of benefits to the general health of
hosts [5].

In this approach, the normal bacterial species of the oropharynx can be referred to as the "oral microbial
community," and probiotics can be injected into tooth root canals to improve the oral microbial resilience
[6]. Immune modification, reducing the impact of inflammatory processes, formation of strong substances
against microorganisms such as peroxide substances, carboxylic acids, as well as antimicrobial peptides,
synthesis of mucin, suppression of epithelial incursion by hindering pathogenic organisms, mucosal
conformance, activation of immunoglobulin A, as well as contestability with certain other microbiota, which
would include harmful microorganisms, are all mechanisms by which probiotic work [7]. Probiotics appear to
create a biofilm in the oral cavity that defends oral mucosa from pathogenic bacteria by occupying an area
that might emerge as a subsequent pathogen habitat. Probiotics have already been used in dentistry to avoid
dental caries and treat mouth and gut-related halitosis, candidiasis of the oropharynx, and diseases of the
periodontium [8].

Notwithstanding, there seems to be limited research towards the utilisation of probiotic microorganisms for
intracanal health, and probiotic microorganisms haven't been investigated in contexts of which variants are
impactful or what colony-forming unit (CFU)/millilitre count is required to eliminate pathogens. According
to a study, Lactobacillus exhibited no suppressive activity against Enterococcus faecalis  [9]. Commonly
available probiotics in the market were found to be efficient against endodontic infections, despite the fact
that most preparations comprised low numbers of live organisms and provided minimal medical effect at the
time of acquisition. Even with better-defined isolates, study results can be different because of how products
are made and how stable they are [10,11].

In view of the influence of probiotic microorganisms in endodontic treatment, there is little unanimity
among studies. These investigations also did not use the antagonistic method to assess the antibacterial
capabilities of normal flora. As a result, this study was conducted to see if certain probiotics are efficacious
in the management of endodontic infection. We hypothesised that when evaluated in an in vitro system,
probiotic microorganisms could remove or reduce the number of E. faecalis bacteria and Candida albicans
fungi in their planktonic as well as biofilm microbiological stages.

Materials And Methods
Research methodology and selection of probiotic variants and
pathogenic variants
To test our theory, we devised an in vitro experiment based on the study findings of Seifelnasr [11].
Probiotics' anti-microbial performance was evaluated in the planktonic stage and biofilm stage. Isolated
colonies of Lactobacillus plantarum having strain specifications of American Type Culture Collection (ATCC)
8014, strains of Lactobacillus rhamnosus having a specification of ATCC 7469, and strains of Bifidobacterium
bifidum having specifications of ATCC 11863, purchased from the HiMedia center located in Mumbai (India),
were chosen based on a literature study that demonstrated their efficacy as probiotics. Endodontic
pathogens like E. faecalis bacteria with strain specifications of ATCC 29212 and C. albicans strains with strain
specifications of ATCC 10231 were chosen and bought from HiMedia.

Stage 1

By utilising the agar cup well procedure, we analysed the efficiency of probiotic microorganisms against
Enterococcus bacteria and C. albicans yeast in the planktonic stage.

L. plantarum and L. rhamnosus colonies with an optical density (OD) of 0.1 at a 620-nm wavelength were
transplanted onto approximately 20 ml of sterilised melted agar and cooled to 45±2°C. This combination
was properly mixed before being placed into a sterilized, unfilled Petri plate to set. Purified specimens of the
Lactobacillus species were propagated in a 100-ml volumetric flask comprising De Man, Rogosa agar broth,
and special MRS (De Man, Rogosa and Sharpe) agar broth having a pH of 6.0 and subsequently incubated at
37°C for 72 hours in mini-aerotolerant conditions to produce a cell-deprived precipitate (CDP) and cell-
deprived filtrate product (CDFP). The precipitate comprised unrefined bacteriocin, and the technique of
centrifugation was used to obtain a cell-deprived solution.

Cell-free supernatant (CFS) was then screened through a 22-micron filter membrane and tested for
antimicrobial properties. For evaluation, unprocessed CFS, CFS adapted to a pH of 6.0 with the help of 1N
sodium hydroxide, and unprocessed CFS mixed in a ratio of 1:2 were the three forms of CFS used. A
sterilised steel cork digger was used to create circular reservoirs having a diameter of 10 mm in each of the
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discs. One hundred fifty of the Lactobacillus probiotic specimens were carefully administered in these
reservoirs. The discs were incubated at a temperature of 37°C for 24 hours in an aerobic environment. The
region of maximum inhibition (RMI) was assessed after incubation. B. bifidum was grown for 48 hours in
glucose-rich broth in anaerobic environments at 37°C. The density of the cultures was subsequently
regulated to 2 McFarland equivalents. At 37°C, experimental pathogenic microorganisms were grown in
glucose-rich broth for 20 hours.

Stage 2

In this stage, we used a deferred antagonistic experiment to find out how probiotic microorganisms affect
endodontic pathogens like E. faecalis and C. albicans in the planktonic phase.

Lactobacilli were calibrated to an optical density value of 0.1 at a 600-nm wavelength and seeded in 1-
cm streaks in trypticase soy yeast isolate calcium agar (TSYCa) with the help of a sterilised cotton swab. The
TSYCa plate contains 1.5% bacterial culture agar, 2% yeast extract, 0.25% calcium carbonate (CaCO3) agar,

and 0.25% tryptic soy broth (TSB). Under microaerophilic conditions, the culture was incubated for 24 hours
at 37°C. All TSYCa plates containing probiotic strains as well as pathogenic strains were cultured in an
aerobic environment for 24 hours at 37°C. All experimental steps were carried out three times. With the help
of a cotton swab, pure pathogenic microorganism cultures were smeared perpendicularly to the lines of
probiotic microorganism cultures.

The suppressive action of probiotics was judged substantially positive in both stages of planktonic stage
examination if the RMI produced by the probiotic microorganisms against the pathogenic microorganisms
was at least 10 mm or more.

Stage 3

Here, we did biofilm phase evaluation of an intracanal probiotic microorganism carrier.

Poloxamer F 127 (407) was mixed for 10-15 minutes with a magnetic stirrer in cool MRS broth at a
concentration of 30% until a homogeneous mixture was obtained. It was sterilised before being stored at 4°C
until testing. The following were the guidelines for the control testing: Collections of E. faecalis and C.
albicans were made in TSB to an optical density of 0.25, whereas collections of L. plantarum, L. rhamnosus,
and B. bifidum were made in TSB to an optical density of 0.3-0.45.

Using an ultraviolet (UV) spectrophotometer, all equities were calibrated to the confluence at a 600-nm
wavelength. Then, 9 ml of poloxamer was mixed with 500 ml of pathogenic colonies inside a test tube, and
mixed thoroughly at 4°C in a refrigerator to ensure a homogeneous mixture. This combination was then
incubated in aerobic conditions (at 37°C for 48 hours) prior to serial dilutions of pathological
microorganisms containing biofilm specimens being formed and deposited on the brain heart infusion (BHI)
agar medium to quantify colony-forming units (CFUs) of bacteria.

Statistical analysis
The data was analysed using independent sample t-tests, chi-square tests, and binary logistic regression. A
convergence difficulty developed when we attempted to use a binomial regression analysis to estimate the
antimicrobial activity of probiotic microorganisms against C. albicans and E. faecalis. To calculate overall risk
ratios (RRs) and their 95% confidence intervals (CIs), a simplified Poisson regression method was developed.
All analyses were performed employing Stata software, version 14 (StataCorp, College Station, TX).

Results
Stage 1: Analysis involving the agar cup/agar well method
The RMI was 20.81±0.594 mm when strains of L. plantarum were investigated against pathogenic E. faecalis
bacteria. The RMI was found out to be 20.51±0.627 mm when strains of L. rhamnosus were investigated
against pathogenic E. faecalis bacteria. When strains of B. bifidum were investigated against pathogenic E.
faecalis, the RMI was found to be 19.31±0.533 mm. These data reflect the antimicrobial activity of strains of
L. plantarum probiotics, L. rhamnosus probiotics, and B. bifidum probiotics (Table 1).
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 Region of maximum Inhibition Data of descriptions

 n
Mean
values

SD
values

SE
values

95% CI for mean values
Minimum
limit

Maximum
limit

     
Lower bound
values

Upper bound
values

  

Lactobacillus plantarum probiotic
microorganisms

25 20.81 0.594 0.264 20.46 21.16 20 21

Lactobacillus rhamnosus probiotic
microorganisms

25 20.51 0.627 0.274 20.14 20.88 20 21

Bifidobacterium bifidum probiotic
microorganisms

25 19.31 0.533 0.244 18.81 19.61 19 20

TABLE 1: Details about the region of maximum inhibition produced by probiotics against
pathogenic Enterococcus faecalis
SD: standard deviation; SE: standard error; CI: confidence interval

On carrying out analysis of variance (ANOVA) to analyse the variation between the groups and within the
groups, it was found that the variation among the groups and within the groups was statistically
significant (p=0.001) (Table 2).

 Analysis of variance

 Sum of squares values df values Mean square values F value p value

Between-groups comparison 23.711 3 7.411 38.996 0.001

Within-group comparison 7.211 38 1.337   

Total 30.922 31    

TABLE 2: Analysis of variance for region of maximum inhibition by probiotic microorganisms
against Enterococcus faecalis
df: degrees of freedom

The RMI was 21.11±1.778 mm when strains of L. plantarum were investigated against the pathogenic C.
albicans species in Stage 1 analysis involving the agar well method. The RMI was found out to be 21.11±1.778
mm when strains of L. rhamnosus were investigated against the pathogenic C. albicans species. When strains
of B. bifidum were investigated against pathogenic E. faecalis bacteria, the RMI was 20.41±1.594 mm. These
data reflect the antimicrobial activity of strains of L. plantarum, L. rhamnosus, and B. bifidum probiotics
against C. albicans (Table 3).
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 Region of maximum inhibition Data with descriptions

 n
Mean
values

SD
values

SE
values

95% CI for mean values
Minimum
limit

Maximum
limit

     
Lower bound
values

Upper bound
values

  

Lactobacillus plantarum probiotic
microorganisms

25 21.11 1.778 0.322 20.63 21.59 20 21

Lactobacillus rhamnosus probiotic
microorganisms

25 21.11 1.778 0.322 19.63 20.59 20 21

Bifidobacterium bifidum probiotic
microorganisms

25 20.41 1.594 0.264 18.06 19.76 19 20

TABLE 3: Details about the region of maximum inhibition produced by probiotics against Candida
albicans
SD: standard deviation; SE: standard error; CI: confidence interval

On carrying out ANOVA to analyse the variation between the groups and within the groups, it was found
that the variation among the groups and within the groups was statistically significant (p=0.034) (Table 4).

 Analysis of variance

 Sum of squares values df Mean square values F value p value

Between-groups data 4.378 3 2.744 5.477 0.034

Within-group data 11.211 28 1.485   

Total 4.478 30    

TABLE 4: Analysis of variance for the region of maximum inhibition by probiotic microorganisms
against Candida albicans
df: degrees of freedom

Stage 2: Analysis involving deferred antagonistic technique
Any of the probiotic bacteria had little antibacterial effect against any of the endodontic
pathological microorganisms.

Stage 3: Evaluation at the biofilm stage
The CFU/ml of E. faecalis microorganisms reduced to 5.96 x 107 when it was investigated against strains of L.
plantarum probiotic microorganisms with 89.89% reduction in growth. The result was statistically
significant (p=0.001). When E. faecalis microorganisms were investigated against strains of L. rhamnosus

probiotics, the CFU/ml of E. faecalis reduced to 8.55 × 107 with 90.60% reduction in growth. The result was
statistically significant (p=0.004). The CFU/ml of E. faecalis microorganisms reduced to 6.1 × 108 when it was
investigated against strains of L. plantarum probiotic microorganisms with 35.46% reduction in growth. The
result was statistically significant (p=0.001) (Table 5).
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 CFU/ml Reduction in growth p value

Lactobacillus plantarum probiotic microorganisms 5.96 × 107 89.89% 0.001

Lactobacillus rhamnosus probiotic microorganisms 8.55 × 107 90.60% 0.004

Bifidobacterium bifidum probiotic microorganisms 6.1 × 108 35.46% 0.001

TABLE 5: The CFU/ml and reduction in the growth of Enterococcus faecalis at the biofilm stage
when treated against probiotic microorganisms
CFU: colony-forming unit

The CFU/ml of C. albicans microorganisms reduced to 2.46 × 107 when it was investigated against strains of
L. plantarum probiotic microorganisms with 42.06% reduction in growth. The result was statistically
significant (p=0.001). When C. albicans microorganisms were investigated against strains of L. rhamnosus

probiotics, the CFU/ml of the C. albicans microorganism reduced to 4.79 × 106 with 91.80% reduction in
growth. The result was statistically significant (p=0.004). There was no antimicrobial activity observed when
C. albicans was investigated against B. bifidum probiotic microorganisms (Table 6).

 CFU/ml Reduction in growth p value

Lactobacillus plantarum probiotic microorganisms 2.46 × 107 42.06% 0.001

Lactobacillus rhamnosus probiotic microorganisms 4.79 × 106 91.80% 0.004

Bifidobacterium bifidum probiotic microorganisms - - -

TABLE 6: The CFU/ml and reduction in the growth of Candida albicans at the biofilm stage when
treated against probiotic microorganisms
CFU: colony-forming unit

There was marked antimicrobial activity of probiotic microorganisms against the pathogenic
microorganisms E. faecalis as well as C. albicans in Stages 1 and 3, i.e., during the evaluation involving agar
cup and at the biofilm stage. However, no antimicrobial activity of probiotic microorganisms was observed
against pathogenic endodontic microorganisms in Stage 2, i.e., during the evaluation involving the use of
deferred antagonistic technique.

Discussion
Despite indications that even some microorganisms may be useful, endodontic intervention has persisted to
prioritize the removal of all microorganisms from the root canal system. Indeed, information regarding the
significant role of probiotic microorganisms has been sparse. Lactobacillus and Bifidobacterium are the most
frequently utilised probiotic microorganisms [11]. We investigated the feasibility of employing such species
in endodontic therapy to promote bacteriotherapy. Initial illnesses of the decaying dental pulp usually have
a mixed flora, with anaerobic type Gram-negative bacteria predominance. Conversely, anaerobic type Gram-
positive bacterial species like E. faecalis and C. albicans yeast are more common in chronic infection.
C. albicans is the most commonly detected yeast from root obturated teeth with periodontitis in the area
around the root apex due to its biphasic character, which permits it as being the ubiquitous co-
agglomerate in biofilms [12]. With its proton pump activities, E. faecalis tends to be very impervious to
calcium hydroxide treatments, allowing it to persist in seclusion and develop a biofilm. The current in vitro
study included components that focused on development (Stages 1 and 2) and implementation (Stage
3). Pure cultured isolates of probiotic microorganisms and endodontic pathological microorganisms were
utilised both in planktonic and biofilm stages to eliminate bias [13].

In this study, there was a marked antimicrobial activity of probiotic microorganisms against the pathogenic
microorganisms E. faecalis as well as C. albicans in Stages 1 and 3, i.e., during evaluation involving agar cup
and at biofilm stage. However, no antimicrobial activity of probiotic microorganisms was observed against
pathogenic endodontic microorganisms in Stage 2, i.e., during evaluation involving the use of deferred
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antagonistic technique [14].

Intense studies into probiotics continue to uncover new advantages arising from these microbes. Probiotics
are taken in a direct or an indirect manner through a variety of food types, demonstrating their broad range
of beneficial effects on humans. For a very long time, probiotics were primarily used to maintain gut health
by avoiding or treating infections, modifying the host immunological response, and increasing vitamin
secretion, among other things. Researchers from all over the world have recently become interested in the
possible benefits of using probiotic microorganisms in the domain of oral health. Recent research, including
clinical trials, clearly suggests that probiotics can help prevent and treat oral infections, such as tooth decay
and other periodontal diseases. Probiotics have the unique capacity to form a biofilm, which functions as a
protective lining and aids in the replacement of any pathogen that thrives in biofilms [15,16].

When tested, the antibacterial activities of 15 different Lactobacillus, Bifidobacterium,
Lactococcus, Streptococcus, and Bacillus strains versus Gram-positive and Gram-negative harmful
bacteria demonstrated that putative probiotics have the ability to suppress specific infections. The formation
of organic compounds from lactose fermentation and the resulting reduction of culture pH could be one of
the key regulatory mechanisms. Once the spectrum of organic acids was examined, it was discovered that
lactic acid and acetic acid were the most important final products of probiotic-associated metabolism [17,18].

Strains' haemolytic reactivity and sensitivity to some of the most frequently used antimicrobial compounds,
both of which are regarded basic characteristics, were also investigated. The antibacterial effect was
primarily genus specific, but there were also considerable variances between species. Researchers found that
children who were given the L. rhamnosus SP1 variant in milk for a duration of 10 months had a reduced
burden of the carious teeth, a lower percentage of cavitated lesions, and a reduced occurrence of fresh
lesions [19]. The Streptococcus salivarius M18 strain containing probiotics in the form of tablets was tested
for three months in kids with an elevated danger of dental caries [20,21]. The general incidence of dental
caries was significantly decreased. Similar findings were reported after three months of dairy intake with
the L. paracasei SD1 variant. The probiotic strain was found to colonise the oral cavity of subjects in as early
as three months, and then gradually declined to extremely low levels by 12 months. Altogether, the findings
show that the daily use of probiotic L. paracasei SD1 strain may be suggested in children who are at an
elevated risk of caries to reduce the number of Streptococcus mutans accountable for the early phases of
dental decay [22].

The agar cup well and postponed antagonism procedures were used in Stages 1 and 2, respectively. The most
pragmatic approach for testing antibiotic susceptibility is the agar cup/agar well technique, which is used in
most workplaces. Both probiotic microorganism groups (Lactobacillus and Bifidobacterium strains) showed
antimicrobial properties against E. faecalis and C. albicans specimens in their planktonic forms in an initial
in vitro research. During Stage 2 of the investigation, the antimicrobial properties of probiotic
microorganisms was tested once more using the antagonism testing. The antibacterial capabilities of typical
nasopharyngeal flora were assessed using the delayed antagonistic approach. It identifies bacterial products
with suppressive properties using a bacteriocin-like suppressive compound. Probiotic microorganisms,
however, seemed to have no impact on endodontic pathogenic microorganisms in this
study's antagonistic test [23,24].

Stage 3 of the trial was the implementation stage, in which we evaluated the efficiency of an innovative
probiotic carrier system in the root canal space. This approach combined 30% poloxamer with a probiotic-
rich MRS agar broth. Poloxamers comprise non-ionic, biodegradable polyethylene oxide with polypropylene
oxide polycaprolactone that are employed as surfactants, emulsifiers, solubilizing agents, dispersion agents,
and in vivo absorption amplifiers in pharmaceutical preparations.

These practical ingredients have advantages due to inverse thermosensitivity, which allows them to be
dissolvable in water at low temperatures (typically 4°C) and convert into gel at elevated temperatures. These
characteristics make them promising delivery carriers for intracanal therapies in between clinical visits [25].

Colony densities (CFU/ml) demonstrated significant growth constraints for E. faecalis bacteria and
C. albicans yeast using the evaluated probiotic microorganisms in this investigation. This exploratory in vitro
investigation highlighted the potential advantages of diverting attention from the necessity for total
pathogen clearance to the reinstatement of normal human microbiome. Probiotics can prevent the
production of endodontic pathogens in diseased root canals, allowing good bacteria to flourish and
reestablish pulpal health [26].

It is possible to formulate a new two-step treatment protocol. Cleaning, shaping, and irrigation of the root
canal, and activation may be used on the initial visit to reduce the bacterial concentration and eliminate
biological tissues. The poloxamer-based probiotic combination could then be introduced into the space of
the root canal and then left for about a week. Following disinfection, obturation could be performed on the
second visit [27]. If organisms survive the procedure, the existence of probiotic microorganisms inside the
space of root canals may create settings that are more favorable for successful endodontic treatment.
Furthermore, we anticipate that probiotics might be combined with poloxamer to be used as a root canal
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sealant. In the future, we recommend that endodontic bacteriotherapy should concentrate on bringing
helpful bacteria into the root canal space while removing only pathogenic flora, rather than attempting to
achieve the unattainable objective of a sterile canal [28].

There were some limitations of this research. It was an in vitro study that did not correspond to the normal
environment of the oral cavity. Therefore, more in vivo research should be carried out in the natural
environment to acknowledge the results in a better manner.

Conclusions
Probiotics have an important place in various applications in the dental field. It is a novel method to provide
good bacteria to the area where there are infective pathogens, thus helping in limiting the spread of the
disease. It is possible to draw the conclusion that probiotic therapy is a potentially useful antibacterial
treatment strategy that needs to be researched further. This study demonstrates that the use of probiotics
can be a successful component of endodontic treatment; nevertheless, further in vitro and in vivo research is
required to have a complete understanding of the benefits of bacteriotherapy in the practice of endodontics.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Haapasalo M, Udnaes T, Endal U: Persistent, recurrent, and acquired infection of the root canal system

post-treatment. Endod Top. 2003, 6:29-56. 10.1111/j.1601-1546.2003.00041.x
2. Kakehashi S, Stanley HR, Fitzgerald RJ: The effects of surgical exposures of dental pulps in germfree and

conventional laboratory rats. Oral Surg Oral Med Oral Pathol. 1965, 20:340-9. 10.1016/0030-4220(65)90166-
0

3. Bohora DA, Kokate DS: Concept of probiotics in endodontics . Int J Adv Res. 2016, 4:1137-42.
10.21474/IJAR01/966

4. Sundqvist G: Taxonomy, ecology, and pathogenicity of the root canal flora . Oral Surg Oral Med Oral Pathol.
1994, 78:522-30. 10.1016/0030-4220(94)90047-7

5. Nair PN: Pathogenesis of apical periodontitis and the causes of endodontic failures . Crit Rev Oral Biol Med.
2004, 15:348-81. 10.1177/154411130401500604

6. Seltzer S, Bender IB: Cognitive dissonance in endodontics. J Endod. 2003, 29:714-9. 10.1097/00004770-
200311000-00008

7. Dominguez-Bello MG, Blaser MJ: Do you have a probiotic in your future? . Microbes Infect. 2008, 10:1072-6.
10.1016/j.micinf.2008.07.036

8. Gueimonde M, Collado MC: Metagenomics and probiotics. Clin Microbiol Infect. 2012, 18:32-4.
10.1111/j.1469-0691.2012.03873.x

9. Elavarasu S, Jayapalan P, Murugan T: Bugs that debugs: probiotics. J Pharm Bioallied Sci. 2012, 4:319-22.
10.4103/0975-7406.100286

10. Grover HS, Luthra S: Probiotics - the nano soldiers of oral health . J Indian Acad Clin Med. 2011, 13:48-54.
11. Seifelnasr K: A Preliminary Study Evaluating Potential Probiotic Use in Endodontics . West Virginia

University, Morgantown, WV; 2014.
12. Harini PM, Anegundi RT: Efficacy of a probiotic and chlorhexidine mouth rinses: a short-term clinical study .

J Indian Soc Pedod Prev Dent. 2010, 28:179-82. 10.4103/0970-4388.73799
13. Meurman JH: Probiotics: do they have a role in oral medicine and dentistry? . Eur J Oral Sci. 2005, 113:188-

96. 10.1111/j.1600-0722.2005.00191.x
14. Reddy JJ, Sampathkumar N, Aradhya S: Probiotics in dentistry: review of the current status . Rev Clín Pesq

Odontol. 2010, 6:261-7.
15. Reddy S, Swapna L, Ramesh T, Singh R, Vijayalaxmi N, Lavanya R: Bacteria in oral health - probiotics and

prebiotics: a review. Int J Biol Med Res. 2011, 2:1226-33.
16. Dhawan S, Dhawan R: Role of probiotics on oral health - a randomized, double blind, placebo-controlled

microbiological study. J Res Pract Dent. 2013, 2013:736993. 10.5171/2013.736993
17. Haukioja A: Probiotics and oral health. Eur J Dent. 2010, 4:348-55. 10.1055/s-0039-1697851
18. Hammad K: Probiotic Use in Endodontic Therapy . University of Illinois Chicago, Chicago, IL; 2014.
19. Mitrakul K, Vongsawan K, Watcharakirin W, Khererat P: Quantitative analysis of Lactobacillus and

Enterococcus faecalis between irreversible pulpitis and pulp necrosis in primary teeth. Dent Res Oral
Health. 2019, 2:17-31. 10.26502/droh.008

20. Haukioja A, Yli-Knuuttila H, Loimaranta V, Kari K, Ouwehand AC, Meurman JH, Tenovuo J: Oral adhesion
and survival of probiotic and other lactobacilli and bifidobacteria in vitro. Oral Microbiol Immunol. 2006,
21:326-32. 10.1111/j.1399-302X.2006.00299.x

2022 Charan Teja et al. Cureus 14(6): e26455. DOI 10.7759/cureus.26455 8 of 9

https://dx.doi.org/10.1111/j.1601-1546.2003.00041.x
https://dx.doi.org/10.1111/j.1601-1546.2003.00041.x
https://dx.doi.org/10.1016/0030-4220(65)90166-0
https://dx.doi.org/10.1016/0030-4220(65)90166-0
https://dx.doi.org/10.21474/IJAR01/966
https://dx.doi.org/10.21474/IJAR01/966
https://dx.doi.org/10.1016/0030-4220(94)90047-7
https://dx.doi.org/10.1016/0030-4220(94)90047-7
https://dx.doi.org/10.1177/154411130401500604
https://dx.doi.org/10.1177/154411130401500604
https://dx.doi.org/10.1097/00004770-200311000-00008
https://dx.doi.org/10.1097/00004770-200311000-00008
https://dx.doi.org/10.1016/j.micinf.2008.07.036
https://dx.doi.org/10.1016/j.micinf.2008.07.036
https://dx.doi.org/10.1111/j.1469-0691.2012.03873.x
https://dx.doi.org/10.1111/j.1469-0691.2012.03873.x
https://dx.doi.org/10.4103/0975-7406.100286
https://dx.doi.org/10.4103/0975-7406.100286
https://www.researchgate.net/publication/256089752_Probiotics_-_The_nano_soldiers_of_oral_health
https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=1591&context=etd
https://dx.doi.org/10.4103/0970-4388.73799
https://dx.doi.org/10.4103/0970-4388.73799
https://dx.doi.org/10.1111/j.1600-0722.2005.00191.x
https://dx.doi.org/10.1111/j.1600-0722.2005.00191.x
https://periodicos.pucpr.br/oralresearch/article/view/23163/22255
https://www.researchgate.net/publication/266806606_Bacteria_In_Oral_Health_-_Probiotics_and_Prebiotics_A_Review
https://dx.doi.org/10.5171/2013.736993
https://dx.doi.org/10.5171/2013.736993
https://dx.doi.org/10.1055/s-0039-1697851
https://dx.doi.org/10.1055/s-0039-1697851
https://indigo.uic.edu/articles/thesis/Probiotic_Use_in_Endodontic_Therapy/10797536/1
https://dx.doi.org/10.26502/droh.008
https://dx.doi.org/10.26502/droh.008
https://dx.doi.org/10.1111/j.1399-302X.2006.00299.x
https://dx.doi.org/10.1111/j.1399-302X.2006.00299.x


21. Roberfroid M: Prebiotics: the concept revisited . J Nutr. 2007, 137:830S-7S. 10.1093/jn/137.3.830S
22. Carbajal Mejía JB, Aguilar Arrieta A: Reduction of viable Enterococcus faecalis in human radicular dentin

treated with 1% cetrimide and conventional intracanal medicaments. Dent Traumatol. 2016, 32:321-7.
10.1111/edt.12250

23. Siqueira JF Jr, Rôças IN: The oral microbiota in health and disease: an overview of molecular findings .
Methods Mol Biol. 2017, 1537:127-38. 10.1007/978-1-4939-6685-1_7

24. Jayahari NK, Niranjan NT, Kanaparthy A: The efficacy of passion fruit juice as an endodontic irrigant
compared with sodium hypochlorite solution: an in vitro study. J Investig Clin Dent. 2014, 5:154-60.
10.1111/jicd.12023

25. Walls T, Power D, Tagg J: Bacteriocin-like inhibitory substance (BLIS) production by the normal flora of the
nasopharynx: potential to protect against otitis media?. J Med Microbiol. 2003, 52:829-33.
10.1099/jmm.0.05259-0

26. Bohora AA, Kokate SR, Khedkar S, Vankudre A: Antimicrobial activity of probiotics against endodontic
pathogens:- a preliminary study. Indian J Med Microbiol. 2019, 37:5-11. 10.4103/ijmm.IJMM_18_333

27. Cafaggi S, Russo E, Caviglioli G, et al.: Poloxamer 407 as a solubilising agent for tolfenamic acid and as a
base for a gel formulation. Eur J Pharm Sci. 2008, 35:19-29. 10.1016/j.ejps.2008.05.010

28. Patel HR, Patel RP, Patel MM: Poloxamers: a pharmaceutical excipients with therapeutic behaviors . Int J
Pharm Tech Res. 2009, 1:299-303.

2022 Charan Teja et al. Cureus 14(6): e26455. DOI 10.7759/cureus.26455 9 of 9

https://dx.doi.org/10.1093/jn/137.3.830S
https://dx.doi.org/10.1093/jn/137.3.830S
https://dx.doi.org/10.1111/edt.12250
https://dx.doi.org/10.1111/edt.12250
https://dx.doi.org/10.1007/978-1-4939-6685-1_7
https://dx.doi.org/10.1007/978-1-4939-6685-1_7
https://dx.doi.org/10.1111/jicd.12023
https://dx.doi.org/10.1111/jicd.12023
https://dx.doi.org/10.1099/jmm.0.05259-0
https://dx.doi.org/10.1099/jmm.0.05259-0
https://dx.doi.org/10.4103/ijmm.IJMM_18_333
https://dx.doi.org/10.4103/ijmm.IJMM_18_333
https://dx.doi.org/10.1016/j.ejps.2008.05.010
https://dx.doi.org/10.1016/j.ejps.2008.05.010
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.619.7361&rep=rep1&type=pdf

	An In Vitro Evaluation of the Antimicrobial Activity of Probiotics Against Endodontic Pathogens
	Abstract
	Introduction
	Materials And Methods
	Research methodology and selection of probiotic variants and pathogenic variants
	Statistical analysis

	Results
	Stage 1: Analysis involving the agar cup/agar well method
	TABLE 1: Details about the region of maximum inhibition produced by probiotics against pathogenic Enterococcus faecalis
	TABLE 2: Analysis of variance for region of maximum inhibition by probiotic microorganisms against Enterococcus faecalis
	TABLE 3: Details about the region of maximum inhibition produced by probiotics against Candida albicans
	TABLE 4: Analysis of variance for the region of maximum inhibition by probiotic microorganisms against Candida albicans

	Stage 2: Analysis involving deferred antagonistic technique
	Stage 3: Evaluation at the biofilm stage
	TABLE 5: The CFU/ml and reduction in the growth of Enterococcus faecalis at the biofilm stage when treated against probiotic microorganisms
	TABLE 6: The CFU/ml and reduction in the growth of Candida albicans at the biofilm stage when treated against probiotic microorganisms


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


