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A B S T R A C T

Introduction: Fixed orthodontic appliance therapy can lead to increased plaque accumulation, gingivitis,
and white spot lesions (WSL) due to difficulties in maintaining proper oral hygiene.
Objective: This study aims to compare the effectiveness of three different mouthwashes—Probiotic,
Fluoridated, and Chlorhexidine (CHX) mouthwashes, in reducing plaque formation, gingivitis, and WSL
during the early stages of orthodontic treatment.
Materials and Methods: A randomized, three-arm-parallel study was conducted with 72 subjects
undergoing fixed orthodontic therapy, divided equally into three active groups without a control group.
Group I used Probiotic mouthwash, Group II used 0.2% Sodium fluoride mouthwash, and Group III
used 0.2% Chlorhexidine mouthwash. Gingival Index (GI), Orthodontic Plaque Index (OPI), Bleeding on
Probing (BOP), and WSL were assessed at baseline just before bonding procedures (T0), 4 weeks (T1), 8
weeks (T2), and 12 weeks (T3). Interventions were administered from T1 to T2 for 4 weeks and withdrawn.
Intergroup and intra-group comparisons across the groups were assessed by non-parametric Kruskal-Wallis
and Friedman tests.
Results: Intra-group improvements in OPI, GI, BOP, and WSL over time for all three groups during
the given study period. Probiotic mouthwash showed the most substantial reduction in BOP (34%
from baseline), followed by chlorhexidine (19%), and fluoride (11%) at the end of the 12th week.
Fluoride mouthwash was most effective in reducing the OPI (15% from baseline) and WSL(4%), while
chlorhexidine was most effective in reducing the GI (15% from baseline). Inter-group comparisons revealed
no statistically significant differences in the effectiveness of the three mouthwashes.
Conclusion: All three mouthwashes improved oral hygiene indices over time, there were no significant
differences between the probiotic, fluoridated, and chlorhexidine groups in their overall effectiveness.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International, which allows others to remix, and build upon the work non-
commercially, as long as appropriate credit is given and the new creations are licensed under the identical
terms.
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1. Introduction

Fixed orthodontic appliance therapy is a widely used
treatment aimed at correcting dental abnormalities by
aligning teeth in all three dimensions. The presence of
attachments on the tooth surface invites plaque formation
and makes self-cleansing difficult.1 This increase in
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retention areas for plaque around bands and brackets leads
to changes in the oral environment, causing reactions in
the gingiva and periodontal breakdown.1,2The placement
of fixed orthodontic appliances severely impedes tooth
brushing, makes conventional oral hygiene more difficult,
and creates areas for bacterial adhesion and biofilm
formation.3Additionally, plaque and calculus, primarily
consisting of salivary mineral particles and bacteria such
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as Lactobacillus and Streptococcus mutans, can further
complicate dental health by demineralizing enamel and
causing white spot lesions (WSL).2–4 The prevalence of
WSL was noted to be 2-96% among the patients undergoing
orthodontic treatment depending on the detection method.
They started appearing within four weeks and were more
prevalent in the first six months of the start of orthodontic
treatment.5,6 The WSL was noted irrespective of whether
self-ligating or conventional brackets were used.7Control
of dental microbial biofilm causing gingivitis can be
achieved by various chemical and mechanical methods
that interrupt, reduce, or eliminate the microorganisms.
Among these, the mechanical removal of microbial biofilm
using toothbrushes with dentifrices is the most common
way of controlling gingivitis. Despite this, patients often
have difficulty maintaining an acceptable level of oral
hygiene, which cannot be achieved by mechanical methods
alone.8Due to the inefficiency of mechanical methods in
maintaining proper oral hygiene, chemical methods, such as
mouthwash solutions containing antimicrobial agents, have
evolved to ensure effective oral hygiene maintenance.2The
use of chemical agents as an adjunctive to brushing proved
much more effective in controlling gingivitis in a better way,
as brushing helps in reducing the biofilm while it cannot
act on microflora affecting the gingival tissue which can be
overcome by chemical agents.9

Chlorhexidine(CHX) is a gold-standard
chemotherapeutic agent known for its antibacterial,
antiplaque, and antigingivitic properties.10When used as a
mouthwash or topical oral gel, chlorhexidine (CHX) can
cause unpleasant effects such as dry mouth (xerostomia),
altered taste sensations (hypogeusia), desquamation of
the oral mucosa, staining, and smoothing of composite
materials. However, the main undesirable consequence
that dissuades patients from using CHX mouthwash is
likely teeth staining.11 These drawbacks have spurred the
development of more natural and biocompatible agents,
such as fluorides and probiotics, which help maintain
oral health and prevent new caries when oral hygiene is
challenging.

Topical fluoride is well known for its impact on limiting
demineralization and increasing remineralization of tooth
hard tissue, particularly in early carious lesions.12Low
fluoride concentrations, such as those in fluoride toothpaste,
produce optimal results and are associated with a significant
reduction in caries. An earlier study established that a
daily rinse of fluoride mouthwash is effective in reducing
white spot lesions during the initial first three months of
orthodontic treatment.13

Probiotics, live microorganisms that balance our
microbiomes and boost immunity, are gaining recognition
recently for their role in oral health.14,15 They can reduce
dental caries by suppressing oral pathogens and modulating
the microbial makeup of dental plaque. Probiotics work

through various mechanisms, including antagonistic activity
against pathogens, coaggregation, growth inhibition, and
production of bacteriocins, organic acids, and hydrogen
peroxide. This results in reduced pathogenicity and
cariogenic potential of biofilm microorganisms. Strains like
Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus
reuteri, and Bifidobacterium species are effective in
blocking cariogenic bacteria and their colonization, thus
preventing dental caries and gingivitis.14

A review of the literature reveals that only one such
study has been documented on the effectiveness of probiotic
mouthwashes in orthodontic patients in comparison to
chlorhexidine mouthwash.15The current study was taken to
compare the gingival health parameters in three different
groups of orthodontic patients who were prescribed
three different three mouth rinses containing probiotics,
fluoridated mouthwash, and chlorhexidine. This study was
also designed to evaluate the effectiveness during the
withdrawal period. The null hypothesis of this study is that
there is no difference in the remineralizing and plaque-
inhibiting properties of these three mouthwashes during the
initial stages of fixed orthodontic treatment.

2. Material and methods

This three-arm parallel randomized controlled trial
was carried out in the Department of Orthodontics,
Narayana Dental College, India from October 2022 to
September 2023. The ethical committee reviewed and
approved the study (IECNDCH/2022/Mar/P-28), and
the trial was registered with the National Trial Registry
(REF/2023/11/075868).

The sample of this study was drawn from cohort groups
who were due for the start-up of fixed appliance orthodontic
treatment. The sample size calculation was done using G
Power version 3.1.9.6. A minimum of 42 subjects divided
into three equal treatment groups provides 80% power with
a 5% error and a 95% confidence interval (CI). The study
included a final sample of 72 subjects equally divided into
three groups of 24 each (Figure 1).

Healthy patients aged 18-30 with good oral hygiene
complete permanent dentition (up to first molars) and
minimal crowding were selected. Patients with a history
of smoking, systemic diseases, medication allergies to
accessories, and poor oral hygiene were excluded. Those
meeting the inclusion criteria were informed about
the procedure and encouraged to participate. Informed
permission and assent were obtained from consenting
subjects.

All patients were bonded with the MBT bracket
system (3MTM Victory Series TM). Before the study,
all cavities were restored, and gingival conditions were
normalized. Randomization and allocation were conducted
using the Fish-bowl method.16 This process was carried
out by a nursing staff member. The allocator was
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Figure 1: Flow chart showing the methodology of the study -CONSORT guidelines
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unaware of the study’s objectives. Subsequently, the
primary investigator/assessor, who remained blinded to the
allocation, measured the outcomes post-intervention. The
study was primarily single-blinded but effectively double-
blinded as both participants and the assessor of scores
were unaware of group assignments. Patients were equally
assigned to all three groups, with n=24 in each group (Figure
2).

1. Group I: Probiotic mouthwash (perfora® mouthwash
with Bacillus coagulans bacterium, Chipper Consumer Pvt.
Ltd. India).

2. Group II: 0.2% Fluoridated mouthwash (Colgate®-
PreviDent rinse, 0.2% sodium fluoride mouthwash, Colgate-
Palmolive, India).

3. Group III: 0.2% Chlorhexidine mouthwash
(Aloorigold®, 0.2 %Chlorhexidine gluconate Bhavani
pharmachem pvt ltd India).

Figure 2: Groups and Type of Intervention.
A. Group I -Probiotic mouthwash B. Group II Fluoridated
mouthwash C. Group III Chlorhexidine mouthwash

The study duration was extended for a total of 12 weeks
– T0 (just before bonding procedures); T1- 4 weeks; T2- 8
weeks; T3-12 weeks. The brushing instructions were given
after bonding procedures. After brushing their teeth, patients
were advised to vigorously rinse with only plain water
during the first four weeks ( T0-T1). Only non-fluoridated
toothpastes were recommended during this period. The
intervention begins after the first appointment, typically
after 28 days or the initial follow-up visit at T1. Patients
were instructed by the orthodontist on how to rinse the
given mouthwash. After brushing their teeth, patients were
advised to vigorously swish their mouth with 10ml of the
solution for 30 seconds and then spit it out. They were
instructed not to eat or drink for 30 minutes after rinsing.
The patients were daily reminded of the regimen by an
automated message system once on the previous night and
early morning of the same day on using the mouth rinses
through a mobile app. After one month of usage, at the end
of the 8th week (T2), patients were instructed to withhold
the use of the mouth rinsing from T2 to T3.

The Gingival parameters and WSL were recorded at
T0, T1, T2, and T3. The primary outcome assessment,
gingival health and bleeding on probing (BOP) was done
with Sillness and Loe Gingival Index (GI).17 Secondary

outcome of plaque formation was measured with the
Orthodontic Plaque Index (OPI).18 The WSL index of
Gorelick19assessed the demineralization areas. The WSL,
BOP, OPI, and GI are calculated as ordinal data by
examining the four surfaces of each tooth (mesiofacial,
facial, distofacial, lingual), and averaged to derive the mean
values of the teeth examined. If bleeding occurs within
ten seconds, it is recorded as positive, if not, recorded as
negative. Negative scoring is equivalent to the gingival index
score of 0 and 1. A positive recording is equivalent to the
gingival index score of 2 and 3. Bleeding on the probing
index is measured in percentage, calculated by the total teeth
that bleed during probing by total teeth examined (Figure 3).

Figure 3: Interpretation of bleeding on probing, white spot lesion,
orthodontic plaque index, and gingival index using A. Williams
periodontal probe B. CPITN probe (community and periodontal
treatment need index probe)

Examiner calibration: Initial training was provided
to the primary investigator (SR) to assess the WSL
scores and OPI by an experienced person (MP) who
had formal training in International Caries Detection and
Assessment System (ICDAS) assessment and was involved
in similar research activities. Calibration of the primary
investigator was performed with the trainer and Kendall’s
coefficient of concordance (Kendall’s W) values above 0.92
for interexaminer and intraexaminer reproducibility were
achieved.

All the patients completed the study period without
any adverse reactions and completed the treatments with
prescribed mouthwashes. The patients were advised to use
the fluoridated toothpaste after the study period.

3. Statistical Analysis

All the collected data was inputted into a Microsoft
Excel spreadsheet (MS Office 2018). The normality of
data was assessed by the Kolmogorov-Smirnov test (KS)
and non-parametric tests analyzed the data. The Statistical
data was analyzed by online statistics software (DATAtab,
Graz, Austria). Friedman’s test compared within-group
differences between the indices at different periods. Kruskal
Wallis test was used for inter-group comparison followed
by the post-hoc Bonferroni test for pairwise comparisons.
Bleeding on probing (BOP) was analyzed as bi-nominal
data and inter and intra-group comparisons were done using
Cochran’s Q test. A significance level of p < 0.05 was
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Table 1: Baseline characteristics of the sample (n=72).

Group-IProbiotic
(n=24)

Group-II Fluoride
(n=24)

Group-III
chlorhexidine (n=24)

Test statistic

Age in years ANOVA
Mean 20.95 21.25 20.87 F=0.081 p=0.92
SD 2.99 4.32 2.57

Gender wise distribution Chi-square test
Male 8 4 6

χ2=2.71 Df=2 p=0.25
Female 16 20 18

chosen for all statistical tests.
SD-standard deviation; *p≤0.05 statistically significant.

Age distribution is calculated using ANOVA. Gender
distribution is calculated using the Chi-Square test df-
degree of freedom

4. Results

The present study included 72 participants (n=24 per group;
male: 18, female: 54). There was no variation between
the groups regarding gender (p=0.92), and age distribution
(p=0.25)

(Table 1). Descriptive data for GI. OPI, Bleeding on
Probing (BOP), and White Spot Lesions (WSL) were
collected at multiple time points (Table 2).

All the indices increased from T0 to T1 in all the groups
except a non-significant decrease for probiotic mouthwash.
Within-group comparisons between the different periods
demonstrated no statistical differences between the different
durations except for OPI, which is significant in all groups
(p < 0.05) (Table 3). Post hoc Bonferroni tests revealed
significant differences (p < 0.001) at T0-T1, T0-T2, and T0-
T3 within each group for OPI (Table 4).

Inter-group comparisons for each time point employed
Kruskal-Wallis tests, showing no significant differences
at individual time points for all indices (Table 5).For
meaningful analytical purposes, the BOP was converted into
binomial data and expressed as percentages for the presence
and absence of bleeding on probing (Table 6). Cochran’s
Q test for intra and inter-group BOP comparisons found no
significant differences between the groups at a given interval
as well as across the four-time points within each group
(Table 6).

5. Discussion

Fixed orthodontic treatment corrects various types of
malocclusion and skeletal deformities by using components
bonded or banded to tooth surfaces to move teeth into
desired positions. These components include archwires
made from different materials (such as stainless steel,
and nickel-titanium) and elastics on bonded metal
brackets. The attachments on tooth surfaces during fixed
orthodontic therapy make it challenging for individuals

to maintain proper oral hygiene through mechanical
methods like brushing, facilitating the accumulation of oral
microbial flora and leading to gingival inflammation. This
study evaluated the efficacy of new biological probiotic
mouthwash with that of existing chlorhexidine and fluoride
mouthwashes performed across different time frames during
the initial stage of fixed orthodontic therapy. Various
indices were used to assess the gingival inflammation and
initiation of demineralized lesions during this study period.
The study included an intervention period as well as a
withdrawal period to assess the substantiated action of the
mouthwashes.

We implemented an observation interdiction period,
denoted as T0-T1, for all the groups. This period occurred
after standardizing the brushing procedures for all the
individuals. No intervention was provided during this
period. The purpose of this study is to investigate whether
orthodontic appliances inherently promote the build-up of
plaque. Furthermore, each group has served as a self-control
group in our study throughout this period. In all the groups
we noticed a deterioration of gingival health parameters at
T1 compared to T0. We found no significant differences in
indices between groups at T1, where the intervention started
(Table 3).

We have only one previous study to compare our results
with, which examined the use of probiotic mouthwashes
on patients undergoing orthodontic treatment.15 The
investigators assessed the impact of probiotic and
chlorhexidine mouthwashes on the levels of streptococcus
mutans. They observed a reduction of S mutans levels
over a 4 week period of daily use of probiotic mouth
rinse. The researchers used probiotic mouthwashes made
by mixing sporlac sachets with distilled water. The
mouthwashes contained 2× 108 colony-forming units
(CFU)/g of Lactobacillus sporogenes. They assessed the
gingival and plaque parameters. The probiotic utilized in
our investigation is specifically prepared with Bacillus
coagulans at a concentration of 3.3 X 106 CFU/ml. While
it is not possible to directly compare the two studies,
we attempted to establish a connection between them. In
addition, we have conducted a comparative analysis of our
findings with prior research that assessed the gingival health
of orthodontic patients who were given chlorhexidine and
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Table 2: Descriptive Parameters of all the three groups at different points of time (T0, T1, T2, T3) for different indices (BOP, OPI, WSL,
GI).

Group (n-=24) Gingival Index
(GI)

Orthodontic Plaque
Index ( OPI)

White spot lesion (
WSL)

Bleeding on probing
(BOP)

Mean SD Mean SD Mean SD Mean SD

Group-I Probiotic
(n=24)

T0 0.25 0.53 0.02 0.06 0 0 0.13 0.34
T1 0.21 0.51 0.53 0.37 0 0 0.29 0.46
T2 0.25 0.68 0.46 0.47 0.04 0.2 0.13 0.34
T3 0.17 0.48 0.43 0.36 0 0 0.08 0.28

Group-II Fluoride
(n=24)

T0 0.17 0.48 0 0 0.04 0.2 0.21 0.41
T1 0.25 0.53 0.45 0.24 0.04 0.2 0.21 0.41
T2 0.21 0.51 0.45 0.28 0 0 0.13 0.34
T3 0.17 0.48 0.27 0.12 0 0 0.13 0.34

Group-III
chlorhexidine
(n=24)

T0 0.29 0.46 0 0 0 0 0.25 0.44
T1 0.33 0.56 0.47 0.35 0 0 0.29 0.46
T2 0.25 0.68 0.38 0.3 0 0 0.17 0.38
T3 0.25 0.53 0.02 0.06 0 0 0.13 0.34

Std Dev- standard deviation; Time points: T0- before bonding of orthodontic brackets; T1- At the end of 4th week after bonding of orthodontic brackets;
T2-At the end of 8th week after bonding of orthodontic brackets; T3- At the end, of 12th week after bonding of orthodontic brackets.

Table 3: Intragroup comparison of different indices (BOP, OPI, WSL, GI) at different points of time (T0, T1, T2, T3) in each of the three
groups –Friedmans test.

Group- (n=24) Parameter Mean
ranks

χ2 df p-value

T0 T1 T2 T3

Group-I
Probiotic
(n=24)

GI 2.58 2.48 2.54 2.4 0.28 3 0.9
OPI 1.02 3.42 2.75 2.81 45.91 3 0.01*
WSL 2.48 2.56 2.48 2.48 0.08 3 0.9
BOP 2.44 2.77 2.44 2.35 1.48 3 0.68

Group-II
Fluoride (n=24)

GI 2.44 2.6 2.52 2.44 0.28 3 0.96
OPI 1 3.52 3.13 2.35 55.34 3 0.01*
WSL 2.54 2.54 2.46 2.46 0.1 3.0 0.99
BOP 2.58 2.58 2.42 2.42 0.4 3 0.94

Group-III
chlorhexidine (n=24)

GI 2.63 2.67 2.42 2.29 1.35 3.0 0.71
OPI 1 3.33 2.85 2.81 45.61 3 0.01*
WSL 2.5 2.5 2.5 2.5 0.0 3.0 1.0
BOP 2.58 2.67 2.42 2.33 1.0 3.0 0.80

* p< 0.05 statistically significant

Table 4: Pairwise comparison of OPI between different time T0, T1, T2, T3 points in each of the individual groups - Dunn-Bonferroni
test

Group Intra-pair comparison between different
periods

Rank sums difference Standard error Adj. p

Group-I Probiotic
(n=24)

T0 T1 -2.4 0.37 <.001*
T0 T2 -1.73 0.37 <.001*
T0 T3 -1.79 0.37 <.001*

Group-II Fluoride
(n=24)

T0 T1 -2.52 0.37 <.001*
T0 T2 -2.12 0.37 <.001*
T0 T3 -1.35 0.37 .001*

Group-III
chlorhexidine
(n=24)

T0 T1 -2.33 0.37 <.001*
T0 T2 -1.85 0.37 <.001*
T0 T3 -1.81 0.37 <.001*

Only statistically significant values are shown
Time points: T0- before bonding of orthodontic brackets; T1- At the end of the 4th week after bonding of orthodontic brackets; T2-At the end of the 8th

week after bonding of orthodontic brackets; T3- At the end of12th week after bonding of orthodontic brackets
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Table 5: Intergroup comparison of different indices (BOP, OPI, WSL, GI) at individual points of time (T0, T1, T2, T3) between the three
groups -Kruskal Wallis test.

Parameter Time G-I -P G-II F G-III CHX H- statistic
χ2

df p-value

Gingival Index (GI)

T0 36.6 33.69 39.21 1.68 2.0 0.43
T1 34.58 36.02 38.9 1.01 2.0 0.64
T2 36.52 36.46 36.52 0 2.0 1.0
T3 36.5 36.5 36.5 0 2 1

Orthodontic Plaque Index
(OPI)

T0 38.5 35.5 35.5 4.06 2 0.132
T1 38.83 36 34.67 0.5 2 0.77
T2 35.38 39.98 34.15 1.04 2 0.59
T3 41.79 27.69 40.02 6.54 2 0.38

White Spot Lesion(WSL)
Index

T0 36 37.5 36 2 2 0.36
T1 37 37 35.5 1.01 2.0 0.60
T2 36.5 36.5 36.5 NaN NaN NaN
T3 36.5 36.5 36.5 NaN NaN NaN

Bleeding on probing
(BOP)

T0 34 37 38.5 1.22 2 0.542
T1 37.5 34.5 37.5 0.56 2 0.75
T2 36 36 37.5 0.23 2 0.89
T3 35.5 37 37 0.28 2 0.87

NaN-Not a Number- may have raised due to interaction between 0/0.
* p<0.05 statistically significant T0- before bonding of orthodontic brackets; T1- At the end of 4th week after bonding of orthodontic brackets; T2-At the

end of 8th week after bonding of orthodontic brackets; T3- At the end of12th week after bonding of orthodontic brackets

Table 6: Comparison of BOP between groups at four different time intervals-Cochran’s test

Groups (n=24) each Condition
present/
Absent

TIME

Group -I (P) (Probiotic)
T0 T1 T2 T3 Total Intra group

comparison
Present 21 17 21 22 81 Chi2 -4.66 df 3 p

-0.19Absent 3 7 3 2 15
Group -II (F) (Fluoride) Present 19 19 21 21 80 Chi2 -1.2 df 3 p

-0.19Absent 5 5 3 3 16
Group -III(CHX)
(Chlorhexidine)

Present 19 19 19 19 76 Chi2- 1.2 df 3 p
0.75Absent 5 5 5 5 20

Column total per group 24 24 24 24 96
Intergroup comparison P-Value p – 0.55 -0.75 p 0.84 p -0.86

* p<0.05 statistically significant
Column represents intragroup and rows represent inter-group comparison; T1- At the end of the 4th week after the bonding of orthodontic brackets; T2-At

the end of the 8th week after bonding of orthodontic brackets; T3- At the end of12th week after bonding of orthodontic brackets

fluoride mouthwashes.
I.Gingival Index (GI) (Tables 2 and 3): In the probiotic

group, the mean GI value decreased from 0.25 at baseline to
0.17 at the end of our study. Overall a reduction of 16% in
the gingival inflammation in noted after the end of the study.
However, an increase in the index values between T1- T2
values increased in this group. This indicates the probiotic
action may be slow in action compared to the other groups
where such change is not noticed for the given period.

In the fluoride group, we noticed a decrease in the
gingival index immediately after intervention with T1 (0.25
± 0.53) and T2 (0.21 ± 0.51). Further, a decrease in the
GI was noticed during the withholding period suggesting
improved gingival health over time with T3 (0.17 ± 0.48). A
previous study13 reported a decrease of 0.3 In the GI scores
after three months of 0. 2% of Sodium Fluoride (NaF) in

orthodontic patients.

For the chlorhexidine group, a reduction of 32 % in
the gingival inflammation is noted immediately after the
intervention period at T2 compared to T1 (0.33), but no
carry-over action is noticed between the T2 and T3(0.25,
0.25) when the mouth rinse is withdrawn. The findings
of the present study are consistent with earlier studies
of chlorhexidine mouthwash in orthodontic patients. The
studies reported a decrease in the GI ranging from 0.17
to 0.54 immediately after 3-4 weeks of intervention.15,20,21

A previous study21 reported the effect of chlorhexidine
after a relapse period of 15 days. The findings are similar
to our study substantiating the continued action of the
chlorhexidine for 4 weeks after withholding mouth rinsing
regimen.
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Only one comparative study by Shah15 evaluated the
efficacy of probiotics and chlorhexidine in orthodontic
patients. They reported a mean decrease in GI index higher
in the probiotic group compared to the chlorhexidine after 3
weeks of intervention. In contrast, chlorhexidine reported
more beneficial effects immediately after intervention
compared to probiotic mouthwash. In fact, during this
period the GI increased from 0.21(T1) to 0.25 (T2).

II. Orthodontic Plaque Index (OPI) (Tables 2, 3 and 4):
In all the groups, the OPI index increased significantly
immediately after fixed appliance therapy as measured from
T0 to T1 by about 0.4. This may be attributed to the
components of the appliance which acts as a source of
plaque accumulation. This rise could be due to various
factors, including inadequate oral hygiene, dietary habits,
or the presence of fixed orthodontic appliances. In the
probiotic mouthwash group, OPI values remained the same
immediately after the intervention (T2- 0.46 ± 0.47) and the
retraction period (T2.46 ± 0.36) indicating continued plaque
formation despite of usage of the mouthwash. Despite the
increase in plaque accumulation, we noticed a decreased
GI index during this period but this is the only group that
reported initiation of WSL during this given time interval
compared to the other groups. This may be attributed to the
microbiological nature of the plaque which needs further
exploration by future studies. In contrast to our study,
Shah15 reported a mean reduction of the Plaque index from
0.78 at baseline to 0.18 after three weeks of a probiotic daily
mouth rinse regimen.

The fluoride mouthwash group (Group II) showed no
change in orthodontic plaque index during the intervention
period but a substantial decrease at the end of the study (T3-
0.21 ± 0.45) compared to T1 (0.45 ± 0.24). The findings are
similar to the previous study22but with different variables.
The study compared Amide fluoride and Stannous fluoride
toothpaste and mouth rinse, noting significant reductions
in plaque build-up and improvement in gingival health (P
< 0.05). For fluoride toothpaste alone, the plaque index
decreased by 1.2, and for the combination with mouth rinse,
it decreased from 2.21 ± 0.52 to 1.32 ± 0.42.

In the chlorhexidine mouth rinse group (Group III), the
orthodontic plaque index scores after an initial increase at
T1(0.47± 0.35) declined to T2 (0.38± 0.3) and finally 0.02±
0.06. The reduction in plaque may be considered due to the
antimicrobial nature of chlorhexidine.

Studies by Raju21 and Abrol23 reported mean decreases
in plaque index after using chlorhexidine mouth rinse as
0.20 and 0.10, respectively. In contrast, Malik24 reported
significantly higher reductions with decreases of 12.15
and 12.95, respectively. These variations could be due to
differences in study design, concentration and formulation
of chlorhexidine mouth rinse, participants’ oral hygiene
practices, baseline plaque levels, and demographic factors.

Shah15 reported a significant and similar decrease in
Plaque Index values for both probiotic and chlorhexidine
groups compared to the control group. Specifically, the
chlorhexidine group saw a reduction from 0.88 at baseline
to 0.34 after three weeks of intervention. Similarly, the
probiotic group’s mean Plaque Index value dropped from
0.78 at baseline to 0.18. This finding is not in tune with the
findings of the present study.

III. White Spot Lesion (WSL) (Tables 2 and 3): No
significant demineralization spots were noted for any of the
three groups during the observation period indicating the
anti-cariogenic nature of all three groups. In the probiotic
group, there was an increase in the mean value from T0 to
T1 (day 1 to week 4), rising from 0 ± 0 to 0.04 ± 0. This
was followed by a decrease from T1 to T3 (week 4 to week
12). In a similar study24 daily consumption of probiotic
lozenges did not significantly affect the development of
WSL during orthodontic treatment with fixed appliances.
The fluoride mouthwash group exhibited an increase in the
white spot lesion index from T0 to T1, with values constant
at 0.04 ± 0. At subsequent time points T2 and T3, the index
decreased to 0, suggesting the gradual remineralization of
white spot lesions with continued fluoride use. Another
study25 found a significantly lower incidence of WSL in the
fluoride group compared to the placebo group (P = 0.038).
In contrast, yet another study found an increase in the rise
of WSL despite fluoride mouth rinse in the initial first two
months of start-up of orthodontic fixed appliances.13 The
study reported a decrease in the WSL indices after 2 months
of the intervention probably due to remineralisation of the
previous lesions. The study also reported that APF is more
effective than neutral 0.2% sodium fluoride in preventing
WSL and gingivitis during orthodontic treatment.

IV. Bleeding on probing (BOP) (Tables 2, 3 and 6):
The frequency of bleeding increased in the immediate
first month of wearing the fixed appliance. The increase
in BOP indices may be correlated to the gingival
inflammation resulting from accumulation of the plaque.
After the intervention, scores decreased from T1 to T3
(12 weeks), indicating a reduction in BOP and suggesting
the effectiveness of the probiotic mouthwash in improving
gingival health. Comparative studies support these findings
to varying extents. Another investigation26 observed a
statistically significant decrease in gingival bleeding using
probiotic tablets in pediatric patients under 10 years
after a three-month trial. Conversely, in a study, Seide27

found that while probiotics improved clinical parameters
in periodontal therapy, they had no positive effects on
white spot lesions (WSL), gingival indices, or BOP during
orthodontic treatment with fixed appliances. However,
another study28 reported that in orthodontic patients aged
18 to 30 years, salivary nitric oxide was a significant
marker of gingival inflammation, and probiotics, alongside
non-surgical periodontal therapy (NSPT), reduced gingival
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inflammation and plaque formation during orthodontic
treatment.

The present research indicates that BOP index scores in
the fluoride mouthwash group remained constant from T0
(0.21 ± 0.41) to T1 (4 weeks), but decreased from T1 to T3
(12 weeks), suggesting improved gingival health over time.
In another study29 they found that while gingival bleeding
scores were significantly higher at 12, 18, and 24 months
compared to baseline in orthodontic patients, this was not
statistically significant for those using fluoride rinse.

The reduction BOP index with chlorhexidine observed
in our study is in concordance with the previous study,30

where CHX mouthwash (0.12%) was administered twice
a week for 60 days to adult orthodontic patients, resulting
in a significant reduction in plaque, gingival, and gingival
bleeding indexes (P < 0.05) over various evaluation periods.
Similarly, Brightman31 found that using CHX mouthwash
(0.12%) twice daily for four months in orthodontic patients
significantly reduced plaque accumulation (MD = -0.44, p =
0.04), though it had no significant effect on gingival health
or bleeding.

In the present study, Probiotic mouthwash showed the
most substantial reduction in bleeding on probing (BOP),
achieving a 34% decrease from baseline. Chlorhexidine
(CHX) followed closely with a 19% reduction, while
Fluoride exhibited the least effectiveness with an 11%
reduction in BOP.

In summary, the probiotic mouthwash is as effective
as chlorhexidine and fluoride rinses in improving gingival
health in orthodontic patients, and hence the null hypothesis
stands rejected. Overall, while each intervention improved
specific oral health indices within their groups, there were
no significant differences between the probiotic, fluoride,
and chlorhexidine mouthwash groups in terms of overall
oral plaque index or bleeding on probing.

However, no significant differences were noted between
the groups for a given time interval (Table 5). Probiotic
mouthwashes were slow in the onset of action. All three
groups exhibited effectiveness in the withdrawal period
to a similar extent. Comparatively, fluoride has long and
sustained protective action. In general, chlorhexidine was
most effective in the reduction of GI and against plaque
formation.

6. Limitations

The study has inherent limitations due to its design with
three active intervention arms and no additional control
group for comparison, which could have raised ethical
concerns in orthodontic patient care if involved. We have
not measured the levels of cariogenic bacteria at various
periods during the study. The study focused only on patients
with low to moderate gingival inflammation risk, thus
excluding those at high risk or with poor oral hygiene,
limiting evaluation of potential mouth rinse protective

effects. Despite regular patient checks and reminders for
material usage, adherence may have been inconsistent.
Extending the study duration and increasing the sample
size would allow for more thorough, long-term evaluations
and future studies should explore the efficacy of additional
probiotics in orthodontic care. Future trials should identify
oral regions requiring more hygiene focus, particularly
in areas with higher crowding and plaque accumulation.
Research on older adults undergoing orthodontic treatment
is essential due to their elevated periodontal issues.

7. Conclusion

Fixed orthodontic appliances are inevitably associated
with plaque accumulation. Probiotics mouthwash is as
effective as chlorhexidine and fluoride rinses in improving
gingival health during the initial stages of fixed orthodontic
treatment.
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