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Abstract
Background: When intraoral orthodontic devices are used, it becomes significantly more difficult to remove
plaque effectively. Dentists and orthodontic specialists can come up with more effective preventive
strategies while patients are undergoing fixed orthodontic work if they have a deeper understanding of the
present scenario. In addition, individuals will become more aware of the importance of good dental hygiene
habits as a result of this.

Objective: To assess and compare the effectiveness of a manual toothbrush, machine-driven toothbrush,
and conventional mechanical toothbrush coupled with mouth rinse in removing plaque and maintaining
gingival health in patients undergoing fixed orthodontic treatment.

Methods and materials: In this research, a total of 222 individuals who met the eligibility and exclusion
requirements were randomly selected and offered their written consent. There were a total of 74 participants
for each of the three different categories. Category A used a physically driven toothbrush. Category B used a
motorized toothbrush. Category C used a physically driven toothbrush together with mouthwash containing
0.2% chlorhexidine gluconate. All study participants were assessed at baseline, one-month follow-up, and
two-month follow-up to document the preliminary information, including that of the modified papillary
bleeding index (MPBI) by Muhlemann, plaque index (PI) introduced by Silness and Loe, and gingival index
(GI) introduced by Loe and Silness.

Results: In this study, the mean PI scores at the one-month and two-month follow-ups were minimum in
Category C, while it was maximum in Category A at the two-month follow-up. The mean GI scores at the
two-month follow-up were minimum in Category C, while it was maximum in Category A at the two-month
follow-up. The mean MPBI scores at the two-month follow-up were minimum in Category C, while it was
maximum in Category A. It was observed that participants in this trial who only used a typical mechanical
brush experienced an increase in PI and GI scores after one and two months of follow-up. At the one-month
and two-month follow-ups, it was noted that the values of PI, GI, and MPBI significantly decreased in the
study participants using automated toothbrushes as well as in study participants using manual toothbrushes
in conjunction with chlorhexidine mouthwash as compared to baseline values. However, when the three
categories were compared, it was found that the research participants utilizing both a manual toothbrush
and 0.2% chlorhexidine experienced the highest decreases in PI, GI, and MPBI values.

Conclusion: The reduction in the scores of PI, GI, and MPBI was maximum in orthodontic patients after two
months when they apply manual toothbrushing along with 0.2% chlorhexidine.

Categories: Dentistry
Keywords: chemical plaque control, orthodontics, dental plaque, fixed orthodontic therapy, plaque controlling
agents

Introduction
Periodontal plaque is a biofilm that is both physically and physiologically structured. It is a group of
microorganisms that are located on the surface of teeth as a coating and are encased in a framework of
polymers that have both microbial and host origins [1]. Plaque on teeth has been defined as the soft,
persistent substance present on the surface of the tooth that is difficult to remove with a simple water
rinse [2]. Inflamed gums (gingivitis), which is characterized by erythema of marginal gingiva at the point
where they meet the teeth, as well as minor edema and hemorrhage from the gingival border, is primarily
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brought on by dental plaque [3]. Personalized dental hygiene, which involves removing bacterial plaque from
teeth as well as gingiva and preventing its re-agglomeration, is the preservation of mouth hygiene for the
sustenance of proper oral health [4].

The value of maintaining good oral health relies on the individual's personal dental health, possessing the
ability, lifestyle, motivation, education, oral hygiene training, and oral hygiene assistance [5]. Brushing your
teeth is the most popular mechanical method of preventing plaque at home. There is strong evidence
demonstrating that plaque, as well as gingivitis, can be most consistently controlled with teeth brushing as
well as other mechanical cleaning techniques, assuming that washing is done thoroughly and at the right
intervals [6]. Once intraoral orthodontic devices are used, efficient plaque clearance is noticeably hindered.

With a greater understanding of the existing situation, dentists and orthodontists can create more efficient
preventive strategies while undergoing fixed orthodontic work. In addition, individuals will become more
aware of the importance of good dental hygiene habits as a result of this. Therefore, the aim of the study was
to assess and compare the effectiveness of a manual toothbrush, machine-driven toothbrush, and
conventional mechanical toothbrush coupled with mouth rinse in removing plaque and maintaining gingival
health in patients undergoing fixed orthodontic treatment.

Materials And Methods
This research was a concurrent arm, experimental, randomized, regulated, and observer investigation. It
involved participants getting fixed orthodontic treatment who ranged in age from 13 to 35, as most
orthodontic therapies were carried out in this age group.

The sample size was calculated using n = (z)2 p ( 1 - p ) / d2, where n = sample size, z = level of confidence
according to the standard normal distribution (for a level of confidence of 95%, z = 1.67, p = estimated
proportion of the population that presents the characteristic (when unknown we use p = 0.5), and d =
tolerated margin of error (e.g., we want to know the real proportion within 5%). Using the above formula, a
minimum sample size of 222 was calculated (Figure 1).

FIGURE 1: CONSORT flow diagram

The total quantity of participants was determined by adding together all of the people on the waiting list for
the outpatient clinic. As a result, 222 was chosen as the number of respondents to enable the homogenous
distribution of 74 patients among the three experimental subgroups. All study participants who experienced
concurrent complete maxillary arch as well as mandibular arch fixed orthodontic therapy employing MBT
appliance (0.022 slots) and were righty, between 13 and 35 years old, willing to be involved with the research
until its finalization, and did not have any systemic illnesses or medical conditions were enrolled in the
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research. The research excluded participants who were taking antibiotics, receiving lingual orthodontic
work, or utilizing any additional plaque-eliminating tools, such as flossing or interproximal brushes.

In this research, a total of 222 individuals who met the eligibility and exclusion requirements at Dr. B.R.
Ambedkar Institute of Dental Sciences and Hospital were randomly selected and offered their written
consent. The ethical clearance number is IEC/2022/11. A one-month flushing timespan was required
after oral prophylaxis and the start of orthodontic therapy with fixed orthodontic appliances in order to
cancel the effects of the ultrasonic scaler. All study participants were then called back one month later to
document preliminary information, including that of the modified papillary bleeding index (MPBI), plaque
index (PI) introduced by Silness and Loe, and gingival index (GI) introduced by Loe and Silness. When the
investigator was calibrated, the average value of the kappa coefficient was determined to be 0.8, indicating a
strong consensus. The intra-examiner heterogeneity was evaluated using the kappa variability analysis
(Figure 2).

FIGURE 2: Plaque index scoring in patients

Following the acquisition of the preliminary information, the individuals were assigned randomly by using a
simple method of randomization to one of the three intervention categories, namely, categories A, B, and C.
The co-investigator, who was not participating in the assessment, provided labels for the commodities used
in the experiment.

There were 71 participants in Category A, 73 participants in Category B, and 78 participants in Category C.
Category A used a physically driven toothbrush. Category B used a motorized toothbrush. Category C used a
physically driven toothbrush together with mouthwash containing 0.2% chlorhexidine gluconate. Since
study participants 1, 3, and 2 in Category A, B, and C, respectively, didn’t show up for the follow-up,
70 participants in Category A, 70 participants in Category B, and 76 participants in Category C were
analyzed finally.

During basepoint and every subsequent follow-up, the participants underwent oral hygiene guidelines and
watched a demonstration of the right way to brush their teeth. After completing the oral hygiene program,
the subjects were given a compliance worksheet to record each session. During the duration of the
investigation, the participants also received periodic SMS notifications after every day. The individuals were
then summoned back at one-month and two-month follow-ups, and an oral assessment was conducted in
addition to noting the markers to evaluate the unintended effects like gingival recession in Category A
participants and the unintended effects like bleeding gums and eroded enamel in Category B participants.
Soft tissue assessment was done to look for any negative alterations brought on by mouthwash use and teeth
staining in Category C.

Results
The mean PI score at baseline in Category A was 1.3 ± 0.43. The mean PI score at baseline in Category B was
1.4 ± 0.57. The mean PI score at baseline in Category C was 1.4 ± 0.36. The difference in PI scores at baseline
between the three categories was not statistically significant (p= 0.67). The mean GI score at baseline in
Category A was 1.4 ± 0.48. The mean GI score at baseline in Category B was 1.5 ± 0.58. The mean GI score at
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baseline in Category C was 1.4 ± 0.45. The difference in GI scores at baseline between the three categories
was not statistically significant (p= 0.84). The mean MPBI score at baseline in Category A was 1.2 ± 0.86. The
mean MPBI score at baseline in Category B was 1.1 ± 0.33. The mean MPBI score at baseline in Category C
was 1.2 ± 0.51. The difference in MPBI scores at baseline between the three categories was not statistically
significant (p= 0.72).

The mean PI score at the one-month follow-up in Category A was 1.4 ± 0.47. The mean PI score at the one-
month follow-up in Category B was 1.1 ± 0.52. The mean PI score at the one-month follow-up in Category C
was 1.0 ± 0.47. The difference in PI scores at the one-month follow-up between the three categories was
statistically significant (p= 0.031). The mean PI score was minimum in Category C, while it was maximum in
Category A at the one-month follow-up. The mean GI score at the one-month follow-up in Category A was
1.6 ± 0.54. The mean GI score at the one-month follow-up in Category B was 1.1 ± 0.54. The mean GI score at
the one-month follow-up in Category C was 0.9± 0.46. The difference in GI scores at the one-month follow-
up between the three categories was statistically significant (p=0.026). The mean GI score was minimum in
Category C, while it was maximum in Category A at the one-month follow-up. The mean MPBI score at the
one-month follow-up in Category A was 1.0 ± 0.67. The mean MPBI score at the one-month follow-up in
Category B was 0.7 ± 0.40. The mean MPBI score at the one-month follow-up in Category C was 0.6 ± 0.53.
The difference in GI scores at the one-month follow-up between the three categories was statistically
significant (p=0.001). The mean GI score was minimum in Category C, while it was maximum in Category A
at the one-month follow-up.

The mean PI score at the two-month follow-up in Category A was 1.6 ± 0.46. The mean PI score at the two-
month follow-up in Category B was 0.9 ± 0.47. The mean PI score at the two-month follow-up in Category C
was 0.6 ± 0.40. The difference in PI scores at the two-month follow-up between the three categories was
statistically significant (p=0.020). The mean PI score was minimum in Category C, while it was maximum in
Category A at the two-month follow-up. The mean GI score at the two-month follow-up in Category A was
1.9 ± 0.30. The mean GI score at the two-month follow-up in Category B was 0.8 ± 0.43. The mean GI score at
the two-month follow-up in Category C was 0.6 ± 0.48. The difference in GI scores at the two-month follow-
up between the three categories was statistically significant (p=0.014). The mean GI score was minimum in
Category C, while it was maximum in Category A at the two-month follow-up. The mean MPBI score at the
two-month follow-up in Category A was 1.1 ± 0.51. The mean MPBI score at the two-month follow-up in
Category B was 0.6 ± 0.52. The mean MPBI score at the two-month follow-up in Category C was 0.4 ± 0.41.
The difference in MPBI scores at the two-month follow-up between the three categories was statistically
significant (p=0.003). The mean MPBI score was minimum in Category C, while it was maximum in Category
A at the two-month follow-up (Table 1).

  Category A Category B Category C p-value

Baseline PI (mean ± SD) 1.3 ± 0.43  1.4 ± 0.57  1.4 ± 0.36  0.67 

 GI (mean ± SD) 1.4 ± 0.48  1.5 ± 0.58  1.4 ± 0.45  0.84 

 MPBI (mean ± SD) 1.2 ± 0.86  1.1 ± 0.33  1.2 ± 0.51  0.72 

One month PI (mean ± SD) 1.4 ± 0.47  1.1 ± 0.52  1.0 ± 0.47  0.031 

 GI (mean ± SD) 1.6 ± 0.54  1.1 ± 0.54  0.9± 0.46  0.026 

 MPBI (mean ± SD) 1.0 ± 0.67  0.7 ± 0.40  0.6 ± 0.53  0.001 

Two months PI (mean ± SD) 1.6 ± 0.46  0.9 ± 0.47  0.6 ± 0.40  0.020 

 GI (mean ± SD) 1.9 ± 0.30    0.8 ± 0.43    0.6 ± 0.48    0.014 

 MPBI (mean ± SD) 1.2 ± 0.51 0.6 ± 0.52 0.4 ± 0.41 0.003 

TABLE 1: Comparing baseline, one-month, and two-month mean PI, GI, and MPBI values between
the experimental categories
PI: plaque index, GI: gingival index, MPBI: marginal papilla bleeding index

When there was an intra-category comparison between the PI values at different time intervals in each
category, then it was observed that the PI values in category A at baseline (1.3 ± 0.43), one-month follow-up
(1.4 ± 0.47), and two-month follow-up (1.6 ± 0.46) increased as the time duration increased. The
observations were found to have statistical significance (p=0.001). The PI values in Category B at baseline
(1.4 ± 0.57), one-month follow-up (1.1 ± 0.52), and two-month follow-up (0.9 ± 0.47) decreased as the time
duration increased. The observations were found to have statistical significance (p=0.001). The PI values in
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Category C at baseline (1.4 ± 0.36), one-month follow-up (1.0 ± 0.47), and two-month follow-up (0.6 ± 0.40)
decreased as the time duration increased. The observations were found to have statistical significance
(p=0.001).

When there was an intra-category comparison between the GI values at different time intervals in each
category, then it was observed that the GI values in Category A at baseline (1.4 ± 0.48), one-month follow-up
(1.6 ± 0.54), and two-month follow-up (1.9 ± 0.30) increased as the time duration increased. The
observations were found to have statistical significance (p=0.001). The GI values in Category B at baseline
(1.5 ± 0.58), one-month follow-up (1.1 ± 0.54), and two-month follow-up (0.8 ± 0.43) decreased as the time
duration increased. The observations were found to have statistical significance (p=0.001). The GI values in
Category C at baseline (1.4 ± 0.45), one-month follow-up (0.9± 0.46), and two-month follow-up (0.6 ± 0.48)
decreased as the time duration increased. The observations were found to have statistical significance
(p=0.001).

When there was an intra-category comparison between the MPBI values at different time intervals in each
category, then it was observed that the MPBI values in Category A at baseline (1.2 ± 0.86), one-month
follow-up (1.0 ± 0.67), and two-month follow-up (1.2 ± 0.51) had no statistical significance (p=0.231). The
MPBI values in Category B at baseline (1.1 ± 0.33), one-month follow-up (0.7 ± 0.40), and two-month follow-
up (0.6 ± 0.52) decreased as the time duration increased. The observations were found to have statistical
significance (p=0.001). The MPBI values in Category C at baseline (1.2 ± 0.51), one-month follow-up (0.6 ±
0.53), and two-month follow-up (0.4 ± 0.41) decreased as the time duration increased. The observations were
found to have statistical significance (p=0.001).

From these findings, it can be inferred that the PI, GI, and MPBI values decreased significantly in the study
participants using an automated toothbrush as well as in the study participants using a manual toothbrush
in conjunction with chlorhexidine mouthwash at the one-month and two-month follow-up as compared to
the baseline values. However, when the three categories were compared, it was observed that the decrease in
the PI, GI, and MPBI values was greatest in the study participants using manual toothbrushes along with
0.2% chlorhexidine.

Discussion
While performing fixed orthodontic work, dentists and orthodontists can develop more effective preventive
tactics for good oral health with a better awareness of the current situation [7-15]. In addition, as a result of
this, people will be more conscious of the significance of excellent dental hygiene practices. In order to
evaluate and compare the efficiency of a mechanical toothbrush, machine-driven toothbrush, and
conventional mechanical toothbrush combined with mouthwash in eliminating plaque and maintaining
gingival health, patients receiving fixed orthodontic treatment were enrolled in this study [16,17]. It was
observed that participants in this trial who only used a typical mechanical brush experienced an increase in
PI and GI scores after one and two months of follow-up. At the one-month and two-month follow-ups, it was
noted that the PI, GI, and MPBI values significantly decreased in the study participants using automated
toothbrushes as well as in the study participants using manual toothbrushes in conjunction with
chlorhexidine mouthwash as compared to the baseline values. However, when the three categories were
compared, it was found that the research participants utilizing both a manual toothbrush and 0.2%
chlorhexidine experienced the highest decreases in PI, GI, and MPBI values.

The results are consistent with those of the research by Misra et al. [8], in which the control manual
toothbrushing category experienced an increase in PI and GI scores but no improvement in plaque
elimination or gingival well-being after 30 days. In contrast, the research by Hickman et al. [9] found that the
conventional mechanical toothbrush cohort significantly reduced dental plaque from starting point to 30
days, with the marked improvement still evident at 2 months, and significantly reduced gingival
inflammation from starting point to 30 days, with the alteration from baseline becoming non-significant by
two months.

Periodontal plaque is a biofilm that is both physically and physiologically structured. It refers to the
collection of microorganisms that coat the surface of teeth and are housed within a framework of polymers
with microbial and host origins [18]. Plaque on teeth is characterized as a soft, lingering substance that is
present on the tooth's surface and is challenging to eliminate with a simple water rinse [19,20]. Dental
plaque is the main cause of inflamed gums (gingivitis), which are characterized by erythema of the marginal
gingiva where it meets the teeth as well as mild edema and hemorrhage from the gingival border [21-23].
Personalized dental hygiene is the preservation of mouth hygiene for the sustenance of proper oral health. It
entails eliminating bacterial plaque from teeth and gingiva, preventing re-agglomeration [24].

The PI and GI values increased in the study participants using manual toothbrushing. From these findings, it
can be inferred that the PI, GI, and MPBI values decreased significantly in the study participants using
automated toothbrushes as well as in the study participants using manual toothbrushes in conjunction with
chlorhexidine mouthwash at the one-month and two-month follow-up compared with the baseline values.
However, when the three categories were compared, it was observed that the decrease in the PI, GI, and
MPBI values was greatest in the study participants using manual toothbrushes along with 0.2%
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chlorhexidine.

The study limitation was the small sample size and the short follow-up time.

Conclusions
The importance of keeping good oral health depends on each person's specific dental health, abilities,
lifestyle, motivation, knowledge, oral hygiene training, and support with oral hygiene. The decrease in the
PI, GI, and MPBI scores was maximum in orthodontic patients after two months when they apply manual
toothbrushing along with 0.2% chlorhexidine. Chlorhexidine can be used efficiently as an adjunct to routine
scaling to avoid plaque formation in orthodontic patients.
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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
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