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Abstract

Introduction: Plaque accumulation is a major risk factor for gingival inflammation
and periodontal disease. While tooth brushing is the cornerstone of oral hygiene,
mouthwash is often used as an adjunct to reduce plaque and improve oral health.
Objective: To evaluate the association between mouthwash use and plaque
accumulation among adults.

Methodology: A cross-sectional study was conducted at Mardan Medical Complex,
Pakistan, from January to December 2023, enrolling 252 participants (mean age: 28.7
+ 8.4 years). Plaque scores were recorded using WHO Oral Health Survey (5th
edition) criteria. Mouthwash use, brushing frequency, and demographic data were
collected via structured questionnaires. Statistical analysis included chi-square,
ANOVA, and multiple linear regression, with p <0.05 considered significant.

Results: Regular mouthwash use was reported by 41.3% of participants, occasional
use by 28.6%, and no use by 30.2%. Mean plaque scores were significantly lower
among regular users (1.43 + 0.35) compared to occasional (1.77 + 0.41) and non-users
(2.18 £ 0.47) (p < 0.001). Chlorhexidine users showed the lowest mean plaque scores
(1.38 £0.29). Gender differences were significant on univariate analysis (p = 0.04) but
not after adjustment in regression. Multiple regression identified regular mouthwash
use (p = —0.63, p < 0.001) and higher brushing frequency (3 = -0.52, p < 0.001) as
independent predictors of lower plaque scores.

Conclusion: Regular mouthwash use, particularly chlorhexidine, and frequent tooth
brushing significantly reduce plaque accumulation and should be encouraged as part
of routine oral hygiene.

Introduction

Dental plaque is a major contributing factor to the
development of gingivitis, periodontitis, and dental
caries, making oral health an essential aspect of
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overall health and wellbeing [1]. Dental plaque is a

biofilm that accumulates on tooth surfaces,
consisting of a complex community of
microorganisms embedded in an extracellular
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matrix [2]. If not adequately removed, plaque can
lead to inflammation of the gingiva and progression
to periodontal disease, which represents one of the
most common oral health problems globally [3].
According to the World Health Organization, oral
diseases affect nearly 3.5 billion people worldwide,
with dental caries and periodontal disease being the
most prevalent conditions [4]. Therefore, preserving
long-term dental stability and preventing these oral
health issues depend on effective plaque control [5].

Oral hygiene procedures still rely heavily on
mechanical plaque management techniques,
including interdental cleaning and toothbrushing
[6]. However, despite regular mechanical cleaning,
complete plaque removal is often difficult due to
anatomical challenges, poor technique, or lack of
compliance [7]. Consequently, adjunctive chemical
plaque control agents, particularly antimicrobial
mouthwashes, have gained importance in enhancing
plaque reduction and maintaining oral hygiene [8].
Because of their substantivity and broad-spectrum
antibacterial activity, chlorhexidine-based
mouthwashes are regarded as the gold standard
among them; yet, they are frequently linked to
adverse effects like mucosal irritation, tooth
discoloration, and altered taste perception [9].
Although their efficacy varies, other mouthwashes
with fluoride, cetylpyridinium chloride, or essential
oils are also commonly accessible and used in daily
life [10].

Several studies have reported that regular use of
mouthwash, in addition to toothbrushing, can
significantly reduce plaque accumulation and
gingival inflammation [11]. Nonetheless, the extent
of benefit appears to depend on factors such as
frequency of use, duration of rinsing, type of
mouthwash, and patient compliance [12].
Furthermore, cultural practices, socioeconomic
status, and individual awareness of oral hygiene also
play a role in determining the overall effectiveness of
mouthwash use in controlling plaque [13]. Despite
its common use in both community and clinical
settings, there is still debate over the long-term
effectiveness and necessity of mouthwash as a
preventive oral health strategy, especially in
populations where mechanical plaque control is
already practiced regularly [14].

In Pakistan and other developing countries, where
the burden of periodontal disease remains high and
preventive oral health practices are often inadequate,
evaluating the role of adjunctive methods such as
mouthwash becomes particularly relevant [15].
While international literature provides valuable
insights, there is limited local evidence assessing the
relationship between mouthwash use and plaque
accumulation within our population [16].

Despite the widespread use of mouthwashes
globally, limited data exist on their association with
plaque accumulation in the Pakistani population.
This study aimed to assess the relationship between
mouthwash use and plaque accumulation through a
cross-sectional analysis

Materials and Methods

Study Design and Setting: This cross-sectional
study was conducted at the Department of Dentistry,
Mardan Medical Complex, Peshawar, over a
duration of 12 months, from January 2023 to
December 2023. The study aimed to evaluate the
association between mouthwash use and plaque
accumulation among participants attending the
dental outpatient department.

Study Population: Adult participants who visited
the outpatient dental clinic during the study period
and were at least eighteen years old made up the
study group. Participants with systemic conditions
known to affect oral health (such as diabetes
mellitus, immunocompromised states, or long-term
antibiotic use), those who were unwilling to
participate and those who had received periodontal
therapy within the previous six months were not
included.

Sample Size Calculation: A sample size of 252
participants was calculated using the World Health
Organization (WHO) sample size calculator. The
calculation was based on an anticipated prevalence
of mouthwash use of 31.4% among Pakistani adults,
as reported in a previous study among medical and
dental students in Peshawar [17]. The estimated
prevalence of 31.4% was derived from prior findings
in that study, which reflected the local population’s
oral hygiene practices. A 95% confidence level and a
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6% margin of error were applied. To account for
incomplete data or non-responses, 10% was added,
resulting in the final sample size of 252 participants.

Sampling Technique: Participants meeting the
inclusion criteria were recruited using a consecutive
sampling technique during the study period.

Data Collection: A structured questionnaire was
used to gather data on mouthwash usage frequency,
oral hygiene habits, and demographic traits.
Information regarding the type of mouthwash
(chlorhexidine, essential oil-based, fluoride-
containing, or others) and frequency of use (daily,
occasional, or none) was also documented.

Clinical Examination: Dental professionals who had
received training and calibration conducted the
clinical evaluation in standardized settings.
Examiners underwent inter- and intra-examiner
calibration to ensure reliability in plaque score
assessment. The World Health Organization Oral
Health Surveys: Basic Methods, Fifth Edition [18]
criteria were used to evaluate plaque buildup. After
examining each participant's index teeth, the mean
plaque score was determined.

Statistical Analysis: Version 26 of the SPSS was used
to enter and analyze the data. Plaque scores, dental
hygiene habits, and demographic traits were
obtained wusing  descriptive  statistics.  The
independent t-test/ ANOVA for continuous variables
and the chi-square test for categorical variables were
used, respectively, to assess the relationship between
mouthwash use and plaque accumulation.
Multivariate linear and logistic regression models
were used to account for potential confounding
variables such age, gender, and dental hygiene
practices. Statistical significance was defined as a p-
value of less than 0.05.

Ethical Considerations: The Mardan Medical
Complex's Institutional Review Board granted
ethical approval. Before any data was collected, each
participant gave their written informed consent. All
information was used only for research, and
participant confidentiality was upheld

Results

The study comprised 252 participants, ages 18 to 55,
with a mean age of 28.7 + 8.4 years, as indicated in
Table 1. The majority of participants were between
the ages of 26 and 35 (112, 44.4%), followed by those
between the ages of 18 and 25 (94, 37.3%), 36 and 45
(34, 135%), and over 45 (12, 4.8%). Females
represented 54.8% (138) of the sample, while males
accounted for 45.2% (114). Regarding oral hygiene
practices, 162 (64.3%) participants reported brushing
twice daily, 76 (30.2%) once daily, and 14 (5.6%)
reported irregular brushing. Daily flossing was
reported by only 48 (19.0%), and 92 (36.5%)
participants reported visiting a dentist within the
past 12 months. A thorough summary of the research
population's demographic and oral hygiene traits is
given in this table.

Table 1: Demographic and Oral Hygiene
Characteristics of Participants (n = 252)

Variable Category n %
Age (years) 18-25 94 373
26-35 112 444
36-45 34 135
>45 12 48
Gender Male 114 452
Female 138  54.8
Brushing Frequency Once daily 76 | 30.2
Twice 162 64.3
daily
Irregular 14 5.6
Daily Floss Use Yes 48  19.0
No 204  81.0
Dental Visit in Past 12 Yes 92 | 36.5
Months No 160  63.5

Legend: Distribution of participants by age, gender, oral
hygiene habits, and dental visit history.

As shown in Table 2, regular mouthwash use was
reported by 104 participants (41.3%), occasional use
by 72 (28.6%), and 76 (30.2%) participants did not use
mouthwash. Among regular users, the most
common type of mouthwash was chlorhexidine (62,
59.6%), followed by essential oils (28, 26.9%) and
fluoride-based products (14, 13.5%). Regular
mouthwash use was higher among females (64,
46.4%) than males (40, 35.1%), while non-use was
more frequent in males (46, 40.4%) compared to
females (30, 21.7%). These findings indicate that
nearly half of the study population used mouthwash
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regularly, with chlorhexidine being the preferred
type.

Table 2: Mouthwash Use According to Type and Frequency (n = 252)

Mouthwash  Total  Type

Use (n, %) Mouthwash (n, %)
Regular 104 Chlorhexidine, 62 (59.6)
(=1/day) (41.3) | Essential oils,

Fluoride
Occasional 72 Chlorhexidine, 42 (58.3)
(<1/day) (28.6) | Essential oils,

Fluoride
None 76 N/A

(30.2)

of Chlorhexidine @ Essential

Fluoride @ Male Female

oils (n, %)  (n, %) (n,%) (0, %)
28(26.9) 14 (135) 40 64 (46.4)
(35.1)
20(27.8)  10(139) 28 44 (31.9)
(24.6)
46 30 (21.7)
(40.4)

Legend: Distribution of participants by mouthwash usage, type, and gender. N/A: Not applicable.

The Mean plaque score was 1.82 + 0.56, as indicated
in Table 3. There was a significant difference between
the groups (F = 42.7, p < 0.001), with regular
mouthwash users having the lowest mean plaque
score (1.43 + 0.42), followed by occasional users (1.77
+ 0.51) and non-users (2.18 + 0.49). Females had
slightly lower plaque scores than males (1.75 + 0.53
vs 1.90 + 0.58, p = 0.04), and brushing twice daily was

associated with significantly lower plaque (1.63 +
0.49) compared to brushing once daily (2.01 £ 0.53, p
<0.001). Participants with irregular brushing had the
highest mean plaque score (2.35 + 0.44). These results
suggest that both mouthwash use and proper
brushing frequency are strongly associated with
lower plaque accumulation.

Table 3: Mean Plaque Scores by Mouthwash Use, Gender, and Brushing Frequency (n = 252)

Variable Category Mean Plaque Score + SD F/it p-value

Mouthwash Use Regular 1.43+£0.42 42.7 <0.001
Occasional 1.77 £0.51
None 2.18 £0.49

Gender Male 1.90 + 0.58 t=2.05 0.04
Female 1.75+0.53

Brushing Frequency Once daily 2.01+0.53 F=214 <0.001
Twice daily 1.63 +0.49
Irregular 2.35+0.44

Legend: Mean plaque scores stratified by mouthwash use, gender, and brushing frequency. Differences among three or more
groups (mouthwash use and brushing frequency) were assessed using ANOVA (F), whereas an independent samples t-test
(t) was used to evaluate the differences between two groups (gender). Where p < 0.05 statistically significant differences are
indicated.

As shown in Table 4, plaque scores categorized as
low, moderate, or high were significantly associated
with mouthwash use (x2 = 61.4, p < 0.001). Among
regular users, 56 (53.8%) had low plaque scores,
whereas 38 (50.0%) non-users had high plaque

scores. Occasional users mainly had moderate
plaque (40, 55.6%). These findings indicate a strong
inverse association between mouthwash use and
plaque accumulation.
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Total

High Plaque (%)

High Plaque (n)

Moderate Plaque (%)

Mouth Wash Use

Moderate Plaque (n)

Low Plaque (%)

Low Plaque (n)

104
i None
M Occasional
M Regular
56
0 20 40 60 80 100 120
Number and Percentage

Table 4: Plaque Category by Mouthwash Use (n =252)

Legend: Distribution of plaque category according to mouthwash usage.

As shown in Table 5, among regular mouthwash
users, mean plaque scores varied by the type of
mouthwash. Chlorhexidine users had the lowest
mean plaque score (1.38 + 0.41), followed by essential
oil users (1.52 + 0.43) and fluoride-based users (1.61 +
0.45). This difference was statistically significant (p =
0.02), indicating that mouthwash type influences
plaque reduction. Chlorhexidine was the most
effective, while essential oils showed moderate
effectiveness and fluoride the least. These findings
highlight the importance of selecting an appropriate
mouthwash for optimal oral hygiene.

Table 5: Mean Plaque Scores by Mouthwash Type
among Regular Users (n = 104)

Mouthwash n  Mean p-value

Type Plaque (ANOVA)
Score + SD

Chlorhexidine = 62 1.38+0.41 0.02

Essential oils 28  1.52+043

Fluoride 14 1.61+0.45

Legend: Comparison of mean plaque scores by type of
mouthwash among reqular users (n = 104). Differences
were significant statistically (p = 0.02).

As shown in Table 6, multivariate linear regression
analysis revealed that regular mouthwash use was
independently associated with lower plaque scores
(p=-0.63, 95% CI: -0.79 to -0.47, p <0.001). Similarly,
brushing twice daily significantly predicted lower
plaque levels (3 = -0.41, 95% CI: -0.59 to -0.23, p <
0.001). In contrast, age (3 = 0.05, 95% CI: -0.01 to 0.11,
p =0.11) and gender (3 = -0.03, 95% CI: -0.17 to 0.11,
p = 0.65) were not significant predictors of plaque
accumulation. These findings confirm that consistent
mouthwash use and proper brushing frequency are
key determinants of dental plaque.

Table 6: Multivariate Linear Regression for
Predictors of Plaque Score
Predictor B 95%  p-
Coefficient | CI value
Mouthwash Use -0.63 -0.79  <0.001
(Regular Vs to -
None) 0.47
Brushing -0.41 -0.59  <0.001
Frequency (Twice to -
vs Once) 0.23
Age 0.05 -0.01  0.11
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to

0.11
Gender (Female -0.03 -0.17 | 0.65
vs Male) to

0.11

Legend: Multivariate analysis showing independent
predictors of plaque score. Regular mouthwash use and
brushing twice daily were statistically significant
predictors (p < 0.001).

Discussion

This study assessed the association between
mouthwash use and plaque accumulation in a cross-
sectional population of adults attending a dental
outpatient clinic. The results demonstrated a clear
inverse relationship between regular mouthwash
use and plaque scores. Participants using
mouthwash daily had significantly lower mean
plaque scores compared to occasional users and non-
users. Regular mouthwash use, particularly
chlorhexidine-based formulations, is associated with
lower plaque accumulation. Additionally, brushing
frequency independently influenced plaque levels,
highlighting the combined importance of mechanical
and chemical oral hygiene measures. These
associations remained after adjusting for potential
confounders like age and gender, according to
multivariate analysis.

The findings of this study are consistent with
existing literature, which indicates that chemical
adjuncts, particularly antimicrobial mouthwashes,
significantly reduce plaque accumulation and
improve oral hygiene outcomes [19]. Regular use of
mouthwash is associated with lower plaque scores
and a decreased risk of gingival inflammation,
whereas irregular or non-use correlates with higher
plaque accumulation [20]. Chlorhexidine-based
formulations are widely recognized as the most
effective in reducing plaque due to their potent
antimicrobial properties, followed by essential oil-
based and fluoride-containing mouthwashes, which
show moderate benefits [21]. Furthermore, frequent
tooth brushing remains a critical determinant of oral
health, and combined use of mouthwash and proper
brushing provides optimal plaque control [20]. The
present study also reinforces the observation that
gender and age, while often considered potential
confounders, may have minimal impact on plaque

scores when proper oral hygiene practices are
employed [22].

These results are in agreement with global evidence,
where chlorhexidine consistently emerges as the
gold standard for short-term plaque control [23].
Other studies have highlighted the role of essential
oil-based rinses as a well-tolerated option for long-
term maintenance, particularly in individuals where
prolonged chlorhexidine use is not recommended
[24]. Furthermore, multicenter trials have confirmed
that combining chemical adjuncts with mechanical
brushing provides superior plaque reduction
compared to brushing alone, supporting the
integrated approach promoted by international
guidelines [25].

Limitations and Future Suggestions

In spite of these advantages, the study contains a
number of drawbacks. First, the inability to establish
causality between mouthwash use and plaque
accumulation is an inherent limitation of the cross-
sectional design. Second, self-reporting bias may
have influenced the findings, as information
regarding mouthwash use and brushing frequency
was based solely on participants’ self-reported data.
Third, the study was only carried out in one tertiary
care facility, which might have limited how broadly
the results can be applied. Multi-center samples
should be used in future research to increase external
validity, and longitudinal designs should be taken
into account to determine causal linkages.
Furthermore, a more thorough understanding of oral
hygiene practices and their effects on plaque
accumulation may be obtained by assessing
additional variables like nutrition, smoking, and
socioeconomic status.

Conclusion

Regular mouthwash use, particularly chlorhexidine-
based formulations, is significantly associated with
lower plaque accumulation, and its effect is
enhanced when combined with proper tooth
brushing. The findings highlight the importance of
incorporating chemical adjuncts alongside routine
mechanical oral hygiene for optimal plaque control.
Promoting consistent mouthwash use and effective
brushing practices may contribute to improved oral
health outcomes in adult populations.
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