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Abstract

Purpose

This study aimed to evaluate the effectiveness of cetylpyridinium chloride (CPC) mouthwash in reducing
denture plaque and its impact on the microbial composition of denture plaque.

Materials and methods

A randomized, placebo-controlled crossover trial included 29 participants with maxillary complete dentures.
Participants used either CPC or a placebo mouthwash for one week each in a crossover design. The denture
plaque area was quantified using image analysis, and microbiome composition was analyzed via 16S rRNA
gene sequencing.

Results

The use of CPC mouthwash significantly reduced the denture plaque area compared to placebo (p<0.025).
Microbiome analysis revealed a significant decrease in the relative abundance of the

genus Actinomyces (p=0.025) and a significant increase in the genus Haemophilus (p<0.001) after CPC use.
While alpha diversity showed no significant changes, beta diversity analysis indicated a significant shift in
microbial composition (p=0.002).

Conclusion

CPC mouthwash effectively reduces denture plaque accumulation and modifies its microbial composition.
These findings highlight the potential of CPC mouthwash as an effective tool in denture hygiene
management, which may help lower the risk of denture-related oral and systemic infections.

Categories: Geriatrics, Dentistry
Keywords: cetylpyridinium chloride, denture plaque, homeostasis, microbiome, oral hygiene

Introduction

With the increase in the older population, particularly in developed countries, a growing demand for
prosthodontic treatment, including removable dentures, is anticipated to restore missing teeth [1]. Acrylic
resin, chemically identified as polymethyl methacrylate (PMMA), is the standard material used for
removable denture bases due to its affordability, esthetic qualities, and ease of repair. However, this
material can act as a scaffold for oral bacteria, referred to as “denture plaque,” because of its inherent
porosity [2-4].

Denture plaque is a biofilm that adheres to the denture surface, consisting of microorganisms, their
metabolic products, and proteins, such as those from the saliva and serum. Denture plaque can lead to oral
conditions, such as halitosis, dental caries, periodontal disease, and denture stomatitis, as well as life-
threatening systemic diseases, such as aspiration pneumonia [5-7]. Therefore, daily hygiene management of
removable dentures is essential for maintaining both oral and general health in denture wearers. While
mechanical brushing is the primary method for cleaning dentures, chemical cleaning with denture cleansers
or mouthwashes also plays an important role, especially for older adults with reduced dexterity [8,9].

Cetylpyridinium chloride (CPC) is a cationic ammonium compound with surfactant and bactericidal
properties that is commonly used in toothpaste and mouthwashes [10,11]. CPC exerts bactericidal effects by

How to cite this article
Tahara H, Sanda M, Itsumi M, et al. (December 09, 2024) Efficacy of Cetylpyridinium Chloride Mouthwash on Denture Plaque Reduction and
Microbiome Alteration in a Randomized Crossover Trial. Cureus 16(12): €75357. DOI 10.7759/cureus.75357


https://www.cureus.com/users/922817-hiroko-tahara
https://www.cureus.com/users/922828-minoru-sanda
https://www.cureus.com/users/922829-momoe-itsumi
https://www.cureus.com/users/922831-haruka-fukamachi
https://www.cureus.com/users/922833-hiromi-nishi
https://www.cureus.com/users/917944-fuminori-iwasa
https://www.cureus.com/users/922835-hirotaka-kuwata
https://www.cureus.com/users/916714-kazuyoshi-baba
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

disrupting bacterial cell membranes due to its strong ionic properties [12]. Its surfactant characteristics aid
in plaque removal at the gingival margin and inhibit plaque formation within the oral cavity
[13,14]. However, the potential role of CPC in controlling denture plaque remains unexplored.

In this study, our primary aim was to evaluate the inhibitory effect of CPC mouthwash on the denture plaque
area in patients wearing maxillary complete dentures. The secondary objective was to assess the impact of
CPC on the microbial composition of denture plaque. The null hypothesis for this study was that the
adhesion of denture plaque following rinsing with CPC solution would be equivalent to that observed after
rinsing with a placebo solution.

Materials And Methods

Participants

Maxillary edentulous participants were recruited between April 2021 and December 2023 from the
Prosthodontic Clinic of Showa University Dental Hospital. Inclusion criteria required participants to be

in adequate general health for dental treatment, have a maxillary complete denture made of acrylic

resin, and exhibit no significant clinical problems related to denture use. Exclusion

criteria included debilitating systemic diseases; pathological changes, such as candidiasis; poor fit or
occlusion upon clinical examination; and dentures relined or repaired with autopolymerizing resin. A
sample size calculation indicated a minimum of 14 participants per group, based on an effect size of 0.8, a
statistical power of 0.8, and a significance level of 0.05. To account for potential dropouts, 16 participants
were recruited per group, resulting in a total of 31 participants (15 male and 16 female; mean age 76.0£9.3
years). All participants provided written informed consent.

Manufacture of CPC and placebo mouthwash solutions

The 0.05% CPC mouthwash was industrially synthesized, while the placebo, used as a control, contained only
water and flavoring agents. Both solutions were supplied by Earth Corporation (Tokyo, Japan).

Experimental protocol

On the first day, the maxillary complete dentures were meticulously cleaned using denture brushes,
ultrasonic cleaners, and denture cleaning agents (Labalak D; Sundental, Tokyo, Japan) to eliminate denture
plaque, which was visually confirmed.

The participants were randomly assigned to Groups A and B using a random number table (FI) according to
the design of a randomized controlled trial following a single-blinded assessment. This study was reported
in accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines. In Group A, the
participants were instructed to use the placebo mouthwash solution during the first week (seven days),
followed by the CPC mouthwash solution during the second week (seven days), for a total duration of 14
consecutive days. In Group B, the reverse order was followed: The participants used the mouthwash three
times daily for 20 seconds after each meal, followed by denture cleaning. Denture cleaning was limited to
mechanical brushing of the intaglio and polished surfaces under running water with a denture brush, with
the use of denture cleaning agents suspended during the evaluation period. According to the manufacturer’s
information, no carryover effects were anticipated for the CPC mouthwash; therefore, a washout period was
not incorporated between the evaluation weeks.

All samples were collected by a single investigator (HT) to ensure consistency in data accuracy.

Quantitative denture plaque evaluation

The denture plaque quantity was assessed using a previously published method [15,16]. Following each
mouthwash use for one week, the dentures were stained with 0.25% methylene blue dye (FUJIFILM Wako
Pure Chemical, Tokyo, Japan), and pictures were taken from the intaglio surface using a white light system
(Light Box S; Santec, Tokyo, Japan) and a digital camera (Canon EOS Kiss M2; Canon, Tokyo, Japan). From
the images, percentages of the denture plaque area compared to the total denture area were calculated based
on pixel counts in the software (Adobe Photoshop vCS6; Adobe, CA, USA).

Bacterial sample collection from denture plaque

To collect bacteria from the denture plaque in group A following the use of the placebo and CPC mouthwash,
the stained dentures were immersed in 50 mL of saline solution and subjected to ultrasonic cleaning for 15
min to detach the plaque from the dentures. Then, the separated denture plaque was centrifuged at 3,500
rpm for 5 min (Himac CT6E; Hitachi, Tokyo, Japan). The resulting bacterial samples were stored at -80°C for
further analysis.

DNA sequencing and metagenome analysis

Denture plaque samples were analyzed using 16S rRNA amplicon sequencing (Hokkaido System Science,
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Sapporo, Hokkaido, Japan). Bacterial DNA was extracted using the Extrap Soil DNA Kit Plus ver.2, and the
V1-V2 region of the bacterial 16S rRNA gene was amplified using the primer sets 27Fmod and 338R. The
base sequences of the DNA fragments amplified from the V1-V2 region were determined using next-
generation sequencing (MiSeq; Illumina, CA, USA). The data were processed using the QIIME2 pipeline
(v2019.4.0), and operational taxonomic units obtained through clustering were compared to the Greengenes
16S rRNA gene database. The resulting bacterial gene data were deposited with the accession number
PRJDB18736.

Bacterial culture and susceptibility test for CPC

Streptococcus mitis JCM12971, S. anginosus ATCC9895, Actinomyces naeslundii JCM8349, and A.

viscosus JCM8353, Haemophilus influenzae ATCC33533 and H. parainfluenzae ATCC9796 were grown in Brain
Heart Infusion broth supplemented with hemin (10 pg mL-1) and nicotinamide adenine dinucleotide 10 pyg
mL-1) or Accurate™ Chocolate Agar EXII (Shimadzu Diagnostics, Tokyo, Japan) with the Anaero Pack-CO2
system (Mitsubishi Gas Chemical, Tokyo, Japan) at 37°C. The bacterial susceptibility test for CPC was
conducted following the method described by Mohammad et al. [17]. Briefly, 1 mL of bacterial culture was
centrifuged, and the resulting pellet was re-suspended in an equal volume of the test solution (placebo or
CPC mouthwash). The suspension was shaken and incubated at room temperature for 20 seconds. The
reaction mixture was immediately neutralized by adding 10 times its volume of Soybean-Casein Digest
Broth with Lecithin & Polysorbate 80 medium (FUJIFILM Wako Pure Chemical). After serial dilution with
phosphate-buffered saline, the samples were spread on agar plates, and the number of viable bacteria was
determined. The inhibition rate was calculated using the following formula: inhibition rate={(Control
CFU-Treated CFU)/Control CFU}x100%.

Statistical analysis

The normal distribution of each dataset was validated using the Shapiro-Wilk test. To evaluate the denture
plaque area, for normally distributed data, the unpaired t-test was used to determine potential carryover,
treatment, and period effects. In cases where a carryover effect was detected, comparisons were made
between the first periods of Groups A and B using the unpaired t-test and between the first and second
periods of Group A using the paired t-test. In such instances, the significance level was adjusted to a=0.025
via Bonferroni correction.

As genus-level and individual bacterial flora analysis did not follow a normal distribution, the Wilcoxon
signed-rank test was applied, with a significance level of 0=0.05. For alpha diversity analysis (Chaol Index
and Shannon Index), which demonstrated a normal distribution, the paired t-test was performed, also with a
significance level of a=0.05. Beta diversity was analyzed using the permutational analysis of variance
(PERMANOVA) pairwise method. The paired t-test was conducted to determine CPC susceptibility. All
statistical analyses were performed using GraphPad Prism, version 5.00 (GraphPad Software, San Diego, CA,
USA).

Results
Participants

Of the 31 participants enrolled (15 male, 16 female participants; mean age*standard deviation: 76.0+9.3
years), as listed with demographic data in Table 7, two were unable to complete the full study protocol due to
scheduling conflicts. Consequently, data analysis was performed on the remaining 29 participants (14 male,
15 female; mean age 75.8+9.6 years) (Figure 1).

Group A Group B
Male sex, n 6 9
Female sex, n 9 7
Age (years) 73.2+10.2 78.617.6
Denture usage duration (years) 1.6+2.1 2.542.6

TABLE 1: The average age and sex of each group at baseline

The table presents demographic characteristics of the study participants, including sex, age, and denture usage duration. Age is expressed as
meanztstandard deviation. Data include both participants who completed the study and those who dropped out.
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Consented & Randomized

n=31

Group A
n=15
n=1
Did not attend |e—m--—
Period 1

Allocated to Placebo
Intervention
n=14

Group B
n=16

Group A

*Period 1
1 week

n=1

» Did not attend

Allocated to CPC
Intervention
n=15

Denture staining photography
Denture plaque sample collection

No washout period

Allocated to Placebo
Intervention
n=15

*Period 2
1 week

Period 1

Allocated to CPC

Intervention
n=14

Denture staining photography
Denture plaque sample collection

A

Analyzed
n=15

Analyzed
n=14

*Period1/2: After brushing and denture cleaning after meals, three times a day,
each time for 20 seconds

FIGURE 1: CONSORT flow diagram

Participant flow diagram for a randomized crossover clinical trial evaluating the efficacy of CPC mouthwash on
denture plaque removal. It illustrates the progression of participants through the study phases, including initial

screening, randomization, intervention periods, and final analysis.

CPC: Cetylpyridinium chloride; CONSORT: Consolidated standards of reporting trials

Statistical analysis of crossover study

The washout period between the first and second weeks was omitted because of the assumption that there

was no carryover effect based on the manufacturer’s information. However, statistical analysis showed a
carryover effect of the CPC mouthwash (p=0.036, Table 2).
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Test Estimate
Carryover effect 30.1
Treatment effect 11.5
Period effect 0.455

TABLE 2: Evaluation of carryover effects

95% confidence interval

2.16-58.0

6.48-16.6

-4.61-5.52

p-value
0.036*
<0.001***

0.855

Analysis of carryover, treatment, and period effects in the crossover study. Statistical analyses were performed using unpaired t-tests with a significance
level of a=0.1. The carryover effect indicated a significant residual effect when cetylpyridinium chloride (CPC) was used in the first period. The treatment
effect shows a significant difference between CPC and placebo treatments. * p<0.1; *** p<0.001.

Image analysis of denture plaque area

In the first week, a comparison between Groups A and B revealed that Group B, which received the CPC
mouthwash intervention, exhibited a significantly smaller denture plaque area compared to Group A, which
used the placebo mouthwash (Group A: 55.6£5.1%; 95% confidence interval (CI): 44.6-66.5, n=14; Group B:
29.0+6.0%; 95% CI: 14.4-41.9, n=15; p=0.002) (Figure 2). A longitudinal analysis within Group A showed a
significant reduction in the denture plaque area during the second week, when CPC mouthwash was used,
compared to the first week, when the placebo mouthwash was used (first week with placebo: 55.65.1%;
second week with CPC: 44.5+5.0%; 95% CI: 33.8-55.2; n=14; p<0.001) (Figure 3).
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FIGURE 2: Comparison of denture plaque adhesion area between
placebo and CPC groups in the first period of the study

A: Representative photographs of the maxillary complete dentures stained with methylene blue. Left: Placebo
mouthwash treatment (Group A, period 1). Right: CPC mouthwash (Group B, period 1).

B: Quantitative analysis of denture plaque adhesion area in Group A (n=14) and Group B (n=15) after the first
period. Bar graph illustrating the mean percentage of the denture plaque adhesion area relative to the total
intaglio surface of dentures. Error bars represent standard deviation. Statistical analysis was performed using the

unpaired t-test with a significance level of 0=0.025. ** p<0.025.

CPC: cetylpyridinium chloride
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FIGURE 3: Comparison of denture plaque adhesion area between
placebo and CPC mouthwash treatments in Group A across treatment
periods

A: Representative photographs of maxillary complete dentures stained with methylene blue. Left: Placebo

mouthwash treatment (Group A, period 1). Right: CPC mouthwash treatment (Group A, period 2).

B: Quantitative analysis of denture plaque adhesion area in Group A across treatment periods (n=14). Bar graph
illustrating the mean percentage of the denture plaque adhesion area relative to the total intaglio surface of
dentures. Error bars represent standard deviation. Statistical analysis was performed using a paired t-test with a
significance level of 0=0.025. *** p<0.001.

CPC: cetylpyridinium chloride

Evaluation of the denture plaque bacterial flora

The bacterial flora in Group A, without any carryover effects, was assessed using next-generation
sequencing (Figure 4A). A total of 107 genera were identified. Among these, the genus Actinomyces showed a
significant decrease in relative abundance (p=0.025), while Haemophilus exhibited a significant increase
(p<0.001) (Figure 4B). Species-level analysis revealed a reduction in the abundance

of Haemophilus influenzae, Haemophilus parainfluenzae, Streptococcus infantis,

and Streptococcus anginosus following CPC exposure.
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FIGURE 4: Microbiological analysis with next-generation sequencing

A. Bacterial flora analysis of Group A using next-generation sequencing

Bar charts comparing analysis of the genus-level microbial composition of denture plague samples from Group A
(n=14) after intervention with the placebo and CPC mouthwash solutions. The vertical axis shows the relative
proportion of reads for each bacterium. The numbers in the horizontal axis correspond to participants, while
different colors indicate different bacterial genera. The diversity of the bacterial flora was confirmed for each

participant.

B. Comparison of specific bacteria with significant differences in their relative abundance

The chart compares the number of bacterial sequence reads for Actinomyces (left) and Haemophilus (right)
genera after mouthwashing. Each dot represents a sample, with the horizontal lines indicating the mean and
standard errors. For genus-level bacterial community analysis, the Wilcoxon signed-rank test was applied at a
significance level of 0=0.05. * p<0.05; *** p<0.001.

C. Comparison of alpha diversity between the placebo and CPC groups

Graphs show the Chao1 (left) and Shannon (right) indices. Each dot represents a sample, with the horizontal lines
indicating the mean and standard errors. For alpha diversity analysis (Chao1 Index and Shannon Index), the
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paired t-test was performed at a significance level of a=0.05. NS: not significant.
D. Comparison of beta diversity between the placebo and CPC groups

Principal coordinate analysis plots of microbial community profiles in denture plaques. Beta diversity was
compared between placebo (black circle) and CPC (white circle) groups using the pairwise permutational analysis
of variance (PERMANOVA). A significant difference was found in the weighted UniFrac distance (left, p<0.05), but
not in the unweighted UniFrac distance (right).

CPC: cetylpyridinium chloride

Furthermore, we analyzed alpha diversity, which evaluates species diversity and its distribution and
uniformity in the sample. The Chaol index, representing species diversity, showed no significant variation
between the placebo and CPC treatments (Chaol Index, p=0.606) (Figure 4C). Similarly, the Shannon index,
representing species diversity and population distribution, exhibited no notable differences (Shannon Index,
p=0.166) (Figure 4C).

Effect of CPC on the growth of each bacterium

To investigate the effect of the CPC mouthwash solution on each bacterium’s growth, we assessed the
growth of S. infantis, S. mitis, and S. anginosus. The same verification was also carried out using A.
naeslundii, A. viscosus, H. influenza, and H. parainfluenzae. The effect on growth was examined by culturing
each bacterium in a medium containing CPC mouthwash solution. The results are presented in Table 3.

S. mitis  S. anginosus A. naeslundii A. viscosus H. influenzae H. parainfluenzae

Placebo mouthwash solution (CFU/mL)  3.42x108  4.00x10° 6.93x108 1.57x10° 1.56%10° 2.07x1010
CPC mouthwash solution (CFU/mL) 1.44x10%  5.30x10° 5.33x107 9.9x10% 2.49x108 8.83x107
Growth inhibition ratio (%) 99.6**  100*** 92,3+ 100*** 99.8*** 99.6%*

TABLE 3: Sensitivity of bacteria to CPC mouthwash solutions

The bacterial species identified through metagenomic analysis—Streptococcus anginosus, Actinomyces naeslundii, A. viscosus, Haemophilus influenzae,
and H. parainfluenzae—were cultured on BHI agar with either CPC or placebo mouthwash solutions. All bacteria inhibit the growth treated with CPC.
Growth inhibition was assessed by counting bacterial colonies. Bacterial counts were compared between the placebo and CPC groups using paired t-tests
with a significance level of a = 0.05. ***p < 0.001 indicates a significant reduction compared to the placebo.

CPC: cetylpyridinium chloride.

Discussion

Previously, studies have demonstrated the effectiveness of mouthwashes in reducing plaque adhesion on
natural tooth surfaces and the tongue [13,14]. This aligns with the findings of our study, further supporting
the potential of mouthwash in promoting oral hygiene. However, to our knowledge, this study is the first to
clinically evaluate the effectiveness of mouthwashes containing CPC on inhibiting denture plaque.

In this study, a significant reduction in denture plaque area was observed in both cross-sectional
comparisons between participants and longitudinal comparisons within the same participants when
transitioning from a placebo mouthwash solution to CPC. Consequently, the null hypothesis was rejected.

Because of its high hydrophobicity and lack of electrostatic repulsion, PMMA allows bacteria and organic
components in saliva to adhere to it. In addition, PMMA becomes porous due to polymerization shrinkage,
and its surface becomes roughened at the microscopic level during the polishing process during cleaning,
which enhances denture plaque adhesion and accumulation [18,19]. To counteract these properties, it is
important to implement effective hygiene measures to maintain clean dentures.

We have shown that denture plaque adhesion can be inhibited by coating the denture surface with
methacryloyloxyethyl phosphorylcholine (MPC) polymer [15]. However, MPC is a coating material
specifically designed for dentures and can only exert its effects on them. In contrast, mouthwashes
containing CPC can act not only on dentures but also on remaining natural teeth, suggesting the potential
usefulness of CPC.
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In this study, a next-generation sequencer was used to analyze the bacterial flora in denture plaque before
and after using CPC. Next-generation sequencers can analyze microbial flora accurately without the need

for culturing [20,21] and are gaining recognition as a method for comprehensively analyzing the spectrum of
the bacterial species in the oral cavity. This technology is also applicable to the analysis of denture plaque as
examined in this study. Denture plaque biofilm on dentures interacts with oral microbes and is related to
systemic diseases, such as aspiration pneumonia and denture stomatitis [22,23]. Next-generation sequencing
enables the analysis of various bacteria, including unculturable obligate anaerobe bacteria [24], allowing for
a quantitative assessment of how denture materials and cleaning methods affect oral flora. This study
evaluated CPC rinse effects from a microbiological perspective.

NGS analysis revealed significant changes in the abundance

of Actinomyces and Haemophilus genera. Actinomyces, a gram-positive anaerobic or facultatively anaerobic
bacterium commonly found in the oral cavity, contributes to the formation of periodontal pockets and
dental plaques [25]. Actinomyces species are known to increase in the deep regions of periodontal pockets
and are involved in the progression and onset of gingivitis and periodontal disease [26]. In this study, the
significant reduction of Actinomyces species following the use of CPC mouthwash suggests that CPC may
prevent infections caused by Actinomyces species, such as periodontal disease. Haemophilus, a gram-
negative, facultatively anaerobic, rod-shaped bacterium, is distributed throughout aerobic and anaerobic
oral environments and exerts pathogenicity in the condition of immunocompromised hosts [27]. The

genus Haemophilus has been reported to increase in gingivitis patients treated with CPC [14]. However, the
relationship between the degree of gingivitis and the increase of Haemophilus remains unclear. Our study
also demonstrated that CPC treatments promoted an increase in Haemophilus within denture plaque. These
suggest that the increase in Haemophilus may serve as a potential indicator of oral health. CPC treatment
increased the proportion of Haemophilus species; however, culture experiments revealed more potent
growth inhibition of H. influenzae and H. parainfluenzae than S. mitis. Further investigation is required to
resolve this discrepancy. Recent findings have indicated that the spatial arrangement of oral bacteria affects
their metabolic interactions and antimicrobial resistance [28]. Therefore, evaluating the effects of

CPC requires the assessment of both the individual species and the overall bacterial community.

Alpha diversity showed no significant change before and after CPC mouthwash use. However, beta diversity,
analyzed using weighted UniFrac distance, showed a significant change. CPC may selectively affect specific
bacterial groups, thereby potentially suppressing certain pathogenic or dominant bacteria. Further species-
level research is required to explore its long-term effects on oral microbial ecosystems.

This study was originally designed as a crossover trial without a washout period because the manufacturer
indicated no carryover effect was expected from this mouthwash, aiming to shorten the study period and
prevent participants from dropping out. However, a carryover effect was observed with the CPC mouthwash
solution. This prevented the use of statistical methods, such as analysis of variance (ANOVA), which are
normally used in crossover studies. Therefore, the evaluation of denture plaque adhesion was conducted
through a cross-sectional comparison between Groups A and B during the first period and a longitudinal
comparison within Group A between the first and second weeks. The results showed a statistically
significant reduction in dental plaque with the CPC mouthwash compared to the placebo group (p=0.0023,
p=0.0003). This indicates that the absence of a washout period did not compromise the purpose of this
study.

In addition, the results of the carryover effect analysis indicated that continuous use of the CPC solution
mouthwash for one week would persist for at least the following week. The effect persisted after
discontinuation of the CPC solution, uncovering unexpected findings.

A limitation of this study is that only bacterial 16S rRNA sequences were analyzed, and the effects on fungi
were not considered. The oral environment is an ecosystem where bacteria and fungi coexist; a
comprehensive analysis that includes fungi, such as Candida, is required to discuss the reduction in the risk
of various complications related to dental plaque. Further investigations encompassing a broader spectrum
of microbial flora, including fungal species, are warranted.

Conclusions

The evidence suggests that rinsing with a CPC mouthwash three times a day for approximately 20 seconds
for one week effectively reduces denture plaque adhering to the mucosal surface of maxillary complete
dentures. Although it causes minimal significant changes in the types of bacteria compromising the
bacterial flora, CPC’s inhibitory effect on the growth of certain bacterial species indicates that it may
influence the composition of the denture plaque biofilm. Therefore, CPC mouthwash represents an effective
strategy for managing denture hygiene and mitigating the risk of denture-related oral and systemic
infections.

Additional Information
Author Contributions

2024 Tahara et al. Cureus 16(12): €75357. DOI 10.7759/cureus.75357 9 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Kazuyoshi Baba, Hiroko Tahara, Haruka Fukamachi, Fuminori Iwasa, Hirotaka Kuwata

Critical review of the manuscript for important intellectual content: Kazuyoshi Baba, Momoe Itsumi,
Hiromi Nishi

Acquisition, analysis, or interpretation of data: Hiroko Tahara, Minoru Sanda, Momoe Itsumi, Hiromi
Nishi, Fuminori Iwasa, Hirotaka Kuwata

Drafting of the manuscript: Hiroko Tahara, Minoru Sanda, Haruka Fukamachi, Fuminori Iwasa, Hirotaka
Kuwata

Supervision: Fuminori Iwasa

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Showa University School of Dentistry Ethics Committee issued approval DH2018-
022 (Approval date; January 29, 2019). This clinical study complied with the Declaration of Helsinki and was
registered with the Japan Registry of Clinical Trials jRCTs031200016). 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: This
study was conducted with funding from Earth Corporation (Tokyo, Japan) to the Department of Prosthetic
Dentistry at Showa University School of Dentistry. 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.

Acknowledgements

The authors thank Hokkaido System Science Co. (Sapporo, Hokkaido, Japan) for assistance with data
analysis. The data that support the findings of this study are available from the corresponding author upon
reasonable request.

References

1. Kailembo A, Preet R, Stewart Williams J: Common risk factors and edentulism in adults, aged 50 years and
over, in China, Ghana, India and South Africa: results from the WHO Study on global AGEing and adult
health (SAGE). BMC Oral Health. 2016, 17:29. 10.1186/s12903-016-0256-2

2. losif L, Tancu AM, Amza OE, Dimitriu B, Ispas A, Pantea M, Imre M: Qualitative assessment of the
removable denture microbiome. Germs. 2024, 14:28-37. 10.18683/germs.2024.1415

3. Zafar MS: Prosthodontic applications of polymethyl methacrylate (PMMA): An update . Polymers (Basel).
2020, 12:10.3390/polym12102299

4. Le Bars P, Kouadio AA, Amouriq Y, Bodic F, Blery P, Bandiaky ON: Different polymers for the base of
removable dentures? Part II: A narrative review of the dynamics of microbial plaque formation on dentures.
Polymers (Basel). 2023, 16:10.3390/polym 16010040

5. Dong]J, Li W, Wang Q, Chen ], Zu Y, Zhou X, Guo Q: Relationships between oral microecosystem and
respiratory diseases. Front Mol Biosci. 2021, 8:718222. 10.3389/fmolb.2021.718222

6. Shi T, Denouel A, Tietjen AK, et al.: Global and regional burden of hospital admissions for pneumonia in
older adults: A systematic review and meta-analysis. ] Infect Dis. 2020, 222:5570-6. 10.1093/infdis/jiz053

7. Gupte T, Knack A, Cramer JD: Mortality from aspiration pneumonia: incidence, trends, and risk factors .
Dysphagia. 2022, 37:1493-500. 10.1007/s00455-022-10412-w

8.  Paranhos HF, Silva-Lovato CH, Souza RF, Cruz PC, Freitas KM, Peracini A: Effects of mechanical and
chemical methods on denture biofilm accumulation. ] Oral Rehabil. 2007, 34:606-12. 10.1111/j.1365-
2842.2007.01753.x

9. Duyck ], Vandamme K, Krausch-Hofmann S, Boon L, De Keersmaecker K, Jalon E, Teughels W: Impact of
denture cleaning method and overnight storage condition on denture biofilm mass and composition: A
cross-over randomized clinical trial. PLoS One. 2016, 11:e0145837. 10.1371/journal.pone.0145837

10. Haps S, Slot DE, Berchier CE, Van der Weijden GA: The effect of cetylpyridinium chloride-containing mouth
rinses as adjuncts to toothbrushing on plaque and parameters of gingival inflammation: a systematic
review. Int | Dent Hyg. 2008, 6:290-303. 10.1111/j.1601-5037.2008.00344.x

11.  D'Amico F, Moro M, Saracino M, Marmiere M, Cilona MB, Lloyd-Jones G, Zangrillo A: Efficacy of
Cetylpyridinium Chloride mouthwash against SARS-CoV-2: A systematic review of randomized controlled
trials. Mol Oral Microbiol. 2023, 38:171-80. 10.1111/omi.12408

12. Mao X, Auer DL, Buchalla W, et al.: Cetylpyridinium chloride: mechanism of action, antimicrobial efficacy in
biofilms, and potential risks of resistance. Antimicrob Agents Chemother. 2020, 64: 10.1128/AAC.00576-20

13.  Costa X, Laguna E, Herrera D, Serrano ], Alonso B, Sanz M: Efficacy of a new mouth rinse formulation based
on 0.07% cetylpyridinium chloride in the control of plaque and gingivitis: a 6-month randomized clinical
trial. ] Clin Periodontol. 2013, 40:1007-15. 10.1111/jcpe.12158

2024 Tahara et al. Cureus 16(12): e75357. DOI 10.7759/cureus.75357 10 of 11


https://dx.doi.org/10.1186/s12903-016-0256-2
https://dx.doi.org/10.1186/s12903-016-0256-2
https://dx.doi.org/10.18683/germs.2024.1415
https://dx.doi.org/10.18683/germs.2024.1415
https://dx.doi.org/10.3390/polym12102299
https://dx.doi.org/10.3390/polym12102299
https://dx.doi.org/10.3390/polym16010040
https://dx.doi.org/10.3390/polym16010040
https://dx.doi.org/10.3389/fmolb.2021.718222
https://dx.doi.org/10.3389/fmolb.2021.718222
https://dx.doi.org/10.1093/infdis/jiz053
https://dx.doi.org/10.1093/infdis/jiz053
https://dx.doi.org/10.1007/s00455-022-10412-w
https://dx.doi.org/10.1007/s00455-022-10412-w
https://dx.doi.org/10.1111/j.1365-2842.2007.01753.x
https://dx.doi.org/10.1111/j.1365-2842.2007.01753.x
https://dx.doi.org/10.1371/journal.pone.0145837
https://dx.doi.org/10.1371/journal.pone.0145837
https://dx.doi.org/10.1111/j.1601-5037.2008.00344.x
https://dx.doi.org/10.1111/j.1601-5037.2008.00344.x
https://dx.doi.org/10.1111/omi.12408
https://dx.doi.org/10.1111/omi.12408
https://dx.doi.org/10.1128/AAC.00576-20
https://dx.doi.org/10.1128/AAC.00576-20
https://dx.doi.org/10.1111/jcpe.12158
https://dx.doi.org/10.1111/jcpe.12158

Cureus

Part of SPRINGER NATURE

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tkeya K, Iwasa F, Inoue Y, Fukunishi M, Takahashi N, Ishihara K, Baba K: Inhibition of denture plaque
deposition on complete dentures by 2-methacryloyloxyethyl phosphorylcholine polymer coating: A clinical
study. ] Prosthet Dent. 2018, 119:67-74. 10.1016/j.prosdent.2017.02.012

Coulthwaite L, Verran J: Evaluation of in vivo denture plaque assessment methods . Br Dent J. 2009,
207:E12; discussion 282-3. 10.1038/sj.bdj.2009.854

Teng F, He T, Huang S, et al.: Cetylpyridinium chloride mouth rinses alleviate experimental gingivitis by
inhibiting dental plaque maturation. Int | Oral Sci. 2016, 8:182-90. 10.1038/ijos.2016.18

Mohammad ZH, Hasan AA, Kerth CR, Riley DG, Taylor TM: Increased effectiveness of microbiological
verification by concentration-dependent neutralization of sanitizers used in poultry slaughter and
fabrication allowing Salmonella enterica survival. Foods. 2018, 7:10.3390/foods7030032

De-la-Pinta I, Cobos M, Ibarretxe ], Montoya E, Eraso E, Guraya T, Quindds G: Effect of biomaterials
hydrophobicity and roughness on biofilm development. ] Mater Sci Mater Med. 2019, 30:77.
10.1007/s10856-019-6281-3

Song F, Koo H, Ren D: Effects of material properties on bacterial adhesion and biofilm formation . ] Dent
Res. 2015, 94:1027-34. 10.1177/0022034515587690

Wensel CR, Pluznick JL, Salzberg SL, Sears CL: Next-generation sequencing: insights to advance clinical
investigations of the microbiome. J Clin Invest. 2022, 132:10.1172/JCI1154944

Abdul NS, Shenoy M, Reddy NR, et al.: Gene sequencing applications to combat oral-cavity related
disorders: a systematic review with meta-analysis. BMC Oral Health. 2024, 24:103. 10.1186/s12903-023-
03541-7

Morse DJ, Smith A, Wilson MJ, et al.: Molecular community profiling of the bacterial microbiota associated
with denture-related stomatitis. Sci Rep. 2019, 9:10228. 10.1038/s41598-019-46494-0

Shi B, Wu T, McLean ], et al.: The denture-associated oral microbiome in health and stomatitis . mSphere.
2016, 1:10.1128/mSphere.00215-16

O'Donnell LE, Robertson D, Nile CJ, et al.: The oral microbiome of denture wearers is influenced by levels of
natural dentition. PLoS One. 2015, 10:e0137717. 10.1371/journal.pone.0137717

Palmer R] Jr, Gordon SM, Cisar JO, Kolenbrander PE: Coaggregation-mediated interactions of streptococci
and actinomyces detected in initial human dental plaque. ] Bacteriol. 2003, 185:3400-9.
10.1128/JB.185.11.3400-3409.2003

Vielkind P, Jentsch H, Eschrich K, Rodloff AC, Stingu CS: Prevalence of Actinomyces spp. in patients with
chronic periodontitis. Int ] Med Microbiol. 2015, 305:682-8. 10.1016/j.ijmm.2015.08.018

Dickson RP, Erb-Downward JR, Martinez FJ, Huffnagle GB: The microbiome and the respiratory tract . Annu
Rev Physiol. 2016, 78:481-504. 10.1146/annurev-physiol-021115-105238

Hajishengallis G, Lamont RJ, Koo H: Oral polymicrobial communities: Assembly, function, and impact on
diseases. Cell Host Microbe. 2023, 31:528-38. 10.1016/j.chom.2023.02.009

2024 Tahara et al. Cureus 16(12): e75357. DOI 10.7759/cureus.75357

11 0of 11


https://dx.doi.org/10.1016/j.prosdent.2017.02.012
https://dx.doi.org/10.1016/j.prosdent.2017.02.012
https://dx.doi.org/10.1038/sj.bdj.2009.854
https://dx.doi.org/10.1038/sj.bdj.2009.854
https://dx.doi.org/10.1038/ijos.2016.18
https://dx.doi.org/10.1038/ijos.2016.18
https://dx.doi.org/10.3390/foods7030032
https://dx.doi.org/10.3390/foods7030032
https://dx.doi.org/10.1007/s10856-019-6281-3
https://dx.doi.org/10.1007/s10856-019-6281-3
https://dx.doi.org/10.1177/0022034515587690
https://dx.doi.org/10.1177/0022034515587690
https://dx.doi.org/10.1172/JCI154944
https://dx.doi.org/10.1172/JCI154944
https://dx.doi.org/10.1186/s12903-023-03541-7
https://dx.doi.org/10.1186/s12903-023-03541-7
https://dx.doi.org/10.1038/s41598-019-46494-0
https://dx.doi.org/10.1038/s41598-019-46494-0
https://dx.doi.org/10.1128/mSphere.00215-16
https://dx.doi.org/10.1128/mSphere.00215-16
https://dx.doi.org/10.1371/journal.pone.0137717
https://dx.doi.org/10.1371/journal.pone.0137717
https://dx.doi.org/10.1128/JB.185.11.3400-3409.2003
https://dx.doi.org/10.1128/JB.185.11.3400-3409.2003
https://dx.doi.org/10.1016/j.ijmm.2015.08.018
https://dx.doi.org/10.1016/j.ijmm.2015.08.018
https://dx.doi.org/10.1146/annurev-physiol-021115-105238
https://dx.doi.org/10.1146/annurev-physiol-021115-105238
https://dx.doi.org/10.1016/j.chom.2023.02.009
https://dx.doi.org/10.1016/j.chom.2023.02.009

	Efficacy of Cetylpyridinium Chloride Mouthwash on Denture Plaque Reduction and Microbiome Alteration in a Randomized Crossover Trial
	Abstract
	Purpose
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Participants
	Manufacture of CPC and placebo mouthwash solutions
	Experimental protocol
	Quantitative denture plaque evaluation
	Bacterial sample collection from denture plaque
	DNA sequencing and metagenome analysis
	Bacterial culture and susceptibility test for CPC
	Statistical analysis

	Results
	Participants
	TABLE 1: The average age and sex of each group at baseline
	FIGURE 1: CONSORT flow diagram

	Statistical analysis of crossover study
	TABLE 2: Evaluation of carryover effects

	Image analysis of denture plaque area
	FIGURE 2: Comparison of denture plaque adhesion area between placebo and CPC groups in the first period of the study
	FIGURE 3: Comparison of denture plaque adhesion area between placebo and CPC mouthwash treatments in Group A across treatment periods

	Evaluation of the denture plaque bacterial flora
	FIGURE 4: Microbiological analysis with next-generation sequencing

	Effect of CPC on the growth of each bacterium
	TABLE 3: Sensitivity of bacteria to CPC mouthwash solutions


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


