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Abstract
Background and objectives: Candida species, particularly Candida albicans, are major contributors to denture-induced stomati-
tis because of their ability to form biofilms on removable dental prostheses. Although chemical cleansers are effective, concerns 
regarding material degradation and mucosal irritation have spurred interest in non-chemical alternatives. This review aims to 
systematically compare the efficacy of chemical and non-chemical denture cleansers in reducing Candida spp. on removable 
dental prostheses.

Methods: A systematic review was conducted according to the PRISMA 2020 guidelines. Comprehensive searches of PubMed, 
Scopus, and Web of Science (2003–2025) yielded 624 records. After duplicate removal and screening, 20 studies (10 randomized 
controlled trials (RCTs) and 10 in vitro studies) were included. The risk of bias was assessed using the Cochrane Risk of Bias 2.0 
for RCTs and QUIN/SYRCLE tools for in vitro studies.

Results: Chemical cleansers such as sodium hypochlorite (0.25–2.5%), chlorhexidine (0.2–2%), and effervescent peroxide tablets 
achieved 80–100% colony-forming unit reduction in most studies, with some reporting complete biofilm eradication. In contrast, 
non-chemical agents showed a 40–85% colony-forming unit reduction rate. Chemical cleansers caused increased surface roughness 
and discoloration in six of the ten studies included. Non-chemical agents preserved material integrity and were preferred by pa-
tients for their taste and ease of use. The risk of bias was low to moderate in 80% of the RCTs and low in 10 of the 13 in vitro studies.

Conclusions: Chemical denture cleansers are more potent antifungal agents, but they may damage prosthetic materials. Non-
chemical cleansers offer safe and moderately effective alternatives to chemical cleansers. A personalized, evidence-based oral 
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hygiene regimen is recommended for patients.
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Introduction
Candida species, particularly Candida albicans (C. albicans), are 
prominent opportunistic fungal pathogens frequently implicated in 
denture-related stomatitis in individuals with removable dental pros-
theses (RDPs). These pathogens readily adhere to the porous surfaces 
of denture base materials, such as polymethyl methacrylate (PMMA), 
forming resilient biofilms that pose a significant challenge for dis-
infection and oral hygiene maintenance.1–3 The persistence of such 
biofilms is especially concerning among elderly, immunocompro-
mised, and institutionalized individuals, where Candida colonization 
rates are notably high.4,5 Maintaining effective denture hygiene is 
essential to prevent microbial buildup, enhance prosthesis longevity, 
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and ensure overall oral health. Conventional denture-cleansing strate-
gies typically involve mechanical and chemical methods. Mechanical 
cleaning, such as brushing, dislodges loosely attached debris but often 
fails to eliminate well-established Candida biofilms.6,7 Consequently, 
chemical denture cleansers have been widely employed. These in-
clude alkaline peroxide-based tablets, sodium hypochlorite solutions, 
enzymatic formulations, and chlorhexidine-based agents, all of which 
act by disrupting biofilm structure and damaging fungal cell mem-
branes, leading to a substantial reduction in microbial load.1,3,8,9 How-
ever, prolonged use of these agents may cause undesirable alterations 
to the physical properties of denture base materials, such as changes 
in color stability, increased surface roughness, and reduced hardness, 
which can, paradoxically, enhance microbial adhesion over time.9–11 
Moreover, patients with mucosal sensitivities may experience adverse 
effects such as irritation or allergic reactions from regular exposure 
to chemical agents.4 Sometimes, even the most effective chemical 
cleansers fail to completely eliminate Candida cells from denture sur-
faces, allowing residual biofilm to act as a nidus for re-colonization.12 
These limitations have led to the exploration of non-chemical alterna-
tives that are both effective and safer for long-term use.

Non-chemical cleansing approaches include mechanical brush-
ing, microwave irradiation, ultrasonic cleaning, and herbal solutions. 
Physical disinfection methods, such as microwave and ultrasonic 
cleaning, have demonstrated efficacy in disrupting Candida bio-
films without compromising denture integrity.6,13,14 Several herbal 
denture cleansers have shown promising antifungal activity.15–17 
They offer several advantages, including reduced cytotoxicity, en-
vironmental sustainability, and cost-effectiveness. In vitro studies 
have demonstrated comparable antifungal efficacy of herbal formu-
lations to that of chemical agents, making them viable alternatives 
for routine denture hygiene.15,17 Various studies on phenylamines, 
pyridines, pyrazines, oxadiazoles, and gallate-based compounds 
that act against Candida have been conducted and have elucidated 
their antioxidant and anti-inflammatory actions.15,16 Some of these 
originate from plant sources or are based on structures from Cnidium 
officinale, neem, and marine algae.15–17 Docking and molecular dy-
namics illustrate the processes by which these compounds bind to 
Candida targets, such as Als3 adhesins and secreted aspartyl pro-
teases, thereby supporting structure-guided development.16 Thus, it 
is essential to study agents that restrict fungal growth, block biofilm 
development, and reduce harmful host responses, with low cytotox-
icity and limited effects on denture materials.4,8,15,18

This systematic review addresses the limited comparative evi-
dence on the efficacy of chemical and non-chemical denture cleans-
ers in reducing Candida species on RDPs. Although several studies 
have evaluated the antifungal effectiveness of individual cleansing 
methods, differences in study design, denture materials, and out-
come measures have made direct comparisons difficult. The long-
term effects on denture base materials have not been consistently 
reported across studies. A consolidated analysis comparing both 
types of cleansers based on their antifungal efficacy and impact on 
denture integrity is needed. This review aims to compare the antifun-
gal efficacy of chemical and non-chemical denture cleansers against 
Candida species on RDPs and evaluate their impact on denture base 
material integrity. It also aims to assess patient-centered outcomes, 
such as safety, compliance, and tolerability of these materials.

Materials and methods

Research question and Population, Intervention, Comparison, 
Outcome, Study design (PICOS) framework
This systematic review aims to evaluate and compare the antifun-

gal efficacy of non-chemical versus chemical denture cleansers in 
managing Candida species colonization on RDPs. The research 
question was framed using the PICOS framework to ensure clarity, 
relevance, and alignment with the study objectives. The research 
question guiding the review was: “Among individuals using RDPs, 
how does the use of non-chemical cleansers compare to chemical 
cleansers in reducing the colony-forming units (CFUs) of Candida 
species on the acrylic resin portion of the prosthesis?” This review 
was registered in the PROSPERO database under the registration 
number CRD420251106154.

The PICOS criteria were as follows:
•	 Population: Individuals using removable, provisional, or de-

finitive dental prostheses.
•	 Intervention: Use of non-chemical denture cleansers, including 

physical and herbal cleansing agents.
•	 Comparison: Use of chemical denture cleansers, including 

peroxide-based, chlorhexidine, sodium hypochlorite, and enzy-
matic solutions.

•	 Outcome: Reduction in the CFU of Candida species, particu-
larly on the acrylic resin surfaces of RDPs.

•	 Study design: Randomized controlled trials (RCTs) and non-
randomized clinical trials.

Search strategy
A comprehensive electronic search was conducted using three data-
bases: MEDLINE/PubMed, Web of Science, and Scopus. The search 
strategy adhered to the PRISMA 2020 (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines to ensure 
methodological transparency and reproducibility (Fig. 1). The search 
covered studies published from January 2003 to April 2025. Boolean 
operators were used to combine key concepts and improve sensitiv-
ity. The keywords used included “prosthesis,” “denture,” “acrylic 
resin,” “Candida species,” “Candida albicans,” “chemical and non-
chemical cleansers,” “synthetic and natural cleansers,” “mouthwash 
and disinfectants,” “antifungal,” “anticandidal,” and “fungicide.” 
These terms were searched in combination using Boolean operators 
(AND, OR) tailored to each database. For the Web of Science, the 
search included combinations of the terms “prosthesis” OR “denture” 
OR “acrylic resin,” “Candida species” OR “Candida albicans,” and 
“chemical and non-chemical cleansers” OR “synthetic and natural 
cleansers” OR “mouthwash and disinfectants” OR “antifungal” OR 
“anticandidal” OR “fungicide.” For MEDLINE/PubMed, the same 
search logic was applied using parentheses and Boolean operators 
to connect the search fields. In Scopus, slightly modified Boolean 
combinations, such as “chemical AND non-chemical cleansers” and 
“mouthwash AND disinfectants,” were applied. Only full-text articles 
published in English were considered.

Eligibility criteria
The inclusion criteria for this systematic review encompassed 
clinical studies, such as RCTs, non-randomized clinical trials, 
and observational designs, including cross-sectional studies, as 
well as in vitro investigations evaluating the antifungal efficacy of 
chemical and/or non-chemical denture cleansers against Candida 
species on RDP materials. Eligible studies involved either human 
participants using RDPs or laboratory models simulating clinical 
conditions and specifically reported outcomes related to Candida 
reduction. Only articles published in English from 2003 onward 
were considered. Studies were excluded if they were published be-
fore 2003, not in English, used denture cleansers without assessing 
their effect on Candida, involved animal models, or lacked the use 
of either chemical or non-chemical cleansers specifically targeting 
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and assessed for inclusion. Any discrepancies among the review-
ers were resolved through discussion. Data were extracted using a 
standardized form, capturing details such as author names, year of 
publication, study design, sample size, type of denture and cleans-
er used, concentration and duration of cleanser application, type of 
Candida spp. identified, outcome measures (primarily CFU reduc-
tion), and results. Each reviewer independently extracted the data, 
and consensus was reached through cross-verification.

Data synthesis and quality assessment

Candida spp. Case reports, pilot studies without structured meth-
ods, systematic reviews, editorials, conference abstracts, letters to 
the editor, theses, dissertations, and other non-peer-reviewed gray 
literature were also excluded.

Selection process and data extraction
Duplicate records were removed manually. Title and abstract 
screening were independently conducted by three reviewers 
(MWN, AZA, and BAA) based on predefined eligibility criteria. 
Of the 624 articles, only 20 were included in the present review 
(Fig. 1). Full texts of potentially relevant studies were retrieved 
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The review included a qualitative synthesis of the selected studies 

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for the review (2020). 
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due to wide variation in cleanser types (chemical and non-chem-
ical), treatment durations, study models (clinical and in vitro), 
denture base materials, and outcome assessment methods. The 
antifungal efficacy of chemical and non-chemical cleansers was 
compared across different settings. Three reviewers (MAA, MHA, 
and AMG) independently assessed the methodological quality and 
risk of bias using validated tools. The Cochrane Risk of Bias 2.0 
(ROB2) tool was applied to RCTs,19 evaluating domains such as 
randomization, deviations from intended interventions, missing 
outcome data, outcome measurement, and selective reporting. The 
Newcastle–Ottawa Scale was used to assess non-randomized clini-
cal trials,20 focusing on the selection, comparability, and outcome 
domains. For in vitro studies, the QUIN tool was used to evaluate 
methodological quality across 12 criteria,21 including study de-
sign, sample preparation, microbial standardization, and outcome 
assessment, while the modified SYRCLE Risk of Bias tool was 
applied to assess selection, performance, detection, attrition, and 
reporting biases.22 Each study was rated as having low, moderate, 
or high risk of bias, and only those with low-to-moderate risk were 
included in the final synthesis. The systematic review adhered to 
the PRISMA 2020 guidelines, and a flow diagram (Fig. 1) was 
generated to detail the study selection process.

Results

Study characteristics
Table 1 summarizes the findings of 20 studies that evaluated the 
antifungal efficacy of chemical and non-chemical denture cleans-
ers against Candida species on RDPs.2,3,5–7,9–12,14–16,18,23–29 The 
study designs included both in vitro and clinical trials, with sample 
sizes ranging from 24 to 180 specimens or participants. The chemi-
cal agents investigated included sodium hypochlorite, chlorhex-
idine, peroxide-based tablets (e.g., Corega, Fittydent), enzymatic 
cleansers, and glutaraldehyde.3,7,9,10,14,25 Non-chemical methods 
included ultrasonic cleaning, brushing, microwave disinfection, 
and herbal extracts such as Cnidium officinale, Triphala, and Turbi-
naria conoides.6,15,28,29 Protocols varied in terms of concentration 
(0.25–4%), exposure duration (3 min to overnight), and frequency 
(single use to 180 days). C. albicans was the most tested species, 
although some studies included mixed strains.5,24 The diagnostic 
tools used included CFU counts, quantitative polymerase chain 
reaction, scanning electron microscopy, and 2bRAD-M sequenc-
ing.3,5,18,29 Only a limited number of studies examined mucosal 
irritation or changes to denture base materials.16,26 The controls 
commonly used sterile water or saline.2,14

Table 2 provides a comparative analysis of antifungal efficacy, 
material effects, and tolerability between chemical and non-chem-
ical denture cleansers based on 20 studies.2,3,5–7,9–12,14–16,18,23–29 
Chemical agents such as sodium hypochlorite, chlorhexidine, Fit-
tydent®, and Polident® showed superior C. albicans reduction, 
with several studies reporting complete elimination (0 CFU).12,14,25 
Non-chemical options such as vinegar, Triphala, ricinus oil, and 
herbal extracts also showed antifungal activity but were generally 
less effective.12,15,24,28 Some studies found no statistically signifi-
cant difference (P > 0.05) between select chemical and non-chem-
ical agents.24 Hypochlorite and 3D-printed materials were more 
prone to surface roughness and discoloration,9,10,14 while natural 
cleansers such as Cnidium officinale and CPC-Mont preserved ma-
terial properties.16,26 Most clinical studies reported good patient 
compliance and minimal side effects.24,29 Alfouzan et al.14 and Lee 
et al.16 observed effective antimicrobial zones with minimal mate-

rial alteration using natural cleansers.
Only five of the 20 studies used an overnight soaking time of 

6–8 h.5,18,28,29 Most were dependent on short immersion periods 
of 3–20 min based on product directions and not on the process 
of denture cleaning. Short cycles can make slower-acting non-
chemical agents, such as herbal extracts, appear less effective be-
cause they often require longer contact to reach and disrupt the 
biofilm, thereby facilitating the use of denture cleansers (Table 
3).2,3,5–7,9–12,14–16,18,23–29 Thirteen of the 20 included studies were 
controlled in vitro experiments that reduced clinical confounders 
and provided high internal validity by standardizing the formation 
of biofilm, concentration of the cleanser, exposure time, and type 
of material.1–3,6,9–12,14,23,26–28

Quality assessment
Table 4 outlines the methodological quality of the included RCTs, 
assessed using the Newcastle–Ottawa Scale.5,7,15,18,20,24,25,29 Stud-
ies were rated as high quality (≥9/10), showing strong performance 
across the selection, comparability, and outcome domains. Lim et 
al.29 received the highest score (10/10), with full stars for selection 
and outcome and one for comparability. Moderate-quality ratings 
(7/10) were given to some studies, often due to fewer stars in selec-
tion or limited comparability.18,24,25 Overall, most RCTs included 
were of moderate to high quality, adding credibility to the synthe-
sized findings.

Table 5 presents the quality assessment of the 13 in vitro studies 
using the QUIN tool, which evaluates 12 methodological domai
ns.2,3,6,9–12,14,16,21,23,26–28 The scores ranged from 62.5% to 95.83%. 
Ten studies scored ≥75%, indicating a low risk of bias, while 
three were rated as medium risk.3,9,27 The top-scoring studies each 
scored 95.83%, demonstrating strong internal validity.16,28

Figure 2 shows antifungal activity and material effects of chem-
ical and non-chemical denture cleansers.

Figure 3 summarizes the ROB2 assessment across the five bias 
domains in the included RCTs.19 Only one study showed a low 
risk across all domains.29 Three studies demonstrated a low risk in 
domains D3 (missing outcome data) and D4 (outcome measure-
ment).7,18,25 Others showed “some concerns” in D2 (deviations from 
intended interventions) and D5 (selection of reported results), often 
due to incomplete reporting or protocol deviations. Domain D1 (ran-
domization process) showed unclear or insufficient details in some 
studies, indicating potential selection bias.24 Most trials showed a 
low-to-moderate risk of bias, with the greatest concerns centered 
on randomization and reporting practices. The ROB2 evaluation re-
flected generally acceptable methodological quality but emphasized 
the need for more rigorous trial design and transparent reporting in 
future clinical research on denture cleanser efficacy.

Figure 4 presents the overall percentage distribution of risk-of-
bias judgments across all ROB2 domains in the included RCTs.19 
Most studies showed a low risk of bias in D3 (missing outcome 
data) and D4 (outcome measurement), indicating adequate data 
handling and outcome assessment. However, D1 (randomization 
process) and D5 (selective reporting) displayed a smaller pro-
portion of studies with “some concerns” or insufficient detail, 
suggesting possible selection and reporting biases. D2 (devia-
tions from intended interventions) revealed moderate concerns in 
several studies, reflecting inconsistencies in adherence to inter-
ventions. Although most included trials demonstrated a low risk 
across key domains, these results highlight methodological gaps 
in trial design and reporting. Improved randomization procedures 
and transparent reporting practices are essential to enhance the 
reliability of the evidence concerning the antifungal efficacy of 
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denture cleansers.
Figure 5 illustrates the risk of bias assessment for the included 

in vitro studies using the modified SYRCLE Risk of Bias (RoB) 
tool,22 which evaluates ten methodological domains (Items 
1–10). Each domain was rated as low risk (++), unclear risk (+), 
or high risk (−). Most studies demonstrated a low risk across 
Items 1–5, covering sequence generation, baseline characteris-
tics, allocation concealment, random housing, and participant 
blinding, indicating adequate internal validity. However, Items 
6 and 7, assessing random outcome assessment and blinding of 
the outcome assessor, were frequently rated as high risk (−) or 
unclear (+), suggesting methodological weaknesses that may 

have introduced detection bias. Similarly, Items 8–10, which 
addressed blinding of assessors, incomplete outcome data, and 
selective reporting, also showed mixed ratings. A few studies 
showed consistently high methodological quality with low risk 
in nearly all domains, whereas others displayed variability, es-
pecially in areas involving blinding and reporting transparency. 
These findings point to inconsistent implementation of blinding 
protocols and inadequate reporting in several studies. Although 
the overall risk of bias was low in most cases, standardization in 
design and improved reporting of in vitro studies are needed to 
strengthen reproducibility and enhance the reliability of labora-
tory-based evidence on denture cleanser efficacy.

Table 3.  Immersion duration of denture cleansers in the included studies and correspondence with real-world overnight soaking practices

Author/Year Cleanser type Immersion duration per session Real-world relevance (≥6–8 
h = overnight simulation)

Kumar et al., 201212 Chemical/Household 8 h Yes

Machado et al., 201223 Chemical/Physical 10 min (CHX); 6 min (microwave) No

Duyck et al., 201618 Chemical & Mechanical ∼8 h (overnight) Yes

Badaró et al., 201724 Chemical/Herbal Not specified (rinsed after use) No

Porwal et al., 20179 Chemical 10 min No

Mojarad et al., 20176 Chemical/Physical 3–15 min No

Sushma et al., 201715 Herbal/Chemical Surface scrub only (no immersion) No

Han et al., 20203 Chemical Not specified (daily change) No

Pandey et al., 202125 Chemical 20 min No

Asahara et al., 202226 Non-chemical (CPC-Mont) Continuous (7–28 days) Yes (prolonged contact)

Nishi et al., 20225 Various ∼8 h (overnight) Yes

Rajendran et al., 20227 Tablet/Soap 10 min No

Alfouzan et al., 202314 Chemical 5–20 min No

Takhtdar et al., 202310 Chemical 3 min × 30 cycles No

Wibawaningtyas et al., 201727 Herbal Continuous (12 days) Yes (continuous exposure)

Varsha et al., 202328 Chemical/Herbal 8 h Yes

Lee et al., 202416 Herbal Daily immersion (duration not stated) Unclear

Echhpal et al., 20242 Chemical ∼5–10 min (assumed) No

Alfahdawi, 202511 Chemical/Non-abrasive Daily, brief No

Lim et al., 202529 Chemical & Ultrasonic 15 min No

CHX, chlorhexidine.

Table 4.  Quality assessment for RCTs (Newcastle–Ottawa Scale)20

Author, Year Selection (★/5) Comparability (★/2) Outcome/Exposure (★/3) Total score (★/10) Quality rating

Duyck et al., 201618 ★★★ ★★ ★★ ★★★★★★★ Moderate

Badaró et al., 201724 ★★★ ★★ ★★ ★★★★★★★ Moderate

Sushma et al., 201715 ★★★★ ★★ ★★★ ★★★★★★★★★ High

Pandey et al., 202125 ★★★ ★★ ★★ ★★★★★★★ Moderate

Nishi et al., 20225 ★★★★ ★★ ★★★ ★★★★★★★★★ High

Rajendran et al., 20227 ★★★★ ★★ ★★★ ★★★★★★★★★ High

Lim et al., 202529 ★★★★★ ★ ★★★ ★★★★★★★★★★ High

RCTs, randomized controlled trials.
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Table 5.  Quality assessment for in vitro studies using the QUIN tool21

S. No Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total 
score

Final 
score

Risk of 
bias

1 Kumar et al., 201212 1 1 1 2 2 1 1 1 1 1 1 2 15 62.5 Medium
2 Machado et al., 201223 2 1 2 2 1 2 1 2 1 1 2 1 18 75 Low
3 Porwal et al., 20179 1 1 1 1 2 1 1 1 1 2 1 2 15 62.5 Medium
4 Mojarad et al., 20176 2 1 2 2 1 2 1 2 1 2 2 1 19 79.17 Low
5 Han et al., 20203 1 1 2 1 2 1 2 1 1 1 1 2 16 66.67 Medium
6 Asahara et al., 202226 2 1 2 2 1 2 1 2 1 1 2 1 18 75 Low
7 Alfouzan et al., 202314 2 2 2 1 2 2 1 2 2 2 1 2 21 87.5 Low
8 Takhtdar et al., 202310 2 2 2 1 2 2 2 2 2 2 1 1 21 87.5 Low
9 Wibawaningtyas et al., 201727 1 1 1 1 2 1 1 1 1 1 2 2 15 62.5 Medium
10 Varsha et al., 202328 2 2 2 2 2 1 2 2 2 2 2 2 23 95.83 Low
11 Lee et al., 202416 2 2 2 2 2 2 2 1 2 2 2 2 23 95.83 Low
12 Echhpal et al., 20242 2 2 2 1 2 2 2 2 2 2 1 2 22 91.67 Low
13 Alfahdawi, 202511 2 2 2 2 2 2 1 2 2 2 2 2 23 95.83 Low

Fig. 2. Antifungal activity and material effects of chemical and non-chemical denture cleansers [Comparison between chemical and non-chemical den-
ture cleansers in terms of Candida reduction and material effects]. Chemical cleansers provide stronger antimicrobial action but can damage surfaces. 
Herbal agents, ultrasonication, and microwave methods provide moderate action while maintaining denture material stability. CFU, colony-forming unit.
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Fig. 3. Risk of bias assessment for randomized controlled trial (RCT) studies using the ROB2 tool (individual studies).19 

Fig. 5. Risk of bias assessment for in vitro studies using the modified SYRCLE RoB tool.22 

Fig. 4. Risk of bias assessment for randomized controlled trial (RCT) studies using the ROB2 tool (overall bias).19 
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Discussion
Effective denture hygiene is critical for preventing Candida spe-
cies colonization and denture-induced stomatitis. In this system-
atic review, we compared the antifungal efficacy of chemical and 
non-chemical denture cleansers used on RDPs. RCTs and in vitro 
studies that assessed the reduction in Candida CFUs were included 
in this review. This study evaluated quality using various tools to 
ensure methodological rigor. By synthesizing the available evi-
dence, we aimed to identify the most effective cleansing strategies 
that preserve the structural integrity of prosthetic materials while 
effectively reducing microbial biofilms, particularly Candida spp.

The present systematic review confirms that both chemical and 
non-chemical denture cleansers reduce Candida spp., but chemi-
cal agents such as sodium hypochlorite, enzymatic peroxide tab-
lets, and chlorhexidine consistently provide superior antifungal 
activity.24,30–32 These agents effectively disrupt mature biofilms 
and significantly reduce fungal viability. Multiple in vitro and 
clinical studies have supported these outcomes, demonstrating 
marked CFU reduction and surface decontamination on conven-
tional PMMA and digitally fabricated computer-aided design/
computer-aided manufacturing (CAD/CAM) denture bases.23,25 
Studies have highlighted the strong antifungal effect of sodium 
hypochlorite, even at low concentrations and with short immer-
sion durations.30,33,34 In contrast, non-chemical cleansers such as 
Triphala, neem, clove oil, Cnidium officinale, aloe vera, and ma-
rine algae showed moderate efficacy with greater variability in 
outcomes.35–39 Other studies have demonstrated that these agents 
could lower Candida counts effectively, although longer exposure 
or daily use was often necessary.16,28,35 Emerging approaches such 
as ozonated water,37 ultraviolet disinfection,40 and eugenol-based 
solutions have also gained interest for their potential as safe ad-
junctive therapies.36 However, evidence has suggested that these 
non-chemical agents are currently less effective than traditional 
chemical cleansers and are best used as supplementary measures 
rather than stand-alone treatments.41–45

Several studies have reported that chemical cleansers, despite 
their antifungal effectiveness, may negatively affect denture ma-
terial properties, such as color stability, surface roughness, and 
hardness.9–11 Increased surface roughness and degradation were 
noted after repeated exposure to sodium hypochlorite and perox-
ide-based solutions.9,14 Other findings showed that regular chemi-
cal disinfection can compromise the surface finish and mechanical 
strength of PMMA resins, making them more prone to wear and 
deterioration over time.30,33 More recent investigations confirmed 
that extended chemical use reduces resin hardness and promotes 
surface porosity, which could increase the risk of microbial recolo-
nization.34,46 In contrast, non-chemical agents such as neem, Cnid-
ium officinale, and ozonated water produced minimal alterations 
in surface texture or structure, preserving the integrity of denture 
materials over multiple uses.37,38,43 These outcomes suggest that 
material compatibility remains a key consideration in selecting 
denture cleansers. Plant-based and non-thermal disinfectants help 
maintain denture color and surface texture.16,26 Patient compliance 
significantly influences hygiene outcomes, as strong chemical 
odors or metallic tastes from some agents discourage regular use. 
In contrast, herbal and ozone-based cleansers were better tolerated 
owing to their mild flavor and natural appeal.36–38 Patient feedback 
and in vivo data supported these preferences. These results high-
light the usefulness of non-chemical options, especially for indi-
viduals with sensitive oral tissues or concerns regarding aesthetics 
and long-term material integrity.

This systematic review synthesizes findings from both RCTs 

and in vitro studies, highlighting the clinical and laboratory effec-
tiveness of chemical and non-chemical denture cleansers. Several 
RCTs have confirmed the antifungal efficacy of both chemical 
and non-chemical denture cleansers. One study demonstrated that 
combining ultrasonic cleaning with sodium hypochlorite led to 
significantly improved Candida reduction on denture surfaces.29 
Another trial showed that although all tested methods reduced 
C. albicans colonies, chemical agents produced more consistent 
results.7 A herbal denture cleanser also showed antifungal poten-
tial, though further long-term evaluations are advised.15 Sodium 
hypochlorite and Ricinus communis oil both significantly helped 
lower microbial loads.31 Another study evaluated different clean-
ing approaches for flexible dentures and confirmed the effec-
tiveness of both mouthwash and denture cleansers in biofilm re-
moval.34 These results suggest that while chemical cleansers offer 
consistent antimicrobial effects, selected non-chemical methods 
also yield promising outcomes, especially when used adjunctively 
or in combination with physical cleaning techniques.24,29,31,34 The 
ROB2 tool indicated low-to-moderate risk of bias in most RCTs, 
particularly in randomization and outcome assessment domains, as 
depicted in Figures 4 and 5. However, a few studies lacked clar-
ity in terms of protocol adherence or blinding methods. In vitro 
studies assessed using QUIN and modified SYRCLE RoB tools 
consistently supported clinical findings, demonstrating that both 
chemical and non-chemical denture cleansers can significantly 
reduce Candida biofilms while maintaining material compatibil-
ity. High-quality experimental evidence has demonstrated strong 
antifungal efficacy and favorable surface interactions for various 
agents, including natural extracts and ozonated water. These alter-
native approaches demonstrated comparable antimicrobial poten-
tial to conventional chemical cleansers, emphasizing the impor-
tance of evidence-based selection tailored to material sensitivity 
and clinical needs.11,16,28,30

The findings of this systematic review partially align with 
those of earlier studies, particularly in confirming the superior 
antifungal efficacy of chemical denture cleansers. Prior reviews 
identified hypochlorite-based cleansers as the most effective 
against Candida biofilms,8 a result echoed in the current analysis. 
Citric acid-based solutions were effective in reducing C. albicans 
recolonization.41 Hybrid cleansing strategies, such as combining 
ultrasonic devices with enzymatic tablets, were found to enhance 
biofilm removal.29 Newer formulations, including eugenol-based 
tablets and phytotherapeutic agents such as Triphala, neem, 
and aloe vera,35,36 demonstrated moderate antifungal activity 
and were particularly suitable for patients sensitive to chemical 
agents. Non-contact methods, such as ozonated water and UV 
disinfection,37,40 also offer effective alternatives with minimal 
surface degradation. Bio-friendly agents such as cinnamalde-
hyde,43 Cnidium officinale,16 and Turbinaria conoides have 
emerged as promising options,28 showing both antimicrobial 
efficacy and compatibility with denture surfaces. Comparative 
studies have further confirmed that commercial and experimen-
tal cleansers differ in efficacy and material impact, underscoring 
the need to select products that balance antifungal potency with 
surface preservation.4,42,47

Prolonged use of denture cleansers requires attention to sustain-
ability, material compatibility, and appropriate outcomes. Chemi-
cal agents such as sodium hypochlorite and peroxides can suppress 
Candida spp.; however, repeated exposure can increase surface 
roughness and produce discoloration, thus supporting recoloniza-
tion at later stages.9,10,46 Phytotherapeutic options such as Cnidium 
officinale,16 Turbinaria conoides,28 and Ricinus communis have 
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shown moderate antifungal effects with minimal material damage 
and are suitable for elderly patients and those with reduced immu-
nity.24 Studies have highlighted bioactive analogues such as oxa-
diazoles, gallates, and pyridine derivatives, which can act on Can-
dida virulence factors such as Als3 and Sap2.16,36 The combination 
of ultrasonication with low-concentration enzymatic or plant-based 
cleansers improves biofilm removal and reduces chemical load.29 
Nano-encapsulation and antimicrobial agents can improve biofilm 
penetration and maintain constant release during denture cleaning. 
Ultrasonication with low-dose herbal extracts, nano-encapsulated 
eugenol or cinnamaldehyde in controlled-release carriers, and 
denture resins infused with TiO2 or zinc dimethacrylate are com-
monly used methods. Thus, these designs facilitate the reduction 
of Candida load while restricting surface damage and providing 
appropriate hygiene.

Strengths and limitations
This systematic review has several key strengths. It adhered to 
PRISMA 2020 guidelines and included a broad spectrum of study 
designs, RCTs, non-randomized clinical trials, and in vitro studies, 
allowing for a well-rounded comparison of denture cleanser effica-
cy. The use of multiple validated risk-of-bias tools improved meth-
odological accuracy. The inclusion of recent studies up to 2025, 
covering novel agents such as ozonated water and eugenol-based 
cleansers, added current clinical value. This review also consid-
ered material effects and patient compliance, making it relevant to 
daily prosthodontic practice. However, this review has some limi-
tations. Heterogeneity in study protocols prevented meta-analysis. 
Incomplete reporting of blinding and randomization in some trials 
may reduce validity. Non-English studies and gray literature were 
not included, which may have led to the omission of relevant data.

Future directions
Future research should focus on standardized long term clinical 
trials that directly compare chemical and non-chemical denture 
cleansers using uniform protocols for concentration, immersion 
time, and outcome assessment. Studies should also examine new 
bioactive agents, plant derived compounds, nano encapsulated 
antifungals, and antimicrobial denture materials with respect to 
efficacy, safety, and effects on denture durability. Patient focused 
outcomes, compliance, taste acceptability, mucosal tolerance, and 
cost effectiveness also require systematic evaluation to support in-
dividualized denture hygiene guidance.

Conclusions
This systematic review shows that both chemical and non-chem-
ical denture cleansers effectively reduce Candida species, with 
chemical agents demonstrating more consistent antifungal action. 
However, material compatibility, patient tolerance, and safety re-
main important factors in cleanser selection. The findings support 
the use of adjunctive or alternative non-chemical agents, such as 
herbal and ozone-based cleansers, particularly for long-term use 
or in sensitive individuals. Clinicians should balance microbial ef-
ficacy with the preservation of denture integrity and patient com-
pliance. Future research should focus on standardized protocols, 
long-term clinical outcomes, and patient-reported measures. This 
review contributes to the scientific literature by integrating current 
evidence, evaluating emerging cleansers, and guiding clinical de-
cisions for maintaining denture hygiene and preventing prosthesis-
related fungal infections.
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