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Gingivitis, the most common periodontal disease, is an inflammatory condition 

of the gingiva resulting from bacterial biofilm accumulation without periodontal 

attachment loss. Chlorhexidine (CHX) is the gold standard for chemical plaque 

control, yet its prolonged use is associated with undesirable side effects. Tea 

tree essential oil (TTO, Melaleuca alternifolia), with documented antimicrobial 

and anti-inflammatory properties, has emerged as a potential natural 

alternative. This exploratory randomized, controlled, triple-blind clinical trial 

evaluated the antimicrobial, cytotoxic, and clinical effects of a 1% TTO-based 

mouthwash compared with 0.12% CHX in 30 adults with plaque-induced 

gingivitis. Both mouthwashes significantly reduced plaque and gingival indices 

as well as bacterial counts after 15 days ( p < 0.001), with no significant 

intergroup differences in clinical outcomes. CHX achieved a greater reduction 

in bacterial load, while TTO presented fewer adverse effects, limited to mild 

taste alteration and transient increase in salivary flow. Both formulations 

exhibited in vitro cytotoxicity, though clinical tolerance was high. These 

results suggest that, under the tested conditions, TTO formulation at 1% (v/v) 

exerts an antibacterial effect comparable to CHX, while displaying a dose- 

dependent pattern. 

Clinical Trial Registration: https://doi.org/10.17605/OSF.IO/B5HCD.
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1 Introduction

Dental biofilm-induced gingivitis is the most prevalent periodontal disease. It 

represents an in�ammatory condition confined to the free and attached gingiva in 

response to the accumulation of bacterial biofilm at or immediately below the gingival 

margin, without periodontal attachment loss, and is reversible upon reduction of 

dental biofilm levels (1, 2). Clinically, gingivitis may present with oedema, increased 

sensitivity, erythema, swelling, and bleeding on probing at more than 10% of sites 

(over 30% in the case of generalised gingivitis) (1). Its multifactorial nature accounts 
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for the wide variation in prevalence depending on the population 

studied. In Portugal, an average prevalence of 26.9% has been 

reported in the adult population, with higher rates among 

women aged 31–40 years, and reaching 88% in pregnant 

women (3, 4).

Management primarily relies on rigorous mechanical plaque 

control, both self-administered and professional, reinforced by 

professional oral hygiene instructions (5). Adjunctive use of 

chemical plaque control agents, such as mouthrinses, appears to 

enhance the reduction of gingival in�ammation and plaque 

accumulation compared with the use of toothpaste alone (6). If left 

untreated, gingivitis may progress to periodontitis, an irreversible 

stage characterised by the destruction of periodontal support, 

in�uenced by biofilm composition, host in�ammatory response, 

genetic and environmental factors, and poor oral hygiene (7–9). 

Early diagnosis and treatment are therefore essential, as 

periodontitis has been associated with several systemic 

complications, including an increased risk of stroke, myocardial 

infarction, Alzheimer’s disease, and cardiovascular disorders (10, 11).

Streptococcus mutans first isolated in 1924 by J. K. Clarke (12) 

plays a pivotal role in biofilm development. This bacterium 

expresses surface glucosyltransferases (GTFs) that metabolise 

dietary sucrose into glucans, which constitute extracellular 

polysaccharides (EPS) of the matrix and act as binding receptors 

for other colonising bacteria (13). Although it is not directly 

linked to an increased prevalence of gingivitis, its role in biofilm 

formation indirectly favours gingival in�ammation (8, 14). 

Moreover, dissemination of S. mutans from the oral cavity into 

the bloodstream has been implicated in systemic diseases, 

including cerebral haemorrhage, tumour metastasis, 

atherosclerosis, infective endocarditis, non-alcoholic 

steatohepatitis (NASH), Immunoglobulin A nephropathy 

(IgAN), and in�ammatory bowel disease (IBD) (15, 16).

Chlorhexidine digluconate (CHX), developed in the 1940s, is a 

broad-spectrum antimicrobial effective against viruses, fungi, 

yeasts, and both Gram-positive and Gram-negative bacteria, 

including S. mutans, on which it exerts prolonged inhibitory 

effects (17, 18). Its action involves passive absorption into the 

microbial membrane, leading to altered permeability, enzyme 

inhibition, and leakage of cytoplasmic components (19). In the 

oral cavity, CHX binds to anionic surfaces such as mucosa, 

teeth, and salivary glycoproteins of the enamel-acquired pellicle, 

preventing microbial adhesion and conferring notable 

substantivity (up to 5 h in saliva and 12 h on mucosal surfaces). 

CHX is widely recognised as the gold standard for gingivitis 

management and biofilm control, owing to its spectrum of 

activity and oral substantivity (19). However, long-term use is 

associated with adverse effects—including dental and mucosal 

staining, dysgeusia, increased calculus formation, mucosal 

irritation, black hairy tongue, and parotid swelling (17, 20–22) 

—and may contribute to antibiotic resistance, although further 

evidence is required (23, 24).

Essential oils (EOs) have long been employed in dentistry, from 

19th-century endodontics to the treatment of oral pathologies in 

the 1990s, mainly due to their antibacterial activity unaffected by 

antibiotic resistance (25, 26). Tea tree oil (TTO), obtained from 

Melaleuca alternifolia, comprises over one hundred constituents, 

of which terpinen-4-ol, 1,8-cineole and α-terpineol are the most 

relevant, displaying broad antimicrobial activity against bacteria, 

fungi, viruses and protozoa (26–28). Their synergistic action 

enhances efficacy compared with isolated components (29). 

These molecules, owing to their small size and low molecular 

weight, rapidly penetrate microbial membranes, disrupting their 

structure, inducing leakage of intracellular contents and causing 

osmotic imbalance (27, 28, 30, 31). TTO also impairs 

peptidoglycan synthesis by inactivating glycosyltransferase, 

compromising bacterial cell walls (27). In addition, terpinen-4-ol 

demonstrates anti-in�ammatory effects by inhibiting pro- 

in�ammatory cytokines (IL-6, TNF-α) and modulating signalling 

pathways such as NF-κB and mTOR (32, 33). Toxic effects are 

rare, mostly associated with accidental ingestion of concentrated 

TTO, which may induce central nervous system depression but 

has never been fatal (27, 34). Inadequate storage may increase 

oxidation and allergenicity (35). Its use remains contraindicated 

in pregnancy and lactation (36, 37).

Beyond its general antimicrobial effects, TTO has 

demonstrated efficacy in oral candidiasis, chronic gingivitis and 

HSV-1 lesions, as well as in resistant infections such as 

Methicillin-resistant Staphylococcus aureus (MRSA), 

Vancomycin-resistant Enterococcus (VRE) and Extended- 

spectrum β-lactamase (ESBL)–producing Escherichia coli (27, 29, 

34, 38). Synergistic effects with antibiotics have been observed, 

and a TTO-based body wash proved more effective than 

Chlorhexidine in MRSA decolonisation in children (39). In 

periodontology, adjunctive subgingival 5% TTO gel has been 

associated with reductions in probing depth and gains in clinical 

attachment at 3–6 months vs. scaling alone (40). Preclinical 

evidence further suggests pro-apoptotic effects in melanoma and 

oral squamous cell carcinoma cells without mutagenic activity 

(41, 42). Liposomal formulations may improve stability, 

bioactivity and tolerability, supporting exploration of TTO 

within biomaterials (43).

This exploratory randomized, controlled, triple-blind clinical 

trial evaluated the antimicrobial, cytotoxic, and clinical effects of 

a 1% TTO-based mouthwash compared with 0.12% CHX in 

adults with plaque-induced gingivitis.

2 Material and methods

The study protocol was prospectively registered on the 06/10/ 

2025 in the OSF Registries under the identifier https://doi.org/10. 

17605/OSF.IO/B5HCD. This manuscript is reported in accordance 

with the CONSORT 2025 Statement (44) and its Checklist 

included as Supplementary Material.

2.1 Ethical considerations, randomization 
and blinding

The study protocol was reviewed and approved by the Ethics 

Committee of Egas Moniz School of Health & Science (protocol 

code PT-316/24/1561 on February 2025). All participants were 

informed about the study objectives, procedures, and potential 

risks before enrolment, and provided written informed consent 

prior to participation. Data collection and handling followed 

strict confidentiality standards, ensuring full anonymization of 

participant information. All experimental procedures complied 
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with the ethical principles of the Declaration of Helsinki and with 

institutional regulations governing research involving 

human participants.

Participants were randomly allocated to the study groups 

using a computer-generated randomization sequence. Allocation 

concealment was ensured using sequentially numbered, opaque, 

sealed envelopes prepared by an independent researcher not 

involved in recruitment, intervention delivery, or 

outcome assessment.

The patients, the clinical examiner, and the microbiological 

analyst were blinded to group allocation. Patient blinding was 

ensured through the use of identical vials for delivery of the 

study preparations, which were indistinguishable in appearance. 

The group allocation code was only disclosed after completion 

of data collection and statistical analysis.

2.2 Formulation and preparation of the 1% 
tea tree oil mouthwash

The mouthwash was prepared under aseptic conditions to 

ensure stability and reproducibility of the formulation. The 

solubilisation of TTO in water was achieved using the non-ionic 

surfactant polysorbate 80 (Tween-80, Sigma-Aldrich). Equal 

volumes of TTO and Tween-80 (3 mL each) were measured 

separately and mixed in a sterile, inert, dark-glass bottle to 

prevent light-induced degradation and chemical interaction with 

the container. The final volume was adjusted to 300 mL with 

sterile demineralised water to achieve a final TTO concentration 

of 1% (v/v). The mouthwash bottles were subsequently coded 

according to the identification number of the participant to 

whom they were assigned.

2.3 Assessment of antimicrobial activity and 
biocompatibility

2.3.1 Antimicrobial activity in liquid Medium

The antimicrobial activity of Tea Tree Oil (TTO) was 

evaluated using a liquid-phase assay against Streptococcus 

mutans ATCC 55676. A bacterial suspension in Brain Heart 

Infusion (BHI) broth, adjusted to 1 on the McFarland scale, was 

distributed into a 48-well microplate and exposed in triplicate to 

different test formulations (1:1 ratio, 200 µL each): 

Chlorhexidine (CHX, 0.12%) as a positive control, TTO-based 

formulations at 0.25%, 0.5%, and 1% (v/v), pure TTO (100%), 

and an aqueous Tween-80 solution (1% v/v) as a negative 

control. A growth control (bacterial suspension + BHI) and a 

sterility control (BHI only) were also included.

After incubation for 48 h at 37°C under continuous shaking 

(70 RPM), the optical density (OD) at 600 nm was measured 

using a TECAN® Infinite M Plex microplate reader following 

10 s of agitation. The bacterial growth inhibition rate was then 

calculated using the following equation (26):

Inhibition rate ¼

(ODcontrol � ODtreatment)�100

(ODcontrol) 

2.3.2 Cytotoxicity assessment

The biocompatibility of the mouthwash was evaluated using a 

cytotoxicity assay with a mouse embryonic fibroblast cell line 

(NIH/3T3; Sigma-Aldrich) in accordance with ISO 10993-5:2009 

(45). The cells were seeded in 96-well plates, in quintuplicate, at 

a density of 1 × 104 cells per well in Dulbecco’s Modified Eagle’s 

Medium (DMEM) supplemented with 10% foetal bovine serum 

and 1% antibiotics and incubated at 37°C with 5% CO2 for 24 h. 

After 24 h of exposure to serial dilutions (1:2, 1:4, and 1:8) of 

either the TTO-based mouthwash (1% v/v stock solution 

containing 1% Tween 80) or the CHX (0.12% v/v stock solution 

Bexident®) in supplemented DMEM, cell viability was 

determined using the MTT assay. Untreated control exposed to 

DMEM only and a control exposed to 1% (v/v) Tween 80 were 

also considered.

Absorbance was measured at 565 nm, and cell viability was 

expressed relative to the untreated control, which was 

considered to be 100% viability (46).

Cell viability (%) ¼
Absobance treatment

Absorbance negative control

� �

�100 

2.4 Clinical protocol

2.4.1 Participants and eligibility criteria

Thirty-five participants were recruited from the Egas Moniz 

University Clinic (CUEM). All signed informed consent prior to 

participation and met the study’s inclusion criteria. This sample 

was set considering the material and conditions available to 

ensure the feasibility of the study.

Participants were eligible for inclusion if they were aged 18 

years or older, presented with at least 20 natural teeth, exhibited 

clinical signs of gingival in�ammation, and provided written 

informed consent. Exclusion criteria comprised individuals 

younger than 18 years, those with active periodontal disease or 

probing depth greater than 4 mm, pregnant or breastfeeding 

women, users of fixed orthodontic appliances, and individuals 

with systemic diseases or known allergies to any mouthwash 

component. Participants who had taken antibiotics, 

corticosteroids, or antiseptics within the previous three months 

were also excluded. Smoking habits and the use of medications 

associated with gingival enlargement were recorded but not 

considered exclusion criteria, as these factors were not expected 

to in�uence intra-individual comparisons between baseline (T0) 

and post-treatment (T1) outcomes.

2.5 Clinical protocol

Participants were randomly allocated into two groups using a 

computer-generated randomisation sequence: a control group 

using a Chlorhexidine-based mouthwash (CHX, 0.12%) and an 

experimental group using a Tea Tree Oil-based mouthwash (TTO, 

1%). At baseline (T0), all participants completed a structured 

questionnaire covering sociodemographic and clinical background, 
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oral hygiene habits, and self-perception of gingival health. Clinical 

procedures included photographic recording, saliva collection, 

assessment of the Gingival Index (GI) as per Loe & Silness, and 

Plaque Index (PI), scaling, and motivation for oral hygiene. Saliva 

samples were subjected to microbiological analysis for 

quantification of the oral bacterial �ora.

Each participant received an anonymised, identical bottle 

containing the mouthwash assigned to their group. Both groups 

used their assigned mouthwash for 15 consecutive days 

following the same protocol. After this period (T1), the same 

clinical and microbiological procedures were repeated, together 

with a final questionnaire addressing participants’ experience, 

perceived changes in gingival condition, and oral hygiene 

adherence. After initial enrolment, seven participants were 

excluded because they did not meet eligibility criteria, resulting 

in a final sample of 28 subjects (14 per group). Data obtained at 

T0 and T1 were statistically compared to assess changes in 

clinical indices and bacterial counts within and between groups.

2.5 Saliva samples collections and 
microbiological analysis

For microbiological identification and quantification of oral 

microorganisms, unstimulated saliva was collected at baseline 

(T0) and after 15 days (T1) using Salivette® Cortisol collection 

tubes (SARSTEDT®), following the manufacturer’s instructions. 

Serial tenfold dilutions were prepared in sterile distilled water 

(up to 10−5), and 100 µL of each dilution was spread onto 

Columbia agar with 5% sheep blood (GS) and Mitis Salivarius 

Agar (MSA). For T0 samples, GS plates were inoculated with 

dilutions from 1:100 to 1:100 000, and MSA plates with 1:10 to 

1:10 000; for T1 samples, GS plates received dilutions from 1:10 

to 1:10 000, and MSA plates from 1:1 to 1:1 000. All plates were 

incubated at 37°C for 48 h under anaerobic conditions prior to 

colony quantification.

2.6 Statistical analysis

The initial data collection was recorded in Microsoft® Office 

Excel® files. All data were subjected to descriptive and 

inferential statistical analysis using IBM® SPSS® Statistics 

software (version 30.0). For inferential analysis, a significance 

level of 5% (p < 0.05) was established. The p-values were 

obtained using Student’s t-test for paired samples (intragroup 

comparisons) and Student’s t-test for independent samples 

(intergroup comparisons).

3 Results

3.1 Participants

A total of 35 individuals were assessed for eligibility (Figure 1). 

Seven did not meet the inclusion criteria or declined participation, 

resulting in a final randomized sample of 28 participants (14 per 

group). The study population comprised 60.7% females and 

39.3% males, with a mean age of 32.5 ± 8.4 years. Most 

participants were non-smokers (64%) and reported brushing 

their teeth two to three times daily (96.4%). All participants 

completed the 15-day intervention and follow-up assessments, 

and no protocol deviations were recorded.

3.2 In vitro results

3.2.1 Antimicrobial activity in liquid medium

The liquid-phase assay revealed a significant inhibitory effect 

on Streptococcus mutans growth for both Chlorhexidine (CHX, 

0.12%) and the TTO-based mouthwash at 1% (v/v). The 

inhibition rates were 72.75% ± 2.18% and 74.88% ± 3.84%, 

respectively, indicating a comparable antimicrobial efficacy 

between the two formulations. TTO showed a clear dose- 

dependent response, with inhibition rates of 61.58% ± 2.35% at 

0.25% (v/v), 66.72% ± 2.11% at 0.5% (v/v), and 74.88% ± 3.84% 

at 1% (v/v).

However, since the TTO formulation contained Tween-80 (1% 

v/v), which itself exhibited an inhibition rate of 55.7% ± 3.15%, the 

antimicrobial activity observed cannot be attributed solely to the 

essential oil. The combined presence of TTO and the surfactant 

likely resulted in a synergistic effect that enhanced bacterial 

growth inhibition. These results suggest that, under the tested 

conditions, TTO at 1% (v/v) exerts an antibacterial effect 

comparable to CHX, while displaying a dose-dependent pattern.

3.2.2 Cytotoxicity assessment

After 24 h of exposure, both the TTO (1% v/v) and the CHX 

(0.12% v/v) solutions induced a marked reduction in NIH/3T3 cell 

viability, with values around 1%. None of the tested dilutions (1:2, 

1:4, or 1:8) of either formulation resulted in higher cell viability. 

Similarly, cells exposed to 1% Tween-80, the emulsifier used to 

prepare the TTO formulation, showed no viability.

FIGURE 1 

Patients flowchart.
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3.3 Clinical results

Both mouthwashes produced significant improvements in 

clinical and microbiological parameters after 15 days of use 

(Table 1). In the TTO, mean PI decreased from 0.94 (±0.33) 

at T0 to 0.45 (±0.13) at T1, corresponding to a mean 

reduction of 0.48 units (p < 0.001) and a relative decrease of 

51.1%. In the control group (CHX), PI decreased from 

0.69 ± 0.37 to 0.19 ± 0.16, showing a mean reduction of 0.50 

units (p < 0.001) and a 72.5% decrease. The intergroup 

comparison revealed no statistically significant difference 

(p = 0.889). Similarly, the Gingival Index (GI) improved 

significantly in both groups: from 0.54 ± 0.19 to 0.19 ± 0.07 in 

the TTO group (mean reduction 0.35; 64.8%; p < 0.001) and 

from 0.49 ± 0.13 to 0.18 ± 0.11 in the CHX group (mean 

reduction 0.31; 63.3%; p < 0.001), with no significant 

intergroup difference (p = 0.560).

3.4 Microbiological results

Regarding microbiological outcomes (Table 1), Streptococcus 

spp. counts decreased from 5.45 ± 1.07 to 4.71 ± 1.16 Log(CFU/ 

mL) in the TTO group (mean reduction 0.74; 13.6%; p < 0.001) 

and from 5.08 ± 1.17 to 3.45 ± 1.50 Log(CFU/mL) in the CHX 

group (mean reduction 1.63; 32.1%; p < 0.001). The intergroup 

comparison showed a significantly greater bacterial reduction in 

the CHX group (p = 0.006). Overall, both formulations achieved 

comparable clinical improvements, while CHX exhibited 

stronger antibacterial activity.

In the experimental group, the mean total anaerobic bacterial 

load (determined using GS) was 5.90 ± 0.83 Log(CFU/mL) at 

baseline (T0), decreasing to 5.42 ± 0.82 Log(CFU/mL) after 

treatment (T1), corresponding to a mean reduction of 0.48 

logarithmic units (p < 0.001) and a relative decrease of 8.1%. In 

the control group, the mean value decreased from 

TABLE 1 Comparison of clinical and microbiological outcomes after 15 days of mouthwash use.

Parameter Group MD SD Mean reduction (%) Intragroup p Intergroup p

PI TTO −0.48 0.32 51.1 <0.001

CHX −0.50 0.27 72.5 <0.001 0.889

GI TTO −0.35 0.16 64.8 <0.001

CHX −0.31 0.12 63.3 <0.001 0.560

Streptococcaceae spp. counts (Log CFU/mL) TTO −0.74 0.62 13.6 <0.001

CHX −1.63 0.92 32.1 <0.001 0.006

Anaerobic microorganisms (Log CFU/mL) TTO −0.48 0.40 8.1 <0.001

CHX −1.11 0.50 20.2 <0.001 <0.001

FIGURE 2 

Side effects reported by patients in the control group and in the experimental group after the 15-day protocol.
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5.50 ± 1.18 Log(CFU/mL) at baseline to 4.39 ± 1.22 Log(CFU/mL) 

at T1, representing a mean reduction of 1.11 logarithmic units 

(p < 0.001) and a 20.2% decrease. Statistical analysis revealed a 

significant difference in the reduction of total anaerobic 

microorganisms between groups (p < 0.001 < 0,05), indicating 

that the decrease in bacterial load was more pronounced in the 

control group than in the experimental group.

3.4.1 Self-reported side effects

In the experimental group, the most frequently reported effect 

was a strong taste (64.3%), followed by increased salivation 

(28.6%). Other effects included changes in oral sensitivity 

(14.3%), dry mouth (14.3%), and a sensation of relief (14.3%).

In the control group, a strong taste was also the most common 

effect (28.6%), followed by altered taste (21.4%) and changes in 

oral sensitivity (21.4%). Reports of relief, dry mouth, tingling 

(14.3% each), and burning sensation (7.1%) were also recorded. 

Clinically, pigmentation of dental surfaces and black hairy 

tongue (events typically associated with prolonged CHX use) 

were observed in some participants from the control group.

4 Discussion

This randomized controlled trial compared the clinical and 

microbiological effects of a TTO-based mouthwash with those of 

CHX in individuals with plaque-induced gingivitis. Both 

interventions significantly reduced plaque accumulation and gingival 

in�ammation after 15 days of use, confirming the short-term 

effectiveness of chemical plaque control adjuncts to mechanical 

hygiene. Despite slightly lower antimicrobial activity of TTO in vitro, 

clinical improvements in GI and PI were comparable to those 

achieved with CHX, suggesting that TTO may exert additional anti- 

in�ammatory effects that contribute to gingival health improvement.

4.1 Interpretation and implications

The liquid-phase assay confirmed the significant antimicrobial 

activity of the 1% (v/v) TTO-based mouthwash, with inhibition 

rates comparable to Chlorhexidine (CHX, 0.12%), the gold 

standard for chemical plaque control (17). The effect was dose- 

dependent, increasing proportionally with TTO concentration. 

However, since the formulation contained Tween-80 (1% v/v), 

which exhibited its own antimicrobial effect, the observed activity 

likely re�ects a synergistic interaction between the oil and the 

surfactant rather than the sole action of TTO. Further studies 

using alternative emulsifiers (such as lecithin-based emulsifiers, 

saponins, or food-grade biocompatible surfactants) or separated 

component testing are therefore required to determine the 

individual contribution of TTO to the overall antimicrobial effect.

After 24 h, both TTO and CHX had markedly reduced the 

viability of NIH/3T3 cells to around 1%, with the same results 

observed for dilutions of 1:2, 1:4 and 1:8. Notably, Tween 80 

alone caused similar cytotoxicity, indicating that it may 

substantially contribute to the overall effect observed for the 

TTO formulation. These findings align with previous reports 

indicating low IC50 values for TTO (0.01–0.09% v/v) in 

fibroblasts and epithelial cell lines and confirm the well- 

documented cytotoxic of CHX across oral cell lines (32, 47, 48). 

The absence of viability at all TTO dilutions indicates a rapid 

cytotoxic response, independent of moderate concentration 

reductions, that is consistent with the membrane-disruptive 

mechanisms of TTO and CHX (19, 27). Nevertheless, these 

results should be interpreted with caution, as in clinical use oral 

tissues are exposed to mouthwashes for only a short time 

(approximately 30 s), followed by saliva dilution. Consequently, 

the 24 h exposure used in vitro likely overestimates cytotoxicity 

in real oral conditions. Future assays employing shorter 

incubation periods, as permitted by ISO standards (≥4 h), could 

better approximate clinically relevant exposure conditions.

While TTO shows promise as an antimicrobial agent, the high 

level of cytotoxicity observed in vitro raises concerns regarding 

biocompatibility in oral applications. Alternative formulations 

such as nanoencapsulation or the use of less toxic surfactants 

may enhance safety while preserve antimicrobial efficacy (43, 49). 

This study confirmed that a TTO-based mouthwash at 1% (v/v) 

can achieve clinical improvements in PI and GI comparable to 

those obtained with CHX, 0.12%. Although CHX showed greater 

bacterial reduction in the microbiological analysis, both 

formulations produced significant clinical improvements, 

suggesting that TTO’s effects may extend beyond its 

antimicrobial capacity. The anti-in�ammatory action of terpinen- 

4-ol, the major constituent of TTO, likely contributes to this 

outcome by modulating pro-in�ammatory mediators such as IL- 

1β and TNF-α (32, 33). The results align with previous reports 

indicating that TTO can reduce gingival in�ammation and 

bleeding while presenting fewer adverse effects than CHX (50, 

51). The systematic review by Singh et al. (50) concluded that 

TTO-containing products can produce significant reductions in 

plaque and gingival indices, with efficacy in some studies 

approaching that of CHX. However, the authors also highlighted 

substantial heterogeneity among the included trials, particularly 

regarding TTO concentration, formulation, and duration of use, 

which limits direct comparability across studies. More recently, 

Mahapatra et al. (51) reported that a 0.2% TTO mouthwash led 

to significant improvements in clinical and microbiological 

parameters compared with placebo. Notably, the concentration 

used in that study was five times lower than the 1% (v/v) 

formulation tested in the present trial, yet still produced 

measurable clinical benefits. This suggests that TTO may exert 

biologically relevant effects even at relatively low concentrations, 

while also raising important questions regarding the optimal 

balance between efficacy and biocompatibility. The higher 

concentration employed in the current study may partly explain 

the magnitude of clinical improvement observed, but it also 

reinforces the need for further dose–response studies to establish 

the minimum effective concentration and to optimize safety 

profiles for routine clinical use. Despite its lower antibacterial 

potency, the comparable clinical benefits observed here reinforce 

the therapeutic potential of TTO as a safe and effective adjunct 

in plaque control.

Tolerability outcomes further support this perspective. While 

both mouthwashes caused transient local effects, CHX users 

experienced more frequent alterations in taste perception and oral 

sensitivity, as well as clinically visible pigmentation and black 

hairy tongue—well-documented effects of prolonged CHX use 

Menat et al.                                                                                                                                                              10.3389/froh.2026.1727735

Frontiers in Oral Health 06 frontiersin.org

https://doi.org/10.3389/froh.2026.1727735
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


(19, 52). In contrast, no severe reactions occurred with TTO, and 

compliance remained high despite reports of an intense taste. 

Overall, these findings pave the way for larger trials to test the 

reliability of TTO as a promising alternative to CHX, capable of 

delivering comparable short-term clinical results with a more 

favourable safety profile. The cytotoxicity observed in vitro under 

prolonged exposure does not appear to re�ect clinical intolerance 

during typical mouthwash use. Nonetheless, larger and longer- 

term studies are needed to confirm these results and to optimise 

TTO formulations for improved stability and biocompatibility.

4.2 Limitations

A limitation of the present study is that participants’ oral 

home-care products were not systematically assessed. The type 

of toothpaste used [particularly formulations containing 

desensitizing agents (e.g., potassium nitrate, arginine), stannous 

�uoride, or other active ingredients] may in�uence gingival 

in�ammation and plaque accumulation independently of the 

tested mouthwashes (53). Likewise, the use of adjunctive 

products such as other mouthrinses (e.g., essential oil–based, 

CPC-containing, or herbal formulations) may modify biofilm 

composition and gingival outcomes, potentially acting as 

confounding factors. Although participants were instructed not 

to modify their usual oral hygiene habits during the study 

period, future trials should include a structured assessment of 

home-care tools and products, or implement standardized 

toothpaste and rinse protocols, to better control for these 

variables and strengthen internal validity.

Another important limitation of this study relates to the 

professional scaling and oral hygiene motivation provided before 

the delivery of the mouthwash bottles. This intervention alone is 

known to significantly reduce plaque levels and gingival 

in�ammation and may therefore have contributed substantially 

to the clinical improvements observed in both groups, 

potentially attenuating the ability to detect differences 

attributable solely to the tested mouthwashes. However, this 

approach was intentionally adopted to standardize baseline oral 

conditions and to minimize inter-individual variability in plaque 

accumulation and hygiene practices, a strategy commonly used 

in clinical trials evaluating adjunctive chemical plaque control 

agents. Despite this standardization, the possibility remains that 

the magnitude of improvement observed re�ects, at least in part, 

the effect of the initial professional intervention rather than 

exclusively the action of TTO or CHX. Future studies could 

address this limitation by incorporating longer wash-in periods, 

delayed randomization, or alternative study designs (e.g., no- 

initial-scaling control groups) to better isolate the specific effects 

of the tested formulations. As already stated, Tween-80 (1% v/v) 

exhibited its own antimicrobial effect, which may have 

in�uenced the results obtained, as the observed activity likely 

re�ects a synergistic interaction between the oil and the surfactant.

5 Conclusion

Both TTO and CHX mouthwashes significantly reduced 

plaque accumulation, gingival in�ammation, and bacterial load 

after 15 days of use. While CHX demonstrated stronger 

antibacterial activity, TTO achieved comparable clinical 

outcomes with fewer adverse effects. These findings will serve as 

foundation for future larger trials to confirm TTO as a safe and 

effective adjunct for managing plaque-induced gingivitis. 

Further studies with larger samples and longer follow-up are 

warranted to confirm these results and optimize formulation 

safety, particularly by ensuring the use of non-toxic and 

biologically inert emulsifiers to avoid potential antimicrobial bias.
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