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Abstract
Background  Plaque-induced gingivitis is a chronic inflammatory condition characterized by complete reversibility of 
tissue damage once the periodontal biofilm has been disorganised. The aim of this study was to evaluate the efficacy 
of two commercially available mouthwashes (MWs) versus a chlorhexidine (CHX) 0.12% MW in reducing gingival 
bleeding (GB) in adults with plaque-induced gingivitis.

Methods  The present study was a double-blind, parallel, randomized controlled trial involving 6492 gingival sites 
(i.e. 39 subjects × 28 teeth × 6 sites/tooth) aged 18–75 years. During a 2-week period, subjects were randomized to 
receive MWs: a control CHX 0.12% MW (group C, 1818 sites); a MW test containing CHX 0.09% + Citrox®/P complex 
(group CX, 2628 sites); a MW test based on natural compounds (group P, 2016 sites). GB was assessed at the inclusion 
visit (T0) and after 2 weeks of MW use (T1). Analyses of GB were compared between groups and then restricted to 
subjects with bleeding sites between 10 and 30% (moderate gingivitis) or ≥ 30% (severe gingivitis) at T0. Pairwise 
comparisons were made between groups and logistic regression was used to identify correlates of GB (T1).

Results  For total bleeding site analysis, GB reduction between T0 and T1 ranged from 23% (C), 26% (CX) and 36% (P), 
respectively (all p < 0.05). Multiple comparison between groups showed that group C was significantly less effective 
(p < 0.05) than groups CX and P. Splitting the analysis, in patients with severe gingivitis (≥ 30% bleeding sites at T0), 
all MWs had a positive effect on GB with a reduction at T1 of 36% (C), 33% (CX) and 42% (P), respectively. While GB 
reduction between T0 and T1, was significant for all groups, the comparison among groups showed no significant 
difference between group C and CX, whereas the improvement was significant for group P. On the other hand, in 
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Introduction
Current strategies for fighting bacteria biofilms have 
been categorized into three principal approaches: (i) 
external forces application to eradicate the biofilm; (ii) 
modification of the properties of the sensitive surfaces 
to inhibit biofilm formation; and (iii) signal pathways 
regulation to induce inhibition of biofilm formation 
[1].

Plaque-induced gingivitis is an inflammatory 
response of the gingival tissues resulting from bacte-
rial plaque accumulation, estimated at 1011 cells/mL, 
located at and below the gingival margin [2]. Gingival 
bleeding (GB) is a leading symptom of plaque-induced 
gingivitis [3]. If adequate and effective individual 
mechanical prophylaxis is applied, biofilm on acces-
sible tooth surfaces will be disorganized. However, 
mechanical methods may be insufficiently feasible 
and/or suitable in case of patients with physical dis-
abilities, who have difficulties in managing motor skills 
and find home dental care complicated [4–7]. Chemi-
cal preparations like antimicrobial mouthwashes 
(MWs) have therefore been suggested as a complement 
to, or replacement for mechanical plaque control [8]. 
In addition, due to their simple use and over-the-coun-
ter availability, MWs are also particularly well appreci-
ated by consumers.

In oral health, chlorhexidine (CHX)-based MWs, 
broad-spectrum antiseptics with an effective rema-
nence, are used prophylactically as well as therapeuti-
cally. For many years, CHX was considered as the main 
active ingredient providing effective, durable antibac-
terial action [9].

In the case of gingivitis and before any surgical pro-
cedures, recommendation of an over-the-counter 
antimicrobial MW with CHX 0.12%, as an adjunct 
to the mechanical disorganization of dental biofilm 
as part of an oral hygiene process is indicated [10]. 
However, CHX has several disadvantages including 
their tendency to stain teeth and leading to irritation 
of soft tissues as being the most common complaints 
[11]. Noteworthy, CHX had significant ecological 

impacts on the microbial contents of biofilm after a 
7-day, twice-daily exposure [12]. To achieve a stron-
ger impact, create a synergy and obtain a longer action 
of the substantivity, active components, antiseptics 
mostly of natural origin have been combined with 
CHX MWs. Natural molecules and nanoparticles hav-
ing significant effects on dysbiotic biofilms in oral 
healthcare were also assessed [13, 14]. To overcome 
these, naturally occurring antimicrobial agents are 
being used individually or in combination [15, 16]. 
Research has recently focused on exploiting the posi-
tive properties of natural substances and mediators 
of periodontal inflammation as cost-effective, safe 
therapeutics [17]. Nowadays, the anti-inflammatory, 
antioxidant, antinociceptive effects and antimicrobial 
properties of these active gradients have been well 
documented [18].

Applied to plaque-induced gingivitis, there is insuf-
ficient evidence of an association between efficacy and 
the concentration level of CHX MW. Similarly, there 
is no consensus on the efficacy of CHX in reducing 
gingivitis in people with moderate or severe gingival 
inflammation risk [4]. Therefore, more homogenous 
RCTs with large sample size are needed to define the 
role of CHX [19].

The objective of this double The aim of this dou-
ble-blind, parallel, randomized controlled trial was 
to clinically evaluate the efficacy of three MWs in 
reducing GB in adults with plaque-induced gingivi-
tis: (i) a MW containing CHX 0.12% alone; (ii) a MW 
containing CHX 0.09%, hyaluronic acid (HA), poly-
lysine and Citrox®; and (iii) a MW containing only 
natural extracts. The null hypothesis was that there 
would be no difference in the efficacy of reducing 
plaque-induced gingivitis between the three types of 
mouthwash evaluated. It is assumed that all interven-
tions have a similar effect on the reduction of plaque-
induced gingivitis.

adults with moderate gingivitis (< 30% bleeding sites at T0), only CX and P had a positive effect on GB reduction at 
T1(9% in CX and 2% in P, respectively), although the differences between the three groups were not significant.

Conclusion  The daily use of MWs with natural components (groups P and CX) for 2 weeks should be considered 
positively as an adjunct to individual oral prophylaxis to reduce GB compared to the control MW containing CHX 
0.12% (group C) in healthy adults with plaque-induced gingivitis. For subjects with severe gingivitis, it is advisable to 
first use natural MW (P) and then MW based on CHX 0.09% with natural components (CX), compared to MW with CHX 
0.12% (C). For adults with moderate gingivitis, P and CX can be advisable, even if no definitive recommendations can 
be drawn.

Trial Registration  ACTRN12622000215729, 07/02/2022.

Keywords  Gingival bleeding, Biofilm, Bioflavonoids, Chlorhexidine, Inflammation, Mouthwash, Periodontology
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Materials and methods
Study design
The study was designed as a double blind, paral-
lel, randomized controlled trial. The guidelines of 
the CONSORT Statement were followed. The study 
was approved by the Ethical Committee of the Uni-
versità Politecnica delle Marche (Ancona, Italy) (no. 
MTHW-CLX/HERB-2021) and registered in the 
New Zealand Clinical Trials Registry (trial num-
ber: ACTRN12622000215729, 07/02/2022). Written 
informed consent in accordance with the Declaration 
of Helsinki was obtained from all enrolled subjects.

Participants
The population consisted of healthy volunteers aged 
18–75 years. All candidates were screened for eligibil-
ity by the research team according to the inclusion and 
exclusion criteria.

The inclusion criteria were: (i) 18–75 years of age, 
(ii) gingivitis (> 10% sites with bleeding on probing), 
(iii) acceptance of the terms and conditions of the 
study, (iv) signing of the informed consent form.

Exclusion criteria were: (i) the presence of medical 
pathologies such as diabetes, haemophilia, anticoagu-
lant treatment and risk of infectious endocarditis, (ii) 
immune deficiencies, (iii) any systemic disease affect-
ing salivary flow, (iv) the presence of periodontal dis-
ease - stages I, II, III, IV, (v) the presence of active 
caries lesions; (v) presence of active caries lesions; 
(vi) fewer than 20 natural teeth; (vii) use of oral anti-
septics in the previous 3 months; (viii) use of antibi-
otics or antimicrobial drugs within 3 months prior to 
enrolment; (ix) allergy to any of the components of the 
MWs tested; (x) presence of orthodontic appliances or 
dentures; (xi) history of allergy to any of the ingredi-
ents used in the study; (xii) pregnancy. Each subject 
was verbally informed about the products, the pur-
pose and the protocol of the study. All subjects were 
allowed to withdraw from the study at any time.

Interventions
The study was conducted in the Outpatient Depart-
ment of Clinical Sciences and Stomatology (DISCO) 
of Università Politecnica delle Marche (Ancona, Italy) 
from 28th February 2022 to 30th April 2022. At base-
line, the prescreened participants were referred to the 

dental clinic for baseline oral examinations. During an 
initial oral examination, a dentist verified the individ-
ual eligibility criteria (V.T.).

The participants were randomly assigned to one of 
the following three groups:

Group C  control, MW with CHX 0.12%;

Group CX  test, MW with CHX 0.09%, HA, polyly-
sine and Citrox®/P complex, (PerioPlus+ Regenerate, 
Curaden, Kriens, Switzerland);

Group P  test, MW with natural extracts (Pural, Fito-
medical snc, Binasco, Italy).
The detailed composition of the MWs used in this 
study is reported in Table 1.

All MWs were made indistinguishable by the absence 
of a label in 200 mL plastic bottles marked only with 
the patient’s number, so that both the patient and the 
experimenter were unaware of the type of MW. All 
participants received two bottles of their assigned 
products. Patients were instructed on how to use the 
MWs in combination with their home oral care habits 
according to their assigned group: Group C and CX, 10 
mL undiluted twice daily (morning/evening) for 60  s 
after tooth brushing; Group P, 3–5 mL MW diluted 
with water according to the manufacturer’s instruc-
tions twice daily (morning/evening) for 60 s after tooth 
brushing [20]. A test rinse. A test rinse was performed 
during the study visits under expert supervision in the 
outpatient clinic. Subsequent rinsing with water was 
not allowed. Participants were advised to stop oral 
hygiene at least 8 h and not more than 18 h before the 
clinical examinations.

At the start of the study, each participant was given 
a tube of toothpaste with no effect on gingival inflam-
mation. The composition of this SLS-free toothpaste 
used in the study included Amine fluoride; hydrated 
silica, aqua, sorbitol, hydroxyethylcellulose, polyethyl-
ene, titanium dioxide, olaflur, saccharin flavour, limo-
nene (Elmex, Colgate-Palmolive Company, NY, USA). 
At the end of the study, patients were asked to return 
all bottles of MW.

Table 1  Description of the materials used in the study
Group Ingredients
C Control Chlorhexidine Digluconate 0.12%
CX Test Aqua, Xylitol, Polysorbate 20, Chlorhexidine Digluconate 0.09%, Aroma, Phenoxyethanol, Vp/Va Copolymer, Sucralose, Cetylpyri-

dinium Chloride, Polylysine, Citric Acid, Citrus Aurantium Amara Fruit Extract*, Glycerin, Sodium Hydroxide, Sodium Chloride
P Test Propolis resin extract (1:3), Plantago lanceolata leaves extract (1:10), 1.75% of essential oils from Salvia officinalis, Salvia officinalis 

leaves extract (1:1), Mentha piperita leaves, Syzygium aromaticum buds, Pistacia lentiscus oleoresin and Commiphora myrrha oleoresin.
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Outcome measures
The primary outcome was to evaluate the change in 
bleeding scores in adults with plaque-induced gingivi-
tis after the use of three MWs from baseline (T0) to 14 
days (T1).

The secondary outcomes were to evaluate the change 
in partial bleeding scores of the buccal and lingual/pal-
atal sites, maxillary and mandibular teeth, anterior and 
posterior teeth, and interproximal sites in adults with 
plaque-induced gingivitis after the use of three MWs 
from baseline (T0) to 14 days (T1).

Assessment
All selected subjects were followed for 2 weeks after 
the inclusion visit (T0). GB was assessed using a peri-
odontal probe (PCP UNC 15, Hu-Friedy, Chicago, 
USA) [21] with firm and continuous pressure until 
maximum pressure was achieved with minimal dis-
comfort to the subject. Probe placement pressure was 
approximately 50–100  N/cm2 (0.20–0.40 gram-force). 
After 30  s, each gingival unit was scored for bleed-
ing: 0, no bleeding; and 1, bleeding. Probing started in 
the upper right quadrant and ended in the lower right 
quadrant. Bleeding scores were:

 	• Total bleeding score: the presence/absence of GB 
has been recorded at six sites per tooth (three on 
buccal tooth face and three on palatal/lingual tooth 
face). The results have been reported as percentage 
of the positive sites on the total surfaces [22]. Based 
on the percentage of total bleeding score at T0, we 
defined patients at high (> 30% bleeding sites) and 
low (< 30% bleeding sites) risk of gingivitis [23].

 	• Partial bleeding score: the values of total bleeding 
score were subdivided in partial bleeding scores 
of the buccal and lingual/palatal sites, of the 
maxillary and mandibular teeth, of the anterior 
and posterior teeth and of the interproximal sites 
[24].

A single trained and calibrated dental examiner (F.V.) 
performed all examinations.

Randomization
A stratified (two levels for baseline bleeding and two 
levels for gender) block randomization method was 
used to ensure that the randomization process pro-
duced balanced groups with respect to the main 
covariates (gender and baseline bleeding). Stratified 
randomization was performed by creating a separate 
block for each covariate combination, and participants 
were allocated to the appropriate covariate block. 
Once all subjects had been identified and allocated to 
blocks, simple randomization was performed within 

each block to assign subjects to one of the groups. The 
participant was identified by a code.

There was a clear distinction between the generator 
of the allocation and the people responsible for car-
rying out the allocations. The implementation of the 
intervention was carried out by staff who were not 
involved in the data collection process. Participants 
and providers had no information about the ingredi-
ents of the MWs. To ensure impartiality, during the 
evaluation and analysis phase, statisticians, clinical 
research associates and clinicians were unaware of the 
group to which the participant belonged. Identification 
codes were securely held by the study manager and 
remained sealed until the end of the study to maintain 
confidentiality and avoid bias.

Sample size calculation
Sample size was calculated using Sample Power 2.0 
(SPSS, Chicago, IL, USA). The reduction in GB of the 
sites was considered as the main outcome variable. 
The sample size was based on the study of by Saliasi 
et al. [25], which reported a mean difference in GB 
between time points of 30% with a standard deviation 
of 5%.

Using this estimate, with an alpha risk of 5% for a 
Cohen’s d estimated at 0.5 and a statistical power of 
80%, we obtain a minimum sample of 4990 sites, i.e. 
approximately 10 participants per group. In addition, 
considering that approximately 90% of the sites would 
be eligible for analysis, i.e. 10% would be excluded due 
to the presence of malocclusion or missing teeth, the 
sample size increases to 5544 sites.

Statistical analysis
Demographic and baseline characteristics were com-
pared between treatment groups using analysis of vari-
ance (ANOVA) or Chi-squared test. SPSS Windows 
20.0 (IBM, Chicago, IL, USA) was used for descriptive 
statistics (percentages and means with SD) and ana-
lytical statistics (p-value calculation) in those analyses 
where the subject was the unit of analysis. XLSTAT 
2022 (Addinsoft, Paris, France) was used for inferen-
tial statistics (p-value calculation) in analyses where 
the site was the unit of analysis to adjust for clustering 
(multiple sites within patients). The outcome variable 
was site of bleeding after use of MWs at the site level.

The statistical methods reported in Table 2 included: 
analysis of bleeding outcomes after treatment by both 
site and location. Standard errors (SEs) were corrected 
for complex sampling (multiple sites within the mouth) 
using the DESCRIPT procedure in XLSTAT 2022. P 
values were corrected for complex sampling (mul-
tiple sites within the mouth) using chi-squared analy-
sis (CROSSTAB procedure in XLSTAT 2022). The 
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percentage difference between control (C) and test (T) 
subjects was {[(%C - %T)/%C] x 100}. 95% CI was = % ± 
1.96 SE, where the standard error (SE) was calculated 
after correction for multiple sites in the mouth (using 
the DESCRIPT procedure in XLSTAT 2022). When 
the global P-value was significant, paired comparisons 

were performed using chi-squared analysis, adjusted 
for complex sampling. All statistical tests were 2-sided 
with significance level alpha = 0.05.

Results
The CONSORT diagram for this study is shown in 
Fig.  1. Of the 57 adults, 13 were ineligible and 5 par-
ticipants withdrew for reasons unrelated to the study 
protocol. This left 39 participants in the study. Of the 
6552 a priori available sites (i.e. 39 subjects × 28 teeth 
× 6 sites/tooth), 90 sites were excluded due to missing 
teeth, leaving a total of 6462 sites.

All clinical parameters were normally distributed. 
The patients, 36% of whom were male with a mean age 
of 33.6 (± 12.6) years, had the characteristics described 
in Table  3. There were no significant differences in 
mean age, sex, or smoking between the two groups. No 
adverse events were observed in any patient during the 
study period.

The analysis of bleeding scores after treatment 
is shown in Table  2; Fig.  2, both by site and by loca-
tion. For all groups, the percentage of bleeding at T0 

Table 2  Distribution of individual characteristics at baseline (T0) 
(n = 39). C: Group control, CHX 0.12% MW; CX: Group test, CHX 
0.09% + HA, polylysine, xylitol, and Citrox®; P: Group test, MW 
containing natural extracts
Variables C CX P Global 

p-value
Male, N(%) 5 (45.0%) 6 (37.5%) 3 (25.0%) 0.59
Female, N(%) 6 (55.0%) 10 (62.5%) 9 (75.0%) 0.59
Age (mean ± sd) 34.7 ± 13.2 31.6 ± 11.6 29.7 ± 7.9 0.06
Smokers, N (%) 2 (27.3%) 6 (55.0%) 2 (27.3%) 0.08
% Bleeding 
(mean ± sd)

39.31 ± 1.15 36.87 ± 0.94 39.04 ± 1.09 0.65

≥ 30% Bleeding 
sites

63.6% 56.2% 75.0% 0.22

< 30% Bleeding 
sites

36.4% 43.8% 25.0% 0.50

Fig. 1  CONSORT flow diagram of the study
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observed for each group was high (> 30%). The reduc-
tion in bleeding over the 2-week period in all sites was 
high for all MWs (23% (C), 26% (CX) and 36% (P)), 
with a 13% reduction observed between C and P and a 
10% reduction between C and P. The paired compari-
son concluded that there were significant differences 

between C-CX and C-P, while CX and P had similar 
efficacy.

To better understand the results of the total bleeding 
scores, the indices were divided by blocks (anterior, 
posterior, vestibular and lingual) or arches (maxillary 
and mandibular).

Table 3  Bleeding scores according to the different sites and treatment group. C: Group control, CHX 0.12% MW; CX: Group test, CHX 
0.09% + HA, polylysine, xylitol, and Citrox®; P: Group test, MW containing natural extracts
Time C CX P Paired Comparisons

(p-Value)
n % ± se n % ± se n % ± se C-CX C-P CX-P

Total bleeding sites
T0(Baseline) 1818 39.31 ± 1.15 2628 36.87 ± 0.94 2016 39.04 ± 1.09 0.10 0.86 0.13
T1(2 weeks) 30.13 ± 1.08 27.09 ± 0.87 24.9 ± 0.96 0.03 0.00 0.09
p-value 0.00 0.00 0.00
Effect. T1, % 
(95%-CI)

23.36 ± 3.08 26.52 ± 2.51 36.21 ± 2.85

Anterior sites bleeding
T0(Baseline) 594 23.91 ± 1.75 864 24.07 ± 1.46 648 26.08 ± 1.73 0.94 0.38 0.37
T1(2 weeks) 18.69 ± 1.6 17.13 ± 1.28 14.66 ± 1.39 0.44 0.06 0.20
p-value 0.03 0.00 0.00
Effect. T1, % 
(95%-CI)

21.83 ± 4.66 28.85 ± 3.80 43.79 ± 4.35

Posterior sites bleeding
T0(Baseline) 1225 46.78 ± 1.43 1764 43.14 ± 1.18 1368 45.18 ± 1.35 0.06 0.41 0.25
T1(2 weeks) 35.67 ± 1.37 31.97 ± 1.11 29.75 ± 1.24 0.03 0.00 0.18
p-value 0.00 0.00 0.00
Effect. T1, % 
(95%-CI)

23.73 ± 3.88 25.89 ± 3.18 34.14 ± 3.58

Vestibular sites bleeding
T0(Baseline) 909 36.74 ± 1.6 1314 34.47 ± 1.13 1008 38.59 ± 1.53 0.27 0.40 0.04
T1(2 weeks) 32.12 ± 1.55 26.71 ± 1.22 20.34 ± 1.27 0.00 0.00 0.00
p-value 0.04 0.00 0.00
Effect. T1, % 
(95%-CI)

12.57 ± 4.37 22.52 ± 3.51 47.3 ± 3.90

Lingual sites bleeding
T0(Baseline) 910 41.87 ± 1.64 1314 39.27 ± 1.35 1008 39.48 ± 1.54 0.22 0.29 0.92
T1(2 weeks) 28.13 ± 1.49 27.47 ± 1.23 29.46 ± 1.44 0.73 0.52 0.30
p-value 0.00 0.00 0.00
Effect. T1, % 
(95%-CI)

32.81 ± 4.34 30.04 ± 3.58 25.38 ± 4.13

Maxillary sites bleeding
T0(Baseline) 906 36.42 ± 1.6 1320 32.2 ± 1.29 1008 38.89 ± 1.54 0.04 0.27 0.00
T1(2 weeks) 25.06 ± 1.44 20.53 ± 1.11 19.64 ± 1.25 0.01 0.00 0.60
p-value 0.00 0.00 0.00
Effect. T1, % 
(95%-CI)

31.21 ± 4.22 36.24 ± 3.33 49.49 ± 3.89

Mandibular sites bleeding
T0(Baseline) 913 42.17 ± 1.64 1308 41.59 ± 1.36 1008 39.19 ± 1.54 0.78 0.18 0.24
T1(2 weeks) 35.16 ± 1.58 33.72 ± 1.31 30.16 ± 1.45 0.48 0.02 0.07
p-value 0.00 0.00 0.00
Effect. T1, % 
(95%-CI)

16.62 ± 4.46 18.93 ± 3.70 23.04 ± 4.14

*Effective size of the sample for each estimation. For instance, the first number value (n = 1818) is generated by the following calculation: 11 control subjects X 28 
sites/patient X 6 sites/teeth = 1848 sites, minus sites with lack of tooth (n = 5), giving effective sample = 118 sites (= 1848 minus 30).
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Fig. 2  Graphical panel of changes in gingival bleeding in percentage (%) expressed as mean and standard deviation for each group from T0 to T1. Pairwise 
comparison test: the following level of statistical significance was considered: p < 0.05 (*). Comparisons between groups that are not statistically signifi-
cant are not reported in the graph. Different colors were used for each group: Green, Group C (control, CHX 0.12% MW); red, Group CX (test, CHX 0.09% 
+ HA, polylysine, xylitol, and CITROX®); blue, Group P (test, MW containing natural extracts) respectively. Different letters (A-L) were used to highlight the 
different data analyses
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The anterior site (incisor-canine block) bleeding 
scores between groups at T0 showed no significant 
differences in the percentage of bleeding, which can 
be considered moderate (< 30%). At T1, the between-
group reduction in bleeding was not significant for C 
(22%, p = 0.03) and highly significant (p < 0.001) for CX 
and P (29% and 44%). The efficacy of C was lower than 
that of CX and P, but no statistically significant differ-
ences were found between the 3 groups.

Bleeding rates in the posterior sites (premolar-molar 
block) at T0 were high at around 45% in all groups. 
Despite a highly significant reduction in the percent-
age of bleeding between T0 and T1 for all groups (C, 
24% vs. CX, 26% vs. P, 34%), group C is significantly 
less effective than the other two.

At the vestibular sites, all MWs had a significant 
effect on reducing bleeding at T1 (13%; 23%; 47%). 
We can conclude a significant superiority effect of 
the MW composed of natural ingredients (P) for the 
reduction of GB compared to group C (p < 0.05) and 
CX (p < 0.001). On the other hand, CX improved GB 
more than group C (p < 0.001).

On the other hand, while the reduction of GB at the 
lingual sites by approximately 35% between T0-T1 was 
significant for all groups (p = 0.00), they all had the 
same effect in terms of power (C = CX = P).

The effect of three MWs on improving GB in max-
illary bleeding sites was highly significant (p = 0.00), 

with differences of 31%, 36% and 49%, respectively. 
The largest difference in GB reduction is observed 
between P and C (18%), while pairwise comparison 
analysis indicates that C = CX, C≠P and CX = P. For 
mandibular bleeding sites pairwise comparison analy-
sis shows that C≠CX, C≠P and CX = P.

Table 4 presents the results obtained from the evalu-
ation of the GB of the interproximal sites. GB decrease 
was evident in all groups between T0 and T1. Group C 
showed a statistically significant difference compared 
to the other groups CX and P. No difference was found 
between groups CX and P.

Based on our results we divided the total bleeding 
scores as: a low level of bleeding if the participant had 
between 10 and 30% bleeding sites (moderate gingivi-
tis) [26] and a high level of bleeding if the participant 
had ≥ 30% bleeding sites (severe gingivitis). In patients 
with ≥ 30% bleeding sites at T0, all MWs had a positive 
effect on GB reduction after 2-week period, with supe-
riority observed for Group P (42%). Group P showed 
statistically significant differences from Group C and 
CX (Table  5). The groups with CHX as active ingre-
dient (Group C and CX) had a comparable effect on 
GB (p = 0,23). In patients with < 30% bleeding sites at 
T0, in the group C a significant worsening of inflam-
mation and gingival health was observed, with a 68% 
increase in the number of bleeding sites after 2 weeks 
of use. However, this result is not very reliable due to 

Table 4  Interproximal bleeding scores according to the treatment groups C: Group control, CHX 0.12% MW; CX: Group test, CHX 
0.09% + HA, polylysine, xylitol, and CITROX®; P: Group test, MW containing natural extracts
Time C CX P Paired Comparisons

(p-Value)
n % ± se n % ± se n % ± se C-CX C-P CX-P

Interproximal sites bleeding
T0(Baseline) 1224 43.95 ± 1.42 1768 40.55 ± 1.17 1356 43.73 ± 1.35 0.06 0.91 0.07
T1(2 weeks) 34.89 ± 1.36 30.09 ± 1.09 27.8 ± 1.22 0.00 0.00 0.16
p-value 0.00 0.00 0.00
Effect. T1, % (95%-CI) 20.63 ± 3.86 25.8 ± 3.13 36.42 ± 3.56

Table 5  Bleeding sites score according to patient’s baseline gingival bleeding and treatment groups. C: Group control, CHX 0.12% 
MW; CX: Group test, CHX 0.09% + HA, polylysine, xylitol, and Citrox®; P: Group test, MW containing natural extracts
Time C CX P Paired Comparisons 

(p-value)
n % ± se b n % ± se b n % ± se b C-CX C-P CX-P

Patient’s Bleeding at T0 ≥ 30%
T0(Baseline) 1176 53.57 ± 1.45 1464 48.16 ± 1.31 1512 43.98 ± 1.28 0.00 0.00 0.02
T1(2 weeks) 34.44 ± 1.39 32.24 ± 1.22 25.33 ± 1.12 0.23 0.00 0.00
p-value 0.00 0.00 0.00
Effect. T1, % (95%-CI) 35.71 ± 3.94 33.05 ± 3.51 42.41 ± 3.33
Patient’s Bleeding at T0 < 30%
T0(Baseline) 643 13.22 ± 1.34 1164 22.68 ± 1.23 504 24.21 ± 1.91 0.00 0.00 0.50
T1(2 weeks) 22.24 ± 1.64 20.62 ± 1.19 23.61 ± 1.89 0.42 0.58 0.17
p-value 0.00 0.23 0.82
Effect. T1, % (95%-CI) -68.24 ± 4.15 9.09 ± 3.35 2.46 ± 5.28
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the difference at T0 between groups C (13%), CX (23%) 
and P (24%). Group CX and P were not effective in 
reducing bleeding rates (p > 0.05).

Significant differences were observed between the 
different risk groups for the studied variables and sites 
bleeding at T1 (Table 6).

Based on our results, we divided the total bleeding 
score into: low bleeding if the participant had between 
10% and 30% bleeding sites (moderate gingivitis) [24] 
and high bleeding if the participant had ≥ 30% bleeding 
sites (severe gingivitis). In patients with ≥ 30% bleeding 
sites at T0, all MWs had a positive effect on GB reduc-
tion at 2 weeks, with superiority observed for Group 
P (42%). Group P showed statistically significant dif-
ferences from groups C and CX (Table 5). The groups 
with CHX as active ingredient (groups C and CX) had 
a comparable effect on GB (p = 0.23). In patients with 
< 30% bleeding sites at T0, a significant worsening of 
inflammation and gingival health was observed in 
group C, with a 68% increase in the number of bleed-
ing sites after 2 weeks of use. However, this result is 
not very reliable due to the difference at T0 between 
groups C (13%), CX (23%) and P (24%). Groups CX 
and P were not effective in reducing bleeding rates 
(p > 0.05).

Discussion
This original clinical trial was designed to assess the 
effectiveness of two different types of MWs (Groups 
CX and P) compared to 0.12% CHX one (Group C) on 
reducing GB after 2-week period of use in addition to 
the daily habits of home oral hygiene in adults with 
plaque-induced gingivitis. Our research was based on 
the 2018 classification standardized the identification 
of patients with intact periodontium who would be 
clinically diagnosed with gingivitis in terms of preva-
lence and severity (EFP/AAP, 2018 [26]). To investi-
gate the prevalence and severity of gingivitis, GB was 
recorded on all teeth in order to define and classify 
gingivitis. Reduced GB means that gingival inflam-
mation is under control, helping to prevent the pro-
gression of periodontal disease from reversible to 
irreversible. Bacterial plaque control is essential for 
the primary prevention of periodontitis [3, 27].

After 2 weeks of unsupervised use of MW, regardless 
of the category of MW, groups C, CX and P showed a 
significant reduction in GB, varying by 23%, 26% and 
36% respectively. Firstly, we can conclude that these 
MWs help to reduce gingival inflammation and can be 
used as an adjunct to mechanical toothbrushing in the 
general population with plaque-induced gingivitis, i.e. 
>10% of bleeding sites. However, the CHX 0.12% rinse 
concentration in group C is significantly less effective 
than the other two products. This trend was found 
in almost all sub-analyses according to site location 
(maxillary, mandibular, vestibular, lingual).

Therefore, the proposed null hypothesis that the 
MW containing CHX 0.09%, hyaluronic acid (HA), 
polylysine and Citrox®, the MW containing natural 
extracts and the MW containing CHX 0.12% showed 
no differences in the reduction of GB in adults with 
plaque-induced gingivitis is rejected.

To further analyze the effect of the MWs on GB, the 
study population was divided into populations with 
10–30% and ≥ 30% bleeding sites at baseline. In pop-
ulations with < 30% bleeding sites, there were no sta-
tistical differences between the groups. Therefore, we 
can conclude that in adults with plaque-induced gingi-
vitis with < 30% bleeding sites, the indication for MWs 
as used in the clinical trial does not add value.

Conversely, the most relevant indication concerns 
the recommendation of natural MW for subjects with 
≥ 30% bleeding sites. In group P, a significant reduction 
of 42% was observed, showing significant superiority 
over the CHX groups (groups C and CX). This is the 
only result from the overall analysis and the site sub-
analyses performed in our study that highlights the 
clear superiority of natural MW over CHX 0.09% + 
natural components MW (group CX).

Our results do not allow us to explain which compo-
nents of group P have the greatest effect on reducing 
GB compared to the other two groups containing CHX 
(groups C and CX).

Several hypotheses could be formulated to explain 
the results obtained. One could be related to the influ-
ence of the CHX concentration on the ability to form 
biofilms [4]. Another hypothesis would be to empha-
sise the added value of the association of CHX with 

Table 6  Distribution of variables at total bleeding sites level and multivariate associations in the separate bleeding conditions (≥ 30% 
of Bleeding Sites at T0 and < 30% of Bleeding Sites at T0) groups between the variables studied and bleeding at T1 (2 weeks). C: Group 
control, CHX 0.12% MW; CX: Group test, CHX 0.09% + HA, polylysine, xylitol, and Citrox®; P: Group test, MW containing natural extracts. 
OR: odds ratio; CI: confidence interval
Variable ≥ 30% of Bleeding Sites at T0 < 30% of Bleeding Sites at T0

n OR (95%-CI) p-value n OR (95%-CI) p-value
Group C 143 1.0 405 1.0
Group CX 240 0.91 (0.03; 24.71) 0.05 472 0.91(0.09; 8.97) 0.03
Group P 119 1.08 (0.21; 5.66) 0.06 383 0.68(0.1; 4.16) 0.00
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natural components of the CX group (HA, polylysine, 
Citrox®/P complex and others), which would comple-
ment the biocidal action of CHX 0.09% by promoting 
the haemostasis of GB.

In particular, HA, contained in Group CX, is a natu-
ral biocompatible, biodegradable, non-toxic substance 
with multiple physiological functions, including tissue 
growth, bio-lubrication, modulation of water diffusion, 
maintenance of vascular elasticity, and promotion of 
wound healing after oral surgery [28, 29].

Flavonoids refer to a series of chemical compounds 
with two variable phenolic structure which show vari-
ous bioactive functions including antioxidant, anti-
viral, antibacterial and anti-inflammation [30, 31]. 
Many flavonoids and tannins, as single compounds 
or in mixtures as natural extracts, are effective agents 
against bacteria responsible for periodontal disease, 
and other oral infections, considering their availability, 
efficacy, safety, and finally, the patient compliance.

So, the Citrox, an all-natural antiseptic agent, and 
polylysine, another naturally-occurring long-lasting 
antimicrobial, inhibit the proliferation of most micro-
organisms [32–35]. Polylysine is a non-specific cell 
attachment factor which facilitates cell adhesion on 
solid substrates by increasing electrostatic interactions 
of negatively charged ions on both the culture surface 
and cell membrane. Poly-L-lysine, when adsorbed on 
the culture surface, significantly increases the avail-
ability of positively charged sites for cell adhesion [32].

In this light, the scientific research aims to deepen 
the knowledge on the bacterial resistance option 
developed against CHX and experiment natural alter-
native products for the treatment and prevention of 
GB. In this regard, the introduction of herbal MW has 
gained popularity over chemical MWs due to their 
non-staining, non-irritant characteristics, and ben-
eficial properties in periodontal inflammation as safe 
and cost-effective therapeutics [20, 31, 36]. They have 
minimal or no adverse effects. The discovery of natu-
ral compounds targeting the host immune responses 
offer promise to sustain health and improve clinical 
outcomes. Like dressings within a wound-healing pro-
cess, the current trend in the creation of MW prod-
ucts has been to combine materials with outstanding 
benefits necessary for the wound-healing process, 
such as intrinsic antibacterial properties, high biologi-
cal compatibility, environmental friendliness [37]. In 
addition, MWs are loaded with bioactive components, 
including growth factors, plant extracts, essential oils, 
antioxidants, anti-inflammatory agents and vitamins, 
to enhance therapeutic results, such as Propolis resin 
extract, Plantago lanceolata, Salvia officinalis leaves 
extract.

Several studies have reported the benefits of Propolis 
with regards to the reduction of the plaque index [38]. 
Giammarinaro et al., have studied the efficiency of 
Propolis versus CHX on a 40-patient sample with gin-
givitis, and found no significant differences between 
the test and the active group in bleeding on probing, 
probing pocket depth, and plaque index [39]. Never-
theless, patients who were treated with propolis had 
better results regarding oxidative stress markers in the 
saliva, with notable improvement of their periodontal 
health.

Anauate-Netto demonstrated that typified Propolis 
rinse was effective in reducing gingival inflammation 
with unsupervised rinsing twice a day for 28 days [40]. 
Furthermore, a meta-analysis revealed that the appli-
cation of different components above-mentioned as 
CHX adjuvants improved the bleeding clinical param-
eters [41]. Accordingly, our positive results of both 
natural MW and MW combined with natural compo-
nents could be due to their antioxidant action.

A major limitation of this study is the imbalance 
in the number of participants between groups. This 
imbalance may introduce a potential bias in the inter-
pretation of the results. However, using the statistical 
unit based on the number of sites per person signifi-
cantly increases the power of the test, which is close 
to 1.

This may be an advantage for detecting smaller 
effects or compensating for unequal sample sizes. 
Another limitation of the study is that no other peri-
odontal indices were collected. On the other hand, it 
would have been useful to assess the reduction in GB 
midway through the study in order to redefine the 
duration of prescription and/or use. Similarly, the 
result of the “evolution of GB” test is a clinical crite-
rion for evaluating the efficacy of MWs, but the assess-
ment of the subjects’ perception of the MW assigned 
by randomization by means of a satisfaction ques-
tionnaire would have provided additional information 
for prescribing or recommending them, especially 
between the CX and P groups.

Conclusion
The results of our study demonstrated the positive 
effect of the natural MW (group P) and the MW con-
taining CHX  0.09% with natural components (group 
CX) on the reduction of GB, compared with the con-
trol MW containing CHX 0.12% (group C), in healthy 
adults with plaque-induced gingivitis.

In patients with severe gingivitis, it is recommended 
first to use natural MW (group P), then the MW with 
CHX 0.09% in combination with natural compo-
nents (CX), compared to the control group (C).
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On the other hand, in patients with moderate gingi-
vitis, P and CX can be advisable, even if no definitive 
recommendations can be drawn. In addition to the use 
of MWs, biofilm disorganization on accessible dental 
surfaces and in interdental spaces is a necessary mea-
sure to control and reduce plaque-induced gingivitis. 
Further studies are needed to investigate the behaviour 
of MWs in balancing the oral microbiome, promoting 
symbiosis or causing dysbiosis, and to improve our 
understanding of the efficacy of both natural and non-
natural components.
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