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Abstract: Objectives: The aim of this six-month randomized controlled study was to
evaluate the efficacy of a non-surgical periodontal treatment combined with the use of an
active gel compared to a non-surgical treatment alone in reducing inflammatory indices
in periodontal patients with Down syndrome. Methods: A total of 40 patients were
included in the study, 20 of which were assigned to the active group and 20 to the control
group. The active group underwent non-surgical periodontal treatment supplemented
by daily home application of an intensive soothing gel containing probiotics. The control
group received non-surgical periodontal treatment combined with the application of a
gel without active ingredients. The following clinical indices were assessed: Bleeding on
Probing (BOP %), Plaque Control Record (PCR %), Mobility (Miller Index), and Modified
Marginal Gingival Index (MGI). Measurements were taken at baseline (T0), one month
after treatment initiation (T1), after three months (T2), and after six months (T3). The
patient compliance was evaluated at each visit, and product satisfaction was assessed
through a questionnaire using a Visual Analogue Scale (VAS). Results: By the end of the
study, statistically significant improvements were observed in both the groups from T0
to T3 evaluation (p < 0.05). The BOP score was significantly lower in the Trial group
at the T3 intergroup evaluation (p < 0.05). Conclusions: A soothing gel with postbiotic
and natural compounds was a valuable adjunct to non-surgical periodontal treatment to
improve periodontal health in patients with Down syndrome, reducing BOP after 6 months
of treatment.
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1. Introduction

According to the World Health Organization (WHO), the global incidence of Down
syndrome (DS) is between 1 in 1000 and 1 in 1100 live births [1]. In Italy, the incidence is
about 1 in 1200 live births, with an estimated 500 new cases per year and a total prevalence
of about 38,000 affected individuals [2].

Individuals with DS are predisposed to a wide range of medical conditions, including
neuropsychiatric disorders such as early onset dementia and autism spectrum disorders,
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congenital gastrointestinal anomalies, endocrine disorders such as hypothyroidism and
diabetes mellitus, autoimmune diseases, congenital heart defects, obesity, osteoporosis,
celiac disease, sleep apnea, and childhood leukemia [3].

Distinctive phenotypic features and orofacial anomalies are also frequently observed,
including generalized muscle hypotonia; joint laxity; brachycephaly; a rounded face;
upslanted palpebral fissures; dental anomalies affecting number, shape, and develop-
ment; a high-arched palate; macroglossia with lip incompetence; and geographical and
fissured tongue [4,5]. Anatomical, immunological, and physiological differences, combined
with a reduced ability to manage the bacterial biofilm, increase the susceptibility of indi-
viduals with DS to periodontal disease, with a generally worse prognosis than non-DS
individuals [6,7].

The progression of periodontitis in DS patients is linked to defects in innate immune
responses, including reduced neutrophil chemotaxis and phagocytosis, and possibly a
shortened neutrophil half-life [8]. These immune deficiencies impair the body’s natural
defense mechanisms, limiting its ability to effectively counteract bacterial biofilm and
contributing to the rapid progression of periodontal tissue destruction. Moreover, the
altered inflammatory response seen in individuals with Down syndrome often leads to a
chronic state of low-grade systemic inflammation, which may further exacerbate periodon-
tal tissue breakdown and delay healing processes following treatment [8,9]. In addition to
these biological challenges, environmental and social determinants also play a crucial role.
Institutionalization, for example, has been associated with a negative impact on oral health,
and particularly on the number of remaining teeth in individuals with Down syndrome.
This can be attributed to multiple factors, including reduced access to routine dental care,
insufficient resources for maintaining oral hygiene, and the lack of individualized care
plans tailored to the specific needs of these patients. Furthermore, institutionalized settings
may not always prioritize preventive dental interventions, leading to the increased accu-
mulation of dental plaque, higher rates of periodontal disease progression, and ultimately,
tooth loss [10]. These findings highlight the necessity of targeted oral health programs and
comprehensive care strategies to address the unique challenges faced by institutionalized
individuals with Down syndrome.

Additional factors negatively influencing periodontal health in DS patients include
limited manual dexterity, a reduced understanding of oral hygiene procedures, and limited
access to dental care [6,11]. Consequently, the bacterial plaque levels are generally high,
while the prevalence of dental caries is paradoxically lower than in the general popula-
tion [12,13]. The management of oral hygiene in these patients heavily relies on family
members and caregivers, who play a crucial role in ensuring adequate biofilm control [14].

Standard therapeutic protocols include daily plaque control through assisted brushing,
scaling, and root planing, with or without the use of local or systemic antibiotics or chlorhex-
idine [15]. However, conventional therapeutic approaches often yield unsatisfactory results
in DS patients, underscoring the need for more tailored strategies [16,17]. However, it is
crucial to consider that the prolonged use of chlorhexidine, while effective in controlling
dental plaque and reducing gingival inflammation, must be carefully evaluated. Its ex-
tended application can lead to dysbiosis of the oral microbiome by selectively eliminating
certain bacterial species and promoting the proliferation of others that may be potentially
pathogenic [18]. Moreover, the use of antibiotics carries the risk of bacterial resistance and
alterations in the oral microbiota [19]. Antibiotic-induced microbiota changes can persist
for months or even years, compromising immune homeostasis and increasing the risk of
recurrent infections [20]. In light of these challenges, there is growing interest in alternative
solutions that can modulate the oral microbiota safely and effectively, such as prebiotics,
probiotics, and postbiotics [21].
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Postbiotics, unlike probiotics, are non-viable microbial products or metabolic byprod-
ucts of probiotic microorganisms. They are derived from the bioactive compounds that
probiotics produce during their metabolism, including enzymes, peptides, polysaccharides,
short-chain fatty acids, cell wall fragments, and other metabolites. These bioactive sub-
stances exert beneficial effects on the host’s health through mechanisms such as modulating
the immune response, enhancing gut barrier function, and exerting anti-inflammatory or
antioxidant properties [22,23].

A key advantage of postbiotics is that they provide similar clinical benefits to probiotics
without containing live microorganisms, thereby eliminating the risks associated with
administering live bacteria, especially in immunocompromised or critically ill individuals.
Unlike probiotics, postbiotics do not carry the potential for infections, such as sepsis, or
the risk of bacterial translocation, which has been a concern in high-risk populations [22].
While the clinical efficacy of probiotics is well documented in numerous studies, including
their role in restoring the gut microbiota balance, preventing gastrointestinal infections, and
modulating immune function, the occurrence of adverse events in vulnerable patients has
prompted interest in safer alternatives. Postbiotics present a promising solution, offering
the therapeutic benefits of probiotics while mitigating the associated risks, thus broadening
their potential application in clinical and healthcare settings [23,24].

Postbiotics, therefore, represent a promising alternative, with immunomodulatory
and anti-inflammatory effects that could improve the management of periodontitis in DS
patients [25,26].

Due to the limited availability of scientific studies investigating the efficacy of postbi-
otics in the treatment of periodontitis in this population, the present randomized controlled
study aims to evaluate the efficacy of a postbiotic-based gel compared to a placebo gel. The
first null hypothesis of the study was that there were no significant intergroup differences
regarding Bleeding on Probing (BOP) primary outcomes. The second null hypothesis
was that there were no significant intergroup differences for all the secondary outcomes
of the study.

2. Materials and Methods
2.1. Study Design

This study was a randomized, placebo-controlled trial, authorized by the Intercom-
pany Ethics Committee of A.O.U. Citta della Salute e della Scienza di Torino—A.O. Ordine
Mauriziano—A.S.L. “Citta di Torino” (CE 564/2022). The trial protocol has been registered
on clinicaltrials.gov (NCT: NCT06293911).

2.2. Participants

The study population consisted of patients with Down syndrome. The trial was
conducted at the Odontostomatology Unit of the Azienda Ospedaliera Ordine Mauriziano
of Turin. Inclusion criteria were as follows: patients with Down syndrome, non-bedridden
(including edentulous patients), aged between 18 and 70 years, presenting with gingival
inflammation characterized by marginal edema, erythema, Bleeding on Probing (BoP), and
clinical signs of inflammation, as defined by the 2017 World Workshop classification of
periodontal diseases. Informed written consent was obtained from the participants or their
legal guardians before enrollment in the study. Exclusion criteria were as follows: patients
with cardiac pacemakers, individuals undergoing oncological treatment, those who had
received bisphosphonates within the last 12 months, and patients with lifestyle factors
incompatible with the study protocol (e.g., substance abuse or alcohol dependency).


clinicaltrials.gov
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2.3. Intervention and Outcomes

At baseline (T0), after obtaining informed consent, patients underwent clinical peri-
odontal examination. The following clinical indices were assessed by a calibrated operator
using a UNC 15 periodontal probe (Hu-Friedy, Chicago, IL, USA): BoP, Bleeding on Probing
(percentage of sites exhibiting bleeding following periodontal probing) [27]; PCR, Plaque
Control Record (percentage of tooth surfaces with visible plaque accumulation) [28]; MGI,
Modified Gingival Index (qualitative assessment of gingival inflammation based on visual
inspection) [29]; Mobility (assessed with Miller Index) [30].

All patients received initial non-surgical periodontal therapy, consisting of supra- and
subgingival debridement using a periopolishing system with glycine powder to reduce
microbial biofilm and eliminate etiological factors (Combi Touch, Mectron S.p.A., Carasco,
GE, Italy). Following this, participants were randomly assigned to one of the two treatment
groups: Group 1 (Trial group) applied a gingival gel with postbiotics once daily on gingival
tissues until the next scheduled follow-up; Group 2 (control group) applied a placebo gel
with no active ingredients, following the same protocol (placebo gel, Coswell S.p.A., Funo
di Argelato, BO, Italy) (Table 1).

Table 1. Products tested in the study.

Gel Manufacturer Composition

Aqua, Propylene Glycol, Peg-40
Hydrogenated Castor Oil, Xylitol,
Xanthan Gum, Silica, Zinc
Hydroxyapatite, Zinc PCA, Aloe
Barbadensis Leaf Juice Powder,
Lactobacillus Ferment, Sodium
Hyaluronate, Lactoferrin, Solidago
Virgaurea Extract, Aroma, Sodium
Benzoate, Phenylpropanol, Benzyl
Alcohol, Hydroxyacetophenone, Sodium
Saccharin, O-Cymen-5-ol, Mannitol,
Decylene, Glycol, Sodium Myristoyl
Sarcosinate, Sodium Methyl Cocoyl
Taurate, Citric Acid, Potassium Sorbate,
Phenoxyethanol, Linalool, Benzyl
Benzoate, Limonene.

Biorepair Plus Coswell S.p.A.,
Parodontgel Funo di Argelato,
Intensive BO, Italy

Aqua, Propylene Glycol, Peg-40
Hydrogenated Castor Oil, Xanthan Gum,
Silica, Aroma, Sodium Benzoate,
Phenylpropanol, Benzyl Alcohol,

Coswell S.p.A., Hydroxyacetophenone, Sodium

Placebo gel Funo di Argelato, Saccharin, O-Cymen-5-ol, Mannitol,

BO, Italy Decylene, Glycol, Sodium Myristoyl
Sarcosinate, Sodium Methyl Cocoyl
Taurate, Citric Acid, Potassium Sorbate,
Phenoxyethanol, Linalool, Benzyl
Benzoate, Limonene.

The two gels under examination have similar compositions but differ in some active
ingredients that may influence their effectiveness, like Xylitol, Zinc Hydroxyapatite, Zinc
PCA, Aloe Barbadensis Leaf Juice Powder, Lactobacillus Ferment, Sodium Hyaluronate,
Lactoferrin, and Solidago Virgaurea Extract.

Both formulations contain Xanthan Gum and Silica, which act as stabilizers and
mild abrasive agents. However, the second gel includes active ingredients such as Zinc
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Hydroxyapatite and Lactoferrin, which help strengthen tooth enamel and fight pathogenic
bacteria. Sodium Hyaluronate and Aloe Barbadensis Leaf Juice Powder are present in
both gels and are known for their hydrating and soothing properties. Additionally, the
second gel also contains Lactobacillus Ferment, which promotes an environment favorable
to oral microbiota.

These differences in active components can lead to variations in the effectiveness of
the gels, but also in their potential side effects. For instance, ingredients such as Aroma,
Linalool, and Limonene present in both formulations may cause irritation or allergic
reactions in sensitive individuals [31], while preservatives like Phenoxyethanol and Sodium
Benzoate could cause discomfort to the oral mucosa [32].

The first follow-up visit (T1) was conducted one month after the initial treatment,
during which periodontal indices were reassessed, and additional periopolishing with
glycine powder was performed on any persistently inflamed sites. Subsequent evaluations
were conducted at 3 months (T2) and 6 months (T3) post-treatment. At each follow-up, the
same clinical parameters were recorded, while professional oral hygiene treatment was
repeated only at the T2 and T3 visits.

Additionally, patient compliance was assessed through a Visual Analogue Scale (VAS),
focusing on adherence to the prescribed regimen, any lifestyle modifications, and punctual-
ity in attending scheduled follow-up: scores from 0 to 2 indicated poor compliance, scores
from 3 to 5 indicated sufficient compliance, scores from 6 to 8 indicated good compliance,
and scores from 9 to 10 indicated excellent compliance. Product satisfaction was evaluated
using the same scale, analyzing attributes such as taste, odor, texture, persistence, and ease
of application. The evaluation scale assigned the following ratings: 0 for insufficient, 1 to 3
for sufficient, 4 to 6 for good, 7 to 9 for very good, and 10 for excellent.

2.4. Randomization

A data analyst used a block randomization table to generate a sequence, applying a
permuted block of 40 patients in accordance with the study design. The Trial treatment was
randomly assigned to one patient, while the subsequent patient was assigned to the Control
treatment. To maintain allocation concealment, opaque, sealed envelopes were prepared
in advance and sequentially numbered (SNOSE). Subsequently, a designated operator
performed the procedures and collected the required index data. To maintain blinding,
both the patients and the data analyst were blinded to the treatment allocation, and the
two gels for home oral hygiene were appropriately masked. The gels were differentiated
by distinct colors, and written instructions were provided on the packaging to minimize
errors and ensure adherence to the split-mouth protocol.

2.5. Sample Size

The sample size was calculated with an alpha of 0.05 and a power of 85% for two inde-
pendent study groups. The primary continuous endpoint, Bleeding on Probing (primary
outcome), was hypothesized to have a mean of 41, with an expected mean difference of 19
and a standard deviation of 20 [33]. Based on these parameters, 20 patients per group were
required for the study.

2.6. Statistical Analysis

Data analysis was performed at the Experimental Testing Laboratory of the Unit of
Orthodontics and Pediatric Dentistry, Department of Clinical-Surgical, Diagnostic, and Pedi-
atric Sciences, University of Pavia. Statistical evaluation was performed using R software (R
version 3.1.3, R Development Core Team, R Foundation for Statistical Computing, Vienna,
Austria). Descriptive statistics were calculated for each variable, including mean, standard
deviation, median, and minimum and maximum values for both treatment groups.
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The normality of data distribution was assessed using the Kolmogorov-Smirnov test.
Subsequently, the Friedman test followed by Dunn’s post hoc test for multiple comparisons
were performed. Statistical significance was set at p < 0.05 for all the tests.

3. Results
3.1. Baseline Demographic Data and Flow Chart Participants

A total of 40 patients (22 males and 18 females) met the inclusion criteria, provided
informed consent, and received the assigned interventions. The study started in March 2024
and ended in December 2024. All of the enrolled patients were included in the final analysis
without any exclusions (Figure 1). Their demographic baseline data are shown in Table 2.

| Patients assessed for elegibility (n=40) |

Excluded (n=0)

o Not meeting inclusion
criteria (n=0)

¢ Declined to partecipate
(n=0)

¢ Other reasons (n=0)

Patients randomized (n=40)

Allocation
Patients allocated to postbiotics treatment Patients allocated to placebo treatment (n=20)
(n=20) *  Received allocated intervention (n=20)
©  Received allocated intervention (n=20) «  Did not receive allocated intervention
«  Did not receive allocated intervention (n=0)
(n=0)
l Follow-u; I
L P
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
l A lysi l
L - Y
Analysed (n=20) Analysed (n=20)
o Excluded from analysis (n=0) «  Excluded from analysis (n=0)

Figure 1. CONSORT flow chart of the study showing enrollment and allocation procedures.

Table 2. Demographic data of the study sample.

Patients Sex n (%) Mean Age (SD)
Total Males 22 (55.00%) 31.73 (8.74)
Females 18 (45.00%) 29.28 (9.17)
Trial Males 11 (27.5%) 32.82 (7.41)
Females 9 (22.5%) 30.11 (7.9)
Control Males 11 (27.5%) 30.64 (10.14)
Females 9 (22.5%) 29.28 (9.17)

Legend: n, number of patients; SD, standard deviation.

The results of the multiple comparisons from the inferential statistics are presented
using a letter-based presentation, in which means presenting the same letters do not present
significant differences [34].

3.2. Bleeding on Probing

The Bleeding on Probing in the Trial group significantly improved from T0 to both
T2 and T3 (p < 0.05), while no significant change was noted between T0 and T1 (p > 0.05).
In contrast, the control group showed no significant changes in BOP during any of the
follow-up visits (p > 0.05). A significant difference between the groups was observed at T3
(p < 0.05) (Table 3).
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Table 3. BOP scores.
Group Time Mean St Dev Min Median Max Significance *
Trial T0 54.95 28.96 7.00 52.00 100.00 A
T1 31.70 19.75 2.00 34.50 70.00 A, B
T2 25.05 14.86 4.00 28.50 55.00 B,C
T3 25.35 11.94 5.00 27.00 50.00 C
Control T0 49.65 28.60 10.00 45.50 100.00 A
T1 40.55 27.46 2.00 37.50 87.00 A,B
T2 40.10 24.52 0.00 33.00 85.00 A,B
T3 35.90 23.86 4.00 30.00 90.00 A,B
* Means with the same letter are not significantly different (p > 0.05).
3.3. Plaque Control Record
The mean Plaque Control Record (PCR) in the Trial group significantly decreased
from between the TO and T2 (p < 0.05) to TO and T3 (p < 0.05) comparisons, whereas no
statistically significant difference was detected between T0 and T1 (p > 0.05). In the control
group, no significant changes in the PCR were observed across the various follow-ups.
Likewise, no statistically significant differences between the groups were observed at any
time point (Table 4).
Table 4. PCR scores.
Group Time Mean St Dev Min Median Max Significance *
Trial T0 79.00 22.93 35.00 87.50 100.00 A
T1 60.05 17.69 22.00 63.00 100.00 A,B
T2 58.65 19.56 20.00 62.50 87.00 B
T3 56.65 23.82 20.00 60.00 100.00 B
Control T0 79.65 18.54 50.00 80.50 100.00 A
T1 69.75 23.84 30.00 65.00 100.00 A,B
T2 69.5 22.64 32.00 61.00 100.00 A B
T3 66.00 26.24 12.00 61.50 100.00 A,B
* Means with the same letter are not significantly different (p > 0.05).
3.4. Modified Gingival Index
The mean Modified Gingival Index (MGI) score in the Trial group underwent signifi-
cant improvements at all follow-up visits (T1, T2, and T3) compared to baseline (p < 0.05). In
contrast, the control group showed no significant changes in the MGI across the follow-up
periods (p > 0.05), and no significant intergroup differences were found (p > 0.05) Table 5.
Table 5. MGI scores.
Group Time Mean St Dev Min Median Max Significance *
Trial T0 2.44 0.60 1.00 2.40 3.00 A
T1 1.51 0.53 1.00 1.5 2.20 B,C
T2 1.25 0.72 0.00 1.00 2.00 C
T3 1.16 0.69 0.00 1.00 2.00 C
Control T0 2.05 0.69 1.00 2.00 3.00 A,B
T1 1.65 0.88 0.00 2.00 3.00 B,C
T2 1.85 0.67 1.00 2.00 3.00 A C
T3 1.80 0.70 1.00 2.00 3.00 A C

* Means with the same letter are not significantly different (p > 0.05).
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3.5. Miller Mobility

In the Miller Mobility Index score, instead, no significant intergroup or intragroup
differences were found at any time frames (p > 0.05) (Table 6).

Table 6. Mobility Index scores.

Group Time Mean St Dev Min Median Max Significance *
Trial T0 0.55 0.76 0.00 0.00 2.00 A
T1 0.40 0.50 0.00 0.00 1.00 A
T2 0.35 0.49 0.00 0.00 1.00 A
T3 0.15 0.37 0.00 0.00 1.00 A
Control T0 0.50 0.76 0.00 0.00 2.00 A
T1 0.50 0.76 0.00 0.00 2.00 A
T2 0.50 0.76 0.00 0.00 2.00 A
T3 0.45 0.69 0.00 0.00 2.00 A

* Means with the same letter are not significantly different (p > 0.05).

3.6. Patient Compliance

The mean Visual Analogue Scale (VAS) score for patient compliance resulted in a
significant improvement from TO to T3 in the Trial group (p < 0.05), whereas no significant
changes were recorded in the control group throughout the follow-up visits (p > 0.05)
(Table 7).

Table 7. VAS scores.

Group Time Mean St Dev Min Median Max Significance *
Trial T0 5.75 2.83 2.00 5.00 10.00 A
T1 4.55 2.35 2.00 4.00 10.00 A,B
T2 4.00 2.20 1.00 4.00 8.00 A,B
T3 3.60 2.11 0.00 3.50 8.00 B
Control T0 5.75 3.16 0.00 5.50 10.00 A
T1 5.35 2.89 0.00 5.50 10.00 A, B
T2 5.40 2.96 0.00 6.00 10.00 A,B
T3 5.40 2.85 0.00 5.50 10.00 A, B

~

* Means with the same letter are not significantly different (p > 0.05).

3.7. Patient Satisfaction

Regarding the score for the satisfaction with the products, no significant difference
between the two groups was found (p > 0.05) (Figure 2).

Questionnaire
10

T
Trial T1 Control T1

Groups

Figure 2. Satisfaction scale scores.
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3.8. Harms

No harm or unintended effects were reported in the two study groups.

4. Discussion

DS is associated with numerous health issues, including intellectual disabilities and
various medical conditions such as heart diseases, gastrointestinal disorders, diabetes,
obesity, and endocrine abnormalities [35]. Among these, an increased predisposition to
developing periodontal diseases has been observed [5], a condition exacerbated by anatom-
ical and systemic factors such as compromised immune response, as well as behavioral
factors [9]. Additionally, other conditions like malocclusions and obstructive sleep apnea
have been linked to alterations in the host’s oral microbiome eubiosis [36].

The standard treatment for periodontitis in patients with DS is scaling and root
planing (SRP). Several studies have documented the effectiveness of this therapy
when combined with chlorhexidine, administered as a mouthwash or gel in various
concentrations [15,37,38].

Other studies have investigated the use of antibiotics, such as amoxicillin and metron-
idazole, as adjuncts to subgingival debridement, highlighting their efficacy in reducing
inflammatory indices and periodontal pocket depths [39-41]. Nevertheless, further studies
are required to consolidate these findings.

The prolonged use of chlorhexidine and antibiotics, particularly in high-risk patients,
must be carefully evaluated as it may lead to dysbiosis, the proliferation of potentially
pathogenic bacterial species, and antimicrobial resistance [18]. As a result, these thera-
pies are less suitable for patients with DS, in whom periodontitis is characterized by a
cycle of compensation and amplification of the inflammatory response, leading to chronic
and persistent inflammation. Therefore, a therapeutic approach that promotes long-term
periodontal health in these patients is essential.

An alternative approach to modulating the oral microbiota in periodontal patients
involves the use of probiotics. A systematic review on the efficacy of probiotics as an
adjunct to non-surgical periodontal therapy revealed a positive clinical effect on several
parameters, including the probing pocket depth (PPD), clinical attachment level (CAL),
Bleeding on Probing (BoP), and plaque index (PI), in the short term (up to 3 months).
However, the wash-out effect of probiotics observed after 6 months limits their long-term
efficacy [42].

Periodontitis is a chronic inflammatory condition that leads to the progressive de-
struction of the tissues supporting teeth, often associated with microbial imbalances in the
oral cavity. Treatments aim to restore microbial harmony by reducing the population of
key pathogens such as Aggregatibacter actinomycetemcomitans (Aa), a bacterium commonly
linked to aggressive forms of the disease. Given the challenges posed by resistance to
traditional antimicrobials, alternative strategies involving beneficial microbes and their
byproducts, known as postbiotics, have gained traction as innovative approaches to man-
aging periodontal disease [43].

Preliminary investigations have demonstrated that cell-free supernatants (CFSs) de-
rived from specific Lactobacillus strains, including L. rhamnosus Lr32, L. rhamnosus HN001,
L. acidophilus LA5, and L. acidophilus NCFM, can suppress Aa biofilm formation and partially
reduce the number of viable bacteria. These supernatants also modulate the expression of
virulence genes such as cdtB and 1txA, with LA5 and Lr32 showing particularly notable ef-
fects [43]. Similarly, postbiotic metabolites (PMs) derived from Lactiplantibacillus plantarum
PD18, selected from 139 isolates, exhibited strong inhibitory activity against pathogens like
Streptococcus mutans, Porphyromonas gingivalis, Tannerella forsythia, and Prevotella loescheii.
The PD18 PM achieved significant biofilm reduction—92.95% for S. mutans and 89.68%
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for P. gingivalis—with minimal inhibitory concentrations (MICs) ranging from 1:2 to 1:4.
These results suggest that postbiotic compounds could serve as effective natural adjuncts
for preventing biofilm-associated infections [44].

In previous research, 30 patients undergoing scaling and root planing were divided
into two groups for home treatment: one group used a gel containing postbiotic com-
pounds, while the other used a chlorhexidine-based gel. Both treatments significantly
improved clinical parameters such as the probing pocket depth, Bleeding on Probing, and
Plaque Control Record over six months, though no major differences emerged between the
groups. These findings reinforce the potential of postbiotics in reducing pathogen virulence,
controlling inflammation, and supporting periodontal health. However, further studies are
needed to refine their use and identify the precise mechanisms driving their therapeutic
effects [45].

The use of postbiotics in this research was motivated by the need to modulate the
oral microbiome safely and effectively, particularly in patients with DS, who are at higher
risk for complications. Postbiotics, derived from microbial metabolites produced during
fermentation or cell lysis, do not contain live microorganisms and offer benefits to the
host without the risks associated with probiotics, such as bacteremia or fungemia [26].
Furthermore, through mechanisms such as the production of organic acids and bacteriocins,
postbiotics exhibit significant antimicrobial activity, creating an environment unfavorable
for pathogenic bacterial growth [46]. These properties make them a promising adjunct in
periodontal therapy for managing gingival inflammation in patients with DS. Indeed, this
clinical study clearly demonstrates that the use of a gel containing postbiotics is effective in
significantly reducing Bleeding on Probing in patients undergoing non-surgical periodontal
treatment. This positive effect can be attributed to the beneficial action of postbiotics, which
help improve the health of oral bacterial flora and modulate the inflammatory response in
periodontal tissues [43,45]. The results suggest that the use of this formulation can provide
valuable support in periodontal therapies, improving patient management and promoting
more effective healing.

Moreover, high patient compliance was observed, a crucial and determining factor for
the success of non-surgical periodontal therapy. The patient’s cooperation in following the
professional’s instructions, including the regular application of the gel and the adoption
of proper at-home oral hygiene practices, played a fundamental role in achieving the
therapeutic goals. This finding underscores the importance of educating patients about the
value of their active participation in treatment, a key element for maintaining the benefits
achieved over the long term and preventing the recurrence of periodontal disease [47].

The first null hypothesis was rejected, as significantly lower BOP scores were found in
the Trial group (p < 0.05) at the T3 evaluation.

The second null hypothesis, instead, was accepted, as no significant intergroup differ-
ences were found between the two groups in any time frame.

However, a tendency in both the groups to a significant intragroup decrease was
found, highlighting the positive effect of non-surgical periodontal debridement.

An essential factor for treatment success is communication with the parents and legal
guardians of patients. This requires a clear understanding of the recommended procedures
and a commitment to integrating these practices into daily routines. However, long-term
compliance is often hindered by motor and cognitive limitations, as well as the presence
of early-onset dementia, which further compromises cooperation and adherence to the
treatment plan. These challenges can be particularly pronounced in cases where additional
support systems are lacking, creating a cycle that further complicates effective treatment
adherence. Additionally, limited access to dental care represents a significant issue, with
one study reporting that only 69.2% of dentists regularly treat patients with disabilities [9].
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It is therefore imperative to develop personalized care plans that address the specific
needs of each patient and promote an inclusive and empathetic approach. Regular visits
and effective communication not only enhance therapeutic outcomes but also contribute
to building a trust-based relationship between the healthcare professional and the patient,
which is essential for maintaining long-term results.

The limitations of this study should be considered when interpreting the findings.
Additionally, the study was conducted at a single center, which may restrict the applicability
of the findings to other settings with different demographic or clinical characteristics. The
follow-up duration, while sufficient to observe short-term changes, does not account for
long-term outcomes or the sustainability of the intervention’s effects. Furthermore, the
reliance on visual indices introduces potential observer bias, despite the calibration efforts
for assessment consistency. Lastly, the compliance of the patients cannot be assessed at all
for home treatment.

Future studies with extended follow-up periods are needed to validate these find-
ings and explore the long-term efficacy and safety of postbiotic-based therapies in
this population.

5. Conclusions

The results of this randomized, placebo-controlled study demonstrated that the daily
application of an intensive soothing gel containing postbiotics and natural ingredients
significantly improved the periodontal health of individuals with DS. Specifically, a notable
reduction in the BOP index was observed after 6 months of consistent home treatment.
These findings highlight the potential of incorporating such innovative formulations into
routine oral care for individuals with DS, offering a promising strategy to address the
unique periodontal challenges faced by this population. Furthermore, the use of natural
ingredients and postbiotics underscores the growing importance of safe, effective, and
accessible interventions in enhancing overall oral health.

Author Contributions: Conceptualization, A.S., PA., and A.B.; methodology, PFE, S.C., and S.B.;
software, M.P; validation, A.S., P.A., and A.B.; formal analysis, M.P,; investigation, B.A.; resources,
PF,S.C., and S.B.; data curation, M.P.; writing—original draft preparation, C.M.; writing—review
and editing, C.M., B.A., and A.B,; visualization, PF,, S.C., and S.B.; supervision, A.S., PA., and A.B.;
project administration, A.S., PA., and A.B. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by Ethics Committee A.O.U. Citta della Salute e della Scienza di Torino—
A.O. Ordine Mauriziano—A.S.L. “Citta di Torino” (approval number: CE 564 /2022 — approval date:
17 January 2023).

Informed Consent Statement: Informed consent was obtained from the subjects or legal guardians
involved in this study.

Data Availability Statement: Data are available upon reasonable request to the corresponding
authors.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Chen, L; Wang, L.; Wang, Y.; Hu, H.; Zhan, Y.; Zeng, Z.; Liu, L. Global, Regional, and National Burden and Trends of Down
Syndrome From 1990 to 2019. Front. Genet. 2022, 13, 908482. [CrossRef] [PubMed]

2. Quotidiano Sanita. Available online: https:/ /www.quotidianosanita.it/scienza-e-farmaci/articolo.php?approfondimento_id=10
731 (accessed on 1 December 2024).


https://doi.org/10.3389/fgene.2022.908482
https://www.ncbi.nlm.nih.gov/pubmed/35910218
https://www.quotidianosanita.it/scienza-e-farmaci/articolo.php?approfondimento_id=10731
https://www.quotidianosanita.it/scienza-e-farmaci/articolo.php?approfondimento_id=10731

Dent. |. 2025, 13, 62 12 0f 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Antonarakis, S.E.; Skotko, B.G.; Rafii, M.S,; Strydom, A.; Pape, S.E.; Bianchi, D.W.; Sherman, S.L.; Reeves, R.H. Down syndrome.
Nat. Rev. Dis. Primers 2020, 6, 9. [CrossRef] [PubMed]

Khurana, S.; Khalifa, A.R.; Rezallah, N.N.; Lozanoff, S.; Abdelkarim, A.Z. Craniofacial and Airway Morphology in Down
Syndrome: A Cone Beam Computed Tomography Case Series Evaluation. J. Clin. Med. 2024, 13, 3908. [CrossRef] [PubMed]
Contaldo, M.; Santoro, R.; Romano, A.; Loffredo, F.; Di Stasio, D.; Della Vella, F; Scivetti, M.; Petruzzi, M.; Serpico, R.; Lucchese,
A. Oral Manifestations in Children and Young Adults with Down Syndrome: A Systematic Review of the Literature. Appl. Sci.
2021, 11, 5408. [CrossRef]

Goud, E.VS.S,; Gulati, S.; Agrawal, A.; Pani, P.; Nishant, K.; Pattnaik, S.J.; Gupta, S. Implications of Down’s syndrome on oral
health status in patients: A prevalence-based study. J. Fam. Med. Prim. Care 2021, 10, 4247-4252. [CrossRef] [PubMed]

Willis, J.R.; Iraola-Guzman, S.; Saus, E.; Ksiezopolska, E.; Cozzuto, L.; Bejarano, L.A.; Andreu-Somavilla, N.; Alloza-Trabado, M.;
Puig-Sola, A.; Blanco, A.; et al. Oral microbiome in down syndrome and its implications on oral health. J. Oral Microbiol. 2020, 13,
1865690. [CrossRef] [PubMed]

Cheng, RH.W.; Wang, M.; Tong, WM.; Gao, W.; Watt, R.M.; Leung, W.K. Subgingival microbial changes in Down Syndrome
adults with periodontitis after chlorhexidine adjunct non-surgical therapy and monthly recalls—A 12-month case series study. J.
Dent. 2024, 143, 104907. [CrossRef] [PubMed]

Scalioni, FA.R.; Carrada, C.E; Martins, C.C.; Ribeiro, R.A.; Paiva, S.M. Periodontal disease in patients with Down syndrome: A
systematic review. J. Am. Dent. Assoc. 2018, 149, 628-639.e11. [CrossRef] [PubMed]

Zizzi, A.; Piemontese, M.; Gesuita, R.; Nori, A.; Berlin, R.S.; Rocchetti, R.; Carle, F.; Rubini, C.; Aspriello, S.D. Periodontal status in
the Down’s syndrome subjects living in central-eastern Italy: The effects of place of living. Int. . Dent. Hyg. 2014, 12, 193-198.
[CrossRef] [PubMed]

Zahran, S.S.; Bhadila, G.Y.; Alasiri, S.A.; Alkhashrami, A.A.; Alaki, S.M. Access to dental care for children with special health care
needs: A cross-sectional community survey within Jeddah, Saudi Arabia. J. Clin. Pediatr. Dent. 2023, 47, 50-57. [PubMed]

Deps, T.D.; Angelo, G.L.; Martins, C.C.; Paiva, S.M.; Pordeus, I.A.; Borges-Oliveira, A.C. Association between Dental Caries and
Down Syndrome: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0127484. [CrossRef] [PubMed]

Mathias, M.F.; Simionato, M.R.; Guaré, R.O. Some factors associated with dental caries in the primary dentition of children with
Down syndrome. Eur. J. Paediatr. Dent. 2011, 12, 37-42. [PubMed]

Waldron, C.; Nunn, J.; Mac Giolla Phadraig, C.; Comiskey, C.; Guerin, S.; van Harten, M.T.; Donnelly-Swift, E.; Clarke, M.].
Oral hygiene interventions for people with intellectual disabilities. Cochrane Database Syst. Rev. 2019, 5, CD012628. [CrossRef]
[PubMed]

Ferreira, R.; Michel, R.C.; Greghi, S.L.; Resende, M.L.; Sant’Ana, A.C.; Damante, C.A.; Zangrando, M.S. Prevention and Periodontal
Treatment in Down Syndrome Patients: A Systematic Review. PLoS ONE 2016, 11, e0158339. [CrossRef]

Ghaffarpour, M.; Karami-Zarandi, M.; Rahdar, H.A; Feyisa, S.G.; Taki, E. Periodontal disease in down syndrome: Predisposing
factors and potential non-surgical therapeutic approaches. J. Clin. Lab. Anal. 2024, 38, €25002. [CrossRef]

Yehia, Z.; Silbereisen, A.; Koletsi, D.; Arabzadehtousi, M.; Tsilingaridis, G.; Bostanci, N. Efficacy of periodontal treatment
modalities in Down syndrome patients: A systematic review and meta-analysis. Evid. Based Dent. 2024, 25, 213-214. [CrossRef]
Brookes, Z.; Teoh, L.; Cieplik, F.; Kumar, P. Mouthwash Effects on the Oral Microbiome: Are They Good, Bad, or Balanced? Int.
Dent. J. 2023, 73, S74-S81. [CrossRef]

Bessa, L.J.; Botelho, J.; Machado, V.; Alves, R.; Mendes, ].J. Managing Oral Health in the Context of Antimicrobial Resistance. Int.
J. Environ. Res. Public Health 2022, 19, 16448. [CrossRef] [PubMed]

de Nies, L.; Kobras, C.M.; Stracy, M. Antibiotic-induced collateral damage to the microbiota and associated infections. Nat. Rev.
Microbiol. 2021, 21, 789-804. [CrossRef] [PubMed]

Kumar, A.; Green, K.M.; Rawat, M. A Comprehensive Overview of Postbiotics with a Special Focus on Discovery Techniques and
Clinical Applications. Foods 2024, 13, 2937. [CrossRef]

Z6tkiewicz, J.; Marzec, A.; Ruszczyniski, M.; Feleszko, W. Postbiotics—A Step Beyond Pre- and Probiotics. Nutrients 2020, 12, 2189.
[CrossRef]

Liong, M.T. Safety of probiotics: Translocation and infection. Nutr. Rev. 2008, 66, 192-202. [CrossRef] [PubMed]

Ji,J.; Jin, W.; Liu, S.J.; Jiao, Z.; Li, X. Probiotics, prebiotics, and postbiotics in health and disease. MedComm 2023, 4, e420. [CrossRef]
Butera, A.; Pascadopoli, M.; Nardi, M.G.; Ogliari, C.; Chiesa, A.; Preda, C.; Perego, G.; Scribante, A. Clinical Use of Paraprobiotics
for Pregnant Women with Periodontitis: Randomized Clinical Trial. Dent. J. 2024, 12, 116. [CrossRef] [PubMed]

Aggarwal, S.; Sabharwal, V.; Kaushik, P; Joshi, A.; Aayushi, A.; Suri, M. Postbiotics: From emerging concept to application. Front.
Sustain. Food Syst. 2022, 6, 887642. [CrossRef]

Patel, ].S.; Shin, D.; Willis, L.; Zai, A.; Kumar, K.; Thyvalikakath, T.P. Comparing gingivitis diagnoses by bleeding on probing
(BOP) exclusively versus BOP combined with visual signs using large electronic dental records. Sci. Rep. 2023, 13, 17065.
[CrossRef]


https://doi.org/10.1038/s41572-019-0143-7
https://www.ncbi.nlm.nih.gov/pubmed/32029743
https://doi.org/10.3390/jcm13133908
https://www.ncbi.nlm.nih.gov/pubmed/38999474
https://doi.org/10.3390/app11125408
https://doi.org/10.4103/jfmpc.jfmpc_885_21
https://www.ncbi.nlm.nih.gov/pubmed/35136797
https://doi.org/10.1080/20002297.2020.1865690
https://www.ncbi.nlm.nih.gov/pubmed/33456723
https://doi.org/10.1016/j.jdent.2024.104907
https://www.ncbi.nlm.nih.gov/pubmed/38428718
https://doi.org/10.1016/j.adaj.2018.03.010
https://www.ncbi.nlm.nih.gov/pubmed/29779565
https://doi.org/10.1111/idh.12062
https://www.ncbi.nlm.nih.gov/pubmed/24256458
https://www.ncbi.nlm.nih.gov/pubmed/36627220
https://doi.org/10.1371/journal.pone.0127484
https://www.ncbi.nlm.nih.gov/pubmed/26086498
https://www.ncbi.nlm.nih.gov/pubmed/21434734
https://doi.org/10.1002/14651858.CD012628.pub2
https://www.ncbi.nlm.nih.gov/pubmed/31149734
https://doi.org/10.1371/journal.pone.0158339
https://doi.org/10.1002/jcla.25002
https://doi.org/10.1038/s41432-024-01055-x
https://doi.org/10.1016/j.identj.2023.08.010
https://doi.org/10.3390/ijerph192416448
https://www.ncbi.nlm.nih.gov/pubmed/36554332
https://doi.org/10.1038/s41579-023-00936-9
https://www.ncbi.nlm.nih.gov/pubmed/37542123
https://doi.org/10.3390/foods13182937
https://doi.org/10.3390/nu12082189
https://doi.org/10.1111/j.1753-4887.2008.00024.x
https://www.ncbi.nlm.nih.gov/pubmed/18366533
https://doi.org/10.1002/mco2.420
https://doi.org/10.3390/dj12040116
https://www.ncbi.nlm.nih.gov/pubmed/38668028
https://doi.org/10.3389/fsufs.2022.887642
https://doi.org/10.1038/s41598-023-44307-z

Dent. |. 2025, 13, 62 13 of 13

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

Doi, K.; Yoshiga, C.; Oue, H.; Kobatake, R.; Kawagoe, M.; Umehara, H.; Wakamatsu, K.; Tsuga, K. Comparison of plaque control
record measurements obtained using intraoral scanner and direct visualization. Clin. Exp. Dent. Res. 2024, 10, e852. [CrossRef]
[PubMed]

Tobias, G.; Spanier, A.B. Modified Gingival Index (MGI) Classification Using Dental Selfies. Appl. Sci. 2020, 10, 8923. [CrossRef]
Kim, G.Y,; Kim, S.; Chang, ].S.; Pyo, S.\W. Advancements in Methods of Classification and Measurement Used to Assess Tooth
Mobility: A Narrative Review. J. Clin. Med. 2023, 13, 142. [CrossRef] [PubMed]

Dittmar, D.; Schuttelaar, M.L.A. Contact sensitization to hydroperoxides of limonene and linalool: Results of consecutive patch
testing and clinical relevance. Contact Dermat. 2019, 80, 101-109. [CrossRef]

Poddebniak, P.; Kalinowska-Lis, U. A Survey of Preservatives Used in Cosmetic Products. Appl. Sci. 2024, 14, 1581. [CrossRef]
Cheng, L.; Liu, W.; Zhang, T.; Xu, T.; Shu, Y.X.; Yuan, B.; Yang, YM.; Hu, T. Evaluation of the effect of a toothpaste containing
Pudilan extract on inhibiting plaques and reducing chronic gingivitis: A randomized, double-blinded, parallel controlled clinical
trial. J. Ethnopharmacol. 2019, 240, 111870. [CrossRef]

Piepho, H.P. An Algorithm for a Letter-Based Representation of All-Pairwise Comparisons. |. Comput. Graph. Stat. 2004, 13,
456-466. [CrossRef]

Mazurek, D.; Wyka, J. Down syndrome--genetic and nutritional aspects of accompanying disorders. Rocz. Panstw. Zakl. Hig. 2015,
66,189-194.

Botero, J.E.; Rodriguez-Medina, C.; Amaya-Sanchez, S.; Salazar, C.L.; Contreras, A. A Comprehensive Review of the Relationship
Between Oral Health and Down Syndrome. Curr. Oral Health Rep. 2024, 11, 15-22. [CrossRef]

Cheng, R.H.; Leung, WK_; Corbet, E.F. Non-surgical periodontal therapy with adjunctive chlorhexidine use in adults with down
syndrome: A prospective case series. J. Periodontol. 2008, 79, 379-385. [CrossRef] [PubMed]

Jones, D.; Morrison, J. Preventative therapies and periodontal interventions for Down syndrome patients. Evid. Based Dent. 2016,
17,101-102. [CrossRef] [PubMed]

Teughels, W.; Feres, M.; Oud, V.; Martin, C.; Matesanz, P.; Herrera, D. Adjunctive effect of systemic antimicrobials in periodontitis
therapy: A systematic review and meta-analysis. J. Clin. Periodontol. 2020, 47, 257-281. [CrossRef] [PubMed]

Frydman, A.; Nowzari, H. Down syndrome-associated periodontitis: A critical review of the literature. Compend. Contin. Educ.
Dent. 2012, 33, 356-361. [PubMed]

Grimm, W.D.; Klar, S.; Cichon, P. The effect of topical metronidazole therapy and controlled oral hygiene procedures on
periodontal disease in patient with Down syndrome: A clinical interventional study. J. Disabil. Oral Health 2001, 2, 54-62.
Butera, A.; Folini, E.; Cosola, S.; Russo, G.; Scribante, A.; Gallo, S.; Stablum, G.; Menchini Fabris, G.B.; Covani, U.; Genovesi,
A. Evaluation of the Efficacy of Probiotics Domiciliary Protocols for the Management of Periodontal Disease, in Adjunction of
Non-Surgical Periodontal Therapy (NSPT): A Systematic Literature Review. Appl. Sci. 2023, 13, 663. [CrossRef]

Ishikawa, K.H.; Bueno, M.R.; Kawamoto, D.; Simionato, M.R.L.; Mayer, M.P.A. Lactobacilli postbiotics reduce biofilm formation
and alter transcription of virulence genes of Aggregatibacter actinomycetemcomitans. Mol. Oral Microbiol. 2021, 36, 92-102.
[CrossRef]

Butrungrod, W.; Chaiyasut, C.; Makhamrueang, N.; Peerajan, S.; Chaiyana, W.; Sirilun, S. Postbiotic Metabolite of Lactiplantibacillus
plantarum PD18 against Periodontal Pathogens and Their Virulence Markers in Biofilm Formation. Pharmaceutics 2023, 15, 1419.
[CrossRef] [PubMed]

Butera, A.; Gallo, S.; Pascadopoli, M.; Taccardi, D.; Scribante, A. Home Oral Care of Periodontal Patients Using Antimicrobial
Gel with Postbiotics, Lactoferrin, and Aloe Barbadensis Leaf Juice Powder vs. Conventional Chlorhexidine Gel: A Split-Mouth
Randomized Clinical Trial. Antibiotics 2022, 11, 118. [CrossRef] [PubMed]

Hijova, E. Postbiotics as Metabolites and Their Biotherapeutic Potential. Int. J. Mol. Sci. 2024, 25, 5441. [CrossRef] [PubMed]
Costa, F.O.; Cortelli, S.C.; Costa, A.A.; Cyrino, RM.; Cortelli, ].R.; Miranda Cota, L.O. Impact of compliance during periodontal
maintenance therapy on oral health-related quality of life: A 6-year follow-up. J. Dent. 2019, 83, 50-55. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/cre2.852
https://www.ncbi.nlm.nih.gov/pubmed/38345487
https://doi.org/10.3390/app10248923
https://doi.org/10.3390/jcm13010142
https://www.ncbi.nlm.nih.gov/pubmed/38202149
https://doi.org/10.1111/cod.13137
https://doi.org/10.3390/app14041581
https://doi.org/10.1016/j.jep.2019.111870
https://doi.org/10.1198/1061860043515
https://doi.org/10.1007/s40496-024-00363-6
https://doi.org/10.1902/jop.2008.070247
https://www.ncbi.nlm.nih.gov/pubmed/18251655
https://doi.org/10.1038/sj.ebd.6401198
https://www.ncbi.nlm.nih.gov/pubmed/27980329
https://doi.org/10.1111/jcpe.13264
https://www.ncbi.nlm.nih.gov/pubmed/31994207
https://www.ncbi.nlm.nih.gov/pubmed/22616218
https://doi.org/10.3390/app13010663
https://doi.org/10.1111/omi.12330
https://doi.org/10.3390/pharmaceutics15051419
https://www.ncbi.nlm.nih.gov/pubmed/37242661
https://doi.org/10.3390/antibiotics11010118
https://www.ncbi.nlm.nih.gov/pubmed/35052995
https://doi.org/10.3390/ijms25105441
https://www.ncbi.nlm.nih.gov/pubmed/38791478
https://doi.org/10.1016/j.jdent.2019.02.009
https://www.ncbi.nlm.nih.gov/pubmed/30831209

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Intervention and Outcomes 
	Randomization 
	Sample Size 
	Statistical Analysis 

	Results 
	Baseline Demographic Data and Flow Chart Participants 
	Bleeding on Probing 
	Plaque Control Record 
	Modified Gingival Index 
	Miller Mobility 
	Patient Compliance 
	Patient Satisfaction 
	Harms 

	Discussion 
	Conclusions 
	References

