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RESUMO!

A 4gua ozonizada combinada ao tratamento convencional de
periodontite pode trazer beneficios aos pacientes com halitose
relacionada a Periodontite. O objetivo deste estudo foi avaliar o
efeito da &gua ozonizada na halitose relacionada a periodontite
através de um ensaio clinico randomizado e cegado de fase 2. Além
disso, uma revisdo sistematica com metanalise sobre o efeito da
agua ozonizada na Periodontite foi realizada. Vinte pacientes com
halitose oral e doenca periodontal foram alocados em dois grupos
de tratamento. No grupo ozb6nio utilizou-se tratamento
convencional de raspagem e alisamento radicular (RAR) mais agua
ozonizada (n = 10). No grupo placebo utilizou-se tratamento
convencional (RAR) mais &gua destilada (n = 10). Ambos os
grupos foram tratados por 30 dias com auxilio de curetas e
equipamento ultrassonico, aplicados duas vezes por semana. Os
desfechos foram mensurados 7 dias depois da Gltima sessdo de
tratamento. A halitose foi medida com teste organoléptico e
halimetro. Os parametros da Periodontite foram analisados através
do indice de placa visivel (IPV, %); indice de sangramento
gengival (ISG, %); profundidade de sondagem >4 mm (PS4, %),

! Leonardo Saraiva. Faculdade de Odontologia, Programa de Pds-
Graduacgdo em Odontologia, Universidade de Passo Fundo (UPF), Passo
Fundo, RS.
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sangramento a sondagem (SS, %), nivel gengival (NG, mm),
profundidade de sondagem (PS, mm), e nivel de insercdo clinica
(NIC, mm). Resultados: Os pacientes tratados com &gua o0zonizada
apresentaram reducdo da halitose medida por teste organoléptico
em comparacdo ao placebo (P = 0,027) e no halimetro (< 75 ppb:
100% vs. 60) (P = 0,086). A maioria dos parametros de Periodontite
apresentou melhora superior com 0z6nio do que com placebo: IPV
(P <0,001), ISG (P =0,002), PS4 (P =0,016), SS (P

<0,001), NG (P =0,008), e NIC (P = 0,002). Conclusdo: O uso da
agua ozonizada se mostrou eficaz no controle da halitose oral, bem
como nos parametros clinicos da periodontite em comparacao ao
grupo placebo. Na revisao sistematica, 0 estudo sugere que 0 USO
de &gua ozonizada como adjuvante no tratamento da doenca
periodontal ndo cirlrgica reduz os indices periodontais em
comparagdo aos grupos controle (dgua, agua destilada e
clorexidina).

Palavras-chave: Halitose. Periodontite. Ozonioterapia.
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ABSTRACT?

Ozonated water combined with conventional periodontitis
treatment can bring benefits to patients with halitosis related to
periodontal disease (PD). The aim of this study was to evaluate the
effect of ozonated water on periodontitis-related halitosis through
a randomized, blinded phase 2 clinical trial. In addition, a
systematic review with meta-analysis on the effect of ozonated
water on PD was carried out. Twenty patients with oral halitosis
and periodontal disease were allocated to two treatment groups.
The ozone group used conventional scaling and root planing (SRP)
plus ozonized water (n = 10). The placebo group used conventional
treatment (SRP) plus distilled water (n = 10). Both groups were
treated for 30 days using curettes and ultrasonic equipment, applied
twice a week. Outcomes were measured 7 days after the last
treatment session. Halitosis was measured using an organoleptic
test and a halimeter. PD parameters were analyzed using the visible
plague index (IPV, %); gingival bleeding index (ISG, %); probing
depth >4 mm (PS4, %), bleeding on probing (SS, %), gingival level
(NG, mm), probing depth (PS, mm), and clinical attachment level

2 Effect of Ozonized Water on Halitosis And Clinical Parameters of
Patients with Periodontal Disease: A Randomized Clinical Trial.
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(CAL, mm). Results: Patients treated with ozonated water showed
a reduction in halitosis measured by organoleptic test compared to
placebo (P = 0.027) and in the halimeter (< 75 ppb: 100% vs. 60)
(P = 0.086). Most PD parameters showed greater improvement
with ozone than with placebo: IPV (P < 0.001), ISG (P = 0.002),
PS4 (P = 0.016), SS (P < 0.001), NG (P = 0.008), and CAL (P =
0.002). Conclusion: The use of ozonated water proved to be
effective in controlling oral halitosis, as well as in the clinical
parameters of periodontitis compared to the placebo group. In the
systematic review, the study suggests that the use of ozonated water
as an adjuvant in the treatment of non-surgical periodontal disease
reduces periodontal indices compared to control groups (water,
distilled water and chlorhexidine).

Palavras-chave: Halitosis. Periodontitis. Ozone Therapy.
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INTRODUCAO

A halitose é definida como um cheiro desagradavel do ar
exalado pela cavidade oral, e sentida por terceiros (ORTIZ;
FILIPPI et al., 2021). O mau cheiro bucal é atribuido a uma alta
concentracdo local de populagbes microbianas intraorais,
particularmente aquelas do biofilme da lingua, assim como o0s
biofilmes associados aos dentes e aos tecidos periodontais (DE
GEEST et al., 2016; LALEMAN et al., 2014; ORTIZ; FILIPPI et
al., 2021).

Cerca de 22% a 50% da populacdo mundial é afetada por
essa condigdo (AKAJI; FOLARANMI; ASHIWAJU et al., 2014;
AYLIKC; COLAK, 2013; YANG et al., 2013). Entretanto, 10 a
20% das causas restantes sdo causadas pela halitose extraoral,
como por exemplo, doencas otorrinolaringoldgicas, respiratorias,
gastrointestinais, hematoldgicas, enddcrino-metabdlicas,
emocionais, e também pelo consumo de alimentos e uso de drogas
( AYLIKCI; COLAK, 2013; ROSING; LOESCHE, 2011).

Os compostos de enxofre volateis (CSVs), compostos de
nitrogénio volateis e os acidos graxos de cadeia curta sd8o 0s
principais responsaveis pelo odor bucal desagradavel ou fétido
(HUGHES; MCNAB, 2008; SHIBUYA, 2001). A intensidade do

18



cheiro desagradavel esta relacionada com o nivel de CSVs, que tém
um odor puatrido desagradavel (SEERANGAIYAN; JUCK;
WINKEL, 2018).

Os principais CSVs exalados pelo ar da boca sdo o sulfeto
de hidrogénio [H2S], metil mercaptano [CH3SH] e sulfureto de
dimetil [(CH3) 2S)], que sdo produzidos por varias espécies
bacterianas orais que degradam e metabolizam aminoacidos
contendo enxofre, como cisteina e metionina (HUGHES; MCNAB,
2008).

O mau odor oriundo da cavidade oral é motivado
principalmente por presenca de bactérias anaerdbicas gram-
negativas (DE GEEST et al., 2016). Das bactérias orais cultivaveis,
as trés mais produtoras de sulfeto de hidrogénio in vitro sdo a P.
gingivalis, T. denticola e T. forsythia (PERSSON et al., 1990).
Esses microrganismos anaerébios gram-negativos estdo também
relacionados a Periodontite. Varios estudos tém investigado uma
possivel relacdo entre a presenca dessas bactérias e o
desenvolvimento de mau halito e doencas periodontais, esses
estudos encontram uma clara associagdo entre elas (BOSY et al.,
1994; DE BOEVER; LOESCHE, 1995; MORITA; WANG, 2001).

Uma das etapas da terapia periodontal basica, consiste na
instrucdo de higiene oral e na remocdo mecénica do biofilme
através da raspagem e alisamento radicular (RAR). No entanto,

nem sempre é possivel a remocdo completa do biofilme dental e
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dos fatores retentivos de placa, devido a presenca de areas de dificil
acesso a instrumentagdo, como bolsas muito profundas e areas de
furca (AHAD et al., 2016).

Algumas terapias alternativas as vezes sdo sugeridas nos
casos em que apenas o tratamento convencional ndo é suficiente no
controle do processo inflamatorio, como o uso de antibioticos
sistémicos (BIRANG et al., 2015). Entretanto, o desequilibrio
causado na flora intestinal e o desenvolvimento de resisténcia
bacteriana sdo as principais desvantagens do uso de antibiéticos
(AHAD et al., 2016).

Estudos clinicos demonstraram resultados satisfatorios
envolvendo a ozonioterapia associado a RAR no tratamento da
Periodontite (NARDI et al., 2020). As pesquisas apontaram gue 0s
beneficios dessa terapia incluem a promog&o a proliferacéo celular,
efeitos analgésicos, anti-inflamatérios e bactericidas, as quais
podem inibir a progressao da gengivite e periodontite (NARDI et
al., 2020).

Portanto, o objetivo deste estudo foi avaliar o efeito da agua
ozonizada na halitose relacionada a periodontite através de um
ensaio clinico randomizado e cegado de fase 2. Além disso, uma
revisdo sistematica com metandlise sobre o efeito da agua

ozonizada na Periodontite foi realizada como segunda producao.
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PROPOSICAO

Objetivo Geral

Avaliar o efeito da agua ozonizada na halitose relacionada a

periodontite.
Objetivos especificos

Em pacientes com doenca periodontal, avaliar:

- A eficacia da 4gua ozonizada no controle da halitose;

- O efeito da agua ozonizada nos demais desfechos
relacionados a Periodontite.

- O efeito da 4gua ozonizada no tratamento da Periodontite,
através de uma revisao de literatura sistematica com metanalise de
ensaios clinicos randomizados.

Hipoteses

Este estudo testou a hipétese de que o uso de 4gua ozonizada

aliado ao tratamento convencional pode atenuar de
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forma relevante a halitose e os parametros clinicos de pacientes

com Periodontite.
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ABSTRACT

Background and aims: Ozonated water is beneficial for
treating periodontal disease. Its effect on periodontitis-related
halitosis is unknown. We assessed whether ozonated water
attenuates halitosis in patients with periodontitis. Methods:
In this phase 2 randomized clinical trial, patients with
halitosis due to periodontitis were randomly assigned to 30-
day treatment with scaling and root planning (SRP) plus

ozonized water or placebo, applied twice a week. We
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measured the parameters of halitosis and periodontitis before
and after the treatments. Results: Twenty patients completed
the trial (56 * 12 years old, 70% women, periodontitis stage
I11/1V: 65%/35%). Patients treated with ozonated water (n =
10) showed a higher reduction in halitosis measured by
organoleptic test than placebo (median score before/after
treatment: 3/1 vs 3/2; P = 0.027). Most periodontitis
parameters improved more with ozone than with placebo (P
< 0.05), including visible plaque index, gingival bleeding
index, probing depth >4 mm, bleeding on probing, gingival
level, and clinical attachment level. Conclusions: In patients
with  periodontitis-related halitosis treated with the
conventional approach, the addition of ozonated water was
superior to placebo in controlling halitosis. Such an effect was
related to periodontitis amelioration induced by ozonated
water.

REBEC identifier: UTN number; U1111-1286-4184.
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Keywords: Halitosis; Ozone; Periodontal disease;

Periodontitis.

INTRODUCTION

Halitosis is an unpleasant smell in the air exhaled from the
mouth that is perceived by someone nearby (Ortiz & Filippi,
2021). This condition is prevalent and negatively affects
psychological well-being, impairing the oral-health-related
quality of life (Rosing & Loesche, 2011; Schertel Cassiano
et al.,, 2021). The malodor is related to changes in oral
microbiota, attributed to biofilms in the tongue, teeth, and
periodontal tissues (De Geest, Laleman, Teughels,
Dekeyser, & Quirynen, 2016; Yang et al., 2013). Most cases
of halitosis are of oral origin, as a manifestation of conditions
such as periodontal disease, poor oral hygiene, and tongue

coating (Aylikci & Colak, 2013; Seerangaiyan,
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Juch, & Winkel, 2018). Among these, periodontitis is
considered a relevant etiological factor of halitosis (Memon
etal., 2023).

Oral malodor is secondary to the exhalation of a range of
volatile molecules such as sulfur compounds, short-chain
fatty acids, and nitrogen compounds (Hughes & McNab,
2008). Such process results from the action of gram-negative
anaerobic bacteria, especially in the presence of periodontitis
and tongue coating (De Geest et al., 2016). Hydrogen sulfide
is the odorant most perceived in tests of organoleptic
intensity (Greenman et al., 2004). In patients evaluated for
oral halitosis, the organoleptic test remains the gold-standard
technique, whereas sulfur monitors such as Halimeter can
provide odorant quantification with diagnostic validity
(Laleman, Dadamio, De Geest, Dekeyser, & Quirynen,

2014).
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Severe periodontitis affects 11% of the global population. It
is a chronic multifactorial inflammatory condition associated
with dental plague accumulation (Kwon, Lamster, & Levin,
2021). It may lead to progressive destruction of the teeth-
supporting apparatus, compromising the periodontal
ligament and alveolar bone (Papapanou et al., 2018).

The conventional treatment of periodontitis aims to remove
supra and subgingival biofilm, reducing inflammation and
preventing the evolution of periodontal disease (Muller
Campanile, Giannopoulou, Campanile, Cancela, &
Mombelli, 2015). A widely employed technique consists of
oral hygiene instruction and mechanical removal of biofilm
through scaling and root planning (SRP) (Papapanou et al.,
2018). However, alternative therapies have emerged for
cases where conventional treatment does not control the

inflammatory process (Birang, Shahaboui, Kiani, Shadmehr,
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& Naghsh, 2015). Studies have demonstrated promising
results with ozone therapy and SRP in treating periodontitis
(Nardi et al., 2020). Its benefits include analgesic, anti-
inflammatory, and bactericidal effects, which can help in the
regression of gingivitis and periodontitis (Nardi et al., 2020).
However, the effects of ozone therapy on periodontitis-
related halitosis are still unknown.

This study aimed to evaluate the role of ozonated water on
halitosis related to severe periodontitis through a phase 2
randomized double-blinded clinical trial. We hypothesized
that oral irrigation with ozonated water during SRP is
beneficial in controlling halitosis, due to its therapeutic

effect on periodontitis.
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MATERIALS AND METHODS

Design, setting, and ethics

This study was a randomized, controlled, double-blinded,
parallel groups, phase 2 trial. Participants were selected from
appointments at a local University dental clinic, where the
study was conducted from July 2023 to January 2024.

The institutional ethics committee approved the study
(CAAE: 56696822.5.0000.5342), which is registered at
ReBEC (Brazilian Clinical Trials Registry), UTN number:
U1111-1286-4184. All participants signed an informed

consent before entering the study.

Participants

Adult patients with periodontitis-related halitosis were
invited to participate. Halitosis was initially identified by
oral examination for periodontitis diagnosis, followed by a

halimeter test to confirm halitosis (>75 parts per billion).
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Patients had to have severe generalized periodontitis (stages
Il or 1V) with periodontal pockets. Exclusion criteria
included coating on more than a third of the tongue, non-oral
halitosis, acute oral lesions or necrotizing ulcerative
periodontitis, use of antibiotics in the last 90 days,
pregnancy, breastfeeding, and decompensated systemic
diseases, such as diabetes mellitus, chronic renal failure, and
liver cirrhosis. After entry into the study, patients were
treated for thirty days with two weekly sessions of SRP

combined with ozonated water or a placebo.

Sample size and randomization

Sample size calculation was based on halitosis measurement
with a halimeter, according to a study involving patients with
oral halitosis (Mousquer et al., 2020) (baseline halimeter
data: 187 + 132 ppb). It was estimated the need of 56 patients

(28 per group) providing 80% power with 5%
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alpha, expecting a reduction of at least 25% in halimeter
values after placebo (+ SRP) and a 50% reduction after
ozonated water (+ SRP). The Biostat 5.0 software with the
paired t-test was used for two-sided independent samples. A
preliminary analysis revealed that data from twenty patients

was sufficient to present the results.

Halitosis assessment

Patients had their breath examined before and after the
treatments using a halimeter and organoleptic test. The first
halitosis assessment was with a halimeter (Halimeter®/
Interscan Corporation, Chatsworth, CA, USA), which is a
portable device capable of measuring sulfur odorants. A cut-
off >75 parts per billion (ppb) confirmed halitosis. An
abnormal test result allowed the subject to participate in the
trial. In such a case, an organoleptic evaluation was

performed at the same day. Patients were evaluated in the
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morning and asked to avoid ingesting garlic, onions, and
condiments two days before the exams and to avoid smoking
and drinking coffee and alcohol in the last 12 hours. On the
exam day, the patients were not allowed to use candy or gum
but were permitted a snack and brushing with water, without
toothpaste (Mousquer et al., 2020).

During the organoleptic test, the patient closed the mouth for
1 minute to concentrate the odor, then opened it and exhaled
the breath odor directly, with the clinical examiner located
10 cm from the patient's mouth. We classified the perceived
breath between 0 and 5, where 0: no odor; 1. barely
detectable odor; 2: slight odor; 3: moderate odor; 4: striking
odor; and 5: strong odor (Renvert, Noack, Lequart, Roldan,

& Laine, 2020).
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Oral examination

A trained dentist (LS) examined the oral cavity before and
after the treatments. Periodontal clinical parameters were
assessed as published elsewhere (Seydanur Dengizek et al.,
2019): plaque index (in %), gingival index (in %), bleeding
on probing (in %), probing sites > 4 mm (in %), probing
depth (in mm), gingival level (in mm), and clinical
attachment loss (CAL) (in mm). The percentage of
periodontal pockets deeper than 4 mm, the percentage of
CAL >3 mm, and missing teeth were recorded. Oral
examinations were repeated thirty days after the trial ended.
All clinical measurements were performed from six sites on
each tooth wusing a Williams millimeter-calibrated
periodontal probe (PGF/W, Chicago, IL, USA).
Periodontitis was defined according to a current
classification scheme (Caton et al., 2018), including CAL>3

mm on >2 non-adjacent teeth or probing depth >5 mm with
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bleeding on probing (Papapanou et al., 2018). Periodontitis
stage 111 demanded interproximal attachment loss >5 mm at
the worst site or radiographic bone loss extending to the
apical half or third of the root. Tooth loss of five or more
teeth indicated periodontitis stage IV.

Participants underwent examination to determine the
probing depth in 6 dental sites (buccal-mesial, buccal,
buccal-distal, lingual-distal, lingual, lingual-distal),
including all dental elements. The oral cavity was examined
under natural light using a clinical mouth mirror and a 0.5 to
10 mm Williams probe (Papapanou et al., 2018). The
periodontal criteria, such as plaque and gingival index, were
assessed on the four smooth surfaces of the tooth, with the
scores divided by four for index calculation per tooth
(Papapanou et al., 2018). Gingival recession was the
distance from the cementoenamel junction to the beginning

of the gingival margin in a line parallel to the long axis of
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the tooth. CAL was the sum of the probing depth plus the
gingival level (recession) (measurement +) or hyperplasia

(measurement -) (Papapanou et al., 2018).

Ozonated water

Ozonated water was prepared by converting distilled water
with ozone gas (75-85 pg/mL) for 10-15 min using a
Philozon Medplus® ozone generator (Philozon, Balneario
Cambori, Santa Catarina, Brazil). The final ozone
concentration in water was 20 pug/mL (Yilmaz et al., 2013),
which has an antimicrobial effect but it is free from harmful
effects on the host (Katti & Chava, 2013). The water was
ozonized five minutes before the treatment sessions to
preserve the ozone properties and conditioned into glasses

connected to dental equipment.

Conventional periodontitis treatment
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The participants received conventional non-surgical
treatment, consisting of adapting the oral environment
through prophylaxis, supragingival, and subgingival scaling
in areas with increased probing depth, using local anesthesia.
A dentist specializing in periodontics (LSD) treated all the
patients using manual curettes and sonic devices. The
treatment goal occurred when the tactile sensation was
smooth on the crown and root surfaces. The recipients
containing the ozonized water and the placebo were in the
dental equipment, which also include a triple syringe and
ultrasound. The treatment consisted of 8 sessions, twice a

week, for 30 days.

Randomization and blinding
A web-based system (www.randomizer.org) was used to
generate random numbers drawn by the patient from papers

folded in a brown envelope containing two options: 1)
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treatment with ozonized water and 2) treatment with
placebo, in a 1:1 ratio. Patient randomization occurred after
halitosis confirmation.

The ozonated water and the placebo (distilled water) were
prepared with identical physical appearance, allowing the
dentist who applied the treatments and the patients to be
blinded. The principal investigator (LS) prepared the whole
process and was responsible for ozonizing the water and
supplying the equipment. A trained dentist (LSD) treated the

patients blinded to treatment groups.

Study protocol

The participants reported demographic and clinical data,
followed by a periodontal examination for periodontitis
confirmation (Figure 1). Subjects included in the study
returned on another day for a halitosis assessment, following

the described rules.
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A dentist examined the oral cavity under natural light using
a trio (probe no. 5, mirror, tweezers), cotton, gauze, and
Williams's periodontal probe. The included patients were
randomly allocated using blocks of two patients 1:1 for SRP
with placebo and SRP with ozonated water.

Supragingival scaling of the two arches was initially
performed, followed by scaling by sextants. Sessions
occurred twice a week, totaling eight treatment sessions
during the clinical trial. The average duration of each session
was 40 minutes. Thirty days after the last session, patients
returned for the final assessment and oral hygiene
reinforcement. Patients were instructed to perform regular

oral hygiene at home.

Statistical analysis
Quantitative data were evaluated with the Shapiro-Wilk test.

In the case of normal distribution, the mean and standard
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deviation values were used. Otherwise, median and
interquartile range of 25%-75% were used. Categorical data
were described with absolute and percentage frequencies.
Quantitative data were analyzed using Student's t-test or its
non-parametric  counterpart  (Mann-Whitney),  while
categorical data were analyzed using Fisher's exact test.
Statistical analysis was performed with Graph Prism 8.0
software, considering an alpha of 5% as an indication of

statistical significance.
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RESULTS

Participants

Forty-one patients were invited to participate (Figure 2):
Fourteen were excluded after the first interview (three with
diabetes mellitus, eight because of tobacco use, and three
with an unrevealing halimeter test), and seven did not
complete the study (missed sessions). A total of 20 patients
finished the trial: ten treated with SRP and ozonated water,
and ten treated with SRP and placebo (Table 1). Patient
groups did not differ regarding age, sex, periodontitis stage,
and halitosis scores. The participants were mostly in their 5"
decade, women with stage 1l periodontitis and moderate
halitosis (organoleptic score 3 and halimeter > 120 ppb).
The baseline parameters of periodontitis did not differ
significantly between patients treated with ozonated water
and placebo, including plaque index (68.6 + 20.6 % vs. 56.3

+13.1%; P =0.129), gingival index (45.4 £ 21.5 % vs. 43.7
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+ 9.0 %; P = 0.820), bleeding on probing (51.4 £ 20.1 % vs.
39.1 + 7.4 %; P = 0.086), probing sites >4 mm (50.8 £ 13.7
% vs. 39.6 £ 12.6 %; P = 0.073); probing depth (3.7 £ 0.3
mmvs. 3.6 £ 0.3 mm; P =0.227), gingival level (0.94 +0.18
mmvs. 0.93 £ 0.14 mm; P = 0.862), and CAL (4.7 £ 0.4 mm

vs. 4.5+ 0.3 mm; P =0.211).

Ozonated water and halitosis

After treatments, both ozonated water and placebo reduced
halitosis measured by the organoleptic test (Table 2). Based
on the comparisons of deltas (differences between halitosis
scores before and after treatments), halitosis reduction was
significantly greater after using ozonated water than
placebo. The halitosis resolution rate, characterized by
halitosis class 0 and 1 after the treatments, was higher with

ozonated water than with placebo.
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After treatments, both groups showed reduced halitosis
measured by the halimeter (before vs. after ozonated water:
125+20vs. 50 + 17, P <0.001; and before vs. after placebo:
132 + 30 vs. 64 £+ 16, P < 0.001). Despite of the deltas did
not differ between ozonated water and placebo (76 * 22 vs.
68 + 24; P = 0.480), the rate of halitosis resolution was
greater after treatment with ozonated water than with
placebo (100% vs. 60%; P = 0.086), with borderline

statistical significance.

Ozonated water and periodontitis

The effect of treatments on periodontitis was expressed by
comparing the deltas, corresponding to the difference before
and after each treatment. Ozonated water was superior to
placebo in controlling periodontitis parameters, except for

probing depth (Table 3).
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DISCUSSION

Individuals with periodontitis have approximately three to
four times higher odds of having halitosis (Nini, Chen,
Jinmei, Lufei, & Jingmei, 2024; Silva et al., 2017). This
study evaluated the effect of ozonated water on halitosis
resulting from periodontitis. Patients with this condition
received conventional management for periodontitis,
combined with ozonated water or placebo, in a randomized
phase 2 clinical trial. Additionally, it was explored the
effectiveness of ozonated water in controlling the variables
that characterize periodontitis.

To our best knowledge, this is the first clinical trial
evaluating the effect of ozonated water on halitosis related
to periodontitis. Combined with SRP, ozonated water was
superior to placebo in controlling halitosis through the

organoleptic test after a 30-day treatment with applications
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twice a week. On a scale of 0 to 5 in the organoleptic test,
there was a reduction of two levels after using ozonated
water (3 to 1), compared to one level for placebo (3 to 2).
The qualitative analysis between resolved vs. unresolved
halitosis also showed the superiority of ozonated water to
placebo. Nowadays, the organoleptic test is the gold standard
in diagnosing halitosis, identified by the smell of a trained
examiner (Kumbargere Nagraj et al., 2019). Halitosis
reduction was demonstrated in a randomized clinical trial
with complete mouth disinfection in four weekly sessions
with amelioration on organoleptic scores in patients with
severe chronic periodontitis (Silveira et al., 2017).

In addition to conventional treatments such as SRP and
chlorhexidine-based oral antiseptics, alternative
management has been studied in periodontal disease,
including ozone therapy (Smith, Wilson, Gandhi, Vatsia, &

Khan, 2017). In patients with this condition, the topical
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application of ozone in different formulations and
sometimes combined with SRP is a safe and beneficial
approach (Hayakumo, Arakawa, Mano, & lzumi, 2013;
Kshitish & Laxman, 2010; Nardi et al., 2020; Ranjith,
Niranjana, & Baiju, 2022). In addition to the antibacterial
effect on the oral microbiota, ozonated water can inhibit
oxidative stress, favoring the healing of periodontal tissues
(Hayakumo et al., 2013). Ozone can act as an alternative
antiseptic agent, eliminating bacteria that colonize
periodontal pockets and the gingival sulcus (Hayakumo et
al., 2013; Kshitish & Laxman, 2010; Nardi et al., 2020;
Patel, Patel, Kumar, & Holmes, 2012; Ranjith et al., 2022;
Yilmaz et al., 2013). This antimicrobial effect is explained
by damage to the bacterial plasma membrane related to
phospholipids and lipoproteins oxidation (Elvis & Ekta,

2011).
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In dental practice, ozonated water is an oral irrigant with
favorable chemical and physical properties. In the aqueous
phase, ozone is biocompatible with dental structures,
exerting its antimicrobial effect quickly, free from
mutagenicity or toxicity to oral cells (Boch et al., 2016;
Kshitish & Laxman, 2010). In the present study, ozone was
combined with distilled water using automated equipment,
resulting in an effective and safe concentration (20 pug/mL).
This solution was packaged in a dental apparatus that kept
its original composition for oral cavity irrigation. Regarding
safety, inhaling ozone gas (Os) can be toxic to the body,
resulting in a runny nose, cough, headache, dyspnea, and
nausea, among other symptoms (Naik, K, Kohli,
Zohabhasan, & Bhatia, 2016). When mixed with water, these
effects are absent.

In the present study, the likely mechanism by which

ozonated water reduced halitosis was its beneficial effect on
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periodontitis resolution. The resulting decrease in bacterial
biofilms potentially blocks the odorous production chains
(latropoulos et al., 2016). Patients with periodontitis exhale
higher amounts of volatile sulfur compounds and methyl
mercaptan, resulting from the metabolism of gram-negative
anaerobic bacteria in the mouth, such as P. gingivalis, T.
denticola and T. forsythia (De Geest et al.,, 2016).
Conventional management of this condition consists of
adequate oral hygiene and mechanical removal of biofilms
through SRP (latropoulos et al., 2016). However, failure to
remove dental biofilm and plaque-retentive factors may
occur in areas that are difficult to access with
instrumentation, such as deep pockets and furcation areas
(Ahad et al., 2016).

The combination of SRP and ozonated water here tested was
superior to placebo in controlling most of the variables that

characterize periodontitis. Even with a small sample size, it
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was possible to observe a clear superiority of ozonated water
over placebo in improving periodontal clinical parameters.
Such benefits were reported by other studies, specifically in
plaque and gingival indices (Hayakumo et al., 2013; Kshitish
& Laxman, 2010), bleeding on probing (Hayakumo et al.,
2013; Kshitish & Laxman, 2010; Ranjith et al., 2022),
gingival level (Ranjith et al., 2022), and clinical attachment
level (Hayakumo et al., 2013; Ranjith et al., 2022). In
agreement, a clinical trial described a gain in clinical
insertion after 4 and 8 weeks in the ozonated water group
than in the placebo group (Hayakumo et al., 2013).

This study has limitations and strengths. Limitations
included the apparent small sample of participants, the
relatively high loss of participants (26%) for a short-term
study, and the lack of analysis of the oral microbiota. Even
S0, the results showed the superiority of ozonated water over

placebo in improving periodontitis and the resulting oral
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halitosis. We believe such benefits are generalizable to other
populations of patients with periodontitis. However, long-
term management still depends on appropriate intervention
studies.

In conclusion, in patients with periodontitis, conventional
treatment with SRP combined with ozonated water was
superior to placebo in controlling halitosis related to severe
periodontitis. Amelioration of periodontitis parameters after

ozonated water might explain halitosis control.
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TABLES

Table 1. Baseline characteristics of the participants (n = 20).

Ozonated  Placebo P
water (n=10)
(n=10)
Ageinyears,mean+ 58.6+75 54.7 £ 0.488+
SD 15.7
Women, n (%) 7 (70%) 7 (70%) 0.999%+
Periodontitis, n (%) 0.350+7

Stage 111 5(50%) 8 (80%)

Stage IV 5 (50%) 2 (20%)
Organoleptic score*, 3(2-4) 3(2-4)  0.635#
median (range)

Halimeter (ppb**), 125 (98- 132 (97-  0.545%
mean (range) 155) 176)
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*Range between 0 (no odor) and 5 (maximal odor); **parts
per billion; fStudent’s t-test; f{Exact Fisher test; #Mann-

Whitney test.

Table 2. Effect of ozonated water and placebo on halitosis

measured by the organoleptic test (n = 20).

Halitosis Ozonated Placebo P
water (n=10)
(n=10)
Median score
(IQR*25-75%) 3.0(2.7-40) 3.0(3.0- 06341
Before treatments 1.0 (1.0-1.0) 3.0) T

After treatments 2.0 (1.7-3.0) 2.0 (1.0- 0.027%

Delta  (before- 2.0)
after) 1.0 (1.0-
2.0)
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Halitosis resolution
After 10 (100) 3 (30) 0.003#

treatment**, n (%)

*Interquartile range 25-75%; **Halitosis scores 0 or 1;
tMann-Whitney test; +In paired analysis (Wilcoxon test),
scores reduced with both ozone (P = 0.002) and placebo (P

= 0.002); #Exact Fisher test.
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Table 3. Effect of ozonated water and placebo on

periodontitis (n = 20).

Periodontitis Ozonated Placebo P
parameters water (n=10)
(n=10)

mean + SD of delta*

Plaque index (%) 42 £ 14 17+12 <0.001
Gingival index (%) 25+18 4+3 0.002
Bleeding on probing 26 + 15 3+2 <0.001
(%)
Probing sites > 4 mm 32 1+1 0.016
(%)

Probing depth (mm)  0.09 + 0.05 0.05 % 0.089
0.04
Gingival level (mm)  0.13 £ 0.06 0.06 = 0.008

0.03
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Clinical attachment 0.27 +0.19 0.11 + 0.002

level (mm) 0.04

*Delta: difference between before and after treatments (a

higher delta means periodontitis improvement).
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FIGURE LEGENDS

Figure 1. Study phases

| Patient selection H Randomization >| Periodontitis treatment >| Qutcomes |

| 12 interview ‘ | 22 interview | | Days O to 30 (twice a week) | | Day 60 |

Periodontitis confirmation Helimter and organoleptic tests Scaling and root planning + Oral examination
Guidance for measuring breath Treatments allocation ozonated or distilled water (placebo} || Breath measures

Figure 2. Participant flowchart

| 41 patients invited

14 patients excluded:
Tobacco use (n = 8)
Diabetes mellitus {n=3)
Mo halitosis {n=3)

- R One dropped out before
| ‘ 27 patients randomized *_)

13 ozonated water | | 14 distilled water (placebo) |

3 did not return < = 4 did not return

| 10 completed the study ‘ | 10 completed the study |
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Summary

Objective: to verify the effects of ozonated water in the
treatment of periodontitis, through a systematic literature
review with meta-analysis of randomized clinical trials.
Materials and Methods: Between the months of March 2023
and October 2023, articles were manually searched in the
BIREME, PubMed and Web of Science databases. Results:
04 articles published in full text were included in this study.
In the 4 studies, the ozonized water did better in reducing the
bleeding rate. The heterogeneity index (I?) was 47% with

95% CI. The result was: -6.29 [-12.06, - 0.53]
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P=0.03. As for probing depth, the results indicate
improvements in the reduction of this parameter, in the 3
studies that offered this data. However, there was no
significant difference between them. The result was 0.41 [-
0.09, 0.92] P=0.11. Conclusion: This study suggests that the
use of ozonated water as an adjunct in the treatment of non-
surgical periodontal disease reduces periodontal indices
compared to control groups (water, distilled water and
chlorhexidine). However, it is difficult to claim that it is
statistically superior in all aspects studied, due to the
heterogeneity of the protocols used and the short follow-up

time of the clinical trials carried out.

Keywords: Periodontal Disease. Periodontitis. Ozone.

Ozone therapy.

65



Introduction

According to the Report of the World Workshop on
the Classification of Periodontal and Peri-implant Diseases
and Conditions, carried out in 2017, periodontitis is a chronic
multifactorial inflammatory disease characterized by the
progressive destruction of the periodontium (1). The main
observed characteristics of Periodontitis include loss of
periodontal tissue support, manifested through loss of clinical
attachment and alveolar bone loss assessed radiographically,
presence of periodontal pockets and gingival bleeding (1).
The inflammatory response is mainly related to the
accumulation of microorganisms originating from dental
biofilm, resulting in a dysbiotic bacterial community, which
stimulates the host's immune system and generates

exacerbated damage to periodontal tissue (2).
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Therefore, non-surgical periodontal treatment aims to
disorganize and remove the supra and subgingival biofilm,
with the aim of reducing inflammation and the progression of
Periodontitis (3). One of the steps of basic periodontal therapy
consists of oral hygiene instruction and mechanical removal
of biofilm through scaling and root planing (SRP). However,
it is not always possible to completely remove dental biofilm
and plaque-retentive factors, due to the presence of areas that
are difficult to access for instrumentation, such as very deep
pockets and furcation areas (4).

Alternative therapies are sometimes suggested in
cases where conventional treatment alone is not sufficient to
control the inflammatory process, such as the use of systemic
antibiotics (5). However, the imbalance caused in the
intestinal flora and the development of bacterial resistance are

the main disadvantages of using antibiotics (4).
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Recently, clinical studies demonstrated satisfactory
results involving ozone therapy associated with RAR in the
treatment of Periodontitis (6,7). Research has shown that the
benefits of this therapy include promoting cell proliferation,
analgesic, anti-inflammatory and bactericidal effects, which
can inhibit the progression of gingivitis and periodontitis (6).
In addition to the well-established treatment
alternatives to date, such as scaling and root planing (SRP),
combined with the use of oral antiseptics based on
chlorhexidine (CHX), Dentistry has been trying to innovate
forms of treatment with the use of ozone therapy (8). Ozone
therapy has been a promising area among researchers and
clinicians in the most diverse areas.
According to several studies, ozone can act as an
alternative antiseptic agent, which can reduce and control
bacteria that colonize periodontal pockets and the gingival

sulcus (9-11).
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Ozone is a triatomic molecule, made up of three
oxygen atoms, and its application in Medicine and Dentistry
has been indicated for the treatment of numerous different
pathologies, such as the elimination of bacteria, periodontal
disinfection, prevention of tooth decay, endodontic treatment,
sensitivity dentistry, and treatment of temporomandibular
dysfunction (TMD) (8).

Ozone is already used worldwide in the treatment of
many diseases as it is highly effective against viruses, bacteria
and fungi, in addition to having anti-inflammatory action, it
acts to increase the local supply of oxygen, promoting local
homeostasis and inhibiting bacterial proliferation in
numerous diseases (12).

Ozone's mechanism of action is damage to the
cytoplasmic membrane of cells and, as a consequence,

ozonolysis of double bonds, causing the modification of
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intracellular contents due to the secondary oxidant that leads
to oxidation and loss of function proteins. organelle (13).

In the aqueous phase, ozone has advantages, as it is
biocompatible with dental structures, has an antimicrobial
effect, lacks mutagenicity and rapid microbicidal effects,
eliminating resistant oral microorganisms and, in addition, it
is not toxic to oral cells (14). The objective of the present
study was to verify the effects of ozonated water in the
treatment of Periodontitis, through a systematic literature

review of randomized clinical trials.

Materials and methods

Study Design

This study is characterized as a systematic literature
review, registered in the International Prospective Registry of

Systematic Reviews (PROSPERO, registration:
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CRD42023473289), and conducted in accordance with the
recommendations of the Statement of Preferred Items for

Systematic Reviews and Meta-Analyses (PRISMA) (15).

Guiding Question and Search Strategy

Initially, the following guiding question was
constructed: Is ozonated water effective, as an adjuvant
therapy, in the treatment of Periodontitis?

To answer this question, between the months of
March 2023 and October 2023, articles were manually
searched in the BIREME, PubMed and Web of Science
databases, using descriptors indexed in Decs (Descriptors in
Health Sciences) and MeSH ( Medical Subject Headings ):
“Ozone Therapy”, “Periodontal Diseases”, “Periodontitis”,
“Ozone”. Boolean operators “AND” and “OR” were used for
the search strategy. In the Pubmed database, the descriptors

were used with the help of Mesh (Medical Subject Headings).
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Study Selection

To select the studies, two independent reviewers (LS
and FF) used the PICOS strategy, as follows: Population (P):
permanent human teeth with Periodontitis. Intervention (1):
application of aqueous ozone in periodontal treatment.
Comparison (C): conventional periodontal treatment
associated with ozone associated or not with the alternative
use of chlorhexidine (positive control) or 0.9% saline solution
(negative control). Outcome (O): effectiveness of ozone as an
adjuvant therapy in periodontal treatment; and Study

design(s): randomized clinical trials.

Inclusion Criteria

Randomized clinical trials comparing the results of

aqueous ozone in patients with Periodontitis; Randomized
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clinical trials with patients with probing depth (PS) greater

than or equal to 4mm; articles in English.

Exclusion Criteria

Articles with different study designs, such as narrative
reviews, systematic reviews, case reports, control groups,
incomplete articles, case series and study protocols; studies

that have treated other pathologies.

Methodological quality and risk of bias

To assess methodological quality and risk of bias, two
independent reviewers checked the article data, discrepancies
were resolved by discussion between the reviewers. The
quality assessment using the modified Jadad scale and the risk
of bias assessment proposed by the Cochrane Collaboration
(Rev Man 5.4) were adopted. These instruments bring

methodological aspects, such as masking,
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randomization and sample loss, the higher the score the better

the methodological quality (16).

Results

Articles published in full text, in the English
language, published between 2010 and 2022 were included in
this study. Articles that were not in accordance with the
research subject were excluded. For exclusion, the included
articles were selected by reading the title and abstract. The
articles selected at this stage had their summaries read, when
in doubt a third evaluator (MS) decided whether they were
included or not. The articles selected by reading the abstract
went to the full text reading stage and, from there, the final
selection was made, as illustrated in the flowchart below

(Figure 1).

Figure 1 — Article selection flowchart.
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Figures 2 and 3 show the risk of bias of the selected studies.

Figure 3 — Summary of risk of bias per study.

The table below describes the characteristics of the selected
studies (Table 1).

Table 2 below illustrates the main characteristics of these

studies.

Data from the meta-analysis comparisons between
bleeding and decreased probing depth from these studies can

be seen in the figures below (Figures 4 and 5).

Figure 4- Meta-analysis of comparison between ozonated

water group and control groups in bleeding after treatments.

It is noted that in the 4 studies the treatment group did
better in reducing the bleeding rate, however, only 02 showed
significant improvements (P=0.03). In two studies there were

improvements in these indices, but without significant
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differences between them (17, 18). The heterogeneity index
(12 was 47% with 95% CI. The result was: -6.29 [-12.06, -

0.53].

Figure 5 — Meta-analysis comparing the treatment group and

the control group in reducing probing depth.

The results indicate improvements in the reduction of
probing depth in the 3 studies that offered this data, however,
there was no significant difference between them (P=0.11).
The result was 0.41 [ -0.09, 0.92]. The heterogeneity index

(12) was 93% with 95% Cl.

Discussion

Within periodontics, for the treatment of periodontal

disease, the gold standard is scaling and root planing (SRP),
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however, for long-term improvements, many substances are
added, including the use of medical ozone.

However, studies using ozone therapy as an adjunct in
the area of periodontics are still scarce. Therefore, this
systematic review selected only 04 articles after careful
evaluation and application of the inclusion and exclusion
criteria (9,10,17, 18).

These results demonstrated effectiveness in reducing
bleeding on probing, but in other clinical parameters, such as
decreased probing depth, they are similar to other systematic
literature reviews, as it can be noted that the use of ozone
therapy  with  non-surgical  periodontal  treatment
Conventional therapy, in addition to being scarce, is
considered controversial and lacks effective results (19,20).
But it is important to highlight that these results should not be

considered definitive, due to the great heterogeneity of the
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studies carried out, as well as the different vehicles used, such
as gas, oil and water.

However, after applying filters and selecting the
aqueous vehicle as an inclusion criterion for the present study,
it was possible to obtain good homogeneity in the studies that
used ozonated water. Proof of this was the bias scale of the
selected studies, which mostly indicated a low risk of bias,
according to the modified Jadad scale proposed by the
Cochrane Collaboration (Figure 1 and 2) (16).

It can be argued that ozonated water is safer compared
to ozone in gaseous form, due to numerous reasons, such as:
epiphora, rhinitis, cough, headache, nausea, and vomiting, if
inhaled through an open system (21,22). The present study
points out that when ozonated water is compared with CHX
0.12% or a placebo (saline solution, water or distilled water),

similar or superior results are found, demonstrating that this
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therapy is as effective as CHX as an adjuvant. in periodontal
treatment (9,10, 17, 18).

In the study by Hayakumo et al. (10) the clinical and
microbiological effects of irrigation with nano bubbles of
ozonized water was used as a complement to SRP for
periodontal treatment, the authors found significant
differences in all clinical aspects and parameters after 4
weeks in both groups. The reduction in probing depth and
gain in clinical attachment after 4 and 8 weeks in the ozonated
water group were significantly greater than those in the water-
only group. Furthermore, only the ozonated water group
showed statistically significant reductions in the mean total
number of bacteria in subgingival plaque during the study
period.

In the study by Ranthji et al. (18) the authors
investigated the benefits of irrigation with ozonated water

together with non-surgical periodontal therapy for the

79



treatment of periodontitis. According to the authors' analysis,
irrigation with ozonized water resulted in a significant
reduction in pocket depth in deep pockets (p=0.01) and in the
number of sites with pocket depth >4 mm with bleeding on
probing. Salivary interleukin 1 beta also significantly reduced
in the test group after therapy.

Similar to the studies mentioned above, Al Habashneh
et al. (17) determined the clinical and biological effects of the
adjuvant use of ozone in non-surgical procedures in
periodontal treatment. There was a statistically significant
improvement in the study parameters in both groups between
TOand T1, except for the gingival index. However, this study,
unlike the others, demonstrated that there were no significant
differences in any study parameter between the test and
control groups.

Regarding the results of the meta-analysis, they must

be interpreted with caution, as when comparing the rate of
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bleeding on probing when using distilled water with the
control groups (water, distilled water and CHX), it is noted
that in the 4 studies the treatment groups did better when
reducing this parameter, however, only two showed
significant improvements (12=47%; 95% CI). When
comparing the difference in probing depth, all were
statistically similar (12=93%; 95% CI), remembering that one
study did not provide PS values and had to be left out (9).
Another point to be highlighted were the studies that
analyzed the reduction of the microbiota. This was the major
highlight for the ozonated water group over the control, as
only this group showed statistically significant reductions in
the average total number of bacteria in subgingival plague
during the study period (10). In line with these results,
Kshitish and Laxman (9) claimed that there was a 25%
reduction in Aa when using ozonated water, and CHX

showed no difference.
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CHX is known to be a gold standard antimicrobial for
oral biofilm control, as it has a broad antiseptic spectrum and
substantivity (9). However, this substance used as a
mouthwash for long periods can cause damage to patients'
mouths, such as a “metallic” taste, burning and staining of the
teeth (9). This is why new substances are being studied, such
as ozone, because in the aqueous phase it is biocompatible
with dental structures, has an antimicrobial effect, has no
mutagenicity and rapid microbicidal effects, eliminating
resistant oral microorganisms, and is not toxic to cells. oral
(14).

It is important to mention the disadvantage of aqueous
ozone, as it has a short half-life at room temperature, but, if
refrigerated, it can last for days (23). Finally, the limitations
of this study must be mentioned, which include the small
number of individuals selected for research, the short follow-

up time, the absence of fixed protocols for randomized
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clinical trials and the need for more clinical studies in this
area.

Final Considerations

This study suggests that the use of ozonated water as
an adjunct in the treatment of non-surgical periodontal
disease reduces periodontal indices, compared to control
groups (water, distilled water and CHX). However, it is
difficult to claim that it is statistically superior in all aspects
studied, due to the heterogeneity of the protocols used and the
short follow-up time of the clinical trials carried out.

Therefore, more clinical studies are needed.
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Table 1 — Results.

Title

Clinical and
microbiologi
cal effects of
0zone nano-
bubble water
irrigation as
an adjunct to
mechanical
subgingival
debridement
in
periodontitis
patients in a
randomized
controlled
trial

HAYAKUM
Oetal. (10)

Yea  Typeof
r study
201 Randomiz
3 ed
Clinical
Trial

Objective

To evaluate
the clinical
and
microbiologi
cal effects of
NBWS3
irrigation as
a
complement
to
subgingival
debridement
for
periodontal
treatment.

Type of
treatme
nt

GT:
RAR +
Nano
bubbles
of
0zonize
d water.

GC:RA
R+
water.

Conclusion

The
reductions in
mean PPD
from baseline
to4and 8
weeks in the
NBW3
(ozonated
water) group
were
significantly
greater than
those in the
water group.

Just the

The NBW3
group
showed
statistically
significant
reductions in

the average
total number
of bacteria in
subgingival
plaque
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The use of
ozonated
water

0.2%

chlorhexidin
e in the
treatment of
periodontitis

and

patients: a
clinical and
microbiologi

cal study (9)

90

Evaluation
and
comparison
of the effects
of oral
irrigation
with
ozonated
water and
0.2%
chlorhexidin
e on clinical
parameters
such as
Plaque
Index,
Gingival
Index and
Gingival
Bleeding
Index.

201 = Randomiz
0 ed
Clinical
Trial

GT:
RAR +
Ozonate
d water

GC:
RAR +
CHX
0.2%

during the
study period.

Ozone can be
considered an
alternative
management
strategy due
to its
powerful
ability to
inactivate
microorganis
ms.

A greater
percentage
reduction in
plaque index
(12%),
gingival
index (29%),
and bleeding
index (26%)
was observed
with ozone
irrigation
compared to
chlorhexidine



Ozone as an
adjunct  to
conventional
nonsurgical
therapy in
chronic

periodontitis
: a
randomized
controlled
clinical trial.

AL
HABASHN
EHetal. (17)

Adjunctive
benefit of
ozonized

201

202
2

Randomiz Determine
ed the
Clinical .
Trial clinical and
biological
effects of the
adjuvant use
of ozone in
non-surgical
procedures
in
periodontal
treatment.
Randomiz = Discover the
ed benefits of

ozonated

GT:
RAR +
ozonate
d water

GC:
RAR +
distilled
water.

GT:

RAR +

Irrigation
with
ozonated
water as an
adjunctive
therapy to
ARR did not
produce any
statistically
significant
benefit
compared to
ARR with
distilled
water
irrigation.

There was
statistically

significant
improvement
in study
parameters in
both groups
between

TOand T1,
except
gingival
index.

The average
clinical
insertion gain
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water Clinical water ozonate in moderate

irrigation Trial irrigation d water and deep
with together pockets was
mechanical with non- significantly
debridement surgical GC: greater in the
in periodontal RAR+ testgroup (p

therapy for jistilled <0.01).
the the treatment

water.

management of
of Stage Il

periodontitis

periodontitis

A

randomized
controlled
clinical and

biochemical
study.

RANJITH et

al.

Source: By the author himself, 2023. Caption: CG: control
group; GT: test group; RAR= scaling and root planing;
NBW3= ozonized water nano bubbles; PPD= probing depth;
CHX= Chlorhexidine.
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Table 2 — Characteristics of the selected studies.

Reference

HAYAKU
MO etal.
(10)

KSHITISH

LAXMAN
©)

AL
HABASH
NEH et al.
17)

RANJITH
etal.

Ye
ar

20
13

20
10

20
15

20
22

Number
of
particip
ants

N=21

GTn=10
GCn=
11

N =16

GT n=

8GCn=
8

N=41
GT:
n=20GC:
n=21

N=50
GT:
n=25GC:
n=25

Mid
dle
Ages

45.9
+
14.8
years

(20-
60

years

)

39.7
+
13.7
years
(GT)

39.0
+
10.2
Years
(GC)

49.23
+
8.87
(GT)
4755
+

Diagnosi
S

Chronic
periodon
titis

Chronic
periodon
titis

Chronic
periodon
titis

Stage 11
periodon
titis

Probi

ng
depth

4mm

Did
not
provi
de

5mm

>4m
m

Most
effectiv
e agent

Ozonat
ed
water

Ozonat
ed
water

Both,
with no
statistic
al
differen
ce.

Ozonat
ed
water
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9.69
(GC)

Source: From the author himself, 2023. Legend: N=
population; n= sample; += standard deviation; CG: control

group; GT: test group.

Figure 1 — Article selection flowchart.

Database:
g PUBMED: 24 studies
e BIREME: 17 studies
8 Web of Science: 44 studies
[ Total: 85
=
E ‘ EXCLUDED STUDIES:
o
- PUBMED: 18 studies excluded for not
meeting the selection criteria.
Studies analyzed - BIREME: 4 studies outside the theme
by title and abstract and 13 repeated studies
% Web of Science: 22 off-topic studies and
= 20 replicate studies s.
i
o
3
READ IN FULL EXCLUDED STUDIES:
8 studies I
2 studies from Web of Science did not
meet the inclusion criteria.
z
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3
% 4SELECTED
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Figure 2 — Total risk of bias of selected articles.

Random sequence generation (selection bias)

Allocation concealment (selection bias)
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Incomplete outcome data (attrition bias)
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Figure 3 — Summary of risk of bias per study.
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Figure 4- Meta-analysis of comparison between ozonated

water group and control groups in bleeding after treatments.
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Figure 5 — Meta-analysis comparing the treatment group and

the control group in reducing probing depth.
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CONSIDERACOES FINAIS

Nesse estudo, 0 uso da agua ozonizada se mostrou eficaz no
controle da halitose oral, bem como nos parametros clinicos da
periodontite em comparacdo ao grupo placebo. No entanto, mais
ensaios clinicos randomizados devem ser realizados, com

protocolos bem definidos e maior tempo de acompanhamento.
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APENDICE | - AVALIACAO DE HALITOSE

Vocé esta participando da pesquisa “EFEITO DA AGUA
OZONIZADA NA HALITOSE DE PACIENTES COM DOENCA
PERIODONTAL: UM ENSAIO CLINICO RANDOMIZADO”.
Vocé sera examinado (a) pela parte da manha, por favor, evite a
ingestdo de alho, cebola e condimentos nos 2 dias que antecedem
0 exame. Evite fumar e ingerir café e alcool nas ultimas 12 horas
gue antecedem o exame. Na manha do exame, vocé ndo podera
utilizar balas ou chicletes, mas sera permitido um lanche e

escovagao com agua, sem creme dental.
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APENDICE Il - TERMO DE CONSENTIMENTO LIVRE E
ESCLARECIDO

UNIVERSIDADE DE PASSO FUNDO
FACULDADE DE ODONTOLOGIA

‘ b! U PF Campus I - Bairro Sdo José PPG

UNIVERSIDADE CEP 99052-900 - Passo Fundo - RS Srogtamade Pés Graduach
DE PASSO FUNDO

Fone: (54)3316-8395 (54)3316-8554

e-mail: ppgodonto@upf.br

Vocé esta sendo convidado(a) a participar da pesquisa intitulada
"EFEITO DA AGUA OZONIZADA NA HALITOSE E NOS
PARAMETROS CLINICOS DE PACIENTES COM
DOENCA PERIODONTAL: UM ENSAIO CLINICO
RANDOMIZADOQ", de responsabilidade do pesquisador Me.
Leonardo Saraiva. Caso ndo queira participar, ndo ha problema
algum. VVocé ndo precisa me explicar porque, e ndo havera
nenhum tipo de punicao por isso.

A) JUSTIFICATIVA: Pacientes com doencga periodontal
tém prejuizos clinicos e sociais por apresentarem inflamagéo nos
tecidos periodontais (gengiva), perda de dentes,
comprometimento estético e funcional, e halitose (mau halito). Ha
poucos estudos testando remédios antimicrobianos no controle do
mau halito decorrente desta doenca. O tratamento hoje utilizado é
a raspagem e o alisamento da raiz dos dentes afetados. O
acréscimo de remédios antimicrobianos poderia auxiliar na
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reducdo do mau halito do paciente. Entre tais remédios, aquele a
base de agua ozonizada é um candidato, considerando-se seu
beneficio em doencas orais demonstrado em ensaios clinicos,
além do bom perfil de seguranga com aumento da cicatrizacdo
tecidual.

B) OBJETIVO: avaliar o efeito da 4gua ozonizada
comparada ao placebo combinados ao tratamento convencional
durante 30 dias, no controle da halitose e nos parametros clinicos
da doenca periodontal.

C) PROCEDIMENTOS, LOCAL, DIA, HORA DA
PESQUISA: Vocé vai fazer uma consulta com o Leonardo para
avaliagdo da sua boca quanto & doenca periodontal. Se for
aprovado para o estudo, iniciara o tratamento convencional
(raspagem e alisamento radicular) e sera sorteado para receber
agua ozonizada ou placebo, que serdo idénticos para evitar que
voceé e o Leonardo saibam o que esta usando (sera revelado apés
o fim do estudo). As consultas serdo duas por semana durante 30
dias. Os dias e horarios das consultas seguirdo a disponibilidade
de agenda da instituicdo. A duragdo aproximada de cada consulta
sera de 1 hora e 30 minutos, aproximadamente.

D) POSSIVEIS DESCONFORTOS E RISCOS: Durante
0s tratamentos vocé podera sentir dor leve, pequenos
sangramentos da gengiva e algum gosto ruim na boca, préprios do
tratamento convencional. Podera ter desconforto psicol6gico ao
responder o questionario e analisar a halitose. No caso de
manifestacao de cansago ou indisposicéo a entrevista ou as
sessdes serdo interrompidas imediatamente. O pesquisador estara
sempre disponivel para controlar esses riscos. Em funcéo da
pandemia da COVID-19, todas as consultas seguirdo normas de
seguranca para reduzir o risco de eventual contaminagé&o.
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E) BENEFICIOS: O tratamento ird melhorar sua satde
bucal e de todo o seu corpo, pois diminui a inflamacg&o causada
por essa. Acreditamos que a sua participacdo nesse estudo traz
beneficios, pois permitira aos pesquisadores conhecer mais sobre
as condicdes clinicas e satde bucal das pessoas que possuem mau
halito por doenca periodontal e que irdo se submeter ao
tratamento. VVocé estara indiretamente auxiliando o possivel
desenvolvimento de estratégias para as necessidades em saude
bucal em individuos com mau halito, e estara contribuindo para a
tese de doutorado do Leonardo. Caso seja diagnosticado alguma
injaria durante o exame clinico, vocé recebera orientagGes sobre
como proceder.

F) ESCLARECIMENTOS: Vocé teré a garantia de receber
esclarecimentos sobre qualquer ddvida relacionada a pesquisa e
poderé ter acesso aos seus dados em qualquer etapa do estudo.

G) LIBERDADE: Sua participacdo nessa pesquisa ndo é
obrigatoria e vocé pode desistir a qualquer momento, retirando
seu consentimento. A sua participagao é voluntaria e a recusa em
participar ndo ira acarretar qualquer penalidade ou perda de
beneficios.

H) SEM GASTOS E REMUNERACAO: Caso tenha
alguma despesa relacionada a pesquisa, vocé tera o direito de ser
ressarcido (a). Vocé ndo receberd pagamento pela sua
participacdo no estudo.

) DIREITO A INDENIZACAO: Caso ocorra eventual
dano comprovadamente decorrente da sua participagdo na
pesquisa, vocé tem o direito de buscar indenizagéo.

J) SIGILO E DA PRIVACIDADE: Os dados seréo
registrados no préprio formulario de pesquisa e mantido sob
sigilo. Seu nome ou qualquer dado de identificacdo ndo aparecera
em lugar nenhum, preservando sua identidade. Todas as amostras
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bioldgicas e os resultados provenientes delas serdo usados apenas
para as finalidades descritas no protocolo de pesquisa e no termo
de consentimento livre e esclarecido. Apds a conclusdo do estudo,
qualquer material remanescente sera destruido de acordo com as
boas praticas clinicas.

K) DIVULGACAO DOS RESULTADOS: Os resultados
serdo divulgados através de resumos apresentados em congressos
e na forma de artigo cientifico, publicado em revista da area
correspondente a doenca periodontal. Seu nome nao aparecera nas
publicagdes.

L) DUVIDAS: Caso vocé tenha dividas sobre o
comportamento dos pesquisadores ou sobre as mudancas
ocorridas na pesquisa que ndo constam no TCLE, e caso se
considera prejudicado (a) na sua dignidade e autonomia, vocé
pode entrar em contato com o (a) pesquisador () telefone (54)
999999911, ou com o Programa de P6s-Graduagao em
Odontologia da Universidade de Passo Fundo (54) 3316-8395, ou
também pode consultar o Comité de Etica em Pesquisa da UPF,
pelo telefone (54) 3316-8157, que funciona de segunda a sexta
das 08h as 12h e das 13h30 as 17h30min.

Os pesquisadores garantem e se comprometem com o sigilo e a
confidencialidade de todas as informagdes fornecidas por vocé
para este estudo. Da mesma forma, o tratamento dos dados
coletados seguird as determinacgdes da Lei Geral de Protecdo de
Dados (LGPD — Lei 13.709/18).

E garantido a vocé o direito a ressarcimento em caso de despesas
comprovadamente relacionadas a sua participacdo no estudo, bem
como, ao direito a indenizacdo em caso de danos nos termos da
lei. O operador dos dados serd o pesquisador Leonardo Saraiva e
0 guardido desses dados sera o prof. Dr. Fernando Fornari. Seus
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dados serdo mantidos sob segredo (gravados num computador
com senha).

Dessa forma, se senhor (a) concorda em participar da pesquisa
como consta nas explicacdes e orientagbes acima, coloque se
nome no local indicado abaixo.

Desde j4, agradecemos a sua colaboracao e solicitamos a sua
assinatura de autorizacdo neste termo, que sera também assinado
pelo pesquisador responsavel em duas vias, sendo que uma ficara
com vocé e outra com o (a) pesquisador (a).

Passo Fundo, de de 202 _.

Nome do (a) participante:
Assinatura:

Nome do (a)s pesquisador (a)s:

Me. Leonardo Saraiva Dr. Fernando
Fornari (Orientador)

Assinatura Assinatura
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Apéndice 11 — Questionarios e Ficha Clinica

BLOCO A- PERFIL DEMOGRAFICO E SOCIOECONOMICO

Nome:

Telefone: () ()

Endereco:

Data da entrevista: / /

Entrevistador: Examinador:

A01) Data de nascimento: / / ( idade)
A02) Sexo:

Masculino (1)
Feminino (2)

A03) Cor da Pele

Branca (0)
Preta (1)
Parda (2)

Amarela (3)
Indigena (4)

A04) Qual é o seu estado civil?

Solteiro (a) (0)

Casado (a) (1)
Divorciado/Separado (a) (2)
Viuvo (a) (3)

Unido estavel (4)

AO05) O(a) sr.(a) trabalha ou trabalhou alguma vez na vida?

N&o, nunca (Pule para a questdo A06) (0)
Trabalhou, mas n&o esta trabalhando (1)
Sim, esta trabalhando (2)
IGN (9)
O que o(a) Sr.(a) esta fazendo atualmente?
Trabalhando (0)
Aposentado (1)
Aposentado, mas trabalhando (2)
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Encostado (3)

Do lar (4)
Desempregado (5)
NSA (8)
IGN (9)
Qual é (ou era) sua ocupagdo profissional?
A06) Até que série o(a) sr.(a) estudou?
Nenhuma (0)

12 até 32 série (primario incompleto) (1)

43 série (primario completo) ou 12 grau (ginasial) incompleto (2)
12 grau (ginasial) completo ou 22 grau (colegial) incompleto (3)
29 grau (colegial) completo ou nivel superior incompleto (4)
Nivel superior completo (5)

NSA (8)

IGN (9)

A07) No més passado, quanto (em reais) receberam as pessoas que moram na sua casa
em seu trabalho principal, incluindo saldrios, bolsa familia, pensdo, aluguel,
aposentadoria e outros rendimentos?

Pessoa 1: RS por més
Pessoa 2: RS por més
Pessoa 3: RS por més
Pessoa 4: RS por més
Pessoa 5: RS por més

(00000) Nao recebeu (88888) NSA (99999) IGN

Critérios de exclusdo Analfabetismo?
()Sim ( )Nao

Usou antibidtico nos ultimos 90 dias?
()Sim ( )Nao

Fuma? ( )Sim ( )Ndo

Uso de Alcool? ()Sim ( )N3o
Gravidez/Amamentacdo?

()Sim ( )Nao
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Doencgas sistémicas
Diabetes melitus?
()Sim ( )Nao
Insuficiéncia renal?
()Sim ( )Ndo
Cirrose hepatica?
()Sim ( )Nao
Periodontite:

()Sim ()Nao

Halitose por Doenca periodontal: ( )Sim ( )Ndo

Presenca de saburra lingual: ()Sim ()Ndo

Se sim:
() Saburra fina em até 1/3 do dorso da lingua (1)

(

(2)

() Saburra espessa em mais de 1/3 do dorso da lingua (3)

12 Avaliacdo Data do exame:

Teste organoléptico:

() Auséncia de cheiro (0) ()Mau cheiro quase imperceptivel (1)
( )Mau cheiro leve (2) ( )Mau cheiro moderado (3)

()Mau cheiro forte (4) ()Mau cheiro grave (5) Halimetro:

) Saburra fina em mais de 1/3 do dorso da lingua ou espessa em até 1/3
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22 Avaliagdo Data do exame:

Teste organoléptico:

()Auséncia de cheiro (0) ()Mau cheiro quase imperceptivel (1) ( )Mau
cheiro leve (2) ()Mau cheiro moderado (3)

()Mau cheiro forte (4)  ()Mau cheiro grave (5)

Halimetro:
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ANEXO | — Exames Periodontais

S PERIOGRAMA
INDICE DE BIOFILME

$ 7.6 3 4 3531 1 2 394 9.6 7 8

Data: / / PPorcentagem: %

INDICE GEI{GIVAL ‘

|

i

§ 7 65 & 3$-2-19%i] 34567!'
|

Data: / / *&'Wﬂﬂt_%

Data: / / Porcentagem:____ %

Diagnéstico Clinico Periodontal:

Prognéstico:
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ANEXO 11 - PARECER CONSUBSTANCIADO DO

126

CEP

UNIVERSIDADE DE PASSO

FUNDO/ VICE-REITORIA DE %ﬂlﬂuﬂp
PESQUISA E POS-

GRADUAGAC - VRPPG/ UPF

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA
TRule da Peaquisa: EFETD DA AGUA OZONZADA MA HALITOSE E NOS PARAMETROS CLIMICOS DE
PACIENTES COM DOENCA PERIODONTAL: UM ENSAID CLINICD RANDOMEZADD
Posquisador: LECMNARDD SARAIVA
Arga Tematica:
Wars3o: 1
CAAE- SH506522 5.0000.5342
Instiftulgao Proponents: FUMDACAD UNIVERSIDADE DE PASSO FUNDD
Patrocinador Principal: FInanciameants Progna

DADOS DO PARECER

NOmanD 80 Parecer. 5.324.346

Apregsntsgio do Projete:

A hallipse & definida como 3 extenonzapio 62 oI0res TEAE0S Paia DOCa 2 Feconheciia por Pessoas que
tazem pare oo comvivio do paciente. A etiologia deve-se prncipaiments 3s condigies orals dos pacientss
(BD @ 90%), £OMmo 3 duenga peniodontal (D & s3ouma INguai, ou ainda por condighes slstamicas {10%). O
U50 03 3gUa OEonizada iem S8 Mosirado promissor pam diversas doengas omls, Auando cOMo um agente
antisséptico aitamativa, que pode diminuir & confmiar 35 bacténas que colonizam a5 boisas penodontals @ o
suico gengival

Objetivo da Pesquisa:
Avallar, em paclentes com doenga periodontal tratados comencionaimente, o efelto da agus ozonizada
wersus placebo no controle da haliose e nos demals pardmetnos dinices da doenga perodontal

Lwvallai3e dos Rlacoa & Beneficios:

Segundo 08 pesguisadores, s rscos 530 dor leve, sangramenios controlados, gosto rukm na boca, ou
desconfono pelcoiogicn 30 MEspONGer O QUESoNANG & analsar a halltess, No caso e manfestagio oo
cansago ou Indisposipdo 3 entrevista ou a5 sessles sardp Intemompidas Imediataments. O pesquisacor
estara sempre dsponivel para controlar @sses riscos. Como

Enderege:  BR 285 Km 202 Camgus | - Centre AdminstafeaToetons 4 ande

Bairer  Siio oud CEP: o5 o0
UF: RS Municipie:  PASED FURDO
Telfone: (5453188157 E-frail. ol by



UNIVERSIDADE DE PASSO

FUMDO/ VICE-REITORIA DE %ﬁm‘«m
PESQUISA E POS-

GRADUAGCAO - VRPPG/ UPF

Contruscio 43 Pamar 524 HE

beneficio o tratamento Ira melhorar 3 salde bucal e de fodo corpo, pots diminul 3 Inflamacio causada pela
doenga perodonital.

Comentarios 8 Conslderagies sobrs a Peaguisa:

Trata-se e um ensalo cinko randomizads, dupio-G2go, COM grUpos paraleios, que terd duraglo de 4
SEMaN35. S2ESEN13 2 00is PAciEntes cOm O0enfa perindontal Moderada 3 grave, Isemmoados nos
ambulatonos da Faculdade de Odontologla 43 UPF, fardo pare O3 amostra. O5 voluntarios serdo
randomizados em 2 gripos de tratamento (n=31); G1 — tratamento convencional (RAR) & placebo; G2 —
tratamento convencional (RAR) & Agua oeonizada, Os iratamentos serdo reallzados dUGs Vezes por semana
2 & desfechos B2rS0 MEnsUrados Ames & Jepols do fraiamento, que serdor halioss (feste organciétptico &
halimetro); desfechos clinkeos da OP & microbiota oral, por melo de reagio em cadela da pallmerase [PCR)
para diferendiar & quantificar espaci=s bacterianas parodontopatogericas.

Conzlderaghes sobre os Termos de apresentagio cbrigatora:

O protocolo fol INsTuldo @ apreseniao de Maneia compiela e adequada. s COMPIOMISs0s do pesquisador
& 035 INstiulgdes estavam presentas. O projeto 1ol CONSI0Sr3n ClafD em SeUs 3spectos clentioos e
metoanagicos.

RecHmendagies

Apos O lETING da pesqUisE, 0 CEP UPF soligia: 3) A devoilg30 006 REUltados 00 el 305 sujeiis &
pesquisa ou a Instiuigio que fomecsu of dados; b) Enviar o relataro fnal da pesquisa, pala plataforma,
utlizando a apgdo, no final da pagina “Enviar Mobfeagdo™s relattro final.

1) Adlclonar a0 TCLE, a0 lado dos dados do CEP o texio: 0 Comit2 esta locallzado no Campus | da
Universidade de Passo Fundo, na BR 285, Balmo 530 José, Passo Funda®S. O Comite de Efica em
pesquisa exerce papel consutivo 2, em especia, educativo, para assequrar 3 formagdo coninuada dos
DESQUISAIONSE & DIOMOWEr 3 discussd0 dos 3spectos 2lcos das pRsqUIS3s 2m Ser2s NUMAENIE Na
comunigade.”

2) Diedxar o TCLE como um bexdo comido, ndo am fkens.

Conclusdes ou Pandénclas & Lista de Inadequacies:
Dlante do exposto, este Comits, de acordo com as atibulghes definldas na Resolugdo n. 466/12, do
Conselho Macional da Salde, Minisiério da Salde, Brasil, manitesta-se pela aprovacio do

Enderegee  BR 285 ki 252 Caspia | - Cartre Adrinktiateofaions 4 ehde

Bairree  Sdie ol GEP:  o0%2.000
UF: RS Municipie:  FASSD FUNDO
Telafone: (L4133188157 E-manl  copafliogd bx

P =1 4
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ANEXO I1lI- NORMAS REVISTA Journal Of Clinical
Periodontology
https://onlinelibrary.wiley.com/page/journal/1600051x/homepage

[forauthors.html

HOME ‘ ABOUT v ‘ CONTRIBUTE v | BROWSE v

Author Guidelines

Journal of Clinical Periodontology now offers Free Format submission for a simplified and
streamlined submission process. Read more here.

Sections

Submission

Aims and Scope

Manuscript Categories and Requirements
Preparing the Submission

Editorial Policies and Ethical Considerations
Author Licensing

Publication Process After Acceptance

Nact Duhlicatian

oNO LA WN S

Comprovante de Submissédo a Revista:

02-Jul-2024

Dear Prof. Fernando Fornari,

Your manuscript entitled "Superiority of ozonated water in controlling periodontitis and halitosis: A phase 2 randomized clinical
trial" has been successfully submitted online. Within the next few days your manuscript will be checked for its compliance with
the journal's requirements. If any required part is found missing, you will be notified by email that your manuscript has been
unsubmitted and returned to your Author Centre. The email will include detailed explanation of the changes to be made before

your manuscript can be resubmitted for review in Journal of Clinical Periodontology.

Your manuscript ID is CPE-07-24-12648.

130
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Submit an articlev About this journal Browse all articles & issuesv

Article requirements

Word limit
There is no word limit for this article type.

Anonymisation
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All author names, including first and last name
All up-to-date author email addresses

All author affiliations and countries
Corresponding author indicator
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Dear Leonardo Saraiva,

Thank you for your submission.

Submission ID 240188440

Effects of ozonized water on Periodontitis: systematic review
with meta-analysis

Journal Ozone: Science & Engineering

Manuscript Title

If you made the submission, you can check its progress and make any requested revisions
on the Author Portal

Thank you for submitting your work to our journal
If you have any queries, please get in touch with BOSE-peerreview@journals.tandf.co.uk.



