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Keywords Ozone, Periodontitis, Meta-analysis

Background Chronic periodontitis is an infectious disease initiated by plaque, which affects chewing and even gen-
eral health. Ozone therapy, as a complementary means in the treatment of chronic periodontitis, numerous clinical
trials have been conducted. We conducted this review to evaluate the effect of the ozone use accompanied by scal-

Methods Randomized controlled trials investigating the use of ozone therapy in chronic periodontitis. The search
was carried out across PubMed, Cochrane Central Register of Controlled Trials, and EMBASE databases with the search
period extending to July 2024. The quality of the identified studies was evaluated using the Cochrane Collabora-
tion’s Risk of Bias tool. The results were presented as weighted mean differences (WMD) with corresponding 95%
confidence intervals (95% Cl). Heterogeneity among the studies was assessed using the I? test. Data analysis was per-

Results Thirteen articles meeting the inclusion criteria. The meta-analysis revealed statistically significant differences
in probing depth (PD) and gingival index (Gl) reduction between ozone-assisted nonsurgical periodontal treatment
and placebo-assisted treatment in patients with chronic periodontitis (P < 0.05). However, no significant differences
were observed in clinical parameters such as bleeding on probing (BOP) percentage, plaque index (PI), and clinical

Conclusion Ozone therapy combined with SRP is superior to SRP alone in improving PD and Gl indexes in patients
with periodontitis, without increasing adverse reactions, and the effect is worthy of recognition. The research evi-
dence indicates that ozone therapy in patients with chronic periodontitis has a positive effect.

Background

Chronic periodontitis is an infectious chronic oral dis-
ease that is initiated by plaque [1]. The prevalence
of moderate-to-severe periodontitis in the global
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population over 15 years of age is about 19% [2]. In addi-
tion to affecting chewing, periodontitis can also adversely
affect an individual’s general health [3]. Studies have
revealed that periodontitis is closely related to a variety
of systemic diseases, such as adverse pregnancy out-
comes [4], diabetes [5], cardiovascular diseases [6], res-
piratory diseases [7], Alzheimer’s disease [8], and certain
types of cancer [9, 10]. Consequently, periodontitis has
become a significant public health problem [11]. Chronic
periodontitis is caused by the interaction of a variety of
microorganisms [12, 13], although the gram-negative
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anaerobe is the principal pathogen that leads to chronic
periodontitis [14]. Thus, the treatment of chronic peri-
odontitis first involves the removal of the plaque biofilm
and related infections in the periodontal pocket, includ-
ing periodontal non-surgical treatment and tissue regen-
eration surgery [15, 16]. Mechanical removal of dental
plaque is the most widely used and effective non-surgical
method for the treatment of periodontal disease [17].
However, it is difficult to reach deep periodontal pockets,
complex subosseous pockets, and root bifurcation lesions
through mechanical removal [17], which may lead to dis-
ease recurrence [18, 19]. Studies have indicated that the
herpes virus levels in the subgingival plaque of periodon-
titis patients are high [20, 21], while Epstein-Barr virus
may also affect the process of periodontitis. Currently, in
addition to the simple mechanical clearance method, the
basic treatment combined with antibacterial drugs has
achieved a satisfactory therapeutic effect in clinical prac-
tice [22]. Nevertheless, frequent use of antibiotics easily
induces the development of resistant virus strains [23].

Ozone (O3) is a natural gas molecule with a strong oxi-
dation ability that is composed of three oxygen atoms
[24]. Studies have shown that ozone significantly inhib-
its bacteria such as Escherichia coli and Staphylococcus
aureus, fungi such as Candida albicans, viruses, and
other microorganisms [25]. Besides, ozone has good bio-
compatibility with oral epithelial cells and periodontal
cells [26]. In the oral field, ozone is used for early caries
treatment, root canal disinfection, and tooth bleaching
[27]. As an adjuvant systems in non-surgical peri-implant
treatment, ozone can improve PI and BOP to some
extent [28]. In recent years, it has also been introduced as
an adjunct to the conventional non-surgical treatment of
chronic periodontitis [29].

Ozone therapy, as an effective complementary means
for subgingival curettage and root surface leveling in the
treatment of chronic periodontitis, improves the clinical
and microbiological indicators of patients [30]. Moreo-
ver, ozone has an obvious bactericidal effect on "red com-
plex" periodontal pathogenic bacteria [31] and promotes
the healing of affected tissue [32]. However, some stud-
ies have shown that the combination of periodontal basic
treatment with ozone fails to significantly improve the
periodontal status of patients with chronic periodontitis
[33] and the level of plasma oxidative stress [34]. These
contrasting results have led to strong interest in the
effects of ozone therapy on chronic periodontitis. This
review aims to answer the following key question, which
was developed according to the recognized Patient,
Intervention, Comparison, and Outcome (PICO) format:
What is the effect of ozone therapy as an adjuvant in the
treatment of periodontitis on the clinical indicators?
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Materials and methods

This review was compiled according to the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement [35]. This study was logged
in the PROSPERO database under the protocol number
CRD 42024554179.

Eligibility criteria
The inclusion criteria are: 1) Study design: published ran-
domized controlled trials (RCTs) regarding the ozone
therapy application as adjunct to SRP of patients with
chronic periodontitis. 2) Participants: patients with
chronic periodontitis. 3) Interventions: in the experimen-
tal group, the subjects were treated with whole-mouth
SRP with ozone treatment. In the control group, the sub-
jects were treated with SRP, supplemented with a pla-
cebo or blank control. 4) Outcomes: gingival index (GI),
plaque index (PI), bleeding on probing (BOP) percentage,
probing depth (PD), and clinical attachment loss (CAL).
The exclusion criteria include: 1) Animal studies and
in vitro studies. 2) Subjects with systemic disease or poor
systemic state and pregnant or breastfeeding mothers. 3)
RCTs involving procedures other than non-surgical peri-
odontal treatment and ozone therapy. 4) Studies where
the full texts are unavailable. 5) Research with incomplete
data.

Literature retrieval strategies

The databases of PubMed (http://www.ncbi.nlm.nih.
gov/sites/pubmed), Embase (http://www.embase.com),
and the Cochrane Central Register of Controlled Trials
(CENTRAL; http://www.cochrane.org) were searched
using a computer with no country or language restric-
tions. The search period was from the establishment of
the databases to July 2024. The search formula was for-
mulated by combining the subject words with free words
and Boolean logic operators such as "AND" and "OR". The
search formula for the PubMed database was: ((("Ozone"
[Mesh]) OR ((((((((Tropospheric Ozone [Title/Abstract])
OR (Ozone, Tropospheric [Title/Abstract])) OR (Low
Level Ozone [Title/Abstract])) OR (Level Ozone,
Low [Title/Abstract])) OR (Ozone, Low Level [Title/
Abstract])) OR (Ground Level Ozone [Title/Abstract]))
OR (Level Ozone, Ground [Title/Abstract])) OR (Ozone,
Ground Level [Title/Abstract]))) AND (("Periodontitis”
[Mesh]) OR ((((((Chronic Periodontitis [Title/Abstract])
OR (Chronic Periodontitides [Title/Abstract])) OR
(Periodontitides, Chronic [Title/Abstract])) OR (Peri-
odontitis, Adult [Title/Abstract])) OR (Periodontitis,
Chronic [Title/Abstract])) OR (Adult Periodontitis [Title/
Abstract])))) AND ((((((((randomized controlled trial
[Publication Type]) OR (controlled clinical trial [Pub-
lication Type])) OR (randomized [Title/Abstract])) OR
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(controlled [Title/Abstract])) OR (trial [Title/Abstract]))
OR (random [Title/Abstract])) OR (placebo [Title/
Abstract])) OR (groups [Title/Abstract])).

Data extraction

In this study, the literature selection process was con-
ducted in strict accordance with the PRISMA process,
and two researchers participated in literature screening.
The two researchers conducted the preliminary screening
of the literature independently and then exchanged their
preliminary screening results to establish whether there
were any discrepancies. If there was a disagreement, a
third researcher assessed the relevant literature. If con-
sensus could not be reached between the three research-
ers, an expert in the field was invited to make a ruling.
The content of the data extraction included the authors
of the study, publication time, number of study cases, sex
ratio, treatment plan and course of treatment, interven-
tion measures, outcome indicators, and follow-up time.

Risk of bias assessment

The risk assessment of bias in this study adopted the
process from the new edition of the Cochrane Bias Risk
Assessment Manual, Cochrane Reviewers’ Handbook
(www.handbook.cochrane.org). It mainly includes the
following aspects: random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective reporting, and other biases. At the end of
the evaluation, the two researchers cross-checked their
respective evaluation results to generate the final results.

Data synthesis

The meta-analysis was conducted using Review Manager
(version 5.4) and Stata (version 16.0). All effect indicators
in this meta-analysis were measurement data. Weighted
mean difference (WMD) was used to analyze the meas-
urement data and calculate the 95% confidence interval
(95% CI). A P value less than 0.05 was considered to be
statistically significant. The I? heterogeneity test was car-
ried out to evaluate the heterogeneity. The I? value can
be divided into three distinct levels: I*=75%—100%,
high heterogeneity; I*=50%—75%, medium heterogene-
ity; ?’=0-50%, low heterogeneity. When P>0.10 and
I><50%, the fixed effects model was selected. However,
when P<0.10 and I? > 50%, the random effects model was
used. To test the stability of the meta-analysis, a sensitiv-
ity analysis was performed by removing individual stud-
ies one by one. When the number of RCTs for a certain
outcome indicator was greater than ten, publication
bias detection was necessary. The methods used in this
study included the funnel diagram method and the Egger
method.
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Results

Study selection

According to the PRISMA process and the inclusion and
exclusion criteria, we retrieved 99 related articles from
PubMed, Embase, and Cochrane Library. Following the
exclusion of 37 duplicates and a further 40 articles after
reading the titles and abstracts, 22 articles remained.
Subsequently, a comprehensive evaluation of the full
texts led to the rejection of nine more articles. Ulti-
mately, 13 articles fulfilled the inclusion criteria and were
included in the meta-analysis. The PRISMA flow diagram
is presented in Fig. 1.

Study characteristics

The 13 articles included in the screening were all rand-
omized controlled trials published in English between
2013 and 2023. The studies included a total of 655 sub-
jects, 328 in the experimental group and 327 in the con-
trol group. In all 13 papers, the intervention methods
were local adjuvant treatment after non-surgical peri-
odontal treatment. After scaling and root planing treat-
ment, the periodontal pocket was washed with ozonated
water or injected with gaseous ozone. The times and fre-
quencies of local applications varied, but most of them
were 30-60 s each time. Of the 13 RCTs, eight used
ozonated water [29-31, 36—40]and five utilized gase-
ous ozone [41-45]. Statistics and records of the ozone
applied in the experiments were made for each study,
while the usage, dosage, and intervention time were also
detailed. To make the data more intuitive, we produced
the following table (Table 1), which describes the general
characteristics of each RCT included in this study.

Risk of bias across studies

According to the results of the Cochrane bias risk assess-
ment tool, five articles used random methods but did not
explicitly state which random methods were employed.
The remaining trials reported the use of computer
numerical randomization or the random number table
method. Moreover, five articles did not state whether or
not distribution hiding was implemented, while the oth-
ers specified the implementation of distribution hiding.
The results of the 13 RCTs included in this study were
complete with no missing data. Besides, none of the stud-
ies had selective reporting bias and none of them clarified
whether reporting was biased by other sources (Figs. 2
and 3).

Study outcomes

PD

In total, twelve studies assessed probing depth. The het-
erogeneity test indicated heterogeneity among all the
studies (P<0.00001, I>=78%). The random effects model
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was used for the meta-analysis and the results revealed P/

that there was a statistically significant reduction in PD
between the ozone treatment group and the placebo
group [WMD =-0.26, 95% CI=(-0.48, —0.05), Z=2.44,
P=0.01] (Fig. 4).

Gl

Seven RCTs evaluated the gingival index. According to
the heterogeneity test, there was heterogeneity among
the studies (P=0.07, I’=48%). A meta-analysis using a
fixed effect model showed that the GI in the ozone treat-
ment group was significant reduction from that in the
placebo group [WMD=-0.15, 95% CI=(-0.24, —0.07),
Z=3.43, P=0.0006] (Fig. 5).

BOP

A total of six studies explored the BOP parameter. There
was heterogeneity among the studies (P=0.11, I*=45%),
while a meta-analysis using a fixed effect model revealed
no significant difference in BOP between the ozone treat-
ment group and the placebo group [WMD =-3.29, 95%
CI=(-8.65, 2.06), Z=1.20, P=0.23] (Fig. 6).

The plaque index was considered in seven articles. The
heterogeneity test showed that there was heterogene-
ity among the studies (P=0.77, *=0%). A meta-analysis
using a fixed effect model revealed no significant differ-
ence in PI between the ozone treatment group and the
placebo group [WMD=-0.05, 95% CI=(-0.15, 0.04),
Z=1.09, P=0.27] (Fig. 7).

CAL

In nine studies, CAL was measured. The heterogene-
ity test showed that there was heterogeneity among the
studies (P=0.0005, >2=72%). A random effects model
was used for meta-analysis, and the results indicated that
there was not a significant difference in CAL between the
ozone group and the placebo group [WMD =-0.27, 95%
CI=(-0.56,0.01), Z=1.87, P=0.06] (Fig. 8).

Sensitivity analysis

In this study, there was significant heterogeneity among
the studies regarding the PD and CAL effect indicators
(P<0.00001, I>=78%; P=0.0005, I*=72%). A sensitivity
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Table 1 General characteristics of included studies
N (T/C) Male/Female Intervention Usage Assessment method Follow-up
period
T C T C
Al Habashneh 41(20/21) 6/14 7/14  Ozonated water, Distilled water  Rinse for 30-60s PI'~ GI ~» BOP ~ CAL 3m
2015 [29] 75-85ug/ml
Alsakr 2023 [30] 92 (46/46) 31/15 31/15 QOzonated water, Normal saline Rinse for 5-10min PD » BOP » CAL 6w
5-20pg/ml
Ranjith 2022 [40] 42 (22/20) 11/11  13/7  Ozonated water, Normal saline Rinse for 30s PD » CAL 4w
0zone concentra-
tion 2ppm
Rapone 2022 [41] 90 (45/45) 35/6 35/10 Gaseous ozone Ozone-free gas  Rinse for 2min PD » CAL ~» BOP 3m
Seydanur Den- 37(19/18) 11/8 10/8  Gaseous ozone Ozone-free gas  Rinse for Tmin Pl GI ~» CAL 4w
gizek 2019 [42]
Issac 2015 [37] 60 (30/30) 19/11  19/11 Ozonated water, Distilled water  Rinse during treat- Gl ~» PD » CAL 4w
water out- ment
put > 150ml/min,
ozone output
0.082mg/h
Katti 2013 [38] 60 (30/30) - - Ozonated water Normal saline Rinse 40s, 3 Pl ~ Gl 4w
times a week for 2
weeks
Nardi 2020 [39] 96 (48/48) - - Ozonized olive oil  Blank control Rinse for 30s for 3 PD ~ BOP 4w
mouthwash days
Hayakumo 2013 21 (10/11) - - Ozone nanobub-  Tap water Rinse during treat- PD » BOP » CAL 4w
[36] ble water ment
Yilmaz 2013 [45] 20 (10/10) 5/5 3/7 Gaseous ozone Blank control Twice a week for 2 PI» PD» CAL 3m
weeks
Uraz 2019 [44] 36 (18/18) 9/9 9/9 Gaseous ozone of  Ozone-free gas 3 times for 30 s for 1 PI» GI~» PD ~» BOP 3m
2100 ppm week
with 80% oxygen
Vasthavi 2020 [31] 24 (12/12) - - Ozonated water Distilled water  Rinse during treat- PI~» GI~» PD 2m
ment
Tasdemir2019[43] 36 (18/18) - - Gaseous ozone, Placebo gas 3 times for 30 s for 1 PI~ GI~ BOP~ PD~» CAL 3m
75mg/ml week

Abbreviations: N number, T test, C control, s second, Pl Plaque index, G/ Gingival index, BOP Bleeding on probing, CAL Clinical attachment loss, PD Probing depth, m

mouth, w week
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I ——

Allocation concealment (selection bias) _:

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Other bias |

Incomplete outcome data (atirition bias)
Selective reporting (reporting bias) _

0%  25% 50% 75%  100%
. Low risk of bias D Unclear risk of bias . High risk of bias
Fig. 2 Risk of bias graph: review of authors’judgements regarding each risk of bias item

analysis using Stata 16.0 software showed that although
the combined effect size of some studies deviated from
the median line, this study [37] be the source of hetero-
geneity. However, the combined effect of these studies

was still within the 95% confidence interval. Therefore,
no studies were excluded as a result of the sensitivity

analysis (Figs. 9 and 10).
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Fig. 3 Summary of risk of bias of the included studies

Publication bias

The PD effect index was appraised in twelve studies,
which were tested for publication bias. The funnel plot
used for qualitative analysis was not completely symmet-
rical (Fig. 11). Additionally, the Egger method was used
for quantitative analysis of publication bias. According to
the results, p=0.169, where p>0.10 indicates that publi-
cation bias does not exist (Figs. 12 and 13).
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Discussion

As a formidable oxidizing agent, ozone plays a powerful
antibacterial function by rapidly releasing newly formed
oxygen free radicals to form oxygen [46]. At the same
time, ozone also has a regulatory effect on the cellular
and humoral immune systems, stimulating the growth
of immunoactive cells, production of immunoglobulin
[47]. It also reduces inflammation and promotes wound
healing by mediating levels of interleukin, leukotrienes,
and prostaglandins [48]. Chronic periodontitis is one
of the most common infectious oral diseases. In the
occurrence and development of periodontitis, pro-
inflammatory mediators, reactive oxygen species, and
other interrelated molecular pathway networks may all
play a crucial role [49]. Traditional antibiotic therapy
changes the subgingival microecological environment
by inhibiting the growth of subgingival bacteria [50],
but it is easy to induce drug-resistant strains. Ozone
possesses strong antibacterial, immunomodulator, anti-
inflammatory, analgesic, and hemostatic effects [51].
Moreover, compared with commonly used antibiot-
ics, it has the advantages of broad spectrum, rapidity,
safety, non-drug resistance, and good biocompatibility
[29]. Consequently, numerous randomized controlled
trials have applied ozone treatment as an adjunct ther-
apy to explore its role in chronic periodontitis.

Some scholars have discovered that ozone as an adju-
vant treatment is extremely effective in reducing dental
plaque, gingival inflammation, and bleeding in patients
with periodontitis, while it also has an obvious antifun-
gal effect on the Candida albicans fungus [52]. Con-
versely, some researchers believe that ozone therapy
does not provide additional benefits in clinical, micro-
biological, and biochemical parameters during SRP in
patients with chronic periodontitis [44]. The 13 articles
included in the final meta-screening were English-lan-
guage randomized controlled trials published between
2013 and 2023. They included 655 subjects, with 328 in
the experimental group and 327 in the control group.
The results of the meta-analysis revealed that there
were significant differences in PD and GI reduction in
the ozone treatment group compared with the placebo
group (P<0.05). Conversely, there were negligible dif-
ferences in clinical indicators such as BOP, PI, and CAL
(P>0.05). This indicates that ozone therapy enhances
the therapeutic effect of non-periodontal surgery in
patients with chronic periodontitis to a certain extent.
Regarding heterogeneity, there was great heterogeneity
in the PD and CAL analyses. To determine the source
of the heterogeneity, the RCTs were excluded one by
one for sensitivity analysis. For the PD parameter,
which comprised more than ten articles, we evaluated
publication bias through a funnel plot and the Egger
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Welght IV, Random, 95% CI IV, Random, 95% Cl
Al Habashneh 2015 08 04 20 -04 036 21 11.0% -0.40[-0.63, -0.17] -
Alsakr 2023 -2 115 46 -1 173 46 6.3%  -1.00[-1.60, -0.40]
Ambili 2022 08 08 22 -068 086 20 74% -0.12 [-0.62, 0.38] -
Biagio 2022 264 027 45 -217 053 45 11.7%  -0.47[-0.64,-0.30]
Eltas 2019 08 072 19 -06 08 18 76% -0.20 [-0.69, 0.29] -1
Issac 2015 25 15 30 -1 098 30 59% -1.50[-2.14, -0.86] -
Nardi 2020 227 123 48 -219 078 48 86% -0.08 [-0.49, 0.33] I
Sae 2013 225 026 10 -241 026 11 11.2% 0.16 [-0.06, 0.38] ™
Selguk 2013 -1.08 026 10 -1.04 013 10 11.7% -0.04 [-0.22, 0.14] T
Uraz 2018 -1.91 105 18 -193 099 18 57% 0.02 [-0.65, 0.69] -
Vasthavi 2020 233 105 12 -266 117 12 3.9% 0.33 [-0.56, 1.22] ]
Zekeriya 2019 -1.27 062 18 -1.16 056 18 9.0% -0.11 [-0.50, 0.28] -
Total (95% CI) 298 297 100.0%  -0.26 [-0.48, -0.05] <
Heterogeneity: Tau = 0.09; Chi? = 48.93, df = 11 (P < 0.00001); 1= 78% 5 Y 0 } s

Test for overall effect: Z = 2.44 (P = 0.01)

Experimental
r r Mean D T
Al Habashneh 2015 0.1 056
Eltas 2019 -1.5 0.62
Issac 2015 -1.15 03
Katti 2013 0.74 043
Uraz 2019 0.55 0.31
Vasthavi 2020 -1.06 0.38
Zekeriya 2019 -1.06 04
Total {85% CI)

20
19
30
30
18
12
18

147

Heterogeneity: Chi? = 11.53, df =6 (P = 0.07); I2 = 48%

Test for overall effect: Z = 3.43 (P = 0.0006)

Favours [experimental] Favours [control]
Fig. 4 Forest plot presenting before and after therapy probing depth (PD) by comparing ozone vs. placebo

Control Mean Difference Mean Difference
| Mean SD Total Waight IV, Fixed, 95% Cl IV, Fixed, 95% CI
03 056 21 65% 0.20[-0.14,0.54] —
12 053 18 56% -0.30 [-0.67,0.07] —
087 029 30 344% -0.28[-0.43,-0.13] ——
065 046 30 151% -0.09 [-0.32, 0.14] —T
047 029 18 19.8% -0.08[0.28,0.12] —
07 043 12 7.3% -0.36[-0.68,-0.04] —_—
108 04 18 112% 0.02[-0.24, 0.28] R
147 100.0% -0.15[-0.24, -0.07] <>
- 05 0 0.5 1

Favours [experimental] Favours [control]

Fig.5 Forest plot presenting before and after therapy gingival index (GI) by comparing ozone vs. placebo

Experimental

Study o baroup an S

Al Habashneh 2015 52 25.71
Alsakr 2023 47 28.26
Biagio 2022 40 13.06
Sae 2013 -17.26 14.37
Uraz 2019 -53.89 16.43
Zekeriya 2019 -57.1 10.84
Total (95% Cl)

157

26.23
28.39
15.81
12.94
20.74
10.34

159

Heterogeneity: Tau? = 18.97; Chi# = 9.08, df =5 (P = 0.11); 2= 45%

Test for overall effect: Z = 1.20 (P = 0.23)

Fig. 6 Forest plot presenting before and after therapy bleeding on probing (BOP) by comparing ozone vs. placebo

test. Ultimately, the results did not reveal any publica-

tion bias.

Among the 13 studies included, the intervention meas-
ures of the experimental groups involved either ozonated
water or gaseous ozone. Depending on the treatment
method, there were differences in the outcome indexes
for both PD (P<0.05) [29, 30, 37, 41] and GI (P<0.05) [31,
37]. Additionally, the outcome indexes for BOP (P<0.05)
[41] and CAL (P<0.05) [30, 37]varied. The above four
studies [29-31, 37] used ozonated water therapy, one

Mean Differen

Mean Difference

pigh ndom, 95% CI v,
88%  -6.00[-21.90, 9.90] —
145% -11.00 [-22.18, 0.18] —
26.4%  -7.00 [-12.89, -1.01] —
13.6%  3.96[-7.78, 15.70] —
129% -5.91[-18.13,6.31] —_—
23.8%  3.80[-3.12, 10.72] T
100.0%  -3.29 [8.65, 2.06] q'

20 -

0 10 20

Favours [experimental] Favours [control]

study [41] used gaseous ozone, but it remains unclear

whether ozonated water or gaseous ozone is more effec-

tive. Therefore, a range of clinical trials are still required
to verify which approach is preferable. Furthermore, the
ozone concentrations used in both the ozonated water
and gaseous ozone studies were not the same, which may
have had a certain impact on the test results. In terms of
frequency and usage of ozone, local irrigation in the peri-
odontal pocket after periodontal treatment was mostly
employed. Nevertheless, the frequency of use varied
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Experimental Control Mean Difference Mean Difference
Study or Subgroup pan  SD Tota pan SD Tots gh [V, Fixed, 95% CI 1V, Fixed, 95% ClI
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Selguk 2013 -1.02 0.23 10 -0.97 0.18 10 26.8% -0.05[-0.23,0.13] -
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o v -1 -0'.5 0 015 1
Test for overall effect: Z = 1.09 (P = 0.27) Favours [experimental] Favours [control]

Fig. 7 Forest plot presenting before and after therapy plaque index (Pl) by comparing ozone vs. placebo
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Fig. 8 Forest plot presenting before and after therapy clinical attachment loss (CAL) by comparing ozone vs. placebo

Fig. 9 Sensitive analysis of probing depth (PD)
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Fig. 10 Sensitive analysis of clinical attachment loss (CAL)
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Fig. 11 Funnel plot analysis of published bias of probing depth (PD)

widely; some treatments involved a single application,
while others were offered for as long as four weeks. This
dissimilarity had a considerable impact on the control of
periodontal inflammation, and there was a certain heter-
ogeneity in the outcome indicators of the various studies.
Regarding follow-up time, in eight studies it was divided
into two categories: 4—6 weeks and 3 months. Longer
follow-up times resulted in higher oral hygiene main-
tenance requirements for the subjects. Besides, the oral

hygiene levels of the subjects also had a clear impact on
the test results during the follow-up period. In view of
the role of ozone in periodontal adjuvant therapy, if the
use of ozone-containing preparations in daily oral health
care, such as mouthwash, will have a positive effect on
the maintenance of oral health and the stability of oral
microecological environment [45, 53].

This meta-analysis strictly followed the PRISMA pro-
cess, including strict inclusion/exclusion criteria and a
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Fig. 12 Egger method detects the symmetry of funnel plot of probing depth (PD)

Egger's test

Std Eff Coef. std. Err. t P>t [95% Conf. Interval]
slope -1.281081 .572922¢ -2.24 0.049 -2.557632 -.0045297
bias 2.905823 1.958199 1.48 0.169 -1.457317 7.268962
Fig. 13 P-value detected by egger method of probing depth (PD)
publication bias analysis. Nevertheless, the results must Gl Gingivalindex
be interpreted cautiously because of the following limi- EOP E:jgig%g&pmbmg
tations. Firstly, the number of studies included in this ca_ Clinical attachment lever
meta—analysis was insufficient and the sample size was PICO Population, interventions, comparisons, outcomes
o . P PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses
small. Additionally, there was a risk of bias in some of T Randomised controlled trials

the included studies, which had a certain impact on the
results of the meta-analysis. In the future, it will be nec-
essary to include multi-center RCT studies with large
sample sizes.

Conclusion

Ozone therapy combined with SRP is superior to SRP
alone in improving PD and GI indexes in patients with
periodontitis, without increasing adverse reactions, and
the effect is worthy of recognition. The research evidence
indicates that ozone therapy in patients with chronic per-
iodontitis has a positive effect and it may be beneficial in
daily active oral maintenance.
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