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Abstract

Purpose of Review Oxygen-ozone therapy (OOT) is increasingly applied due to its multiple therapeutic effects, but it is still
controversial in the medical community. This review provides a comprehensive overview of the recent clinical literature on
OOT in dentistry, exploring its efficacy and current issues.

Recent Findings OOT has a wide range of applications in dentistry, including caries management, endodontics, periodontics,
and oral surgery. Overall, the results are promising with very limited adverse effects. The formulations used include gaseous
ozone, ozonized water, ozonized gel, and ozonization of various products. A large methodologic heterogeneity currently
prevents definitive conclusions and meaningful comparisons between different protocols.

Summary Although not conclusive, current evidence suggests that OOT may offer some advantages as an adjunctive or
alternative treatment option in certain clinical conditions. Future research should aim to standardize the reporting methodol-
ogy of OOT protocols in order to make meaningful comparisons and guide the selection of the best protocols for specific

treatment endpoints.
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Introduction

Ozone (0O;) is an inorganic molecule composed of three
covalently bonded oxygen atoms, which has a characteristic
pungent odor [1].

Although not a radical molecule, ozone is one of the most
powerful oxidants known and has been used in medicine
since the nineteenth century due to its multiple beneficial
effects [2]. In medical oxygen-ozone therapy (OOT) a gas-
eous mixture is used, in which ozone makes up no more
than 5% of the total, with the remainder being oxygen,
which acts as a gas carrier [3, 4].

In addition to an oxidation-related broad-spectrum anti-
microbial activity, at low medical concentrations ozone
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exerts many therapeutic effects through a mild controlled
oxidative stress that induces the activation of antioxidant
pathways, thus acting as a bioregulator and triggering
anti-inflammatory and immunomodulatory responses, and
improving the rheological properties of the blood and the
general metabolism [5-7].

OOT has been applied with favorable results in many
medical fields, such as pain management, infectious and
inflammatory diseases, musculoskeletal disorders, derma-
tology, and even veterinary medicine, through local injec-
tions, insufflations, or autohemotherapy [4, 8, 9]. Despite
the positive therapeutic effects of ozone and its derivatives
that have been reported in many disciplines, OOT is still a
controversial topic in the medical community [3, 10]. This
may be due to the fact that, unlike other drugs, ozone does
not act directly through traditional drug-receptor interac-
tions [5]. Also, OOT has been somewhat limited due to the
potential risk of toxicity associated with excessive expo-
sure to gaseous ozone upon inhalation. Possible adverse
effects include headache, vomiting, and irritation of the
upper respiratory tract, which may cause sore throat, cough,
epiphora, rhinitis, and bronchoconstriction [11]. In addition,
systemic administration of OOT, such as autohemotherapy,
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is contraindicated in myocardial infarction, hyperthyroid-
ism, acute alcohol intoxication, severe anemia, thrombo-
cytopenia, active bleeding and pregnancy [12]. However,
OOT is safe, well tolerated, and free of adverse effects when
administered with modern available technology, in accor-
dance with the manufacturer’s instructions and current rel-
evant guidelines and recommendations [2, 13].

Current common applications in dental practice include
biofilm reduction, preventive and restorative dentistry, peri-
odontology, endodontics, oral pathology and oral surgery,
implantology, wound healing, as well as decontamination of
manufacts, management of dentin hypersensitivity, pain and
temporomandibular disorders (TMD) [6, 10].

OOT is usually implemented as a complementary strat-
egy, often in combination with traditional treatment. How-
ever, standard application protocols have not yet been
defined [10]. In addition, other potential applications of
OOT are increasingly being reported, and the body of evi-
dence and relevant scientific literature has doubled in the
last decade.

Therefore, the purpose of this review is to provide a com-
prehensive overview of the most recent clinical evidence on
ozone applications in different areas of dentistry, focusing
on the protocols and formulations used, as well as possible
related issues or adverse effects.

Materials and Methods
Search Strategy

We performed a literature search on multiple online data-
bases, such as PubMed/MEDLINE, Scopus and Web Of
Science, using the following combination of keywords and
corresponding mesh terms: “ozone” and “dentistry”, “car-
ies”, “periodontal”, “endodontic” or “root canal”, “oral
surgery”, “oral pathology”, “pediatric dentistry” OR “decid-
uous teeth”. Articles published in the last 5 years (i.e. 2019—
2024) concerning clinical studies were considered in order
to provide a comprehensive and contemporary overview of
the field. Multiple reviews on the topic were also analyzed.

Results

The literature search yielded a total of 2167 results, which
decreased to 721 after the removal of duplicates, which was
performed using the Rayyan software algorithm [14]. Ulti-
mately, 99 clinical studies and 8 preclinical studies were
identified related to the topic. An overview of the studies
distribution according to the specific field of application in
dentistry and the formulation used is reported in Table 1.
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As ozone is not stable, it cannot be stored and it is thus
generally produced at the moment of use by devices called
ozonisers, which convert oxygen into ozone by means of
electrical discharges [3]. Half-life of gaseous ozone in still
air at 24 °C and zero humidity is approximately 25 h, how-
ever, as airflow, temperature, and humidity increase, the
ozone half-life decreases to approximately 40 min [15].
Although gaseous ozone has a relatively short half-life, its
association with carriers with aqueous or viscous proper-
ties retards its reconversion to oxygen [15]. This allows
formulations to be obtained with better handling properties,
improved stability, and shelf life, while avoiding the risk
of toxicity associated with excessive exposure to gaseous
ozone [12]. Therefore, gaseous ozone, ozonized water and
ozonized oils can be used alone or in combination, depend-
ing on the specific clinical application and the expected
therapeutic effects [10, 16].

Ozone Applications in Caries Management

Dental caries is a multifactorial disease, and modern car-
ies management includes a variety of restorative, preventive
and minimally invasive strategies that work synergistically
together [17, 18]. In this context, ozone has found useful
applications in both a preventive and a therapeutic approach
[19, 20]. The broad-spectrum antimicrobial properties asso-
ciated with ozone oxidation have been exploited to reduce
cariogenic bacterial load and promote biofilm control [21].

One relevant systematic review, despite some limitations,
showed overall a promising trend, leading the authors to
conclude that ozone therapy can be a useful tool for reduc-
ing the bacterial load in deep dentinal carious lesions [22].

In the present review, 4 additional recent clinical studies
investigated the antimicrobial effect of OOT [21, 23-25].
Gaseous ozone (120s, flow rate of 1 L/min, 2100 ppm) [21],
ozonated olive [24] and sesame oil [25], and ozonized water
[23] were found similarly effective in reducing S. mutans
and Lactobacillus spp and improving oral hygiene indices
in adolescents and orthodontic patients compared with fluo-
ridated mouthwash, chlorhexidine (CHX), or non-ozonated
oils. CHX was found to be slightly more effective in some
aspects, but overall it seems that ozone can be used as a
satisfactory alternative to CHX.

Ozone has also been applied to prevent the develop-
ment or progression of caries and to reverse early carious
lesions, thanks to its remineralizing potential [7]. Gaseous
ozone (concentration not reported) revealed overall effec-
tive in promoting the remineralization of initial caries [26]
and in preventing the development of new carious lesions
in patients at high risk [27, 28], with comparable or slightly
better performances than other agents. The combination of
ozone with other preventive agents (e.g. hydroxyapatite,
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Table 1 Summary of the number of studies according to the field of application in dentistry and formulation used

Caries management (n = 11)
Effect on cariogenic bacteria
Remineralization
Prevention of new lesions
Post-operative pain, tooth vitality
Systematic review
Endodontics (n=4)
Irrigation, disinfection
Post-operative pain
Systematic review
Pediatric dentistry (n=7)
Caries management
Antimicrobial action, oral hygiene
Endodontic irrigant
Endodontic obturation
Pits and fissure sealants (in vitro)
Systematic review
Periodontology (n=39)
Adjunct to non-surgical treatment
Adjunct to surgical therapy
Gingivitis
Oral hygiene
Meta-analysis
Implantology (n=7)
Implant surgery
Peri-implant mucositis
Systematic review
Oral surgery (n=18)
Third molar extraction
Healing
Prevention of alveolar osteitis
Treatment of alveolar osteitis
Healing of soft tissues surgical wounds
Osteonecrosis of the jaw (ONJ)
Prevention
Treatment
Meta-analysis
Oral pathology (n=6)
Traumatic ulcers
Non-surgical treatment of ONJ
Radiotherapy-induced oral mucositis
Ulcerative oral lesions
Systematic review
Other applications (n=10)
Temporo-mandibular disorders (TMD)

(n=6 - gas: 3, water: 1, oil: 2)
(n=1 - gas)

(n=2 - gas)

(n=2 - gas)

(n=1)

(n=1- water)
(n=3- water: 2; ozonized antiseptics:1)
(n=2)

(n=3—gas)
(n=2-water:1, gel:1)
(n=1-water)
(n=2-oil)

(n=2— gas)

(n=1)

(n=31-gas: 7, water: 13; oil: 8; gas+water: 3)
(n=1- gas)

(n=4- gas:1; water: 2, oil:1)

(n=3—water)

(n=2)

(n=3— water:1; gas+water: 1; saline+oil:1)
(n=4— gas:1; water: 1; oil: 2)
(n=2)

(n=4 - water:1; oil: 2; water+oil: 1)
(n=3—gas:1; water:1; oil:1)
(n=1-gas)

(n=7- gas:1; 0il:6)

(n=1-gas)
(n=2—gas:1; oil:1)
(n=1)

(n=1-gas)

(n=1- gas injection)

(n=1- water)

(n=3—water:2; oil or water:1)
(n=2)

(n=3—gas:2; water:1)

Dentin hypersensitivity (n=2—gas)
Orthodontic pain (n=1- gas)
Impressions, orthodontic appliances, dentures (in vitro) (n=2—gas)

Bleaching (ex vivo)

(n=2- ozonized bleaching agent)

fluoride varnish, octenidine) yielded overall the best results
[26, 27].

Promising results emerged also when gaseous ozone was
applied to deep carious lesions [29] or accidentally exposed
pulp [30] and followed by restoration, with evidence of less

pain and lower occurrence of root canal treatment at follow
up, compared to traditional treatment. Overall, no adverse
effects were reported. Interestingly, in one study using gas-
eous ozone, remarkable whitening of ozone-treated teeth
was also observed [28].
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Ozone Application in Endodontics

Among the factors influencing the success of endodontic
treatment, the effectiveness of chemo-mechanical disinfec-
tion procedures plays a key role [31]. It is also important
that the chemical irrigants and the obturation materials
used are not cytotoxic to the periodontal environment in the
event of accidental periapical extrusion [32]. Because of
its antimicrobial and biostimulatory properties and proven
biocompatibility, ozone therapy has thus been studied as an
adjunctive strategy in endodontics.

In agreement with recent reviews [31, 33], overall, ozon-
ized water and ozonized antiseptic solutions did not per-
form better as compared to other traditional irrigants such
as sodium hypochlorite (NaOCl) and CHX in terms of anti-
bacterial activity, thus it is not generally indicated neither
to replace nor to complement these agents. However, in
some cases ozone reached comparable antibacterial activity,
highlighting that its effect was strongly associated with the
protocol used, in a dose, time and bacterial strain-dependent
way, thereby representing a possible alternative in selected
cases [34].

On the other hand, ozonized water and ozonized anti-
septics showed promising results in terms of reduction of
postoperative pain after endodontic treatment or retreatment
procedures [35-37]. The concentration of ozone in water
was however reported only in one study (1.86 pg/ ml) [35].

Ozone Applications in Pediatric Dentistry

Because of its antibacterial and remineralizing properties,
ozone has been implemented also in the management of car-
ies and endodontic treatment of primary teeth [38].

With regards to application for treatment of caries in pri-
mary dentition, a recent review considering also the stud-
ies retrieved in this review [39—42] concluded that, despite
some limitations and a great methodological heterogeneity,
ozone seems comparable to other interventions in terms of
clinical outcomes and reduction of bacterial count, regard-
less of the protocol applied, with no reported adverse
effects and good patient acceptance [38]. Therefore, ozone
application may be a non-invasive approach to treat caries
in primary dentition, especially in very young and poorly
cooperative patients. Also, an effective reduction of plaque
index, S. mutans count and consequent improvement of oral
health status in children was obtained with ozonized water
(2 ppm) rinses and ozonized oil (20 ppm), with results com-
parable to CHX formulations [43, 44].

In endodontic applications, ozonized water was found to
be an effective irrigant in reducing anaerobic bacteria in root
canals of primary teeth compared to saline and herbal tea
[45]. When used in addition to zinc-oxide-eugenol (ZOE)
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cement as an obturating material in pulpectomy of primary
teeth, ozonized oil showed promising results, with better
clinical and radiographic outcomes at follow-up compared
to ZOE alone [32, 46].

The application of gaseous ozone (40s application at
60—-80 pg/mL) before placement of pits and fissure sealants
ex vivo, especially when used after acid etching, resulted
in significantly less microleakage and better penetration
than traditional sealant application, with no effects on the
bond strength [47]. On the other hand, a 30s application at
100 pg/mL before etching yielded no significant differences
in the etching pattern and surface area obtained but resulted
in lower surface roughness values as compared to 5.25%
NaOCl, suggesting a better performance for NaOCl [48].

Finally, ozone has been indicated as an important tool in
the management of severe cases of molar-incisor hypomin-
eralization (MIH), allowing the reversal of dentin hyper-
sensitivity, improving remineralization and promoting the
maintenance of tooth vitality by decontaminating enamel or
dentin layers before the placement of bioactive sealants or
restorations [49].

Ozone Applications in Periodontology

Because ozone has demonstrated antimicrobial properties,
including against anaerobic bacteria involved in the patho-
genesis of periodontitis, and promotes anti-inflammatory
and regenerative biological processes, many studies have
been conducted to evaluate its efficacy as an adjunctive tool
in the management of periodontal disease.

The most commonly studied outcomes are clinical
parameters, such as bleeding scores, clinical attachment
loss, plaque index, gingival index, microbiological param-
eters, including qualitative and quantitative characteriza-
tion of anaerobic periodontopathogens, and quantification
of inflammatory biomarkers, including interleukins, oxidant
and antioxidant status, and gingival crevicular fluid (GCF).
Two recent meta-analyses including randomized clinical tri-
als (RCTs) published up to 2019 reported controversial con-
clusions: despite the methodological heterogeneity, there is
an overall indication of ozone therapy being effective as an
adjunct to scaling and root planing (SRP) in the treatment of
periodontitis, although the differences were not statistically
significant as compared to CHX application or SRP alone
[50, 51].

The studies identified in the present review overall con-
firmed this trend: regardless of the protocol applied, OOT
applications in non-surgical management of periodontitis
or gingivitis showed overall results comparable to photody-
namic therapy (PDT), photobiomodulation therapy (PBMT)
or CHX [52],mostly superior to traditional treatment
without ozone, in terms of clinical and microbiological
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parameters, as well as biomarkers of inflammation. How-
ever, when gaseous ozone was used in adjunct to surgical
regenerative periodontal treatment, no significant beneficial
effects emerged [53].

Ozonized water rinses have proven to be useful in spe-
cial needs patients improving clinical and microbiological
parameters, and overall oral health status, without adverse
effects [54, 55]. However, the authors highlighted that a
recent review reported that certain antiseptic mouthwashes,
not CHX specifically, may be responsible for the increased
risk of mortality through interference with the nitric oxide
pathway. Therefore, the safety of ozonated mouthwashes
needs to be confirmed in larger series before they can be
considered as an alternative to CHX in oral care [54].

Conversely, Nicolini et al. reported no beneficial effects
on oral hygiene parameters for ozonized water (bubbled at
70 pg/ml for 10 min) compared to double-distilled water
mouthrinses, along with the occurrence, albeit in a small
number of subjects, of transient mild adverse effects such as
burning sensation and taste discomfort that resolved sponta-
neously within 24 h [56].

Periodontal patients with type 2 diabetes mellitus were
found to have beneficial, although not statistically sig-
nificant, improvements in glycated hemoglobin (HbA1C),
inflammatory biomarkers, and clinical parameters using a
combined protocol of gaseous ozone and ozonated water
rinses and mouthwashes in adjunct to SRP [57, 58].

Ozone Applications in Implant Surgery

In terms of healing in the post-operative period following
implant placement, regardless of the formulations and pro-
tocols used, all of the studies reported positive effects with
less pain and inflammation, as well as improved early heal-
ing [59-61]. Similarly, ozone provided a significant advan-
tage in improving disease-related radiographic defects and
gene expressions, as well as clinical parameters of peri-
implant mucositis [62]. These findings were also confirmed
by recent relevant systematic reviews [63, 64]. Gaseous
ozone, ozonized water (0.05 to 25 pg/mL) and oil were used
equally.

Ozone Applications in Oral Surgery

Thanks to its biostimulating and decontaminating proper-
ties, ozone applications have been studied in the fields of
extractive surgery, management of complications follow-
ing extractions, such as osteonecrosis of the jaw (ONJ) and
alveolar osteitis (dry socket), and in the surgery of oral soft
tissues, such as palatal grafts, gingival surgery and removal
of pigmentation by laser surgery [65, 66]. Overall, regard-
less of the formulation applied, ozone therapy showed

beneficial effects in all fields, as compared to controls,
and was associated with lower incidence of post-surgical
complications, lower pain scores and faster healing. In par-
ticular, the association of gaseous ozone and concentrated
growth factors yielded the best outcomes in the treatment
of dry socket [67]. These findings were further confirmed
by a meta-analysis that investigated the efficacy of adjuvant
ozone therapy in the management of post-surgical compli-
cations following impacted mandibular third-molar surgery
[68]. Interestingly, one RCT reported that ozonated oil was
as effective as conventional analgesics and antibiotics in the
post-operative management of pain and inflammation, sug-
gesting that it may be a safe and effective alternative [69].
Conversely, in one study, the use of ozonated oil resulted
in worse surgical wound healing outcomes compared to
platelet rich fibrin (PRF) [70], and in two studies, it did not
improve healing and even caused an increase in oxidative
stress and decreased quality of life in patients; the authors
reported that this may have been due to the high dose and
overapplication [71, 72].

Ozone Applications in Oral Pathology

Ozone applications have been studied as an adjunct or
alternative treatment for erosive or ulcerative oral lesions
of different etiology, such as erosive oral lichen planus,
cancer-therapy induced oral mucositis, traumatic ulcers
and infectious diseases [73—77]. Overall, promising results
emerged from the clinical studies identified in the present
review, with faster healing times, lower pain scores and
lower incidence and severity of oral mucositis. In particu-
lar, one study reported better outcomes using ozonized oil if
compared to ozonized water irrigations [73]. These findings
are also supported by two recent systematic reviews, which
concluded that despite the lack of standardized protocols,
ozone therapy appears to be beneficial in providing shorter
healing times, reduced pain and lesion severity, and no
adverse effects, thus representing a safe and reliable alterna-
tive treatment for patients suffering from soft tissue lesions
[78, 79].

Other Applications

Ozone therapy has found potential uses in a number of other
diverse areas. For example, ozone applications as an irrig-
ant during arthrocentesis (20 pg/mL) or as a transdermal
gas application (10-100 pg/mL) have been successful in
managing TMD-related pain and improving mandibular
function [80-82]. Though not superior to occlusal splint,
OOT can be considered as non-invasive, faster, and more
comfortable treatment alternative [80, 83]. Gaseous ozone
(32 g/m®) was also effective in the treatment of dentin
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hypersensitivity, with better results compared to diode laser
[84] and application of a bonding agent [85]. Conversely,
no beneficial effects of gaseous ozone applications were
reported in a study regarding the management of pain asso-
ciated with orthodontic therapy [86].

The disinfectant action of ozone was found to be use-
ful for the decontamination of clear aligners [87], with
results comparable to CHX, suggesting its possible use as
part of the manufacturing process, as well as for elastomeric
impressions, equaling or outperforming other disinfectant
solutions, without altering material properties [88, 89].

Regarding the bleaching properties of ozone, two recent
ex vivo studies reported promising results: 10% ozonized
(60 pg/mL) carbamide peroxide (CP) was as effective as CP
alone in terms of whitening, but with a significantly shorter
application time, less enamel surface modification, and a
more stable pH [90, 91].

Finally, intraperitoneal insufflation of gaseous ozone
showed promising potential for nerve regeneration in rats
with facial nerve injury, with better healing outcomes com-
pared to low-level laser therapy (LLLT) and control groups
[92].

Discussion

Ozone therapy has many diverse applications in dentistry
and is being investigated by a growing body of evidence.
Although sometimes not supported by statistical signifi-
cance, authors generally report an indication of clinically
relevant efficacy [51, 58, 65, 66, 93].

As a side note, this also raises the important issue of the
traditionally accepted (and often required) dichotomous
approach of statistical significance as a definitive interpreta-
tion of findings, which may not necessarily reflect actual
relevant clinical differences [94]. In light of this, a thought-
ful reconsideration of this trend in all scientific fields should
be encouraged, as already recommended by relevant meth-
odological literature and scientific societies [95-97].

In some studies where no beneficial effects were found
for ozone as an adjunct therapy compared to controls [53,
86, 98], or where the results were generally positive but the
differences were not statistically significant [57, 58, 99, 100]
open system ozone generators were used, which typically
produce low concentrations of ozone and do not allow accu-
rate dose measurement [6]. These devices produce ozone
from the oxygen naturally present in the ambient air through
a glass handpiece and are reported to achieve ozone concen-
trations of 10 to 100 pg/mL. This varies according to the
different programs used, is not consistent from one device
to another, and furthermore, a concentration of 100 pg/
ml appears difficult to reach using ambient oxygen as the
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feed [6, 11, 22]. Conversely, other types of devices produce
ozone from pure medical oxygen drawn from a cylinder and
are able to achieve higher concentrations and precise moni-
toring through built-in spectrophotometers [84].

Some authors reported using very low concentrations in
ozonized water (e.g. 0.01 mg/L) [101] or oil [25], so the
minimal difference found compared to the respective con-
trol products without ozone is somewhat to be expected.

It is interesting to note that according to some studies
on antimicrobial activity, ozone seems to be generally more
effective against S. mutans and less effective against Lacto-
bacilli, regardless of the formulation used [21, 23]. Similar
findings have been reported in endodontic studies, suggest-
ing that ozone’s disinfectant activity is also strain dependent
to some extent [31, 34].

With regards to pediatric dentistry, it is worth noting that
ozone derivatives with small or even comparable beneficial
effects to other traditional antiseptics, such as CHX and
NaOCl, may offer some advantages in terms of safety and
compliance. In fact, the use of ozonized water as a mouth-
wash may prevent decreased compliance in children due to
the taste of CHX [17, 45]. Ozonized water may be safer as
an endodontic irrigant and, like ozonized oil, may provide
an additional disinfectant effect when added to root canal
obturation material in primary teeth [32, 46].

In some cases, high concentrations of ozone, worsened
the oxidative status and did not improve healing [70-72].
Similar to other studies, where moderate concentrations
yielded the best results, this confirms the typical hormetic
model of 0zone therapeutic effects [3, 5].

A common issue of most literature on the topic is the
great heterogeneity of protocols applied, in terms of ozone
formulations, time and method of application, and outcomes
considered. This prevents meaningful comparisons between
the studies, as reported in recent systematic reviews on spe-
cific dental applications, where meta-analysis could not be
performed [22, 31, 38, 63, 64, 78, 102].

Concentration information is often inaccurate, confusing,
or not reported at all [103, 104].

The concentration of ozone has been reported using a
variety of units of measurement in different studies that
employed the same formulations (g/m3, ppm, mg/L, pg/mL,
etc.) It should be noted that the concentration of gaseous
ozone can be considered in oxygen or in air and, although
using ppm is correct, it is typically measured in units of
mass of ozone (i.e., ug or mg or g) per volume of air/oxygen
(i.e., cm3, dm3, m3 equivalent to mL, L, 1,000 L, respec-
tively) and is generally based on the principles of wet chem-
istry [105]. On the other hand, parts per million (ppm) can
also be expressed as milligrams of ozone per liter of solvent
(mg/L) when ozone is solubilized in a liquid. This indicates



Current Oral Health Reports (2025) 12:3

Page 7 of 11 3

the mass of a chemical or contaminant per unit volume of
water [105].

Furthermore, it is sometimes unclear whether the ozone
concentration reported refers to the initial gaseous ozone
concentration or the amount of ozone actually present in
the final derivative product [66, 74]. This is especially true
with ozonized oil. Because ozone does not dissolve in oil,
but rather reacts chemically with the double bonds of the
fatty acids, it forms specific ozonides and peroxides that
actually “contain” the oxidizing power of the ozonized oil
[106]. Therefore, in addition to the concentration of ozone
gas used (typically up to 70 pg/ml), the authors should also
provide specific information on the type and amount of oil
used, the reaction time and the temperature at which the pro-
cess was performed, which are aspects of major interest that
directly influence the therapeutic activity of these functional
products [6, 107].

Another important issue that needs to be highlighted is
the general lack of information on the amount of peroxide
species in these products (i.e. the actual peroxide value),
possibly due to the lack of a standard method to express
it, which ultimately prevents comparison between different
ozone derivatives [106].

Also, it is worth mentioning that ozonized oils are often
inappropriately referred to as gels, leading to terminological
confusion: the increase in viscosity that occurs naturally as
a result of ozonization does not justify the use of the term
gel for the derivative obtained [106]. Therefore, it is recom-
mended that clinicians approaching ozone therapy have an
adequate knowledge of the basic principles of ozone phys-
ics and chemistry. On the other hand, manufacturers should
be encouraged to provide detailed information on ozone
devices and derivatives.

Finally, since the effects of OOT are related to the action
of reactive oxygen species (ROS) and lipid oxidation prod-
ucts (LOPs) produced after ozone interaction with blood,
tissue or serum, clinicians must consider that the amount of
these functional by-products also varies depending on the
form of ozone administration, so that specific pathologi-
cal conditions will require specific treatment protocols [5,
6, 11]. Unfortunately, there is an almost complete lack of
studies comparing different ozone protocols, which would
provide useful information to guide protocol selection for
specific diseases.

Despite the limitations inherent in the narrative design of
the present review and the absence of quantitative analyses,
this review provides a valuable and comprehensive over-
view of the most recent state of the art in OOT in dentistry
and outlines future research perspectives as well as current
research gaps.

Conclusions

Ozone therapy has been used for a variety of applications in
dentistry and it appears that the overall results are promis-
ing, with no or very limited adverse effects reported in all
areas and formulations used. This paves the way for further
applications. However, great heterogeneity in study proto-
cols and a lack of standardized methods for reporting the
functional characteristics of ozone treatment have emerged.

As aresult, conclusive analyses and comparisons between
studies are generally not possible, and the additional paucity
of studies comparing different protocols makes it difficult to
identify the best dosage and route of administration. These
are important issues that need to be urgently addressed by
future research in this field. Ultimately, this will help to
identify specific and effective protocols for different clinical
applications of OOT.
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