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INTRODUCTION
Ozone is an allotrope of oxygen that exists naturally in the 
atmosphere of the Earth. It is a triatomic molecule consisting of 
three oxygen atoms. It is considered a healthy component of the 
environment present in the stratosphere and protects the Earth from 
harmful ultraviolet rays emerging from the sun. Ozone is primarily 
accompanied by electrical storms [1].

Periodontitis is a common multifactorial inflammatory disease 
triggered by bacterial microorganisms and antigens that induce 
a local inflammatory response and trigger innate immune system 
activation [2]. Dental plaque harbours several bacterial species of 
which some putative pathogens that were closely associated with 
the periodontitis are Aggregatibacter actinomycetemcomitans, 
Porphyromonas gingivalis [3,4]. Even though dentistry is constantly 
improving, the success of treatment depends upon the elimination 
and reduction of periodontal pathogens [4]. However, in interproximal 
areas, root concavities, deep gingival pockets, complete removal 
of periodontopathic bacteria can be difficult. To overcome this, 
adjunctive treatment methods like administration of antiseptics, 
local and systemic antibiotics were introduced which have been 
found to be effective [4]. However, due to the prevalence of complex 
periodontal pathogens that require the use of antimicrobial drugs,the 
development of bacterial resistance to antibiotics has been observed 
[5]. In the era of antibiotic resistance, the use of ozone therapy as an 
adjunct treatment modality presents an alternative approach to the 
management of various oral diseases [6]. The present review article 
focuses on the properties of ozone and its advancement with time 
in various dental treatments and also supports its use following non 
surgical periodontal therapy.

HISTORY
In 1828, ozone was first identified as the chemical compound by 
a German Chemist who is also called the father of ozone therapy, 
Christian Friedrich Schönbein [7]. An electric current was passed 
through water, and a peculiar smell was created, which he referred 

to as ozone, derived from the Greek word “Ozein,” meaning “odour”. 
He pointed out that, ozone formation is the reaction of white 
phosphorous with the moist air and is to be called phosphorised 
oxygen and so the name ozone prevailed [7]. Ozone has a long 
history of clinical applications and research. 

In 1857, a German physicist and physician, Joachim Hansler together 
with Hans Wolff, who was also a German physicist, created the first 
ozone generator for the purpose of medical use [7,8]. In 1950, Edward 
Fisch became the first dentist to make use of ozone [8].

CHEMISTRY
Ozone is a chemical compound that consists of three atoms of 
oxygen. The formation of ozone takes place when an electrical 
discharge breaks a molecule of oxygen into two individual atoms of 
oxygen. One molecule of oxygen then combines with one individual 
atom of oxygen and results in Ozone (O3) also called as triatomic 
oxygen [Table/Fig-1] [7]. Ozone used in medical field is a combination 
of 95%-99.5% pure O2 and 0.05%-5% pure O3 [9,10]. The molecular 
weight of ozone is 41.98 g/mol. Ozone has a high oxidation potential 
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ABSTRACT
Oral disease represents a major concern among all populations. Despite great efforts that have been made in the past few decades 
to overcome these diseases; a large part of the world population still suffers from oral diseases which are considered a major reason 
for the loss of a tooth. Different bacterial species colonises the oral cavity, some of the bacteria are found to be associated with 
the cause of one of the most common disease called periodontitis. The infectious nature of periodontopathogens has been studied 
extensively. Currently, treatment of various oral diseases includes supragingival as well as subgingival debridement, root canal 
treatment and in severe cases, extraction along with antibiotic therapy to help achieve a pathogen-free environment. Continued 
research and development in the field of dentistry have brought new approaches in treatment modalities. The use of ozone is one of 
the latest therapies that has gained the interest of researchers in the past few decades. Ozone is a pale blue colour gas and is the 
natural constituent of the atmospheric layer of Earth. It is a modern pharmacological approach that is biocompatible and has shown 
its effectiveness against bacteria (gram-positive and gram-negative bacteria), viruses, and fungi. The beneficial biological effect 
of ozone has made its usage at all stages of disease propitious. The explication of the mechanism of ozone at the molecular level 
has proved to be beneficial in different medical and dental treatments. The use of ozone in clinical practice can be advantageous 
to the patient in terms of pain relief and treatment time. Therefore, the present article briefly reviews the chemical nature of ozone, 
its therapeutic uses, and the benefits it can provide in the treatment of various oral diseases. 

[Table/Fig-1]: Formation of Ozone [7].
(Image drawn by Authors)
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5. Customised thermo formed dental appliance: Hard, medium, 
or soft thermoformed dental appliances can be manufactured 
that can reach 2-3 mm into the gingival pocket [16].

MECHANISM OF ACTION
Mechanism of action of ozone are supported by many studies. Some 
of the studies [17,18] quotes evidence of O3 interacting with fungal 
cell walls like bacteria. O3 has shown the oxidation of phospholipids 
and lipoproteins present within the bacterial cell envelope. this 
results in disruption of bacterial cell envelop. Some of the evidence 
also demonstrates the ability of O3 to interact with the fungal cell 
wall. By undermining the integrity of the cytosolic membrane, 
it can infiltrate the microorganism and cause the oxidation of 
glycoprotein and block enzymatic function [19]. Ozone oxidises the 
lipoprotein layer of bacterial cell and disrupts the integrity of the 
cytosolic membrane. The microorganisms when infiltrated results 
in oxidisation of glycoproteins, glycolipids, and block enzymatic 
function [20]. This wide range of microbiologic properties makes it 
a useful disinfectant.

In lipid enveloped viruses, O3 plays a role in the oxidation of lipoproteins, 
glycoproteins and result in interference with the reproductive cycles of 
the virus [20]. Due to multiple causative factors like microorganisms, 
diet, host response, etc., complete elimination of dental infection 
has not been very successful. Adaptation of acute infection for 
longer period coverts to chronic infection. Pathogenic organisms 
being opportunistic causes damage to the tissues. All pathogenic 
organisms have weak antioxidant or enzyme systems present in the 
cell membrane. When ozone is used to treat the infection, it destroys 
the cell membrane and causes the death of an organism. The 
pathogenic contents are then exposed to the internal environment, 
allowing the immunologic system to initiate its physiologic property 
[20]. Treatment of oral infection involves oral prophylaxis, therapeutic 
mouth rinses, antibiotics, and sometimes surgical procedure. The use 
of ozone to treat the dental infection can reduce the use of antibiotics 
and sometimes the need for surgery [21].

APPLICATION MODALITIES

Aqueous Ozone
Ozone can also be administered in the form of water. It is not only 
a natural disinfectant but also is biocompatible with oral tissues.
Therefore, it is not toxic for use and no negative gastrointestinal 
effects have been found from ingestion. It is also effective against a 
number of pathogenic bacteria and helps in reducing inflammation. 
Apart from bacteria, ozonated water is very effective against various, 
fungi and viruses [11]. Some system that provides a solution up to 
4.0 ppm, can be sustained for 30 minutes due to their unstable 
nature. Even then high levels of aqueous ozone should not be 
used for long-term repeated use without specific indication. It can 
be used in the form of nano bubble water that can be retained for 
six months as aqueous form of ozone [16]. Takahashi M et al., 
indicated the potential functionality of microbubbles in the form 
of aqueous application [22]. One of the newly introduced devices 
called Purecare oral irrigator from Purecare Dental manufacturer 
has been recently introduced into the market which consists of a 
patented capsule through which regular water passes and produce 
ozonated water [23].

Gaseous Ozone
Ozone used in the form of gas is carried by a device corona 
discharge ozone generator, which transmits ozone by a suction 
device that deploys oxygen only when there is negative pressure. 
If the suction is compromised, ozone deployment is immediately 
stopped causing a negative secondary effect on respiratory tracts. 
To avoid this, devices that localise gaseous ozone administration at 
the target area are used to protect adjacent tissues to the respiratory 
tract [24].

with a half-life of 40 minutes at 20°C [11]. Thermodynamically, being 
a highly unstable compound that depends upon temperature and 
pressure. Due to this property, ozone is prepared immediately prior 
to use as it canrapidly decompose to pure oxygen.

OZONE GENERATION
Generation of ozone takes place by the reaction caused when 
oxygen flows across an electric arc with a potential difference of 
10,000 volts [12]. Lightning is then used to induce the reaction giving 
air its typical smell just like the one experienced after the storm. For 
medical and dental applications variety of ozone concentrations is 
required (0.5-80 µg/mL). Transformers are used to vary potential 
and modify the flow of oxygen across the arc. Ozone being the 
strongest oxidising agent is capable of oxidising most of the plastic 
materials except polyethylene, silicone, polypropylene, and teflon 
and most ferrous material except stainless steel 316 and titanium, 
therefore all ozone generator modules must withstand oxidation 
[12]. This medical ozonator was then used to convert 5% of pure 
oxygen into ozone, generating an oxygen mixture of 95:5. In medical 
use, the gas produced by medical grade oxygen is administered in 
precise therapeutic doses, has excellent health benefits in dental 
caries, significantly reduces blood cholesterol, and is used in the 
therapeutic option of the hypoxic and ischaemic syndrome [13].
The concentration of ozone generated can be done by the use of 
a photometer in the ozone generator [14]. Some of the systems 
available for the generation of ozone developed in the past few 
decades are:

1. ultraviolet system: This system produces ozone in low 
concentrations and is typically utilised for esthetics, saunas, 
and air purification [15].

2. Cold plasma system: This system is majorly used for the 
purification of air and water [15].

3. Corona discharge system: This generates high ozone levels. 
In the medical and dental fields, this system is most widely 
used, due to its controlled production rate of ozone and easy 
handling ability [15].

APPLIANCES PRODUCING OZONE GAS
In dentistry, ozone application has been advocated as a support for 
many conventional treatments. For this purpose, various appliances 
have been introduced for use in dentistry.

1. heal ozone: Designed by Cur Ozone USA Inc., is now 
distributed in Germany by Kavo Dental, Biberch. It is an air-
based system with a closed circuit. The application of gas 
takes place within this closed circuit. The concentration of 
ozone provided to the tissue is about 2100 ppm [11]. Perfect 
airtightness is required for the application of ozone ensuring 
no gaseous escape. It can only be used in areas where air 
tightness can be achieved.

2. Ozony tron: This device uses high frequency and voltage 
concentration and can adjust current intensity at five levels. It 
consists of a glass probeformed by a double glass camera and 
a mix of noble gases emitting electromagnetic energy. Probe tip 
when comes in contact with the body surface, start emission 
of energy all around the operation field. Ozone generated in 
the area of operation is 10 to 100 µg/mL [11]. It is not a closed 
circuit therefore can be used in areas that are challenging to 
reach like the gingival pockets.

3. prozone: It consists of plastic attachments (Perio tips and Endo 
tips) that can be exchanged during different dental procedures, 
thereby providing a hygienic environment [11,16].

4. Ozotop: This ozone delivery system is compact and 
convenient to use. It utilises a corona discharge system for the 
generation of ozone and can easily penetrate the periodontal 
pocket [11,16].
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Ozonised Oil
Apart from gaseous or the aqueous form, it is possible to administer 
ozone in the form of oil, commercially available as ozonised 
olive oil (oleozon) or ozonised sunflower oil (Neozone 4000). 
Some studies performed using ozonised sunflower oil as an 
adjunctive treatment have found it to be very effective against 
microorganisms like Streptococci, Escherichia coli, Pseudomonas, 
and Staphylococci [25-27].

THERAPEUTIC ACTION
Ozone in dentistry has a physiochemical property. There are several 
known actions of ozone. Some of the most important biological 
action of some known actions of ozone are listed below.

Antimicrobial Effect
Ozone acts by disrupting the cytoplasmic cell membrane due to 
dual bond ozonolysis. Due to its substantial antioxidant ability, it 
does not cause any harm to human body cells. The research 
application of ozone for few seconds to the bacteria with no 
immunity can damage the cytoplasmic membrane of the cell and 
also stops all vital functions of bacteria [26]. Gram-positive bacteria 
have been found to be more susceptible to ozone exposure than 
gram-negative bacteria [26].

Immune-Stimulating Effect
Ozone affects both cellular as well as the humoral immune system. It 
induces immunocompetent cell proliferation and helps in the synthesis 
of immunoglobulin. It also enhances the function of macrophages and 
leads to the production of cytokines. Ozone has also been found to 
synthesise biologically active substances such as prostaglandins or 
interleukins that play a significant role in inflammation reduction and 
facilitate wound healing [26,27].

Antihypoxic Effect
Ozone by increasing the partial pressure of oxygen in the tissues, 
promotes the transportation of oxygen in the blood, resulting in 
alterations in cell metabolism. Ozone changes the configuration 
of erythrocytes by raising the 2-3 diphosphoglycerate (2,3-DPG) 
concentration, and allow the return of oxygen to the inflamed 
tissues [28].

Biosynthetic Effect
Ozone causes increases in the number of mitochondria and 
ribosomes and causes activation of protein synthesis in cells and 
contributes to up-regulation of function and the capacity of tissues 
for regeneration [29]. It also could attack many biomolecules like 
cysteine, histidine, methionine, and residue of proteins. Ozone being 
highly oxidative has a disruptive effect on cariogenic bacteria.

OZONE IN DENTISTRY

Effect of Ozone in Endodontics
The success of endodontic treatment depends upon the effectiveness 
of antimicrobial agents used in treating periapical lesions. A randomised 
trial done by Kist S et al., in 2017, to assess the efficacy of ozone 
gas for periapical lesion found to be equally effective as compared to 
sodium hypochlorite when used as the root canal disinfectant [30]. 
[Table/Fig-2] provides the summary of studies on the effect of ozone 
against different bacterial strains [31-34]. While some studies have 
successfully proved the effectiveness of ozone against bacterial strains 
[31,33], some in-vitro studies stated, otherwise finding the effect of 
ozone gas inconsistent [32,34]. 

Effect of Ozone in Oral Surgery
Dry socket has been one of the displeasing complications that 
occur after the extraction. Use of ozone therapy by application 

of ozone in the intra-alveolar region of the affected area for 
12 seconds using a plastic attachment with the help of a device 
called Prozoneby W and H, has been one great success in 
preventing dry socket after extraction and reducing the incidence 
by 3.3% along with improved healing after third molar removal 
[35]. Application of ozone in the extraction can accelerate the 
wound healing process [36].

It has also been used in the treatment of osteonecrosis of the jaw 
in combination with antibiotic therapy. Where, efficacy of a 15-day 
course of antibiotics, surgery, and ozone therapy in 12 multiple 
myeloma patients with osteonecrosis of the jaw was evaluated. 
Treatment results were effectual with eight out of 12 patients having 
complete resolution [37].

Effect of Ozone in Prosthodontics
A common problem that is addressed in denture-wearing patient is 
denture stomatitis. The causative pathogen that results in denture 
stomatitis is Candida albicans. Immersion of denture in ozonated 
water was found effective in reducing the number of Candida 
albicans in denture plates when used in 10 ppm of concentration 
when exposed for 30-60 minutes [38]. A previous study found 
ozone gas to be more effective against C.albicans than its aqueous 
form [39].

Ozone in Caries Management
Dental caries is a disease of multifactorial origin. Management of 
caries ranges from a surgical approach based on “extension for 
prevention” (Blacks’ philosophy) to the newer concept of minimal 
intervention. The remineralisation effect of ozone was evaluated 
by Baysan A and Lynch E in a clinical study with a six month and 
12 months follow-up where he exposed root caries with 2100 ppm 
of gaseous ozone and found ozonated lesion getting rehardened 
when compared to the control groups [40]. Also, a longitudinal 
study on management of primary root caries using ozone therapy 
demonstrated its capability to reverse the carious lesion causing 
remineralisation and also suggested its use against conventional 
drilling method [41]. An in-vitro study by Samuel SR et al., also 
illustrated the remineralisation effect of ozone on the carious 
toothwhen teeth specimen were subjected to ozone (ozonated 
water 0.1 mg/L and 10% nano-hydroxyapatite paste, AclaimTM), 
without ozone (only 10% nano-hydroxyapatite paste, AclaimTM), 
and control (subjects’ saliva alone). The laser fluorescence recorded 
greater depth of remineralisation following application of ozonated 
water and nano-hydroxyapatite were found compared to those of 
the without ozone and control groups [42,43].

S. 
No. researcher year Observation

1
Hems RS et 
al.,[31]

2005

In an in-vitro study for evaluation of the ability of 
ozone to kill a strain of Enterococcus faecalis, the 
authorsfound hypochlorite to possess superior 
cidal activity compared to ozonated water against 
E. faecalis in broth and culture

2
Estrela C et 
al.,[32]

2007

Evaluated antimicrobial efficacy of ozone gas, 
water, CHX, and hypochlorite in root canals. Results 
demonstrated that no solution used as an irritant 
over a 20-min contact time demonstrated an 
antimicrobial effect against E. faecalis

3
Huth KC et 
al.,[33]

2009

An in-vitro study evaluated the effect of ozone on 
enteropathogens in a biofilm and demonstrated that 
high-concentrated aqueous ozone (20 µg/mL-1)  
and Chlorhexidine (CHX) were effective against 
enteropathogens.

4
Boch T et 
al.,[34]

2019

In this in-vitro study,it was found thatantimicrobial 
activity of gaseous ozone on E. faecalis in a biofilm 
anddemonstrated, Ozone reduced E. faecalis, even 
organised in a biofilm, however, lower than NaOCl. 
No treatment reduced the bacteria.

[Table/Fig-2]: Summary of studies on the effect of ozone against different bacterial 
strain [31-34].
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Effect of Ozone in Biofilm
Ozone gas or ozonated water wa sfound very effective concerning 
the removal of bacteria as well as a biofilm. With 60 seconds of 
exposure to the ozonated water or gaseous ozone, microflora 
like Lactobacillus casei, Streptococcus mutans, and Actinomyces 
naeslundii, have been found to be inactivated. For reduction of 
plaque, 0.1 ppm concentration of ozonated water showed positive 
results [44,45]. When used in a concentration of 0.5-4 mg/dL it 
can inhibit both gram +ve and gram -ve bacteria and also Candida 
albicans which further prevents the formation of plaque [44].

Effect of Ozone in Periodontics
Periodontitis is one of the most common chronic disorders which 
starts with gingivitis and if not treated during this stage causes 
destruction of supporting tissues, leading to loss of teeth. The 
severity of disease and its transition depends upon the host response, 
presence of pathogens and also genetic variance [46]. Principal 
periodontal pathogens found in the subgingival microbiome are 
considered an aetiologic factor for periodontal disease. Treatment 
includes non surgical periodontal therapy (phase I) and in some cases 
where phase I therapy is found to be ineffective, surgical approach 
is the treatment of choice. A randomised placebo-controlled clinical 
trial conducted by Al Habashneh R et al., investigating the effect of 
scaling and root planning followed by irrigation with ozonated water 
in 20 lg/mL concentration has expressed significant improvement 
in terms of plaque index, clinical attachment loss, probing depth, 
recession [47]. The antibacterial effect of aqueous or gaseous 
form of ozone, when exposed for 1 minute, was addressed to be 
beneficial against periodontal pathogens like Tannerella forsythia 
Porphyromonas gingivalis, and Parvimonas micra [47].

In the past few decades, ozone has been gaining the interest of 
many scientific researchers. Various studies have been carried out 
to evaluate the effectiveness of ozone when used as an adjunctive 
treatment modality to a periodontal treatment [Table/Fig-3] [48-54].

Effect of Ozone in Healing of Wounds
When a wound is subjected to oxygen it can help in accelerating 
the wound healing. A study undertaken to evaluate the effect of 
Ozone therapy on cutaneous wound healing in the guinea pig model 

showed a significantly smaller wound size and residual wound area. 
It also stated that topically applied ozone can affect the granulation 
tissue formation of the wound healing during the inflammation 
phase [55].

A chronic wound can significantly affect the health of an individual. 
A study done by Fitzpatrick E et al., evaluated the response of 
skin cells when exposed to ozone. It stated that ozone when 
administered in a controlled dose can help accelerate the cell cycle 
and also induce the production of growth factors like nuclear factor 
kappa B, which is a regulatory factor for inflammatory response 
and wound healing [56].

The injury to tissue elicits many biological processes which promote 
wound healing. Failure of the wound to heal can lead to severe 
complications. The immune response plays a very important role 
in removing the dead cells and helps in preventing further infection 
[57]. Ozone therapy has proved to be very efficient in the repair of 
the affected tissue. It can inhibit fungal growth, inactivate bacteria 
via disrupting their cell envelopes, and can also damage the capsid 
of the virus. According to a study done by Xiao W et al., on mice, 
suggested that the treatment of wounds by ozonised oil increases 
critical genes that increase the production of fibroblast resulting in 
new tissue formation and wound healing [58].

OZONE TOXICITY
Given the high oxidative strength of ozone, all components in the 
contact with ozone gas must be impervious to its effect, some 
of the material that was found to be resistant to ozone are glass, 
teflon, and silicone. The maximum ozone concentration in the oral 
cavity is 0.01 ppm. Up to 0.05 ppm of ozone administered for eight 
hours does not cause toxicity, but can also be fatal when used in a 
concentration of 0.3 ppm for 15 minutes or 0.06 ppm, eight hours 
a day for five days [59]. Ozone therapy-induced complications are 
uncommon at 0.0007 ppm per application in any form [12]. Some 
of the reported side effects of ozone over-exposure are: Upper 
respiratory tract irritation, poor circulation, rhinitis, cough, occasional 
nausea, vomiting, headache, blood vessel swelling, shortness of 
breath, heart problems, and epiphora [59,60].

However, in the case of ozone intoxication, the patient must 
immediately be placed in the supine position, asked to inhale humid 
oxygen, and take ascorbic acid, vitamin E, and should be treated 
with n-acetyl cysteine [12,61]. Cytotoxicity of ozone water was 
considered less when compared to its gaseous form and other 

S. No. researcher year Observation

1.
Sorokina S 

and Lukinych 
L [48]

1997

They used ozonated water for subgingival 
irrigation in their study in combination with oral 
hygiene measures and found a considerate 
reduction in dental plaque formation due to 
its anti-inflammatory effect. However, it is also 
apparent that just irrigation is not sufficient for 
better results.

2.
Ebensberger U 

et al., [49]
2002

2 min irrigation with ozonated water (4 mg/L) 
leads to mechanical cleansing, root surface 
decontamination, and no negative effect was 
seen in the periodontal cell of the remaining 
tooth surface.

3.
Nagayoshi M 

et al., [50]
2004

Following exposure to distilled water and 
ozonated water (4 mg/L) for 120 seconds, 
bacterial cells in dental plaque were analysed. 
streptococcus mutans in dental plaque treated 
with distilled water were found alive while 
that treated with ozonated water reduced 
remarkably. When tested on the decalcified 
human tooth in-vitro, they observed inhibition 
in the formation of dental plaque.

4.
Ramzy MI et 

al., [51]
2005

Stated that quadrants treated with ozonated 
water along with oral hygiene instructions 
showed excellent improvement regarding GI 
(gingival index), PI (plaque index), and bacterial 
count.

5.
Huth KC et al., 

[52]
2007

Compared gaseous as well as aqueous 
ozone antimicrobial effects and came 
to the conclusion that aqueous ozone is 
biocompatible for oral application and showed 
less toxicity than gaseous ozone.

6.
Kshitish D and 

Laxman VK 
[53]

2010

A split mouth study in a period of 18 months 
was performed using ozonated water and 
0.2% CHX. Double blinded method was used 
regarding irrigation type. Ozonated water was 
used to irrigate one side of the oral cavity and 
the other side was irrigated with 0.2% CHX 
solution. Bacteria (Porphyromonas gingivalis, 
Aggregatibacter actinomycetemcomitans, 
Tannerella forsythensis), viruses (Herpes 
simplex virus 1 and 2, Epstein Barr virus, 
Human cytomegalovirus), and fungi (Candida 
albicans) were examined by means of PCR. 
Percentile reduction in the concentration of 
bacteria, viruses, and fungi was observed 
when irrigated with ozone water in comparison 
to that with 0.2% CHX solution. In conclusion, 
amid the CHX substantivity, single irrigation by 
ozone water was found to be very efficient for 
microorganisms’ inactivation.

7.
Noites R et al., 

[54]
2014

In this in-vitro study, the effect of hypochlorite, 
CHX, or ozone alone or when used in 
combination against pathogens like E. faecalis 
and Candida albicans were compared and 
it was found that complete elimination of 
organism when irrigated for 24s with ozone 
following use of 2% CHX. This proved that 
the use of ozone alone is not effective against 
these organisms.

[Table/Fig-3]: Summary of studies on the effect of ozone in periodontics [48-54].
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antimicrobial agents when observed its effect on gingival fibroblast 
and epithelial cells [62].

Contraindication(S)
Some of the contraindications to be considered before the 
administration of ozone are Glucose-6-phosphate-dehydrogenase 
deficiency, severe myasthenia, pregnancy, hyperthyroidism, severe 
anaemia, recent myocardial infarction, acute alcohol intoxication, 
haemorrhage was also observed from some organs, allergic to 
ozone [62].

CONCLUSION(S)
With the advancement in modern sciences, the face of dentistry 
has also changed providing a new vision of painless treatment. The 
present article found ozone therapy to be more advantageous than 
any other traditional therapeutic modalities. Ozone therapy is a non 
invasive, conservative, and inexpensive method of treatment that 
offers a dynamic approach to dental care. Some of the studies have 
suggested its positive effect in clinical practice. Furthermore, studies 
are required to prove its effectiveness. Treating patients with ozone 
therapy has helped minimised recovery time and patient anxiety 
level with remarkable outcomes following the treatment. Many 
scientific supports have demonstrated its potential as an adjunct 
to periodontal therapy. Due to lack of knowledge and evidence use 
of ozone and its beneficial effect are still not accepted in routine 
dental practice. However, to allow the use of ozone therapy as a 
standardised treatment procedure, more clinical research in the 
dental and medical fields is needed.

REFERENCES
 Maiya A. Applications of ozone in dentistry. International Journal of Clinical Dental [1]

Science. 2011;2(3):23-27.
 Di Benedetto A, Gigante I, Colucci S, Grano M. Periodontal disease: Linking [2]

the primary inflammation to bone loss. Clinical and Developmental Immunology. 
2013;2013:503754.

 Dzink JL, Tanner AC, Haffajee AD, Socransky SS. Gram negative species [3]
associated with active destructive periodontal lesions. Journal of Clinical 
Periodontology. 1985;12(8):648-59.

 Haffajee AD. Microbial etiological agents of destructive periodontal diseases. [4]
Periodontology. 2000. 1994;5:78-111.

 Hasan TH, Al-Harmoosh RA. Mechanisms of antibiotics resistance in bacteria. [5]
Sys Rev Pharm. 2020;11(6):817-23.

 Sivalingam VP, Panneerselvam E, Raja KV, Gopi G. Does topical ozone therapy [6]
improve patient comfort after surgical removal of impacted mandibular third 
molar? A randomised controlled trial. Journal of Oral and Maxillofacial Surgery. 
2017;75(1):51-e1.

 Rubin MB. The history of ozone. The Schönbein period, 1839–1868. Bull. Division [7]
of History of Chemistry of the American Chemical Society. 2001;26(1):40-56.

 Garg R, Tandon S. Ozone: A new face of dentistry. The Internet Journal of Dental [8]
Science. 2009;7(2).

 Bocci V. Ozone as Janus: This controversial gas can be either toxic or medically [9]
useful. Mediators Inflammation. 2004;13:03-11.

 Srikanth A, Sathish M, Harsha AV. Application of ozone in the treatment of [10]
periodontal disease. Journal of Pharmacy & Bioallied Sciences. 2013;5(Suppl 1):S89.

 Mani A, Shukla P, Patel R, Bhople T, Mani S. Ozone therapy in Periodontics-A [11]
review. Journal of Medical Science and Clinical Research. 2014;2(12):3352-58.

 Di Paolo N, Bocci V, Gaggiotti E. Ozone therapy. The International Journal of [12]
Artificial Organs. 2004;27(3):168-75.

 Elvis AM, Ekta JS. Ozone therapy: A clinical review. Journal of Natural Science, [13]
Biology, and Medicine. 2011;2(1):66-70.

 Bocci V. Oxygen-ozone therapy: A critical evaluation. Springer Science & [14]
Business Media; 2002 Apr 30.

 Nogales CG, Ferrari PH, Kantorovich EO, Lage-Marques JL. Ozone therapy in [15]
medicine and dentistry. J Contemp Dent Pract. 2008;9(4):75-84.

 Gulafsha M, Anuroopa P. Miracle of ozone in dentistry: An overview. World [16]
Journal of Pharmaceutical Research. 2019;8(3):665-77.

 Azarpazhooh A, Limeback H. The application of ozone in dentistry: A systematic [17]
review of literature. Journal of Dentistry. 2008;36:104-16.

 Gulmen S, Kurtoglu T, Meteoglu I, Kaya S, Okutan H. Ozone therapy as an adjunct [18]
to vancomycin enhances bacterial elimination in methicillin resistant Staphylococcus 
aureus mediastinitis. Journal of Surgical Research. 2013;185:64-69.

 Monzillo V, Lallitto F, Russo A, Poggio C, Scribante A, Arciola CR, et al. Ozonised [19]
gel against four candida species: A pilot study and clinical perspectives. Materials. 
2020;13(7):1731.

 Smith NL, Wilson AL, Gandhi J, Vatsia S, Khan SA. Ozone therapy: An overview of [20]
pharmacodynamics, current research, and clinical utility. Medical Gas Research. 
2017;7(3):212-19.

 Makkar S, Makkar M. Ozone-treating dental infections. Indian Journal of [21]
Stomatology. 2011;2(4):256.

 Takahashi M, Chiba K, Li P. Formation of hydroxyl radicals by collapsing ozone [22]
microbubbles under strongly acidic conditions. The Journal of Physical Chemistry 
B. 2007;111(39):11443-46.

 Mann J, Bernstein Y, Findler M. Periodontal disease and its prevention, [23]
by traditional and new avenues. Experimental and Therapeutic Medicine. 
2020;19(2):1504-06.

 Shenberg JE, Blum CH. Gaseous and aqueous ozone therapy for treatment of [24]
mucositis secondary to chemotherapy/radiotherapy: A case report. Pain Pract. 
2011;21(3):69-73.

 Sechi LA, Lezcano I, Nunez N, Espim M, Duprè I, Pinna A, et al. Antibacterial [25]
activity of ozonised sunflower oil (Oleozon). Journal of Applied Microbiology. 
2001;90(2):279-84.

 Song M, Zeng Q, Xiang Y, Gao L, Huang J, Huang J, et al. The antibacterial [26]
effect of topical ozone on the treatment of MRSA skin infection. Mol Med Rep. 
2018;17:2449-55. Doi: 10.3892/mmr.2017.8148.

 Ugazio E, Tullio V, Binello A, Tagliapietra S, Dosio F. Ozonated oils as antimicrobial [27]
systems in topical applications. Their characterization, current applications, and 
advances in improved delivery techniques. Molecules. 2020;25(2):334.

 Gupta G, Mansi B. Ozone therapy in periodontics. Journal of Medicine and Life. [28]
2012;5(1):59.

 Gupta S, Deepa D. Applications of ozone therapy in dentistry. Journal of Oral [29]
Research and Review. 2016;8(2):86.

 Kist S, Kollmuss M, Jung J, Schubert S, Hickel R, Huth KC, et al. Comparison of [30]
ozone gas and sodium hypochlorite/chlorhexidine two-visit disinfection protocols 
in treating apical periodontitis: A randomised controlled clinical trial. Clinical Oral 
Investigation. 2017;21:995-1005.

 Hems RS, Gulabivala K, Ng YL, Ready D, Spratt DA. An in vitro evaluation of the [31]
ability of ozone to kill a strain of Enterococcus faecalis. International Endodontic 
Journal. 2005;38:22-29.

 Estrela C, Estrela CR, Decurcio DA, Hollanda AC, Silva JA. Antimicrobial efficacy [32]
of ozonated water, gaseous ozone, sodium hypochlorite and chlorhexidine in 
infected human root canals. International Endodontic Journal. 2007;40:85-93.

 Huth KC, Quirling M, Maier S, Kamereck K, Alkhayer M, Paschos E, et al. [33]
Effectiveness of ozone against endodontopathogenic microorganisms in a root 
canal biofilm model. International Endodontic Journal. 2009;42:03-13.

 Boch T, Tennert C, Vach K, Al-Ahmad A, Hellwig E, Polydorou O. Effect of [34]
gaseous ozone on Enterococcus faecalis biofilm–an in vitro study. Clinical Oral 
Investigations. 2016;20(7):1733-39.

 Ahmedi J, Ahmedi E, Sejfija O, Agani Z, Hamiti V. Efficiency of gaseous ozone in [35]
reducing the development of dry socket following surgical third molar extraction. 
European Journal of Dentistry. 2016;10:381-85.

 Adeyemo WL, Ogunlewe MO, Ladeinde AL, Abib GT, Gbotolorun OM, [36]
Olojede OC, et al. Prevalence and surgical morbidity of impacted mandibular 
third molar removal in the aging population: A retrospective study at the 
Lagos University Teaching Hospital. African Journal of Medicine and Medical 
Sciences.2006;35:479-83.

 Petrucci MT, Gallucci C, Agrillo A, Mustazza MC, Foà R. Role of ozone therapy [37]
in the treatment of osteonecrosis of the jaws in multiple myeloma patients. 
Haematologica. 2007;92:1289-90.

 Arita M, Nagayoshi M, Fukuizumi T, Okinaga T, Masumi S, Morikawa M, et al. [38]
Microbicidal efficacy of ozonated water against Candida albicans adhering to 
acrylic denture plates. Oral Microbiology and Immunology. 2005;20:206-10.

 Murakami H, Sakuma S, Nakamura K, Ito Y, Hattori M, Asai A, et al. Disinfection [39]
of removable dentures using ozone. Dental Materials Journal. 1996;15:220-25.

 Baysan A, Lynch E. Clinical reversal of root caries using ozone: 6-month results. [40]
American Journal of Dentistry. 2007;20:203-08.

 Baysan A. Management of Primary Root Caries Using Ozone Therapies. London: [41]
Bart’s and the London Queen Mary’s School of Medicine and Dentistry; 2002.

 Samuel SR, Dorai S, Khatri SG, Patil ST. Effect of ozone to remineralise initial [42]
enamel caries: In situ study. Clinical Oral Investigation. 2016;20:1109-13.

 Srinivasan S, Prabhu V, Chandra S, Koshy S, Acharya S, Mahato KK. Does [43]
ozone enhance the remineralising potential of nanohydroxyapatite on artificially 
demineralised enamel? A laser induced fluorescence study. Proceedings of SPIE, 
No. 8929, Lasers in Dentistry. 2014;20:892903.

 Sadatullah S, Mohamed NH, Razak FA. The antimicrobial effect of 0.1 ppm [44]
ozonated water on 24-hour plaque microorganisms in situ. Brazilian Oral 
Research. 2012;26:126-31.

 Tasdemir Z, Oskaybas MN, Alkan AB, Cakmak O. The effects of ozone therapy [45]
on periodontal therapy: A randomised placebo-controlled clinical trial. Oral 
Diseases. 2019;25(4):1195-202.

 Srinivasan SR, Amaechi BT. Ozone: A paradigm shift in dental therapy. Journal of [46]
Global Oral Health. 2019;2(1):68-77.

 Al Habashneh R, Alsalman W, Khader Y. Ozone as an adjunct to conventional [47]
nonsurgical therapy in chronic periodontitis: Arandomised controlled clinical trial. 
J Periodontal Res. 2015;50:37-43.

 Sorokina S, Lukinych L. Ozone therapy as a part of a complex treatment of a [48]
periodontium disease. In 2nd International Symposium on Ozone Applications 
Havana, Cuba-Mach 1997 (pp. 24-26).

 Ebensberger U, Pohl Y, Filippi A. PCNA-expression of cementoblasts and [49]
fibroblasts on the root surface after extraoral rinsing for decontamination. Dental 
Traumatology. 2002;18:262-66.

 Nagayoshi M, Fukuizumi T, Kitamura C, Yano J, Terashita M, Nishihara T. Efficacy [50]
of ozone on survival and permeability of oral microorganisms. Oral Microbiology 
and Immunology. 2004;19(4):240-46.



www.jcdr.net Surabhi Durgapal and Mamatha Shetty, Ozone Therapy as an Adjunct in Dentistry

Journal of Clinical and Diagnostic Research. 2022 Apr, Vol-16(4): ZE14-ZE19 1919

 Ramzy MI, Gomaa HE, Mostafa MI, Zaki BM. Management of aggressive [51]
periodontitis using ozonised water. Egypt Med JNRC. 2005;6:229-45.

 Huth KC, Saugel B, Jakob FM, Cappello C, Quirling M, Paschos E, et al. [52]
Effect of aqueous ozone on the NF-κB system. Journal of Dental Research. 
2007;86(5):451-56.

 Kshitish D, Laxman VK. The use of ozonated water and 0.2% chlorhexidine in [53]
the treatment of periodontitis patients: A clinical and microbiologic study. Indian 
Journal of Dental Research. 2010;21(3):341.

 Noites R, Pina-Vaz C, Rocha R, Carvalho MF, Gonçalves A, Pina-Vaz I, et al. [54]
Synergistic antimicrobial action of chlorhexidine and ozone in endodontic 
treatment. Biomed Research International. 2014;2014:592423.

 Kim HS, Noh SU, Han YW, Kim KM, Kang H, Kim HO, et al. Therapeutic effects [55]
of topical application of ozone on acute cutaneous wound healing. Journal of 
Korean Medical Science. 2009;24(3):368-74.

 Fitzpatrick E, Holland OJ, Vanderlelie JJ. Ozone therapy for the treatment [56]
of chronic wounds: A systematic review. International Wound Journal. 
2018;15(4):633-44.

 Hatch GE. Commentary on “Cellular, biochemical and functional effects of [57]
ozone: New research and perspectives on ozone health effects”. Toxicol Lett 
1990;51:119-20.

 Xiao W, Tang H, Wu M, Liao Y, Li K, Li L, et al. Ozone oil promotes wound healing [58]
by increasing the migration of fibroblasts via PI3K/Akt/mTOR signaling pathway. 
Bioscience Reports. 2017;37(6):BSR20170658.

 McDonnell WF, Horstman DH, Hazucha MJ, Seal E Jr., Haak ED, Salaam SA, [59]
et al. Pulmonary effects of ozone exposure during exercise: Dose-response 
characteristics. J Appl Physiol Respir Environ Exerc Physiol. 1983;54:1345-52.

 Cross CE, Eiserich JP, Halliwell B. General biological consequences of inhaled [60]
environmental toxicants. In: Crystal, RG, West, JB, eds. The lung: Scientific 
foundations. Philadelphia: Lippincott-Raven Publisher, 1997: pp. 2421-37.

 Eregowda NI, Poornima P. Ozone in dentistry. Indian Journal of Dental [61]
Advancements. 2015;7(1):36-41.

 Huth KC, Jakob FM, Saugel B, Cappello C, Paschos E, Hollweck R, et al. Effect [62]
of ozone on oral cells compared with established antimicrobials. European 
Journal of Oral Sciences 2006;114:435-40.

partiCularS OF CONtributOrS:
1. Postgraduate Student, Department of Periodontics, AB Shetty Memorial Institute of Dental Sciences, Mangalore, Karnataka, India.
2. Reader, Department of Periodontics, AB Shetty Memorial Institute of Dental Sciences, Mangalore, Karnataka, India.

plagiariSM CheCKiNg MethODS: [Jain H et al.]

•  Plagiarism X-checker: Nov 13, 2021
•  Manual Googling: Jan 03, 2022
•  iThenticate Software: Jan 27, 2022 (9%)

etyMOlOgy: Author OriginNaMe, aDDreSS, e-Mail iD OF the COrreSpONDiNg authOr:
Surabhi Durgapal,
Postgraduate Student, Department of Periodontics, AB Shetty Memorial Institute 
of Dental Sciences, Mangalore, Karnataka, India.
E-mail: drsurabhidurgapal@gmail.com

Date of Submission: Oct 07, 2021
Date of Peer Review: Nov 03, 2021
Date of Acceptance: Jan 20, 2022

Date of Publishing: apr 01, 2022

authOr DeClaratiON:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  NA
•  Was informed consent obtained from the subjects involved in the study?  NA
•  For any images presented appropriate consent has been obtained from the subjects.  NA

http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

